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INTERNATIONAL SOCIETY OF AMYLOIDOSIS
WELCOME ADDRESS
Dear Friends, Colleagues, and All interested in the Amyloidoses:
On behalf of the Organizing Committees I welcome you to Indianapolis and the XIVth
International Symposium on Amyloidosis. This is the 5th International Symposium that
we have had in what we have been known to call “the new world”. We hope to
maintain the high quality of all the previous Symposia. I started attending the
International Symposia in 1979 when it was held in Póvoa de Varzim, Portugal. I found
that Symposium and all of the subsequent Symposia very rewarding both scientifically
and socially. While it has been only two years since our last Symposium (Groningen,
2012) a great amount of new data on many types of amyloidosis will be ready for
discussion at the present scientific meeting. A major objective of the present
symposium is to foster greater interaction between those scientists and physicians with
interest in all three of the major amyloidoses, AL, AA, and Hereditary.
The number and quality of abstracts submitted for the XIVth International Symposium
on Amyloidosis assure us this will be a very successful meeting. The increasing number
of young investigators encourages us as we think about future directions of our Society.
Success of this Symposium will in large-part be due to generous sponsorship from a
number of pharmaceutical companies as well as financial support from the International
Society of Amyloidosis, The Amyloidosis Foundation, and National Institutes of Health
(NIDDK, NIA, and office of Rare Diseases).
We have been very fortunate to have an effective and dedicated staff for organizing this
Symposium. The final answer is still not in but I am certain we will have an excellent
Symposium and we will all go home with new thoughts, projects and aspirations about
the advancement of research on the amyloidoses.
With all good wishes for a pleasant stay in Indianapolis,
Merrill D. Benson, M.D.
President

4

Organizing Committee and Faculty
International Society of Amyloidosis Board
Merrill D. Benson - President and Host of the XIVth International Symposium on Amyloidosis,
Indianapolis, USA
Martha Skinner - Immediate Past President, Boston, USA
Bouke P. C. Hazenberg - Vice President and President-Elect, Groningen, the Netherlands
Laura Obici - Secretary, Pavia, Italy
Angela Dispenzieri - Treasurer, Rochester, USA
Per Westermark - Editor-in-Chief of Amyloid, Uppsala, Sweden
Giovannni Palladini - Member-at-Large, Pavia, Italy
David C. Seldin - Member-at-Large, Boston, USA
Yukio Ando - Member-at-Large, Kumamoto, Japan

International Committee
Joel N. Buxbaum, La Jolla, USA
Bo-Goran Ericzon, Stockholm, Sweden
Morie A. Gertz, Rochester, USA
Gilles Grateau, Paris, France
Philip N. Hawkins, London, UK
Shu-Ichi Ikeda, Matsumoto, Japan
Robert Kisilevsky, Ontario, Canada
Robert Kyle, Rochester, USA
Reinhold P. Linke, Martinsreid, Germany
Avi Livneh, Tel-Hashomer, Israel
Giampaolo Merlini, Pavia, Italy
Maria J. Saraiva, Porto, Portugal
Ole B. Suhr, Umea, Sweden

Local Committee
Rafat Abonour
Jeffrey Breall
Oscar W. Cummings
Bernardino Ghetti
Barbara Kluve-Beckerman
Juris J. Liepnieks
Jill R. Murrell
Ann-Danh T. Phan
Carrie Phillips
Maria Picken
G. David Roodman
Ruben Vidal
5

Scientific Presentation Instructions
Oral presentations:
x Oral presentations are limited to 15 minutes = no more than 10 minutes for
presentation and 5 minutes for discussion.
x Presentations should be in PowerPoint and stored on a USB flash drive.
x The preview area is Room 311 – across the hall from Grand Ballroom 5. A media
tech will be available for help and will provide additional instructions.
x Speakers should bring their presentations to the preview room 1 hour before the
beginning of the session.
x Please include the abstract number and presenter’s name in the PowerPoint file
name.
x All data will be handled responsibly and deleted after the presentation.
x The speaker of the oral presentation must be registered for the Symposium.
Poster presentations:
x Posters are identified by PA (Monday), PB (Tuesday), or PC (Wednesday) followed
by the number of the board.
x All posters will be presented in Griffin Hall on Level 2 of the JW Marriott Hotel.
x The size of the poster board is 4 feet high and 8 feet wide. Posters must fit into
this format.
x Posters should be mounted preferably before the program starts at 8:00 am and
no later than 15 minutes before the start of the lunch-time poster session.
x The presenter should be near his/her poster during the late afternoon session.
x Posters need to be removed at the end of the last poster session of each day.
x The presenter of the poster must be registered for the Symposium.
x Young investigators (< 35 years old) will be asked to give a 3 – 4 minute oral
presentation of their poster to two judges and interested attendees during the
late afternoon poster session. Two young investigators each day (Monday,
Tuesday, and Wednesday) will be selected for an award.
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General Information
Venue
JW Marriott Hotel
10 S. West Street
Indianapolis, IN 46204
Telephone: 317-822-8554
Symposium Rooms
Oral presentations: Grand Ballroom 5, Level 3 (Preview room: 311)
Poster presentations: Griffin Hall, Level 2

Language
English is the predominant language in Indianapolis.
Currency and Banks
The currency is the U.S. dollar ($). Other currencies can be exchanged at the Travelex bureau located at
the Indianapolis International Airport in Baggage Claim.
Insurance
The meeting coordinators cannot accept any liability for personal injuries, loss or damage to properties
belonging to participants, either during or as a result of the symposium. Participants are encouraged to
take out their own personal travel insurance.
Name Badges and Materials
Name badges and meeting materials will be provided on-site at the registration desk. All participants are
kindly requested to wear their name badge during all meeting functions and social events.
Shopping
Most shops and department stores are open from 10.00 – 20.00 (10 am – 8 pm) Monday through
Thursday, 10.00 – 21.00 (10 am – 9 pm) Friday to Saturday, 11.00 – 19.00 (11 am – 6 pm) on Sunday.
Major credit cards are widely accepted.
Weather
The climate in Indianapolis during this time is variable with temperatures between 6-17°C (43-63°F).
Please note that during this time of the year, the probability of rain is around 40% on any given day.
Time
Indianapolis is currently on Eastern Daylight Time, 4 hours behind on Greenwich Mean Time (GMT), 6
hours behind on Central European Time (CET).
Power
Electrical sockets in the USA are "Type B" North American NEMA 5-15 standard. Electrical current is
between 110 and 120 volts AC.
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INSTRUCTIONS FOR EVENING EVENTS
Sunday, April 27th – Welcome Reception at the Eiteljorg Museum
A welcoming reception will be held at the Eiteljorg Museum, located directly across the street
from the JW Marriott at the intersection of West and Washington. To get to the Eiteljorg, please
exit through the main lobby entrance of the JW Marriott, going left to the crosswalk at
Washington Street and West Street. Take the crosswalk across Washington Street and the
Eiteljorg is straight ahead. There is a sidewalk leading to the entrance, pictured below.

Monday, April 28th – Picnic and Baseball Game at Victory Field
On Monday evening we will be enjoying a picnic dinner while watching the Indianapolis Indians
baseball game at Victory Field. Victory Field is located directly across the street from the JW
Marriott, at the corner of West and Maryland Streets. To get to Victory Field, please exit
through the main lobby entrance of the JW Marriott going right to the crosswalk at Maryland
Street and West Street. Take the crosswalk across Maryland Street and the entrance to Victory
Field will be in your walking path.
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Map of JW Marriott Hotel
Oral presentations: Grand Ballroom 5, Level 3
Poster presentations: Griffin Hall, Level 2
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Sunday, April 27, 2014
12:00 noon

Registration opens, 3rd floor JW near escalators

7:30 pm – 9:30 pm

Welcome reception , Eiteljorg Museum

All plenary sessions are in Grand Ballroom 5.
All posters are in Griffin Hall.
Light continental breakfast will be available in Griffin Hall Monday through Thursday.

Monday, April 28, 2014
8:00 am– 9:00 am

Keynote lecture: Daniel Kastner (NIH, Bethesda, MD, USA)
(Grand Ballroom 5)

9:00 am – 10:30 am

Plenary session 1. Inflammatory disease: From SAA to AA amyloid
Chairmen: Kisilevsky and Livneh

9:00

OP-1

Mechanism of IL-6 induced SAA production and amyloid A deposition in AA
amyloidosis patients with RA. K. Yoshizaki (Osaka, Japan)

9:15

OP-2

Soluble, recombinant, receptor for advanced glycation end-products (RAGE) binds
AA amyloid in vivo. J. S. Wall (Knoxville, TN, USA)

9:30

OP-3

Endemic and highly prevalent systemic amyloid A (AA) amyloidosis in endangered
island foxes (Urocyon littoralis). P. M. Gaffney (Davis, CA, USA)

9:45

OP-4

Obesity induced chronic inflammation in C57Bl6J mice, a novel risk factor in the
progression of amyloid formation? B. P. C. Hazenberg (Groningen, the Netherlands)

10:00

OP-5

Obesity as a determinant in the development and progression of AA amyloidosis.
B. Kluve-Beckerman (Indianapolis, IN, USA)

10:15

OP-6

International randomized, double-blind, placebo-controlled, phase 3 study of the
efficacy and safety of Kiacta™ in preventing renal function decline in patients with
AA amyloidosis: An update on study progress. D. Garceau (New York, NY, USA)

10:30 am – 11:00 am

Coffee and tea break

11:00 am – 12:30 pm

Plenary session 2. Fibril and amyloid formation
Chairmen: Saraiva and Vidal

11:00

OP-7

Polymorphism and cryo-EM structures of peptide fibrils from AL proteins.
M. Fandrich (Ulm, Germany)

11:15

OP-8

The effect of post-translational modifications on the aggregation of the cardiovascular
amyloid protein medin. J. Madine* (Liverpool, UK)
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11:30

OP-9

Identification of glycosaminoglycan linkage regions and attachment sites –
implications for amyloid accumulation. F. Noborn (Gothenburg, Sweden)

11:45

OP-10

Oligomeric light chains in urinary exosomes as detection method for organ response
in light chain amyloidosis: 3 cases. M. Ramirez-Alvarado (Rochester, MN, USA)

12:00

OP-11

The cellular protein homeostasis network strongly influences the stability of secreted
tetrameric TTR. X. Zhang* (La Jolla, CA, USA)

12:15

OP-12

(OXFLGDWLQJWKHPHFKDQLVPRI'1ȕ-microglobulin amyloidogenesis and its
inhibition. V. Bellotti (London, UK & Pavia, Italy)

12:30 pm – 2:00 pm

Lunch and poster viewing
Nomenclature Committee meeting

2:00 pm – 4:00 pm

Plenary session 3. Diagnosis and typing: Histochemistry and proteomics
Chairmen: Hazenberg and Phillips

2:00

OP-13

The challenging diagnosis of transthyretin amyloidosis. P. Westermark (Uppsala,
Sweden)

2:15

OP-14

Classification of amyloidoses using antibodies. Essentials of reliable and vices of
unreliable immunohistochemistry. R. P. Linke (Martinsried, Germany)

2:30

OP-15

Immuno-electron microscopy in the classification of systemic amyloidoses:
Experience in 423 patients from a single institution. C. F. de Larrea (Pavia, Italy and
Barcelona, Spain)

2:45

OP-16

Fluorescence detection of amyloid in subcutaneous abdominal fat tissue. D.
Sjolander* (Linkoping, Sweden)

3:00

OP-17

Is it possible to use the proteome of amyloid in fat to predict cardiac and renal
tropism? A. Dispenzieri (Rochester, MN, USA)

3:15

OP-18

Proteomic analysis of suspected amyloid in different tissues. J. D. Gillmore (London,
UK)

3:30

OP-19

Proteome of amyloidosis: Mayo Clinic experience in 4139 cases. P. J. Kurtin
(Rochester, MN, USA)

3:45

OP-20

IdenWLILFDWLRQRIKHUHGLWDU\ILEULQRJHQ$Į-chain amyloidosis by proteomic analysis.
R. H. Sayed* (London, UK)

4:00 pm – 4:30 pm

Coffee and tea break

4:30 pm – 6:00 pm

Poster viewing and presentations by junior investigators*

6:00 pm

Picnic buffet and baseball game at Victory Field
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Tuesday, April 29, 2014
8:00 am – 10:30 am

Plenary session 4. Imaging in diagnosis and organ disease
Chairmen: Linke and Schonland

OP-21

SPECT-based semi-quantitative assessment of 123I-SAP scintigraphy in patients with
amyloidosis. R. W. J. van Rheenen* (Groningen, the Netherlands)

8:15

OP-22

Detection of cardiac amyloidosis by SPECT/CT imaging using both 125I-serum
amyloid P-component and the novel 125I- p5R+14 peptide. E. B. Martin* (Knoxville,
TN, USA)

8:30

OP-23

High affinity amyloid-reactive peptide, p5R, binds non-uniformly to large amyloid
deposits due to a binding site barrier effect. J.S. Wall (Knoxville, TN, USA)

8:45

OP-24

Non-coding genetic variation of the transthyretin gene in senile systemic amyloidosis.
J. L. Sikora* (Boston, MA, USA)

9:00

OP-25

MR-neurography: In-vivo detection of nerve injury in systemic light chain (AL)
amyloidosis. J. Kollmer* (Heidelberg, Germany)

9:15

OP-26

Light chain monoclonal immunoglobulin rapid accurate mass measurement
(miRAMM) in patients with a monoclonal gammopathy. D. Murray (Rochester, MN,
USA)

9:30

OP-27

Clarifying immunoglobulin gene usage in immunoglobulin light chain amyloidosis by
mass spectrometry of amyloid in clinical tissue specimens. T. V. Kourelis*
(Rochester, MN, USA)

9:45

OP-28

Characterization of a novel peptide, p43 optimized for renal and pancreatic amyloid
detection. J. S. Wall (Knoxville, TN, USA)

10:00

OP-29

The SMART-Amy Project: A smart guide towards the diagnosis of systemic
amyloidosis. P. Russo* (Pavia, Italy and Republic of Korea)

10:15

OP-30

Human monoclonal antibodies specific for amyloid species. R. D. Puligedda*
(Wynnewood, PA, USA)

8:00

10:30 am – 11:00 am

Coffee and tea break

11:00 am – 12:30 pm

Plenary session 5. AL amyloidosis: Biology, clinics, and prognosis
Chairmen: Kyle and Abonour

11:00

OP-31

Characteristics and outcomes of 714 patients with systemic AL amyloidosis –
analysis of a prospective study (ALChemy study). A. Wechalekar (London, UK)

11:15

OP-32

Risk and response adapted conventional treatment strategy in 147 patients with AL
amyloidosis. A. Jaccard (Limoges, France)
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11:30

OP-33

Soluble ST2 (sST2) is a novel valuable prognostic marker among patients with
immunoglobulin light chain (AL) amyloidosis. A. Dispenzieri (Rochester, MN,
USA)

11:45

OP-34

Outcomes of primary systemic light chain (AL) amyloidosis in patients treated
upfront with bortezomib or lenalidomide and the importance of risk adapted
strategies. E. Kastritis (Athens, Greece)

12:00

OP-35

Comparison of the N-latex and Freelite assays for serum free light chain: Clinical
performance in AL amyloidosis. G. Palladini (Pavia, Italy)

12:15

OP-36

A clinicopathological and long-term follow-up study of AH amyloidosis patients in
Japan. M. Yazaki (Matsumoto, Japan)

12:30 pm – 2:00 pm

Lunch and poster viewing

2:00 pm – 4:30 pm

Plenary session 6. AL therapy: Chemotherapies
Chairmen: Hawkins and Roodman

2:00

OP-37

Lenalidomide / melphalan / dexamethasone chemotherapy in 50 patients with newly
diagnosed and advanced amyloid light chain amyloidosis: Results of a prospective
single center phase 2 study (LEOMEX). S. O. Schonland (Heidelberg, Germany)

2:15

OP-38

Treatment of AL amyloidosis with two cycles of induction therapy with bortezomib
and dexamethasone followed by bortezomib-high dose melphalan conditioning and
autologous stem cell transplantation. V. Sanchorawala (Boston, MA, USA)

2:30

OP-39

Event-free and overall survival following risk-adapted melphalan stem cell transplant
and consolidation for systemic light chain amyloidosis. H. Landau (New York, NY,
USA)

2:45

OP-40

Long-term follow-up of patients with systemic light chain amyloidosis after
bortezomib based treatment. R. F. Cornell (Nashville, TN, USA)

3:00

OP-41

A real-world experience with cyclophosphamide, bortezomib, and corticosteroid
combinations in patients with high-risk AL amyloidosis. A. Dispenzieri (Rochester,
MN, USA)

3:15

OP-42

The addition of bortezomib to standard melphalan/dexamethasone improves the
quality of response but does not reduce the rate of early deaths in AL amyloidosis: A
matched case control comparison. G. Palladini (Pavia, Italy)

3:30

OP-43

Outcome of patients with immunoglobulin light chain amyloidosis with lung, liver,
gastrointestinal, neurologic and soft tissue involvement after autologous
hematopoietic stem cell transplantation. A. Afrough* (MD Anderson Cancer Center,
USA)

3:45

OP-44

Once weekly subcutaneous bortezomib based induction therapy in systemic AL
amyloidosis. J. Valent (Cleveland, OH, USA)
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4:00

OP-45

Outcomes of AL amyloidosis patients treated with first line bortezomib: A
collaborative retrospective Israeli multicenter assessment. M. E. Gatt (Jerusalem,
Israel)

4:15

OP-46

Autologous stem cell transplant for AL amyloidosis: Impact of light chain isotype on
transplant-related mortality. M. T. Cibeira (Barcelona, Spain)

After 6:00 pm

No scheduled dinner. Open for consensus panels, corporate presentations

Tuesday, April 29, 2014
4:30 pm – 6:30 pm

International Kidney Monoclonal Gammopathy – Satellite symposium

1.

Introduction. Nelson Leung, IKMG President

2.

MGRS: When the monoclonal gammopathy is no longer insignificant. N. Leung (Mayo Clinic,
Rochester, MN, USA)

3.

Monoclonal gammopathy beyond amyloid – what you need to know. M. M. Picken (Loyola
University, Chicago, IL, USA)

4.

Renal response criteria in amyloidosis. G. Merlini (University of Pavia, Pavia, Italy)

5.

IKMG membership group meeting.

6:00 pm – 7:30 pm

Symposium (Sponsored by Pfizer, Inc)
Advancing knowledge and sharing experience in transthyretin cardiomyopathy
Chair: Rapezzi

6:10 pm

Welcome and Introduction -- Rapezzi

6:15 pm

Cardiomyopathy (TTR-CM) -- Rapezzi

6:35 pm

TTR-CM case studies: Practical aspects of identification and diagnosis -- Hanna

7:00 pm

TTR-CM clinical trials -- Maurer

7:15 pm

Summary and Q & A -- Rapezzi
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Wednesday, April 30, 2014
8:00 am – 9:30 am

Plenary session 7. More AL amyloidosis
Chairmen: Merlini and Skinner

8:00

OP-47

High response rates and minimal toxicity with subcutaneous bortezomib in
combination regimens in newly diagnosed patients with systemic AL amyloidosis. G.
Shah* (Boston, MA, USA)

8:15

OP-48

Long-term results of pomalidomide and dexamethasone for patients with relapsed or
refractory AL amyloidosis. A. Dispenzieri (Rochester, MN, USA)

8:30

OP-49

Identification of reversible renal damage and early markers of response to
chemotherapy in two independent cohorts of patients with light chain amyloidosis: A
longitudinal study on 732 newly diagnosed patients. G. Palladini (Pavia, Italy)

8:45

OP-50

Phase II trial of lenalidomide, dexamethasone and cyclophosphamide (LENDEXAL)
for previously untreated patients with light-chain amyloidosis. M. T. Cibeira
(Barcelona, Spain)

9:00

OP-51

Impact of induction therapy on the outcome of immunoglobulin light chain
amyloidosis after autologous hematopoietic stem cell transplantation. A. Afrough*
(M. D. Anderson Cancer Center, USA)

9:15

OP-52

Hereditary systemic immunoglobulin light-chain (AL) amyloidosis. M. D. Benson
(Indianapolis, IN, USA)

9:30 am – 11:00 am

Plenary session 8. ATTR: Genetics and basic biology.
Chairmen: Ando and Buxbaum

9:30

OP-53

Hereditary amyloidosis: A single-institution experience with 284 patients. P. L.
Swiecicki* (Rochester, MN, USA)

9:45

OP-54

Genealogic studies of the Swedish hereditary transthyretin V30M amyloidosis
population – differences in age at onset within the population. O. B. Suhr (Umea,
Sweden)

10:00

OP-55

The origin of the transthyretin V122I allele in Africa: A study of 2,620 DNA
samples. D. R. Jacobson (Boston, MA, USA)

10:15

OP-56

Quantification of transthyretin kinetic stability in human plasma using subunit
exchange. I. Rappley (La Jolla, CA, USA)

10:30

OP-57

Fragmentations of TTR in cultured cells. M. Ueda (Kumamoto, Japan)

10:45

OP-58

Understanding the role of proteolysis in transthyretin amyloidosis. V. Bellotti
(London, UK and Pavia, Italy)

11:00 am – 11:30 am

Coffee and tea break
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11:30 am – 1:00 pm

Plenary session 9. ATTR: Diagnosis and pathogenesis
Chairmen: Obici and Cummings

11:30

OP-59

Neuropathy progression rate in patients with familial amyloidotic polyneuropathy. D.
Adams (Paris, France)

11:45

OP-60

Early in-vivo detection of lower limb nerve injury in hereditary transthyretin familial
amyloid polyneuropathy using high-resolution MR-neurography. J. Kollmer*
(Heidelberg, Germany)

12:00

OP-61

Place of skin biopsy in asymptomatic and paucisymptomatic amyloidogenic TTR
mutation gene carriers (TTR-GC). D. Adams (Paris, France)

12:15

OP-62

Global gene expression profiling of sex-specific inflammatory triggers of the
transthyretin amyloidoses. S. M. Kurian (La Jolla, CA, USA)

12:30

OP-63

Haplotype analysis: modulation of AO through a trans-acting mechanism in familial
amyloid polyneuropathy. M. Alves-Ferreira* (Porto, Portugal)

12:45

OP-64

Linking extracellular matrix remodeling genes and age-at-onset variability in familial
amyloid polyneuropathy. D. Santos* (Porto, Portugal)

1:00 pm – 2:30 pm

Lunch and poster viewing

2:30 pm – 4:30 pm

Plenary session 10. ATTR: Prognosis and therapy
Chairmen: Ikeda and Seldin

2:30

OP-65

Survival in patients with transthyretin familial amyloid polyneuropathy receiving
tafamidis treatment. G. Merlini (Pavia, Italy)

2:45

OP-66

Interim analysis of long-term, open-label tafamidis treatment in transthyretin amyloid
cardiomyopathy after up to 5 years of treatment. M. S. Maurer (New York, NY,
USA)

3:00

OP-67

Familial amyloid polyneuropathy treatment with tafamidis – evaluation of one year
treatment at Porto, Portugal. T. Coelho (Porto, Portugal)

3:15

OP-68

A phase II study of doxycycline plus tauroursodeoxycholic acid in transthyretin
amyloidosis. L. Obici (Pavia, Italy)

3:30

OP-69

The prevalence of cardiac amyloidosis in familial amyloidotic polyneuropathy with
predominant neuropathy: The diflunisal trial. C. C. Quarta* (Bologna, Italy and
Boston, MA, USA)

3:45

OP-70

Safety and efficacy of long-term diflunisal administration in familial amyloid
polyneuropathy  Summary of ten years therapeutic experience. Y. Sekijima
(Matsumoto, Japan)

4:00

OP-71

Clinical development of ISIS-TTRRx: A second generation antisense therapy for the
treatment of transthyretin-associated diseases. E. J. Ackermann (Carlsbad, CA, USA)
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4:15

OP-72

Further analysis of phase II trial of patisiran, a novel RNAi therapeutic for the
treatment of familial amyloidotic polyneuropathy. O. B. Suhr (Umea, Sweden)

4:30 pm – 5:00 pm

ISA members meeting: Report on the journal Amyloid (Per Westermark,
editor). Election results. Future symposia.

5:00 pm – 6:30 pm

Poster viewing and presentations by junior investigators*.

6:30 pm – 6:45 pm

Board buses from JW to IMA

7:00 pm – 11:00 pm

Congress dinner and awards presentations. Indianapolis Museum of Art

Thursday, May 1, 2014
8:00 am – 9:30 am

Plenary session 11. Transplantation for amyloidosis
Chairmen: Ericzon and Breall

8:00

OP-73

Liver transplantation for hereditary ATTR-amyloidosis, any indication for
non-V30M patients? O. B. Suhr (Umea, Sweden)

8:15

OP-74

Domino liver transplantation using familial amyloidotic polyneuropathy liver
grafts; proposal for an international multicentre study to assess risk of de novo
amyloidosis in the domino recipients. A. J. Stangou (Birmingham, UK)

8:30

OP-75

Who should receive the TTR domino liver? H. H.-J. Schmidt (Munster,
Germany)

8:45

OP-76

Experiences of domino liver transplantations in Germany. A. P. Barreiros
(Mainz, Germany)

9:00

OP-77

Regression of gastroduodenal mucosal amyloid deposits in FAP patients after
combined therapy with oral intake of diflunisal followed by liver
transplantation. T. Yoshinaga* (Matsumoto, Japan)

9:15

OP-78

Outcomes from an international registry of cardiac transplantation for light
chain (AL) and transthyreitin (TTR) amyloidosis. M. Semigran (Boston, MA,
USA)

9:30 am – 11:00 am

Plenary session 12. Models and emerging therapies
Chairmen: Palladini and Pickens
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9:30

OP-79

The small molecule SystebrylTM (PTI-110) causes potent
disaggregation/reduction of AL, TTR and AA amyloid fibrils. A. D. Snow
(Kirkland, WA, USA)

9:45

OP-80

Development of NPT088 for the treatment of amyloidosis disorders. V. C.
Cullen (Cambridge, MA, USA)

10:00

OP-81

Plerixafor and G-CSF moblization for autologous stem cell transplantation in
AL amyloidosis. E. Kaul* (Boston, MA, USA)

10:15

OP-82

Establishment of a C. elegans PRGHOWRVWXG\DP\ORLGRJHQHVLVRIKXPDQȕmicroglobulin in vivo. V. Bellotti (London, UK and Pavia, Italy)

10:30

OP-83

Differences in NT-proBNP release in patients with cardiac m-ATTR depend
on the specific transthyretin mutation. S. Perlini (Pavia, Italy)

10:45

OP-84

Human mesenchymal stromal cells protect human cardiomyocytes from
primary amyloid light chain induced cytotoxicity. Y. Lin (Rochester, MN,
USA)

11:00 am – 11:30 am

Coffee and tea break

11:30 am – 12:30 pm

Closing session.
Symposium overview and prospects: Skinner

12:30 pm – 1:30 pm

Lunch
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Monday, April 28, 2014
Keynote lecture: Daniel Kastner
8:00 am – 9:00 am
Plenary session 1
Inflammatory disease, from SAA to AA
9:00 am – 10:30 am
OP-1
Mechanism of IL-6 induced SAA production and amyloid A deposition in AA Amyloidosis
patients with RA
Kazuyuki Yoshizaki1, Soken-Nakazawa J Song1, 2Members of Japanese AA amyloidosis Clinical
Research Group, 1Dept. Immuno-Medical Science, Osaka University, Japan
Background: Serum amyloid A (SAA), a precursor molecule of AA protein synthesized in
hepatocyte, is deposited in various organs as amyloid fibril during the development of AA
amyloidosis.
Objectives: To elucidate the mechanism of SAA expression under inflammation condition, and to
understand the role of IL-6 in AA fibril deposition of affected organs in AA amyloidosis patients
with rheumatoid arthritis (RA).
Methods: (1).The expression of SAA mRNA in hepatoma-derived cells treated by cytokines was
examined by quantitative real-time PCR. Luciferase assay, EMSA and Chip assay were also used
for analysis of SAA transcription mechanism
(2). Effect of IL-6 on SAA production and scores of amyloid deposits in gastro-duodenal mucosal
biopsy specimens were examined in tocilizumab (an anti-IL-6R Ab) treated amyloidosis patients
with RA.
Results: (1) Our results demonstrated that IL-6 plays a critical role in cytokine-driven SAA
expression through STAT3 activation. TNF-a/IL-1 complementally contributes to the synergistic
induction of the triple-cytokines-induced SAA gene through NF-kB activation. We further found
that a novel STAT3 non-consensus TFBS at the immediate downstream of the NF-țB RE in the
SAA1 promoter region that is required for NF-țB p65 and STAT3 to activate SAA1 transcription.
(2). AA amyloidosis with RA patients treated with tocilizumab showed significant reductions in
serum SAA level, and histological scores of AA deposition observed in gastroduodental biopsy
specimens treated with tocilizumab showed significantly decrease in the area and concentration of
amyloid deposits after the treatment for 12 months. These effects were more pronounced in the
tocilizumab group than in the TNF-a inhibitors group.
Conclusions:
IL-6-activated STAT3 plays a key role in SAA regulation. AA amyloidosis started from SAA
over-production induced by IL-6. IL-6 blockage constitutes a promising molecular targeting
therapy for AA amyloidosis.
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References:
1. Hagihara K, et al., BBRC. 2004;314:363-9.
2. Nishida S, et al., Ann Rheum Dis. 2009;68:1235-6.
3. Tiwari P, et al., Biochim Biophys Acta. 2013;1830:3650-5.

OP-2
Soluble, recombinant, receptor for advanced glycation end-products (RAGE) binds AA
amyloid in vivo.
Jonathan S. Wall1,2, Angela Williams1, Tina Richey1, Alan Stuckey2, Ying Huang1, Craig
Wooliver1, Sallie Macy1, Emily B. Martin1, and Stephen J. Kennel1,2
Departments of 1Medicine and 2Radiology, University of Tennessee Graduate School of
Medicine, Knoxville, TN, USA
Background: The receptor for advanced glycation end-products is a multi-ligand receptor of the
immunoglobulin superfamily of cell surface receptors that also is present as a soluble form,
lacking the transmembrane region. In addition to AGEs, the receptor also binds amyloid fibrils,
LQFOXGLQJ$ȕ -40) and AA. RAGE has been detected in AA amyloid deposits in vivo and
contributes positively to the pathogenesis of AA in mice. The goal here was to compare the
reactivity of RAGE and peptide p5 with fibrils and examine soluble RAGE reactivity with
amyloid in vivo.
Methods: Dual-energy SPECT imaging was used to compare the binding of 99mTc-p5 (~ 150 μCi
per mouse) and 125I-RAGE-VC1 (~100 μCi per mouse) in mice with AA amyloidosis. Images
and biodistribution data were acquired at 2 h pi. Competition binding studies in vitro were
performed using a 200-fold molar excess of RAGE-9&RYHUSZLWKU9Ȝ:LO$ȕ -40), and
IAPP fibrils as the substrate.
Results: Accumulation of both tracers in amyloid-laden tissue in vivo (as %ID/g) was
approximately equivalent; however, the AA:WT uptake ratio in spleen at 2 h pi differed, 99mTc-p5
(~50 x) as compared to 125RAGE-VC1 (~10 x), likely due to the longer circulating half-life of the
VC1 protein. No specific accumulation of 99mTc-p5 or 125RAGE-VC1 was seen in WT mice, as
evidenced in SPECT images or biodistribution data. RAGE-VC1 competed for the binding of
peptide 125I-SZLWKWRU9Ȝ:LO$ȕ -40) and IAPP fibrils with 41%, 68%, and 93% reductions,
respectively.
Discussion: Soluble RAGE-VC1 peptide when radiolabeled and injected iv was capable of
imaging the presence of AA amyloid deposits in vivo. Specific accumulation in amyloid was
observed. The RAGE-VC1 and peptide p5 may bind to similar sites on synthetic amyloid fibrils
but in vivo p5 proves to be a more effective agent for detecting tissue amyloid
There are no conflicts of interest. This work was supported by Award Number R01DK079984
from the National Institute of Diabetes and Digestive and Kidney Diseases.
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OP-3
Endemic and highly prevalent systemic amyloid A (AA) amyloidosis in endangered island
foxes (Urocyon littoralis)
Patricia. M. Gaffney, School of Veterinary Medicine, Pathology, Microbiology, and
Immunology, University of California, Davis, CA, USA. Deana Clifford, California Department
of Fish and Wildlife, USA. Denise Imai Leonard, School of Veterinary Medicine, Comparative
Pathology Laboratory, University of California, Davis, USA. Tim O’Brien, Veterinary Diagnostic
Laboratory, University of Minnesota, USA. Majid Ghassemian, Department of Chemistry and
Biochemistry, University of California, San Diego, USA. Judith Coppinger, School of
Biomolecular and Biomedical Science, University College Dublin, Ireland. Peter. R. Nilsson,
Department of Chemistry, Linkoping University, Sweden. Linda Munson, School of Veterinary
Medicine, Pathology, Microbiology, and Immunology, University of California, Davis, USA.
Christina J. Sigurdson, School of Medicine, Department of Pathology, University of California,
San Diego, USA.
The island fox is a critically endangered species that has a high prevalence of systemic
amyloidosis causing morbidity and mortality. AA amyloidosis secondary to chronic inflammation
is the most common systemic amyloidosis in animals. The purpose of this study is to characterize
the pathologic lesions of amyloidosis in island foxes, identify the causative protein, and define
demographic risk factors for amyloidosis. Of 339 necropsy cases representing 6 island subspecies
of fox, there was a strikingly high 33% (112/339) prevalence of amyloidosis. Congophilic tissue
deposits were widespread and most common in the kidney (72%), spleen (45%), vessels (36%),
heart (35%), adrenals glands (29%), tongue (27%), oropharynx (25%) and skin/pawpad (22%).
Amyloid-laden kidney and spleen contained long, non-branching, approximately 10 nm diameter
fibrils by electron microscopy, and tissue amyloid immunolabeled with a polyclonal anti-canine
AA antibody. SDS-PAGE of the insoluble fractions of amyloid rich tissue homogenates revealed
1 to 3 bands that were 8 to 12 kD on a Coomassie stained gel and labeled with anti-canine SAA
antibody by immunoblot. Insoluble protein fractions from foxes with and without amyloidosis
(histologically) were subjected to electrospray ionization tandem mass spectrometry, which
revealed abundant SAA peptides only in foxes with amyloidosis. Comparative protein and SAA
gene sequencing revealed the island fox has unique SAA protein isoforms amongst canids.
Significant risk factors (p<0.05) associated with AA amyloidosis in foxes were older age, the San
Clemente island fox subspecies and concurrent neoplasia. Chronic inflammatory diseases were
present in the majority of foxes both with (88%) and without (87%) amyloidosis. In sum,
amyloidosis in island foxes is composed of AA protein and the prevalence is the highest ever
reported in a wild animal population.

22

OP-4
Obesity induced chronic inflammation in C57Bl6J mice, a novel risk factor in the
progression of amyloid formation?
R.A. van der Heijden1, J. Bijzet2, D. de Vries1, B.P.C. Hazenberg2, P. Heeringa1
University Medical Center Groningen, Groningen, the Netherlands
1
Department of Medical Biology and 2Department of Rheumatology & Clinical Immunology
Background: Chronic inflammation can give rise to the development of systemic AA
amyloidosis. Here, the amyloidogenic acute phase protein serum amyloid A (SAA) accumulates
as amyloid in the extracellular matrix as a result of chronically raised plasma levels. Whereas the
disorders typically causing AA amyloidosis are well known, we hypothesize here that obesity
induced chronic inflammation represents a novel risk factor for the progression of pre-existing
amyloidosis.
Methods: Groups of C57Bl6J mice were fed a low (10% lard) or high (45% lard) fat diet for a
maximum of 52 weeks. Mice were monitored for development of obesity and cardiovascular
complications. Blood samples were taken at regular intervals. Cohorts of mice were sacrificed at
t=24, t=40 and t=52 weeks and organs were collected for pathological analysis. Renal and cardiac
amyloidosis development was analysed by congo-red stainings and quantified using the Nuance
FX spectral imaging system.
Results: Long term high fat diet feeding of C57Bl6 mice caused the development of typical
hallmarks of obesity and the metabolic syndrome (adiposity, insulin resistance, hepatic steatosis,
upregulation of adipokines). Upon pathological analysis we observed the development of renal
and cardiac amyloid deposits in both low- and high-fat treated groups at t=40 and t=52 weeks. At
52 weeks, the extent of amyloidosis was twice as high in obese animals compared to age-matched
lean subjects. The extent of amyloidosis showed a strong correlation with bodyweight at this time
point (Fig 1A). Interestingly, when performing immunohistochemistry and Western Blot analyses
on amyloid from renal tissue we did not only detect apoAII and AA protein, but - unexpectedly also transthyretin (TTR). Furthermore, from t=26 weeks onwards, elevated plasma levels of SAA
were detected in high-fat treated mice compared to low-fat treated mice (Fig. 1B).
Bodyweight vs. Amyloidosis
t=52 weeks cohort
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Conclusion: Our data suggest a causal link between obesity induced chronic inflammation and
amyloidosis in C57Bl6J mice. Future studies are necessary to prove this causal link and to
determine its relevance for the human situation.
This research was conducted within the Top Institute Food and Nutrition (TIFN) consortium.
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OP-5
Obesity as a determinant in the development and progression of AA amyloidosis
Barbara Kluve-Beckerman, Lijing Du, and Joyce Hardwick
Department of Pathology and Laboratory Medicine, Indiana University School of Medicine,
Indianapolis, IN, USA
Background: A growing percentage of patients with AA amyloidosis lack an identified
predisposing condition. In our clinic, obesity is common among these patients. Obesity is known
to give rise to low-grade chronic inflammation. On this basis, we propose (1) obesity can be a
risk factor for AA amyloidosis, especially in persons whose medical histories include events or
procedures accompanied by severe, acute inflammation, and (2) patients who have AA
amyloidosis and are obese may suffer more aggressive deposition.
Objective: Explore a possible relationship between AA amyloidosis and obesity.
Methods: SAA levels and amyloid deposition were compared in genetically obese mice (ob/ob)
and lean littermates. Amyloid was induced by giving amyloid-enhancing factor once and
azocasein periodically over 6-weeks, and graded from 0 to + 4 in tissues stained with Congo red
and anti-SAA antibody.
Results: At sacrifice, mice (4 months old) weighed: Lean: 31.6 ± 1.0 g (male), 25.0 ± 0.3 g
(female); obese: 58.1 ± 2.0 g (male and female). Measured by ELISA, SAA levels were higher
in obese than lean mice at all time points, including baseline (3.2X higher) and peak of acute
inflammation (2.2 – 2.5X higher). Levels also remained elevated in obese mice for extended
periods after cessation of inflammatory stimulation. Consistent with these data, amyloid scores
were higher in obese than lean mice in every tissue examined (spleen: 2.4 ± 1.0 v. 0.9 ± 0.5; liver:
1.6 ± 0.8 v. 0.5 ± 0.2; kidney: 0.8 ± 0.4 v. 0.6 ± 0.3). Mean scores were affected by disparate
deposition among mice; some obese mice had + 3 to + 4 amyloid in spleen and liver, while others
had 0. In several mice, deposition was most prominent in kidney in glomeruli or medullary
region.
Conclusion: Obesity-driven inflammation should be considered a potential factor in development
and progression of AA amyloidosis.

OP-6
International randomized, double-blind, placebo-controlled, phase 3 study of the efficacy
and safety of KIACTA™ in preventing renal function decline in patients with AA
amyloidosis: An update on study progress
D. Garceau1, T. Sablinski1, H. Lachmann2 and L.M. Dember3
1
Auven Therapeutic, New York, USA,2 Royal Free and University College Medical School,
London, United Kingdom;3 University of Pennsylvania, Philadelphia, USA
A confirmatory Phase 3 study to assess the efficacy and safety of Kiacta in the treatment of AA
amyloidosis was initiated in 2010 and is currently ongoing. A total of 230 patients are to be
enrolled from 71 sites in 30 countries. This is an event-driven trial which will end when 120
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patients have experienced an event of renal deterioration as defined by either a persistent 80%
increase in serum creatinine (SCr), a persistent 40% decrease in creatinine clearance (CrCl) or
progression to end stage renal disease (ESRD). As of January 2014, a total of 380 patients were
screened of whom 198 were enrolled in the study, 26 were in screening and 156 were screen
failure. The largest number of patients were recruited from East/Central Europe (40%). The main
reasons for screening failures were: CrCl less than 25 ml/min (36%), proteinuria less than 1 g/day
(24%) or negative biopsy (22%). A total of 171 serious adverse events (SAEs) were reported from
77 patients, but only 3 SAEs were reported as possibly related to study medication by the
investigators. A total of 16 deaths have been reported; none of them have been reported to be
possibly related to study medication by the investigator. An independent Safety Monitoring
Committee (SMC) is reviewing patient safety throughout the study and their recommendations
have always been to continue the study as per protocol. To date, a total of 42 events have been
adjudicated by the independent Endpoint Committee. A total of 16 patients have progressed to
ESRD. We anticipate that patient recruitment should be completed by Q2 2014 and the end of
study is projected for 2016.
In conclusion, the confirmatory Phase 3 trial is progressing well and Kiacta continues to be safe
and well tolerated. If results are positive, this study may provide the first approved treatment for
AA amyloidosis.
Denis Garceau is an employee of Bellus Health and Consultant for Auven Therapeutic, Sponsors
of eprodisate trials; T. Sablinski is an employee of Auven Therapeutic; Drs, Helen Lachmann and
Laura Dember are Scientific Advisors and Principal Investigators for the eprodisate trials,
respectively.

Plenary session 2
Fibril and amylid formation
11:00 am – 12:30 pm
OP-7
Polymorphism and cryo-EM structures of peptide fibrils from AL proteins
Andreas Schmidt1, Karthikeyan Annamalai1, Matthias Schmidt1, Nikolaus Grigorieff2, Marcus
Fändrich1
1
: Institute for Pharmaceutical Biotechnology, Ulm University, 89081 Ulm, Germany
2
: Janelia Farm Research Campus, Howard Hughes Medical Institute, Ashburn VA 20147 USA
Background: While the general assembly of the amyloid cross-ȕstructure is well established, the
detailed assembly of the polypeptide chains into a quaternary structure is unknown. It was
suggested that the packing of short peptides as steric zippers within microcrystals represents a
model of amyloid fibril structures (Nelson et al. 2005).
Objectives: Understand the assembly of peptide fibrils derived from AL proteins.
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Methods: Electron cryo microscopy (cryo-EM) (Sachse et al. 2008; Schmidt et al. 2009),
platinum shadowing, mass-per-length measurements.
Results and Discussion: We were able to reconstruct, based on cryo-EM data, the threedimensional structure of different morphologies of AL peptide fibrils at spatial resolutions of up
to 1 nm. While being significantly different in several structural parameters, all analyzed fibril
morphologies comply with a conserved rhombic subunit that presents two face-to-face packed
elongated density cores with a size that perfectly matches a peptide steric zipper-like peptide
dimer. Platinum side shadowing establishes the left-hand fibril twist, and mass-per-length
measurements report peptide numbers in the fibril cross-section consistent with the reconstructed
densities.
Conclusions: This study is able to provide direct evidence for the existence of steric zipper-like
peptide pairs as the fundamental structural units of a full-scale fibril structure.
References:
Nelson et al. Nature 435, 773-778 (2005); Sachse et al. PNAS 105, 7462–7466 (2008); Schmidt
et al. PNAS 106, 19813–19818 (2009)

OP-8
The effect of post-translational modifications on the aggregation of the cardiovascular
amyloid protein medin
Jillian Madine, Hannah Davies, Kieran Hand, Christopher Longmore and Marie Phelan
Institute of Integrative Biology, University of Liverpool, UK
Background: Post-translational modifications have been shown to affect the aggregation
properties of proteins involved in neurodegenerative amyloid-related diseases [1]. However, little
is known about the effect of post-translational modifications on cardiovascular amyloid proteins.
We are specifically interested in medin, identified as the most common form of localised amyloid,
primarily localised to the internal elastic laminae of the ascending aorta [2]. It is estimated to be
present in 97 % of the Caucasian population of 50 years of age but despite its prevalence there
remains very little information available about the structural, biophysical and aggregation
properties of medin.
Objective: The principle aim of this project is to investigate the effect of post-translational
modifications on the aggregation kinetics, structure and morphology of medin.
Methods: This work investigates 2 post-translational modifications previously shown to alter
amyloid formation; phosphorylation and nitration. Medin was chemically nitrated using
peroxynitrite. Kinases with predicted phosphorylation sites in medin were investigated for their
ability to phosphorylate medin. A range of biophysical techniques (e.g. Circular dichroism,
thioflavin T binding, electron microscopy, NMR) were used to analyse the effects of posttranslational modifications.
Results: Differences in the kinetics and morphology have been observed between the aggregation
properties of native and post-translationally modified medin.
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Figure: Thioflavin T fluorescence
shows an extended lag phase and
reduced final fluorescence intensity
when medin is nitrated.

Conclusion: Nitrated and phosphorylated proteins have been detected in amyloid protein deposits
[3]. The next step in this work is to investigate the presence of modified amyloid proteins in
human cardiovascular cadaveric tissue.
This work helps to enhance understanding of cardiovascular amyloid aggregation, and in turn,
provide possible therapeutic/diagnostic avenues.
References:
[1] Beyer, 2006, Acta Neuropath. 112:237-251; [2] Peng et al. 2001, Amyloid, 8:122-123;
[3]Reynolds, 2006, J. Neurosci. 26:10636-10645.

OP-9
Identification of glycosaminoglycan linkage regions and attachment sites – implications for
amyloid accumulation
Fredrik Noborn1; Alejandro Gomez-Toledo1, Carina Sihlbom1, Johan Lenqvist1, Erik Fries2,
Lena Kjellén2, Jonas Nilsson1, Göran Larson1
1
University of Gothenburg, Sweden; 2Uppsala University, Sweden
Background / Objective: A common theme in amyloid diseases (Alzheimer’s disease, prion
diseases, type II diabetes, AA and TTR amyloidosis) is the deposition of disease-specific peptide
aggregates in tissues. Amyloid peptides bind to glycosaminoglycans (GAGs), and GAGs have
been found to promote the aggregation process. The GAGs are complex polysaccharides present
at cell surfaces and in extracellular matrices. Although the underlying mechanism remains
elusive, accumulating evidence suggests that the disease-specific peptides bind to structural
variants of the polysaccharides. In particular, certain types of GAGs, such as heparan sulfate
(HS), have proved to be more essential for amyloid deposition compared with other types, such as
chondroitin sulfate (CS). Thus, the current strategy for understanding the role of GAGs in the
pathology of amyloidosis aims to identify selective polysaccharide - peptide interactions.
However, information on the type of GAG-chains and their specific attachment site(s) on any
given core protein is often scarce.
Methods: Here we present a novel method where the CS-linkage region glycopeptides are
recognized and characterized by nanoLC-/MS/MS. The method was established using human
bikunin (protein AMBP; inter-alfa-trypsin inhibitor light chain) a soluble CS-proteoglycan
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(CSPG) with only one CS chain attached to Ser215 as a model CSPG. The protocol includes
trypsinization, ion-exchange chromatography, chondroitinase ABC cleavage and reversed phase
nanoLC-MS/MS using CID or HCD fragmentations and automated Mascot search algorithms.
Results: This has enabled us to identify 13 novel CSPGs in human urine and cerebrospinal fluid
in addition to 14 already established CSPGs. The present work focuses on establishing a similar
method for HSPGs.
Conculsion: As the GAG-chain(s) and core protein are usually separated prior to analysis, the
possibility of site-specific glycan information is excluded. The new method presented herein
provides integrated glycopeptide analysis; such information is likely to be relevant for improved
understanding of GAG-dependent processes in amyloid formation.

OP-10
Oligomeric light chains in urinary exosomes as detection method for organ response in light
chain amyloidosis: 3 cases.
Marina Ramirez-Alvarado1, Christopher J. Ward2, and Nelson Leung3
1
Department of Biochemistry and Molecular Biology; 3Division of Nephrology and Hypertension,
Mayo Clinic. 200 First St. Rochester, MN 55905, USA.
2
The University of Kansas Medical Center, Mail Stop 3018, 3901 Rainbow Blvd., Kansas City,
KS 66160, USA.
Immunoglobulin light chain (AL) amyloidosis is a fatal misfolding disease. Advances in
treatment have significantly improved outcomes but optimal duration of treatment remains to be
determined. Urinary exosomes are small extracellular vesicles that originate from all renal
epithelial cells. Exosomes are formed as part of the multivesicular body pathway and are released
into the extracellular environment during exocytosis. During this process, certain cytosolic
proteins are incorporated into the invaginating membrane and engulfed in these vesicles, thereby
maintaining the same topological orientation as the plasma membrane 1. Exosomes are thought to
be involved with the removal of unwanted proteins and as acellular vehicles to transfer molecules
among cells in normal and pathologic states, although the exact role of urinary exosomes has not
been elucidated yet. Recently, urinary exosomes were reported to contain oligomeric light chains
in patients with AL amyloidosis but not in other plasma cell dyscrasias 2. To explore whether
urinary exosomes can be used as a marker of organ response, we evaluated the urinary exosomes
in three patients. Oligomeric immunoglobulin light chains were found in exosomes from ALex11, who presented with progression of renal disease despite the fact that the patient presented
with negative serum and urine monoclonal protein laboratory results and a negative bone marrow
biopsy. Urinary exosomes from AL-ex13 showed an absence of oligomeric light chains after
90% reduction of proteinuria consistent with renal response. The same result was found for ALex14, suggesting urinary exosomes are capable of predicting response even when proteinuria
reduction was < 50%. This small series are a proof of principle study and suggest that urinary
exosomes have potential to be an early marker of renal response prior to 50% reduction of
proteinuria and can detect persistent disease even when a monoclonal protein cannot be detected.
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1.
Vella LJ, Sharples RA, Nisbet RM, Cappai R, Hill AF. The role of exosomes in the
processing of proteins associated with neurodegenerative diseases. Eur Biophys J.
2008;37(3):323-332.
2.
Ramirez-Alvarado M, Ward CJ, Huang BQ, et al. Differences in immunoglobulin light
chain species found in urinary exosomes in light chain amyloidosis (Al). PLoS One.
2012;7(6):e38061.

OP-11
The cellular protein homeostasis network strongly influences the stability of secreted
tetrameric TTR
Xin Zhang and Jeffery W. Kelly. Departments of Chemistry and Molecular and Experimental
Medicine, The Scripps Research Institute, La Jolla, USA
Transthyretin (TTR) is a 55 kDa tetrameric protein that is folded in the endoplasmic reticulum
and subsequently secreted into the blood, mainly by hepatocytes comprising the liver. Ratelimiting TTR tetramer dissociation and subsequent monomer misfolding leads to TTR
aggregation–which is genetically and pharmacologically strongly linked to a variety of
degenerative diseases, including polyneuropathies and cardiomyopathies. We will report a
comprehensive biological and biochemical data package demonstrating that the composition of
the cellular protein homeostasis network effects the stability of the TTR tetramer secreted,
possibly explaining why only 10-15% of elderly males exhibit WT TTR dissociation and
misfolding and thus develop senile systemic amyloidosis. Data supporting the hypothesis that
mutant TTR tetramer stability is also influenced by its cellular environment during biogenesis
will be presented. The cellular influence on the quality of the TTR tetramer secreted could also
explain the incomplete penetrance of the familial TTR amyloidoses and may be the origins of the
profound influence of genetic background on the age of onset of the TTR amyloidosis

OP-12
Elucidating the mechanism of D76N ȕ2-microglobulin amyloidogenesis and its inhibition
Porcari R1, Mangione PP1,2, Esposito G3,4, Relini A5, Giorgetti S2, Verona G2, Corazza A3,
Fogolari F3, Goto Y6, Lee YH6, Yagi H6, Gillmore JD1, Hawkins PN1, Chiti F7, Simons JP1, Taylor
GW1, Pepys MB1, Stoppini M2, Vittorio Bellotti1, 2.
1
Centre for Amyloidosis and Acute Phase Proteins, Division of Medicine, University College
London, UK; 2Department of Molecular Medicine, Institute of Biochemistry, University of Pavia,
Italy; 3Department of Medical and Biological Sciences, University of Udine, Italy; 4Department
of Chemistry, NYUAD, Abu Dhabi, UAE; 5Department of Physics, University of Genoa, Italy;
Institute for Protein Research, Osaka University, Japan; 6Department of Biochemical Sciences,
University of Florence, Italy.
Background: We recently identified the first naturally occurring structural variant, D76N, of
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human ȕ2-microglobulin (1) as the amyloid fibril protein in a family with a new phenotype of late
onset fatal hereditary systemic amyloidosis.
Objective: Understanding the molecular pathophysiology of amyloid deposition in vivo and
identification of suitable therapeutic approaches.
Methods: The variant protein was characterized by equilibrium denaturation, folding kinetics and
NMR. Aggregation was studied under physiological conditions as described (2). Amyloid fibrils
were characterized by thioflavine T fluorescence emission, green birefringence under polarized
light after Congo red staining, electron and atomic force microscopy. Three classes of
fibrillogenesis inhibitors were tested: nanobodies, chaperones and tetracyclines.
Results: The transition from native globular fold to fibrillar state was primed by exposure to a
hydrophobic-hydrophilic interface under physiological intensity shear flow (2). Wild type
ȕ2-microglobulin was recruited by the variant into amyloid fibrils in vitro but is absent from
amyloid deposited in vivo. The difference between in vitro and in vivo observations is attributable
to chaperone protein activity in vivo. Chaperones, nanobodies and tetracyclines each effectively
inhibit D76N variant ȕ2-microglobulin amyloid fibrillogenesis via distinct, non-overlapping
mechanisms.
Conclusion: Our observations provide a paradigm for the mechanistic principles underlying
in vivo amyloidogenesis by globular proteins in general. Availability of this robust model for
amyloid fibrillogenesis under physiological conditions in vitro provides a unique opportunity to
identify compounds that can be tested in vivo in our new transgenic mouse model, which is being
developed (3), and potentially translated into clinical therapy.
References:
1. Valleix S, et al. 2012. N Engl J Med 366: 2276-83
2. Mangione PP, et al. 2013. J Biol Chem 288: 30917-30
3. Halabelian L, et al. 2013 Dec 13. J Biol Chem [Epub ahead of print]

Plenary session 3
Diagnosis and typing: Histochemistry and proteomics
2:00 pm – 4:00 pm
OP-13
The challenging diagnosis of transthyretin amyloidosis
Ellahe Charkhar and Per Westermark
Department of Clinical Pathology, University Hospital and Deprtment of Immunology, Genetics
and Pathology, Uppsala University, Uppsala, Sweden
Diagnosis of transthyretin amyloidosis (ATTR) including senile systemic amyloidosis (SSA) is
often difficult and the commonly used subcutaneous adipose tissue biopsy method may reveal
very small and scattered deposits (1). We have developed a method by which a diagnosis is
obtained in at least 75% of patients, including those with SSA.
Methods and Results: A surgical or large (8 mm) punch biopsy from abdominal skin, including
subcutaneous tissue is taken and sent fresh. Small pieces from different sites are washed in
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distilled water, cut into small fragments and squeezed between two slides. The separated and
dried slides are defatted in acetone, stained in alkaline Congo red and mounted. Analysis of both
slides reveal amyloid deposits in a great majority of ATTR amyloidosis cases even if deposits
may be very small and scattered. The method is described in (2)
If the amyloid amount is small (common in SSA and some cases of hereditary ATTR amyloidosis,
particularly with those with cleaved TTR where few but compact deposits are typical), new slides
are prepared and subjected to immunohistochemistry with anti TTR50-127, which labels fulllength TTR and TTR fragments. After development with DAB, the slides are stained with Congo
red and examined in polarized and normal light. With this method even minute amyloid deposits
can be typed.
Conclusion: One advantage with the method is that a comparably large volume of adipose tissue
can be examined, typically 50 mm3. Furthermore, even minute amyloid particles will be thick
and easily discovered. The method is cheap, simple, rapid and precise and very useful when other
procedures (western blot, mass spectrometry) are impossible or not available. The method has
turned out to be particularly useful for diagnosis of SSA.
References:
1. Ikeda S, Sekijima Y, Tojo K, Koyama J. Amyloid, 2012;18:211-5.
2. Westermark P. Methods Mol Biol, 2012;849:363-71.

OP-14
Classification of amyloidoses using antibodies. Essentials of reliable and vices of unreliable
immunohistochemistry
Reinhold P. Linke
Reference Center of Amyloid Diseases, Martinsried, Germany
Background: The various amyloid diseases need to be classified by their chemical differences.
Since each particular amyloid class may represent a different disease syndrome class-specific
therapy is mandatory. Therefore, each amyloidosis needs to be classified. Routine classification is
based mainly on immunohistochemistry and/or mass spectrometry today. Every non-trivial
technique such as immunohistochemical typing of amyloidosis requires certain preconditions in
order to be become useful for reliable typing. On the other hand when these preconditions have
not been met, the term ‘unreliable’ has been used.
Presentation: In order to know how amyloid is best detected by immunohistochemistry
reflection on its constitution is mandatory. Essential are the distinction between amyloid and
amyloid deposits, since the latter contains additionally various admixtures which may conceal the
true nature of the amyloid fibril. These various admixtures provoked earlier scientist to speak of
amyloid as a sewage trap. The fibrils are resistant to physico-chemical denaturants. Most decisive
is, however, the profound conformational change during amyloidogenesis with exposure of
hydrophobic sites hidden within the native precursor. Antibodies for detecting these determinants
on amyloid fibril must be homologous. Heterologous antibodies can cause severe problems in
typing. Performing immunohistochemical typing requires the use of the ‘diagnostic window’. For
these reasons the use of single and/or heterologous antibodies can represent a vice. This problem
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has been solved by a comparative approach employing a serious of homologous antibodies.
Conclusion: As seen in a larger series of submissions in our center, amyloid typing using
homologous antibodies within the ‘diagnostic window’ and applying a comparative approach
already lead to correct amyloid typing on the first biopsy in 44 out of 45 consecutive routine
samples.
Reference:
Linke RP: Prog Histochem Cytochem 2012;47:61-132
R.P. Linke is owner of amYmed.

OP-15
Immuno-electron microscopy in the classification of systemic amyloidoses: Experience in
423 patients from a single institution
Carlos Fernández de Larrea1,3, Laura Verga2, Patrizia Morbini2, Francesca Lavatelli1, Andrea
Foli1, Laura Obici1, Paolo Milani1, Gian Luca Capello2, Marco Paulli2, Giovanni Palladini1,
Giampaolo Merlini1
1
Amyloidosis Research and Treatment Center, Department of Molecular Medicine, Fondazione
IRCCS Policlinico San Matteo and University of Pavia, Pavia, Italy; 2Pathology Unit, Fondazione
IRCCS Policlinico San Matteo and University of Pavia, Pavia, Italy; 3Amyloidosis and Myeloma
Unit. Department of Hematology, Hospital Clínic and Institut d’Investigacions Biomèdiques
August Pi I Sunyer (IDIBAPS). Barcelona, Spain
Background: Accurate diagnosis of systemic amyloidosis is necessary for both assessing the
prognosis and to delineate the appropriate treatment. It is based on histological evidence of
amyloid deposits and characterization of the amyloidogenic protein. Abdominal subcutaneous fat
aspiration with fine needle is fast, harmless and the more common diagnostic tool when a
systemic form is suspected.
Objective: The aim of the present study was to evaluate prospectively the diagnostic
performance of immuno-electron microscopy (IEM) of abdominal fat aspirates from 745
consecutive patients with suspected systemic amyloidoses.
Methods: All cases were extensively investigated with clinical and laboratory data, with a followup of at least 18 months. Only 423 (56.8%) cases with confirmed systemic forms were used to
estimate the diagnostic performance of IEM. Abdominal fat smears were stained with Congo red.
IEM was performed in all cases, combining immunohistochemistry with electron microscopy and
using gold-labeled secondary antibodies. The panel of primary antibodies covered the commonest
forms of amyloidosis.
Results: Compared to Congo-red based light microscopy, IEM was equally sensitive (75-80%),
whereas IEM revealed significantly more specific (100% vs. 80%; p<0.001). In AL amyloidosis,
kappa cases were more difficult to diagnose than lambda (sensitivity 71% vs. 83%; p=0.016),
while the analysis of abdominal aspirate was informative in only 40% of patients with
transthyretin amyloidosis. Results in AA amyloidosis were quite similar to those in AL form. All
cases with positive IEM results on abdominal fat were confirmed to have systemic amyloidoses.
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The high prevalence (20%) of a monoclonal component in patients with non-AL amyloidosis
emphasizes the risk of misdiagnosis and the need for unequivocal amyloid typing. Notably, IEM
identified correctly the specific form of amyloidosis in more than 99% of the cases.
Conclusion: Immuno-electron microscopy on abdominal fat aspiration is an effective tool in the
routine diagnostic of systemic amyloidoses.

OP-16
Fluorescence detection of amyloid in subcutaneous abdominal fat tissue
Daniel Sjölander1, Johan Bijzet2, Bouke P. Hazenberg2, K. Peter R. Nilsson1, Per Hammarström1
1
IFM-Department of Chemistry, Linköping University, Sweden
2
Department of Rheumatology, University of Groeningen, The Netherlands
BACKGROUND: Systemic amyloidosis (SA) is often diagnosed late in the disease progress.
Fine needle aspiration (FNA) of subcutaneous abdominal fat is a rather non-invasive and rapid
method for detecting systemic amyloidosis of AA, AL and ATTR types by Congo red staining.
OBJECTIVE: The luminescent conjugated probe h-FTAA offers a sensitive and rapid alternative
to Congo red histology on surgical pathology samples (1). The aim of this study was to assess the
potential of direct translation of the Congo red based method towards h-FTAA fluorescence for
detection of amyloid in FNA fat tissue.
METHODS: FNA fat-tissue smears on objective glass were stained with 600 nM h-FTAA and
analyzed in a fluorescence microscope equipped with a 436/20 nm excitation filter and a 460 nm
long-pass emission filter with a 5x or 10x objective. One training session was performed with 5
cases of Congo red birefringence scores between 0 and 4 according to (2). Five young controls
(aged between 24-27 yrs) were used as additional Congo red negative samples. Blinded study
samples (2-3 smears from each case) previously scored with Congo red were categorized by the
same h-FTAA staining and fluorescence set up as for the training reference scale. Observation
was done by two observers, either at the microscope or from digital images.
RESULTS: 57 patients with established SA were studied (19 with AA, 20 with AL, and 18 with
ATTR) and 17 age matched controls (34-75 yrs). Assessment of h-FTAA positivity was used in a
scoring system between 0 and 4 (Fig.1). For Congo red positive cases the h-FTAA sensitivity was
51/52 (98%). Attempted classification using the Congo red score directly translated to a
corresponding score for h-FTAA was overall higher for h-FTAA (AVG=2.7) than for Congo red
positive cases (AVG=2.4). For Congo red negative controls the h-FTAA was only negative for
7/17 (41%). Of the 22 Congo red 0 scored samples of the patients and controls 12 were scored 1
and 3 were scored 2 with h-FTAA. Herein h-FTAA was positive for 5 patients with SA and 2
suspected cases (one V30M TTR carrier and one rheumatoid arthritis patient) that scored 0 with
Congo red.
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Figure 1. Fluorescence micrographs of five categories of SA. In blue color adipose tissue and
yellow shows h-FTAA stained amyloid.
CONCLUSION: In agreement with our earlier study on surgical samples from SA patients (1),
the higher sensitivity of h-FTAA fluorescence compared to Congo red fluorescence or
birefringence was also observed for fat tissue samples. The high sensitivity is very encouraging
but can also be problematic for low abundance cases, i.e. distinguishing scores 0 and 1. At present
h-FTAA staining may be used as complement to Congo Red staining to assess amyloid deposits
in fat tissue samples. With further development in sample treatment and spectral analysis (3) we
foresee excellent potential for this technology for rapid assessment of amyloid detection in fat
tissue.
REFERENCES:
1. Sjölander D. et al., Luminescent conjugated oligothiophenes: A novel dye for amyloid
diagnostics, pp. 179-182, The Proceedings of the XIIIth International Symposium on
Amyloidosis, Ed. Bouke Hazenberg and Johan Bijzet, 2013, (ISBN 978-90-821593-1-8).
2. Hazenberg BP, et al. Diagnostic performance of amyloid A protein quantification in fat
tissue of patients with clinical AA amyloidosis. Amyloid. 2007;14:1330-40
3. Hammarström P. et al., “Overview and Applications of Spectral Imaging Microscopy with
a Focus on Analysis of LCP-coupled Amyloid Deposits” pp.477-481; K.P. Nilsson, “The
use of luminescent conjugated polythiophene (LCP) probes for classification of amyloid
deposits” pp.482-485, The Proceedings of the XIIIth International Symposium on
Amyloidosis, Ed. Bouke Hazenberg and Johan Bijzet, 2013, (ISBN 978-90-821593-1-8).

OP-17
Is it possible to use the proteome of amyloid in fat to predict cardiac and renal tropism?
Angela Dispenzieri1,2, Surendra Dasari, 2 Jason Theis, 3 Terry Therneau,4 Douglas W. Mahoney,4
Ann L. Oberg,4 Roman Zenka,5 Julie Vrana,3 Paul Kurtin, 3 Ahmet Dogan, 6 Marina RamirezAlvarado7 Mayo Clinic, Rochester, MN: 1Division of Hematology; 2Health sciences research;
3
Laboratory Medicine and Pathology; 4Division of Biomedical Statistics and Informatics; 5
Bioinformatics unit; 6Department of Pathology, MSKCC, NY; 7Deptartments of Biochemistry /
Molecular Biology and of Immunology.
BACKGROUND: It is poorly understood why immunoglobulin light chain amyloidosis (AL)
manifests in different organs; a possible hypothesis is that accessory proteins play a role in
amyloid formation and organ tropism.
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METHODS: 227 patients with AL who had mass spectrometry performed on fat aspirates as part
of their clinical assessment were included in this data set. Because samples were run over a
period of 5 years with varying amounts of specimen per patient, the total spectral count per
patient was used as a scaling factor to standardize protein specific spectral counts (SpC) across
patients. Only those proteins found in >10% of patients (n=305) were included in the organ
tropism analyses. Patients were grouped two ways: cardiac (n=146) versus non-cardiac (n=81);
and renal (n=115) versus non-renal (n=112) . Over dispersed Poisson regression models were
used to assess the relative risk (RR) of organ tropism. Proteins with a p-value of p< 5x10(-5) were
considered for further investigation.
RESULTS: In the renal analyses, higher SpC for TTHY, IGHG1, and LIPL in the amyloid of the
fat aspirate was associated with a significantly lower risk of having AL renal involvemenwith
respective RR: 0.4; 0.3; and 0.3.
In the cardiac analyses, more SpC of COCA1, CLUS, APOA4, and APOE were found in the AL
in fat aspirates of patients with cardiac involvement with respective RR: 38; 1.6; 1.5 and 1.5. Ten
proteins in which higher SpC found in amyloid from fat aspirates reduced the likelihood of
cardiac involvement were PTRF, CD36, PLIN1, AOC3, MYO1C, ALDH2, MGST1, SPTA2,
RTN4, and EST1. The RR for the first 6 was 0.8 and for the last 4, 0.4-0.7.
CONCLUSION: The ability to predict organ tropism by the proteome of amyloid found in fat
would be a major breakthrough in prognostication and in understanding the pathophysiology of
AL amyloidosis.
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OP-18
Proteomic analysis of suspected amyloid in different tissues
Janet A Gilbertson, Rabya H Sayed, Nigel Rendell, Nicola Botcher, Helen J Lachmann, Ashutosh
D Wechalekar, Graham W Taylor, Philip N Hawkins, Julian D Gillmore
National Amyloidosis Centre, University College London, London, UK
Background: Accurate identification of the amyloid fibril protein is critical in every case of
amyloidosis. Immunohistochemistry (IHC) fails to definitively confirm the amyloid type in 2025% cases. Proteomic analysis of amyloid by mass spectrometry is a powerful tool for
identifying proteins from formalin-fixed, paraffin embedded tissues.
Objective: To determine the role of proteomics in the diagnostic evaluation of patients a variety
of amyloidosis syndromes.
Methods: 350 biopsy specimens from a wide range of tissues were stained in the usual way and,
in addition, processed for proteomic analysis. Proteomics was performed on the Velos platform
and analysed using MASCOT software.
Results: A total of 300 amyloidotic (CR+) and 50 non-amyloidotic (CR-) biopsy specimens were
analysed; 232/300 CR+ specimens contained the ‘amyloid signature’ on proteomic analysis (77%
sensitivity) and 0/50 CR- specimens contained this signature (100% specificity). The certainty
with which the amyloid fibril protein was identified in the 232 amyloidotic specimens by
proteomic analysis is shown in the table below and broken down by organ;
Definite
Probable
Uncertain
N
%
N
%
N
%
All
92
40
49
21
91
39
Renal
29
57
8
16
14
27
Cardiac
29
69
9
21
4
10
Laryngeal
0
0
2
7
26
93
Respiratory Tract
0
0
3
14
19
86
Bladder
10
50
8
40
2
10
Gastrointestinal Tract
12
48
8
32
5
20
Other
12
27
11
25
21
48
The amyloid fibril protein was identified in 90% cardiac biopsy specimens with a high degree of
certainty. Apolipoprotein A-I was almost invariably identified in specimens obtained from the
larynx, nasopharynx and respiratory tract regardless of the amyloid fibril type. Fibrinogen
amyloid was reliably identified by creation of a database containing known amyloidogenic
variant peptides. Transthyretin amyloid was identified in 7/20 bladder biopsy specimens
including several that had previously been thought to have localised AL Amyloidosis.
Conclusions: Proteomic analysis from a variety of tissues resulted in a definitive diagnosis in
only 40% cases although in 90% cardiac specimens. Proteomics is complimentary to CR staining
and IHC, and does not obviate the need for the latter in cases of suspected amyloidosis.
Bioinformatic development and standardisation is required before it can be widely and reliably
applied in the clinic.
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OP-19
Proteome of amyloidosis: Mayo Clinic experience in 4139 cases
Theis JD1, Vrana JA1, Dasari S1, Mereuta OM1,2, Grogg KL1, Gertz MA1, Zeldenrust SR1,
Dispenzieri A1, Dogan A1,2, Kurtin PJ1
1
Mayo Clinic, Rochester, MN; 2Currently: Memorial Sloan Kettering Cancer Center, New York,
NY
BACKGROUND: The diagnosis of amyloidosis is typically based on demonstrating Congo red
positive amyloid deposits in tissue biopsies of clinically involved sites. Optimal diagnostic
evaluation also requires identification of the amyloidogenic protein for treatment selection.
Traditionally, immunohistochemistry (IHC) was the techniques of choice for subtyping amyloid
deposits in tissue sections. However, in our hands poor analytical sensitivity and specificity made
IHC unsuitable for treatment decisions.
METHODS: We developed an accurate and reproducible shotgun proteomics assay for
subtyping amyloid deposits from formalin fixed paraffin embedded tissues (FFPE) (Blood. 2009;
114: 4957-9 and J Mass Specrom. 2013 48: 1067-1077). In brief, Congo red positive amyloid
deposits were microdissected from FFPE tissue and were digested with trypsin. Peptides were
separated by liquid chromatography and analyzed in an LTQ-Orbitrap mass spectrometer. The
tandem mass spectra were matched against a composite protein sequence database and displayed
using Scaffold software for interpretation by a hematopathologist. We applied the assay to 4139
paraffin embedded tissue samples in a CAP/CLIA certified clinical laboratory.
RESULTS: We identified 20 amyloid types from diverse anatomic sites (Table). Although AL
and ATTR were most common, many unusual and often clinically unsuspected amyloid types
were identified. In addition, amyloids other than TTR and AL had different frequencies in
different anatomic sites.
CONSLUSION: This extensive experience confirms that shotgun proteomic analysis is the best
way to accurately assign amyloid subtype in FFPE samples. The technique avoids both the
analytical problems of immunohistochemistry and the bias introduced by assigning probable
amyloid type based on clinical presentation and disease distribution. The accuracy of the method
allows for confident individualized patient management. Amyloid subtyping by LC-MS/MS is
not only possible, but has proven to be a robust routine clinical tool, transforming the evaluation
of amyloidosis patients in our practice and in the reference laboratory setting.

37

Frequency of amyloid subtypes determined by LC-MS/MS (n=4139).
Amyloid Subtype
Number (%)
AL
2553 (61.68)
ATTR
1015 (24.52)
AA
151 (3.65)
ALect2
148 (3.58)
AIns
48 (1.09)
Keratin*
36 (0.87)
AApoA1
30 (0.72)
AH
27 (0.65)
AFib
26 (0.63)
TGFB1-IP*
22 (0.53)
AApoA4
20 (0.48)
AANF
14 (0.34)
Ab2M
12 (0.29)
AGel
12 (0.29)
ASem1
12 (0.29)
APro
7 (0.17)
ALys
3 (0.07)
ACal
2 (0.05)
Enfuvirtide*
2 (0.05)
AIAPP
2 (0.05)

OP-20
Identification of hereditary fibrinogen A Į-chain amyloidosis by proteomic analysis
Rabya H Sayed, Janet A Gilbertson, Nigel Rendell, Dorota Rowczenio, Ashutosh D Wechalekar,
Helen J Lachmann, Graham W Taylor, Philip N Hawkins, Julian D Gillmore
National Amyloidosis Centre, University College London, London, UK
Background: A family history of renal disease in patients with fibrinogen amyloidosis (AFib) is
frequently absent and immunohistochemical staining of glomerular amyloid with antibodies
against fibrinogen A Į-chain (FibAĮ may yield false negative results, further complicating
diagnosis. Proteomic analysis of amyloid by mass spectrometry was used to identify and
characterise FibAĮproteins and potential variants.
Objective: To develop and test a database containing the known FibAĮvariant peptides to aid
diagnosis of AFib by proteomic analysis.
Methods: Four variant FibAĮsequences were appended to the Uniprot UniRef100 complete
human proteome, including the commonest amyloidogenic variant, E526V (pGlu545Val).
Glomeruli containing amyloid deposits from 20 patients with known AFib variants including
E526V, E524K (pGlu543Lys), P552H (pPro571His) and R554L (pArg573Leu) and 10 control
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patients with other amyloid types were excised by laser microdissection, digested with trypsin
and analysed by LC-MS/MS. Proteins were identified from the MS data using the MASCOT
(matrixscience.com) search engine to interrogate the modified database.
Results: Amyloid was confirmed by the presence in every sample of both serum amyloid P
component (SAP) and apolipoprotein E. The predicted variant FibAĮpeptide was identified in
every AFib specimen. FibAĮprotein sequence coverage ranged from 6-41% (median 25%) in the
AFib specimens. FibAĮwas present in the amyloidotic glomeruli of 4/10 patients with other
types of amyloidosis. FibAĮprotein sequence coverage ranged from 6-23% in these specimens
and did not include variant FibAĮpeptides. Proteomic findings were corroborated in each case
by FibAĮgene sequencing.
Conclusions: The commonest amyloidogenic FibAĮvariant, pGlu545Val, and certain other
FibAĮvariants can be readily identified by proteomic analysis of glomerular amyloid.
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OP-21
SPECT-based semi-quantitative assessment of 123I-SAP scintigraphy in patients with
amyloidosis
Ronald W.J. van Rheenen1, Bouke P.C. Hazenberg2, Walter Noordzij1, Rudi A.J.O. Dierckx1,
Riemer H.J.A. Slart1, Andor W.J.M.Glaudemans1
1 Department of Nuclear Medicine and Molecular Imaging, University of Groningen, University
Medical Center Groningen, Groningen, the Netherlands
2 Department of Rheumatology & Clinical Immunology, University of Groningen, University
Medical Center Groningen, Groningen, the Netherlands
Introduction: Visual analysis of 123I-Serum Amyloid P (SAP)-scintigraphy is used to assess the
extent and distribution of amyloid deposition in patients with systemic amyloidosis. However,
visual assessment is subjective and has moderate inter-observer agreement. The aim of this study
is to develop a semi-quantitative assessment system with objective cut-off values based on
SPECT(-CT) imaging.
Methods: In total, 189 123I-SAP SPECT(-CT) scans were performed in 136 patients: 136 scans to
evaluate the extent and distribution of the amyloidosis and 53 additional scans for disease
monitoring during follow-up. In 18 patients amyloid was not detected in any of several biopsies,
including an abdominal fat tissue biopsy, and these patients were used as disease controls. All
planar scans were assessed visually (according to our standard procedure) and semi-quantitatively
by calculating the organ (liver, spleen, kidneys) to blood pool counts concentration ratio based on
SPECT(-CT). Based on the disease control values a 95% upper reference (cut-off) ratio per organ
was calculated. To compare the organ results with each other, the measured organ/blood pool
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ratios of the individual patients were normalized for the cut-off value of the particular organ.
Results: After semi quantitative analysis, the following cut-off ratios were found: liver-blood
pool 1.0, spleen-blood pool 1.6, and kidney-blood pool 1.2. A good correlation was found
between the visual and the semi-quantitative assessment of the liver (r=0.81), however the
correlation was moderate for both the spleen (r=0.56) and kidney (r=0.67). Almost all scans with
visual uptake in the liver were identified semi-quantitatively. For the spleen and kidneys only
scans with 2+ and 3+ visual uptake were identified. Most scans with 1+ visual uptake in spleen or
kidneys were not identified. See Figure below.

Conclusion: As expected, semi-quantitative and visual assessments were concordant. Semiquantitative assessment identified almost all liver scans with increased visual uptake, whereas
only visually strongly positive (2+ and 3+) scans of spleen and kidneys were identified. The
utility of this semi-quantitative method to detect accumulation or regression during follow-up of
amyloidosis patients needs further investigation

OP-22
Detection of cardiac amyloidosis by SPECT/CT imaging using both 125I-serum amyloid Pcomponent and the novel 125I- p5R+14 peptide
Emily B. Martin1, Tina Richey1, Alan Stuckey2, Craig Wooliver1, Sallie Macy1, Dustin Osborne2,
Stephen J. Kennel1,2 and Jonathan S. Wall1,2
Departments of Medicine1 or Radiology2, University of Tennessee Graduate School of Medicine,
Knoxville, TN, USA
Background: Amyloid is a proteinaceous material that deposits in vital organs, leading to
dysfunction and failure. Cardiac amyloidosis, associated with AL or ATTR, is a particularly
ominous manifestation; therefore, it is critical to detect and monitor these deposits as early as
possible. A non-invasive method for detecting and monitoring cardiac amyloid would be an
invaluable clinical tool. The amyloid imaging agent, serum amyloid P component (SAP), does
not readily detect cardiac amyloid and is not available for clinical use in the US. Therefore, we
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have developed a novel peptide that has been optimized for the detection of cardiac amyloidosis
and validated in a transgenic, murine model of the disease.
Methods: The peptide, designated p5R+14, is a synthetic, Į-helical, 45-amino acid, heparinbinding reagent. We have completed both in vitro binding studies and in vivo imaging studies to
confirm that the peptide can detect cardiac amyloidosis in ApoA2c amyloid-laden mice (see
image). For in vivo studies, mice that received ~ 150 μCi of 125I-labeled p5R+14 were imaged 4
h thereafter. A second group, injected with 125I-SAP, was imaged 24 hours post injection due to
the longer serum half-life of SAP.
Results: Accumulation of p5R+14 yielded a heart:muscle ratio of 4.2, and SAP yielded a
heart:muscle ratio of 3. Both reagents were able to visualize cardiac amyloidosis, but SAP
imaging was more impressive in mice that had a higher amyloid load. Evaluation of
microautoradiography and Congo red stained-tissues confirmed that both imaging agents
localized specifically to the cardiac amyloid.
Discussion: Therefore, we believe that this peptide, or a similar variant, may provide a rapid,
non-invasive, cost effective method for detecting cardiac amyloidosis by using PET or
SPECT/CT imaging—a much needed tool to assist in earlier detection and monitoring of this fatal
disease.

This work was supported by Award Number R01DK079984 from the National Institute of
Diabetes and Digestive and Kidney Diseases.

OP-23
High affinity amyloid-reactive peptide, p5R, binds non-uniformly to large amyloid deposits
due to a binding site barrier effect
Jonathan S. Wall1,2, Angela Williams1, Tina Richey1, Alan Stuckey2, Ying Huang1, Craig
Wooliver1, Sallie Macy1, Eric Heidel3, Emily B. Martin1, and Stephen J. Kennel1,2
Departments of 1Medicine, 2Radiology, and 3Surgery, University of Tennessee Graduate School of
Medicine, Knoxville, TN, USA.
Background: Amyloid is a complex pathology associated with a growing number of diseases.
Quantitation of amyloid load by using molecular imaging is clinically important. We have
identified a heparin-binding peptide, p5, that, when radioiodinated, was capable of selectively
detecting amyloid in mice. The p5 peptide was posited to bind effectively to amyloid deposits,
relative to similarly charged polybasic heparin-reactive peptides, because it adopted a polar Į
helix secondary structure. To explore this further, we synthesized a variant, p5R, with increased
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helical propensity, in an effort to enhance the reactivity of the peptide with the amyloid substrate.
Results: Peptide p5R was shown by circular dichroism spectroscopy to have 2-fold greater
helicity in PBS, relative to peptide p5, and exhibited higher binding affinities for both
immobilized heparin (0.9 M vs 1.3 M) and AA amyloid-laden tissue extracts (0.4 M vs 0.9 M).
125
I-p5R was shown to bind specifically to AA amyloid in mice by using SPECT/CT imaging (1015% ID/g in the liver and pancreas) and microautoradiography. However, in the spleen, where
amyloid deposits were the densest the microdistribution was dramatically altered relative to that
of 125I-p5. The 125I-p5R peptide accumulated as dense deposits in amyloid intimate with the
vasculature, likely due to its increased affinity and a resultant “binding site barrier” wherein the
probe bound with high affinity to the first target encountered and thus did not penetrate deeply
into the deposit. Analysis of the biodistribution of the tissue-associated radioactivity showed that
as amyloid deposits became larger, the amount of 125I-p5R peptide in the amyloid laden organs
decreased relative to p5.
Discussion: These data suggest that 125I-p5R may be optimal for molecular imaging of discreet,
perivascular amyloid, as found in the brain and pancreatic vasculature; however, peptide p5, due
to its increased penetration, may yield more quantitative imaging of expansive tissue amyloid
deposits.
This work was supported by Award Number R01DK079984 from the National Institute of
Diabetes and Digestive and Kidney Diseases.

OP-24
Non-coding genetic variation of the transthyretin gene in senile systemic amyloidosis
Jacquelyn L. Sikora1,2, Gloria G. Chan2, Brian H. Spencer2, Tatiana B. Prokaeva2, David C.
Seldin2,3, Lawreen H. Connors1,2
1
Department of Pathology and Laboratory Medicine, 2Amyloidosis Center, 3Department of
Medicine, Boston University School of Medicine, Boston, MA, USA
Background: Senile systemic amyloidosis (SSA), typically presenting as cardiomyopathy in
elderly men, features myocardial amyloid deposits of the unmutated plasma protein transthyretin
(TTR). SSA is estimated to affect more than 2.5 million elderly Americans1, 2, and is expected to
increase as the population ages.
Objective: SSA pathogenesis is poorly understood, no disease biomarkers have been validated,
and currently there is no treatment. It is unknown whether TTR gene regulation contributes to
disease. Therefore, we hypothesized that genetic variation in non-coding regions of the TTR gene
may contribute to SSA.
Methods: SSA subjects (n=117) had biopsy proof of wild-type TTR amyloid deposits, no
evidence of pathologic TTR coding mutations, and no evidence of light-chain amyloidosis. The
control group (n=118) was matched by age, sex, and race. Regions upstream of TTR transcription
initiation (~10 Kb, 3.5 Kb, and the proximal promoter) and immediately downstream of the
termination site (3’ untranslated and near-gene regions) were sequenced by the Sanger method.
Statistical analysis included an allele test with odds ratio analysis, genotype testing, and
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haplotype analysis.
Results and discussion: Forty genetic variations were identified in both groups, of which nine
were previously unreported. Preliminary analysis revealed one potentially protective haplotype
more frequent in healthy controls (0.093 vs 0.03, p=0.05). High linkage disequilibrium was
observed upstream of TTR, suggesting that these regions are highly conserved, and may be
important for gene regulation.
Conclusions: We characterized 5.46 Kb spanning the non-coding regions of the TTR gene in
SSA (n=117) and matched healthy control (n=118) subjects. We identified a potentially protective
haplotype indicating cis-acting elements in the TTR gene may play a role in SSA.
References:
1. Tanskanen, M., et al. Annals of medicine 2008;40:232-239.
2. Census Special Reports, Centenarians: 2010,C2010SR-03.
Research support: Gruss Foundation, Boston University Amyloid Fund, Young Family Amyloid
Research Fund, NIH grant RO1AG031804 (LHC).

OP-25
MR-neurography: In-vivo detection of nerve injury in systemic light chain (AL) amyloidosis
Kollmer, Jennifer, MD, Department of Neuroradiology; Purrucker, Jan, MD, Department of
Neurology; Hornung, Benjamin, Department of Neuroradiology; Hund, Ernst, MD, Department
of Neurology; Schönland, Stefan; MD, Medical Department V, Amyloidosis Center; Hegenbart,
Ute, MD, Medical Department V, Amyloidosis Center; Bendszus, Martin, MD, Department of
Neuroradiology; Pham, Mirko, MD, Department of Neuroradiology, University of Heidelberg,
Germany.
Objective: In systemic light chain (AL-) Amyloidosis the occurrence of a peripheral neuropathy
is relatively rare and manifests with distally-symmetric sensory-motor symptoms [1-3]. We
investigated, whether nerve injury in AL-Amyloidosis can be detected and localized in-vivo by
using high-resolution T2-weighted imaging.
Methods: We prospectively examined 10 patients with systemic light-chain amyloidosis and 20
healthy volunteers (matched for gender and age) neurologically, with detailed electrophysiogical
studies of the tibial, peroneal and sural nerve, including testing of the sympathetic skin response,
and with extended high-resolution MR-Neurography (MRN) of the proximal thigh, distal thigh,
lower leg and ankle (3T-MR-scanner, 2D-T2-weighted fat-saturated TSE-sequences for the right
and left leg respectively; 4 slabs of 35 slices; 140 slices/leg; TE/TR 55/5970ms). Nerve T2-signal
was evaluated as contrast-to-noise ratio (CNR) by manually delineating the nerve circumference
as intraneural region-of-interest (ROI) on each axial imaging slice. Additional ROIs were read out
in adjacent muscles for normalization of nerve T2-signal.
Results: Quantitative evaluation revealed a significant increase of nerve T2-signal in all ALpatients (signal-ratio 2.20±0.24) compared to the group of healthy volunteers (signal-ratio
1.36±0.04, p=0.02). These nerve lesions appeared completely symmetrical. Furthermore, we
found a clear proximal focus of nerve lesions in all our patients with distally-symmetric
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polyneuropathy due to AL-Amyloidosis (p=0.0023).
Conclusion: Our study demonstrates for the first time, that nerve lesions in AL-Amyloidosis are
detectable in-vivo by using high-resolution MR-Neurography (MRN), and appear symmetrically
in consistence with the clinical course. Surprisingly we found a clear proximal focus of nervelesions at thigh level, although symptoms prevail distally. Our results suggest that MRN can serve
as a novel and sensitive diagnostic marker of amyloid-related nerve injury. Furthermore, MRN
may hold potential to identify patients with early or subclinical polyneuropathic nerve lesions,
who therefore have an increased risk to develop neurotoxic side-effects if therapy with Velcade or
Vincristin is started.
References:
1. Merlini, G. and V. Bellotti, Molecular mechanisms of amyloidosis. N Engl J Med, 2003.
349(6): p. 583-96.
2. Desport, E., et al., Al amyloidosis. Orphanet J Rare Dis, 2012. 7: p. 54.
3. Matsuda, M., et al., Peripheral nerve involvement in primary systemic AL amyloidosis: a
clinical and electrophysiological study. Eur J Neurol, 2011. 18(4): p. 604-10.

Figure 1.
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OP-26
Light chain monoclonal immunoglobulin rapid accurate mass measurement (miRAMM) in
patients with a monoclonal gammopathy
David Murray, Surendra Dasari, Chad M. Botz, Danelle H. Murray, John Mills, Melissa R.
Snyder, Jerry A. Katzmann, Angela Dispenzieri and David R. Barnidge
Department of Laboratory Medicine and Pathology, Mayo Clinic, USA
A monoclonal gammopathy is defined by the detection a monoclonal immunoglobulin (Mprotein). In clinical practice, the presence of an M-protein is detected by a combination of protein
gel electrophoresis (PEL), immunofixation electrophoresis (IFE) and free light chain (FLC)
kappa/lambda ratios. These methods depend on restricted electrophoretic migration or abnormal
kappa to lambda ratios brought about by the increased production of the M-protein. We theorized
that accurate mass measurement of the M-protein light chain, as determined by top-down mass
methodology using a high resolution Q-TOF mass spectrometer (MS) could be a more direct
indicator of Ig clonality. This technique is more rapid than traditional proteomic methods since it
does not use tryptic peptides but instead monitors intact light chain ions which can be further
fragmented to identify the light chain isotype. The light chain miRAMM method was applied to a
cohort of 30 myeloma patients, who had pre- and post-therapy serum samples available for
testing; we were able to identify the light chain accurate mass in all 30 (100%) patients’ pretreatment samples. Of the 22 patients who classified as CR post-treatment by IMWG criteria, we
were able to detect residual monoclonal light chains with the accurate mass signature found at
pre-treatment in 14 patients (~64%). Our results show that miRAMM provides superior
sensitivity compared to conventional methods and shows promise as a viable cost effective
method of detecting, isotyping, and quantifying light chains.
Method has been filed as a provisional patent

OP-27
Clarifying immunoglobulin gene usage in immunoglobulin light chain amyloidosis by mass
spectrometry of amyloid in clinical tissue specimens
Taxiarchis V. Kourelis, Dasari Surendra, Jason D. Theis, Marina Ramirez-Alvarado, Paul Kurtin,
Morie Gertz, Stephen Zeldenrust, Ahmet Dogan, Angela Dispenzieri. Departments of
Hematology (TVK, AD), Biochemistry (MR-A), Laboratory Medicine and Pathology (DS, JDT),
Mayo Clinic, Rochester, MN. Department of Laboratory Medicine and Pathology, Memorial
Sloan-Kettering Cancer Center, New York, NY (AhD).
OBJECTIVES: The goal of this study was to investigate the relative use of light chain variable
region genes (LCVG) among patients with systemic (SAL) and localized (LAL) amyloidosis and
assess for associations between LCVG and organ tropism.
METHODS: We evaluated clinic charts from 361 AL patients seen at the Mayo Clinic who had
tissue samples typed using laser dissection mass spectrometry (MS).
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RESULTS: We identified 240 patients with SAL and 105 with LAL. When compared to LAL,
lambda light chain (LC) overall and LV6 in particular were more common in SAL. KV3 and LV2
were overrepresented in LAL. KV1 accounted for 71% of kappa genes in SAL and for 37% in
/$//9.9DQG.9ZHUHGLVWLQFWO\XQFRPPRQHDFKLGHQWLILHGLQRISDWLHQWVLQERWK
SAL and LAL. Among patients SAL who had clinical cardiac involvement, only KV3 was
underrepresented as compared to patients without clinical cardiac involvement (1% vs 9%,
p=0.008). In patients with clinical renal involvement, LV6 was more common (26% vs 9%,
p=0.002) and KV3 less common (1% vs 7%, p=0.03).LV6 was also more commonly identified in
SAL patients with clinically isolated renal involvement (35% vs.13%, p=0.02). Among patients
with LAL, KV1 was more common (36% vs 6%, p=0.001) and KV3 less represented (6% vs
29%, p=0.01) among patients with cutaneous disease. In patients with tracheobronchial LAL,
KV3 and LV6 were more common (KV3: 36% vs 14%, p=0.03, LV6: 14% vs 3%, p=0.04).
CONCLUSIONS: LCVG usage in SAL is different from that of LAL. It is also restricted, with
KV1, LV1, LV3 and LV6 accounting for 70% of cases.
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OP-28
Characterization of a novel peptide, p43 optimized for renal and pancreatic amyloid
detection
Emily B. Martin1, Stephen J. Kennel1,2, Angela Williams1, Tina Richey1, Alan Stuckey2, Craig
Wooliver1, Sallie Macy1, and Jonathan S. Wall1,2
Departments of 1Medicine and 2Radiology, University of Tennessee Graduate School of
Medicine, Knoxville, TN, USA
Background: Quantitation of amyloid load by using non-invasive molecular imaging is clinically
important. The heparin-binding peptide, p5 selectively targets AA amyloid deposits in mice;
however, p5 is rapidly dehalogenated during catabolism and free iodide accumulates in the
stomach. Non-dehalogenable forms of p5 accumulate in the kidney and make image
interpretation in this organ impossible. An alternative reagent that (i) binds amyloid, (ii) is
rapidly cleared through the kidneys, and (iii) is resistant to dehalogenation, is desirable.
Methods: Peptide p43 is a variant of p5 that was chemically synthesized with AlaD-GlnD-AlaD
replacing GlyL-GlyL-GlyL at the N-terminal. This peptide was radiodinated (using Iodine-125)
and the biodistribution in AA and WT mice assessed at 1 h, 4 h, and 24 h pi by small animal
SPECT imaging and tissue counting. Specific reactivity with amyloid within each harvested
tissue was confirmed microautoradiographically. The binding of 125I-p43 with AA amyloid-laden
tissue homogenate was measured and compared to 125I-p5 peptide.
Results: In WT mice the peptide is rapidly cleared through the renal and hepatobilliary system
with ~ 40 %ID/g and 8 %ID/g in those tissues at 1 h pi. At 4 h pi these values drop to ~2 %ID/g
for both tissues. In contrast, accumulation of 125I-p43 in AA mice was observed at between 1030 %ID/g in the liver, spleen and pancreas, which persisted even at 24 h pi. In the WT mice there
was no evidence of accumulation of radioiodide in the stomach. Evaluation of
microautoradiographs indicated that the 125I-p43 was localized within the amyloid and not the
healthy tissue.
Discussion: Peptide p43 was designed with D-amino acids at the N-terminal to enhance the
lifetime in the circulation. However, these changes also resulted in a rapid clearance through the
kidney and prevented dehalogenation. These novel properties enhance the imaging capabilities of
this amyloid-reactive peptide.

OP-29
The SMART-Amy project: A smart guide towards the diagnosis of systemic amyloidosis
Paola Russo 1,2, Hong-Gee Kim 2, Silvana Quaglini 1, Jae-Hong Eom 2, Jin-Muk Lim 2, EungHee Kim 2, Hyunwhan Joe 2, Riccardo Bellazzi 1, Werner Ceusters 3
1Laboratory for Biomedical Informatics “Mario Stefanelli”, University of Pavia, Pavia, Italy, 2
Biomedical Knowledge Engineering (BIKE) Laboratory, Seoul National University, Seoul,
Republic of Korea, 3 Ontology Research Group and Institute for Healthcare Informatics,
University at Buffalo, Buffalo NY, USA.
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Background: Systemic amyloidoses are a family of life-threatening rare diseases causing multiorgan failure. Public health strategies acknowledged that the first priority to respond to rare
diseases consists in improving their recognition, addressing the key role of information
technology.
Objective: SMART-Amy proposes to: 1) develop a framework integrating the International
Society of Amyloidosis (ISA) guidelines and best practices at referral centers to formally assess
the degree to which a consensus diagnostic algorithm is emerging; 2) represent computer
interpretable guidelines through a dedicated ontology; 3) build an ontology based-clinical
decision support system (CDSS) to make more reliably a diagnosis of systemic amyloidosis.
Methods: The ontology has been developed in Protégé[1] in line with Ontological Realism[2],
the OBO Foundry principles, and existing revised OBO ontologies (e.g. GO). The CDSS is
conceived as a modular web application, easily sustainable and accessible on mobiles. The
performance of the system will be evaluated both in simulations and in real case scenarios.
Results: A core ontology representing the guidelines agreed upon by the ISA for TTR-related
hereditary amyloidosis[3] has been developed. More than a hundred entities have been
represented and described in their mutual relationships.
Discussion: The foundation of the SMART-Amy ontology upon Ontological Realism represents
the best practice to avoid redundancy and foster interoperability. The CDSS will exploit a
machine-learning-based approach, where several modules (i.e. data manager applications) could
be further integrated and implemented, being the decision support based on a knowledge base,
represented by the ontology, that covers both clinical and biological aspects of the disease.
Conclusion: The realization of an ontology dedicated to amyloidosis represents the first step to
further connect clinical and biological data in a large scale with automated applications.
References:
[1]http://protege.stanford.edu; [2]Smith B, Ceusters W. Appl Ontol. 2010;5:139-188; [3] Ando Y
et al. Orphanet J Rare Dis. 2013;8:31.

OP-30
Human monoclonal antibodies specific for amyloid species
Rama Devudu Puligedda 1, Yona Levites 2, Brian O’Nuallain 3, Tomas Ondrejcak 4, Daniel
Brown 5, Sally Macy 6, Alan Solomon 6, Sharad P. Adekar 1, Michael J. Rowan 4, Todd Golde 2,
Scott K. Dessain 1
1. Lankenau Institute for Medical Research, Wynnewood, PA 19096 USA.
2. Center for Translational Research in Neurodegerative Disease, University of Florida,
Gainesville, FL 32610 USA
3. Department of Neurology, Brigham and Women's Hospital, Boston, MA 02115 USA
4 Trinity College Institute of Neuroscience and Department of Pharmacology and Therapeutics,
Trinity College, Dublin 2, Ireland.
5. Department of Pathology & Laboratory Medicine, Lehigh Valley Hospital, Allentown, PA
18105 USA
6. Human Immunology and Cancer Program, University of Tennessee Graduate School of
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Medicine, Nashville, TN 37920.
Background: Healthy humans express a population of IgGs that are cross-reactive against
conformational epitopes on amyloid aggregates and can dissociate amyloid in vivo (1). These may
have therapeutic potential in amyloid diseases.
Objective: To obtain a native human monoclonal antibodies specific for a pan-amyloid epitope.
Methods: We used a hybridoma method to immortalize peripheral blood B-cells from normal
volunteers and a patients with mild-moderate Alzheimer’s disease (2). We screened the
hybridoma supernatants for human IgG immunoreactive with a recombinant, amyloidogenic
lambda immunoglobulin (JTO), cross-linked beta-amyloid species (CAPS) and aggregated
amyloid beta (Aȕ We performed a series of in vitro binding experiments with Aȕmonomers,
oligomers, and fibrils, as well as other amyloidogenic molecules. We also performed
immunohistochemistry with human tissues containing pathologically deposited amyloid and
tested one of the anti-amyloid antibodies in the anesthetized rat model of hippocampal long-term
potentiation.
Results: We previously identified a human IgG, 3H3, which preferentially binds to oligomeric
and fibrillar Aȕas well as other amyloid proteins in vitro. 3H3 binds to Aȕplaques in the brains
of AD patients, as well as to deposits in tissue of kappa immunoglobulin, lambda
immunoglobulin, and transthyretin. When mixed with soluble amyloid beta oligomers obtained
from Alzheimer’s disease patients, the antibody inhibited toxic effect son long term potentiation.
We also describe 10 new human monoclonal antibodies that bind amyloid species. Two of are Ig
heavy chains only, as we have described previously (3).
Discussion: Our data indicates that human antibodies specific for oligomeric amyloid forms. We
have begun to characterize the biological and binding activities of these antibodies.
Conclusion: Native human IgG antibodies with pan-amyloid-specific binding activities exist and
can be cloned using hybridoma methods. They may have utility as diagnostics or therapeutics for
amyloid diseases.

Plenary session 5
AL amyloidosis: Biology, clinics and prognosis
11:00 am – 12:30 pm
OP-31
Characteristics and outcomes of 714 patients with systemic AL amyloidosis – analysis of a
prospective study (ALChemy study)
Ashutosh Wechalekar, Darren Foard, Lisa Rannigan, Thirusha Lane, Sajitha Sachachtanatham,
Shameem Mahmood, Rabya Sayed, Ketna Patel, Carol Whelan, Helen Lachmann, Philip
Hawkins and Julian Gillmore
National Amyloidosis, University College London Medical School, London, UK
ALChemy is one of the largest prospectively followed up patient cohorts in AL amyloidosis. We
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report the characteristics and outcomes of 714 patients with systemic AL amyloidosis recruited
from September 2009 to December 2013 in the ALChemy study. Treatment data on initial 500
patients is presented here - an update of all 714 will be presented at the meeting. Data on
treatment/response/toxicity was collected monthly and with protocolized assessments every six
months. Heart was involved in 68%, kidneys in 67% and liver in 13%. The Mayo disease stage
was: stage I – 125 (18%); stage II - 287 (40%); stage III – 301 (42%). Median overall survival
(OS) was not reached. The estimated survival at 12, 36 and 48 months was 67%, 56% and 51%
respectively. Median OS was 8.8 months for Mayo stage III and 4.7 months for patients with NTproBNP >8500 ng/L. Treatments were: thalidomide based 58%, lenalidomide based 3%, MelDex
6% and bortezomib based 25%. There was with no significant difference in survival with either
regime but with estimated 75% vs. 61% survival at four months for patients with New Mayo
stage 4 disease treated with Thalidomide-based/MelDex vs. bortezomib based regimes
UHVSHFWLYHO\2QDQLQWHQWLRQWRWUHDWEDVLVDFKLHYHGDSDUWLDOKDHPDWRORJLFDOUHVSRQVH
(PR) with a complete response (CR) in 14% and dFLC-VGPR in 24%. The median number of
F\FOHVZDVDQGH[SHULHQFHGJUDGH7ZHQW\-five percent pDWLHQWVUHSRUWHGJUDGH
toxicity in more than one cycle. In summary, this large patient cohort confirms theimproved
survival in AL amyloidosis with median OS over 4 years but problem of early deaths and
substantial treatment related toxicity persist. A suggestion of excess deaths in patients treated
with a bortezomib based regime in very advanced disease lends a note of caution during adoption
of novel therapies.

OP-32
Risk and response adapted conventional treatment strategy in 147 patients with AL
amyloidosis
A. Jaccard1, F. Bridoux2, M. Macro3, E. Lazzaro4, O. Tournilhac5, M. Roussel6, B. Moulin7, X.
Leleu8, M. Dib9, S. Choquet10, D. Lavergne1, JP. Fermand11
1
Hematology Department, CHU Limoges, France. 2 Nephrology Department, CHU Poitiers,
France. 3 Hematology Department, CHU Caen, France. 4 Internal Medecine Department, CHU
Bordeaux, France. 5 Hematology Department, CHU Clermont-Ferrand, France. 6 Hematology
Department, CHU Toulouse, France. 7 Nephrology Department, CHU Strasbourg, France. 8
Hematology department, CHU Lille, France. 9 Hematology department, CHU Angers, France. 10
Hematology department, Pitié-Salpétrière, Paris, France. 11 Immunopathology department, SaintLouis Hospital, APHP Paris, France.
Background: Recommendations among the French network for AL amyloidosis (AL) is to first
adapt treatment to disease severity evaluated by the Mayo Clinic staging (MCs) system based on
cardiac biomarkers and then on hematological responses. Stage I and II patients (pts) receive
Melphalan and dexamethasone (MDex) and bortezomib is added, for refractory pts, after one
cycle in pts with cardiac involvement (MCs II) and after 3 cycles for pts without (MCs I). Pts
with severe cardiac disease (MCs III) are given a combination of weekly bortezomib, oral
cyclophosphamide and dexamethasone (VCD).
Objective: To assess the results of these recommendations.
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Methods: We collected data from 147 patients with systemic AL, who had serum free light
chains (FLC) and cardiac biomarkers measurements, treated in 27 French centers since January
2007 following these recommendations.
Results: Median age was 66 years, 46% were t 70, organ involvement was cardiac in 63%, renal
in 70%, nerve in 24%, liver in 20%. Front-line treatment was M-Dex in 38 MCs I pts and 53 MCs
II pts and VCD in 56 MCs III pts. Bortezomib was added in 40 pts (44%) with no response to
MDex. Overall response rate for pts surviving more than 6 months and with measurable FLC with
M-'H[SOXVRUPLQXVERUWH]RPLE SWV ZDVLQFOXGLQJ9*PR in 61%, with VCD (20
SWV LWZDVLQFOXGLQJ9*35LQ:LWKDPHGLDQIROORZ-up for living pts of 1.3 year,
estimated survival at 3 years for the whole population was 66%, and 84 % with this strategy for
the 20% of patients eligible for ASCT (age<70, NT-proBNP<5000 ng/l, cTnT< 0.06 μg/L,
FUHDWLQLQHPRO/DQGRUJDQLQYROYHPHQW 1.
Conclusion: In AL, a risk-adapted and response-tailored treatment, excluding ASCT, can give a
high response rate and a good survival in multicenter setting.

Survival in patients
eligible for ASCT (n= 30)

(1) Gertz MA. Immunoglobulin light chain amyloidosis: 2013 update on diagnosis, prognosis,
and treatment. Am J Hematol. 2013;88(5):416-25.
AJ: Research support: Celgene, honoraria Celgene and Janssen
OT: Research support: GSK, Mundipharma, honoraria Celgene, Janssen, Roche
MR: Honoraria Celgene and Janssen

OP-33
Soluble ST2 (sST2) is a novel valuable prognostic marker among patients with
immunoglobulin light chain (AL) amyloidosis
Angela Dispenzieri, MD1, Amy K Saenger, M.D.2*, Shaji K Kumar, MD1, Morie A Gertz, M.D.1,
Martha Q Lacy, MD1, Francis Buadi, MD1*, Suzanne R Hayman, MD1, Nelson Leung, MD3,
Steven R Zeldenrust, MD, PhD1, Arleigh McCurdy, MD1*, Robert Kyle, MD, MACP1, David
Dingli, M.D., Ph.D.1, Prashant Kapoor, MD1, Yi Lin, MDPhD1, Stephen J. Russell, MD, PhD1*,
Ronald S. Go, MD1 and Allan S. Jaffe, M.D.4* 1Division of Hematology; 2Laboratory
Med/Pathology; 3Division of Nephrology and Hypertension; 4Division of Cardiovascular
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Diseases. Mayo Clinic, Rochester, MN
The use of soluble cardiac biomarkers such as NT-proBNP and troponin are important for
prognostication among patients with AL. Novel soluble markers with different phenotypic
targets may further improve this approach. Soluble ST2 (sST2), which is the circulating form of
the IL-33 receptor, has been shown to be a marker of cardiac remodelling and fibrosis, is
predictive of mortality in patients with congestive heart failure, and is predictive of risk of GVHD
and GVHD mortality.
Samples of blood of patients with AL amyloidosis collected and frozen at -20C under a biobank
IRB protocol were retrieved and sST2 measured. Patients were eligible for present study if they
had a research sample collected within 90 days of their AL amyloidosis diagnosis. We have
validated that values do not change significantly with storage at -20C over a 90 day period.
Concentrations of sST2 were determined using a novel high-sensitivity sandwich immunoassay
(Presagew ST2; Critical Diagnostics, San Diego, CA, USA). The sST2 assay had within-run and
total coefficients of variation of <7.5% and 13.0% across its measurement range. Samples from
505 consecutive patients meeting diagnostic criteria for AL amyloidosis seen at our institution
from 1/1/2006 to 12/31/2010 were evaluated. Median follow-up of surviving patients is 42
months. Correlation between sST2 and the other biomarkers was modest with correlation
coefficients of 0.49 and 0.28 for NT-proBNP and Troponin T, respectively. Patients with sST2
above and below the median of 30 ng/mL (6.3-596) had significantly different median survivals
(figure), which were independent of troponin and NT-proBNP stage.
sST2 appears to be a novel powerful prognostic factor for patients with AL amyloidosis. Because
sST2 functions as a decoy receptor, which neutralizes the benefits of IL-33, it may play a role in
the deleterious phenotype seen in patients with AL, i.e. myocardial hypertrophy and reduction of
contractility.

OP-34
Outcomes of primary systemic light chain (AL) amyloidosis in patients treated upfront with
bortezomib or lenalidomide and the importance of risk adapted strategies
Efstathios Kastritis, Maria Roussou, Maria Gavriatopoulou, Magda Migkou, Constantinos
Pamboucas, Elissavet Kaldara, Argiris Ntalianis, Erasmia Psimenou, Savvas Toumanidis,
Evangelos Terpos, Meletios A. Dimopoulos
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Department of Clinical Therapeutics, National and Kapodistrian University of Athens, School of
Medicine, Athens, Greece
Background: Bortezomib and lenalidomide are increasingly used in patients with AL
amyloidosis, but long-term data of their use as first line therapy in AL amyloidosis are lacking.
Furthermore, despite the use of these effective therapies early mortality remains significant. Thus,
in order to reduce early mortality and retain rapid activity of bortezomib, we implemented a riskadapted approach for bortezomib.
Patients and methods: We analyzed 85 consecutive patients, which received primary therapy
based on standard bortezomib/dexamethasone (N=26) or lenalidomide (N=36)(maximum 12
cycles–no maintenance); 23 patients were treated on a risk-adapted approach consisted of
standard (N=11) or weekly (n=12) administration of bortezomib (with dexamethasone), based on
cardiac biomarkers, systolic blood pressure, presence of neuropathy and age.
Results: On intent to treat, 67% of patients achieved a hematologic response (24% hemCRs and
8% VGPRs) and 34% an organ response; both were more frequent with bortezomib vs
lenalidomide. Median survival is 47 months. An early death occurred in 20%: in 36% of standardbortezomib treated, in 22% of lenalidomide-treated patients (p=0.940); but only in 4.5% of
patients treated with a risk-adapted bortezomib approach. Activity, in terms of hemPR/hemCR
and NTproBNP response, was similar for bortezomib regimens. In patients with a minimal follow
up of 3 years, 19% of patients with Mayo stage-3 disease remain alive, the survival of patients
with stage-2 disease is 28 months and has not been reached for patients with Mayo stage-1
disease (the 3-year survival is 88%) but is similar for patients treated with bortezomib or
lenalidomide.
Conclusion: long follow up indicates that remissions obtained with lenalidomide or bortezomib
may be durable. There was no difference in the survival of patients treated with bortezomib vs
lenalidomide, although bortezomib acts faster and induces deeper responses. A risk-adapted
treatment strategy based on bortezomib may reduce early mortality and preserve activity–longer
follow up is needed in order to evaluate whether this strategy improves other outcomes.

OP-35
Comparison of the N-latex and Freelite assays for serum free light chain: clinical
performance in AL amyloidosis
Giovanni Palladini,1 Arnaud Jaccard,2 Paolo Milani,1 David Lavergne,2 Andrea Foli,1 Sebastien
Bender,2 Francesca Lavatelli,1 Tiziana Bosoni,3 Veronica Valentini,1 Laura Pirolini,3 Riccardo
Albertini,3 Remigio Moratti,4 Michel Cogne,2 Giampaolo Merlini1, 3
1
Amyloidosis Research and Treatment Center, Fondazione Istituto di Ricovero e Cura a Carattere
Scientifico (IRCCS) Policlinico San Matteo, Pavia, Italy and Department of Molecular Medicine,
University of Pavia, Pavia, Italy
2
Service d’Hématologie Clinique, Université de Limoges, Centre de Référence des Amyloses
Primitives et des Autres Maladies de Dépôts d’Immunoglobuline Monoclonale, CHU de
Limoges, Limoges, France
3
Clinical Chemistry Laboratory, Fondazione IRCCS Policlnico San Matteo, Pavia, Italy
4
Scientific Direction, Fondazione IRCCS Policlnico San Matteo, Pavia, Italy
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The measurement of circulating free light chain (FLC) is essential in the diagnosis, prognostic
stratification, and evaluation of response to therapy in light chain (AL) amyloidosis. For more
than 10 years this has been done with an immunonephelometric assay based on polyclonal
antibodies (Freelite). Recently, a new assay based on monoclonal antibodies (N-latex) has been
marketed in Europe.
We compared the clinical performance of the assays in 426 patients with newly-diagnosed AL
amyloidosis from the Pavia Amyloidosis Research and Treatment Center (353 patients) and from
the Limoges Centre de Référence des Amyloses Primitives et des Autres Maladies de Dépôts
d’Immunoglobuline Monoclonale (73 patients). We found poor agreement between the two
methods (84% for N and 88% for O), with median normalized (percent) differences between
Freelite and N-latex measurements increasing with the concentration of clonal FLC, particularly
in patients with N clones. The diagnostic sensitivity of the Freelite (82%) and N-latex (84%)
assays was similar, and both improved to 98% in combination with serum and urine
immunofixation. The concentration of FLC measured with both methods had prognostic
significance. The dFLC percent reduction best predicting survival was 50% with the Freelite
assay, as expected; whereas it was lower, i.e. 33%, with the N-latex test. Response, defined as a
>50% dFLC decrease by Freelite and by a >33% dFLC decrease by N-latex, translated in a
significant survival advantage. With these cutoffs, the concordance of the two assays in the
discrimination of responders was 84% (95%CI 78-89%).
The two assays have similar diagnostic and prognostic performance. With the N-latex method
variations after treatment are smaller. The two assays are not interchangeable and follow-up
should be done with either one. New response criteria are needed for the N-latex assay.

OP-36
A clinicopathological and long-term follow-up study of AH amyloidosis patients in Japan
Masahide Yazaki1,2, Nagaaki Katoh1, Tsuneaki Yoshinaga1, Akihiro Ueno1, Fuyuki Kametani3 ,
Shu-ichi Ikeda1
1
Department of Medicine (Neurology and Rheumatology) and 2Departement of Ageing Biology,
Shinshu University School of Medicine, Matsumoto Japan. 3Tokyo Institute of Psychiatry, Tokyo
Metropolitan Organization for Medical Research, Tokyo, Japan
Background and Objectives: AH amyloidosis, resulting from the deposition of immunoglobulin
(Ig) heavy chain fragments, is still thought to be a rare disease. Therefore, precise clinical
characteristics of AH amyloidosis, in particular the difference of clinical pictures from AL
amyloidosis, remains unclear. Here, we report the clinicopathological and long-term follow up
study of 6 Japanese AH amyloidosis patients.
Patients and Methods: Clinical pictures of 6 AH patients (3 male; 3 female) were studied.
Immuohistochemical studies using anti-Lambda, Kappa, TTR, and AA antibodies were negative
in all patients. The diagnosis of AH amyloid was made by amino acid sequence analysis of
extracted amyloid fibrils protein. Of the 6, two patients were followed-up over 10 years after the
onset.
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Results: Amyloid protein was composed of N-terminal fragments (Variable region) of Ig heavy
chain in all patients. Clinically, mean onset of disease was 66.5±7.04 years old and M-protein was
detected in the serum and/or urine in them. The main clinical manifestation was nephropathy due
to renal amyloidosis. In a long-term follow-up study of 2 patients, there has been no overt sign of
neuropathy or cardiomyopathy although hemodialysis was started due to development of renal
failure. Blurred vision due to lattice corneal dystrophy was observed in one patient.
Discussion and Conclusion: Main clinical manifestation seems to be nephropathy in Japanese
AH amyloidosis. Our follow-up study of 2 patients indicates that involvements of other organs
including the heart, liver, and peripheral and/or autonomic nerves, where are frequently affected
in AL amyloidosis, have not been seen. Hence, clinical pictures of AH amyloidosis are different
from those of AL amyloidosis and the prognosis of AH amyloidosis may be relatively good,
compared to that of AL amyloidosis.

Plenary session 6
AL therapy: Chemotherapies
2:00 pm – 4:30 pm
OP-37
Lenalidomide / melphalan / dexamethasone chemotherapy in 50 patients with newly
diagnosed and advanced amyloid light chain amyloidosis: Results of a prospective single
center phase 2 study (LEOMEX)
Stefan O. Schönland, Tilmann Bochtler, Axel Benner, Natalia Becker, Marianne Gawlik,
Christoph Kimmich, Arnt V. Kristen, Jörg Beimler, Anna Jauch, Dirk Hose, Anthony D. Ho, and
Ute Hegenbart. Amyloidosis Center, Univ. Heidelberg, Heidelberg, Germany; DKFZ Heidelberg
Introduction: Combination of chemotherapy with “new drugs” is a promising approach to treat
amyloid light chain (AL) amyloidosis.
Study design: From 2009 – 2012 we performed a prospective single center phase 2 trial with 50
newly diagnosed patients not eligible for high-dose treatment. Main inclusion criteria were:
age<75 yrs and creatinine clearance >40ml/min. Treatment consisted of 6 cycles of oral treatment
with lenalidomide 10mg day 1-21, melphalan 0.15mg/kg day 1-4 and dexamethasone 20mg day
1-4 every 4 weeks (L-M-dex). Patients who received at least 3 cycles were eligible for
hematologic remission (HR=CR+PR) analysis. The study was financially supported by Celgene.
Patients and Methods: Median age was 67 years. Twenty-four and 19 patients had cardiac stage
2 and 3, respectively. Outcome was compared with a historical group of 49 AL patients who
received M-dex.
Results: Forty-five patients (90%) completed 3 and 35 patients (70%) completed 6 treatment
cycles. Sixteen severe AEs were documented. HR was achieved in 76% of patients: CR in 9
(20%) and PR in 25 (56%) of 45 evaluable patients. Organ response was observed in 5 patients at
the end of the study (6 months after the end of treatment). In the M-dex group HR rate was lower
(55%, p=0.06). OS was significantly improved using L-M-dex (median not reached vs. 26
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months, p=0.04; HR 1.93). There was also a trend for a better EFS in the L-M-dex group (median
23 vs. 16 months, p=0.07; HR 1.58). In univariate analysis the cytogenetic risk factor gain of
1q21 (n=12) had no negative impact on OS and EFS (in opposite to Mdex).
Conclusion: Treatment with L-M-dex was very effective and feasible. The early death rate was
low with 6% in this fragile patient group. Interestingly, gain of 1q21 lost its negative prognostic
value. Therefore, L-M-dex should be further evaluated in clinical trials.
The trial was supported by Celgene

OP-38
Treatment of AL amyloidosis with two cycles of induction therapy with bortezomib and
dexamethasone followed by bortezomib-high dose melphalan conditioning and autologous
stem cell transplantation
Vaishali Sanchorawala, Anthony Shelton, Dina Brauneis, Stephen Lo, Karen Quillen, J. Mark
Sloan, Anne S. Renteria, David C. Seldin
Amyloidosis Center, Boston University School of Medicine, Boston, MA, USA
Achievement of a hematologic complete response (CR) is critical for survival and organ response
after high-dose melphalan and autologous stem cell transplantation (HDM/SCT) in AL
amyloidosis. We conducted a prospective trial to determine whether incorporating bortezomib (B)
into induction therapy followed by B-HDM/SCT would improve CR in patients with AL. The
objectives of the trial were hematologic responses, tolerability and survival. Patients received 2
cycles of induction with B (bi-weekly) and dexamethasone every 21 days followed by
conditioning regimen of B 1mg/m2 on D -6, -3,+1,+4 and HDM at 140-200mg/m2 on D -2 and -1
with transplantation of >2.5 x 106 autologous CD34+ cells/kg on D0. Thirty-five patients were
enrolled from 2010 to 2013. The median age 56 years (range, 36- 70), 19 (54%) with multi-organ
involvement, and 19 (54%) with cardiac involvement; 11 (31%) cardiac biomarker stage II, 6
(17%) stage III disease. Of the 35 enrolled patients, 30 proceeded with SCT, while 5 did not due
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to clinical deterioration during induction therapy. The median number of stem cells collected was
10.0x106CD34+/kg. Treatment-related mortality occurred in 10% (3/30). Two patients developed
an unusual complication of autologous graft vs host disease post SCT, which responded to highdose steroids. The median time to neutrophil and platelet engraftment was 10 and 14 days,
respectively. Twenty-three patients were eligible for response assessment after SCT, as of Dec
2013. Hematologic responses were achieved by 100% of the 23 evaluable patients (74% CR, 22%
VGPR, 4% PR) at 6 months. By intention-to-treat analysis, hematologic responses occurred in
74% (55% CR, 16% VGPR, 3% PR) of patients. The median survival has not yet been reached. In
conclusion, incorporating bortezomib into induction and conditioning yielded high hematologic
responses. Five patients (14%), who were eligible for SCT at enrollment, did not proceed to SCT
due to clinical deterioration during induction treatment. The unusual occurrence GVHD requires
further investigation as to mechanism and potential association with this regimen.
This clinical trial was partly supported by Millennium: The Takeda Oncology company.

OP-39
Event-free and overall survival following risk-adapted melphalan stem cell transplant and
consolidation for systemic light chain amyloidosis
Heather Landau, MD, Department of Medicine, Memorial Sloan-Kettering Cancer Center, New
York, NY, USA; Melody Smith, MD, Department of Medicine, Memorial Sloan-Kettering Cancer
Center, New York, NY, USA; Joanne F. Chou, Department of Epidemiology and Biostatistics,
Memorial Sloan-Kettering Cancer Center, New York, NY, USA; Sean M. Devlin, PhD,
Department of Epidemiology and Biostatistics, Memorial Sloan-Kettering Cancer Center, New
York, NY, USA; Hani Hassoun, MD, Department of Medicine, Memorial Sloan-Kettering Cancer
Center, New York, NY, USA; Christina Bello, Department of Medicine, Memorial SloanKettering Cancer Center, New York, NY, USA; Sergio Giralt, MD, Department of Medicine,
Memorial Sloan-Kettering Cancer Center, New York, NY, USA; and Raymond L. Comenzo, MD,
Department of Medicine, Tufts Medical Center, Boston, MA, USA.
Background: Stem cell transplant (SCT) is effective therapy in AL, and with appropriate patient
selection and risk-adapted melphalan (RA-SCT), treatment-related mortality (TRM) is low.1 With
the advent of novel agents, the role of SCT has been questioned; however, after RA-SCT,
consolidation with novel agents in patients with < complete response (CR) increases CR rates and
may improve overall survival (OS).1, 2
Methods: We assessed the outcomes of all AL patients who underwent RA-SCT. Responses
were assessed at 3 and 12 months post-SCT. Event-free survival (EFS) and OS were calculated
from transplant to next treatment, death or last follow-up Kaplan-Meier). Log-rank test was used
to determine whether OS differed by covariates of interest.
Results: Between 2/2000 and 6/2011, 148 patients underwent RA-SCT and were followed.
Melphalan 100, 140 and 200mg/m2 was administered to 14%, 52% and 34% of patients.3 Eight
died within 100 days of SCT (TRM 5%). By intent-to-treat, RA-SCT resulted in CR in 18% of
patients which increased to 32% with consolidation. With bortezomib-based consolidation, CR
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rate increased from 26% to 56%. At a median follow up of 7.7 years, median EFS is 4.8 years
(95% CI, 3.84-6.23); median OS has not been reached (Figure 1). Both EFS and OS are
significantly longer for patients with CR at 12 months post SCT (EFS: P=0.03, OS: P=0.04),
regardless if CR was achieved with SCT or consolidation (EFS: P=0.14, OS: P=0.24). By
multivariate analysis, melphalan dose had no impact on OS (P=0.25) or EFS (P=0.08).
Conclusion: RA-SCT for selected patients is safe and associated with excellent long-term
survival. Consolidation with novel agents may improve survival following RA-SCT and likely
accounts for the similar OS in patients who received melphalan 200 versus <200mg/m2. In the
era of novel agents available for post-SCT consolidation, RA-SCT is an effective and important
treatment for AL.

Figure 1. Survival from RA-SCT
References:
(1) Cohen A et al. Br J Haem 2007;139:224.
(2) Landau H et al. Leukemia 2013; 27: 823.
(3).Comenzo RL et al. Blood 2002; 99: 4276.
HL, HH and RLC received research funding and served on the advisory board for Millenium
pharmaceuticals. SG served on the advisory board for Millenium pharmaceuticals.
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OP-40
Long term follow-up of patients with systemic light chain amyloidosis after bortezomib
based treatment
Robert Frank Cornell,1 Xiaobo Zhong,2 William R. Drobyski,3,4 Stacey A. Goodman,1 and
Parameswaran N. Hari,3,4
1
Department of Medicine, Division of Hematology and Oncology, Vanderbilt University Medical
Center, Nashville, TN 37232. 2Departments of Biostatistics, 3Medicine, and 4Bone Marrow
Transplant Program, The Medical College of Wisconsin, Milwaukee, WI 53226, USA
Purpose Bortezomib based therapy for systemic light chain amyloidosis (AL) results in
hematologic responses (HR). Standard treatment for newly diagnosed AL is autologous
hematopoietic transplant (AHCT) for eligible patients and melphalan based therapy for those
deemed ineligible. We present long-term (median 3 years) follow-up of bortezomib-based
chemotherapy regimens in transplant ineligible patients.
Patients and Methods Newly diagnosed, AHCT ineligible patients were treated on 2 successive
protocols – the first cohort (n=14) with bortezomib and dexamethasone (VD) and the second
(n=14) cyclophosphamide, bortezomib and dexamethasone (CVD).
Results Patients with improved organ function who became transplant eligible underwent AHCT
(n=8). Overall hematological response (HR) rate was 93% in both groups. Median time to
response was faster in the CVD group (38 days vs. 96 days in the VD group; p=0.002). In the VD
group, the median overall survival (OS) was 34.4 months and progression free survival (PFS)
24.5 months. In the CVD cohort, median OS has not been reached and median PFS was 28.8
months.
Conclusion Long-term durable remissions were induced with bortezomib based therapy with a
third of initially ineligible patients receiving AHCT. In the CVD cohort, 35% underwent AHCT
with no mortality and sustained remissions at a median of 33 months.

OP-41
A real-world experience with cyclophosphamide, bortezomib, and corticosteroid
combinations in patients with high-risk AL amyloidosis
Angela Dispenzieri, Ann Engebretson, Francis Buadi, Arleigh McCurdy, Martha Q. Lacy, Lisa
Hwa, David Dingli, Nelson Leung, Shaji Kumar, and Morie A. Gertz.
Division of Hematology, Mayo Clinic, Rochester, MN, USA.
Background: AL amyloidosis patients with very significant cardiac involvement are typically
excluded from clinical trials, and recommendations for their therapy are extrapolated from low
risk AL patients.
Methods: We designed a prospective observational study to actively monitor outcomes in
predominantly high-risk AL patients for whom we prescribed a bortezomib containing regimen
that was administered at a home institution. Patients prospectively filled out forms reporting their
side-effects and their quality of life monthly for the first 6 months, followed by every 3 months
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thereafter. For the first cohort of 24 patients, we recommended six 4 week cycles of CyBorP
(cyclophosphamide 300 mg/m2 days 1, 8, 15 [max dose 500 mg]; bortezomib 1.3 mg/m2 days 1,
8, 15; and prednisone 50 mg every other day). The next 34 patients were accrued to CyBorD,
which was the same schedule except, weekly dexamethasone 20 mg was used instead of
prednisone. Escalation of the regimen to 4 weeks out of 4 was recommended as was escalation of
the bortezomib to 1.5 mg/m2 for inadequate response.
Results: From 8/14/2012 to 1/2/2014 54 patients were accrued to our Real World Therapy for AL
Amyloidosis Study. Twenty-seven (47%) patients have died, and median follow-up of surviving
patients is 7.2 months. The median OS was 6.9 months, with no difference between the 2
treatment groups. The 100-day mortality for the CyBorP and the CyBorD groups was 38% and
33% respectively. Responses were documented in 51% of patients (>=VGPR 32%). Thirty-nine
(66%) patients have gone off study for the following reasons: early death, n=20; hospice, n=5;
changed Rx for lack of adequate response, n=9; and other, n=5.
Conclusions: Despite the anecdotal reports of high response rates with steroid-alkylatorbortezomib combinations, we have found that results are less promising than previously reported
in high-risk AL patients.
Angela Dsipenzieri receives clinical research dollars from Millennium, Celgene, Jannsen, and
Pfizer.

OP-42
The addition of bortezomib to standard melphalan/dexamethasone improves the quality of
response but does not reduce the rate of early deaths in AL amyloidosis: A matched case
control comparison
Giovanni Palladini, Paolo Milani, Marta Vidus Rosin, Francesca Lavatelli, Andrea Foli,
Giampaolo Merlini. Amyloidosis Research and Treatment Center, Fondazione IRCCS Policlinico
San Matteo and Department of Molecular Medicine, University of Pavia, Pavia, Italy
Based on promising results from small series, frontline combinations of bortezomib with
alkylators and dexamethasone are commonly prescribed in AL amyloidosis. We compared the
outcome of 87 consecutive, newly-diagnosed patients treated with
bortezomib/melphalan/dexamethasone (BMDex) and 87 matched controls treated with MDex,
enrolled between 2005 and 2012. MDex was administered at standard dosage and bortezomib was
added at 1.3 mg/m2 twice weekly. Response was assessed at 6 months by intent-to-treat. Patients’
characteristics and outcomes are reported in the table. Median follow-up of living patients was 24
months. Complete responses were more frequent with BMDex. Overall survival was no different
between MDex and BMDex (52% vs. 60% surviving 2 years, P=0.418); however, in a landmark
analysis excluding deaths occurring in the first 6 months, there was an advantage for BMDex
(63% vs. 80% surviving 2 years, P=0.038). The addition of bortezomib did not improve survival
of patients with advanced cardiac amyloidosis. Combinations of bortezomib and melphalan may
be best suited for low/intermediate-risk patients. Results of the ongoing stratified trial should be
awaited to define the ideal setting for this regimen.
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Patients’ characteristics and outcome
Variables

MDex (87 patients)
N (%)

BMDex (87 patients)
N (%)

Age, years [median (IQR)]

69 (62-74)

matched

Heart involvement

74 (85)

matched

Cardiac stage I/II/III

13 (15)/39 (45)/35 (40)

matched

NT-proBNP >8500 ng/L

19 (22)

matched

Systolic blood pressure <100 mmHg

3 (3)

matched

Full-dose dexamethasone

23 (26)

matched

eGFR <30 mL/min

6 (7)

matched

dFLC >180 mg/L

44 (51)

matched

1<+$FODVV3

39 (45)

37 (42)

0.760

Overall hematologic response
CR
VGPR
PR

44 (51)
13 (15)
9 (10)
22 (26)

60 (69)
37 (42)
11 (13)
12 (14)

0.013
<0.001
0.634
0.056

Cardiac response

10 (11)

12 (14)

0.648

Grade 3-4 SAE

15 (17)

19 (22)

0.444

6-month mortality

16 (18)

22 (25)

0.272

P

OP-43
Outcome of patients with immunoglobulin light chain amyloidosis with lung, liver,
gastrointestinal, neurologic and soft tissue involvement after autologous hematopoietic stem
cell transplantation
Aimaz Afrough MD, Yvonne T Dinh BS, Gabriela Rondon MD, Simrit Parmar MD, Nina D
Shah MD, Qaiser Bashir MD, Chitra Hosing MD, Uday Popat MD, Richard E Champlin MD,
Muzaffar H Qazilbash MD, Stem Cell Transplantation and Cellular Therapy, MD Anderson
Cancer Center; Jatin J Shah MD, Robert Z Orlowski MD, PHD, Lymphoma/Myeloma, MD
Anderson Cancer Center, USA.
There is limited information when organs other than heart or kidneys are involved by
immunoglobulin light chain amyloidosis (AL). Here we report the outcome of patients with at
least one of the 5 organs involved by AL; gastrointestinal (GI), peripheral nerve (PN), liver, lung,
or soft tissues. We identified 53 patients with AL with GI, PN, liver, lung or soft tissue
involvement, who underwent auto- HCT between 1997 and 2013 at our institution. The
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hematologic (HR) and organ responses, and organ involvement, were as defined by the
established criteria [1, 2]. Median age of these 53 patients at auto-HCT was 56 years (range, 3574). Forty-seven (88%) patients had at least one organ involved: GI 18, PN 14, Liver 6, soft tissue
6 and Lungs 3. Six (12%) patients had 2 organs involved: GI + lung: 2, GI + soft tissue: 2, GI +
PN: 1 and GI + liver: 1. Eighteen patients also had concurrent cardiac and 14 had concurrent renal
involvement. Patients with soft tissue involvement presented with macroglossia, para-spinal
muscle mass, diffuse skin nodule or retroperitoneal adenopathy with AL deposition. Thirty-three
(62%) patients received either a novel agent induction, 13(25%) received conventional
chemotherapy and 7 (13%) received no induction prior to auto-HCT. The 100-day and 1-year
treatment-related mortality (TRM) were 3.8% (n=2), and 7.5% (n=4), respectively. Thirty-seven
(70%) patients achieved a HR. Organ responses after auto-HCT are summarized in the Table.
With a median follow-up of 13 months (range, 1-155), the median progression free survival (PFS)
and overall survival (OS) were 31.2 months and 73.3 months, respectively. High-dose melphalan
and auto-HCT are associated with durable responses in patients with GI, PN, liver, lung and soft
tissue involvement. Despite concurrent cardiac disease in 34% patients, 1-year TRM was 7.5%
and estimated median overall survival was > 6years.
Table: Organ Response to Auto-HCT
Organ Involved

Number (%)

Numbers
Evaluable
(%)

Organ
Response
(%)

Stable
disease
%)

Progressed
(%)

Gastrointestinal

24 (45)

19 (79)

4 (21)

15 (79)

0

Peripheral nerve

15 (28)

12 (80)

7 (58)

5 (42)

0

Liver

7 (13)

7 (100)

5 (71.5)

0

2 (28.5)

Lungs

5 (9)

5 (100)

4 (80)

1 (20)

0

Soft tissue

8 (15)

5 (62.5)

0

5 (100)

0

References:
1.
International Myeloma Working, G., Criteria for the classification of monoclonal
gammopathies, multiple myeloma and related disorders: a report of the International Myeloma
Working Group. Br J Haematol, 2003. 121(5): p. 749-57.
2.
Gertz, M.A., et al., Definition of organ involvement and treatment response in
immunoglobulin light chain amyloidosis (AL): a consensus opinion from the 10th International
Symposium on Amyloid and Amyloidosis, Tours, France, 18-22 April 2004. Am J Hematol, 2005.
79(4): p. 319-28.

62

OP-44
Once weekly subcutaneous bortezomib based induction therapy in systemic AL amyloidosis
Naresh Bumma, Internal Medicine, Cleveland Clinic, USA. Surbhi Sidana, Internal Medicine,
Cleveland Clinic, USA. Debbie Hastings, Hematologic Oncology and Blood Disorders,
Cleveland Clinic, USA. Frederic Reu, Hematologic Oncology and Blood Disorders, Cleveland
Clinic, USA. Mitchell Smith, Hematologic Oncology and Blood Disorders, Cleveland Clinic,
USA. Christy Samaras, Hematologic Oncology and Blood Disorders, Cleveland Clinic, USA.
Leonard Horwitz, Hematologic Oncology and Blood Disorders, Cleveland Clinic, USA. Hien
Duong, Hematologic Oncology and Blood Disorders, Cleveland Clinic, USA. Jason Valent,
Hematologic Oncology and Blood Disorders, Cleveland Clinic, USA.
Background: Subcutaneous bortezomib administration provides non-inferior efficacy with less
toxicity than intravenous administration in multiple myeloma patients (Moreau et al. Lancet
Oncology 2011). There are limited data on efficacy and toxicity of subcutaneous bortezomib
treatment in AL amyloidosis.
Objective/Methods: This analysis used the Cleveland Clinic Plasma Cell Disorder Registry to
identify all patients with systemic AL amyloidosis treated upfront with bortezomib between
January 2010 and September 2013. Registry and electronic medical record review were used to
evaluate safety and efficacy of subcutaneous bortezomib. Hematologic response was assessed
according to updated criteria (Palladini et al. JCO 2012).
Results: Thirty-eight patients initiated either once weekly subcutaneous (N=21) or once weekly
intravenous (N=15) bortezomib based therapy. Two patients were excluded as the free light chain
ratio was normal at diagnosis. Twelve of 21 patients receiving subcutaneous bortezomib were
cardiac risk stage 3. One death occurred after the second bortezomib dose. Two evaluable
patients (10%) developed grade 1 peripheral neuropathy. Six of 16 patients (38%) not receiving
an alkylating agent and 2 of 4 patients (50%) receiving an alkylating agent with bortezomib based
therapy achieved at least very good partial response (VGPR). Six patients (30%) had no response
(Table 1).
Peripheral neuropathy (14% any grade) and efficacy (Table 1) were analyzed in 14 evaluable
patients treated with intravenous bortezomib during the same time period. One death occurred
within 72 hours of the first intravenous bortezomib dose.
Discussion/Conclusion: Subcutaneous bortezomib is effective in AL amyloidosis patients with
limited neurologic toxicity. It is tolerated by most cardiac risk stage 3 patients, although early
death did occur in 1 patient.
Table 1

Subcutaneous
N=20
Intravenous
N=14

Alkylating agent

VGPR or better

No
Yes
No
Yes

6
2
2
4

Partial
Response
5
1
3
3

No Response
5
1
2
0

Jason Valent: Speaker’s Bureau; Celgene, Millennium. Frederic Reu: Research funding; Celgene.
Consultancy and Speaker’s Bureau; Onyx/Amgen
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OP-45
Outcomes of AL Amyloidosis Patients Treated with First Line Bortezomib: a Collaborative
Retrospective Israeli Multicenter Assessment
Moshe E. Gatt1, Izhar Hardan2, Evgeni Chubar3, Celia Surio4, Tamar Tadmor5, Olga Shevetz6,
Paulina Patachenco7, Najib Dally8, Shay Yeganeh9, Mouna Ballan-Haj10, Yael Cohen11, Svetlana
Trestman11, Eli Muchtar12, Hila Magen12, Julia Jakubinsky13,and Irit Avivi 13 for the Israeli MM
study group
1. Department of Hematology, Hadassah Medical Center, Jerusalem. 2. Hematology unit, Meir
Medical Center Kfar Saba. 3. Department of Hematology, Emek Medical Center, Afula 4.
Department of Hematology, Western Galilee Hospital Nahariya. 5. Hematology Unit, Bnai-Zion
Medical Center, Haifa. 6. Department of Hematology, Kaplan Medical Center Rehovot. 7.
Department of Hematology, Wolfson Medical Center, Holon. 8. Department of Hematology, Ziv
Medical Center, Zefat. 9. Hematology unit, Poria Medical Center 10. Hematology unit, Carmel
Medical Center, Haifa 11. Department of Hematology, Sorasky Medical Center, Tel Aviv 12.
Department of Hematology, Rabin Medical Center, Petah Tikva 13. Department of Hematology,
Rambam Health Care Campus, Haifa. All in Israel. For the Israeli Multiple Myeloma study group
Background: The introduction of novel agents over the last decade was suggested to improve the
outcome of patients with AL amyloidosis (AL). However, these encouraging results are mainly of
patients selected for clinical studies and/or those treated in highly specialized AL centers. The
current retrospective observational study evaluated the outcome of consecutive, non- selected
‘real-world’ AL patients, treated with bortezomib-based induction in multiple centers.
Methods: Patients diagnosed with systemic AL and treated with first-line Bortezomib –based
therapy at 13 different Israeli hospitals were included. Retrospective data was recorded from
computerized medical files,
Results: Of 73 patients treated with first line bortezomib-based induction regimen, 50 were in
conjunction with alkylating agent (mostly cyclophosphamide). The median age was 64 years
(range 35-86). Median NTproBNP and troponin-T at presentation were 1150 pg/L and 0.068 u/L,
respectively. Most patients had renal involvement (77%) or cardiac (66%) disease. Multi-organ
involvement ( > 3 organs) was recorded in 34% of patients. Treatment was generally well
tolerated, though 45% of patients experienced grade > 3 adverse events, most evident in patients
presenting with cardiac involvement. Treatment with Bortezomib-based regimens resulted in a
hematologic response (HR) of 77%, including 33% very good partial responses (VGPR) and 22%
complete responses (CR). The addition of an alkylator agent yielded a significantly improved
hematological response rate, 86% vs 56% for patients receiving bortezomib-steroids only
(p=0.008), without increased toxicity.
Multivariate analysis confirmed age <70 years, lack of cardiac and peripheral neurologic
involvement and co-administration of an alkylator agent, to be associated with significantly
improved HR and subsequently improved survival. Conclusion: First line Bortezomib- based
regimen results in favorable response and improved survival in most newly diagnosed AL patients
treated on ‘real world’ basis. Co-administration of an alkylator agent appears to improve this
outcome without significantly increasing treatment related toxicity.
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OP-46
Autologous Stem Cell Transplant for AL Amyloidosis: Impact of Ligh Chain Isotype on
Transplant-related Mortality
M.T. Cibeira, M. Rovira, C. Fernández de Larrea, L. Rosiñol, N. Tovar, C. Martínez, F.
Fernández-Avilés, P. Marín, M. Solé, JT. Ortiz, JI. Aróstegui, J. Esteve, A. Urbano, J. Bladé.
Amyloidosis and Myeloma Unit. Bone Marrow Transplant Unit. Hospital Clínic of Barcelona.
IDIBAPS. University of Barcelona. Spain.
Background: Long-term experience on high dose melphalan and autologous stem cell transplant
(HDM/SCT) for light-chain (AL) amyloidosis has been reported from referral centers showing its
potential to obtain durable hematologic responses, a high organ response rate, and prolonged
overall survival, with decreasing transplant-related mortality (TRM). While the severity of
cardiac involvement constitutes the main prognostic factor, no relationship has been reported with
the type of light chain.
Objective: To report 53 consecutive patients (median age: 57; range, 34 to 71) diagnosed with
AL amyloidosis and treated with HDM/SCT at a single institution from November 1997 to
October 2013.
Methods and Results: The clonal light chain was lambda in 37 patients (70%) and kappa in 16
(30%). More than 2 organs were affected in 43% of patients. Cardiac involvement was present in
60%. Median time from diagnosis to SCT was 8 months. A reduced dose of melphalan (140
mg/m2) was administered as conditioning regimen in 16 (30%) patients. In an intention-to-treat
analysis, the overall hematologic response rate was 51%, with 32% complete remissions, and
53% achieved an organ response. Sixteen patients died within the first year following SCT. The
overall TRM was 22.6%, decreasing from 33% (10/30 patients) during the period 1997-2006 to
8.6% (2/23 patients) during the last 7 years (p= 0.048). All the 12 patients who died during the
first 100 days after SCT had cardiac involvement. Among patients with cardiac involvement,
TRM was 14% (1/7 patients) and 44% (11/25 patients) for those with kappa and lambda clonality,
respectively. Median event-free survival and overall survival were 1.8 and 6.5 years, respectively.
Conclusion: Our results support the efficacy of HDM/SCT in AL amyloidosis and show a
decrease in TRM overtime. Cardiac involvement is the key factor in TRM, particularly when the
light chain is of lambda type.
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OP 47
High response rates and minimal toxicity with subcutaneous bortezomib in combination
regimens in newly diagnosed patients with systemic AL amyloidosis.
Gunjan Shah, Esha Kaul, Raymond L Comenzo. Division of Hematology/Oncology. Tufts
Medical Center, Tufts University School of Medicine, Boston, MA.
Background: Bortezomib, the first-in-class proteasome inhibitor used to treat light-chain
amyloidosis (AL), was approved for subcutaneous (subcut) administration in 2012. We report our
experience with subcut bortezomib in newly diagnosed patients with AL.
Patients and Methods: With IRB approval, we performed a retrospective study of all newly
diagnosed patients with AL treated at our center between 4/1/11, when the hospital pharmacy
approved subcut bortezomib, and 1/7/14. Patients (pts) were identified through the pharmacy
database. Data were abstracted from the medical records, and demographics, disease profiles,
toxicities, responses and survival data were collected.
Results: Nineteen pts received subcut bortezomib as part of first line therapy, 11 men and 8
women a median of 65 years old (range, 46-84). Sixteen pts had cardiac involvement, stage II
(n=7) and III (n=9) respectively. Twelve had clonal plasma cells with standard risk
cytogenetics/FISH while 2 had del17p. Treatment regimens included cyclophosphamide,
bortezomib and dexamethasone on the 35-day schedule (CyBorD-35) (n=14), CyBorD-21 (n=4),
and weekly BD (n=1). Median initial bortezomib dose was 1.5mg/m2 (1.3-1.5) and a median of 3
cycles were given (1-8). No pts developed rash, thrombocytopenia, or > grade 3 peripheral
neuropathy while 4 had grade 1 gastrointestinal symptoms and none required dose reductions.
Two pts died prior to completing cycle 1. Hematologic responses in 17 evaluable pts were CR 4
(24%), VGPR 8 (48%) and > PR 94% (16/17). Six pts were consolidated with stem cell
transplant. With a median follow up of 1.2 years, median PFS is 1.63 years while median OS has
not been reached. At 2 years, OS is 74% (Figure).
Conclusion: There was a high ORR and minimal toxicity with the use of subcut bortezomib in
newly diagnosed patients with AL.
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Figure: Overall & Progression
Free Survival

Dr. Comenzo has received research funding from the Millennium Pharmaceuticals, Prothena
Biotech, and Teva Pharmaceuticals and consultant’s fees from Prothena Biotech, and has been a
member of the scientific advisory board at Millennium Pharmaceuticals.

OP-48
Long-term results of pomalidomide and dexamethasone for patients with relapsed or
refractory AL amyloidosis
A. Dispenzieri, F. Buadi, K. Laumann, B. LaPlant, S.R. Hayman, S.K. Kumar, D. Dingli, S.R.
Zeldenrust, J.R. Mikhael, S.V. Rajkumar, C. Reeder, R. Fonseca, P.L. Bergsagel, A.K. Stewart, V.
Roy, J.A. Lust, S.J. Russell, M.A. Gertz, and M.Q. Lacy
Division of Hematology, Mayo Clinic, USA
Background: AL amyloidosis is a life-threatening disease with limited treatment options.
Pomalidomide and dexamethasone has recently been approved as therapy for MM patients who
are refractory to lenalidomide and dexamethasone. In January 2012, we presented the results of
our phase II study of Pom-Dex in patients with AL. Herein, we update our experience with 2
years additional follow-up.
Methods: Patients with symptomatic previously treated AL amyloidosis were enrolled from
11/2008-11/2010. Treatment consisted of continuous daily pomalidomide (2 mg/day) and aspirin
with dexamethasone 40 mg/week. Dose escalation to 4 mg /day pomalidomide was allowed for
lack of response or early progression.
Results: Thirty-three patients were enrolled and as of January 6, 2014 have a median of 48
months of follow-up; 23 have died. Time from diagnosis to enrollment was 37 months. Eightytwo percent had cardiac involvement, and only 36% had renal involvement. According to Mayo
2004 staging, 65% and 25% had stage II and III disease, respectively. Ninety-one percent had
prior alkylator including 49% prior ASCT. Forty-six percent had prior lenalidomide, 42% prior
bortezomib, and 24% prior thalidomide. Only 3 patients remain on therapy. Reasons for
discontinuation include: progression (n=11), death on study (n=6), refusal (n=5), MD discretion
or alternate treatment (n=5), and adverse events (n=3). The regimen was manageable although
grade 3 or higher AEs at least possibly related to treatment were reported in 52% (nonhematologic) and 91% (hematologic).
The overall hematologic response rate was 48%, with half of the responses as VGPR or better.
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Only 18% had organ response: 15% of cardiac patients; and 25% of renal patients. Median
duration of response was 19 months. Median and 3-year PFS was 14.1 months and 17%.
Respective figures for overall survival were 28 months and 41%.
Conclusion: Pom-Dex is an effective option for patients with AL amyloidosis.
Clinical trial is sponsored by Celgene.

OP-49
Identification of reversible renal damage and early markers of response to chemotherapy in
two independent cohorts of patients with light chain amyloidosis: A longitudinal study on
732 newly diagnosed patients
Giovanni Palladini,1 Ute Hegenbart,2 Paolo Milani,1 Christoph Kimmich,2 Andrea Foli,1
Anthony D. Ho,2 Marta Vidus Rosin,1 Riccardo Albertini,3 Remigio Moratti,4 Giampaolo
Merlini,1 Stefan Schönland2
1
Amyloidosis Research and Treatment Center, Fondazione Istituto di Ricovero e Cura a Carattere
Scientifico (IRCCS) Policlinico San Matteo, Pavia, Italy and Department of Molecular Medicine,
University of Pavia, Pavia, Italy
2
Amyloidosis Center, Department of Internal Medicine V, Division of Hematology / Oncology /
Rheumatology, University of Heidelberg, Heidelberg, Germany.
3
Clinical Chemistry Laboratory, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy
4
Scientific Direction, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy
The kidney is involved in 70% of patients with AL amyloidosis, but little is known on progression
and potential reversibility of renal damage and the criteria for renal response have never been
validated. We systematically searched the databases of the Pavia and Heidelberg amyloidosis
canters for previously untreated patients with renal AL amyloidosis diagnosed between 2004 and
2012. Italian patients (n=461) were used as testing cohort and German patients (n=271) as
validation cohort. The study endpoint was time from diagnosis to dialysis initiation (renal
survival). Patients who died off-dialysis were censored. Seventy-one (15%) patients required
dialysis in the Italian group and 84 (31%) in the German series after a median time of 85 and 69
months, respectively. Baseline proteinuria >5 g/24 hours and estimated glomerular filtration rate
H*)5 P/PLQSHUÂP2 were associated with poorer renal survival. Pa
tients with proteinuria below and eGFR above the thresholds were at low-risk of dialysis (0 and
4% at 3 years in the testing and validation cohorts, respectively), whereas subjects with high
proteinuria and low eGFR were at high-risk (60% at 3 years in the Italian and 85% in the German
VHULHV 5HVSRQVHDQGSURJUHVVLRQZHUHDVVHVVHGDWPRQWKV$GHFUHDVHLQH*)5E\ZDV
associated with poor renal survival in both cohorts and was adopted as the criterion for renal
SURJUHVVLRQ$GHFUHDVHLQSURWHLQXULDE\RUEHORZJKRXUVLQWKHDEVHQFHRIUHQDO
progression was the criterion for renal response, being associated with longer renal survival in
both series. Hematologic very good partial or complete remission improved renal outcome. We
identified and validated a staging system for renal involvement and criteria for early assessment
of renal response and progression in AL amyloidosis which should be used in routine clinical
practice and clinical trial design.
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OP-50
Phase II trial of lenalidomide, dexamethasone and cyclophosphamide (LENDEXAL) for
previously untreated patients with light-chain amyloidosis
M.T. Cibeira1, A. Oriol2, J.J. Lahuerta3, M.V. Mateos4, J. de la Rubia5, M.T. Hernández6, M.
Granell7, C. Fernández de Larrea1, J.F. San Miguel4 and J. Bladé1; on behalf of the PETHEMA
cooperative study group.
1
Amyloidosis and Myeloma Unit. Hospital Clínic de Barcelona. IDIBAPS. University of
Barcelona. Spain. 2Hospital Universitari Germans Trias I Pujol, Barcelona, Spain. 3Hospital
Universitario Doce de Octubre, Madrid, Spain. 4Hospital Universitario de Salamanca, Spain.
5
Hospital Universitario La Fe, Valencia, Spain. 6Hospital Universitario de Canarias, Spain.
7
Hospital de la Santa Creu i Sant Pau, Barcelona, Spain.
Background: Melphalan/dexamethasone is the standard treatment for newly diagnosed patients
with light chain (AL) amyloidosis not eligible for high-dose melphalan and autologous transplant.
However, new treatment options are still needed for this patient population.
Objective and Methods: Based on the activity of IMiDs® (immunolodulatory drugs) in
relapsed/refractory AL amyloidosis, we designed a prospective and multicenter phase II trial with
lenalidomide, dexamethasone and cyclophosphamide. The main inclusion criteria were newly
diagnosed AL amyloidosis confirmed by biopsy, significant organ involvement, cardiac ejection
fraction over 50%, serum creatinine below 3 mg/dL, and not being eligible for autologous
transplant. Treatment schedule consisted of 12 cycles of lenalidomide (15 mg po, on D1-21),
dexamethasone (20 mg po on D1-4 and 9-12 during the first 6 cycles and only D1-4 during cycles
7-12) and cyclophosphamide (300 mg/m2 iv on D1 and D8 during the first 6 cycles and only D1
during cycles 7-12), followed by maintenance with low-dose lenalidomide (10 mg, on D1-21) and
dexamethasone (20 mg, on D1-4) until intolerance or disease progression. The primary end-point
was hematologic response.
Results: From September 2010 to December 2012, 28 patients were included in the study.
Twenty-three patients had cardiac involvement, with cardiac stage 3 in 13 of them. The overall
hematologic response rate was 46%, including 14% complete responses. The organ response rate
was 32%. In 5 patients lenalidomide was reduced or discontinued due to toxicity. A therapyrelated serious adverse event was reported in 7 patients. So far, 11 patients remain on the study
and 17 have been discontinuated mostly due to death secondary to cardiac or renal events (8
patients), progression or lack of response (4), and toxicity (3).
Conclusion: In agreement with previous reports, our results support the efficacy and tolerability
of the combination lenalidomide/dexamethasone/cyclophosphamide in this poor prognostic
population of patients with AL amyloidosis.
This trial was supported by Celgene.
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OP-51
Impact of induction therapy on the outcome of immunoglobulin light chain amyloidosis
after autologous hematopoietic stem cell transplantation
Aimaz Afrough MD, Yvonne T Dinh BS, Gabriela Rondon MD, Simrit Parmar MD, Nina D
Shah MD, Qaiser Bashir MD, Chitra Hosing MD, Uday Popat MD, Richard E Champlin MD,
Muzaffar H Qazilbash MD. Stem Cell Transplantation and Cellular Therapy, MD Anderson
Cancer Center, USA. Jatin J Shah MD, Robert Z Orlowski MD, PhD. Lymphoma/Myeloma, MD
Anderson Cancer Center, USA
With the availability of novel agents, most patients with immunoglobulin light chain amyloidosis
(AL) receive induction therapy prior to autologous hematopoietic stem cell transplant (autoHCT). In this study, we evaluated the type of induction therapy and its impact on the outcome of
auto-HCT in AL. One-hundred and twenty-eight patients with AL received auto-HCT between
1997 and 2013 at our institution. Patients were divided into 3 groups: 1) no induction, 2) novel
agent – based induction (thalidomide, lenalidomide or bortezomib), and 3) conventional agentbased induction (melphalan, steroids). The hematologic (HR) and organ responses were defined
according to the established criteria [1, 2]. Median age at auto-HCT was 58 years (range, 35 –
75). Twenty patients (15.5%) received no induction, 25 (19.5%) received conventional and 83
(65%) received novel agents. One, 2 or 3 organs were involved in 95 (74%), 20 (16%) and 13
(10%) patients, respectively. After induction, 54 (65%) and 12 (48%) patients treated with novel
and conventional agents, respectively, achieved HR (p=0.16). Six (4.6%) and 9 (7%) patients died
of non-relapse causes. After auto-HCT, 10 (50%), 15 (60%) and 65 (78.3%) patients achieved HR
in no induction, conventional and novel agents groups, respectively (p=0.02). Organ responses
after auto-HCT were seen in 8 (40%), 12 (48%) and 31 (37%) patients in no induction,
conventional and novel agents groups, respectively, (p=0.63). After a median follow up of 19
months, Median progression-free survival were 30.8, 31.3 and 35.4months in no induction,
conventional and novel groups, respectively (P=0.23). Median overall survival (OS) were 43.1,
59.6, and 68.2 months in no induction, conventional and novel groups, respectively (P=0.02).
Induction therapy with either conventional or novel agents is associated with superior HR and OS
in patients with AL compared to patients who received no induction before auto-HCT.
References:
1.
International Myeloma Working, G., Criteria for the classification of monoclonal
gammopathies, multiple myeloma and related disorders: a report of the International Myeloma
Working Group. Br J Haematol, 2003. 121(5): p. 749-57.
2.
Gertz, M.A., et al., Definition of organ involvement and treatment response in
immunoglobulin light chain amyloidosis (AL): a consensus opinion from the 10th International
Symposium on Amyloid and Amyloidosis, Tours, France, 18-22 April 2004. Am J Hematol, 2005.
79(4): p. 319-28.

70

OP-52
Hereditary systemic immunoglobulin light-chain (AL) amyloidosis
Merrill D. Benson, Juris J. Liepnieks, Barbara Kluve-Beckerman
Department of Pathology and Laboratory Medicine, Indiana University School of Medicine,
Indianapolis, Indiana USA
Background/Objective: While immunoglobulin (AL) amyloidosis is more prevalent in families
with history of plasma cell dyscrasia it is rarely found in first degree relatives. On the other hand,
the hereditary amyloidoses display typical autosomal dominant Mendelian genetics. Here we
report a family with systemic amyloidosis associated with a mutation in the Ig light-chain
constant region gene.
Methods: Several siblings of an American family were found to have systemic amyloidosis by
either renal biopsy or necropsy. Two members of the next generation have had similar diagnosis.
Immunohistochemical analysis on tissues for three members of the kindred was consistent with țlight-chain amyloidosis. Thorough evaluation, including serum protein electrophoresis and bone
marrow biopsy, gave no evidence of monoclonal plasma cell dyscrasia. Amyloid fibrils were
isolated from kidney slides of one family member who died after several years on dialysis.
Results: Amino acid sequence of isolated fibril protein was consistent with the Ig ț-light-chain
constant region. Nucleotide sequence of DNA isolated from this individuals kidney tissue
UHYHDOHGD*ĺ7WUDQVYHUVLRQLQFRGRQ .abat protein numbering) of ț-CL gene consistent
ZLWKD6HUĺ&\VPXWDWLRQ$VHFRQGDIIHFWHGPHPEHURIWKHNLQGUHGVKRZHGWKLV'1$
mutation and two members of the kindred, who are children of patients who died with renal
amyloid, also have this mutation. Ig light-chain isolated from serum of one affected patient
FRQWDLQHGWKH6HUĺ&\VVXEVWLWXWLRQDWSRVLWLRQ131.
Discussion: Hereditary systemic amyloidosis may be caused by mutation in a number of plasma
proteins. The present study indicates that ț-light-chain constant region is one of these fibril
SUHFXUVRUSURWHLQV,WLVK\SRWKHVL]HGWKDWWKH6HUĺ&\VPXWDWLRQRQț-CL:
1.
Changes the tertiary protein structure to promote fibril formation.
2.
Is the genetic factor associated with inheritance of this trait.
Conclusion: A major concern is whether the present CL mutation or other Ig-light-chain
mutations might be the cause of systemic amyloidosis in patients without monoclonal dyscrasia.
Such patients, as with those with other forms of hereditary amyloidosis, would not be expected to
have favorable response to chemotherapy for plasma cell dyscrasia.
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OP-53
Hereditary amyloidosis: A single-institution experience with 284 patients
Paul L. Swiecicki, MD, Mayo Clinic, USA; David B. Zhen, MD, Mayo Clinic, USA; Michelle
L. Mauerman, MD, Mayo Clinic, USA; Robert A. Kyle, MD, Mayo Clinic, USA; Steven R.
Zeldenrust, MD, PhD, Mayo Clinic, USA; Martha Grogan, MD, Mayo Clinic, USA; Angela
Dispenzieri, MD, Mayo Clinic, USA; Morie A. Gertz, MD, Mayo Clinic, USA
Background: Hereditary amyloidosis is a rare and clinically heterogeneous disease due to
heritable mutations leading to the misfolding of precursor protein and an ensuing multisystem
disease.
Objective: To define the clinical characteristics, distribution of mutations, and phenotypic
presentation of patients presenting to our center with hereditary amyloidosis.
Methods: The study identified a retrospective cohort of patients who had hereditary amyloidosis
and presented to Mayo Clinic in Rochester, Minnesota, from January 1, 1970-January 29, 2013.
Results: Over the 43-year period, 284 patients were identified as having the diagnosis of
hereditary amyloidosis. A pathogenic mutation was identified in 224 patients; the most common
mutation was Thr60Ala (68 patients [24%]). Presenting symptoms differed significantly by
mutation (Figure 1). A family history of hereditary amyloidosis was identified for 49% of
patients. The median age at diagnosis was 62.8 years; median age at death was 68.5 years and
median survival after diagnosis was 43 months (10th-90th percentile, 13.8-107.4). On
multivariate analysis, age at diagnosis (risk ratio, 15.58; P<.001), Thr60Ala mutation (risk ratio,
1.53; P=.04), Val122Ile mutation (risk ratio, 2.91; P=.002), peripheral neuropathy (risk ratio,
1.76; P=.008), and weight loss (risk ratio, 1.81; P=.002) were risk factors for death.
Discussion: Weight loss was independent of both cardiomyopathy and neuropathy in predicting
overall survival, which has not previously been reported. It may be hypothesized that weight loss
represents a physiologic marker of inflammation or neuropathic muscle atrophy.
Conclusion: This study describes a large single-institution experience with HA and delineates
patient presentation, clinical characteristics, and survival over 43 years. We identified factors
associated with decreased survival, including mutation type (Val122 Ile or Thr60Ala), peripheral
neuropathy and weight loss before diagnosis, and age at diagnosis. Further research is necessary
to better characterize the clinical pattern of disease so as to best tailor medical interventions.
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OP-54
Genealogic studies of the Swedish hereditary transthyretin V30M amyloidosis population –
differences in age at onset within the population
Norgren N1, Escher SA1,2, Lundgren HE1, Suhr OB1, Olsson M1
1 Department of Public Health and Clinical Medicine, Umeå University, Umeå, Sweden
2 Department of Clinical Science, Genetic & Molecular Epidemiology Unit, Lund University,
Malmö, Sweden
Background. Hereditary transthyretin amyloidosis (ATTR V30M) is a dominant monogenetic
disease with a varied penetrance and age at onset. In the Swedish V30M population the onset is
generally late, and the penetrance low. Differences between regions are, however, common. It has
been shown that all Swedish V30M carriers originate from one common founder who lived 250525 years ago.
Methods. In this work genealogic methods are used to link all Swedish V30M carriers as far back
in time and as close to the common founder as possible.
Results and conclusion. Our investigation disclosed six different ancestral couples to whom 73%
of the V30M population can be linked (Table). Differences in age at onset between the
descendants of the six ancestral couples was noted, with a possible founder effect in the Lycksele
area, causing V30M carriers from that region to have a significant later onset than descendants
from the Skellefteå area, marked by an * in the table.
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OP-55
The origin of the transthyretin V122I allele in Africa: A study of 2,620 DNA samples
Daniel R. Jacobson, Veterans Administration Medical Center & Dept of Medicine, Boston Univ.
School of Medicine, Boston, MA; Alice A. Alexander, Research Service, Veterans Admin.
Medical Center, Boston, MA; Joel N. Buxbaum, The Scripps Institute, La Jolla, CA. USA
Background: The transthyretin (TTR) V122I allele, associated with late-onset cardiac TTRamyloidosis, has been reported almost exclusively in people of known African descent. The
allele frequency in African-Americans is about 0.018; about 3.6 % of African-Americans are
heterozygotes. Its presence in a group with an historically confined geographic distribution is
consistent with a single founder. Alternatively, since it arises from a transition at a CG
dinucleotide (a mutational “hot spot,”) an alternative possibility is of multiple founders.
Objective: To investigate the African origin(s) of the TTR V122I allele.
Methods: De-identified DNA samples from 14 modern African countries were donated by
investigators studying a variety of diseases. We knew only the country and, in some cases, the
village and/or tribe of origin. The V122I allele was identified using PCR-based assays.
Results: The V122I allele prevalence was highest in southern West Africa (Burkina Faso, Ghana,
Guinea, Ivory Coast, Sierra Leone), compared to central West Africa (Gambia, Guinea-Bissau,
Mali, Senegal), and central and southern Africa (Cameroon, Nigeria, Kenya, Tanzania, South
Africa) (Table 1).
Discussion: The highest TTR V122I allele prevalence was found in a group of contiguous
southern West African countries ranging from Guinea at the west to Ghana at the east. Our data
support a single founder for the allele. We postulate that the allele was carried by descendants of
the founder, brought from southern West Africa to North America during the African slave trade,
and that gene admixture with other North American populations led to the African-American
allele prevalence of about .018.
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Conclusion: The TTR V122I allele likely originated in a single founder in southern West Africa.
Table 1. V122I allele prevalence in Africa

Southern W. Africa
Central W. Africa
Central & South Africa

V122I alleles/total
95/3694
8/722
8/824

allele
prevalence
0.026
0.011
0.010

PP-56
Quantification of transthyretin kinetic stability in human plasma using subunit exchange
Irit Rappley1,2,3,9, Cecília Monteiro1,2,3,5,6,9, Marta Novais5, Gregory Solis3,4, R. Luke Wiseman3,4,
Stephen Helmke8, Mathew S. Maurer8, Teresa Coelho,5,7, Evan T. Powers1, Jeffery W. Kelly1,2,3,
1
Department of Chemistry, 2The Skaggs Institute for Chemical Biology, 3Department of
Molecular and Experimental Medicine, and 4Department of Chemical Physiology, The Scripps
Research Institute, La Jolla, California, USA, 5Unidade Clínica de Paramiloidose, 6Neurology
department, and 7Neurophysiology department, Hospital de Santo António, Porto, Portugal,
8
Columbia University, College of Physicians and Surgeons, Department of Medicine and Clinical
Cardiovascular research, New York, NY, USA. 9These authors contributed equally.
The transthyretin (TTR) amyloidoses are a group of degenerative diseases caused by TTR
aggregation, requiring rate-limiting tetramer dissociation. Kinetic stabilization of TTR, by
preferential drug binding to the native tetramer over the dissociative transition state, dramatically
slows the progression of familial amyloid polyneuropathy. An established method for quantifying
the kinetic stability of recombinant TTR tetramers in buffer is subunit exchange, in which tagged
TTR homotetramers are added to untagged homotetramers at equal concentrations in order to
measure the rate at which the subunits exchange. Herein, we report a subunit exchange method
for quantifying the kinetic stability of endogenous TTR in human plasma. Subunit exchange is
initiated by the addition of a substoichiometric quantity of tagged TTR homotetramers to
endogenous TTR in plasma. Aliquots of the subunit exchange reaction as a function of time are
then added to an excess of a fluorogenic small molecule, which arrests further subunit exchange
upon TTR binding and then reacts with the TTR tetramers, rendering them fluorescent and
detectable in human plasma after subsequent ion exchange chromatography. The ability to report
on the extent of kinetic stabilization resulting from oral tafamidis treatment is important,
especially for selection of the appropriate dose for patients carrying rare mutations. This method
could also serve as a surrogate biomarker to predict clinical outcome. Subunit exchange was used
to quantify the stabilization of TTR from senile systemic amyloidosis patients currently being
treated with tafamidis (20 mg orally, once daily). TTR kinetic stability correlated with the
tafamidis plasma concentration.
J.W.K. discovered tafamidis and benefits from its sales.
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OP-57
Fragmentations of TTR in cultured cells
Mitsuharu Ueda 1, 2, Barbara Kluve-Beckerman 2, Juris J. Liepnieks 2, Mineyuki Mizuguchi 3,
Yohei Misumi 1, Yukio Ando 1, Merrill D. Benson 2
1
Department of Neurology, Graduate School of Medical Sciences, Kumamoto University,
Kumamoto, Japan. 2 Department of Pathology and Laboratory Medicine, Indiana University
School of Medicine, Indianapolis, Indiana, USA. 3 Faculty of Pharmaceutical Sciences,
University of Toyama, Toyama, Japan.
Background: Fragmentations of transthyretin (TTR) at positions 46–52 were reportedly found in
amyloid deposits in familial amyloid neuropathy (FAP) and senile systemic amyloidosis (SSA).
However, the mechanism and pathological roles of the TTR fragmentations in FAP and SSA
remain to be determined.
Objective: To elucidate the mechanism involved in TTR fragmentations, we investigated how
TTR fragments were formed in cultured cells.
Methods: Recombinat V30M and wild-type TTRs were employed in this study. Several kinds of
cultured cells were incubated for 24 hours with soluble TTR or TTR aggregates formed in vitro
by pretreating in an acidic buffer. After incubation, cell lysates were examined by SDS-PAGE
and amino-acid sequence analysis to detect TTR fragments. To investigate roles of trypsin on
fragmentation of TTR, we also analyzed cultured cells with and without pretreatment of siRNA
for trypsin. In addition, to analyze direct effects of trypsin on TTR fragmentation, soluble TTR
and TTR aggregates were incubated with trypsin in vitro.
Results and Discussion: TTR fragments were detected in lysates of neuron and astrocyte cell
lines which were incubated with TTR aggregates, but not in those which were incubated with
soluble TTR. Amino-acid sequence analysis revealed that cleavages of TTR were made at Cterminal of positions K15, K48, and K80, which suggested that trypsin might cleave TTR
aggregates. After knocking down of trypsin using siRNA, the TTR fragmention decreased in the
cells. Similar cleavages of TTR were detected from TTR aggregates directly incubated with
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trypsin in vitro, but were not detected from soluble TTR incubated with trypsin.
Conclusion: Trypsin may play an important role on TTR fragmentation in amyloid deposits.

OP-58
Understanding the role of proteolysis in transthyretin amyloidosis
Mangione PP1, 2, Porcari R1, Marcoux J3, Degiacomi M3, Gillmore JD1, Giorgetti S2, Marchese L2,
Verona G2, Raimondi S2, Serpell LC4, Chen W1, Relini A5, Taylor GW1, Tennent GA1, Robinson
CV3, Hawkins PN1, Stoppini M2, Wood SW1, Pepys MB1, Bellotti V1, 2.
1
Centre for Amyloidosis and Acute Phase Proteins, Division of Medicine, University College
London, UK; 2Department of Molecular Medicine, Institute of Biochemistry, University of Pavia,
Italy; 3Department of Chemistry, University of Oxford, UK; 4School of Life Sciences, University
of Sussex, UK; 5Department of Physics, University of Genoa, Italy.
Background: We report a large kindred in which affected individuals carrying the S52P
transthyretin (TTR) variant developed early onset, very aggressive systemic amyloidosis. The
natural fibrils contain abundant truncated TTR (1), the hallmark of, type A TTR amyloid fibrils
(2).
Objective: Elucidation of the structural dynamics making S52P variant TTR susceptible to
specific proteolytic cleavage and characterization of the fibrillogenic pathway.
Methods: Spectroscopic techniques were carried out in parallel with limited proteolysis, and
native mass spectrometry. Fibrillogenesis by S52P TTR was established under physiological
conditions and the fibrils were characterized by X ray diffraction and AFM. The X-ray
crystallographic 3D structure of the variant was obtained (PDB 4MRC).
Results: We show that cleavage in position 48 and release of both 1-48 and 49-127 peptides of
S52P TTR are consistent with a sequential two-phase process. The cleavage does not require
external unfolding forces, but dissociation of the N-terminal and C-terminal truncated
polypeptides requires shear forces of 10-50 pN (3). Binding of the natural ligands, thyroxine or
retinol binding protein (RBP), stabilizes the native tetramer but neither protected the variant from
proteolysis. Only RBP binding inhibits the release of the truncated peptide and fibrillogenesis.
Formation of S52P/wild-type TTR heterotetramers partially reduces release of the cleaved
polypeptide and its fibrillogenesis.
Discussion: S52P variant TTR is a unique model for studying the mechanism of TTR cleavage
and amyloid fibrillogenesis by the 49-127 fragment.
Conclusion: Elucidation of the role of proteolysis in TTR amyloidogenesis offer new insights
into the proposed mode of action of several drugs now in clinical trials and provides new targets
for drug discovery.
References:
1.
Mangione PP, et al. 2014. Proc Natl Acad Sci U S A 111:1539-44
2.
Bergstrom J, et al. 2005. J Pathol 206:224-32
3.
Mangione PP, et al. 2013. J Biol Chem 288:30917-30
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OP-59
Neuropathy progression rate in patients with familial amyloidotic polyneuropathy
David Adams (1), Teresa Coelho (2), Laura Obici (3), Giampaolo Merlini (3), Peter Dyck (4),
Jared Gollob (5), Brian Bettencourt (5)
(1) Centre Paris-Sud, APHP, Hopital de Bicetre, INSERM U788, Service de Neurologie, and
Centre de Reference des Neuropathies Amyloides Familiales Le Kremlin-Bicetre, France; (2)
Unidade Clinica de Paramiloidose, Hospital de Santo Antonio, Centro Hospitalar do Porto,
Portugal; (3) Amyloidosis Research and Treatment Centre, Fondazione IRCSS Policlinico San
Matteo, Pavia, Italy; (4) Mayo Clinic, Rochester, MN, USA; (5) Alnylam Pharmaceuticals, Inc.,
Cambridge, MA, USA
Background and Objectives: Familial amyloidotic polyneuropathy (FAP) is a fatal, autosomal
dominant disease caused by abnormal tissue deposition of mutant and wild-type transthyretin
(TTR) in peripheral nerves, gastrointestinal tract and heart. The polyneuropathy consists of both
sensorimotor and autonomic neuropathy; in V30M FAP patients, the neuropathy has been shown
to progress at a faster rate than diabetic sensorimotor polyneuropathy. In order to characterize the
rate of neuropathy progression in FAP patients with a variety of different TTR mutations, we
performed a cross-sectional analysis of Neuropathy Impairment Score (NIS) data obtained from
FAP patients in 4 different countries.
Methods: A total of 283 patients (V30M: 58.5%), including 280 with full NIS evaluation, were
studied from: France, 135; USA, 67; Portugal, 50; Italy, 31. Data processing, progression rate
estimation and statistical analyses were conducted using R. NIS rates were estimated via
nonlinear regression, with time since symptom onset as the predictor variable.
Results: Median (IQR) NIS and months since symptom onset were 32 (10-63.1) and 33 (14.160). FAP Stage and TTR stabilizer usage at time of initial exam were scored for 216 patients:
57.5% stage 1, 37.5% stage 2, and 5% stage 3; 7% on stabilizers. A sigmoidal curve significantly
fit the relationship of NIS with time, with rapid increase followed by a plateau among survivors.
For a patient presenting with the median NIS of 32, progression in one year was estimated to be
14.3 points. TTR genotype (V30M vs. other genotypes) did not affect progression rate; however,
early-onset V30M (patients aged < 50 yrs.) was associated with slower progression.
Conclusions: Neuropathy progresses at a rapid rate in a multi-national population of FAP patients
with a broad spectrum of mutant TTR genotypes. These findings can help to inform the design of
clinical trials testing the impact of novel therapeutics on disease progression
Study supported by Alnylam Pharmaceuticals, Inc.
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OP-60
Early in-vivo detection of lower limb nerve injury in hereditary transthyretin familial
amyloid polyneuropathy using high-resolution MR-neurography
Kollmer, Jennifer, MD1, Hund, Ernst, MD1, Hornung, Benjamin1, Schönland, Stefan, MD2,
Hegenbart, Ute, MD2; Kimmich, Christoph, MD2, Kristen, Arnt, MD3;Bendszus, Martin, MD1,
Pham, Mirko, MD1; 1Department of Neuroradiology, 2Medical Department V, 3Medical
Department III Amyloidosis Center, University of Heidelberg, Germany
Objective: Transthyretin-familial-amyloid-polyneuropathy (TTR-FAP) often presents with an
axonal, distal-symmetric sensory-motor, small-fiber polyneuropathy (PNP)[1,2]. For the first
time, we investigated in-vivo amyloid-related lower limb nerve-injury by using large-coverage
and high-resolution MR-Neurography (MRN).
Methods: We prospectively examined 20 patients with genetically confirmed TTR-FAP (13 with
manifest PNP, 7 asymptomatic gene-carriers) and 40 healthy, age/gender-matched volunteers.
Measurements included: complete neurological examination, scoring for NIS-LL (NeuropathyImpairment-Score-Lower-Limbs), NDS (Neuropathy-Deficit-Score), NSS (NeuropathySymptom-Score), and detailed neurographic measurements. Imaging was done on a 3T-MRscanner (Magnetom/Trio/Siemens) separately for each leg with: 1) high-resolution axial T2TSE-fs-sequences from proximal thigh to distal ankle (140 slices/leg; TE/TR 55/5970ms); 2) 3DT2-IR-SPC-sequence with axial reformation (50 images) for the lumbar plexus/spinal-nerves
(TE/TR 202/3000ms). Manual segmentation of the lumbar plexus/sciatic/tibial/fibular-nerve as
nerve-tissue-voxels was performed on each axial imaging-slice (320/subject) with subsequently
operator-independent classification of lesion-voxels.
Results: Quantitative evaluation showed with strong statistical significance that cumulative
lesion-voxel number was markedly higher not only in symptomatic TTR-FAP
(20405±1586;p<0.00001) but also in asymptomatic gene-carriers (12294±3199;p=0.043) vs.
controls (6536±467). Differences between symptomatic and asymptomatic TTR-FAP were also
significant (p=0.036). Two-way-ANOVA revealed for lesion-voxel-count a predominant proximal
focus of nerve-lesions at thigh level (p<0.0001). Nerve-caliber was significantly increased in
manifest TTR-FAP (p<0.00001) and gene-carriers (p=0.004) vs. controls. Evaluation at plexus
level revealed significantly higher signal-ratios in manifest TTR-FAP (p<0.0001) and
asymptomatic gene-carriers (p=0.008) vs. controls, but not between the two TTR-FAP groups
(p=0.996), while differences in nerve-caliber were highly significant between all three groups:
manifest TTR-FAP vs. controls,p<0.00001; asymptomatic gene-carriers vs. controls,p<0.00001;
manifest TTR-FAP vs. gene-carriers,p=0.002.
Conclusion: For the first time, nerve-lesions in TTR-FAP were detectable in-vivo by highresolution MR-Neurography, not only in patients with manifest PNP, but also in asymptomatic
gene-carriers in whom imaging detection precedes clinical/electrophysiological manifestation.
Furthermore, MRN could accomplish to determine the precise lesion localization in distallysymmetric TTR-FAP with a clear proximal focus, and may serve as highly sensitive diagnostic
marker.
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Figure 1.
References:
1.
Hund, E., et al., Transthyretin-associated neuropathic amyloidosis. Pathogenesis and
treatment. Neurology, 2001. 56(4): p. 431-5.
2.
Plante-Bordeneuve, V. and G. Said, Familial amyloid polyneuropathy. Lancet Neurol,
2011. 10(12): p. 1086-97.
M. Pham and M. Bendszus received a project grant from the German Osteoarthritis Foundation
(Deutsche-Arthrose-Hilfe e.V.: P215-A482).

OP-61
Place of skin biopsy in asymptomatic and paucisymptomatic amyloidogenic TTR mutation
gene carriers (TTR-GC).
Adams D, Mincheva Z, Adam C, Cauquil C, Theaudin M, Loisel J, Morassi O, Bassim T, Mantel
A, Lacroix C Department of Neurology, National Reference Center for FAP, Univ Paris Sud,
INSERM U788, France
Background: TTR-FAP are severe and irreversible diseases due to a point mutation of TTR gene.
Diagnosis of the disease in TTR-GC at early stages is crucial to propose anti-amyloid therapy as
soon as possible. Methods until now used are poorly sensitive.
Objective: To assess the diagnostic value of skin biopsy by punch in asymptomatic and
paucisymptomatic TTR-GC.
Methods: 46 TTR-GC with positive family history underwent 3 mm punch skin biopsies at 2
sites 10 cm above the lateral malleolus and 20 cm below the anterior iliac spine under local
anesthesiae. Intraepidermal nerve fiber density (IEFND) was calculated on bright-field PGPimmunofluorescence along EFNS guidelines. Congo red staining was done on each skin biopsy to
detect amyloid deposition. Low IEFND if they had a value less than 0.05 quantile IENFD values
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per age span and gender (Lauria et al, 2010a).
Results: Mean age was 45 y.o. (22-76), 30 (65%) younger than 50 yo; sex ratio M/F: 0.7 with 8
TTR variants, including V30M in 58%. NCS was normal in all cases. IEFND at distal leg was
reduced in 59 % of patients, including 18 patients (67%) whose age of the family beginning was
more than 10 years later. Positive amyloid biopsy was found in 1 patient (2%).
Discussion: Reduced IEFND is found in many asymptomatic and paucisymptomatic TTR-GC
and could be a marker of neurodegeneration.
Conclusion: Skin biopsy could be an early diagnostic tool in mutant TTR gene carriers.
References:
Lauria G, Bakkers M, Schmitz C, et al. Intraepidermal nerve fiber density at the distal leg: a
worldwide normative reference study. Peripher Nerv Syst. 2010a Sep;15(3):202-7
Lauria G, Hsieh ST, Johansson O, et al. Guideline on the use of skin biopsy in the diagnosis of
small fiber neuropathy. Report of a joint task force of the EFNS and PNS.Eur J Neurol. 2010b
Jul;17(7):903-12.

OP-62
Global gene expression profiling of sex-specific inflammatory triggers of the transthyretin
amyloidoses
Kurian SM1, Waalen J1, Gelbart T1, Novais M2, Coelho T2, Kelly JW1, Salomon DR1
1
Departmental of Molecular and Experimental Medicine, The Scripps Research Institute, La Jolla,
USA, 2Hospital de Santo Antonio, Centro Hospitalar do Porto, Portugal.
Background: It is known that all human amyloid diseases have an inflammatory component
impacting the phenotype of the disease. There are no blood-based gene expression studies that
have looked at the global transcriptional changes in V30M familial amyloid polyneuropathy
(FAP). The potential of blood-based diagnostic signatures distinguishing symptomatic vs.
asymptomatic disease is unknown.
Objective: We tested the hypotheses that inflammation in TTR amyloidoses is a pathogenetic
trigger of the pathology or a consequence of TTR aggregation and tissue injury. We also wanted
to identify a set of diagnostic genes that distinguishes symptomatic vs. asymptomatic patients
from normal controls.
Methods: Global gene expression profiling was done with Affymetrix Hu 1.1 ST arrays on 263
blood samples from symptomatic vs. asymptomatic FAP patients and age/sex-matched healthy
controls from Portugal. Gene expression analysis was performed using Partek Genomics Suite.
The Nearest Centroids (NC) algorithm was used for class prediction and diagnostic accuracies.
Associations of demographic and clinical variables were analyzed using chi-square test for
categorical variables, independent group t-tests, ANOVA and multiple linear regression.
Results: We identified both sex-independent and sex-specific diagnostic classifiers that
distinguish symptomatic and asymptomatic FAP with Area Under the Curve of 0.84-0.92 and
sensitivities, specificities, positive and negative predictive values ranging from 84-95%. There are
clear sex-specific differences among the symptomatic, asymptomatic patients and healthy
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controls, with both the diagnostic signature and differentially regulated genes. Male symptomatic
patients show a distinct immune/inflammatory response in the peripheral blood, whereas
symptomatic females show a consistent down-regulation of immune/inflammatory pathways.
Conclusion: These signatures provide the basis for predicting the development of symptomatic
disease and to develop and guide new therapies. Moreover, if the specific inflammatory pathways
we have identified in males prove to be a disease trigger, then they are new targets for antiinflammatory or immune-suppressive strategies in the TTR amyloidoses.

OP-63
Haplotype analysis: Modulation of AO through a trans-acting mechanism in familial
amyloid polyneuropathy
Miguel Alves-Ferreira1, Teresa Coelho2, Diana Santos1, Jorge Sequeiros1,3, Isabel Alonso1, Alda
Sousa1,3, Carolina Lemos1,3
1
UnIGENE, IBMC -Univ.Porto, Porto, Portugal, 2Paramyloidosis Clinic Unit of the Hospital
Santo António, CHP, Porto, Portugal, 3ICBAS, Univ.Porto, Porto, Portugal.
Background: Familial amyloid polyneuropathy (FAPATTRV30M) is a lethal autosomal
dominant systemic amyloidosis, due to a point mutation in the transthyretin (TTR) gene. A wider
variability in age-at-onset (AO) has been uncovered, including among Portuguese patients [17-82
yrs]. However, early and late-onset cases are not separate entities, they often coexist in the same
family, with offspring showing a much earlier AO than their affected parent - anticipation. The
‘protection’ seeming to exist in late-onset cases may be lost in just one generation, raising the
hypothesis of a closely linked modifier.
Objectives: Therefore, our aim was to identify genetic modifiers closely linked to the TTR locus
that may in part explain the observed AO variability.
Methods: We genotyped 1060 chromossomes but, most interestingly, 60 parent-offspring
transmissions. We also used 378 control chromosomes (63 trios) from the general
population.Haplotype analysis was perfomed, using eight intragenic SNPs for extended
haplotypes. Tagging SNPs were selected in the TTR locus and SNP genotyping was being
performed by SNaPshot, using a multiplex approach.
Results: We found one haplotype (A1), which is the most frequent in our Portuguese sample and
moreover, we observed a strong evidence of co-segregation of haplotype A1 and V30M,
suggesting that the mutation arose in haplotye A1. Additionaly, we also found, that haplotype C is
transmitted only to individuals who have an early AO. Furthermore, haplotypes C and D1 are
transmitted by the noncarrier parent and are more frequently associated with an early AO,
suggesting a possible risk-effect.
Conclusions: We found the most common haplotype present in our population which is linked
with V30M mutation. Importantly, these results suggest a possible modulatory effect on AO by a
genetic factor present in the noncarrier chromossome. These findings may have important clinical
implications.
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OP-64
Linking extracellular matrix remodeling genes and age-at-onset variability in familial
amyloid polyneuropathy
Diana Santos1,3; Teresa Coelho2; Miguel Alves-Ferreira1; Jorge Sequeiros1,3; Isabel Alonso1,3;
Carolina Lemos1,3; Alda Sousa1,3
1
UnIGENe, IBMC, Porto, Portugal; 2Unidade Clínica de Paramiloidose, Centro Hospitalar do
Porto (CHP), Porto, Portugal; 3ICBAS, Instituto Ciências Biomédicas Abel Salazar, Univ. Porto,
Portugal.
Background: Familial amyloid polyneuropathy (FAP ATTRV30M) is a neurodegenerative
autosomal dominant disorder, due to a point mutation in the transthyretin (TTR) gene
(chr18q12.1). Among Portuguese families, FAP shows a wide variation in AO [17-82 yrs] and this
variation is also often observed between generations. This disease is characterized by systemic
extracellular amyloid deposition of mutated fibrillar TTR with changes in connective tissue. A
previous study found that biglycan (BGN), neutrophil gelatinase-associated lipocalin (NGAL) and
matrix metalloproteinase-9 (MMP-9) genes are up-regulated in FAP. BGN gene seems to be
associated with TTR fibrils in earlier stages, whereas NGAL and MMP-9 are only overexpressed
at a later stage [1].
Objective: Our aim was to study these three candidate-genes as genetic modifiers of AO in our
FAP ATTRV30M families.
Methods: We collected a sample of 100 FAP families corresponding to 298 patients. We selected
15 tagging SNPs that were genotyped by SNaPshot. Results were analyzed with the
GeneMapper™ v.4.0 software.
Results: Our analysis showed that some SNPs are significantly associated with AO variation. In
the BGN gene, we found two significant SNPs (rs2269404 and rs743642) in the women group. In
the men group, any significant SNP was found. In women, the AA genotype of rs2269404 was
significantly found to be associated with a later AO (p=0.003), whereas the TT genotype of
rs743642 was related with an early AO (p=0.034).
Regarding NGAL gene, we found two significant results in rs3780836 for the AA genotype
(p<0.001) and GA genotype (p=0.002) associated with an early AO. For the MMP-9 gene we did
not find significant results.
Discussion/Conclusion: With this study we reinforced the role of extracellular matrix remodeling
genes in FAP mechanism and, in particular, in AO variability. These findings may have important
implications in genetic counselling and therapeutic strategies.
References: [1] – Sousa M.M., do Amaral J.B., Guimarães A., Saraiva M.J., Up- regulation of the
extracellular matrix remodeling genes, biglycan, neutrophil gelatinase-associated lipocalin, and
matrix metalloproteinase-9 in familial amyloid polyneuropathy, FASEB J. 2005, 19(1):124-6.
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OP-65
Survival in patients with transthyretin familial amyloid polyneuropathy receiving tafamidis
treatment
Giampaolo Merlini, Amyloid Research and Treatment Center, IRCCS Fondazione Policlinico
San Matteo, University of Pavia, Italy. Márcia Waddington-Cruz, Hospital Universitário
Clementino Fraga Filho, Federal University of Rio de Janeiro, Brazil. Michelle Stewart, Pfizer
Inc, New York, USA
Greg R. Rosas, Pfizer Inc, New York, USA. Pedro E. Huertas, Pfizer Inc, New York, USA
Francine S. Mandel, Pfizer Inc, New York, USA. Teresa Coelho, Hospital António, Centro
Hospitalar do Porto, Portugal
Background: Transthyretin familial amyloid polyneuropathy (TTR-FAP) is a progressive
neurodegenerative disorder associated with Val30Met and non-Val30Met TTR mutations.
Tafamidis inhibits TTR amyloidogenesis by stabilizing TTR protein and delays neurological
impairment in early-stage Val30Met TTR-FAP.
Objective: To asses survival in TTR-FAP patients treated with tafamidis.
Methods: Val30Met patients self-administered tafamidis (20 mg daily) or placebo for 18 months
in a randomized trial followed by a 12-month open-label tafamidis extension study then an
ongoing, long-term extension study. Non-Val30Met patients received open-label tafamidis in an
initial 12-month study and an ongoing extension study. Patient survival was estimated using a
Kaplan-Meier approach; patients were not censored at transplantation but at last follow-up.
Results: Patients enrolled were: 64 tafamidis-tafamidis Val30Met patients (baseline: mean age ±
standard deviation: 39.8±12.7 years; disease duration: 47.0±48.4 months), 61 placebo-tafamidis
Val30Met patients (age: 38.4±12.9 years; disease duration: 34.7±32.9 months), 21 non-Val30Met
patients (age: 63.1±9.9 years; disease duration: 64.7±60.8 months). After up to 6.5 (Val30Met) or
5 years (non-Val30Met), 2 tafamidis-tafamidis Val30Met, 4 placebo-tafamidis Val30Met, and 4
non-Val30Met patients had died. In tafamidis-tafamidis patients, estimated 15-year survival rates
from symptom onset were 87% (Val30Met) and 78% (non-Val30Met). A delayed-start effect was
observed, with higher survival rates in tafamidis-tafamidis than in placebo-tafamidis Val30Met
patients. Due to low event rates, median survival times could not be estimated.
Conclusions: Mortality in Val30Met and non-Val30Met patients was low and early initiation of
tafamidis treatment appears to lead to improved survival estimates compared with natural history
estimates from the literature which report average survival times of 11 years from Val30Met
TTR-FAP onset to death [1-2] and shorter survival in non-Val30Met patients. It must be noted,
however, that this study included only early-stage patients, whereas literature estimates include
late-stage patients.
[1] Coutinho et al. Excerpta Medica (1980) 1:88-98
[2] Andersson R Acta Med Scand Suppl (1976) 590:1-64
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These studies were sponsored by FoldRx Pharmaceuticals, Inc which was acquired by Pfizer Inc
in October 2010. Dr G. Merlini has received speaker honoraria payment from Pfizer Inc.
Dr M. Waddington-Cruz has received support for attendance at scientific meetings from, has
received research support from and served on advisory boards of Pfizer Inc. Dr T. Coelho has
received support for attendance at scientific meetings from and has served on speaker bureaus of
Pfizer Inc. Dr M. Stewart, Dr G.R. Rosas, Dr P.E. Huertas, and Dr F.S. Mandel are employees of
and hold stock options in Pfizer Inc.

OP-66
Interim analysis of long-term, open-label tafamidis treatment in transthyretin amyloid
cardiomyopathy after up to 5 years of treatment
Mathew S. Maurer1, Daniel P. Judge2, Gregory R. Rosas3, Francine S. Mandel 3, Janske Aarts3
1
Division of Cardiology, Columbia University Medical Center, Presbyterian Hospital, New York,
USA. 2Center for Inherited Heart Disease, Johns Hopkins University, Baltimore, USA
3
Pfizer Inc, New York, NY, USA
Background: In transthyretin amyloid cardiomyopathy (ATTR-CM), amyloid infiltration of the
myocardium causes cardiomyopathy and progressive heart failure. Tafamidis kinetically
stabilizes transthyretin protein thereby blocking transthyretin amyloidogenesis and slowing
disease progression.
Objective: Interim evaluation of open-label safety and efficacy of long-term tafamidis treatment
in patients with ATTR-CM.
Methods: Patients with confirmed V122I or wild-type ATTR-CM received open-label tafamidis
(20 mg daily) in a 12-month, Phase 2 study followed by an ongoing open label extension study.
Interim data after up to 60 months of tafamidis treatment are presented for 35 patients. Adverse
events (AEs), mortality, echocardiographic parameters, and cardiac biomarkers were assessed.
Results: Thirty-one wild-type and 4 V122I patients were enrolled. Most (91.4%) were male with
a mean (SD) age of 76.4 (4.7) years; mean disease duration of 92.5 (92.3) months; and 94.3% in
NYHA Class I/II at baseline. Tafamidis was generally well-tolerated. After up to 60 months
tafamidis exposure, treatment was ongoing in 14 (40%) patients. In total, 21 (60%) patients
withdrew early: 6 due to an AE; 14 due to death at a mean age of 77.8 (±4.7) years; 1 withdrew
consent. Estimated 5-year survival rates were 86% for survival from symptom onset and 45% for
VXUYLYDOIURPWKHILUVWGRVHRIWDIDPLGLV VHHILJXUH $OHIWYHQWULFXODUHMHFWLRQIUDFWLRQDW
baseline was associated with decreased survival (log-rank statistic P=0.04). Surprisingly, other
baseline factors (including NYHA class, interventricular septum thickness, amino-terminal Btype natriuretic peptide, troponin I and T) were not associated with greater deterioration in
exploratory efficacy measures during tafamidis treatment.
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Conclusions: Tafamidis was generally well tolerated in this elderly, comorbid population.
Interpretation of efficacy data is limited by the absence of a direct control group. Ongoing clinical
trials will determine the efficacy of tafamidis for the treatment of ATTR-CM.
Disclosure: This study was sponsored by FoldRx Pharmaceuticals, Inc. which was acquired by
Pfizer Inc. in October 2010.
Dr M.S. Maurer has received support from FoldRx Pharmaceuticals, which was acquired by
Pfizer Inc in October 2010, as a clinical investigator and for scientific meeting expenses. His
institution has received grant support from Pfizer Inc.
Dr D.P. Judge and Dr. R.H. Falk have received funding from FoldRx Pharmaceuticals, which was
acquired by Pfizer Inc in October 2010, as consultants and clinical investigators and from Pfizer
Inc as consultants.
Dr G.R. Rosas, Dr F.S. Mandel and Dr J. Aarts are employees of and hold stock options in Pfizer.

OP-67
Familial amyloid polyneuropathy treatment with tafamidis – evaluation of one year
treatment at Porto, Portugal
Teresa Coelho1,2, Ana M Silva1,3, Katia Valdrez1,2, Márcio Cardoso1,2, Cecília Monteiro1,3, Hélder
Ferreira1,2, Cristina Alves1, Carla Rodrigues1.
1. Familial Amyloid Polyneuropathy Clinical Unit, Hospital Santo António, Centro Hospitalar do
Porto, 2. Neurophysiology Department, Hospital Santo António, Centro Hospitalar do Porto, 3.
Neurology Department, Hospital Santo António, Centro Hospitalar do Porto, Portugal.
Introduction: Transthyretin (TTR) related Familial Amyloid Polyneuropathy presents as a severe
sensory, motor and autonomic neuropathy. Tafamidis, an oral drug that stabilizes TTR preventing
amyloid deposition, was recently introduced in Europe to delay neuropathy progression in
ambulatory patients.
Objectives: To present Tafamidis efficacy and safety data after 12M treatment in patients from
Porto, Portugal.
Methods: Patients were evaluated at baseline, 6M and 12M. Adverse events and body mass index
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were registered. Renal, thyroid and liver function was screened. Neuropathy impairment score
(NIS), the Norfolk Quality of life (QoL) - diabetic neuropathy total score (Norfolk) and nerve
conduction studies were assessed, this last two only at baseline and 12M. Patients were classified
as responders (NIS change across 12M<2) or non responders if greater.
Paired Student’s t test and ANOVA with repeated measures were used.
Results: 103 patients (56 males), with a mean age of 39.56 ± 10.65 years [25-75] and a mean
duration of disease of 39.35 ± 25.35 months [9-200], completed a full 12M evaluation. Body
mass index and liver, renal and thyroid function remain stable for 12M.
Mean NIS score increased from baseline to 6M and 12M (2.47 vs. 2.52 vs. 2.53, p<0.04) and
Norfolk score improved between baseline and 12M (3.2 vs. 2.87, p<0.0001). Responders (n=66,
64%) showed a significant NIS score decrease between baseline and 12M (2.37 vs. 2.28,
p<0.001). Non responders showed a constant and significant increase across one year (2.61 vs.
2.76 vs. 2.92, p<0.0001). However in this group Norfolk decreased in the same period (3.33 vs.
3.03, p<0.003). Nerve conduction studies showed no significant change.
Conclusion: Tafamidis prevented neurological deterioration and BMI and QoL decline in 64% of
patients treated for one year. Even patients classified as non-responders according to NIS score
showed QoL improvement. No major safety issues were detected.




Santo Antonio Hospital, the authors’s Institution, received clinical trial payments from
Pfizer
Dr Coelho received support from Pfizer to attend scientific meetings.
Dr Coelho integrates the speakers bureau of Pfizer and the Scientific Board of THAOS,
the international registry of TTR amyloidosis sponsored by Pfizer.

OP-68
A phase II study of doxycycline plus tauroursodeoxycholic acid in transthyretin amyloidosis
Laura Obici1, Andrea Cortese2, Alessandro Lozza3, Giovanni Palladini1,4, Stefano Perlini5, Marco
Gobbi6, Jacopo Lucchetti6, Mario Salmona6, Maria Joao Saraiva7 and Giampaolo Merlini1,4.
1
Amyloidosis Research and Treatment Centre, Fondazione IRCCS Policlinico San Matteo, Pavia,
Italy 2General Neurology, C. Mondino National Institute of Neurology Foundation IRCCS, Pavia,
Italy 3Neurophysiopathology Unit, C. Mondino National Institute of Neurology Foundation
IRCCS, Pavia, Italy 4Department of Molecular Medicine, University of Pavia, Italy 5Clinica
Medica II, Department of Internal Medicine, Fondazione IRCCS Policlinico San Matteo and
University of Pavia, Italy, 6Department of Molecular Pharmacology and Biochemistry, IRCCS
Istituto di Ricerche Farmacologiche "Mario Negri", Milano, Italy, 7Grupo de Neurobiologia
Molecular, IBMC, Universidade do Porto, Porto, Portugal.
Background: In FAP mice treatment with doxycycline and tauroursodeoxycholic acid (TUDCA)
showed a synergistic effect on removal of TTR deposits and normalization of tissue biomarkers1.
Objective: We designed a phase II, open-label study to evaluate the efficacy, safety and
pharmacokinetics of doxycycline (100 mg BID) and TUDCA (250 mg three times/day) in ATTR.
Methods: Primary endpoint is response rate at 12 months defined as: < 2 point increase in NIS87

LL in patients with neuropathy and less than 30% or < 300 pg/mL increase in NT-proBNP
concentration in subjects with cardiomyopathy. Entry criteria included hereditary or senile ATTR
confirmed by histological and genetic evaluation. Patients with a progressive disease 1 year after
liver transplantation were eligible.
Results: 40 subjects (30 males, median age 68 years) were enrolled. 25 patients have hereditary
ATTR (Val30Met in 7), 13 have SSA and 2 were domino-transplanted. 5/25 patients underwent
previous liver or liver/heart transplantation.
9 patients discontinued treatment before M12 visit (4 due to doxycycline-related GI events, 1 for
rash at limbs, 1 for disease progression and 3 were lost at follow-up). Treatment was well
tolerated in all the other patients, except for mild redness at hands and face. 24 patients completed
the 12-month treatment period. 13 were evaluable for neurological disease. Stable neuropathy
(NIS-LL < 2) was observed in 6/13 patients. PND remained unchanged in all. 24 patients were
evaluable for heart disease. A stable disease according to NT-proBNP changes was observed in
18/24 patients. BNP was stable in 20/23 patients (not available in one case). Quality of life and
mBMI were maintained. PK studies documented a therapeutic concentration of doxycycline.
Conclusions: Preliminary data indicate that doxycycline and TUDCA have an acceptable safety
profile in ATTR with a trend for clinical benefit in cardiomyopathy.
1

Cardoso et al. J Transl Med 2010;8:74

OP-69
The prevalence of cardiac amyloidosis in familial amyloidotic polyneuropathy with
predominant neuropathy: The Diflunisal Trial.
Candida C. Quarta, Rodney H. Falk, Scott D. Solomon, Ole B. Suhr, Laura Obici, Stefano
Perlini, Per Lindqvist, Jun Koyama, Yoshiki Sekijima, Steven R. Zeldenrust, Taro Yamashita,
Yoko Horibata, Fletcher A. Miller, Peter Gorevic, Giampaolo Merlini, Yukio Ando, Shu-ichi
Ikeda, Frederick L. Ruberg, John L. Berk and the Diflunisal Trial Consortium. Brigham and
Women’s Hospital, Umea University, Pavia University, Kumamoto University, Shinshu
University, Mayo Clinic Rochester, Mount Sinai Medical Center, King’s College Hospital, Boston
University Medical Center
Background: Familial amyloidotic polyneuropathy (FAP) results from the deposition of mutant
transthyretin (TTR)-related amyloid. Peripheral and autonomic neuropathies are the main clinical
manifestations; the frequency of cardiac involvement remains undefined. We sought to determine
the prevalence of cardiac amyloid involvement in FAP patients with neuropathy.
Methods: We examined baseline echocardiograms of 126 patients with FAP and clinically
detectable neuropathy enrolled in the Diflunisal Trial, an international study on the effect of a
nonsteroidal anti-LQÀDPPDWRU\GUXJRQQHXURSDWKLFSURJUHVVLRQ$OOSDWLHQWVKDGPXWDQW775
genopositivity and biopsy-proven amyloid deposits. Presumptive cardiac amyloidosis (CA) was
defined as left ventricular (LV) septal thickness >12 mm in the absence of alternative causes of
LV hypertrophy.
Results: CA was present in 64 (51%) of the study patients. FAP patients with CA were more
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often older men with T60A or V30M TTR genotypes and had smaller LV diastolic diameter,
increased LV mass and lower LV ejection fraction. L58H TTR rarely exhibited CA. V30M FAP
patients with CA were significantly older than those without CA (68 [64-72] vs. 60 [41-65] yr,
p<0.0001).
Conclusions: LV wall thickening consistent with CA occurs in the majority of FAP patients
exhibiting neuropathy and is characterized by moderate concentric LV “thickening” with
preserved LV size and ejection fraction. The effect of diflunisal on longitudinal strain, diastolic
indices, and ejection fraction will be presented.
Presumptive
No CA (n=62)
P value
CA (n=64)
Age, years (median [IQR])

66 [62-70]

61 [47-66]

<0.0001

Male gender, n (%)

52 (81)

33 (53)

0.001

TTR mutations, n (%)
- V30M
- T60A
- L58H
- Other

35 (55)
9 (14)
1 (1)
19 (30)

33 (53)
6 (9)
14 (23)
9 (15)

0.87
0.45
<0.0001
n.a.

Interventricular septum thickness, mm
(median [IQR])

15 [13-17]

10 [9-11]

<0.0001

Posterior wall thickness, mm (median [IQR])

13 [12-15]

9 [8-10]

<0.0001

End-diastolic LV diameter, mm (median [IQR])

40 [37-44]

42 [39-47]

<0.01

End-systolic LV diameter, mm (median [IQR])

26 [22-28]

25 [22-27]

0.48

End-diastolic LV volume, ml (median [IQR])

76 [67-88]

76 [64-91]

0.8

LV mass, g (median [IQR])

214 [176-257]

133 [101-153]

<0.0001

LV ejection fraction, % (median [IQR])

62 [53-67]

66 [63-69]

<0.001

OP-70
Safety and efficacy of long-term diflunisal administration in familial amyloid
polyneuropathy  Summary of ten years therapeutic experience
Yoshiki Sekijima1, Kana Tojo1, Hiroshi Morita1, Jun Koyama2, Masahide Yazaki3, Shu-ichi
Ikeda1
1
Department of Medicine (Neurology and Rheumatology), 2Department of Cardiovascular
Medicine, and 3Department of Aging Biology, Shinshu University School of Medicine, Japan
Background and Objective: A recent 2-year randomized controlled trial1) indicated that the
transthyretin (TTR) tetramer stabilizer, diflunisal, inhibits polyneuropathy progression and
preserves quality of life in familial amyloid polyneuropathy (FAP) patients. However, its longterm outcomes are unknown. Here, we report tolerance and efficacy of long-term diflunisal
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administration in FAP patients.
Methods: Diflunisal was administered orally at 500 mg/day to 40 Japanese FAP patents who
were not candidates for liver transplantation. The subjects consisted of 28 men and 12 women
ranging in age from 25 to 80 years (mean 60.7 ± 14.4 years old). The observation period ranged
from 2 to 112 months (mean ± SD: 37.9 ± 31.0 months).
Results: Diflunisal-related adverse events included deterioration of renal function and
thrombocytopenia resulting in discontinuation of the drug in three patients. Orally administered
diflunisal significantly increased serum TTR concentration (P = 0.001) and stabilized TTR
tetramer structure in each patient. Longitudinal analyses of data collected at baseline, 24 months,
and after 24 months confirmed sustaining effects of diflunisal on both neurological and cardiac
functions. In particular, ulnar compound muscle action potential amplitude, cardiac wall
thickness, and ejection fraction were not deteriorated after 24 months of treatment. Notably, a 62
year-old female patients with FAP stage I and NYHA functional class stage II keeps her
neurological and cardiac stage even after 112 months of diflunisal treatment.
Discussion and Conclusions: Diflunisal was tolerated well by most FAP patients, although renal
function and blood cell counts must be carefully monitored. Clinical effects of diflunisal were
sustained after two years of treatment.
Reference:
1. Berk JL, et al: Repurposing diflunisal for familial amyloid polyneuropathy: a randomized
clinical trial. JAMA 310: 2658-2667, 2013.

OP-71
Clinical development of ISIS-TTRRx: A second generation antisense therapy for the
treatment of transthyretin-associated diseases
Elizabeth J. Ackermann, Steve Hughes, Mason Yamashita, and Brett P. Monia
Isis Pharmaceuticals, 2855 Gazelle Court, Carlsbad, CA 92010, USA
Transthyretin (TTR)-associated amyloidosis is a late-onset autosomal-dominant genetic disease
caused by mutations in the coding region of the TTR gene. More than 100 TTR mutations have
been identified to date that result in the misfolding and destabilization of the TTR tetrameric
protein, resulting in the formation of amyloid fibrils in various tissues including the heart and in
peripheral nerves, resulting in familial cardiomyopathy (FAC) and familial polyneuropathy
(FAP), respectively. Clinical treatments for FAC and FAP are limited to small molecule
tetrameric stabilizers and orthotopic liver transplantation. However, more effective treatments
remain in great need to improve patient outcome and quality of life.
ISIS-TTRRx is a second generation antisense drug being developed for TTR-related amyloidosis.
ISIS-TTRRx targets the mRNA encoding for both normal and all known forms of mutant TTR
protein, thereby blocking TTR production by the liver and lowering TTR levels in the circulation.
In preclinical studies, ISIS-TTRRx has demonstrated dose-dependent reductions in circulating
TTR levels in both mouse transgenic models (>90%) and in non-human primates (>80%). ISISTTRRx has successfully completed chronic toxicology studies and a four week multiple dose
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Phase I study in healthy normal volunteers. In the Phase I study, ISIS-TTRRx displayed an
attractive safety profile and produced dose-dependent reductions in circulating TTR levels, with
some subjects achieving reductions beyond the limit of detection. Based on the success of the
Phase I study, a multinational Phase III study has been initiated evaluating ISIS-TTRRx in patients
with FAP. The primary goal of the study is to determine the effects of ISIS-TTRRx on a variety of
endpoints reflective of patient benefit, including both neurological and cardiac endpoints, and
quality of life. This Phase III study has now progressed into its second year of enrollment and is
projected to complete enrollment on schedule in 2015. This presentation will provide an update
on the ISIS-TTRRx Phase III study along with considerations on future studies in patients with
TTR-related amyloidosis.
All authors are employees and shareholders of Isis Pharmaceuticals, Inc.
OP-72
Further analysis of phase II trial of patisiran, a novel RNAi therapeutic for the treatment of
familial amyloidotic polyneuropathy
Ole Suhr (1), David Adams (2), Teresa Coelho (3), Isabel Conceicao (4), Marcia WaddingtonCruz (5), Hartmut Schmidt (6), Josep Campistol (7), Jean Pouget (8), Juan Buades (9), John Berk
(10), Rick Falzone (11), Jamie Harrop (11), Ricardo De Frutos (11), Brian Bettencourt (11), Jeff
Cehelsky (11), Sara Nochur (11), Akshay Vaishnaw (11), Jared Gollob (11)
(1) Department of Public Health and Clinical Medicine, Umea University, Umea, Sweden; (2)
Centre Paris-Sud, APHP, Hopital de Bicetre, INSERM U788, Service de Neurologie, and Centre
de Reference des Neuropathies Amyloides Familiales Le Kremlin-Bicetre, France; (3) Unidade
Clinica de Paramiloidose, Hospital de Santo Antonio, Centro Hospitalar do Porto, Portugal; (4)
Centro Hospitalar Lisboa Norte-Hospital de Santa Maria, Lisbon, Portugal; (5) Hospital
Universitario Clementino Fraga Filho, Federal University of Rio de Janeiro, Brazil; (6) The
University Hospital of Muenster, Muenster, Germany; (7) Hospital Clinic, Barcelona, Spain; (8)
Centre de Reference des Maladies Naueromusculaires et de la SLA, Hopital de la Timone,
Marseille, France; (9) Hospital Son Llatzer, Palma de Mallorca, Spain; (10) Amyloidosis Center,
Boston University, Boston, MA, USA; (11) Alnylam Pharmaceuticals, Cambridge, MA, USA
Familial amyloidotic polyneuropathy (FAP) is a fatal, autosomal dominant disease caused by
aggregation and organ deposition of mutant and wild-type transthyretin (TTR). Almost all
circulating TTR is synthesized by hepatocytes, and in FAP this liver-derived TTR is responsible
for amyloid accumulation in target organs, including peripheral nerves, gastrointestinal tract and
heart. Treatment has focused on reduction of amyloidogenic TTR monomer either through
elimination of hepatic production of mutant TTR (liver transplantation) or stabilization of the
TTR tetramer (tafamidis and diflunisal).While these approaches have been shown to slow
neuropathy progression, a significant unmet need for new therapies that can further improve
outcomes in FAP remains. Patisiran is a systemically administered lipid nanoparticle (LNP)
formulation of a small interfering RNA (siRNA) targeting wild-type and all mutant forms of TTR.
This formulation predominantly delivers the siRNA to the liver, inhibiting synthesis of TTR at the
primary site of production. Recently reported results from a multi-center, multi-dose Phase II trial
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of patisiran in FAP patients (N=29) showed >80% sustained knockdown of serum TTR and a
favorable safety profile when administered at 0.3 mg/kg every 3 weeks. An open-label extension
study of patisiran, involving FAP patients who participated in the Phase II trial, was initiated in
October 2013. We will present a further analysis of the data emerging from the Phase II study.
Study sponsored by Alnylam Pharmaceuticals, Inc.

Thursday, May 1, 2014
Plenary session 11
Transplantation for amyloidosis
8:00 am – 9:30 am
OP-73
Liver transplantation for hereditary ATTR-amyloidosis, any indication for non-V30M
patients?
Ole B Suhr1, Henryk Wilczek2, Marie E Larsson2 and Bo-Göran Ericzon2 on behalf of the
FAPWTR investigators.
1
Umeå University, Umeå and 2Division of Transplantation Surgery, Karolinska Institute,
Huddinge, Sweden.
Background: Liver transplantation has now been carried out since 1990 on patients suffering
from hereditary ATTR amyloidosis. Previous investigations have identified suitable patients for
transplantation in the V30M population, but for non-ATTR V30M patients, the information is
limited. The FAPWTR-registry collects information on all liver transplanted patients since 1990,
and offers an opportunity to analyse the survival of transplanted non-V30M patients.
Methods: Survival was recorded from data in the registry as of October 2013. Survival
estimation was calculated by Kaplan-Meier’s plots.
Results: The total number of patients transplanted during 1990-2012 was 2044 of which 267 (177
males and 90 females) representing 57 different non-V30M mutations were available for the
analysis. The non-V30M patients were significantly older at time of transplantation than the
V30M patients (mean 39 yrs. versus 51yrs.; P<0.001) and had a decreased survival compared
with V30M patients (44% versus 75%, p< 0.001). In contrast to the V30M patients, gender or age
DWRQVHW 50 versus > 50 years of age) had no impact on survival.
The 10 years survival was markedly different for the various mutations, ranging from 24 % for
Ser77Phe to 85% for Val71Ala. For the Thr 60Ala, the survival tended to be better for those who
had received a liver and heart graft (36 % versus 58 %). Even for the various phenotypes of the
disease pronounced differences in outcome was noted, both for mutations with predominantly
cardiomyopathy and for those with leptomeningeal complications.
Conclusions: Liver transplantation is a well founded treatment option for selected patients with
ATTR amyloidosis. For non-V30M patients, the outcome appears to be more depending on
mutation than on phenotype.
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OP-74
Domino liver transplantation using familial amyloidotic polyneuropathy liver grafts;
proposal for an international multicentre study to assess risk of de novo amyloidosis in the
domino recipients
Arie J Stangou 1, Teresa Coehlo2, Isabel Conceicao3, Maria Saraiva3, Eduardo Barrosso4, David
Adams5, Didier Samuel5, Teresa Antonini5, Violaine Plante6, David Azoulay6, Giampaolo
Merlini7, Laura Obici7, Claudio Rapezzi7, Francisco Salvi8, Gerd Otto9, Ana Bareiros9, Marcia
Waddington Cruz10, Steve Zeldenrust11, Merrill Benson12, Andrea Tzakis13, Bouke Hazenberg14,
Shu- Ichi Ikeda15, Yukio Ando16, Julian Gillmore17, Paolo Muiesan1, Philip N Hawkins17, Henryk
Wilzek18, Marie Larsson18, Ole Suhr19, Laura Llado20, Per Westermark21, Bo-Goran Ericzon18
1. Amyloid Transplant, Biomedical Research Unit, Liver Unit, Birmingham, UK, and Amyloid
Units: 2. Porto, Portugal, 3, Lisbon, Portugal, 4. Coimbra, Portugal, 5, Paris, France, 6. APHP
Paris, France, 7. Pavia, Italy, 8. Italy, 9. Germany,10. Rio, Brazil, 11. Rochester, MN, USA, 12.
Indianapolis, IN, USA, 13. Miami, USA, 14. Groningen, Netherlands, 15. Matsumoto, Japan, 16.
Kumamoto, Japan, 17. London, UK, 18. FAPWTR, Karolinska, Stockholm, Sweden, 19. Umea,
Sweden, 20. Barcelona, Spain, 21. Uppsala, Sweden.
Domino transplantation using the explanted livers from patients with familial amyloid
polyneuropathy (FAP) undergoing liver transplantation (LT) is a valuable resource in liver
transplantation, but vigilant follow up is required for possible developments of de novo
amyloidosis in the domino LT (DLT) recipients. Between 1995-2013 the FAPWTR received
1082 reports of DLT worldwide, including Portugal (524 cases), France (167), Sweden (69), USA
(66), Spain (56), Germany (52), Brazil (48), Japan (38), UK (20), Belgium (16), Switzerland (13
cases). Of the 1082 domino recipients 697 are alive at present.
We propose a large collaborative international study with participation from all specialist centres
involved in LT for FAP and DLT. The study will provide valuable insights into the natural course
of the disease in this unique model of human amyloidogenesis, the risk of FAP transmission in the
domino recipients, mode of presentation and disease course, response to treatment with retransplant, and consideration will be given to future prospective drug trials with novel antiamyloid agents as a sequel to the observational study.
Aim: To investigate the evolution of amyloid disease in the recipients of FAP liver grafts.
Primary end point: Histological confirmation of amyloid deposition in abdominal fat specimens
Secondary end points:
1. Neurological disease
- peripheral sensorimotor neuropathy
- autonomic neuropathy
2. Cardiac amyloid involvement
3. Systemic amyloidosis
Inclusion- exclusion criteria: All domino recipients, 6 months after transplant are eligible for
screening.
Recruitment period: 2-3 years
The study will be centrally coordinated by the Amyloid Service at University Hospital
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Birmingham, UK in collaboration with Uppsala and the FAPWTR, Karolinska Institute, Sweden.
A study group meeting/ workshop will be held under the auspices of the ISA Symposium, to
finalize the study protocol in order to proceed to submission for Ethics approval and Funding
through the National Institute for Health Research (NIHR).

OP-75
Who should receive the TTR domino liver?
HH-J Schmidt
Klinik für Transplantationsmedizin, Universitätsklinikum Münster, Germany
TTR-amyloidosis is caused by TTR variants, which are expressed and secreted by the liver.
Therefore, liver transplantation was introduced as therapeutic option to prevent or to limit disease
progression in this fatal disease. Interestingly, the liver is not affected by TTR variants. Organ
scarcity is an international major concern resulting in increasing numbers of deaths on the waiting
lists for organ transplantation. To extend the pool of donor livers, TTR livers are used for
transplantation once the TTR-amyloidotic patient receives a donor liver. The so-called domino
liver transplantation (DLT) is practised in many countries. In Germany domino liver
transplantation was introduced in 1996. Since then 4-8 DLTs were performed each year. Domino
livers were allocated on basis of the policy of the individual transplant center. In 2011 ET
changed this policy without any scientific debate in Germany. Domino livers are now allocated
according to the ET allocation rules, which utilize the MELD score since December 2006.
Currently patients receive organ offers as liver transplant recipients once MELD is far beyond 30
points. 1-year mortality has reached around 30% after liver transplantation. The presentation will
address pitfalls in the decision making regulations on allocation in the case of the gift of DLT.

OP-76
Experiences of domino liver transplantations in Germany
Ana Paula Barreiros8,9, Fabian Bolte1, , Thomas Becker2, Felix Braun2, Andreas Pascher3, Jürgen
Klempnauer4, Jan Schmidt5, Silvio Nadalin6, Gerd Otto7, Hartmut H.-J. Schmidt1
1. Klinik für Transplantationsmedizin, Universitätsklinikum Münster, Münster, Germany
2. Klinik für Allgemeine Chirurgie und Thoraxchirurgie, Universitätsklinikum SchleswigHolstein, Kiel, Germany.
3. Klinik für Allgemein-, Viszeral- und Transplantationschirurgie, Charité - Universitätsmedizin
Berlin, Berlin, Germany
4. Klinik für Allgemein-, Viszeral- und Transplantationschirurgie, Medizinische Hochschule
Hannover, Hannover, Germany
5. Klinik für Allgemein-, Viszeral- und Transplantationschirurgie, Universitätsklinikum
Heidelberg, Heidelberg, Germany
6. Klinik für Allgemein-, Viszeral- und Transplantationschirurgie, Universitätsklinikum
Tübingen, Tübingen, Germany
7. Klinik für Allgemein-, Viszeral- und Transplantationschirurgie, Universitätsmedizin der
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Johannes Gutenberg-Universität Mainz, Mainz, Germany
8. I. Medizinische Klinik , Universitätsmedizin der Johannes Gutenberg-Universität Mainz,
Mainz, Germany
9. Klinik für Innere Medizin 1, Universitätsklinikum Regensburg, Germany
We report on a retrospective multicenter study that has been conducted in order to evaluate
domino liver transplantations in Germany. The study provides insight into survival and features
having an impact on the assessment of FAP symptoms after domino liver transplantation. 61
domino liver transplantations at seven transplant centers in Germany were enrolled. The mean
age of domino recipients at the time of transplantation was 58 years, 46 of them being males, 15
females. The median follow up was 46 months. The overall 1-, 3- and 5-year survival of domino
recipients was 81.6%, 70.8% and 68.8%. Causes of death were primarily not related to familial
amyloidosis but to the underlying disease. The main indication of domino liver transplantation
was hepatocellular carcinoma. Two of the reported domino recipients developed symptoms and
signs of de novo amyloidosis within ten years after transplantation. A total of 30 domino graft
recipients (49.18%) presented with diabetes post to transplantation.
In conclusion, an advanced follow up program is crucial to evaluate the risk of transmitting
familial amyloidosis by domino liver transplantation and to establish more strict selection criteria
for domino recipients. However, domino liver transplantation represents a save and successful
approach in well selected and elucidated patients.

OP-77
Regression of gastroduodenal mucosal amyloid deposits in FAP patients after combined
therapy with oral intake of diflunisal followed by liver transplantation
Tsuneaki Yoshinaga1, Masahide Yazaki1,2, Yoshiki Sekijima1, Fuyuki Kametani3, Shu-ichi Ikeda1.
1
Department of Medicine (Neurology and Rheumatology) and 2Departement of Ageing Biology,
Shinshu University School of Medicine, Matsumoto Japan. 3Tokyo Institute of Psychiatry, Tokyo
Metropolitan Organization for Medical Research, Tokyo, Japan
Aim: Recently we reported that steady amyloid turnover (continuous deposition of wild-type
TTR and clearance of deposited amyloid derived from both wild-type and variant TTR) would
occur in every organ of transplanted FAP patients. This evidence suggests the possibility that
blocking of wild-type TTR can further facilitate reduction of amyloid deposits after liver
transplantation. The aim of this study is to elucidate the therapeutic impact of diflunisal on
amyloid turnover in transplanted FAP patients.
Patients and Methods: Gastroduodenal tissues of two transplanted FAP patients were examined
after Congo-red staining. Patient 1 (ATTR Glu42Gly) underwent liver transplantation at age 45
and patient 2 (Ser50Arg) at age 31. Both patients started to take diflunisal (500 mg/day) a half
year or two years after liver transplantation and serial gastroduodenal mucosal biopsies were
performed before and after liver transplantation. Postoperative follow-up was done up to 7 years
(patient 1) and 4 years (patient 2) respectively.
Results: In both patients, mild to moderate amyloid deposits were seen mainly on submucosal
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layer of gastroduodenal tissues before liver transplantation. In patient 1, deposited amyloid
gradually disappeared after the combined therapy. While in patient 2 the amount of amyloid
deposits seemed to increase two years after operation, reduction of deposited amyloid was
observed four years after operation. (Investigation of composition ratio of wild-type TTR in
deposited amyloid is now in progress.)
Conclusion: A previous report indicated that no clear change in amount of amyloid was seen in
transplanted FAP patients in less than 5 years after liver transplantation (Tsuchiya et al. Amyloid
2013). Hence, the combined therapy with intake of diflunisal followed by liver transplantation
may be effective in reduction of amount of amyloid deposits in transplanted FAP patients. Our
results strongly suggest that difulnisal can certainly block wild-type TTR deposition after liver
transplantation.

OP-78
Outcomes from an international registry of cardiac transplantation for light chain (AL) and
transthyreitin (TTR) amyloidosis
Emily Niehaus, BA1, Lauren Gilstrap, MD,1 Matthew Maurer, MD2, Ron Witteles, MD3 Mark
Zucker, MD4, David Baran, MD4, Jerry Estep, MD5, Giuseppe Feltrin, MD6, James R Stone, MD
PhD1, Jignesh Patel, MD7, David Seldin, MD PhD8 and Marc Semigran, MD1. 1Massachusetts
General Hospital, Boston, MA, United States; 2Columbia University Medical Center, New York,
NY, United States; 3Stanford, Palo Alto, CA, United States; 4Newark Beth Israel, Newark, NJ,
United States; 5University of Padova, Padova, Italy; 6The Methodist Hospital, Houston, TX,
United States; 7Cedars-Sinai Medical Center, Los Angeles, CA; and 8Boston University, Boston,
MA, United States.
Background: Heart transplant (HT) followed by stem cell transplant (SCT) for AL-amyloid or
liver transplant (LT) for TTR-amyloid have proven successful in small studies. A multi-center
effort to describe HT patients and their outcomes has been established.
Methods: Demographics, clinical characteristics, and outcomes have been compiled for 66 AL
and 23 TTR amyloidosis patients listed for HT at six transplant centers.
Results: Of the 66 AL-amyloid patients, 62% survived to HT and 80% of these underwent SCT.
65% of patients undergoing HT/SCT were alive at a median follow-up of 3.5 years. Among the
TTR-amyloid patients (2 WT), 91% underwent HT, with 81% survival at a median of 3 years.
Patients who underwent HT/LT (29%) for TTR amyloid were younger than those who underwent
HT alone (71%) (54 vs 62yrs, p=0.03). In AL amyloid, patients that died prior to HT had a longer
time on the heart waiting-list than those who underwent transplant (p=0.05). Survivors to HT had
lower % plasma cells (p=0.05), were more likely to be kappa-predominant (p=0.01) and had a
higher light chain ratio (nonpathologic/pathologic light chain) (p=0.02). Light chain ratio
predicted survival to HT in multivariate analysis (p=0.02). Survival after transplant for AL and
TTR amyloid patients was no different than survival for patients with non-amyloid restrictive
cardiomyopathy reported in the Scientific Registry of Transplant Recipients (p=0.36, 0.31).
Discussion: This multicenter effort represents the largest collection to date of AL and TTR
cardiac amyloidosis patients listed for HT. In patients with either AL or TTR amyloid, survival
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after HT is similar to patients transplanted with other diagnoses. The degree of light chain burden
in AL amyloid patients is associated with reduced survival to receiving a donor heart. The
efficacy of strategies to reduce the light chain burden in AL amyloid patients awaiting HT should
be further evaluated.

Plenary session 12
Models and emerging therapies
9:30 am – 11:00 am
OP-79
The small molecule SystebrylTM (PTI-110) causes potent disaggregation/reduction of AL,
TTR and AA amyloid fibrils
Alan D. Snow1, Joel Cummings1, Luke Esposito1, Kelsey Hanson1, Tom Lake1, Qubai Hu1, Judy
Cam1, Lawreen Connors2, David Seldin2, Nelson Ferreira3, M Rosario Almeida3, and Maria
Saraiva3. 1ProteoTech Inc., Kirkland, WA, USA; 2Amyloidosis Center, Boston University, USA;
and 3Institute for Molecular and Cellular Biology, University of Porto, Portugal.
ProteoTech is developing novel small molecules that specifically target misfolded proteins and
amyloid diseases. PTI-110 (referred to as SystebrylTM) is a small molecule discovered to be a
potent inhibitor of AA amyloid deposition, and that caused an impressive reduction of AA
amyloid deposits in tissues in animal models. In one study, AA amyloid deposition was first
induced in 8-week CBA/J mice for 2 weeks with AEF + 2% silver nitrate. The animals were
treated orally with either vehicle or PTI-110 at 25 mg/kg/day (5 days per week) for 60 days.
PTI-110 treatment caused a 77-87% (p<0.01) reduction of kidney AA amyloid deposits, a 73-79%
(p<0.01) reduction in liver AA amyloid, and an 84% (p<0.01) reduction of splenic AA amyloid
(demonstrated by Congo red fluorescence and AA amyloid immunostaining, image analysis and
quantitation). In subsequent studies, PTI-110 was an effective disrupter/ disaggregater of AL
amyloid fibrils isolated from human kidney and liver as assessed by Thioflavin S staining and
fluorometry, a Congo red staining assay, CD spectroscopy and electron microscopy. PTI-110 also
markedly reduced and disaggregated TTR amyloid fibrils (both recombinant Pro55 and L55P
TTR as seen in FAP, and wild-type TTR isolated from heart of patients with senile cardiac
amyloidosis) as assessed by CD spectroscopy, light scattering studies, Thioflavin T fluorometry,
and electron microscopy. Furthermore, PTI-110 was a good stabilizer of the TTR tetramer, and
appeared to be a ~3-fold better stabilizer than Tafamidis (Pfizer drug) at higher concentrations as
determined by analyzing plasma derived from V30M FAP patients using isolelectric focusing
(IEF), image analysis and quantitation. ProteoTech is rapidly advancing PTI-110 into a number of
clinical trials, with the first study anticipated to be a proof-of-concept Phase 1/2 human trial to
assess safety and PTI-110's potential for improving cardiac and renal function, and survival in
patients with AL amyloidosis.
Alan Snow, Joel Cummings, Luke Esposito, Kelsey Hanson, Tom Lake, Qubai Hu, and Judy Cam
are all share holders or stock option holders in ProteoTech Inc.
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OP-80
Development of NPT088 for the treatment of amyloidosis disorders
Valerie C. Cullen1, Nelson Ferreira2, Maria Rosário Almeida2, Maria João Saraiva2, Rajaraman
Krishnan1, Ming Prochitsky1, Eva Asp1, Haim Tsubery3, Kimberley Gannon1, Richard Fisher1.
1
NeuroPhage Pharmaceuticals, Cambridge, MA, USA. 2 IBMC, Porto, Portugal. 3 Tel Aviv
University, Israel.
A number of diseases including the systemic amyloidoses are characterized by extracellular
deposits of mis-folded protein aggregates. NeuroPhage Pharmaceuticals is developing novel
therapeutics targeting protein misfolding and aggregation. Our lead candidate NPT088, is an
IgG1-Fc molecule fused to GAIM (a general amyloid interacting motif derived from filamentous
bacteriophage M13). NPT088 can remodel amyloid fibrils, inhibit fibril assembly and protect
neural cells from cytotoxic oligomers. In mouse models, NPT088 clears both intracellular and
extracellular aggregates (eg, Aȕplaque, phosphorylated tau, a-synuclein) and restores normal
cognitive and motor performance. Importantly, this preclinical efficacy of NPT088 is possible
with chronic, systemic administration.
We have extended these studies to assess effects of NPT088 on wild type and mutant TTR
protein.
NPT088 was shown to bind to aggregated wild type TTR spotted onto nitrocellulose membranes,
without binding to non-aggregated TTR. In terms of effects on mutant TTR, we assessed the
ability of NPT088 to protect rat Schwann cells from the cytotoxic effects of Y78F TTR
oligomers. A 24 hour pre-incubation of Y78F TTR oligomers (2 μM) with increasing
concentrations of NPT088 was conducted. NPT088 significantly reduced subsequent TTRmediated cytotoxicity (as measured by increased caspase 3 levels after a 16 h incubation) in a
dose-dependent manner (oligomers alone: 0.549 ± 0.004, 1 μM NPT088: 0.452 ± 0.001; 3 μM
NPT088: 0.408 ± 0.009; mean ± s.d. arbitrary units). By comparison, the signal observed in the
presence of 3 μM EGCG, a known TTR amyloid inhibitor, was 0.461 ± 0.007. Molar equivalents
of an inert IgG antibody (Antitope, UK) had no effect on oligomer-induced toxicity.
These studies indicate that the ability of our GAIM technology to impact mis-folded protein
species extends to TTR oligomers and aggregates. Further studies will examine whether the
effects of NPT088 translate into efficacy in preclinical mouse models.
VC, RK, MP, EA, KG, RF are employees of NeuroPhage Pharmaceuticals, and hold stock
options. HT is associated with NeuroPhage Pharmaceuticals and holds stock options. The work in
Prof Saraiva’s lab was funded by a research agreement between NeuroPhage Pharmaceuticals and
IBMC.

98

OP-81
Plerixafor and G-CSF moblization for autologous stem cell transplantation in AL
amyloidosis
Esha Kaul MD, Gunjan Shah MD MS, Chakra Chaulagain, MD, Raymond Comenzo MD
Division of Hematology and Oncology, Department of Internal Medicine, Tufts Medical Center,
Boston, MA, USA
Background: Risk-adapted melphalan and stem cell transplant (RA-SCT) is considered a
standard therapy for selected patients with systemic AL amyloidosis (AL). Based on the phase III
experience in myeloma, we evaluated the combination of plerixafor and G-CSF for stem cell
mobilization in AL and report an update of our experience.
Methods: AL patients were mobilized and collected between 4/16/12 and 11/4/13 with G-CSF
ȝJNJGVXEFXWDQHRXVO\ 6& IRUGD\VDQG3OHUL[DIRUDGMXVWHGIRUUHQDOIXQFWLRQVWDUWLQJRQ
day 4 with both continued until collection was completed.
Results: Thirteen consecutive patients with AL (7 men, 6 women) with a median age of 58 years
(range 46-72) were mobilized. Median time from diagnosis to mobilization was 7.3 months (2123). The kidney (n=9) and heart (n=9, all stage 2) were the most commonly involved organs.
Ten patients had had prior bortezomib-based induction therapy (median 3 cycles). One had
undergone SCT 10 years prior and had relapsed, and two were untreated, including one who was
a year status post orthotopic heart traQVSODQW)LYHSDWLHQWVKDGFUHDWLQLQHPJG/LQFOXGLQJ
on hemodialysis. The target CD34+ cell dose was 10 x 106 CD34/kg. The median number of
collections was 2 (range 2-3). With the first collection, a median of 3.3 x106 CD34+ cells/kg (0.413.8x106) were procured and with the second, 6.7 x106 (2.7-19x106). Median total CD34+
cells/kg was 14x106 (5-18x106). No significant toxicities were observed with Plerixafor. All
patients went on to receive RA-SCT, and there were no treatment-related deaths. Median CD34+
cells/kg infused was 7.8x 106. Median days to ANC > 500/uL was 11 (10-22), to platelets >
20,000/uL untransfused 15 (9-34) and to lymphocytes > 500/uL 14 (11-25).
Conclusions: In AL patients with multiple organ involvement, mobilization with G-CSF and
Plerixafor was well tolerated and limited leukaphereses were needed to achieve or exceed the
target CD34+ cell dose.
Dr. Comenzo has received research funding from the Millennium Pharmaceuticals, Prothena
Biotech, and Teva Pharmaceuticals and consultant’s fees from Prothena Biotech, and has been a
member of the scientific advisory board at Millennium Pharmaceuticals

OP-82
Establishment of a C. elegans model to study amyloidogenesis of human ȕ-microglobulin in
vivo
Soria C1, Romeo F2, Ramat S2, Giorgetti S1, Marchese L1, Diomede L3, Raimondi S1, Zorzoli I4,
Gallanti A1, Mangione PP1, 5, Gillmore JD5, Bellotti V1, 5, Stoppini M1.
1
Department of Molecular Medicine, Institute of Biochemistry, University of Pavia, Italy;
2
Department of Industrial and Information Engineering, University of Pavia, Italy; Istituto di
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Ricerche Farmacologiche Mario Negri, Milan, Italy; Centre for Amyloidosis and Acute Phase
Proteins, Division of Medicine, University College London, UK; Department of Internal
Medicine and Clinical Therapeutics, University of Pavia, Italy.
Background: The availability of living organisms to study key molecular events underlying the
genesis of amyloidogenesis is crucial for elucidating the molecular mechanisms of the disease.
Human ȕ2-microglobulin (ȕ2-m) causes amyloidosis in haemodialysed patients and in patients
carrying the mutation encoding D76N b2-m.
Objective: In the absence of any well established animal model IRUVWXG\LQJȕ-m amyloidosis
we aim to prepare and validate a robust C. elegans system.
Methods: We have now characterized several transgenic C. elegans strains expressing wild type
human ȕ2-m, the in silico designed P32G variant, WKHǻ1WUXQFDWHGIRUPODFNLQJLQWKHILUVW1terminal residues (1) and the D76N variant ȕ2-m.
Results: The expression of human ȕ2-m affects the larval growth of C. elegans; the severity of
effect correlates with the intrinsic propensity of the protein to self-aggregate as shown in our
robust system of in vitro amyloid fibrillogenesis under physiological conditions (2). We have
developed new software to monitor C. elegans the movement in real time during its whole
lifespan. This represents a new powerful tool for studying both the functional impairment
DVVRFLDWHGZLWKȕ-m aggregation and the beneficial effects of putative inhibitors of the process.
Discussion: There is an urgent need for animal models reproducing the crucial molecular steps of
amyloidogenesis by globular proteins.
Conclusion: The phenotype of our transgenic mouse expressing D76N b2-m variant is currently
being characterized (3). Meanwhile C. elegans is the only available animal model for studying
WKHȕ-m amyloidogenesis in vivo and offers a unique opportunity to elucidate the mechanism of
toxicity and the efficacy of potential therapeutic agents.
References:
1.
Diomede L, et al. 2012. PLoS One 7:e52314
2.
Mangione PP, et al. 2013. J Biol Chem 288:30917-30
3.
Halabelian L, et al. 2013 Dec 13. J Biol Chem [Epub ahead of print]

OP-83
Differences in NT-proBNP release in patients with cardiac m-ATTR depend on the specific
transthyretin mutation
Stefano Perlini1,2, Laura Obici2, Raffaele dell’Acqua1, Francesco Salinaro1, Francesco Musca1,
Flavio Pietrangiolillo1, Erez Binot1, Michele Boldrini1, Roberta Mussinelli1, Ambra Raimondi1,
Marta Vidus Rosin2, Paolo Milani2, Andrea Foli2, Francesco Cappelli3, Federico Perfetto4,
Giovanni Palladini2, Giampaolo Merlini2
1
Department of Internal Medicine, 2Amyloidosis Research and Treatment Center and Department
of Molecular Medicine, Fondazione IRCCS San Matteo, University of Pavia, 3Intensive Cardiac
Care Unit, Heart and Vessel Department, and 4Internal Medicine Department, University of
Florence, Italy.
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Background: When comparing cardiac amyloidoses, it is well known that the prevalence of
some findings such as low peripheral ECG voltages or the extent of serum cardiac biomarker
increase is quite different, cardiac AL being characterized by a higher prevalence of low voltages
and a much more marked elevation in serum NT-proBNP levels, despite a remarkably similar
echocardiographic (or MRI) presentation.
Objective and Methods: To compare NT-proBNP release and systo-diastolic function in
different etiologies of cardiac amyloidosis, 173 cardiac AL and 102 cardiac m-ATTR patients
were evaluated at diagnosis, after excluding patients with renal dysfunction (MDRD-estimated
glomerular filtration rate <60 mg/dl).
Results: Despite lower left ventricular mass (LVM, an index of the extent of cardiac amyloid
deposition) [174(138-195) vs. 196(156-145) g/m2, median(IQ range), p<0.001], cardiac AL was
characterised by a 6-fold higher serum NTproBNP level [5931(2330-11957) vs. 994(564-2328)
pg/ml, p<0.001], associated with a more severe extent of diastolic dysfunction [(E/E’ ratio: 10.1
(6.7-13.7) vs. 8.4 (6.0-11.2), p<0.02] and comparable systolic function and global longitudinal
strain. When subdividing cardiac m-ATTR patients according to the different genotypes, serum
NT-proBNP levels were remarkably different among the 23 observed TTR mutations. When
compared with LVM-matched cardiac AL patients, Ile68Leu and Val122Ile patients (n=13 and
n=6, respectively) had superimposable NTproBNP levels [4795(1821-8889) pg/ml, p=ns vs. AL]
associated with a comparable extent of systolic and diastolic dysfunction. In contrast, NTproBNP levels were remarkably lower in Val30Met and Glu89Gln (n=28 and n=20) patients
([718(446-1287) pg/ml, p<0.01 vs. AL]), who had lower E/E’ ratio, and higher longitudinal
systolic shortening and global strain, compatible with a much more preserved systolic and
diastolic function.
Conclusions: In cardiac m-ATTR, the extent of NT-proBNP release is critically dependent on the
TTR-related amyloid type, Ile68Leu and Val122Ile being remarkably more toxic than Val30Met
and Glu89Gln mutations at comparable extent of amyloid deposition.

OP-84
Human mesenchymal stromal cells protect human cardiomyocytes from primary amyloid
light chain induced cytotoxicity
Yi Lin1,2, Jarett Anderson2, Luis Blancas-Mejia3, Peggy Bulur2, Winter Okoth4, Zhe (Jenny)
Zhang1, Amir Lerman5, Martha Grogan5, Dennis Gastineau1,2, Angela Dispenzieri1, Allan Dietz2,
and Marina Ramirez-Alvarado.3,4
1
Division of Hematology; 2Human Cell Therapy Lab, Division of Transfusion Medicine;
Departments of 3Biochemistry, Molecular Biology and 4Immunology, 5Division of Cardiology;
Mayo Clinic. 200 First St SW, Rochester, MN 55905, USA.
Background: Primary amyloidosis (AL) is a fatal disease with no effective treatment for the
affected organs. Cardiac involvement occurs in approximately 50% of AL and accounts for nearly
75% of the deaths. Cardiomyocytes are the main cells affected in the heart. Mesenchymal stromal
cells (MSC) have been shown to protect cardiomyocytes from apoptosis and promote tissue
regeneration and remodeling in ischemic heart disease and congestive heart failure. MSC are an
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attractive candidate for local therapy in AL with cardiac involvement. In this study, we aim to
determine the capacity of MSC to protect cardiomyocytes from AL-induced cytotoxicity.
Methods: Human MSC are generated from adipose tissue of healthy volunteers.1 Human
cardiomyocyte AC16 are cultured alone and in co-culture with MSC with and without AL
proteins. (We have previously demonstrated that these AL proteins induce apoptosis in mouse
cardiomyocytes.2) Cultures are monitored with IncuCyteTM that allows real-time live-cell image
analysis. For AC16 survival kinetics, GFP-labeled AC16 are counted over time. For apoptosis,
fluorescently-labeled caspase 3/7 activities are measured over time.
Results: We confirmed that the AL proteins (both full length (FL) and variable length (VL))
induced apoptosis in AC16 and inhibit their growth. By comparison, MSC cultured alone with AL
proteins do not show the same severity of growth inhibition or increased apoptosis. In the
presence of AL proteins, AC16 co-cultured with MSC had improved survival and growth
compared to AC16 without MSC (MSC from 2 different donors, n=3 per donor; Figure 1).
Conclusions: We report here a novel model to study AL cytotoxicity in human cardiomyocytes.
In this model, MSC protect cardiomyocytes from AL-induced cytotoxicity. This warrants further
studies to understand MSC’s mechanisms of actions and for development of MSC therapy for
cardiac amyloidosis.

References:
1. Crespo-Diaz R, Behfar A, Butler GW, et al. Platelet lysate consisting of a natural repair
proteome supports human mesenchymal stem cell proliferation and chromosomal stability. Cell
Transplant. 2011;20(6):797-811.
2. Sikkink LA, Ramirez-Alvarado M. Cytotoxicity of amyloidogenic immunoglobulin light
chains in cell culture. Cell Death Dis. 2010;1:e98.
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PA-1
Fibrillogenesis of light chains from patients with AL amyloidosis
Kathrin Andrich1,2, Ute Hegenbart2, Stefan Schönland2, Erich Wanker1, and Jan Bieschke1, 3
Max-Delbrueck-Centrum for Molecular Medicine, Department of Neuroproteomics, Berlin,
13125, Germany. 2University Hospital Heidelberg, Department of Internal Medicine
V (Hematology / Amyloidosis Center) Heidelberg, 69120, Germany. 3Washington University,
Department of Biomedical Engineering, St. Louis, MO 63130, USA
1

Introduction: In both systemic light chain amyloidosis (AL) and Multiple Myeloma (MM) large
amounts of soluble immunoglobulin light chains (LC) are secreted but only in AL they are
forming amyloid deposits in vivo. Hence we hypothesize that amyloid deposition depends on the
amyloid formation propensity of the individual LC sequences rather than being a result of
different LC concentrations, which may alter susceptibilities to the green tea phenol
Epigallocatechin-3-gallate (EGCG). This project is part of GERAMY (German Consortium of AL
Amyloidosis).
Materials and Methods: To test this hypothesis we used a simple dialfiltration approach to
isolate LC (2x kappa-AL; lambda-AL; lambda-MM) from patient`s urine, including only cases
with albuminuria less than 5% of total proteinuria. We then quantified the stabilities of the
individual LC proteins by thermal denaturation and monitored their aggregation under
physiological conditions in a Thioflavin T (ThT) assay and ultracentrifugation followed by SDSPAGE. Amyloid fibrils were imaged by atomic force microscopy.
Results: We found that LC isolated from urine existed as dimers, 30-50% of which were
crosslinked by disulfide bridges. LC formed amyloid only under reducing conditions, suggesting
that monomer formation is a necessary step in LC amyloid formation. LC proteins from AL and
MM patients had similar stabilities against denaturation and formed amyloid fibrils at comparable
concentrations, but with different aggregation kinetics. However, the MM-LC formed mostly
soluble aggregates, whereas AL-LC aggregates precipitated at 100000 x g (Fig.). We then probed
the response of LC aggregation to EGCG in vitro. While EGCG reduced ThT binding in all
samples, it did not alter aggregation kinetics.
Conclusion: Systematic differences exist between MM and AL-LC aggregation. By expanding
the study to a larger group of patients we hope to establish a correlation between specific
differences in sequences, aggregation propensities and clinical parameters in AL and MM.
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PA-2
In vitro fibrillation and epigallocatechin-3-gallate (EGCG) responsiveness of peptide
fragments from amyloid light-chain (AL) proteins
Karthikeyan Annamalai, Andreas Schmidt, Marcus Fändrich
Institute for Pharmaceutical Biotechnology, Ulm University, 89081 Ulm, Germany
Background: AL amyloidosis is the result of the extracellular deposition of immunoglobulin
light chain (LC) protein. Recent clinical data provide evidence that green tea consumption
alleviates disease features in patients (1), suggesting that the green tea compound EGCG might be
responsible for this effect.
Objectives: To test as to whether or not EGCG affect fibrillation of AL protein sequences.
Methods: Electron microscopy (EM), X-Ray diffraction (XRD), Congo red (CR) staining,
Fourier-Transform Infrared Spectroscopy (FTIR).
Results and Discussion: Two AL Ȝproteins (2, 3) were selected from the literature and fibril
formation from highly amyloidogenic sequence elements was established. XRD, FTIR and CR
green birefringence confirmed amyloid-like characteristics. However, EGCG did not affect
fibrillation of any of these peptides.
Conclusions: These data demonstrate that EGCG affects only some, but not all amyloid forming
peptide sequences. Effects of green tea on AL patients might thus depend on mechanisms other
than directly modulating fibril formation.
Reference:
1. Hunstein W. Blood 15, 2216 (2007)
2. Hamidi Asl K et al. J Immunol 162, 5556-60 (1999)
3. Klafki HW et al. Biochemistry 31, 3265-72 (1992)

PA-3
Mechanism of glycosaminoglycans-mediated acceleration of light chain amyloid fibril
formation
Luis. M. Blancas-Mejía1, Jared A. Hammernik2, Martha Marin-Argany1, Marina RamirezAlvarado1.
1
Department of Biochemistry and Molecular Biology, Mayo Clinic, 200 First St. SW, Rochester,
MN 55905. 2School of Molecular and Cellular Biology, University of Illinois, Urbana, IL 61801.
USA. ramirezalvarado.marina@mayo.edu
Light chain amyloidosis (AL) is a protein misfolding disease where immunoglobulin light chains
sample partially folded states that lead to misfolding and amyloid formation, resulting in organ
dysfunction and death. In vivo, amyloid deposits are found in the extracellular space and involve
a variety of accessory molecules such as glycosaminoglycans (GAGs), one of the main
components of the extracellular matrix. GAGs are a group of negatively charged, unbranched,
long heteropolysaccharides composed of repeating disaccharide units. It has been reported that
cardiac tissue of AL amyloidosis patients have a ~10-fold increase in the levels of GAGs
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compared to healthy controls1. In this study, we investigated the effect of GAGs on the kinetics of
amyloid fibril formation of three AL cardiac amyloidosis light chains, AL-09, AL-12 and AL-103.
We also studied single restorative mutants and wild type germline control protein. Previously, we
found that these proteins have similar thermodynamic stability but exhibit different kinetics of
fibril formation and vastly different clinical phenotypes. We observed that fibril formation is pH
dependent2,3; all proteins form fibrils at pH 2; reactions become slower and more stochastic as the
pH increases up to pH 7. We found that the type of GAGs has significantly different effect on the
kinetics of fibril formation, and this effect seems to be strongly associated with the natural
propensity of each AL protein to form fibrils at physiological pH: while Heparin accelerated AL12 and AL-103 H92D fibril formation, had a neutral effect on AL-103 and AL-09, and did not
promote any amyloid formation on AL-103 delP95aIns or I O18/O8. Our results lead the
proposal that in addition to protein stability, the accessory molecules as GAGs plays a major role
in the in vivo AL amyloid formation and provide insights into the molecular mechanisms that
drive misfolding in light-chain amyloidosis.
References
1.
Ohishi, H., et al. (1990). Glycosaminoglycans of the hemodialysis-associated carpal
synovial amyloid and of amyloid-rich tissues and fibrils of heart, liver, and spleen. Clin Chem 36,
88-91.
2.
Blancas-Mejia, L. M., et al. (2014). Kinetic control in protein folding for light chain
amyloidosis and the differential effects of somatic mutations. Journal of molecular
biology 426, 347-361.
3.
DiCostanzo, A. C., et al. (2012). Tyrosine residues mediate fibril formation in a dynamic
light chain dimer interface. The Journal of biological chemistry 287, 27997-28006.
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PA-4
Serial scanning with technetium pyrophosphate (99mTc-PYP) in ATTR cardiac amyloidosis
Adam Castano¹, Mathew S. Maurer¹, Ted Pozniakoff¹, Stephen Helmke¹, Brian Bettencourt²,
Jared Gollob², Verena Karsten² and Sabahat Bokhari¹. ¹Columbia University Medical Center,
New York, NY, USA, ²Alnylam Pharmaceuticals, Cambridge, MA.
Background: 99mTc-PYP scanning has been shown to be a sensitive and specific method for
detecting ATTR cardiac amyloidosis (Bokhari, Circ Cardiovasc Imaging. 2013;6(2):195-201).
However, the utility of this technique to monitor disease progression is unknown.
Methods: 20 subjects (10 with ATTRwt and 10 with ATTRm including 8 with Val122Ile and 2
with Thr60Ala) underwent 99mTc-PYP planar and single-photon positive emission computed
tomography cardiac imaging. Cardiac retention was assessed using planar imaging, with both a
semi-quantitative visual score (range: 0, no uptake to 3, diffuse uptake) and quantitative analysis
by drawing a region of interest over the heart, copied and mirrored over the contralateral chest to
correct for background counts and calculating a heart-to-contralateral ratio (H/C ratio).
Differences in cardiac retention assessed by H/C ratio were compared between baseline and
follow-up scan by a student’s T-test for paired comparisons.
Results: There were an average of 553±179 days (range 287 to 867) between scans. All subjects
showed diffuse uptake (grade 3) and a H/C ratio of >1.5 on initial scan. On initial scan, the mean
H/C ratio was 1.79±0.2, which did not differ from values on second scan, 1.76±0.2, p=NS. The
change in H/C was minimal, 0.03±0.17, and was not correlated with duration of scan, r=0.2, p =
NS. The absence of changes in heart retention occurred despite obvious clinical progression in
these subjects.
Conclusions: Serial scanning in subjects with manifest TTR cardiac amyloidosis does not show
significant changes over an average of 1.5 years of follow-up. These data demonstrate that
clinical progression in patients
Mathew Maurer receives grant support from Pfizer and Alnylam Pharmaceuticals.

PA-5
Cross-seeding effects of cardiovascular amyloid proteins
Hannah A. Davies and Jillian Madine
Department of Biochemistry, Institute of integrative biology, University of Liverpool, U.K.
Background: Amyloid proteins that penetrate the cardiovascular system can cause a variety of
pathologies including stimulation of cardiomyopathy, congestive heart failure and, in some cases,
death. This project investigates cross-seeding potential of cardiovascular amyloid proteins.
Previous work has demonstrated that several neurodegenerative amyloid proteins are capable of
promoting the aggregation of each other (1). There have been indications that cardiovascular
amyloid proteins may also be capable of cross-seeding (2), however these interactions have not
been studied in detail. This work focuses on the cross-seeding interactions of medin, the causative
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protein in aortic medial amyloid, and other cardiovascular amyloid proteins.
Objective: The aim of the work presented here is to investigate the in vitro biophysical effects of
self- and cross-seeding on the aggregation properties, structure and morphology of cardiovascular
amyloid proteins.
The long-term aim of this work is to extract proteins from human cadaveric tissue and seed the in
vitro formation of amyloid fibres to replicate the in vivo structural properties, as shown for
neurodegenerative amyloid proteins(3).
Methods: Amyloid kinetics were measured using Thioflavin T fluorescence. Amyloid structure
was probed using both circular dichroism and nuclear magnetic resonance (NMR). Aggregate
morphology was investigated using transmission electron microscopy and atomic force
microscopy.
Results: Initial results show that the presence of a seed alters the kinetic aggregation properties,
morphology and structure of the resultant aggregates.
Conclusion: Cross-seeding could represent a trigger mechanism for amyloid deposition in the
cardiovascular system. Furthermore, understanding these seeding processes provides key
information about early events in the amyloid formation pathway which could be exploited
therapeutically.
References
1.
Ono, K., et al., Journal of Neurochemistry, 2012. 122(5): p. 883-890.
2.
Larsson, A., S. Malmström, and P. Westermark, Amyloid, 2011. 18(4): p. 229-234.
3.
Lu, J.-X., et al., Cell, 2013. 154(6): p. 1257-1268.

PA-6
Role of immunohistochemistry in the diagnosis of systemic immunoglobulin light-chain
amyloidosis: Results in a series from a single institution
Carlos Fernández de Larrea1, Manel Solé2, Mª Teresa Cibeira1, Natalia Tovar1, Laura Rosiñol1,
Montserrat Elena3, Juan I. Aróstegui4, Jordi Yagüe4 and Joan Bladé1.
Departments of Hematology1, Pathology2, Biochemistry3 and Immunology4. Amyloidosis and
Myeloma Unit. Hospital Clínic, IDIBAPS, Barcelona, Spain.
Background: Amyloidosis constitutes a heterogeneous group of diseases characterized by the
deposition of amyloid. Accurate identification of precursor protein is essential, given the diverse
prognosis and therapeutic approach. Immunohistochemistry is the classical method for amyloid
typing. However, technical limitations of immunohistochemistry gave rise to the introduction of
strategies such as immunoelectron microscopy and proteomic analysis.
Objective: To describe the role of immunohistochemistry in the diagnosis of 82 patients with
immunoglobulin light chain (AL) amyloidosis diagnosed and treated at a single institution
between 1995 and 2013.
Methods and Results: At the time of diagnosis, all patients (42M/40F) were systematically
investigated by clinical and laboratory evaluation. The involved light-chain isotype was lambda
in the majority of patients (76.8%). Diagnosis of AL amyloidosis required amyloid demonstration
by Congo red stain. All positive biopsies were tested for the four most common amyloid proteins
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(kappa, lambda, AA, TTR), using commercial antibodies. Specific diagnosis by
immunohistochemistry was achieved in 70 patients (85.4%). Positive tissue was more frequently
kidney (29), abdominal fat aspirations (9), liver (7), tongue (5), gastrointestinal tract (5), heart (5),
skin (2), lung (2), salivary glands (2), with bone marrow, lymphadenopathy, muscle and bladder
in one case each. More than one organ was biopsied in 33 patients. All immunohistochemistry
results were concordant among samples and with serum and/or urine monoclonal component. In
those patients without effective amyloid typing (12), diagnosis of AL amyloidosis was firmly
established based on the presence of typical clinical signs in combination with a monoclonal
gammopathy and a Congo red positive biopsy.
Conclusion: Immunohistochemistry performed by an experienced pathologist, combined with
clinical and laboratory information and genotyping, allows AL amyloidosis diagnosis in the
majority of daily practice cases. Nowadays, this is the standard in our institution, saving more
complex diagnostic techniques for patients in whom the diagnosis is not clear.

PA-7
Lymphadenopathy as the initial manifestation of amyloidosis: Case series and
review of the literature
Julie Fu1, David C. Seldin1, John L. Berk1, Fangui Jenny Sun1, Carl O’Hara1, Vaishali
Sanchorawala1
Amyloidosis Center1, Boston University School of Medicine and School of Public Health, and
Boston Medical Center, Boston, Massachusetts USA
Purpose: Lymphadenopathy as an initial manifestation of amyloidosis is rare. The aim of this
study was to describe the incidence and approach to management of a series of patients with
lymphadenopathy as their initial manifestation of amyloidosis.
Patients and Methods: A total of 3,008 new patients with amyloidosis were evaluated from
January 1994 to May 2013 at the Amyloidosis Center. Forty-nine patients (1.6%) presented with
lymph node enlargement, leading to lymph node biopsy and diagnosis of amyloidosis. We
conducted a retrospective review of characteristics, time to progression, and treatment outcomes
for these patients.
Results: Diagnostic biopsies were obtained from mediastinal lymph nodes in 15 (31%), cervical
or supraclavicular nodes in 11 (23%), inguinal in 8 (16%), axillary in 7 (14%) and intraabdominal in 7 (14%) and other in 1 (2%) patients. Almost all patients (94%, n=46) had AL
amyloidosis, there was a single case each with AA, wt TTR and V122I TTR amyloidosis. Eleven
patients (23%) had an IgM monoclonal gammopathy and 3 (6%) had histology consistent with
lymphoplasmacytic lymphoma. Thirty-three patients (67%) had evidence of vital organ
involvement at diagnosis, of which 55% had cardiac, 39% had GI, and 33% had renal
involvement. Of the 16 patients presenting with lymph node involvement only, 10
(63%) eventually progressed to other organ disease requiring systemic chemotherapy. The median
time from diagnosis to treatment was 5 months (range 1-77).
Conclusion: In this series, almost all patients diagnosed by lymph node biopsy had AL, and 2/3
of them had concurrent involvement of vital organs. Of the 1/3 that did not, 2/3 eventually
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developed it. Patients presenting with amyloid lymphadenopathy should have a thorough
evaluation for other organ involvement at diagnosis, and if present, treated similarly to other
patients with systemic AL.

PA-8
Isolated uterine AA amyloidosis in goats causes fetal ischemia and late-term abortion
Patricia M. Gaffney1,2, Bradd Barr3, Joan D. Rowe4, Cyrus Bett1, Ioannis Drygiannakis1, Federico
Giannitti2,3, Majid Ghassemian5, Eliezer Masliah5, Christina J. Sigurdson1, 2
1
Department of Pathology, 5Chemistry and Biochemistry, and 6Neuroscience, University of
California, San Diego, 9500 Gilman Drive, La Jolla, CA 92093, USA. 2Department of Pathology,
Immunology and Microbiology, University of California, Davis, CA 95616, USA. 3California
Animal Health and Food Safety Laboratory System, University of California, Davis, CA 95616,
USA. 4Department of Population Health & Reproduction, University of California, Davis, CA
95616, USA
Pathologic amyloid accumulates in the central nervous system or in peripheral organs, yet the
mechanism underlying the organ tropism of systemic amyloid is unclear. Serum amyloid A
(SAA), which is produced predominantly by the liver, assembles into amyloid most commonly in
the spleen, liver and kidneys. Here we identified AA amyloidosis cases in which abundant
amyloid deposits expanded only the uterine wall of eight goats with late term fetal death. Uterine
amyloid accumulated in the endometrium at the site of placental attachment, compromising
maternal-fetal gas and nutrient exchange and leading to fetal ischemia. No other organ contained
amyloid. Although AA amyloidosis is typically associated with persistently elevated SAA levels
from chronic inflammation, these goats had only inconsistent mild to moderate inflammation
within any organ. The level of SAA mRNA in the uterine endometrium was high and exceeded
levels in liver of some animals, suggesting that local SAA production contributed to the highly
unusual deposition site. Mass spectrometry analysis of the insoluble endometrial peptides
identified SAA3 as the predominant protein. Although AA amyloid deposits often consist of an
N-terminal fragment of the full length SAA protein, abundant C-terminal peptides indicated that
the uterine amyloid was largely composed of full length AA. The exclusive deposition of AA
amyloid in the uterus, together with high uterine SAA transcript levels, suggest here that the AA
organ tropism was caused by locally produced SAA.

PA-9
Expression of serum amyloid A in human hematologic tumors: Implication for a role in
Hodgkin’s lymphoma and other hematologic malignancies
Moshe E. Gatt1, Polina Stepensky2, Shaul Yaari3, Neta Goldschmidt1, Diana Prus4, Gail Amir4,
Mark Levin1, Reinhold P. Linke5, Simcha Urieli-Shoval 1
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1

Department of Hematology, 2Pediatric Hemato-Oncology, 3Internal Medicine, 4Pathology,
Hadassah-Hebrew University Medical Center, Ein Kerem and Mount Scopus, Jerusalem, Israel, 5
Reference Center of Amyloid Diseases, Martinsried, Germany
Background: Serum amyloid A (SAA) is an acute phase protein expressed primarily in the liver
as a part of the systemic acute phase response to various injuries and inflammatory stimuli and is
the precursor protein in AA-type amyloidosis; its involvement in hematologic malignancies has
seldom been described. Here we investigated SAA local expression in lymphoid tumors and its
serum levels in patients with lymphoid malignancies. In particular, we investigated Hodgkin’s
lymphoma (HL) as a prototype of a lymphoid tumor having both a proliferative as well as a
systemic immune reaction.
Methods: Non-radioactive in situ hybridization for SAA mRNA was applied on lymph nodes and
bone marrow tissue sections of different hematologic tumor subtypes. Serum samples of newly
diagnosed or relapsed patients were analyzed for SAA levels and compared to C-reactive protein
(CRP) levels.
Results: SAA mRNA expression was detected in most lymphoid derived tissues. Expression was
evident predominantly in the tumor cells of both low grade and high grade non-Hodgkin's
lymphomas, HLs as well as in lymphoid leukemias. Patients with lymphoid tumors had high SAA
serum levels which strongly correlated with CRP levels and the aggressiveness (severity?) of the
disease. In contrast, myeloid tumors had relatively low SAA mRNA expression and serum levels.
Investigating HL as a representative lymphoid tumor showed a specific and distinct expression in
Read-Sternberg cells, and elevated SAA serum levels correlated with disease constitutional
symptoms. Finally, we found in-vitro evidence that SAA expression is dependent on bone marrow
stromal cells linkage.
Conclusion: Enhanced expression of SAA is evident in lymphoid malignancies, and may play a
role in maturation and tumorigenesis, suggesting strong interplay with the microenvironment.
AA-amyloidosis which is rarely associated with these malignancies may arise from secretion of
SAA by the tumor cells themselves in diseases lasting long enough.

PA-10
French amyloidosis CAPS study: AA amyloidosis complicating cryopyrin-associated
periodic syndrome: a study on 14 cases and review of 52 cases from literature
Sophie Georgin-Lavialle1,*, Katia Stankovic Stojanovic1,*, David Buob2,*, Benedicte Neven3,
Pierre Quartier3, Laurence Cuisset4, Serge Amselem5,* and Gilles Grateau1,*.
1
Department of Internal Medicine, Tenon Hospital, Paris, France. 2 Department of Pathology,
Tenon Hospital, Paris, France. 3Department of Rheumatologic Podiatry, Necker hospital, Paris,
France. 4Department of Genetic, Cochin Hospital, Paris, France. 5Department of Genetic,
Trousseau Hospital, Paris, France.
*French adult reference center for AA amyloidosis and autoinflammatory diseases.
Background: The cryopyrin-associated periodic syndrom (CAPS) is a rare but treatable inherited
autoinflammatory condition including familial cold autoinflammatory syndrome (FCAS),
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Muckle-Wells syndrome (MWS) and chronic infantile neurologic cutaneous articular syndrom
(CINCA). Without treatment, some patients develop AA amyloidosis with consequent renal
failure and death.
Objective: To describe the main features of CAPS associated AA amyloidosis associated and the
efficacy of interleukin-1 inhibitors in this indication.
Methods: We retrospectively analysed all current French CAPS associated amyloidosis cases
through the French network for rare diseases and performed a systematic literature review of such
cases published since 1950.
Results: Fourteen French patients were identified (6 women/8 men) including MWS (n=9),
FCAS (n=3), CINCA (n=2) and received interleukin-1 inhibitors in 7 cases. Mean age on
diagnosis of amyloidosis was 22.6 years old and five patients died. In literature, 52 patients were
found with a sex ratio of 1, and concerned MWS (n=33), FCAS/MWS (n=12) and FCAS (n=11).
Altogether, among the 66 patients (French and literature), the median age on amyloidosis
diagnosis was 30 years old ranging from 12 to 61 years old. NLRP3 had been sequenced among
30 patients (45.5%) and the repartition of aminoacide changes was as follow: R262W (n=16),
T348M (n=5), A439V (n=4), D303N (n=2), T436N (n=2) and L353P (n=1). Death occurred
among 23 patients (35%), none of them had received interleukin-1 inhibitors. Twenty
three patients received interleukin-1 inhibitors, since 2002 with efficacy on renal amyloidosis
in 9 cases (39%).
Conclusion: AA amyloidosis can occur in all types of CAPS, even if it was more frequent in
MWS, it can also occur among patients with CINCA. Interleukin-1 inhibitors were
introduced since a few years (anakinra and canakinumab) and seem effective in 39%
of cases. Indeed, an early diagnosis of CAPS is necessary in order to start this treatment as
precociously as possible.

PA-11
Clusterin interacts with transthyretin monomers and oligomers to modulate amyloid
formation
Michael J. Greene1,2, Elena S. Klimtchuk2, Clarissa Koch1,2, John L. Berk2,3, David C. Seldin2,3,
Lawreen H. Connors1,2
1
Department of Pathology and Laboratory Medicine, 2Amyloidosis Center, and 3Department of
Medicine, Boston University School of Medicine, Boston, Massachusetts, 02118. USA.
The circulating protein transthyretin (TTR) can unfold, oligomerize, and form highly structured
amyloid fibrils that deposit in tissues causing organ damage and disease. This pathogenic process
is caused by a heritable TTR point mutation in cases of familial TTR-related amyloidosis, or
wild-type TTR in cases of age-associated senile systemic amyloidosis. Numerous proteostatic
mechanisms exist to regulate the TTR amyloid cascade. Extracellular chaperones, such as the
abundant plasma protein clusterin (CLU), provide an innate defense against misfolded proteins.
The precise interaction of CLU with misfolded, amyloidogenic TTR intermediates has not been
defined. In the present study, we used tetrameric (wild-type, L55P) and monomeric
(F87M/L110M) recombinant TTR structural variants to determine the ability of CLU to inhibit
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TTR amyloid fibril formation. Circular dichroism spectroscopic studies demonstrated that CLU
has the capacity to stabilize the secondary structure of monomeric TTR during protein unfolding.
Moreover, surface plasmon resonance analysis showed a direct, concentration-dependent
interaction of CLU with high molecular weight TTR oligomers. Using monomeric and tetrameric
forms of TTR, we tested the effects of CLU and diflunisal, a small molecule drug used to stabilize
TTR tetramers, on aggregation and fibrillogenesis. Pretreatment of L55P (tetrameric) and
F87M/L110M (monomeric) TTR with CLU showed marked inhibition of amyloid fibril
formation as measured by Congo red-binding. In the presence of diflunisal, CLU interacted with
monomeric and aggregated TTR in a cooperative manner. Our data support a mechanism where
both non-native monomeric and oligomeric TTR are chaperoned by CLU as an attempt to divert
these amyloid precursors off the pathway to amyloid fibril formation.
Supported by NIH grant RO1AG031804 (LHC) and the Young Family Amyloid Research Fund.

PA-12
Thermodynamic studies of full length amyloidogenic light chains
Timothy J.Horn1, Luis Blancas-Mejia1, Winter A. Okoth1, Matthew Auton1,2, Alexander Tischer1,
2
, Marina Ramirez-Alvarado1
1
Department of Biochemistry and Molecular Biology, 2Division of Hematology, Mayo Clinic,
Rochester, MN 55905, USA.
Light chain (AL) amyloidosis is a fatal disease where monoclonal immunoglobulin light chains
(LC) misfold and deposit as amyloid fibrils. An immunoglobulin LC consists of one variable and
one constant domain. Amyloidogenic light chain AL-09 is a cardiac amyloidosis patient derived
protein that belongs to the I O18/O8 (IGKV 1-33) germline sequence. In previous studies, the
variable domain of AL-09 has been identified as an unstable protein, fast fibril former, and toxic
soluble protein when compared to the germline variable domain (reviewed in [1]).
Our laboratory and others have demonstrated a direct correlation between the protein
thermodynamic stability and the protein’s propensity to form amyloid fibrils. For many years, AL
amyloidosis researchers have conducted their studies with the variable domain based on a report
that stated that amyloid deposits from AL amyloidosis patients were formed primarily by the
variable domain [2]. However, in 2008, proteomic studies conducted with amyloid deposits from
fat aspirates found full length (FL) light chains as part of the amyloid deposits. This was later
confirmed by a proteomics study using biopsy samples from affected tissues (reviewed in [1]).
The function of the constant domain in the pathophysiology of AL amyloidosis is not well
established and has only been characterized for a lambda-6a (IGLV 6-57) full length AL protein
[3].
In this study we have characterized the structure and stability of AL-09 FL and its germline
protein I O18/O8 FL. The thermal unfolding reaction of both proteins is irreversible followed
by circular dichroism and fluorescence spectroscopy. Both proteins present an apparent melting
temperature that is very close to the melting temperature for the variable domain, suggesting that
the kappa constant domain has the same stability as their corresponding variable domains. Both
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FL proteins have characteristic scan rate dependencies on thermal denaturation experiments.
Crystallographic studies are currently underway.
1.
Blancas-Mejia, L.M. and M. Ramirez-Alvarado, Systemic amyloidoses. Annual review of
biochemistry, 2013. 82: p. 745-74.
2.
Glenner, G.G., et al., Physical and chemical properties of amyloid fibers. II. Isolation of a
unique protein constituting the major component from human splenic amyloid fibril
concentrates. The journal of histochemistry and cytochemistry : official journal of the
Histochemistry Society, 1969. 17(12): p. 769-80.
3.
Klimtchuk, E.S., et al., The critical role of the constant region in thermal stability and
aggregation of amyloidogenic immunoglobulin light chain Biochemistry 2010. 49(45): p.
9848-57

PA-13
How can the epidemiology of amyloidosis be best worked out? A comparison of renal cases
& those attending an interested rheumatologist
John Hunter1, Michael Reed1, Neal Padmanabhan2, Bruce MacKinnon2
Departments of Rheumatology1 and Nephrology2, Gartnavel General Hospital & Western
Infirmary, Glasgow, Scotland
Background: Many countries, including the UK, have tertiary referral centres which help in
diagnosis, management & research of amyloidosis. Clinical, geographical and social barriers may
limit the interaction of some patients with such centres but the degree to which this impacts on
research on epidemiology & outcomes is uncertain.
Aim & Methods: In Greater Glasgow the renal doctors service a population of approximately 1
million and a rheumatologist runs an amyloid service. This study compares cases of amyloid
identified by renal biopsy with those referred to the rheumatology amyloid service.
Results: From 2000-2012, amyloid was diagnosed in 33 renal patients; 3 had hereditary
amyloidosis; 5 AL amyloid; in others underlying conditions included rheumatoid arthritis (7);
inflammatory bowel disease (5); tuberculosis (4); other inflammatory arthritides (2); and 1 case
each of cryofibrinogenaemic vasculitis, periodic fever, HIV, neoplasm, and Langerhans cell
histiocytosis. Only 11 had contact with the rheumatology amyloid clinic.
Since 2000, 46 biopsy proven cases have attended the rheumatology amyloid service: 22 AA, 6
AL, 7 ATTR, 1 other hereditary and 10 localised amyloid (joints 3; breast 3; skin 1; lung 1;
bladder 1; small intestine 1). Underlying conditions in AA amyloid included rheumatoid arthritis
(12); juvenile onset arthritis (2); adult Still’s disease & ankylosing spondylitis. 9 of these 46
patients (all AA) were in the renal list.
Biopsies taken outwith Glasgow (5 patients) and from tissue at surgery/colonoscopy accounted
for list disparities. Some patients were unable to attend the National Amyloidosis Centre because
of advanced disease and some declined the 800 mile/1288 km round trip.
Conclusion: Renal biopsy proven amyloid differs from a rheumatologically based amyloid
population and neither identifies all AA amyloid; accurate epidemiology and outcome studies of
amyloidosis probably require case finding from multiple sources.
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PA-14
Clinicopathological and proteomic analyses of sporadic cerebral amyloid angiopathy
Yasuteru Inoue, Mitsuharu Ueda, Masayoshi Tasaki, Yukio Ando
Department of Neurology, Faculty of Life Sciences, Kumamoto University School of Medicine,
Kumamoto, Japan
Background: Sporadic cerebral amyloid angiopathy (CAA) is characterized by cerebrovascular
amyloid deposition derived from ȕ-amyloid peptide and is associated with intracerebral
hemorrhage in Alzheimer’s disease.
Objective: The aims of the present study were to investigate the clinicopathological features of
patients with CAA and to elucidate amyloid-associated proteins in cerebral vessels by mass
spectrometric based proteomic analysis.
Methods: We investigated brain specimens from 50 consecutive cases autopsied at Kumamoto
University Hospital (48.1% female, age range 60–93 years, mean ± SE 72.2 ± 8.1 years). We
assessed the severity of Aȕdeposition in vessels and senile plaque (SP) semiquantitatively using
immunohistochemistry. Furthermore, we performed pathological evaluation of various systemic
tissues to detect amyloid deposits other than brain in CAA cases. We also analyzed amyloidassociated proteins by liquid chromatography–tandem mass spectrometry (LC-MS/MS) in
cerebral vessels isolated by laser microdissection.
Results: CAA was found in 6.3%, 36.4% and 50.0% in their 60s, 70s and over 80s, respectively.
Other types of amyloid deposits were also detected in other tissue sites such as heart, aorta, and
vessels in the GI tract in those CAA cases. We found amyloid-associated proteins related to
cytoskeleton maintenance, calcium, and glucose metabolism in cerebral vessels by mass
spectrometric based proteomic analysis.
Conclusions: CAA could increase with age in Japanese elderly and may be related to other types
of amyloid deposits in systemic tissue sites. Amyloid-associated proteins related to cytoskeleton
maintenance, calcium, and glucose metabolism may affect amyloid formation in CAA.

PA-15
Immunoglobulin free light chain monomer-dimer patterns in the diagnosis of AL
amyloidosis
B. Kaplan1, S. Golderman1, B. M. Aizenbud2, K. Esev3, O. Kukuy4, M. Leiba5, I. Ben-Zvi3,6,7,8,
and A. Livneh1,3,6.
1
Heller Institue of Medical Research, Sheba Medical Center, Tel Hashomer, Israel. 2 Signal
Processing Division, Elta Systems (IAI), Ashdod, Israel. 3 Department of Medicine F, Sheba
Medical Center, Tel Hashomer, Israel. 4 Institute of Nephrology and Hypertension, Sheba
Medical Center, Tel Hashomer, Israel. 5 Division of Hematology and Bone Marrow
Transplantation, Sheba Medical Center, Tel-Hashomer, Israel. 6 Sackler School of Medicine, TelAviv University, Tel-Aviv, Israel. 7 Rheumatology unit, Sheba Medical Center, Tel Hashomer,
Israel. 8 The Dr. Pinchas Borenstein Talpiot Medical Leadership Program, Sheba Medical Center,
Tel-Hashomer, Israel
117

Background. The precise diagnosis of AL amyloidosis relies on biopsy specimen analysis, where
immunoglobulin light chains are detected within amyloid deposits. The less-invasive methods
used to identify monoclonal proteins in the serum/urine may be indicative to AL amyloidosis, but
not sufficient to establish the diagnosis.
Objectives. To develop an effective non-invasive method for diagnosis of AL amyloidosis by
applying analysis of free light chain (FLC) monomer-dimer patterns in patients’ serum.
Methods. Quantitative Western blot analysis, based on SDS-electrophoresis under non-reducing
conditions, was used to estimate the serum levels of FLC monomers and dimers (NandO  their
clonality values and the degree of FLC dimerizationThe results obtained in patients with AL
amyloidosis (n=16) were compared to those with multiple myeloma (MM, n=18), monoclonal
gammopathy of unknown significance (MGUS, n=15), smoldering myeloma (SMM, n=4), AA
amyloidosis (n=8) and healthy individuals (n=25).
Results. Patients with AL amyloidosis displayed an abnormally increased dimerization of
monoclonal FLC, accompanied by higher clonality values of FLC dimmers than those of
monomers. These abnormalities of FLC patterns were also observed in MM, but not in other
studied disorders. Analysis of FLC patterns helped to differentiate AL amyloidosis not only from
a healthy state and AA amyloidosis, but also from MGUS and SMM, a task which might be
difficult to accomplish using common laboratory methods.
Conclusions. In this study, we were able to establish new laboratory criteria for the diagnosis of
AL amyloidosis. Our methodological approach requires only minute amounts of serum, is
inexpensive, non-invasive, and may be easily applied in clinical laboratories. It might serve as a
complimentary test in the diagnosis of AL amyloidosis, particularly for cases, where the results
obtained by common techniques are negative, borderline or inconclusive.

PA-16
Phagocyte depletion inhibits reactive (AA) amyloid accumulation in amyloid enhancing
factor-induced human IL-6 transgenic mice
Stephen J. Kennel1,2, Sallie Macy1,Craig Wooliver1, Ying Huang1, Tina Richey1, Eric Heidel1
and Jonathan S. Wall1,2
Departments of 1Medicine, 2Radiology, and 3Surgery, University of Tennessee Graduate School of
Medicine, Knoxville, TN, USA.
Background: Macrophages play a critical role in the development of AA amyloidosis. They
have been shown to bind sAA-HDL, express heparan sulfate proteoglycans on the surface, and
can act as “amyloid enhancing factor” in primed mice. The goal of this study was therefore to
determine the role of tissue macrophage-associated phagocytosis in the deposition of acute phase
SAA protein in peripheral organs as AA amyloid.
Methods: AA amyloidosis was induced by injection of amyloid enhancing factor (AEF) in huIL6 transgenic mice. Clodronate liposomes were injected at different times to temporarily inhibit
phagocytic macrophages, and the amyloid load was evaluated by Congo red birefringence
staining and monitoring with the amyloid specific probe 125I-labeled peptide p5R.
Results: Injection of clodronate containing liposomes depleted Iba-1 positive and F4/80 positive
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phagocytic cells in liver and spleen for up to 5 days. Treatment prior to administration of
intravenous AEF did not alter the pattern of deposition of the AEF in spleen, but inhibited the
catabolism of the 125I-labeled AEF. Clodronate treatment 1 day before or 1 day after AEF
administration had little effect on AA amyloid accumulation assessed at 2 weeks; however, mice
treated with clodronate liposomes 5 days after AEF induction and evaluated at 2 weeks showed
reduced amyloid load relative to controls. At 6 weeks post-AEF there was no significant effect
on amyloid load following a single clodronate treatment.
Discussion: Macrophages have been shown to be instrumental in both accumulation and
clearance of AA amyloid after cessation of inflammation. Our data indicate that when SAA
protein is continuously present, depletion of phagocytic cells during the early course of the
disease progression temporarily reduces amyloid load.
This work was supported by Award Number R01DK079984 from the National Institute Of
Diabetes And Digestive And Kidney Diseases

PA-17
Introduction of fat aspiration at a tertiary institution to diagnose systemic amyloidosis
Christoph Kimmich1, Ute Hegenbart1, Stefan O. Schönland1, Johan Bijzet2, Bouke P C
Hazenberg2
1
Medical Department V, Amyloidosis Center, University of Heidelberg, Heidelberg, Germany.
2
Department of Rheumatology & Clinical Immunology, University of Groningen, University
Medical Center Groningen, Groningen, The Netherlands
Background and Objective: In 2006 van Gameren et al.(1) reported a high sensitivity and
specificity of fat aspiration to diagnose systemic amyloidosis. After introduction of this method in
our tertiary centre the sensitivity, specificity, and inter-centre agreement of the Congo Red-stained
specimens for detection of amyloid was studied.
Methods: Between May 2013 and January 2014 we performed 172 abdominal wall fat aspirates
of patients presenting to our centre with the diagnosis or suspicion for systemic amyloidosis. For
aspiration, a 16 gauge needle was used. After cleaning from blood, the fat was thinly pressed on
glass slides and stained with Congo Red at Heidelberg and Groningen according to Puchtler et
al.(2). Screening and grading for amyloid was independently performed using a 100 watt
polarisation microscope in Heidelberg (Zeiss Axioplan 2) and in Groningen (Olympus BX50).
Results were compared and discussed at regular intervals. The last 48 samples were only
processed and assessed in Heidelberg.
Patient Characteristics: Systemic amyloidosis was independently diagnosed by a biopsy in 109
patients. The other 63 patients had no systemic amyloidosis and presented with
polyneuropathy(n=15), albuminuria(n=10) or cardiac failure(n=8) mainly associated with
gammopathy(n=29) as well as with localized AL amyloidosis(n=17), TTR gene mutations(n=3)
or for other reasons(n=10).
Results (see table): An overall sensitivity of 73% (80/109) was achieved in Heidelberg and
specificity was 100% (63/63). Sensitivities for systemic AL amyloidosis(82%, 61/74), systemic
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AA amyloidosis(100%, 6/6) and hereditary ATTR amyloidosis(70%, 7/10) were high and
comparable. Sensitivity was only low in senile ATTR amyloidosis (27%, 4/15). Over time
sensitivity improved from 67% for the first 36 patients to 83% for the last 36 patients. Using the
kappa factor on all samples screened in Heidelberg and Groningen, we could see a good statistical
agreement(k=0.84) to detect amyloid.
Summary: Fat aspiration and Congo Red staining was successfully established in our centre. It
appears to be a very useful screening method for the diagnosis of systemic amyloidosis apart
from senile ATTR amyloidosis.
References:
(1) Van Gameren II, Hazenberg BP, Bijzet J, van Rijswijk M. Diagnostic accuracy of
subcutaneous abdominal fat tissue aspiration for detecting systemic amyloidosis and its
utility in clinical practice. Arthritis Rheum. 2006;45:2015–21.
(2) Puchtler H, Sweat F, Levine M. On the binding of Congo red by amyloid. J Histochem
Cytochem 1962;10:355–63.

PA-18
Inflammatory liver adenoma: A rare cause of AA amyloidosis in a 50-year-old woman
Tineke Kraaij1, Carlo A.J.M. Gaillard1, Hans. Blokzijl2, Ronald W.J. van Rheenen3, Marius C.
van den Heuvel4, Johan Bijzet5, Renate J. Bosma6, Bouke P.C. Hazenberg5.
1. Departments of Nephrology, 2. Gastroenterology and Hepatology, 3. Nuclear Medicine and
Molecular Imaging, 4. Pathology, and 5. Rheumatology & Clinical Immunology, University of
Groningen, University Medical Center Groningen, Groningen and 6. Meander Medical Center,
Amersfoort, The Netherlands
Case history: A fifty-year-old woman was, during a holiday abroad, admitted to a hospital
because of appendicitis and treated with surgery. She also appeared to have a nephrotic syndrome
(6 g/24h), complete renal failure (GFR 2 ml/min), and clearly elevated alkaline phosphatase (800
U/L) and gamma-glutamyltranspeptidase (700 U/L) levels in her blood. These findings were
unexpected because until that moment she was not known to suffer from any disease. After
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returning home the acute phase response persisted despite antibiotic treatment and a PET/CT scan
did not reveal any underlying disease. A kidney biopsy showed the presence of extensive AA
amyloid deposition. The liver biopsy showed only minute amounts of amyloid in one branch of
an artery. An inflammatory liver adenoma, however, appeared to be present with strong reactivity
for SAA and CRP in the liver cells. A short course of prednisolon did not result in normalization
of the CRP levels. Cardiac ultrasound showed thickened myocardial walls (septum 15 mm) with
diastolic dysfunction and the MRI showed some areas with late gadolinium enhancement. SAP
scintigraphy showed uptake in the spleen (3+), kidneys (2+) and adrenal glands. CT (4-phases
scan) of the liver showed multiple (> 12) lesions with varying diameters (3-6 cm).
Conclusion: We concluded that this patient suffered from AA amyloidosis caused by
inflammatory liver adenomas. The kidneys, spleen, adrenal glands and probably her heart are
affected by deposition of AA amyloid. At the moment of writing this abstract surgical removal of
the largest adenomas is planned in the near future.

PA-19
New diagnostic method of reactive AA amyloidosis associated with rheumatoid arthritis
Takeshi Kuroda, Takeshi Nakatsue, Yoko Wada, Shuichi Murakami, Masaaki Nakano, Ichiei
Narita, Div. of Clin. Nephrol. and Rheumatol., Niigata University, Japan Toshiyuki Yamada, Dep.
of Clin. Labo. Med. Sci., Jichi Medical University, Japan
Background: Serum amyloid A (SAA) is an acute phase apolipoprotein that can be elevated in
rheumatoid arthritis (RA). SAA consists of 104 amino acids and cleaved N-terminal fragments of
SAA and amyloid A (AA). The most common species of AA is an N-terminal fragment of 76
amino acids (AA76). Spontaneous amyloid fibril formation is made by aggregation of AA76, an
important factor in determining amyloidgenicity of SAA. Consequently, this unique characteristic
can be exploited for detection of AA76 for the diagnosis of AA amyloidosis based on molecular
weight and recognition by a specific antibody against AA76. Diagnosis of amyloidois is made by
evaluation of biopsy specimens. Biopsy collection is an invasive procedure and, poses risk to the
patient. We have developed a new diagnostic method of AA amyloidosis.
Methods: Urine samples were collected from 18 RA patients. Thirteen patients were diagnosed
with AA amyloidosis by gastrointestical biopsies whereas the other 5 patients showed no amyloid
deposits. Urine samples were centrifuged and divided into urinary sediment and supernatant
fractions. Both set of samples were resolved on SDS-PAGE analysis followed by Western blot
analysis using a specific anti-human AA76 antibody.
Results: Urine of 13 RA patients with AA amyloidosis and 5 RA patients without amyloidosis
was evaluated. Urinalysis revealed that all samples contained urinary protein. In 7 of 13 (53.8 %)
patients with amyloidosis, AA76 in the urinary sediment fraction was detected. The other 6
patients with amyloidosis did not show AA76 in the urinary sediment fraction. Only one patient
(8.3%) showed AA76 in both of the urinary sediment and supernatant. No AA76 in the both of
urinary sediment and supernatant of the 5 patients without amyloidosis was detected.
Conclusion: We have developed a non-invasive method for diagnosing AA amyloidosis. This
method represents as an alternative approach to evaluation of tissue biopsies.
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PA-20
Amyloid deposit and clinical characteristics in cardiac amyloidosis
Ga Yeon Lee1, Jin-Oh Choi1, Kihyun Kim 2, Seok-Jin Kim2, Jung-Sun Kim3, Yeon Hyeon Choe4,
Eun-Seon Ju1, Eun-Seok Jeon1
1
Division of Cardiology, Department of Medicine, 2Division of Hematology-Oncology,
Department of Medicine, 3Department of Pathology, 4Department of Radiology and Center of
Imaging Science, Samsung Medical Center, Sungkyunkwan University School of Medicine,
Seoul, Republic of Korea
Background: Amyloidosis is a disease caused by the abnormal accumulation of fibrillar material.
The pathologically-accumulated amyloid destroys normal structure of the tissues, and results in
dysfunction of the organs. However, there is a lack of data regarding the clinical effects according
to the degree of amyloid deposit.
Objective: We evaluated the clinical features of cardiac amyloidosis according to the degree of
amyloid deposit in this study.
Methods: This is a single center retrospective study. Among the patients diagnosed as cardiac
amyloidosis by endomyocardial biopsy (EMB), 29 patients with immunohistochemical stain with
amyloid P and enhanced cardiac magnetic resonance imaging (CMR) were enrolled. Amyloid
deposit was quantified with EMB sample stained with amyloid P using automated imaging
analysis system, and patients were categorized to 2 groups according to the degree of amyloid
deposit. Laboratory and echocardiographic data, and delayed gadolinium enhanced pattern (DGE)
in CMR in each group were compared.
Results: There was no significant difference in the level of NT-pro BNP [2080 (1761-3806) vs.
3519 (2212-5239), P=.38], and cTnI [0.2 (0.1-0.3) vs. 0.2 (0-0.5), P=.85] between two groups.
However, lower amyloid group showed higher CRP level [0.31 (0.18-1.54) vs. 0.21 (0.05-0.39),
P=.040], and larger free light chain difference [630.8 (69.3-3430.7) vs. 45.9 (5.22-254.4),
P=.020]. In echocardiographic data, left ventricular (LV) ejection fraction [55.5 (49.5-64) vs. 54.5
(42-58.8), P=.51], mean LV wall thickness [12.5 (11-14.1) vs. 12.8 (12-14), P=.58] and E/e’ [19.3
(13.5-28.4) vs. 19.5 (13.9-29.4), P=.88] were not different. All 29 patients presented diffuse
subendocardial DGE or inoptimal nulling in CMR. However, there was no significant difference
in DGE pattern between two groups (P=.88).
Conclusion: Cardiac function or structural change does not depend on the amount of amyloid
deposit in cardiac tissue. Further study is needed to understand pathophysiology to determine
clinical characteristics of cardiac amyloidosis.
This work was supported by the Research Program funded by the Korea Centers for Disease
Control and Prevention (2013-E63011-00).
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AA amyloidosis: A single center experience in Korea
Ga Yeon Lee1, Jin-Oh Choi1, Kihyun Kim 2, Seok-Jin Kim2, Jung-Eun Lee3, Jung-Sun Kim4,
Soo-Young Lee4, Hee-Jin Kim5, Eun-Seok Jeon1
1
Division of Cardiology, Department of Medicine, 2Division of Hematology-Oncology, 3Division
of Nephrology, Department of Medicine, 3Department of Pathology, 4Department of Laboratory
Medicine & Genetics, Samsung Medical Center, Sungkyunkwan University School of Medicine,
Seoul, Republic of Korea
Background: AA amyloidosis is known to be caused by chronic inflammation. The percentage of
AA type among systemic amyloidosis has been reported to be various (3-58%). There is a lack of
data regarding the clinical features and prognosis of AA amyloidosis.
Objectives: We evaluated the clinical features and the prognosis of AA amyloidosis
Methods: From April, 1995 to December, 2012, the patients confirmed to have AA amyloidosis
pathologically by immunohistochemical stain were enrolled in our study. Laboratory findings
and the underlying inflammatory diseases of AA amyloidosis were reviewed retrospectively.
Survival rates of AA amyloidosis were also analyzed compared with AL amyloidosis. Median
follow-up duration was 336 (74-1064) days.
Results: Among a total of 193 patients diagnosed as systemic amyloidosis, twelve patients were
confirmed to have AA amyloidosis. Their mean age was 57.6 years, and female to male ratio was
2. Most commonly-involved organ was kidney [10 (83.3 %) patients], followed by
gastrointestinal tract [8 (66.7 %) patients]. Cardiac involvement was observed in 5 (41.7%)
patients. Leukocytosis was not definite [8225 (5673- ȝL], but the level of C-reactive
protein was elevated (7.0±4.9 mg/dL). Most commonly-observed inflammatory disease was
rheumatoid arthritis [5 (41.7%)]. However, the cause of secondary amyloidosis was not found in
6 (50%) patients. In patients with cardiac amyloidosis, survival rates of AA amyloidosis did not
differ from those of AL amyloidosis (721±99 days vs. 658±333days, P=0.99). However, in
patients without cardiac involvement, survival rates of AA amyloidosis were lower than AL
amyloidosis (560±176 days vs. 1247±560 days, P=0.042).
Conclusion: About 6% of systemic amyloidosis patients have AA amyloidosis, and their
prognosis is comparable or even worse compared to those of AL amyloidosis.
This work was supported by the Research Program funded by the Korea Centers for Disease
Control and Prevention (2013-E63011-00).

PA-22
SAA4 amyloidosis with point mutation Trp22Gly in a German patient
Reinhold P. Linke1, Joanna Bandola1, Angelika Meinel2 and Elisabeth H. Weiss 2
1
Reference Center of Amyloid Diseases, Martinsried, Germany.
2
Department of Biology II, LMU München, Martinsried, Germany
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Background: Systemic amyloidoses of the AA-type occurs after long lasting inflammations and
are derived from the acute phase protein serum amyloid A (SAA1 and SAA2). The third isotype
SAA4 as a constitutional protein has also been shown to be amyloidogenic by two different
groups the same time at the XIth International Amyloidosis Symposium in 2006 (1, 2). The
American case (Hoc) was identified by mass spectrometry and gene analysis displaying the point
mutation Gly22Trp (1). The German case (NEM) had been identified immunohistochemically
with SAA4-specific antibodies (2). Here we present the gene analysis of the German case.
Methods: Genomic DNA was isolated from EDTA blood and the 3 exons of SAA4 were
amplified by PCR. Purified amplified fragments were subjected to automatic DNA sequencing of
both strands.
Results: A heterozygous point mutation (T118G) was found in exon 3 resulting in an amino acid
change at position 22 (W22G), substituting tryptophan by glycine identical to the amyloidogenic
SAA4 mutation published for the US patient Hoc (3).
Conclusion: The German SAA4 amyloidosis (NEM) has been confirmed by DNA analysis and is
due to the same point mutation as allele of the American patient (Hoc).
References:
1. Wang S et al. SAA4-related AA amyloidosis. XIth International Symposium on Amyloidosis,
Woods Hole. Proceedings pp. 105-107, 2006
2. Linke RP et al.: Chronic slowly progressing nephropathy due to amyloidosis of SAA4-origin;
XIth International Symposium on Amyloidosis, Woods Hole. Proceedings pp. 78-80, 2006
3. Murphy CL et al.: AA amyloidosis associated with a mutated serum amyloid A4 protein.
Amyloid 16 pp.84-88, 2009
R.P. Linke is owner of amYmed.
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Pre-clinical identification of TTR-related amyloidosis (senile systemic amyloidosis) by 99mTcDPD scintigraphy: A cohort study of 12.400 subjects
Simone Longhi 1, Pier Luigi Guidalotti 3, Christian Gagliardi 1, Candida Cristina Quarta 1,
Agnese Milandri 1, Massimiliano Lorenzini 1, Nelson Gentile 1, Lisa Manuzzi 1, Ilaria
Bartolomei 2, Francesca Pastorelli 2, Fabrizio Salvi 2, Claudio Rapezzi 1
1
Cardiology, Department of Experimental, Diagnostic and Specialty Medicine – DIMES, Alma
Mater Studiorum, University of Bologna, Bologna, Italy; 2 Neurology, Bellaria Hospital,
Bologna, Italy; 3 Nuclear Medicin Unit, Department of Experimental, Diagnostic and Specialty
Medicine – DIMES, Alma Mater Studiorum, University of Bologna, Bologna, Italy.
Background. We have previously shown that 99mTc-3,3-diphosphono-1,2-propanodicarboxylic
acid (99mTc-DPD) scintigraphy has a high affinity for TTR-infiltrated myocardium, allowing an
accurate diagnosis of both mutant and wild-type cardiac amyloidosis. The potential role of this
method as preclinical screening tool has not yet been evaluated. This study aimed to evaluate
prevalence and diagnostic implications of incidental myocardial uptake among patients who
underwent scintigraphy for oncologic or rheumatologic reasons.
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Methods. We retrospectively analysed all DPD scintigraphies performed between 2008 and May
2013 in outpatients referred to our Nuclear Medicine Unit for oncologic or rheumatologic reasons
and assessed clinical and instrumental details of patients with incidental myocardial tracer uptake.
Results. Incidental myocardial uptake was detected in 45 subjects (0.36%): 28 males (62%),
median age 81 [IQR 77-84]. Prevalence was higher among men and increased progressively with
DJHDJH patients; age 61-70, men 4% and women 2%; age 71-80, men 22% and women
DJHPHQDQGZRPHQ)RXUWHHQRIWKHSDWLHQWVDJUHHGWRXQGHUJRD
cardiological evaluation; 5 also underwent endomyocardial biopsy and genetic analysis was
carried out in 7 cases. Abnormal ECG and increased left ventricular wall thickness (LVWT) were
detected in all 14 patients (median LVWT 14 [13-15] mm). LV “hypertrophy” was completely
unexplained by hypertension or valvular heart disease in 10 cases and was out of proportion in the
remaining 4. TTR related myocardial amyloid infiltration was detected in all the 5 biopsied cases.
TTR gene analysis was negative in all cases.
Conclusions. DPD scintigraphy appears to be specific for the preclinical diagnosis of senile
systemic amyloidosis and can be useful for non-invasive screening of subjects at risk for this
disease. The prevalence of positive DPD scintigraphy in our large cohort is in line with the
current knowledge on epidemiology of senile systemic amyloidosis.

PA-24
Atrial fibrillation in amyloidotic cardiomyopathies: Prevalence, incidence, determinants
and prognostic role
Simone Longhi 1, Candida Cristina Quarta 1, Christian Gagliardi 1, Agnese Milandri 1, Michele
Mario Cinelli1, Nelson Gentile 1, Lisa Manuzzi 1, Ilaria Bartolomei 2, Francesca Pastorelli 2,
Fabrizio Salvi 2, Claudio Rapezzi 1
1
Cardiology, Department of Experimental, Diagnostic and Specialty Medicine – DIMES, Alma
Mater Studiorum, University of Bologna, Bologna, Italy; 2 Neurology, Bellaria Hospital, Bologna,
Italy
Background. The study was aimed to evaluate prevalence, incidence, risk factors for atrial
fibrillation (AF) and prognostic significance of AF in the three main etiological subgroups of
Amyloidotic Cardiomyopathy (AC): light-chain (AL), hereditary transthyretin-related (mATTR)
and non-mutant transthyretin-related (wtATTR).
Methods. We studied 262 patients with AC (123 AL, 94 mATTR, 45 wtTTR) and assessed
clinical and instrumental details at presentation.
Results. Prevalence of AF at first evaluation was 14.5% overall: 8.9% in AL, 10.6% in mATTR
and 37.8% in wtTTR. During a median follow up of 2.5 (IQR 0.18–5.8) years, 11 other patients
developed AF (2.1% person-years) At univariate analysis, age (OR 1.10, 95% CI 1.04–1.15),
NYHA class III-IV (OR 3.96, 95% CI 1.53–10.28), wtATTR etiology (OR 3.05, 95% CI 1.04–
8.95), left ventricular ejection fraction (LVEF) (OR 0.96, 95% CI 0.93–0.99), left atrial (LA)
diameter (OR 1.11, 95% CI 1.04-1.19) right atrial pressure (RAP) (OR 1.14, 95% CI 1.05–1.24)
and pulmonary capillary wedge pressure (OR 1.08, 95% CI 1.02–1.15) were associated (p<0.01)
with the risk of AF. At multivariate analysis however, only age (OR 1.14, 95% CI 1.06–1.22),
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LVEF (OR 0.95, 95% CI 0.90–0.99) and RAP (OR 1.15, 95% CI 1.02–1.30) remained associated
as independent variables. Left ventricular wall thickness was not associated with AF in any of the
three etiological subgroups. Although mortality was not increased, survival free from heart failure
was reduced among patients with AF.
Conclusions. Prevalence of AF at presentation was 15%, with a maximum value of 40% in
ATTRwt. Incidence was 2.1% person-years. Heart failure, age, LVEF, LA diameter and mean
RAP were the main risk factors for the development of AF (RAP more important than LA
diameter). AF is an important determinant of heart failure even though it does not appear to
influence mortality.

PA-25
Deposition of mouse senile AApoAII amyloid fibrils induced unfolded protein responses in
the liver, kidney and heart
Luo H1, Sawashita J1, Tian G1,2, Liu Y1, Li L1, Ding X1, Xu Z1, Yang M1, Miyahara H1, Mori M1,
Qian J1,3, Wang Y1, Higuchi K1
1
Department of Aging Biology, Institute of Pathogenesis and Disease Prevention, Shinshu
University Graduate School of Medicine, Matsumoto, Japan. 2Shijiazhuang Obstetrics and
Gynecology Hospital, Shijiazhuang, China. 3Department of Pathology, Hebei Medical
University, Shijiazhuang, China.
Background: Mouse senile amyloidosis is a disorder in which apolipoprotein A-II (ApoA-II)
deposits extracellularly in many organs as amyloid fibrils (AApoAII). AApoAII amyloidosis
could be transmitted by a prion-like infectious process with pre-existing amyloid fibrils through a
seeding-nucleation mechanism. The endoplasmic reticulum (ER) stress or unfolded protein
responses (UPR) are involved in some amyloidoses such as Alzheimer's disease, type II diabetes
and familial amyloid polyneuropathy.
Objective: We hypothesized that UPR are induced by AApoAII amyloid deposition and play
roles in pathogenesis of amyloidosis.
Methods: We intravenously injected 1 μg of AApoAII fibrils into R1.P1-Apoa2c mice to induce
AApoAII amyloidosis.
Results: We observed that the ER stress response was induced by deposition of AApoAII
amyloid. We found that the mRNA and the protein expression levels of heat shock protein A5
(HSPA5; also known as glucose regulated protein 78 [GRP78]) were increased in the liver with
AApoAII amyloid deposits. Immunohistochemistry showed that HSPA5 was only detected in
hepatocytes close to AApoAII amyloid deposits. Furthermore, gene transcription of several ER
stress-related proteins increased, including eukaryotic translation initiation factor 2 alpha kinase 3
(Eif2ak3), activating transcription-factor 6 (Atf6), -factor 4 (Atf4), X-box-binding protein 1
splicing (Xbp1s), DNA-damage inducible transcript 3 (Ddit3) and autophagy protein 5 (Atg5).
Moreover, apoptosis-positive cells were increased in the liver. Similar results were seen in the
kidney but not in the heart.
Discussion: Our study indicated that ER stress responses differed among tissues with AApoAII
amyloid fibril deposition. Up-regulated HSPA5 and activated UPR played an important role in
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protecting tissues against aggregated extracellular AApoAII amyloid toxicity. However,
prolonged ER stress induced apoptosis in the liver and kidney.
Conclusion: UPR was induced in hepatocytes and renal cells but not in the heart cells in response
to aggregated extracellular AApoAII amyloid deposits. Apoptosis was also induced by prolonged
ER stress.

PA-26
Characterization of peptide 125I-p5R+14 as an optimized radiotracer for the in vivo
detection of ApoA2c amyloidosis
Emily B. Martin1, Tina Richey1, Alan Stuckey2, Eric Heidel3, Angela Lee1, Brianna Rader1,
Dustin Osborne2, Stephen J. Kennel1,2 and Jonathan S. Wall1,2
Departments of Medicine1, Radiology2 and Surgery3, University of Tennessee Graduate School of
Medicine, 1924 Alcoa Highway, Knoxville, TN, USA
Background: Amyloid is a complex pathology associated with a growing number of diseases and
as a consequence of aging. We have designed a high affinity amyloid-reactive, peptide,
designated p5R+14, that, when radioiodinated, is capable of detecting AA and ApoA2c amyloid
deposits in vivo. APOA2c amyloid, though rare in humans, is one of only a few robust murine
models of amyloidosis and so to generalize the reactivity of our peptides, we studied binding of
125
I-p5R+14 peptide in detail using these mice.
Methods: To evaluate the affinity of p5R+14 for ApoA2c tissue amyloid, we used an ex vivo
tissue homogenate binding assay in the presence of increasing NaCl (0.15 M – 2 M)
concentrations. For in vivo imaging, ~150 μCi of 125I p5R+14 was injected iv in ApoA2c mice
(n=3). SPECT/CT images were acquired after 4 h. For in vivo and ex vivo correlation studies, 123Ip5R+14 was prepared and ~20 μCi administered to mice with ApoA2c amyloidosis. At 4 h pi,
mice were euthanized and tracer biodistribution measured, organs were then frozen for 10 days,
homogenized, and used as substrate for a 125I-p5R+14 ex vivo binding study. Tissue samples were
fixed in formalin for microautoradiography.
Results: Peptide p5R+14 bound ApoA2c amyloid-laden tissues with variable affinity (IC50 = 0.3
M, 0.5 M and 0.8 M NaCl for the heart, spleen, and lung, respectively). SPECT imaging
confirmed that 125I-p5R+14 was observed within the liver, spleen, intestines and heart (with 37 %ID/g). Specific co-localization with amyloid was validated using microautoradiography.
Interestingly, reactivity of 123I-p5R+14 peptide in vivo was dramatically reduced in the spleen,
lungs and heart relative to the binding of 125I-p5R+14 to those tissues ex vivo.
Discussion: These data suggest that although the 125I-p5R+14 peptide successfully imaged
ApoA2c amyloid in vivo, maximal uptake of the peptide was mechanically or biologically
hindered in vivo.
This work was supported by Award Number R01DK079984 from the National Institute of
Diabetes and Digestive and Kidney Diseases
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Mechanism of fibril formation from SAA1.1 protein in cell culture
Katrin Meinhardta, Tobias Aumüllera, Melanie Wulffa, Marcus Fändricha
a
Ulm University, Institute for Pharmaceutical Biotechnology, Germany
Background: AA amyloid fibrils consist of N-terminal fragments of serum amyloid A (SAA) 1.1
protein. They form from high density lipoprotein (HDL)-bound SAA1.1, and this reaction can be
dramatically accelerated in cell and mouse models by amyloid fibrils through a prion-like seeding
mechanism1.
Objective: Using the cell culture model of AA fibril formation2, we aimed to explore the
mechanism of de novo fibril assembly and the responsiveness of this reaction to different fibril
seeds.
Methods: J774A.1 cell culture, Congo red/green birefringence, thioflavin T kinetics, negative
stain TEM, X-ray diffraction, infrared, denaturation stability, förster resonance energy transfer
(FRET)
Results: While binding to HDL prevents SAA1.1 fibrillation in absence of cells3, large quantities
of amyloid are seen in J774A.1 cultures. Fibril formation is toxic to cells and can be seeded by
preformed fibrils. Comparison of different amyloid-like SAA1.1 fibril preparations used as seeds
demonstrates that seeding is morphology dependent, consistent with a conformational basis of
fibril formation. Combination of two SAA1.1 variants carrying different fluorescence labels at
residue 101 established a FRET-based sensor of fibril formation. Applied to living cells, we find
FRET between the two protein variants.
Discussion/Conclusion: Our data illuminate that fibril morphology and/or protein conformation
are major factors in determining the biological consequences of amyloid, including its replication.
Our FRET data imply that full-length SAA1.1 protein assembles into fibrils prior to proteolytic
cleavage into AA protein.
References:
(1) Transmissibility of systemic amyloidosis by a prion-like mechanism. K. Lundmark, G. T.
Westermark. S. Nyström, C. L. Murphy, A. Solomon, P. Westermark. PNAS 2002, 99, 6979-6984
(2) A Cell Culture System for the Study of Amyloid Pathogenesis. B. Kluve-Beckerman, J. J.
Liepnieks, L. Wang, M. D. Benson. AJP 1999, 155
(3) Fluorescence probes to monitor SAA amyloid formation in living cells. T. Aumüller, K.
Meinhardt, M. Fändrich (manuscript in preparation)
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Amyloid A (AA) amyloidosis is characterized by the extracellular pathogenic depositions of
insoluble fibrillar protein in various body organs. Preformed amyloid (seed) causing the amyloid
precursor protein to polymerize into amyloid fibril may be from within or different species. It is
known that Amyloidogenic activity of seed is dose and route dependent, but its species
dependence is not yet clear. Similarly the comparative mechanisms of AA deposition, progression
and clearance are unknown. We conducted a time kinetic study to explore the process of amyloid
fibrils deposition and clearance within the same (murine to murine) and across (bovine to murine)
animal species immunohistologically. Experimental murine AA amyloidosis was induced by
injecting silver nitrate and amyloid extract (seed) using same dose and route of administration.
Mice were sacrificed at different time points after AA induction. In case of within the same
species, on the 4th day after induction small AA deposition was observed in the spleen and traces
in liver. Maximum amount of AA deposits in the perifolicular area of the spleen was observed on
the 20th day. Amounts of AA amyloid deposits start declining from 40th day onward with only
traces on 240th day. Re-inoculation of AA was done on 330th day and autopsy was done 10 days
later. Maximum AA deposits were observed in the mice group, where re-induction was done with
silver nitrate and amyloid extract followed by only silver nitrate group. In case of across species,
amount of AA deposits was lower as compared to being observed within the same species. These
results showed the possibility of heterogonous transfer of AA amyloidosis with lower efficiency
perhaps because of cross-species barriers.

PA-29
Transmission and regression of vaccine-associated chicken AA amyloidosis
Tomoaki Murakami, Dept. of Veterinary Medicine, Tokyo University of Agriculture and
Technology, Japan., Tokuma Yanai, Dept. of Veterinary Medicine, Gifu University, Japan.,
Masanobu Goryo, Dept. of Veterinary Medicine, Iwate University, Japan., Naotaka Ishiguro,
Dept. of Veterinary Medicine, Gifu University, Japan., Makoto Shibutani, Dept. of Veterinary
Medicine, Tokyo University of Agriculture and Technology, Japan.
Avian AA amyloidosis is commonly encountered in adult birds suffered from chronic
inflammations such as those caused by bacterial infections. Experimental AA amyloidosis in birds
can be induced by repeated inflammatory stimulation, such as repeated injections of casein or
vaccination with oil-emulsified bacterins. However, the mechanism of transmission and its
prevalence have not been studied well to date. In this study, we had successfully developed an
experimental transmission model of chicken AA amyloidosis. We further analyzed the prevalence
of AA amyloidosis in aged chickens in an egg farm.
During 2010-2012, several outbreaks of fatal AA amyloidosis of growing chickens were
confirmed in a large-scale poultry farm of Hiroshima Prefecture in Japan. Amyloid deposition
was found in apparently healthy chickens as well as in deceased ones. Retrospective analysis
revealed that vaccination with Salmonella enteritidis (SE) was the most probable causative factor
of the outbreaks. To verify this hypothesis, we experimentally administered chicken AA amyloid
fibrils to SE vaccinated chickens through intravenous or oral route. Amyloid deposition was
confirmed with both routes showing incidence of 81% (21/26 cases) by intravenous injection and
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67% (8/12 cases) by oral administration. These results suggest that SE vaccination is responsible
for the outbreaks of chicken AA amyloidosis. It is also suggested that intra-species transmission
can occur by oral administration similarly to prion diseases.
We, then, examined the possibility of amyloid accumulation in aged chickens by tracing a
population of laying hens that have confirmed to develop AA amyloidosis in the raising farm. The
healthy laying hens were euthanized and histologically analyzed after the two-year breeding
period. As a result, amyloid deposition were mostly lacking in every organs examined in these
aged healthy hens. Thus, amyloid deposition in chickens can be regressed in the condition
without further influence by causative factors, such as vaccinations and chronic inflammation.

PA-30
TTR aggregate specific monoclonal antibodies recognize patient-derived amyloid fibrils
Brian O'Nuallain, Monichan Phay, Veronika Blinder, Wen Liu, Dominic M. Walsh, Dept. of
Neurology, Brigham and Women's Hospital/Harvard Medical School, Boston, MA, USA
Sallie Macy, Daniel C. Wooliver, Dept. of Medicine, University of Tennessee Graduate School of
Medicine, Knoxville, TN, USA. Michael J. Greene, Lawreen H. Connors, Amyloidosis Center,
Boston University School of Medicine, Boston, MA, USA. Antoni Planas, Institut Químic de
Sarrià, Universitat Ramon Llull, Barcelona, Spain. Stephanie A. Planque, Sudhir Paul, Chemical
Immunology Research Center, University of Texas-Houston Medical School, Houston, Texas,
USA. Stanley R. Primmer, Supercentenarian Research Foundation, Lauderhill, FL, USA
Background: Debilitating and often fatal amyloid diseases are caused by the aggregation of
mutant or WT forms of a blood transport protein, transthyretin (TTR). Unfortunately, these
diseases are currently hard to diagnose and incurable.
Objective: To generate TTR aggregate specific monoclonal antibodies (mAbs) with diagnostic
and/or therapeutic potential for TTR amyloidoses.
Methods: MAb secreting hybridomas were generated from fusions of Sp2/0-Ag14 B-cells with
splenic or lymphatic B-cells from mice that were immunized with aggregated recombinant TTR
(WT TTR fibrils and/or soluble aggregates of Y78F TTR (SAgg)). MAbs were screened for
preferential binding to recombinant non-native TTR (fibrils and SAgg). The most promising
mAbs were then tested for their ability to bind to patient-derived TTR fibrils in the presence of
human plasma and reactivity with amyloid-laden patient tissue sections.
Results: Twenty two TTR-reactive IgG mAbs were generated that had nM to pM binding to
recombinant TTR fibrils and SAgg. Based on the antibody’s abilities to compete with each other,
the eight most potent antibodies were classified into one of four different groups. Further studies,
with one antibody from each group, demonstrated that mAbs 2T5C9, 2G9C, T1F11, and TB2H7
had low or sub nM cross-reactivity with recombinant WT and mutant TTR aggregates, and lacked
binding to native TTR or amyloid fibrils formed by other polypeptides. Notably, in the presence
of normal human sera, three of the mAbs, 2T5C9, 2G9C, and T1F11, retained low nM binding to
TTR amyloid fibrils derived from two patients with familial amyloidotic polyneuropathy (FAP).
Two of the latter mAbs, 2T5C9 and 2G9C, were also shown by immunohistochemistry to have
low nM binding to TTR amyloid deposits in cardiac tissue sections from two FAP patients.
130

Conclusions: Our findings strongly support further investigations on the diagnostic/therapeutic
utility of TTR aggregate specific mAbs for patients with TTR amyloidoses.
These studies were funded by the SENS foundation.
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A novel cytotoxic mechanism of amyloid fibrils: Endocytosis-dependent necrosis and
apoptosis of rabbit synovial fibroblasts by E 2-microglobulin amyloid fibrils.
Tadakazu Ookoshi, Daisaku Ozawa, Kazuhiro Hasegawa, Hironobu Naiki, Department of
Pathological Sciences, Faculty of Medical Sciences, University of Fukui, Japan
Background: E2-Microglobulin (E2-m)-related amyloidosis, or dialysis-related amyloidosis
(DRA) is a common and serious complication in long-term hemodialysis patients. Carpal tunnel
syndrome and destructive arthropathy with cystic bone lesions ensue on the deposition of E2-m
amyloid fibrils in the tissue, but the mechanism by which the deposition of these amyloid fibrils
destruct bone and joint tissue is not fully understood.
Objective: To assess the effect of E2-m amyloid fibrils on the cultured synovial fibroblasts and
elucidate the cytotoxic mechanism of E2-m amyloid fibrils.
Methods: (i) The cytotoxic effect of E2-m amyloid fibrils on the cultured rabbit synovial
fibroblasts was assessed by LDH (lactate dehydrogenase) release assay and MTT ((3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) reduction assay. (ii) The induction of
apoptosis was assessed by TUNEL (TdT-mediated dUTP nick end labeling) method. (iii)
Morphological changes were evaluated by light microscopy, confocal laser microscopy and
electron microscopy.
Results: (i) E2-m amyloid fibrils significantly reduced cellular viability and increased apoptosis
as compared to E2-m monomers and vehicles. (ii) Under light microscopy, the cells treated with
fibrils exhibited both necrotic changes (i.e., pyknosis, swelling and vacuolation of cytoplasm) and
apoptotic changes (i.e., nuclear fragmentation and apoptotic body formation). (iii) Under electron
microscopy, cell surfaces were covered with amyloid fibrils, many endosomes/lysosomes filled
with amyloid fibrils were observed in the cytoplasm, and some endosomal/lysosomal membranes
were disrupted by intravesicular fibrils. Nuclear deformation, chromatin condensation at a nuclear
rim and plasma membrane disruption were also observed.
Discussion: Endocytosed amyloid fibrils may exhibit cytotoxicity by disrupting
endosomal/lysosomal membranes, leading to both necrosis (plasma membrane disruption) and
apoptosis. Thus, the interstitial cells irreversibly injured by amyloid fibrils may induce
inflammation, leading to bone and joint destruction.
Conclusion: E2-m amyloid fibrils exert cytotoxicity by inducing both necrosis and apoptosis. The
above-described working model is now examined histopathologically with the tissue from DRA
patients.

131

PA-32
Real-time monitoring of islet amyloid propagation in cultured human islets
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Islets of Langerhans consist of small clusters of endocrine cells. The majority of these cells are
beta cells producing insulin and islet amyloid polypeptide (IAPP). In type 2 diabetes, IAPP
misfolds and form amyloid. Information on temporal as well as spatial patterns of initiation and
propagation of islet amyloid is currently missing although studies indicate that IAPP fibril
formation start intracellularly, perhaps already in secretory granules of the beta cell. In advanced
stages, islets can be filled with amyloid, replacing the beta cell mass.
The aim of this work is to generate a real-time model for islet amyloidogenesis which may be
used to address important questions such as if islet amyloid is initiated at multiple sites
throughout an islet or at a single site from where it spreads, through seeding, to the rest of the
islet.
Methods: Isolated islets from human donors (provided by the Nordic network for Clinical
Transplantation, Uppsala, Sweden) were cultured for 20 days in high glucose medium to
stimulate IAPP secretion and subsequent amyloid deposition. To monitor amyloid formation in
real-time, islets were stained every 2nd-3rd day with the luminescent conjugated oligothiophene pFTAA (1) and imaged using fluorescence microscopy.
Results and discussion: A progressive increase of p-FTAA stained areas in islets cultured in high
glucose was seen over time (see figure below, scale bar 50μm). The p-FTAA positive areas
corresponded to IAPP fibrils, verified by immunoelectron microscopy. No p-FTAA staining was
observed in islets cultured in normal glucose. These results support the model as a suitable tool
for studies of islet amyloid formation in real-time and will be used to investigate the possible
contribution of seeding in islet amyloid propagation.

Reference: 1. Åslund A, et al (2009), ACS Chem Biol, 4(8):673-84
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Characterizing the thermodynamics of folding and the in vitro fibrillogenesis of ALassociated light chain variable domain proteins
Luis del Pozo-Yauner, Sergio Garay, Jorge Meléndez-Zajgla.
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Sur No. 4809, Col. Arenal Tepepan, Delegación Tlalpan. México, D.F. C.P. 14610.
Email: ldelpozo@inmegen.gob.mx, jmelendez@inmegen.gob.mx
The repertoire of variable domain (VL) gene segments expressed in AL amyloidosis is biased
toward a limited set comprising IGLV6-57 (6a), IGLV1-44 (1c), IGLV2-14 (2a2), IGLV3-1 (3r),
and IGKV1-33 (018). These gene segments, which represent around 7 % of the functional
repertoire of N and O VL genes, account for near 70% of the AL light chains compiled at the ALBase (http://albase.bumc.bu.edu). This study was aimed to evaluate the influence of the VL gene
segment germline sequence to the potential of the VL proteins to aggregate as amyloid fibrils in
vitro. For accomplishing this goal, we compared the thermodynamics of folding and the kinetics
of fibrillogenesis of the germline-encoded recombinant (r) VL proteins 6aJL2, 1cJL2, 1eJL2,
2a2JL2, and 018JK2, encoded by, respectively, the gene segments IGLV6-57, IGLV1-44, IGLV140, IGLV2-14, and IGKV1-33. The folding thermodynamics was determined by reversible
chemical unfolding with guanidine hydrochloride. The kinetics of fibrillogenesis was evaluated in
experiments performed with and without the addition of fragmented fibrils (seeds). According to
the unfolding curves, 6aJL2 was the least thermodynamically stable protein, followed, in
ascending order by 2a2JL2, 1eJL2, 1cJL2 and 018JK2. The lag time (tlag) of fibrillogenesis varied
from one protein to another. The shortest tlag was that of 6aJL2, followed, in ascending order by
2a2JL2, 1eJL2 and 1cJL2. Protein 018JK2 didn´t formed aggregates after 54 hours of incubation.
We concluded that there are differences in folding stability and aggregation behavior between the
AL-associated germline-encoded VL proteins.
This work was supported in part by grant 169659 from CONACYT, Mexico, to L. del PozoYauner.

PA-34
D76N Beta-2 microglobulin an amyloidogenic and pathologic mutant (clues on the native
and on the fibrillar states)
Stefano Ricagno1, Levon Halabelian1, Carlo Santambrogio2, Alberto Barbiroli3, Sofia
Giorgetti4, Rita Grandori4, Vittorio Bellotti5, Martino Bolognesi1
1 Dept. of Bioscience, Univ. of Milan (Italy); 2 Dept. of Biotech and Biosc. Univ. of Milan
Bicocca (Italy); 3 Dept. DeFENS, Univ. of Milan (Italy); 4 Inst. of Biochemistry "Castellani",
Univ. of Pavia (Italy); 5 Center for Amyloidosis and Acute Phase proteins, UCL, London (UK).
Beta-2 microglobulin (b2m) is an aggregation prone protein that is responsible for a human
disorder known as dialysis related amyloidosis. In patient with kidney failure b2m is accumulated
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to high serum level eventually aggregates as amyloid fibrils. In 2012 a new systemic familial
amyloidosis was reported: an unreported b2m mutant (D76N) is the etiological agent of such
disease. In vitro from the biophysical point of view the D76N b2m is much less stable and more
amyloidogenic than wt b2m; however, its crystal structure reveals few minor conformational
changes compared with the wt protein (1).
Such an unstable protein should be targeted for degradation by the Unfolded Protein Response in
the ER, however this is not the case. Physiologically, b2m is part of the Major Histocompatibility
Complex (MHC). In order to understand what is the role of the MHC complex in the protection of
D76N variant against degradation, the biophysical and structural aspects of MHC complex
bearing the D76N mutation have been investigated and evaluated. The crystal structure of the
mutated MHC was determined and several in solution techniques showed that the MHC assembly
exerts a remarkable stabilisation effect on the D76N variant so that the mutated MHC has
structural and biophysical properties utterly similar to the wild type complex (2).
Finally some preliminary solid state NMR data on D76N fibrils will be shown.
(1) Valleix et al. Hereditary systemic amyloidosis due to Asp76Asn variant ȕ2-microglobulin.
NEJM 2012 Jun 14;366(24):2276-83
(2) Halabelian et al. Class I Major Histocomapatibility Complex: the Trojan horse for secretion
of amyloidogenic ȕ2-microglobulin. JBC 2013 Dec 13

PA-35
Autoimmune chronic atrophic gastritis (CAG): A novel AA amyloidosis trigger
Marisa Santostefano, Raffaella Rizzo, PaolaTommassetti, Antonio Santoro
Nephrology Unit, Policlinico Sant’Orsola, Bologna, Italy
The spectrum of AA amyloidosis underlying diseases is expanding and changing and the
incidence of unknown aetiology forms is increasing. Idiophatic untreatable conditions are being
identified in the 8 – 28 % of the affected patients.
We describe a 62-year-old man affected by biopsy-proven systemic AA amyloidosis associated to
CAG. In his past medical history: familial recurrence of gastric cancer, hypertension, diabetes,
surgical treatment of aortic aneurysm. From 2005 to 2011 he presented fever attacks associated to
SAA and chromogranin high levels. Microbiological serology, blood and stool cultures,
parasitological stool examination were negative. First gastroscopic biopsy demonstrated a Congored positive deposits in a removed polyp. No pathological findings in total-body CT scans, chest
CT angiography, FDG-PET/CT total body, leukocyte scintigraphy. In August 2012 a second
gastroscopic biopsy confirmed amyloid deposits immunoreactive to anti-SAA antibodies. In
December 2012 renal failure and nephrotic proteinuria appeared. In April 2013 the nephropathy
worsened and a kidney biopsy showed the amyloidotic renal involvement. In October 2013 the
patient was hospitalized in our Nephrology Unit because of the kidney failure progression. The
immunoelectron microscopy of the second gastric biopsy proved AA amyloidosis diagnosis. As
the primary gastric amyloidotic involvement and the lasting high chromogranin A levels we
performed a third gastroscopy to collect multiple specimens according to the Updated Sydney
134

System. CAG and widespread amyloid were diagnosed. Antiparietal gastric cells (1:320), ANA
(1:320), anti-dsDNA (450 UI/ml; IFA Crithidia negative) antibodies positivity and
hypergastrinemia supported this diagnosis.
This case suggests the pathogenetic link between CAG and AA amyloidosis. CAG could be an
“ideal” amyloidogenic trigger because of its autoimmune pathogenesis as well as its potential role
as a precursor lesion of neuroendocrine tumours. The possibility of new promising therapies
should increase the surveillance on this condition.
References:
1. Review of autoimmune metaplastic atrophic gastritis. Park JY, Lam-Himlin D, Vemulapalli R.
Gastrointest Endosc. 2013 Feb;77(2):284-92
2. Autoimmune atrophic gastritis--pathogenesis, pathology and management. Neumann WL, Coss
E, Rugge M, Genta RM. Nat Rev Gastroenterol Hepatol. 2013 Sep;10(9):529-41

PA-36
The C-terminal sequence of mouse type F apolipoprotein A-II may inhibit AApoAII
amyloid fibril formation by blocking the seeding activity of amyloid fibrils
Sawashita J1, Zhang B1,2, Kametani F3, Naiki H4, and Higuchi K1
1) Department of Aging Biology, Institute of Pathogenesis and Disease Prevention, Shinshu
University Graduate School of Medicine, Matsumoto, Japan, 2) Department of Nephrology,
Shengjing-Hospital of China Medical University, Shenyang, Liaoning, China, 3) Department of
Dementia and Higher Brain Function, Tokyo Metropolitan Institute of Medical Science, Tokyo,
Japan, 4) Division of Molecular Pathology, Department of Pathological Sciences, Faculty of
Medical Science, University of Fukui, Fukui, Japan
Background: Apolipoprotein A-II (apoA-II) is the most important protein associated with senile
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amyloidosis, as it is the precursor of amyloid fibrils (AApoAII) [1,2]. In mice, type C apoA-II
(APOA2C) self-associates to form AApoAII with aging. Previously, we demonstrated that the
selective N- and C-terminal sequences of apoA-II were critical for fibril formation in vitro [3].
Recently, we found that mice with type F apoA-II (APOA2F), containing 4 amino acid
substitutions from APOA2C, were absolutely resistant to amyloidosis, and that C-terminal
APOA2F peptide inhibited fibril formation in vitro and prevented senile amyloidosis in mice.
Objective: We investigated inhibitory mechanisms of APOA2F on amyloid fibril formation in
vitro.
Methods: Pre-made fibrils of APOA2C peptides were prepared [3] and incubated with Cterminal peptide of APOA2C or APOA2F at pH 2.5. Degradation of fibrils was evaluated by
thioflavin T binding assay. Next, we incubated pre-made fibrils and C-terminal peptide of
APOA2C or APOA2F, and collected pellets as pre-incubated fibrils by centrifugation. The preincubated fibrils and APOA2C peptides were resuspended, and extension of fibrils was evaluated.
Pre-incubated fibrils with biotin-labeled C-terminal APOA2F peptide were reacted with
streptavidin-conjugated colloidal gold and examined by electron microscopy (EM).
Results and Discussion: Pre-made seeds decreased gradually regardless of the C-terminal
peptides added. Extension of pre-incubated fibrils with the C-terminal APOA2F peptide increased
gradually, but reached a plateau at one-quarter that of pre-incubated fibrils with C-terminal
APOA2A peptide. Using EM, colloidal gold was detected close to the head of fibrils. These
observations suggest that C-terminal APOA2F peptide does not affective degradation of fibrils,
but may inhibit further fibril extension by blocking the active ends.
Conclusion: We propose an inhibitory mechanism of mouse APOA2F on AApoAII fibril
formation.
References: 1, Xing et al. JBC 2002; 2, Ge et al. Lab Invest 2007; 3, Sawashita et al. BBA 2009.

PA-37
The sensitivity of tissue biopsy in familial amyloid polyneuropathy
Jordan K. Schaefer MD,1 Paul L. Swiecicki MD,1 David B. Zhen,1 Robert A. Kyle MD,2 Steven
R. Zeldenrust MD PhD,2 Martha Grogan MD,3 Angela Dispenzieri MD,2 Morie A. Gertz MD2
1
Department of Internal Medicine, Mayo Clinic, Rochester, MN
2
Division of Hematology, Mayo Clinic, Rochester, MN
3
Division of Cardiovascular Diseases, Mayo Clinic, Rochester, MN
Background: Familial amyloid polyneuropathies (FAP) are a group of autosomal dominant,
inherited disorders characterized by the deposition of proteins and fibril aggregates in multiple
organ systems.1 The clinical history, genetic testing, and tissue pathology are critical to the
diagnosis, but little data exists on the sensitivity of the various types of tissue biopsies that are
used in clinical practice.
Objective: To determine the diagnostic yield of tissue biopsy in patients with known FAP.
Methods: We reviewed consecutive patients with confirmed hereditary amyloidosis that
presented to Mayo Clinic, Rochester between 1970 and 2013. Pathological reports of biopsies
assessed by the Mayo Clinic Department of Pathology for the presence of amyloid were
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reviewed. Patients without any tissue analyzed at Mayo were excluded.
Results: A total of 284 patients were identified and 273 patients had tissue assessed at Mayo.
992 biopsies (3.63 biopsies/patient) were reviewed. Among tissue sites with at least ten biopsies
performed, sensitivity ranged from 33-100% (table 1). The most commonly performed biopsies
were abdominal fat, bone marrow, and rectal tissue that had sensitivities of 68.5, 39.4, and 65.4%
respectively. If the initial biopsy sample was adequate, repeating biopsies that were initially
negative offered minimal (average 3.1%) improvement in sensitivity.
Discussion: Biopsies of tissue associated with symptoms were more likely to be positive
(sensitivity >80%) than fat pad or bone marrow biopsies, but these tests are often more invasive.
The sensitivity of common tests in FAP is low, suggesting further testing may be indicated after a
negative biopsy.
Conclusions: Tissue biopsy may be indicated for the diagnosis of FAP. Clinicians should use the
clinical history and testing characteristics to guide evaluation. Repeating adequate biopsies is
only of modest benefit.
References:
1. Planté-Bordeneuve V, Said G. Familial amyloid polyneuropathy. Lancet Neurol.
2011;10(12):1086–1097. doi:10.1016/S1474-4422(11)70246-0.
Table 1: Frequency and sensitivity of tissue
biopsy in hereditary amyloidosis
Biopsy site
Total
%
Sensitivity
biopsies
biopsied (%)
Abdominal fat
249
74.4
68.5
pad
Bone marrow
156
50.2
39.4
Rectal
83
28.6
65.4
Sural nerve
79
27.5
85.3
Endomyocardial 94
24.9
98.5
Small intestine
74
24.9
55.9
Colon
51
16.8
56.5
Stomach
44
15.8
53.5
Liver
34
10.6
69.0
Renal
25
7.3
75.0
Gallbladder
16
5.5
86.7
Carpal ligament 16
4.8
100.0
Skin
14
4.4
33.3
Vitreous
11
2.9
87.5
Other
46
16.5
75.6
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PA-38
Hsp90 regulates amyloid structures stabilizing ß-sheets and promoting rescues during the
depolymerization phase
Claire Schirmer, Eléonore Lepvrier, Audrey Brossard, Christian Delamarche and Cyrille
Garnier.
Université de Rennes 1, Institut de Génétique et Développement de Rennes, UMR-CNRS 6290,
Campus Beaulieu Bâtiment 13, 263 avenue du Général Leclerc, 35042 Rennes Cedex – France
The amyloid formation process is highly regulated by molecular chaperones such as Heat Shock
Proteins. Indeed, it has been reported that Hsp40, Hsp70, Hsp90 or Hsp104 play crucial roles in
the amyloid misfolding regulation, particularly in neurodegenerative diseases such as tauopathies.
These pathologies are characterized by the tau microtubule associated protein aggregation.
It has been shown that the 306-VQIVYK-311 hexapeptide is required in the third repeat of
microtubules binding region of tau, for tau self-association.
On the one hand, it has been demonstrated, in vitro, that the 306-VQIVYK-311 hexapeptide alone
is able to form amyloid fibers and that its deletion in the protein sequence leads to the loss of tau
aggregative ability. On the other hand, tau has been identified as an Hsp90 client protein
suggesting a role in the tau self-assembly regulation process. However, molecular mechanisms
allowing Hsp90 to interact with tau and 306-VQIVYK-311 remain unknown.
This way, investigation of the Hsp90 role in the tau self-assembly mechanisms is essential for
future treatment developments for tauopathies.
In this study, we combined biophysical technics; ultracentrifugation, spectrophotometry,
spectrofluorimetry, and electron microscopy; to characterize the 306-VQIVYK-311 hexapeptide
fibrillization process. We demonstrated that the fibrillization process is partially reversible by
dilution. Moreover, we investigated the effect of Hsp90 on these processes and demonstrated for
the first time a specific interaction between Hsp90 and the hexapeptide fibrillar structures. We
also established that Hsp90 prevents the fibrillation process reversibility.and showed that Hsp90
is able to stabilize beta sheets during the depolymerisation phase and to promote the rescue of
these amyloid structures.
These results will lead to the establishment of a model to describe the Hsp90 role in the amyloid
fibrillization process.

PA-39
Quantification of amyloid using congo red fluorescence
Varuna Shibad, Stephen Wright, David C. Seldin and Jennifer E. Ward
Amyloidosis Center, Boston University School of Medicine and Boston Medical Center, Boston,
MA, United States.
Background: In light of successful therapeutics stabilizing or reducing amyloidogenic precursor
protein, there remains a need for anti-fibril drug therapies to reduce existing deleterious amyloid
deposits. A challenge for achieving this goal is quantitatively determining the amyloid burden in
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tissue. Currently this determination is qualitative using histology and limited by a small sampling
of tissue. The strong affinity between Congo red (CR) and amyloid fibrils has been the basis of
the traditional usage of CR staining for histological diagnosis of amyloidosis. CR exhibits
changes in its spectrophotometric properties after interaction with amyloid, most prominently a
‘red shift’ of the absorption spectrum (Klunk, Analytical Biochemistry 1999:266:66) and a strong
fluorescence.
Objective: Our aim is to develop a high throughput method of amyloid quantification utilizing
the ability of CR to fluoresce upon binding amyloid protein.
Method: Our fluorometric microplate assay involves incubation of samples (patient tissue
derived fibrils, human kidney and transgenic mouse stomachs homogenized in saline) with a
solution of CR in an aqueous phosphate buffered salt solution for 15 minutes, followed by
fluorescence measurement at 590nm.
Results: We consistently detect a dose dependent increase in the CR fluorescence of as little as
0.5 ug of tissue derived fibrils in vitro. Fluorescence is higher in tissue homogenates from
amyloid positive autopsy organs compared to negative controls. Similar results are obtained with
CMV-Ȝmouse stomach homogenates compared to wild type. Addition of amyloid fibrils to
negative human and mouse tissue homogenates also shows a dose dependent fluorescence
response further demonstrating that the increased fluorescent signal is specifically due to CRamyloid interaction.
Conclusion: This fluorescence based assay is a useful method for quantifying amyloid in tissues,
including studies of anti-fibril drugs in our transgenic mouse of AL amyloidosis (Ward, Blood
2011:118:6610).
Funding: This study was generously funded by an Amyloidosis Foundation Junior Research
Grant to JW, and the Wildflower Foundation, Gruss Foundation, Nathanson Family and a
Finkielsztein Travel Award.
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Renal amyloidosis in Northern Portugal: Apart from ATTR, AA still dominates
Isabel Tavares1,2, Ana Teresa Nunes1,2, Luciana Moreira3, Pedro Rodrigues Pereira4, Ramón
Vizcaíno5,6, Paulo Pinho Costa3,6, Luísa Lobato6,7
1
Department of Nephrology, Centro Hospitalar São João, Porto, Portuga. 2Nephrology and
Infectious Diseases Research and Development Group, INEB, I3S, University of Porto, Portugal.
3
National Institute of Health, INSA, Porto, Portugal. 4Department of Pathology, Centro
Hospitalar São João, Porto, Portugal
5
Department of Pathology, Hospital de Santo António, Centro Hospitalar do Porto, Porto,
Portugal. 6Unit for Multidisciplinary Biomedical Research, UMIB, Instituto de Ciências
Biomédicas Abel Salazar, University of Porto, Portugal. 7Department of Nephrology, Hospital de
Santo António, Centro Hospitalar do Porto, Porto, Portugal
The epidemiology of amyloidosis is difficult to define accurately, due to diagnostic difficulties
and potential selection bias from referral centers. Our aim was to determine the epidemiology of
systemic amyloidosis in a center from Northern Portugal, but not the tertiary referral center for
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ATTR.
We conducted a systematic immunohistochemical typing of 111 consecutive systemic amyloid
cases with native kidney biopsy-proven disease (biopsies between 1978 and 2013). Demographic
characteristics, underlying disease, clinical data and outcome were retrospectively reviewed.
Immunohistochemical classification was AA in 61 (55.0%) patients, AL in 23 (20.7%), AFib in 9
(8.1%), ATTR in 2 (1.8%), AApoAI in 1 (0.9%), ALys in 1 (0.9%) and combined AL and AA in 1
(0.9%). The type of protein was unclassified in 13 (11.7%) patients. Mean age at diagnosis was
54 years (49.8 for AA, 62.5 for AL and 57.2 for AFib; AA patients were younger when compared
with all others, P=0.005). Chronic infections were the most frequent disease associated with AA,
mainly tuberculosis (21.3%); 1 patient had Muckle-Wells syndrome. The higher prevalence of AA
remained through the years of this study. All AFib patients had the FGA p.Glu545Val mutation.
Nephrotic syndrome was the most frequent renal manifestation and hypertension was present in
43.2% of patients (34.4% for AA, 34.8% for AL and 100% for AFib). Seventy two (64.9%)
patients required dialysis after a mean time from diagnosis of 26.1 months (33.3 for AA, 9.1 for
AL and 15.6 for AFib; P=0.290). Mean survival after dialysis was 29.6 months (30.9 for AA, 7.1
for AL and 71.2 for AFib). In the authors’experience, outside ATTR referral center, AA is the
most frequent type of amyloidosis in Portugal. ALECT2 is missing in our series. Hypertension
was a phenotypic marker of AFib patients. These patients also presented the best survival after
dialysis.

PA-41
Gelsolin amyloidosis: Gelsolin nanobodies reduce amyloid burden in a transgenic mouse
model
Wouter Van Overbeke1, Adriaan Verhelle1, Inge Everaert2, Olivier Zwaenepoel1, Joël
Vandekerckhove1, Claude Cuvelier3, Wim Derave2, Jan Gettemans1
1
Department of Biochemistry, Faculty of Medicine and Health Sciences, Ghent University, Albert
Baertsoenkaai 3, B-9000 Ghent, Belgium, 2Department of Movement and Sports Sciences,
Faculty of Medicine and Health Sciences, Ghent University, Watersportlaan 2, B-9000 Ghent,
Belgium, 3Department of Pathology, Faculty of Medicine and Health Sciences, Ghent University,
De Pintelaan 185, B-9000 Ghent, Belgium.
Gelsolin amyloidosis or Familial amyloidosis of the Finnish type (FAF) is an autosomal dominant
inherited disorder characterized by deposits of plasma gelsolin amyloid in multiple organs. A
point mutation in the gelsolin gene (G654A/T) leads to two consecutive aberrant proteolytic
cleavages that degrade the secreted form of mutant gelsolin. Furin proteolysis generates a 68 kDa
secreted fragment that is subsequently cleaved by MT1-MMP to generate 8 and 5 kDa
amyloidogenic peptides. We aimed to reduce amyloid buildup in the gelsolin amyloidosis mouse
model [*] by using Camelid single-domain antibodies raised against the 8 kDa gelsolin fragment
(FAF nanobodies).
Since the 8 kDa peptide is a cleavage product originating from the gelsolin 68 kDa fragment
(C68), we hypothesized that binding of FAF nanobodies to the C68 fragment might interfere with
MT1-MMP proteolysis. An in vitro assay confirmed this hypothesis and showed that an
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equimolar quantity of nanobody (in respect to C68) could influence MT1-MMP activity and
reduce peptide formation with up to 70%. We wanted to verify this reducing effect in the gelsolin
amyloidosis mouse model. In order to extend the half-life of the nanobodies (which are very
small and rapidly cleared), an albumin binding nanobody (MSA21) was linked to the FAF
nanobodies. Such a bispecific nanobody (FAFNb2-MSA21) was injected IP in gelsolin
amyloidosis heterozygous mice, with injections starting at 4 weeks of age and lasting for 12
weeks. Gelsolin staining in myofiber sections revealed a 30% reduction (p < 0.001) of gelsolin
staining surface percentage in the nanobody group in comparison to the PBS control group.
Immunohistochemistry data were further corroborated by muscle performance analysis showing
that FAFNb2-MSA21 injection significantly improved contractility parameters of the musculus
extensor digitorum longus (EDL). These findings show that gelsolin nanobodies may be of
considerable value for the development of therapeutic approaches for gelsolin amyloidosis.
[*] Page LJ, Suk JY, Bazhenova L, Fleming SM, Wood M, Jiang Y, Gua LT, Mizisin AP,
Kisilevsky R, Shelton GD, Balch WE, Kelly JW (2009). Secretion of amyloidogenic gelsolin
progressively compromises protein homeostasis leading to the intracellular aggregation of
proteins. PNAS 106(27):11125-11130.

PA-42
Anakinra in two colchicine-resistant FMF patients with nephrotic syndrome caused by AA
amyloidosis: Systematic monitoring of the disease response
Ronald W. J. van Rheenen1, Johan Bijzet2, Andor W. J. M. Glaudemans1, and Bouke P. C.
Hazenberg2. 1. Department of Nuclear Medicine and Molecular Imaging and 2. Department of
Rheumatology & Clinical Immunology, University of Groningen, University Medical Center
Groningen, Groningen, The Netherlands
Two patients with FMF and nephrotic syndrome caused by AA amyloidosis did not respond to
colchicine and were therefore treated with the anti-IL1 antagonist anakinra.
The first patient was a 30-year old man with Turkish ancestry and FMF, who presented with
nephrotic syndrome. His MEFV gene was homozygous for the M694V mutation. He was treated
with colchicine. Four years later a kidney biopsy showed the presence of AA amyloid.
Subcutaneous abdominal fat was negative for amyloid. Despite the use of colchicine the acute
phase response remained present, although less prominent. SAP scintigraphy showed uptake in
kidneys and spleen. Eighteen years after presentation he developed polyarticular gout. Three
years later the nephrotic syndrome progressed rapidly and renal function deteriorated despite
continued use of colchicine. Anakinra was added to his medication with good effect on the acute
phase response and the kidney function stabilized during the next two years.
The second patient was a 23-year-old man with Armenian ancestry and FMF, MEFV gene
compound heterozygous for M694V and M680I mutations, who presented with nephrotic
syndrome. Amyloid AA was found in biopsies of his kidney and subcutaneous abdominal fat
tissue. Prednisolon and colchicine were not effective and anakinra was added to the medication
with a favorable effect on the CRP and SAA serum levels and also on the general condition,
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proteinuria, and serum albumin with a stabilized kidney function. Both abdominal fat tissue and
the SAP scan showed regression of the amyloid load of the body.
Conclusion: anakinra may have a favorable effect in patients with colchicine-unresponsive
FMF and amyloidosis. In individual patients systematic disease monitoring is a necessary tool to
assess the need for therapeutic changes and to monitor their effectiveness.

PA-43
Prospection of gelsolin-nanobodies as a tool for nuclear imaging in a mouse model for
familial amyloidosis of the Finnish type.
Adriaan Verhelle1, Wouter Van Overbeke1, Olivier Zwaenepoel1, Cindy Peleman2, Nick
Devoogdt2, Tony Lahoutte2 and Jan Gettemans1
1
Department of Biochemistry, Ghent University, Faculty of Medicine & Health Sciences, Albert
Baertsoenkaai 3, B-9000 Ghent, Belgium. 2In vivo Cellular and Molecular Imaging, Free
University of Brussels, Laarbeeklaan 103, B-1090 Brussels, Belgium
Familial amyloidosis of the Finnish type (FAF) is caused by the point mutations G654A or G654T
in the gelsolin gene. At the protein level, these mutations result in the replacement of asparatate
187 by asparagine or tyrosine. Due to these substitutions, mutant plasma gelsolin (PG*) loses part
of its intrinsic Ca2+ stabilization leading to the exposure of a furin cleavage site. During transport
to the extracellular environment, PG* is cleaved in the trans-Golgi network by furin leading to the
formation of a C-terminal 68 kDa fragment. This fragment is in its turn cleaved by MT1-MMP,
giving rise to 8 and 5 kDa amyloidogenic peptides. These will spontaneously organize into
amyloid fibrils which eventually form amyloid plaques mainly causing peripheral
polyneuropathies.
We have raised single-domain antibodies or Nanobodies against the 8 kDa amyloidogenic peptide
and against the mutant G2 domain of plasma gelsolin. Three Nanobodies with good binding
characteristics where selected and characterized. These Nanobodies where labeled with 99mTc and
assessed as tracers for noninvasive, in vivo imaging of gelsolin amyloid buildup in a FAF mouse
model [1].
By virtue of the lack of background noise in wild type animals, we were able to clearly visualize
amyloid buildup in 3 and 9 months old FAF mice. A striking increase in signal was found in the
heart and pericardium when comparing the images of 3 and 9 months old mice. This marks the
heart as an ideal region to assess the therapeutic effect of our Nanobodies in vivo. For this we will
make use of our transgenic gelsolin-Nanobody expressing mouse models in a longitudinal study.
[1] L. Page, J. Suk, L. Bazhenova, S. Fleming, M. Wood, Y. Jiang, L. Guo, A. Mizisin, R.
Kisilevsky, G. Shelton, W. Balch, J. Kelly, Secretion of amyloidogenic gelsolin progressively
compromises protein homeostasis leading to the intracellular aggregation of proteins, PNAS
(2009) 106:11125–11130.
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Classification of amyloidosis in fat aspirate biopsy specimens by mass spectrometry-based
proteomics
Julie A. Vrana1, Jason D. Theis1, Surendra Dasari2, Oana M Mereuta4, Angela Dispenzieri3,
Steven R. Zeldenrust3, Karen L Grogg 1, Ahmet Dogan4, Paul J Kurtin1
1
Department of Laboratory Medicine and Pathology, Mayo Clinic, Rochester, MN. 2Department
of Health Sciences Research, Mayo Clinic, Rochester, MN. 3Department of Hematology, Mayo
Clinic, Rochester, MN, USA. 4Memorial Sloan-Kettering Cancer Center, New York, NY, USA
Examination of abdominal subcutaneous fat aspirates (SFA) is a practical, sensitive and specific
method for the diagnosis of systemic amyloidosis. We have established a clinical assay using
mass spectrometry (MS)-based proteomics to accurately classify amyloidosis subtypes in SFA
specimens. The management of systemic amyloidosis relies on the treatment of the underlying
etiology and differs radically for different amyloid types. Therefore, given that at least 25
different proteins have been associated with amyloidosis, accurate identification of proteins
deposited as amyloid fibrils is an important clinical problem. 366 amyloid positive SFA
specimens have been analyzed over a 4 year period as part of routine clinical care. Among Congo
Red positive samples, the assay had a sensitivity of 90%, and identified 7 different amyloid types
including AL (kappa/lambda), ATTR, AA, AGel, ALys, and AIns. Using bioinformatics, a
universal amyloid proteome signature (APOE, SAP, APOA4) was identified which has a
sensitivity and specificity for amyloidosis similar to that of Congo Red staining. To determine if
the assay could identify the amyloidogenic TTR amino acid sequence variants associated with
hereditary ATTR amyloidosis, we curated a proteome database which included the TTR variant
peptides. The MS data was reanalyzed in 46 cases of ATTR amyloidosis. No variant TTR
sequences were identified in 16 cases and these were considered wild-type at the protein level.
The remaining cases showed a variety of amino acid substitutions, TTR Thr60Ala being the most
frequent, likely due to patient demographics. Specificity was determined to be 100% in cases
where germline DNA sequencing information was available. Implementing MS-based proteomic
analysis of SFA has demonstrated its use as a powerful tool for clinical diagnosis and
classification of amyloidosis and improves the clinical management of the disease.

PA-45
Specific accumulation of radiolabeled peptide p5 in cerebral vascular and parenchymal Aȕ
amyloid in mice
Jonathan S. Wall1,2, Angela Williams1, Tina Richey1, Alan Stuckey2, Craig Wooliver1, Sallie
Macy1, Emily B. Martin1, and Stephen J. Kennel1,2
Departments of 1Medicine and 2Radiology, University of Tennessee Graduate School of
Medicine, Knoxville, TN, USA
Background: The heparin-reactive, synthetic peptide p5 was shown to detect AA amyloid
deposits in mice by using SPECT imaging and microautoradiography. Furthermore, we have
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demonstrated that a biotinylated form of p5 reacts with other types of amyloid, including ALț
ALȜATTR, and notably Aȕin formalin-fixed, sections of amyloid-laden human tissue. The
goal of this study was to extend these observations and examine the amyloid reactivity of peptide
p5 variants in mice expressing human Aȕ 1-40).
Methods: Peptide p5 or p5 with a C-terminal oxidized-LDL receptor-binding peptide (p5OxLDL) to facilitate transport across the blood brain barrier were examined in 12 month-old
Tg2576 transgenic mice with Aȕamyloid deposits.. The peptides were radiolabeled with Iodine125 and the mice received ~ 100 μCi iv in the lateral tail vein. After 4 hours, SPECT images
were acquired and the brains harvested for microautoradiography. Non-transgenic mice served as
controls.
Results: SPECT imaging of the mice did not reveal selective uptake of either peptide in the
brains of transgenic mice, as compared to the non-transgenic counterparts. . Similarly, the
radiotracer amounts in the brain tissue (%ID/g) did not significantly differ between transgenic
and non-transgenic animals. However, examination of the tissue microautoradiographs
demonstrated uptake of the p5 and p5-OxLDL peptides in the perivascular amyloid in the brains
of the mice. Notably, scant but specific accumulation of p5-OxLDL, but not p5 was observed in
Aȕamyloid plaques within the cerebral parenchyma of the mice.
Discussion: Both p5 peptides accumulated in perivascular Aȕamyloid in the mouse brain, but
only p5-OxLDL, was observed in Aȕplaques presumably because it could traverse the blood
brain barrier. These data indicate that the p5 peptide binds numerous types of amyloid in vivo and
that improved versions of the p5-OxLDL represent potential novel amyloid imaging agents.
This work was supported by Award Number R01DK079984 from the National Institute Of
Diabetes And Digestive And Kidney Diseases

PA-46
Heparin-binding peptides, basic fibroblast growth factor and p5R bind to different targets
in amyloid-laden mice and controls
Jonathan S. Wall1,2, Robert Donnell3, Tina Richey1, Alan Stuckey2, Emily Martin1 and Stephen J.
Kennel1,2.
Departments of 1Medicine and 2Radiology, University of Tennessee Graduate School of
Medicine, Knoxville, TN, USA; 3Department of Pathobiology, University of Tennessee
Veterinary College of Medicine, Knoxville, TN, USA
Background: Peptide p5R is a polybasic, heparin-binding peptide capable of preferentially
binding amyloid deposits in vivo. Basic fibroblast growth factor (bFGF) also binds heparin-like
heparan sulfate proteoglycans (HSPG) and in one study was shown to bind to Aȕamyloid
deposits in the brains of transgenic mice (1). The aim of this study was to compare the
biodistribution of radioiodinated bFGF and p5R in mice with AA amyloidosis as well as in wild
type (WT) animals by using SPECT imaging, tissue biodistribution measurements and microautoradiography.
Methods: Both proteins were radiolabeled with 125I and purified by size exclusion
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chromatography. Mice (n = 3 per group) were injected with 44 ± 10 μCi of 125I-bFGF or 121 ± 5
μCi of 125I-p5R (Mean ± SD) iv in the lateral tail vein. At 2 h pi the mice were euthanized and
SPECT/CT images acquired. Tissues were then harvested, the biodistribution of radiotracer
calculated, and then processed for microautoradiography.
Results: Both peptides bound AA amyloid in the liver spleen, kidneys, pancreas and other sites of
AA deposition. However, 125I-bFGF was also observed in normal tissue at sites of “expected”
HSPG synthesis including the hepatic and splenic sinusoids, and renal glomerulae. In contrast,
125
I-p5R peptide bound preferentially to AA amyloid in all tissues and not normal healthy tissues.
Discussion: Even though both bFGF and peptide p5R bind heparin, their biodistribution was
remarkably different in AA and WT mice. The data indicate that the distribution of the 125I-p5R in
vivo was greatly restricted to amyloid whereas 125I-bFGF was found both in amyloid deposits and
in normal tissues. The 2 proteins have distinct but overlapping reactivity profiles and because
p5R does not bind to HSPG in healthy organs it could be used for the radiodetection of visceral
amyloid with minimal contribution of binding to healthy tissues.
(1) Shi J, et al. (2002) J Nucl Med., Aug;43(8):1044-51
This work was supported by Award Number R01DK079984 from the National Institute Of
Diabetes And Digestive And Kidney Diseases

PA-47
Screening tetracycline analogs to disrupt light chain amyloid fibrils
Jennifer E. Ward, Varuna Shibad, Michael Greene, Lawreen H. Connors and David C. Seldin
Amyloidosis Center, Boston University School of Medicine and Boston Medical Center, Boston,
MA, United States.
Background: Tetracycline and some of its derivatives, such as doxycycline, are capable of
disrupting amyloid fibrils. We demonstrated that doxycycline could disrupt ex vivo and
recombinant immunoglobulin light chain fibrils in vitro and prevent amyloid formation in vivo in
a transgenic mouse model of AL amyloidosis (Ward, Blood 2011:118:6610).
Objectives: To test the ability of other tetracycline analogs to disrupt ex vivo amyloid fibrils and
to identify a drug with increased anti-amyloid fibril activity that has potentially fewer side effects.
Method: Ex vivo fibrils from water wash tissue extractions were incubated with tetracycline
analogs at multiple doses for 3-7 days. Fibril disruption was measured by changes in turbidity and
imaged by negative stain electron microscopy. The possibility that the drug-disrupted proteins
were cytotoxic was examined by measuring the viability of SH-SY5Y neuroblastoma and H9C2
cardiomyoblast cells incubated with drug treated ex vivo fibrils.
Results: Nine commercially available tetracycline antibiotics (tetracycline, doxycycline,
minocycline, tigecycline, rolitetracycline, methacycline, oxytetracycline, 4-epitetracycline,
meclocycline) and one novel compound are being screened for their ability to disrupt fibrils
extracted from amyloid tissue. Disruption of ex vivo fibrils produces increased turbidity at
wavelengths >500 nm; at lower wavelengths, background from tetracycline autofluorescence is
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excessive. The efficiency of fibril disruption between drugs is being compared and confirmed by
electron microscopy. Cytotoxicity studies are ongoing.
Discussion: Based on the in vitro screening of these compounds, the most promising anti-fibril
candidate will be compared to doxycycline for its ability to disrupt fibrils in vivo in our CMV-Ȝ6
mouse model of AL amyloidosis.
Funding: This study was generously funded by an Amyloidosis Foundation Junior Research
Grant to JW, and the Wildflower Foundation, Gruss Foundation, Nathanson Family and a
Finkielsztein Travel Award.

PA-48
Amyloidosis and interphase fluorescence in situ testing coupled and cytoplasmic
immunoglobulin staining
Rahma Warsame, Shaji K. Kumar, Morie A. Gertz, Martha Q. Lacy, Francis K. Buadi, Suzanne
R. Hayman, Nelson Leung, David Dingli, John A. Lust, Yi Lin, Prashant Kapoor, Ronald S. Go,
Stephen R. Zeldenrust, Robert A. Kyle, S. Vincent Rajkumar, Angela Dispenzieri. All authors,
from the Division of Hematology, Mayo Clinic, Rochester, MN,USA
BACKGROUND: Light chain Amyloidosis is a rare condition whereby misfolded proteins
generated by plasma cells deposit in various tissues causing organ dysfunction. The importance
of interphase fluorescent in-situ hybridization with cytoplasmic staining of specific Ig (cIg-FISH)
on bone marrow in multiple myeloma is established and used for prognostication. However, in
light chain amyloidosis the same routine testing is done but the significance is not well
understood. METHODS: We performed a retrospective review of 405 patients from 1994 to
2014 with light chain amyloidosis who had cIg-FISH within ninety days of diagnosis seen at our
institution. RESULTS: Three hundred and twenty-eight patients [81%] had an abnormal cIgFISH testing. The most common abnormalities involved translocations of chromosome 14 [52%]
specifically: t(11;14) [43%], t(14;16) [3%], and t(4;14) [2%]. The other common abnormalities
include del 13/del13q [28%], trisomy 9 [16%], trisomy 15 [11%], trisomy 11 [8%], trisomy 3
[8%], and trisomy 7 [7%]. The median overall survival was longer for patients with any
abnormality on cIg-FISH when compared to patients with normal cIg-FISH (2.8 years vs. not
reached p-value <0.0004) (Figure). In multivariate analysis abnormal cIg-FISH was an
independent prognostic factor from plasma clonal cells greater than 10% in bone marrow.
DISCUSSION: This cohort of AL amyloidosis patients with cIg-FISH is the largest studied to
date. These results would suggest that routine testing at the time of diagnosis will be essential and
included in prognostication.
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PA-49
AA-amyloid in cardiomyocytes is associated with aggrephagy
Gunilla T Westermark and Sofia N Nyström
Department of Medical Cell Biology, Uppsala University, 75123 Uppsala, Sweden.
Background: Protein aggregates are cleared by aggrephagy, a selective form of autophagy and
prolonged activation of this pathway can result in impaired cellular maintains and leads to cell
death.
Objective: Investigate if cardiac amyloid trigger aggrephagy.
Material: AA amyloid was induced in the established murine mouse model by subcutaneous
injections of silver nitrate. Heart tissue was collected and processed for light microscopy and
transmission electron microscopy.
Results: Protein AA or AA amyloid entered cardiomyocytes and a cell with extensive deposit
exhibited a pyknotic nucleus. At the intracellular location, amyloid was found in close association
with autophagosomes and recognized by antibodies specific for ubiquitin, P62 and LC3.
Quantitative analysis of LC3 content in heart with moderate amyloid engagement revealed a 20fold increase of LC3. This increase was not paralleled by an increase of LAMP-2 content. At
TEM analysis, electron dense mitochondria with swollen cristae were encircled by double
membrane structures. Onion like lamellar structures were present between cells, a nd when found
together with additional cell debris this is indicative for cell death.
Conclusion: We suggest that aggrephagy is important for AA-amyloid clearance, but
accumulation of autophagosomes indicate that formation of phagolysosomes is hampered and can
cause cell damage and death.
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PA-50
Detection of AA76 in non-fixed biopsy materials as a method to diagnose AA amyloidosis
Toshiyuki Yamada, Clinical Laboratory Medicine, Jichi Medical University, Yasuaki Okuda,
Centre for Rheumatology, Dohgo Spa Hospital, Japan
Background: AA amyloid deposits can be missed on histological examination, although very
rarely. AA76 is almost always present in AA amyloid deposits. Its detection may be another
method to diagnose AA amyloidosis. Objective: To examine the usefulness of AA76 detection in
non-fixed materials for diagnosing AA amyloidosis. Methods: Fourteen patients with rheumatoid
arthritis (RA) underwent endoscopic biopsy of the gastric antrum to screen for amyloidosis. All
results were negative. Forty-seven RA patients, who already had confirmed AA amyloidosis,
underwent biopsy as a part of follow-up. Biopsy was basically performed in three portions:
gastric antrum, duodenal second segment, and duodenal bulb segment. Two samples per portion
were taken. One was fixed in formalin and then subjected to congo red (CR) staining or
immunohistochemistry (IHC) using anti-SAA antibodies. The other, non-fixed, was homogenized
in 6 M urea and subjected to SDS-PAGE followed by immunoblotting with anti-SAA. The AA76
band was in agreement with the electrophoretic mobility of recombinant AA76. Patients who
tested positive for at least one of the samples from multiple sites by histological staining or
immunoblotting were diagnosed with AA amyloidosis. Results: None of the screening group
showed AA76 on immunoblotting. In the follow-up patients, 6 cases were positive for IHC out of
the 38 cases with a negative CR. Out of the 32 cases with a negative CR and IHC, 23 were
positive on AA76 detection by immunoblotting. Discussion: AA76 may be specific to AA
amyloid. The detection of AA76 by immunoblotting is more sensitive for the identification of AA
amyloid deposits than histological examination. Conclusion: The detection of AA76 in non-fixed
materials may be another method for diagnosing AA amyloidosis.

PA-51
Echocardiographic and biohumoral characteristics in patient with AL and TTR amyloidosis
at diagnosis: A single centre experience
Francesco Cappelli1,Stefano Perlini2 ,Franco Bergesio1 Valentina Fontani1 , Costanza Marchiani1
Roberta Mussinelli 2 Michele Boldrini 2 Francesco Salinaro2 , Federico Perfetto1
1)Regional Amyloid Center, AOU Careggi, Florence, Italy; 2) Department of Internal Medicine
and Amyloidosis Research and Treatment Center, Fondazione IRCCS Policlinico San Matteo and
University of Pavia, Pavia, Italy
Background: Only few studies analyzed the clinical and echocardiographic differences existing
between AL and TTR amyloidosis. Aim of our study was to compare - in a “real world” setting the clinical and echocardiographic profile of these types of amyloidosis at diagnosis, by using
new-generation echocardiographic tecnhiques.
Methods and Results: 79 patients with AL and 48 patients with TTR amyloidosis (29 patients
SSA, 19 patients with TTRm; Ile68Leu 10 patients, Val122Ile 4 patients, Glu54Lys 2 patients,
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Glu54Val, Gly57Arg and Phe64Leu 1 patient respectively) were studied at Regional Amyloid
Center, Florence, Italy. All patients underwent complete clinical and echocardiographic
evaluation. NT-proBNP and Troponin I plasma levels were also assessed. According to mean LV
thickness>12 mm, 45 AL (C-AL) and all TTR patients had cardiac amyloidosis, whereas 34 AL
patients did not (NC-AL) see table. TTR patients presented increase Right and Left Ventricular
(RV, LV) chambers with increase RV and LV wall thickness and reduced LV ejection fraction and
fractional shortening. In contrast TTR patients presented lower NT-proBNP
(4497±4852vs8329±10342 ng/l p<0,0001) plasma concentrations and NYHA functional class
when compared with C-AL. No difference was observed at diagnosis in Troponin I plasma values
between TTR and C-AL (0,16±0,14vs0,19±0,25 ng/l).
Conclusion: Our data show that at diagnosis the extent of cardiac involvement is more severe in
C-TTR patients than in C-AL patients, despite milder heart failure symptoms and lower NTproBNP release. Beyond being explained by a different toxicity of amyloidogenic fibril deposits,
these findings indicate a different time sequence of the two diseases, cardiac AL amyloidosis
being a rapidly progressively disease. In contrast, a slower progression rate may explain why
cardiac TTR amyloidosis remains poorly symptomatic for a longer time window.
NC-AL
N=34

C-AL
N=45

TTR
N=48

P<

FS %

41,4±7,2**

34,5±9,1

28,5±8,7*

0,0001

IVS (mm)

10,3±0,9**

15,2±2,6

17,4±2,7*

0,0001

PW (mm)

10,3±1,2**

15±2,2

16,3±2,1*

0,0001

LV mass index
2
(g/m )

97,1±19,3**

163,3±36,2

197,4±49,6*

0,0001

LA area (cm )

18,7±3,7**

22,7±3,8

26,6±5*

0,0001

LVEDV (ml)

80,3±18,6

81,1±27,1

88,5±24,5

0,23

LVESV (ml)

32,6±12,5

34,9±15,8

46,1±20,7*

0,001

EF %

59,6±8,8

57,6±9,2

49,1±12,1*

0,0001

E/E'

9,9±3,4**

18,1±7,1

19,3±6,5

0,0001

RV FW mm

5,9±1,4**

7,4±1

8,7±1,5*

0,0001

RVDD mm

26,5±5,9

28,8±5,1

32,4±6,3*

0,0001

E/E’ tricuspid

4,9±1,6**

8,1±4,8

7,8±4,3

0,009

TAPSE mm

22,9±3,4**

16,8±4,1

15,8±3,7

0,0001

I

34

6

II

0

22

18

III

0

11

20

IV

0

6

0

2

NYHA class
10

0,0001

Table: Clinical and echocardiographic characteristic of studied population
NC-AL: Non Cardiac AL amyloidosis; C-AL: Cardiac AL amyloidosis; TTR: TTR related amyloidosis; LV: left
ventricular IVS: interventricular septum thickness; PW: posterior wall thickness FS: Fractional Shortening; RVEDD:
RV end-diastolic diameter; RVFW: RV free wall thickness, E’: early diastolic peak velocity at lateral mitral annulus
TAPSE: tricuspid annulus systolic plane excursion Scheffe’s post hoc analysis:*TTR vs others ; ** NC-AL vs others;
§TTR vs NC-AL. Scheffe’s post hoc analysis: *TTR vs others ; ** NC-AL vs others; §TTR vs NC-AL.
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PA-52
Evaluation of 99mTc- DPD myocardial uptake in patients with Leu75Pro apolipoprotein A1
amyloidosis
Gina Gregorini1, Luca Camoni2 Matilde Nardi3, Valentina Zilioli2, Laura Obici4, Raffaele
Giubbini2
1
Dpt of Nephrology, 2Nuclear Medicine Unit, and 3Cardiology Spedali Civili and University of
Brescia, 4Amyloidosis Research and Treatment Centre, Fondazione IRCCS Policlinico San
Matteo and University of Pavia, Italy
Background: Whether or not the heart is involved in Leu75Pro ApoA1 amyloidosis has not yet
been established being histological studies, from endomyocardial biopsies or from autopsies, still
lacking. Moreover, in these patients hypertrophic cardiomyopathy related to longlasting
hypertension and chronic renal failure is a confounding factor in the ecochardiographic
evaluation. Quarta et al (1) have recently reported high 99mTc-DPD myocardial uptake in a patient
with ApoA1-related amyloidotic cardiomyopathy (Leu174Ser variant), suggesting a role for
99m
Tc-DPD scintigraphy in the evaluation of cardiac involvement in all ApoA1 amyloidosis
variants.
Patients and methods: We planned to test our large cohort of Leu75Pro ApoA1 amyloidosis
performing 99mTc-DPD scintigraphy, starting from those with suspected myocardial involvement
based on: 1)left ventricular (LV) hypertrophy in the absence of history of hypertension (N1)
and/or with low ECG voltages (N6) and/or reduced global longitudinal 2d strain (GL2dStrain) (<
-15%) (N3) or 2) right ventricular (RV) increased wall thickness and hyperechogenicity (N8) or
3) pericardial effusion ( N4) 99mTc-DPD myocardial uptake (740Mbq i.v.) was visually assessed at
15 minutes and 3 hours. In patients showing cardiac uptake, a myocardial single-photon emission
computed tomography study was acquired after the late whole body scan. Data from this cohort
were compared to those from patients with TTR-related and AL cardiac amyloidosis and nonaffected controls.
Results: We report on 13 patients (age 66±10), 11 with hypertension. ECG showed sinusal rhytm
in all, with normal heart rate (73±17bpm), voltages (s+r max in precordial leads) were 15± 5mm.
8/13 had been symptomatic (paroxysmal atrial fibrillation:3, ventricular tachycardia:2,
coronaropathy: 2, dyspnea NYHA class II: 3,congestive heart failure:1, syncope:1). Main
echocardiographic data were: median LV wall thickness 12.4±1.8mm (9-15mm), LF diastolic
diameter 49±7, LV EF 62±10% (only 1/13 with previous anterior STEMI <50%). E/A 0.8, EDT
245±56msec, e/e' 11±5, GL2dStrain -17±4% (< -15% in 3 patients, no one with the apycal
sparing pattern typical of AL and senile cardiac amyloidosis), median RV wall thickness 8±0.9 (79.5mm).
No uptake was seen in patients with APOA1-related amyloidosis.
Conclusions: Despite echocardiographic features suggesting possible cardiac involvement in this
group of 13 patients affected by Leu75Pro APOA1 amyloidosis, 99mTc-DPD scintigraphy was not
able to detect myocardial amyloid deposition
Reference:
1. Quarta CC, et al. High 99mTc-DPD myocardial uptake in a patient with apolipoprotein AIrelated amyloidotic cardiomyopathy. Amyloid 2013 Mar;20(1):48-51. Epub 2012 Dec 12.
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A transgenic model of Randall-type heavy chain deposition disease (HCDD)
Sébastien Bender*1, 3, Amélie Bonaud*1, Corinne Lacombe2, Michel Cogné1,3, Guy Touchard2,
Frank Bridoux2 and Christophe Sirac1. *contributed equally to this work.
French reference center for AL amyloidosis and other monoclonal immunoglobulin deposition
diseases
1
CRIBL, CNRS UMR 7276, University of Limoges, France. 2Department of Nephrology and
Renal transplantation, CHU, University of Poitiers, France. 3CHU de Limoges, France.
Randall-type heavy chain deposition disease (HCDD) is a rare disorder characterized by
glomerular and peritubular amorphous deposits of a truncated monoclonal immunoglobulin (Ig)
heavy chain (HC) bearing a deletion of the first constant domain (CH1). However, the natural
history and pathophysiological mechanisms of HCDD remain poorly described. If deletion of
CH1 seems to be required for secretion of an isolated HC, mutations in the variable region
probably account for tissue deposition.
To better understand the mechanisms of HC deposition in kidney, we have created a transgenic
mouse model of HCDD. Using gene-targeted insertion into the Ig kappa locus, we have
introduced a truncated human ȖHC extracted from a patient with HCDD and added a CH1
domain flanked by two loxP sites. This knock-in design allowed the expression in B and plasma
cells of a complete human Ȗ1 HC that can be deleted of the CH1 domain upon CRE-mediated
recombination.
The complete HC is very well produced in the mice in association with murine light chains (LC)
(6g/L in sera). However, the germline deletion of the CH1 domain induces a dramatic decrease of
HC in sera (0.3g/L). Despite this low level of truncated HC, immuno-histological studies of these
mice reveal significant peri-vasculars and glomerular basement membranes depositions that are
absent in mice expressing the complete human HC. These results demonstrate that the glomerular
damages in HCDD rely on the production of an isolated truncated HC which, in absence of a LC
partner, display a high propensity to aggregate even at very low concentration. Further studies
carried out on this model, including the conditional CRE-mediated deletion of the CH1 domain in
differentiated cells and a precise follow-up of renal function during the evolution the pathology,
will certainly shed lights on the physiopathological mechanisms of HCDD and provide new
therapeutic perspectives.

PB-2
The incidence of venous thromboembolismin patients with AL amyloidosis
Bever KM, Sanchorawala V, Seldin DC, Stern L, Berk, JL, Havasi A, Sloan, JM.
Amyloidosis Center, Boston University School of Medicine, Boston Medical Center, Boston,
MA, USA
Background: The incidence of venous thromboembolism (VTE) among patients with AL
amyloidosis (AL) is unknown. Additionally, it is unclear if the nephrotic syndrome associated
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with AL confers an increased risk of VTE similar to nephrotic syndrome from other causes. We
examined the incidence of VTE among AL patients presenting to a single referral center,
identifying clinical and laboratory data predictive of VTE events.
Methods: Selected clinical and laboratory data were collected prospectively on patients
presenting to the Amyloidosis Center at Boston Medical Center. The electronic medical record
was searched for charts containing terms “AL amyloid” and terms related to VTE (including DVT
and PE) between 2003 and the present. Cases of VTE were verified by chart review. AL cohorts
with and without VTE were analyzed for predictors of thrombotic events.
Results: 1084 patients with AL and at least one Amyloid Clinic visit since 2003 were identified.
Of these, 91 patients (8.4%) were documented as having VTE; 5 patients had VTE more than 3
years before the diagnosis of ALA and were excluded from further analysis. Of those remaining,
47 episodes (55%) of VTE occurred while on anti-plasma cell therapy or in the post-stem cell
transplant period and 19 (22%) were central venous catheter-associated. 51 out of 376 AL patients
(13.6%) with nephrotic-range proteinuria (urine protein of >3.5gm/24 hours) had VTE.
Discussion: Analysis of a single referral center experience reveals high rates of VTE among AL
patients, particularly among those with nephrotic-range proteinuria. Anti-plasma cell therapy and
indwelling central venous catheters are risk factors for VTE among AL patients. Additional
analyses correlating clinical, treatment and laboratory characteristics with risk of VTE will be
presented.

PB-3
AL amyloidosis: Development of a conceptual model and a symptom diary
Emuella Flood,1 David C. Seldin,2 Ai-Min Hui,3 Deborah Berg,3 Huamao Mark Lin3
1
Oxford Outcomes Inc, an ICON plc company, Bethesda, MD, USA; 2Boston Medical Center,
Boston, MA, USA; 3Takeda Pharmaceuticals International Co., Cambridge, MA, USA
Background/objectives: Systemic light chain (AL) amyloidosis is a rare and incurable but
treatable disease. This study aimed to understand the symptoms/impacts of disease/treatment
from the patient’s perspective and to develop a conceptual model of AL amyloidosis. A second
objective was to evaluate a draft AL amyloidosis symptom diary.
Methods: Three data sources were included: 1) A targeted literature review of MEDLINE and
Embase; 2) A review of patient blogs (online diaries about disease/treatment); and 3) One-on-one
telephone interviews with AL amyloidosis patients involving concept elicitation and cognitive
debriefing regarding the draft symptom diary. Interview transcripts were coded to identify key
symptoms/impacts and issues with the symptom diary using qualitative data analysis software
(MaxQDA).
Results: Of 270 English language abstracts identified, 10 included a patient-reported outcome
measure and were reviewed. No qualitative studies were identified. Nine patient blogs were
reviewed. Ten patients were interviewed (mean age 61 ± 8 years; 7 male); 8 had received prior
chemotherapy, 6 had a stem cell transplant, and 1 had a heart transplant. The most common
symptoms reported by patients were fatigue (n=10), weakness (n=10), edema (n=10), shortness of
breath (n=9), neuropathy (n=9), dizziness/light-headedness (n=8), decreased/lack of appetite
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(n=6), and diarrhea (n=5). A hypothesized conceptual model illustrating the impacts of disease
and treatment was developed. In general, patients found the symptom diary easy to understand
and complete and considered it adequate for capturing their experiences with AL amyloidosis.
Conclusions: While symptoms/impacts of AL amyloidosis are variable, a core set of symptoms
emerged and a draft diary capturing symptoms likely to be applicable to most patients was
developed. Additional research and use in clinical trials can provide further evidence for the
validity and reliability of the diary.
Research funding: Millennium: The Takeda Oncology Company; Employment: A-MH and DB
are employees of Takeda Pharmaceuticals International Co.; HML is an employee of Millennium:
The Takeda Oncology Co.

PB-4
BNP and albumin are independent predictors of survival in newly diagnosed AL
amyloidosis in era of novel agents
Saulius Girnius1,2, Fangui Sun2, David Seldin1, John Berk1, Vaishali Sanchorawala1
1
Department of Internal Medicine, Boston University Medical Center, Boston, MA, USA.
2
Department of Internal Medicine, University of Cincinnati, Cincinnati, OH, USA. 3Department
of Biostatistics, Boston University Medical Center, Boston, MA, USA
A prognostic staging system in AL amyloidosis has been reported using cardiac biomarkers and
subsequently serum free light chains. We designed a retrospective analysis of a prospectively
maintained database to assess survival in patients with newly diagnosed AL amyloidosis not
treated with stem cell transplantation (SCT), initially seen between 1/2008 and 12/2010. Of the
304 patients new to our program, 157 were excluded due to previous treatment (n=86) or
underwent SCT (n=71), leaving 147 for analysis. The median age was 64 years (range, 38-84),
BNP was 278 pg/mL (range, 6-5479), albumin was 3.7 g/dL(range, 1.9-5.9), and troponin I was
0.9 mg/mL (range, .01-8.92). By Kaplan-Meier survival estimate, the median survival was 26
months, although prolonged survival was common. By univariate analysis, BNP>100 (HR 3.511,
95% CI 2.260-5.455), troponin I>0.1 (HR 2.04, 95% CI 1.43-2.92), interventricular septal
diameter (HR 1.77, 95% CI 1.14-2.73), and hypoalbuminemia (HR.73, 95% CI .58-.92)
correlated with shorter survival. DFLC>180 did not correlate with survival (HR 1.23, 95%
CI .73-2.06). By multivariate analysis, only BNP>100 (HR 2.83, 95% CI 1.75-4.59),
hypoalbuminemia (HR.78, 95% CI .63-.98), interventricular septal diameter (HR 1.08, 95% CI
1.02-1.14) were independent predictors of survival; troponin I was not a predictor as a
dichotomized or continuous variable. A biomarker staging system using BNP and albumin can
prognosticate survival. Stage I was defined as albumin<3.7 and BNP<100, Stage II as either
albumin>3.7 or BNP>100, not both, and Stage III as both albumin>3.7 and BNP>100. The
median survival for Stage I (n=19) was not reached, Stage II (n=77) was 22.3 months, and Stage
III (n=53) was 11.9 mos. Logrank analysis showed a statistically significant difference between
Stage I and II (p<10-4) and Stage II and III (p=0.029).
In summary, BNP>100 and hypoalbuminemia, not Troponin I, correlate with survival in our
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model.

PB-5
Overlap of immunoglobulin A nephropathy and amyloidosis in three renal biopsy specimens
Dibson Gondim, Mercia Gondim, Merrill Benson and Carrie L. Phillips, Department of
Pathology, Indiana University School of Medicine, Indianapolis, IN, USA
IgA nephropathy (IgAN) is the most common worldwide glomerulonephritis and may overlap
with other diseases. Coexistence of IgAN with renal amyloid (RA) deposition is unknown except
for rare case reports. Both may present with nephrotic syndrome and require tissue examination
for diagnosis. To determine incidence, histopathology and clinical features of overlapping IgAN
and RA, we studied our patient population. A database of 7386 native renal biopsy specimens
from 22 years was searched for cases with overlapping IgAN and RA. IgAN was diagnosed by
IgA-predominance in glomeruli using direct immunofluorescence (DIF). RA was defined by
Congo red-positive fibrils confirmed by electron microscopy. Three specimens met our criteria:
(1) 69-year-old female with 5 gm/day proteinuria, serum creatinine (SCr) 5 mg/dL (baseline 0.8),
and renal-limited amyloid, with unsuccessful protein sequencing from two specimens obtained in
5-year period. Five-year follow-up showed persistent proteinuria (5-7 gm/day) and SCr 1.68
mg/dL. (2) 60-year-old man presented with chronic lymphocytic leukemia, SCr 6.5mg/dL, and
lambda light chain by serum protein electrophoresis. He expired three months later. (3) 71-yearold diabetic male with hypertension, chronic kidney disease, proteinuria and SCr 2.8mg/dL.
Light chain restriction was not detected by DIF, but mass spectrometry revealed scant AL
amyloid below diagnostic threshold. We identified three renal biopsy specimens with
overlapping IgAN and RA diagnoses. Ultrastructural distinctness of electron dense deposits
(attributed to IgAN) and fibrils (attributed to amyloid) in the same specimen favors diagnosis of
coexisting diseases. Lambda light chain was identified in one RA case and suspected in a second.
Congo red-positive fibrils in a third patient remain unidentified and her slow progression is not
characteristic of most amyloidosis, but IgAN symptomatology may have initiated early detection
of amyloidosis. Due to the rare overlap of these diseases, one of which is a commonly
encountered glomerulopathy, we speculate their association is coincidental.
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PB-6
Amyloidosis and fibrillary glomerulopathy in patients with hepatitis C virus infection
Mercia Gondim, Carrie Phillips, Dibson Gondim, Department of Pathology, Indiana University
School of Medicine, Indianapolis, IN, USA
The association between hepatitis C virus infection (HCV+) and cryoglobulinemic
glomerulonephritis is well known, but the incidence of HCV+ and cryoglobulin-negative
glomerular fibrils is not widely studied. We sought to determine the incidence of HCV+ with
renal amyloidosis (RA) or fibrillary glomerulopathy (FGN) in our academic center. An electronic
database of 7386 renal biopsy specimens was searched over a 22-year period, allowing
identification of 252 (3.4%) HCV+ patients. Three (0.8%) were diagnosed with RA and 7 (2.8%)
had Congo red-negative FGN. All HCV+ FGN were diagnosed after 2010: six males and one
female with ages ranging from 52 to 70 years. Proteinuria was recorded in six patients and serum
creatinine (SCr) ranged between 1.18 and 5.8. Glomerular IgG was detected by direct
immunofluorescence (DIF) in all FGN cases, while kappa and lambda Ȝ-LC) light chains in 4
and 6, respectively. All HCV+ RA patients were males, aged 47-, 57- and 64-years, diagnosed
between 2005 and 2012: one SAA+ by immunohistochemistry and two with Ȝ-LC by DIF. The
oldest patient had Ȝ-LC, no active liver disease, SCr 0.8 mg/dl, and expired within 6 months with
cardiac amyloidosis. The youngest patient Ȝ-LC) presented with SCr 2 mg/dL, underwent two
autologous stem cell transplantations, and progressed with advanced cirrhosis. In conclusion, all
patients had divergent clinical outcomes, but most were proteinuric and all had renal
insufficiency. Interestingly, all HCV+ FGN were diagnosed in the past 4 years and RA in the past
8 years, which may be due to broader HCV testing, earlier clinical diagnosis of renal
insufficiency, and improved recognition in specimens. FGN incidence was 3-fold greater than
RA, leading us to speculate that, in some patients, high concentrations of amyloid proteins may
bind HCV and alter the natural history of infection. Further studies are needed to explore this
possibility.

PB-7
An unusual case of local AL amyloidosis presenting as large soft tissue tumours on both
arms and legs
Timon Hansen, Kerstin Schmidt, Sofia Shah, Christoph Kimmich, Ferdinand Martius, Anthony
D. Ho, Christoph Röcken, Norbert Blank, Ute Hegenbart and Stefan O. Schönland.
Dept. of Oncology and Hematology, University Hospital Hamburg-Eppendorf, Hamburg,
Germany; Institute of Pathology, Schleswig Holstein University, Kiel, Germany; Amyloidosis
Center, Medical Department V, Univ. Heidelberg, Heidelberg, Germany
Introduction: Localized light chain amyloidosis is a very variable disease of unknown origin. In
some cases it is associated with an autoimmune disease (Meijer et al., 2008).
Case report: A fifty-year old female patient was admitted to the Amyloidosis Clinic. She had
developed multiple subcutaneous tumours of different size. Eight nodules had been removed and
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showed amyloid deposition surrounded by polyclonal plasma cells. Because she was also
diagnosed with biclonal gammopathy and a history of rheumatic disorder she was admitted to our
center to differentiate between local and systemic amyloidosis.
Results: Clinical examination showed multiple smaller and larger hard subcutaneous tumours on
all 4 extremities. The largest could be found at the lower leg with a diameter of about 10 cm (see
figure 1). Immunohistology showed amyloid type lambda. In the blood we found biclonal bands
(IgA kappa and IgG lambda with an IgA M protein of 5 g/l). Free light chains were lambda 45
mg/l and kappa 23 mg/l. ANA were positive (1:10.000, homogenous), ENA were negative. There
were no symptoms or signs of systemic organ involvement. Bone marrow showed a slight
increase of kappa+ plasma cells, cytogenetically positive for trisomy 11. The diagnosis of local
AL amyloidosis was made.
Conclusion: An extensive PubMed search showed that that this type of localised amyloidosis is
very rare. About 20 cases have been described. In most patients amyloid tumours were located at
lower legs. Multilocal distribution was described only in very few cases. We postulate that
localized AL amyloidosis is related to the rheumatic disease due to a chronic B cell stimulation
but not caused by a lambda positive plasma cell dyscrasia of the bone marrow.

PB-8
Localized form of AL amyloidosis in patients with primary Sjögren’s syndrome
Wataru Ishii, Akihiro Ueno, Tsuneaki Yoshinaga, Dai Kishida, Akiyo Hineno, Yasuhiro
Shimojima, Yoshiki Sekijima, Shu-ichi Ikeda
Department of Medicine (Neurology and Rheumatology), Shinshu University School of
Medicine, Japan
Background: Sjögren’s syndrome (SS) is associated with diverse extraglandular manifestations,
but localized form of AL amyloidosis in patients with primary SS is less well known.
Objective: To clarify the relationship between primary SS and localized form of AL amyloidosis.
Methods: We retrospectively searched the patient registries for our department, to identify the
combination of primary SS and localized form of AL amyloidosis. Amyloid deposition was
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confirmed with Congo red staining and was determined as AL type by immunohistochemistry.
Results: Seven patients (5 women, 2 men) with primary SS were diagnosed as having combined
localized form of AL amyloidosis. Their median age at detection of amyloid was 56.7 years
(range, 45 – 70 years). The diagnosis of localized form of AL amyloidosis preceded primary SS
in four patients. Amyloid deposition occurred in multiple organs including the skin, eyelid,
salivary gland, breast, stomach, glottis, trachea, as well as the lung. Five patients were detected
amyloid incidentally by cancer screening without any symptoms. Two patients had M-protein,
but plasma cell dyscrasia in bone marrow was not detected in these patients. Chest CT showed
several nodules and cystic lesions in all patients. PET scan was performed in four patients and
some nodules showed mild FDG uptake. MALT lymphoma was found in two patients and was
surgically excised. No evidence of recurrence was found in these patients. Five patients were
observed without administration of any specific therapy for localized form of AL amyloidosis.
Prognosis in our patients is excellent.
Conclusion: We need to screen for SS in patients with localized form of AL amyloidosis, and
think that nodular and cystic lung lesions seen in patients with primary SS represent the
possibility of localized form of AL amyloidosis. In addition, MALT lymphoma should always be
considered in these patients.

PB-9
Hairy cell leukemia and small lymphocytic lymphoma associated to systemic AL
amyloidosis: Report of two cases and review of the literature
Jimenez-Zepeda Victor H1, Bahlis Nizar1, Neri Paola1 and Duggan Peter1
1
Tom Baker Cancer Center, Department of Medical Oncology and Hematology, Calgary, AB,
Canada
Background Light chain (AL) amyloidosis has been recently reported in association with
lymphoma in 2-4% of cases1. Furthermore, a recent report by Kourelis TV et al.2 identified 20
cases of AL associated to CLL (Chronic lymphocytic leukemia). Here, we present with two cases
of AL amyloidosis associated to Hairy Cell Leukemia (HCL) and CLL. Methods Patients were
identified retrospectively by survey of hematologists and information was gathered by review of
the charts. Results Two patients with association of CLL and HCL and AL amyloidosis were
found. Case 1: A 61 y/old male originally presented with pancytopenia and bone marrow
consistent with HCL (CD19/CD20/CD25 positive, lambda restricted) in 08/09. Patient was
treated with 2-CDA showing hematological remission. However, developed nephrotic-range
proteinuria in 03/2011 and kidney biopsy confirmed AL amyloidosis by LC/MS. Patient was
found to have kidney and cardiac involvement and was treated with a combination of RCVel-P
and CyBORD achieving a VGPR. Case 2: A 86 y/old male presented with nephrotic syndrome,
renal failure requiring hemodialysis and constitutional symptoms. Kidney biopsy showed AL
amyloid deposition while the bone marrow revealed the presence of Small Lymphocytic
Lymphoma (10% of marrow) in coexistence with a monoclonal population of plasma cells. CT
staging did not show evidence of lymphadenopathy or liver and spleen enlargement. Kidney and
cardiac involvement was confirmed and patient was started on CyBORD chemotherapy achieving
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VGPR after 6 weeks of treatment, in addition to decrease of proteinuria by 50% with adequate
tolerance. Both cases exhibited two different clones, one associated to AL amyloid and the second
one to lymphoma. Conclusions We report here on the association of systemic AL amyloidosis to
CLL and HCL showing that bortezomib-containing regimens are feasible to control amyloid in
this setting.
References:
1. Telio D, Bailey D, Chen C, Crump M, Reece D, Kukreti V. Two distinct syndromes of
lymphoma-associated AL amyloidosis: a case series and review of the literature. Am J
Hematol. 2010 Oct;85(10):805-8. doi: 10.1002/ajh.21814.
2. Kourelis TV, Gertz M, Zent C, et al. Systemic amyloidosis associated with chronic
lymphocytic leukemia/small lymphocytic lymphoma. Am J Hematol. 2013
May;88(5):375-8. doi: 10.1002/ajh.23413. Epub 2013 Mar 19.

PB-10
Clinical and endoscopic features of localized immunoglobulin light chain (AL) amyloidosis
in the gastrointestinal tract
Nagaaki Katoh, Masahide Yazaki, Masayuki Matsuda, and Shu-ichi Ikeda
Department of Medicine (Neurology and Rheumatology), Shinshu University School of
Medicine, Japan
[Background] Characteristics of localized immunoglobulin light chain (AL) amyloidosis in the
gastrointestinal (GI) tract are incompletely understood. [Objective] To clarify the clinical and
endoscopic features of patients with this disorder. [Methods] Among all AL (systemic and
localized) patients who visited our department from April 2001 to December 2013, we reviewed
the medical records of those diagnosed as having localized gastrointestinal AL amyloidosis.
[Results] Thirteen of 210 AL patients (6.2%) were identified (male:female = 3:10; mean age at
onset = 50.5; amyloid subtype N/O = 4/9). Their clinical manifestations were GI bleeding (23.1%),
stomachache (7.7%), and nausea (7.7%). The remaining patients (61.5%) were incidentally
identified on routine endoscopic surveillance without any subjective symptoms. The distribution
of GI tract involvement was histologically confirmed in the upper GI tract only in 6 patients
(46.2%), lower GI tract only in 5 patients (38.5%), and both in 2 patients (15.4%). The
endoscopic findings of the upper GI tract were extremely diverse, including normal appearance,
polypoid protrusions, thickened folds, tumor formation, mucosal friability, erosions, ulcers, etc.
Endoscopic findings of the lower GI tract were nonspecific, such as mucosal reddening, capillary
dilatation, erosions, ulcers, and submucosal hemorrhage. None of the patients developed the
systemic form during the observation period (mean: 5.8 years). [Discussion] Despite having the
localized form, some of the patients showed extended amyloid infiltration in both upper and
lower GI tracts. The mechanism underlying this intriguing finding remains unclear and further
studies are required. [Conclusion] More than half of patients with this disorder were not
symptomatic. Histological examination is very important to make a diagnosis because a wide
variety of endoscopic findings were seen, most of which were nonspecific. Conversion from
localized involvement to systemic involvement was not observed in our series and life prognosis
is good.
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PB-11
Prediction of amyloid “Hot Spots” in immunoglobulin light chain: Effects of mutations and
the constant region
Klimtchuk E.S.1, Gursky O.2, Prokaeva T.1, Spenser B.H.1, Connors L.H.1, Seldin D.C.1
1
Amyloid Treatment and Research Center, 2Department of Physiology and Biophysics, Boston
University School of Medicine, Boston, MA 02118
Background: Immunoglobulin light chain (LC) proteins contain two E-sheet rich domains
termed variable (V) and constant (C) regions. Amyloid formation is usually attributed to the Vregion, although our studies indicate that C-region is also important (Biochemistry (2010) 49,
9848-9857). To identify factors that drive LC misfolding, we hypothesized that, similar to other
proteins, amyloid formation by LC is initiated by short self-recognition elements, or “hot spots”,
that are 4-10 residue segments with high propensity for E-aggregation.
Methods: To identify such segments in amyloidogenic LC, more than 20 amyloidogenic k1 and
O6 LC and non-amyloid controls were selected from ALBase (albase.bumc.bu.edu). We used the
recently developed consensus software, AmylPred2 (Tsolis, A.C. et al. (2013) A Consensus
Method for the Prediction of "Aggregation-Prone" Peptides in Globular Proteins. PLoS ONE,
8(1): e54175) that utilizes 11 sequence-based prediction algorithms. The predicted segments were
mapped on the X-ray crystal structure of LC.
Results: Application of these algorithms to LC sequences predicted six amyloidogenic segments
in the V-region and one in the C-region. In the crystal structure, the six “hot-spot” segments in
the V-region form largely buried E-strands, which normally protect them from aggregation.
Notably, compared to normal LC, the amyloid-forming LCs of the same type showed stronger
predicted E-aggregating propensity for the corresponding amyloidogenic segments and longer
amyloidogenic segments that extended into solvent-exposed loops of the V-region.
Discussion: We propose that this enhanced amyloid-forming propensity and solvent exposure of
the “hot spot” segments promote fibril formation by amyloidogenic LC. Further, the location of
the C-region “hot spot” in the E-strand and the adjacent loop near the linker between the V- and
C-regions supports our hypothesis that the structure of the C-region and its interactions with the
V-region are important for LC amyloid nucleation.
Supported by the Gruss Foundation, and the Wildflower Foundation.
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PB-12
AL amyloidosis is diagnosed late in most patients with preexisting plasma cell dyscrasias
Taxiarchis V. Kourelis, Shaji K. Kumar, Morie A. Gertz, Martha Q. Lacy, Francis K. Buadi,
Suzanne R. Hayman, Nelson Leung, Robert A. Kyle, David Dingli, John A. Lust, Yi Lin, Prashant
Kapoor, Ronald S. Go, Stephen R. Zeldenrust, Robert A. Kyle, S. Vincent Rajkumar, Angela
Dispenzieri. All authors, from the Division of Hematology, Mayo Clinic, Rochester, MN.
Background: Timely diagnosis in AL amyloidosis (AL) is of paramount importance. However,
AL is rare and often presents with non-specific symptoms which result in delayed diagnosis when
organ function is significantly compromised. Objectives: To describe the timing of symptoms
and laboratory abnormalities attributable to organ dysfunction developing prior to the diagnosis
of AL in patients with previously untreated plasma cell dyscrasias (PCD). Methods: We
identified 168 patients with AL who had a PCD. Earliest symptom (ES) was defined as the
earliest, predominant symptom reported by the patient at the time of AL diagnosis that could be
attributed to organ dysfunction. In cases of liver or renal involvement the earliest sign of organ
dysfunction could be unexplained elevation of liver enzymes or unexplained proteinuria and these
abnormal laboratory values (ALV) were used instead but only if an ES was not evident. The
interval between the time of developing ES or ALV (ES/ALV_Interval) and the time of diagnosis
of AL was calculated. Results: PCDs included: MGUS (75%), smoldering myeloma (14%),
smoldering macroglobulinemia (5%), Idiopathic Bence Jones proteinuria (5%), Non-Hodgkin’s
lymphoma (0.6%), and solitary plasmacytoma of the bone (0.6 %). At least one ES or ALV was
reported by 1SDWLHQWV  ZLWK  RISDWLHQWVKDYLQJDQ(6$/9B,QWHUYDORI\HDU
Forty-four patients (43%) were followed by a hematologist prior to AL diagnosis. The heart was
commonly involved but dyspnea, the most common ES in these patients, developed late. Patients
ZLWKUHQDODQGQHUYHLQYROYHPHQWGHYHORSHG(6LQRIFDVHVZLWKDPHGLDQ
ES/ALV_Interval of 1 year. Conclusions: We demonstrate that most patients with AL and a PCD
report ES or have unexplained ALV. Patients with PCD are at risk for developing AL and
unexplained symptoms should be aggressively worked up since timely initiation of management
is very important.
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1

ES/ALV: Early symptom or abnormal laboratory value. 2 ES/ALV_Interval: The interval

between the time of developing ES or ALV and the time of diagnosis of AL. 3 PCD:
Previously untreated plasma cell dyscrasia. Negative values indicate that ES/ALV
developed prior to diagnosis of PCD.
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PB-13
Functional and differential proteomic analysis of the effects of amyloidogenic cardiotoxic
light chains on human cardiac cells
Francesca Lavatelli1, Esther Imperlini2, Giuseppina Palladini3, Paola Rognoni1, Eduard Sabidò4,
Daniela Sarnataro2, Giuseppe Malpasso5, Andrea Di Fonzo1, Veronica Valentini1, Massimiliano
Gnecchi5, Giovanni Palladini1, Stefano Perlini3, Francesco Salvatore2, Giampaolo Merlini1
1
Amyloidosis Research and Treatment Center, Foundation Scientific Institute San Matteo,
Department of Molecular Medicine, University of Pavia, Italy. 2 CEINGE Advanced
Biotechnologies, Naples, Italy. 3 Department of Internal Medicine, Foundation Scientific Institute
San Matteo and University of Pavia, Italy. 4 UPF/CRG Proteomics Unit, Center of Genomics
Regulation (CRG), Barcelona, Spain. 5 Department of Cardiology, Foundation Scientific Institute
San Matteo and University of Pavia, Italy.
Background and Objectives. In vivo and in vitro evidence indicates that soluble amyloidogenic
light chains (LCs) possess intrinsic toxicity towards cells (1-3). The mechanisms of damage are
not yet clarified and may involve abnormal interactions between toxic LCs and cell components.
We developed a system to investigate LC-organelle protein interactions and global changes in
protein expression in cultured cardiac cells, reflecting damage mechanisms or adaptive responses
to toxic LCs.
Methods. Direct and inverse co-immunoprecipitation (co-IP) approaches, combined with
proteomics and immunoblotting, were used to identify and confirm the protein species interacting
in vitro with amyloidogenic cardiotoxic and control (non-amyloidogenic) LCs (urinary; purified
by chromatography). LC interactions were validated in primary human cardiac cells cultures
(fibroblasts, hCF) by imaging. The differential proteomic profile of hCF exposed to toxic and
control LCs was studied by high-resolution mass spectrometry (label-free analysis) and
bioinformatics. Dedicated assays were used to test cell viability and selected functional
parameters.
Results. Co-IPs showed that cardiotoxic LC interacted with a subset of cellular proteins in vitro,
mainly localized in mitochondria and involved in key viability and metabolic functions.
Validation studies confirmed that interactions occurred within live hCF and were specific for the
analyzed cardiotoxic LCs, whereas all tested LCs were internalized and directed to the endolysosomal compartment. Differential proteomic analyses showed several proteins changing
significantly in abundance upon exposure to cardiotoxic LC. Impaired viability, apoptotic features
and mitochondrial functional changes were documented in cells exposed to cardiotoxic LC.
Discussion and Conclusions. Our data indicate that toxic LCs influence the cell proteome and
establish interactions with intracellular species, affecting proteins involved in viability and
metabolism. This study opens new perspectives on the pathogenesis of LC cardiomyopathy and
on potential therapeutic strategies.
References.
1. Palladini et al. Blood. 2006;107(10):3854-8
2. Monis et al. AJP. 2006;169(6):1939-52
3. Shi et al. PNAS. 2010;107(9):4188-93
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PB-14
Mutation of a cysteine residue in a lambda II light-chain associated with nodular cutaneous
amyloidosis
Juris J. Liepnieks and Merrill D. Benson
Department of Pathology and Laboratory Medicine, Indiana University School of Medicine,
Indianapolis, IN, USA
Background: AL amyloidosis of the skin is uncommon. It most commonly presents as nodular
subcutaneous lesions affecting mainly the lower extremities and is not associated with evidence
of systemic amyloidosis. These amyloid nodules are mainly in subcutaneous fatty tissue. They
may cause ulceration of the skin which may require debridement and/or skin grafting.
Biochemical characterizations of these amyloid deposits have revealed monoclonal
immunoglobulin light-chain. We now report AL amyloid involving the dermis with a lambda
light-chain having a previously unreported amino acid sequence.
Method: A 60-year-old Caucasian man presented with an indurated skin lesion measuring 3 X
2.5 centimeters in the anterior chest wall. It had been biopsied six years previously and revealed
deposits of amyloid on Congo red staining. The lesion subsequently enlarged and two more
nodular lesions appeared on the anterior chest wall and one on the posterior lumbar area. Two
nodular lesions were biopsied and revealed dense deposition of amyloid in the dermis but not
extending to the epidermis. Non-fixed tissue was submitted for biochemical characterization.
Results: Amyloid fibrils were isolated by standard procedure of homogenization and
centrifugation. After reduction and alkylation of the amyloid fibrils, amino acid sequence
analysis was accomplished by standard Edman degradation. Lambda II light-chain sequence was
characterized. A novel finding was mutation of the cysteine residue at position 23 from the Nterminus (using the Kabot numbering designation) to a tyrosine residue. Clinical evaluation
including search for serum monoclonal protein and abnormal immunoglobulin light-chain levels
was non-revealing. Bone marrow biopsy was normal without evidence of plasmacytosis.
Discussion: This case is unusual for the nodular dermal amyloid deposition, which is multifocal,
without evidence of systemic AL amyloidosis. The demonstration of a cysteine to tyrosine
mutation at position 23 of the light-chain is a novel finding. The deletion of the cysteine would
obviously prohibit the intra-molecular disulfide bridge common to immunoglobulin light-chain
molecules and could be predicted to markedly alter the peptide folding and beta structure. It also
may alter normal proteolysis of the immunoglobulin light-chain.
Conclusion: A novel lambda II light-chain structure associated with nodular dermal amyloidosis
is described. Pathogenic mechanisms for this form of amyloidosis are yet to be explored.
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PB-15
Clinical features and outcomes of systemic amyloidosis with gastrointestinal involvement: A
single center experience
A Young Lim1, Seok Jin Kim1, Ga Yeon Lee1, Jung Sun Kim2, Hee-Jin Kim3, Soo-Youn Lee3,
Jung Eun Lee1, Eun-Seok Jeon1, and Kihyun Kim1
1
Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of
Medicine, Seoul, Korea, 2Department of Pathology, Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul, Korea, 3Department of Laboratory Medicine & Genetics,
Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea
Background: Gastrointestinal (GI) tract is one of the important involved organs in systemic
amyloidosis. Since few data of amyloidosis of GI tract in Asian patients have been reported, we
described clinical features and outcomes of the patients with pathologically proven GI
amyloidosis with associated symptoms.
Materials and Methods: We identified 172 patients diagnosed with systemic amyloidosis
between April, 1995 and April, 2013. Fourteen patients with unclassifiable types of amyloidosis
were excluded. Of a total of 158 patients, light-chain (AL) amyloidosis was most common (139
patients, 88.0%) followed by Amyloid A (AA) type (11 patients, 7.0%), and transthyretin (ATTR)
type (8 patients, 5.1%). Thirty patients (19.0%) were confirmed as GI amyloidosis by associated
symptoms and direct biopsy verification.
Results: Among 30 patients with GI amyloidosis, 24 (80.0%) had AL type, 4 (13.3%) had AA
type, and 2 (6.67%) had ATTR type. Their median age was 58 years (range, 37-74) and 13
patients were female (43.0%). The most common symptoms of GI amyloidosis were diarrhea (14
patients, 46.7%), followed by anorexia (11 patients, 36.7%), weight loss and nausea and/or
vomiting (8 patients, 29.0%). In AL amyloidosis with GI involvement, heart involvement was
more frequent (66.7% vs 56.0%, p=0.495), and renal involvement was less frequent than in those
without GI involvement (29.2% vs. 58.2%, P=0.013). Patients with GI amyloidosis had more
organ involvement (P=0.009). In patients with GI involvement, median overall survival was
shorter [7.0 months (range, 0.0 – 18.0)] than those without GI involvement [24.3 months (range,
11.1 – 37.6), (p=0.046)] in univariate analysis. However, it was not significant in multivariate
analysis (p=0.388).
Conclusion: The prognosis of AL amyloidosis with GI involvement is poorer and it seems that
those patients present with more organ involvement and advanced disease.
This study was supported by a grant of the Korea Health technology R&D Project, Ministry of
Health & Welfare, Republicof Korea. (A120175)
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PB-16
Comparison of Ȝimmunoglobulin light chains from kidney, serum and urine samples of
five patients with AL amyloidosis
Yanyan Lu, Tatiana Prokaeva, Brian H. Spencer, Lawreen H. Connors, Catherine E. Costello
Department of Biochemistry, Boston University School of Medicine, Boston, MA, USA
We are using a combination of 2D SDS-PAGE and mass spectrometry (MS)-based methods to
interrogate immunoglobulin (Ig) light chains (LCs) in kidney, serum and urine samples of five
patients with ȜLC amyloidosis to compare the post-translational modifications (PTMs) of LCs
from different sources, especially truncations.
Proteins extracted from kidney, serum and urine were subjected to 2D gel analysis. Deduced
LC sequences from bone marrow monoclonal plasma cells were utilized. Peptide mixtures
obtained from spots of interest on each gel were analyzed using an 1) ultrafleXtreme™ MALDITOF/TOF MS (Bruker) and 2) LTQ-Orbitrap™ MS (ThermoFisher) with an Accuity nanoUPLC
(Waters) and TriVersa NanoMate™ robot (Advion). Data were analyzed with MASCOT™ and
Proteome Discoverer 1.3 (Thermo); peak assignments were verified manually.
In serum, the LCs were exclusively full-length (~25kD). For kidney, LC deposits were
composed mainly of N-terminal fragments; a small amount of intact LC was identified in one
sample. N-terminal fragments showed a degradation pattern with apparent molecular weights
ranging from 10 to 20 kD. Co-localization of serum amyloid P component (SAP) was identified
in one spot that also corresponded to an intact LC. The two available urine samples showed both
C-terminal fragments and full-length LCs. Degraded forms of alpha-1-antitrypsin were also
identified in one urine sample. The only deposited intact LC was found to have deamindation at
the N-terminal asparagine residue; however, deamidated LC was not found in the corresponding
serum. Another LC from serum had the triplet 194NYS in its sequence and was determined to be
partially N-glycosylated in the serum circulating form. Oxidation of both methionine and
tryptophan residues was also observed. Our data shows substantial differences between serum
and tissue LCs indicating the possibility of post-deposition LC processing.
Supported by NIH grants P41 GM104603, S10 OD010724 and S10 RR020946 and the BUMC
Amyloidosis Center.

PB-17
One siRNA SRROWDUJHWLQJWKHțOLJKWFKDLQFRQVWDQWUHJLRQVWRSVțOLJKWFKDLQSURGXFWLRQ
and secretion in human plasma cells
Xun Ma,1 Ping Zhou,1 Chakra Chaluagain,1 Raymond L. Comenzo1.2
From 1Tufts Medical Center and 2Tufts University School of Medicine, Boston, MA
Background Light chain (LC) diseases such as AL amyloidosis are caused by pathologic light
chains. Treatment is aimed at eliminating light chain production but success is limited. RNA
interference (RNAi) can stop light chain production by plasma cells but the genetic diversity of
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light chain sequences poses a challenge. RNAi targeting consensus sequences in the constant
region of light chain mRNA may overcome this challenge.
Objective To develop and test one pool of siRNA designed to target the țLC constant region
(CR) mRNA in human plasma cells and stop țlight chain secretion.
Methods One pool of siRNA (si[IGLCțCR]) was designed to target the țLC CR mRNA and
custom produced with a non-target control (si[-]). Both were introduced in vitro into human
plasma cells by an optimized streptolysin O-based method and flow cytometry and ELISA were
used to evaluate țLC production and secretion at 24 hours.
Results We treated 4 human cell lines that make țlight chains (IM9, H929, JJN-3, ARH77) on 4
separate days with si[IGLCțCR] and si[-] control, and evaluated the percent difference in
intracellular mean fluorescent intensity ǻMFI). The median ǻMFI was decreased 67.3% (range,
22.5-90.8) in si[IGLCțCR] treated cells. We treated 8 CD138+ patient samples (AL=2, LCDD=1,
MM=5) in the same way and the ǻMFI was decreased 37.5% (14-69.8) with si[IGLCțCR]. We
treated the cell lines and 2 patient samples (AL, MM) in the same way and evaluated țLC
secretion in culture by ELISA (Bethyl Laboratories), observing a significant decrease in all cases
(Figure below).
Discussion With the one pool si[IGLCțCR] we can stop țLC production in human plasma cells,
including the cells of patients with active plasma cell disease.
Conclusion Further pre-clinical development of this approach is warranted in order to optimize
mRNA targeting, cell-specific delivery and knockdown efficiency.

PB-18
High incidence of sleep apnoea in patients with systemic AL amyloidosis
Shameem Mahmood1, Leena George2, Milind Sovani2, Peter Smith2, Sajitha Sachchithanantham1,
Thirusha Lane1, Lisa Rannigan1, Darren Foard1, Rabya Sayed1, Ketna Patel1, Marianna Fontana1,
Carol Whelan1, Helen Lachmann1, Julian D Gillmore1, Philip N Hawkins1, Ashutosh
Wechalekar1
1
National Amyloidosis Centre, University College of London Medical School, London, United
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Kingdom. 2Sleep and Ventilation Centre, Nottingham University Hospital, Nottingham, UK
Background: Patients with systemic amyloidosis presenting with oropharyngeal soft tissue
deposition and/or heart failure are at risk of sleep disordered breathing (SDB) and obstructive
sleep apnoea (OSA) - yet little data exist on this topic. Aims: A pilot study to explore the
incidence of SDB and OSA in patients with systemic amyloidosis with cardiac and/or soft tissue
involvement with macroglossia, and define risk factors for OSA in this group.
Methods: Forty six patients seen at with the UK National Amyloidosis Centre between July and
December 2013 with cardiac amyloidosis or macroglossia completed the Epworth Sleepiness
Score (ESS) and STOP BANG questionnaire for OSA and underwent overnight pulse oximetry in
addition to detailed assessment for organ involvement as per standard protocol.
Results: 46 patients were studied (Median age 66 years, 58% male, median BMI 25.8). Twenty
three (50%) patients had macroglossia and 30 (65%) had cardiac involvement. Fifteen, 11 and 22
patients, respectively, reported snoring, witnessed apnoeas and had neck circumference > 40cm.
8 patients had ESS score > 10. High risk of OSA was present in 20 (43%) by STOP BANG
TXHVWLRQQDLUHVFRUHRI2YHUQLJKWR[LPHWU\ZDVDEQRUPDOLQ  SDWLHQWV
patients had 4% Oxygen Desaturation Index (ODI) >5, >10 and >15 per hour respectively. No
differences were noted in ESS, STOP-BANG or ODI between patients with macroglossia and
FDUGLDFLQYROYHPHQW3DWLHQWVZLWK6723%$1*VFRUHZHUHPRUHOLNHO\WRKDYH2',!
and a higher ESS (7 v5). Conclusion: There is a high prevalence of sleep disordered breathing in
systemic amyloidosis. STOP BANG questionnaire could identify those with OSA but likely to
miss out those with central SDB due to heart failure. Further studies including sleep polygraphy
are needed to confirm and to assess effects on cardiac mortality.
Table 1. STOP BANG questionnaire as a tool assessment
6723%$1*3 STOP BANG 0-2
Median (range)
Median (range)
Numbers

20

26

BMI

27 (25-29.7)

25 (23-26)

Mean pulse oximetry

94 (91.5-95)

93 (92-95)

Mean pulse rate

72 (62.5-78)

74 (68-86)

Sleep disorder index

22 (8.2-46.5)

14 (5-40)

4%ODI

12 (5.6-34)

5.8 (2.3-12)

ESS

7 (4-9.5)

3 (1-5)

Cardiac

10

10

Macroglossia

6

7

Cardiac and macroglossia

3

5
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PB-19
Single restorative mutations alter folding, stability and fibril formation in an amyloidogenic
light chain protein.
Marta Marin-Argany1, Jofre Güell-Bosch2, Sandra Villegas2 & Marina Ramirez-Alvarado1.
1
Department of Biochemistry and Molecular Biology, Mayo Clinic, Rochester, MN 55905, USA.
ramirezalvarado.marina@mayo.edu 2Departament de Bioquímica i Biologia Molecular, Unitat de
Bioquímica de Biociències, Universitat Autònoma de Barcelona, 08193 Cerdanyola del Vallès,
Spain. sandra.villegas@uab.cat
Light chain amyloidosis is currently an incurable disease characterized by the secretion of
monoclonal free immunoglobulin light-chains produced by an aberrant plasma cell population.
Once in circulation, the light chains misfold and subsequently aggregate into amyloid fibrils in
many vital organs.
We have worked with the AL-12 light-chain protein; an amyloidogenic variable domain coming
from a 64-year-old woman diagnosed with multiple myeloma/cardiac AL. AL-12 sequence has 8
somatic mutations from its germline ɤI O18/O8 protein; 7 of those are non-conservative changes.
Previous reports on AL-12 have shown that it is less stable than the germline but adopts the
canonical dimer structure by X-ray crystallography.
In this study, we identified the role of somatic mutations in the structure, stability and in vitro
fibril formation for AL-12 by restoring four non-conservative somatic mutations to its germline ɤI
O18/O8 corresponding amino acid (H32Y, R65S, H70D and Q96Y). The overall secondary and
tertiary structure of the different variants was assessed by Circular Dichroism and Intrinsic
Fluorescence. Thermodynamic properties were obtained by following thermal and chemical
denaturation. All four restored positions decreased the thermodynamic stability in the AL-12
domain. H32Y and H70D mutants resulted in a dramatic GHFUHDVHRIWKH¨Gunfolding, while R65S
mutant slightly increase the protein stability (Fig.1). Mutation Q96Y altered the typically
immunoglobulin ȕ-barrel structure and the reversibility of denaturation. This data suggests that
Gln96 plays an important role on the AL-12 folding. In vitro fibril formation did not show a clear
correlation between protein stability and kinetics of amyloid fibril formation, especially for those
mutants located on the canonical dimer interface, H32Y and Q96Y. Our preliminary results
contribute new information regarding to the molecular mechanism of fibril formation and the role
of somatic mutations in the amyloidogenic process.
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References:
Sikkink, L. A. and M. Ramirez-Alvarado (2008). "Salts enhance both protein stability and
amyloid formation of an immunoglobulin light chain." Biophysical chemistry 135(1-3):
25-31.
Randles, E. G., J. R. Thompson, et al. (2009). "Structural alterations within native amyloidogenic
immunoglobulin light chains." Journal of molecular biology 389(1): 199-210.

PB-20
The etiology of amyloidosis influences the pathophysiology and outcome of heart failure in
amyloidotic cardiomyopathy
Agnese Milandri 1, Simone Longhi 1, Candida Cristina Quarta 1, Christian Gagliardi 1, Serena
Foffi 1, Nelson Gentile 1, Lisa Manuzzi 1, Ilaria Bartolomei 2, Francesca Pastorelli 2, Fabrizio
Salvi 2, Claudio Rapezzi 1
1
Cardiology, Department of Experimental, Diagnostic and Specialty Medicine – DIMES, Alma
Mater Studiorum, University of Bologna, Bologna, Italy; 2 Neurology, Bellaria Hospital, Bologna,
Italy.
Background and Objective. Irrespectively of the specific etiology of cardiac amyloidosis (CA),
heart failure (HF) has been traditionally attributed to diastolic dysfunction. Risk factors and role
of the different amyloid subtypes of CA in the pathophysiology of HF remain undefined.
Methods. We analyzed the profile and outcome of patients who presented at our Centre in 19902011 with advanced HF (NYHA III-IV) due to the three main etiologies of CA: light-chain (AL),
mutant (ATTRm) and wild type transthyretin (ATTRwt) amyloidosis.
Results and Discussion. Ninety-nine of 273 (36%) patients diagnosed with CA at our Center
presented with advanced HF and showed severe symmetric LV wall thickening (higher values in
ATTRm), non-dilated LV and preserved EF (lower values in ATTRwt). Hemodynamically,
elevated filing pressures on both cardiac sides were present in all etiologies. Histologically, AL
showed small vessels involvement in 89% of cases; ATTRwt showed inflammatory infiltrates in
1/3 of cases. Survival at 2 years was 39% for AL, 80% for ATTRm, 89% for ATTRwt. Freedom
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from MACE was 23% for AL, 56% for ATTRm, 41% for ATTRwt. ATTRm and ATTRwt were
favourable predictors of survival; RFP and creatinine were negatively associated with overall
survival and MACE, respectively.
Conclusions. In AC, both pathophysiology of HF and outcome are influenced by the etiology of
amyloidosis. Despite shorter disease duration and lesser LV wall thickening, AL amyloidosis
shows the worst outcome probably due to a combination of interstitial infiltration and light chains
cardiotoxicity.

PB-21
Can 24-hour urine collection be replaced by an early morning sample for Bence Jones
protein detection and quantification?
Paolo Milani,1 Giovanni Palladini,1 Catherine Klersy,2 Veronica Valentini,1 Francesca Lavatelli,1
Mario Nuvolone,1 Luisa Zanolla,3 Gabriella Righetti,4 Vittorio Meneghini,5 Maria Stella
Graziani,4 Giampaolo Merlini1
1
Amyloidosis Research and Treatment Center, Fondazione IRCCS Policlinico San Matteo and
Department of Molecular Medicine, University of Pavia, Pavia, Italy. 2Scientific Direction,
Fondazione IRCCS Policlnico San Matteo, Pavia, Italy. 3Cardiology Department, Ospedale
Civile Maggiore, Azienda Ospedaliera Universitaria Integrata, Verona, Italy. 4Clinical Chemistry
Laboratory, Ospedale Civile Maggiore, Azienda Ospedaliera Universitaria Integrata, Verona,
Italy. 5Hematology Department, Ospedale Civile Maggiore, Azienda Ospedaliera Universitaria
Integrata, Verona, Italy.
Detection and quantification of Bence Jones protein (BJP) is necessary in AL amyloidosis and
multiple myeloma. For BJP quantification a 24h urine collection is required; however, this can be
inconvenient and subject to errors. Total protein excretion can be measured in an early morning
void (EMV) and expressed as protein-to-creatinine ratio.
We tested if EMV could be used to detect, quantify and monitor BJP. Patients (n=337) collected
24h urine and 10 mL of the last EMV were used for the “spot” evaluation; 204 had AL, 56
MGUS, 51 MM, 17 SMM, 9 WM. Agarose-gel immunofixation electrophoresis was used for BJP
detection.
In 132 patients BJP was detected in both samples, in 13 only in the EMV, and in 1 only in the 24h
sample (agreement 96%, Kappa-statistic 0.91 in the overall population, and agreement 98%,
Kappa-statistic 0.96 in AL patients, indicating “almost perfect” agreement). When the BJP was
visible at electrophoresis (68 pairs of samples, 31 with AL) it was quantified by densitometric
scanning of the peak and expressed in mg/24h or mg/g-creatinine. There was very good
agreement between BJP expressed as mg/24h and mg/g-creatinine in the 24h samples (Lin’s
correlation coefficient [cc] 0.95), mg/g-creatinine in the 24h and EMV samples (cc 0.95), and
mg/24h in the 24h sample and mg/g-creatinine in the EMV (cc 0.91). In 25 patients with t2
measurements, agreement between changes in BJP expressed in mg/24h in the 24h sample and in
mg/g-creatinine in the EMV was suboptimal (cc 0.72). However, agreement between BJP changes
expressed in mg/g-creatinine in the 24h sample and in the EMV was better (cc 0.85).
An EMV can be used for BJP detection and measurement. The better agreement in BJP changes
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between the 24h and EMV samples when BJP is expressed in mg/g-creatinine probably reflects
patients’ errors in timed urine collection.

PB-22
Generation of a conditional transgenic mouse model of immunoglobulin light chain (AL)
amyloidosis
Mario Nuvolone1,2, Silvia Sorce1, Pawel Pelczar3, Elisabeth Rushing1, Francesca Lavatelli2,
Giovanni Palladini2, Giampaolo Merlini2 and Adriano Aguzzi1.
1
Institute of Neuropathology, University Hospital of Zurich, Zurich, Switzerland. 2Amyloidosis
Research and Treatment Center, Foundation Scientific Institute San Matteo, Department of
Molecular Medicine, University of Pavia, Pavia, Italy. 3Institute of Laboratory Animal Science,
University of Zurich, Zurich, Switzerland.
Background: The molecular mechanisms underlying AL amyloidosis remain elusive, in part due
to the paucity of reliable animal models1. Generation of transgenic mice overexpressing human
amyloidogenic light chains (aLC) is technically hampered by the intrinsic toxicity of these
proteins, which could result in embryolethality or selection against high expressor lines2.
Objective: To overcome this limitation, we aimed to generate a conditional transgenic mouse in
which the expression of an aLC can be regulated in a spatial and temporal manner using the CreloxP system3.
Methods: The cDNA encoding an aLC was sub-cloned in the 3’ region of an expression vector
FRQVLVWLQJ ¶ĺ¶ RIDXELTXLWRXVSURPRWHUDQGDUHSRUWHUJHQH-stop cassette flanked by two
loxP sites. Transgenic mice obtained by pronuclear injection were crossed with mice expressing
the Cre recombinase under the albumin promoter (Alb-cre) to activate the expression of aLC in
hepatocytes.
Results: Transgenic mice obtained by pronuclear injection showed ubiquitous expression of the
reporter gene, but as expected, no expression of aLC. Crossing with Alb-cre resulted in the
generation of mice with hepatocyte-restricted expression of aLC and detectable serum levels of
aLC. Mice are currently being followed for the identification of amyloid deposits and phenotypic
abnormalities.
Discussion: We have generated a transgenic mouse in which the expression of aLC can be
activated in a regulated manner. In mice with hepatocyte-restricted expression of aLC, all target
organs (except liver) are exposed to aLC derived only from the circulation, resembling the
clinical condition. Additional cre transgenic lines, including tamoxifen-inducible ones, can be
used to further manipulate the temporal and spatial pattern of aLC expression.
Conclusion: This newly developed conditional transgenic mouse could prove instrumental to
deepen our current mechanistic understanding of AL amyloidosis.
References:
1. Ward JE. Blood 2011;118(25):6610-7.
2. Kelly JW. Blood 2011;118(25)6479-80.
3. Branda CS. Dev Cell 2004;6(1):7-28.
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Inherent cellular stress and exquisite proteasome sensitivity in amyloidogenic plasma cells
(1) Laura Oliva, Division of Genetics and Cell Biology, San Raffaele Scientific Institute,
Milano, Italy.
(2) Andrea Raimondi, Imaging Research Center, San Raffaele Scientific Institute, Milano, Italy.
(3) Giovanni Palladini, Amyloidosis Research and Treatment Center, Biotechnology Research
Laboratories, Fondazione IRCCS Policlinico San Matteo, Department of Molecular Medicine,
University of Pavia, Pavia, Italy. (4) Fulvia Cerruti, Department of Veterinary
Morphophysiology, University of Torino, Torino, Italy. (5) Paolo Cascio, Department of
Veterinary Morphophysiology, University of Torino, Torino, Italy. (6) Simona Casarini,
Amyloidosis Research and Treatment Center, Biotechnology Research Laboratories, Fondazione
IRCCS Policlinico San Matteo, Department of Molecular Medicine, University of Pavia, Pavia,
Italy. (7) Paolo Milani, Amyloidosis Research and Treatment Center, Biotechnology Research
Laboratories, Fondazione IRCCS Policlinico San Matteo, Department of Molecular Medicine,
University of Pavia, Pavia, Italy. (8) Magda Marcatti, Hematology and Bone Marrow
Transplantation Unit, Department of Oncology, San Raffaele Scientific Institute, Milano, Italy.
(9) Giampaolo Merlini, Amyloidosis Research and Treatment Center, Biotechnology Research
Laboratories, Fondazione IRCCS Policlinico San Matteo, Department of Molecular Medicine,
University of Pavia, Pavia, Italy. (10) Simone Cenci, Division of Genetics and Cell Biology, San
Raffaele Scientific Institute, Milano, Italy; Università Vita-Salute San Raffaele, Milano, Italy.
Systemic light chain amyloidosis (AL) is a lethal clonal plasma cell (PC) dyscrasia characterized
by deposition of fibrils of immunoglobulin light chains in vital organs. AL therapy is classically
inspired by the regimens employed against multiple myeloma (MM). The clinical experience with
the first-in-class proteasome inhibitor bortezomib demonstrated unprecedented response rates,
nearing 90% complete remission when associated with alkylators. The bases for such a high
responsiveness are elusive; in particular, whether the AL PC clone is inherently vulnerable to
proteasome blockade is unknown.
In MM PCs, proteasome sensitivity has been proposed to rely on the balance between proteasome
workload (largely dependent on immunoglobulin synthesis) and capacity. Here, we tested the
hypothesis that the unstable amyloidogenic light chain could impair protein homeostasis and be
stressful to plasma cells, in search for potential therapeutic targets.
To this aim, we characterized, for the first time, patient-derived AL cells biochemically,
functionally, and morphologically. Patient-derived AL PCs showed exquisite, in vitro
unprecedented vulnerability to proteasome inhibition. As a result, they were significantly more
sensitive to bortezomib-induced apoptosis than primary MM cells, paradigmatic proteasomesensitive cancer cells. However, AL and MM cells showed comparable proteasome activity and
proteosynthetic workload. Electron microscopy (EM) and EM cytochemistry studies disclosed
that AL PCs display more abundant endoplasmic reticulum (ER) than primary MM cells, and
have perinuclear mitochondria, revealing remarkable cellular stress. Recent evidence has linked
mitochondria, ER and protein homeostasis with autophagy, the major lysosomal recycling cellular
strategy cooperating with the ubiquitin-proteasome system. Hence, the inherent features of
cellular stress identified in AL cells are consistent with saturation of autophagy, and may explain
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the unique proteasome sensitivity observed both in vitro and in the clinic. Ongoing functional
characterization of autophagy in AL cells holds promise towards the identification of novel
molecular targets in AL.

PB-24
Nutritional counseling in systemic immunoglobulin light-chain (AL) amyloidosis: a
prospective randomized, controlled trial
Riccardo Caccialanza1, Giovanni Palladini2, Emanuele Cereda1, Chiara Bonardi1, Paolo Milani2,
Barbara Cameletti1, Lara Quarleri1, Silvia Cappello1, Marta Vidus Rosin2, Andrea Foli2,
Francesca Lavatelli 2, Catherine Klersy3and Giampaolo Merlini2.
1
Nutrition and Dietetics Service, Fondazione IRCCS Policlinico San Matteo, Italy;
2
Amyloidosis Research and Treatment Center, Biotechnology Research Laboratories, Department
of Molecular Medicine, Fondazione IRCCS Policlinico San Matteo and University of Pavia, Italy;
3
Biometry and Clinical Epidemiology Service, Fondazione IRCCS Policlinico San Matteo, Italy.
Background: Poor nutritional status is common in patients with systemic immunoglobulin lightchain (AL) amyloidosis and has been associated with mortality and impaired quality of life
(QoL). We investigated whether nutritional counseling is beneficial to the maintenance of
nutritional status and QoL in AL outpatients.
Methods: We performed a single-center, randomized, controlled trial (July 2009 - October 2013).
Adult (t18 year-old) AL treatment naïve outpatients (N=144) at diagnosis were randomized (1:1)
to ad-libitum food intake (usual care; N=72) and nutritional counseling (personalized dietary
prescription, regular dietetic advise by a registered dietician; N=72). The primary endpoint was
the change in body weight at 12 months. Secondary endpoints included change in QoL evaluated
by the Medical Outcomes Study 36-item Short Form General Health Survey (SF-36) and overall
survival.
Results: Forty-one patients (N=25 usual care, N=16 nutritional counseling) died before the first
follow-up visit. In the modified intention-to-treat population (patients who underwent at least one
control visit during the study [month 3]; N=103), patients assigned to nutritional counseling body
weight remained stable, ([N=56]; WL= 0.8±4.9 kg; P=0.214), whereas in the usual care group a
significant decrease in body weight was observed ([N=47]; WL=2.4±5.5 kg; P=0.003).
We observed a significant increase in the mental component summary of QoL assessment in
patients randomized to nutritional counselling (8.1 [95%CI: 2.3, 13.9]; P=0.007).
In all patients randomized, nutritional counselling significantly improved survival (HR=0.57
[95%CI: 0.35, 0.94]; P=0.028). In the multivariable model, after adjusting for baseline body mass
index, hematologic response to treatment and cardiac stage, a trend in reduced mortality was still
observed for patients undergoing nutritional counseling (HR=0.62 [95%CI: 0.37, 1.05]; P=0.074).
Conclusions: Nutritional counseling is helpful in maintaining nutritional status and effective in
improving mental quality of life in AL outpatients.
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Matrix metalloprotease activity in cardiac AL patients and in human-derived cardiac
fibroblasts exposed to cardiotoxic light chains
Giuseppina Palladini1, Francesca Lavatelli2, Paola Rognoni2, Andrea Di Fonzo2, Veronica
Valentini2, Giovanni Palladini2, Stefano Perlini1,2
2
Department of Internal Medicine, Fondazione IRCCS San Matteo, 2Amyloidosis Research and
Treatment Center, Department of Molecular Medicine, University of Pavia, Pavia, Italy
Introduction. Cardiac fibroblasts represent the majority of cardiac cells within the myocardial
wall. Among the many factors that modulate extracellular matrix (ECM) homeostasis, matrix
metalloproteinases (MMPs) and MMP specific inhibitors (TIMPs) play an important role. In
cardiac AL, amyloid fibril deposition has been shown to result in disruption of myocardial ECM.
Aim. To measure serum MMP and TIMP concentration in cardiac AL patients and to test the
hypothesis that light chain (LC) - induced cardiotoxicity is associated with changes in fibroblastderived MMP activity.
Methods. Serum MMP-2, MMP-9, TIMP-1 and TIMP-2 (ELISA) and MMP-2/MMP-9
gelatinolytic activity (zymography) were assessed in 31 consecutive untreated AL patients with
predominant cardiac involvement and in 18 MGUS patients (as a control group). In a parallel
experiment, primary fibroblast cell cultures (HCF) derived from normal human myocardial
explants were grown in DMEM serum, supplemented with 10% FCS. After seeding (5x104
cells/cm2), cells were grown to confluence. Medium was then removed and fresh DMEM
containing cardiotoxic LCs (obtained from 3 cardiac AL patients) or LCs derived from 3 MGUS
patients (MG-LCs) (100 g/ml for both) was added for 24 hours.
Results. When compared with MGUS, cardiac AL was associated with higher serum MMP2
(142.2±16.7 vs. 121.9±28.7), MMP9 (16.8±3.35 vs. 3.5±0.89), TIMP-1 (39.5±22.2 vs. 27.8±15.6)
and TIMP-2 (24.4±7.5 vs. 20.7±11.9) concentrations (ng/ml/mg protein; p<0.05 for all
comparisons). In HCF, incubation with cardiotoxic LCs was associated with significantly higher
MMP-2 and MMP-9 activities, when compared with MG-LCs (5.27±0.70 vs. 3.91±0.25, and
4.77±0.61 vs. 3.93 ±0.23 OD mm2/mg/ml protein, p<0.05 for both).
Conclusions. Cardiac AL patients show an increased and sustained stimulus to ECM degradation.
Exposure to cardiotoxic LCs increases cardiac fibroblast-derived MMP activity. In vivo, this may
cause extracellular matrix degradation, further contributing to the development and maintenance
of amyloid-induced cardiac damage.
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Cystatin C based estimation of glomerular filtration rate in AL amyloidosis
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1
Amyloidosis Research and Treatment Center, Fondazione IRCCS Policlinico San Matteo and
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Cystatin C-based eGFR (eGFR-cy) has been proven superior to creatinine based eGFR (eGFR-cr)
in predicting death and progression to end stage renal disease in general populations and in
patients with chronic kidney disease. We compared eGFR-cr, eGFR-cy, and the estimation based
on both creatinine and cystatin C (eGFR-cr/cy) in 362 consecutive newly-diagnosed (between
2004 and 2012) patients with renal AL amyloidosis.
Sixty-five percent had also cardiac involvement (stage III in 30%). Patients who died off-dialysis
were censored for the analysis of renal survival. Median (interquartile range) creatinine was 1.11
mg/dL (0.65-1.62 mg/dL) and cystatin C 1.2 mg/L (1.0-1.8 mg/L). Forty-nine percent of patients
died and 15% initiated dialysis. Median survival was 43 months. There was no difference
between the equations in predicting progression to dialysis (Table). However, Cystatin C-based
estimations were predictors of patients’ survival, while eGFR-cr had no impact on survival.
Subjects with eGFR-cy <90 mL/min had shorter survival (median 28 months vs. not reached,
P<0.001). Comparing patients (n=33) with eGFR-cr but not eGFR-cy <90 mL/min with patients
(n=39) with eGFR-cy but not eGFR-cr <90 mL/min there was no difference in progression to
dialysis, while the latter had shorter survival (P<0.001). At multivariate analysis cardiac stage III
(HR 3.34, P<0.001) and eGFR-cy (but not eGFR-cr) <90 mL/min (HR 2.51, P=0.001) were
independent prognostic determinants.
The different eGFR formulas perform similarly in assessing risk to progression to dialysis.
However, eGFR-cy is an independent marker of patients’ survival.
Table. ROC analysis based on progression to dialysis at 2 years
Formulas

AUC

95%CI

eGFR-cr (MRDR)

0.86

0.79-0.93

eGFR-cr (CKD-EPI)

0.85

0.78-0.92

eGFR-cy

0.83

0.76-0.90

eGFR-cr/cy

0.85

0.78-0.92
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“Protective” effects of previous arterial hypertension in cardiac AL amyloidosis
Stefano Perlini1,2, Flavio Pietrangiolillo1, Raffaele dell’Acqua1, Erez Binot1, Francesco Salinaro1,
Francesco Musca1, Michele Boldrini1, Roberta Mussinelli1, Ambra Raimondi1, Marta Vidus
Rosin2, Paolo Milani2, Andrea Foli2, Giovanni Palladini2
1
Department of Internal Medicine, 2Amyloidosis Research and Treatment Center and Department
of Molecular Medicine, Fondazione IRCCS San Matteo, University of Pavia, Italy
Background. Arterial hypertension is associated with profound alterations in myocardial
extracellular matrix (ECM) structure and turnover. Given the high prevalence of hypertension in
the general population, a rare disease like cardiac AL amyloidosis may develop in a hypertensive
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patient. Hypertension-related changes in ECM may influence amyloid fibril deposition and
toxicity.
Objective. To assess whether previous (or current) cardiac exposure to hypertension has an
impact on cardiac structural and functional response to amyloid deposition and on subsequent
prognosis.
Design and Methods. Presence or absence of hypertension was defined according to history,
previous or current antihypertensive treatment in 165 consecutive untreated cardiac AL patients
(age 64±10 years). Serum NT-proBNP, cardiac troponin I (cTnI) and free light chains (dFLC)
were assessed, and echocardiography was performed at diagnosis.
Results. Hypertension was reported in more than one third of cardiac AL patients (n=60/165;
36%). When comparing hypertensive vs. non-hypertensive patients, no difference was observed
either in the prevalence of extra cardiac organ involvement or in structural/biochemical variables
that can estimate the severity of cardiac amyloid load, such as left ventricular mass index or
serum NT-proBNP [169(140-191) vs. 175(137-199) g/m2; 5431(2579-12229) vs. 5487(22569818) pg/ml; p=ns for both]. In contrast with the extent of diastolic dysfunction, systolic function
was much less impaired in hypertensive patients, as assessed by stress-corrected midwall
fractional shortening and mitral annulus longitudinal excursion. At Kaplan-Meyer analysis,
hypertension was a univariable predictor of patients’ survival after a median follow-up of 18.7
months (p<0.0017). At multivariable analysis, both Mayo Stage [HR 2.33 (95%CI: 1.61-3.40);
P<0.0001] and hypertension [HR 0.76 (95%CI: 0.54-0.92); P<0.001] resulted independent
survival predictors.
Conclusions. In cardiac AL patients, a previous history of arterial hypertension is accompanied
by a different functional adaptation to amyloid deposition, favorably affecting overall survival.
Previous hypertension predicts a better prognosis independent of high NTproBNP or high TnI.

PB-28
Understanding the biological effects of amyloidogenic light chain toxicity: A novel system to
study cellular behavior differentiating multiple myeloma from AL amyloidosis
Marjorie Pick 1, Eyal Lebel 1, Paola Rognoni2, Francesca Lavatelli2, Giampaolo Merlini2, Moshe
E. Gatt1
1
Department of Hematology, Hadassah-Hebrew University Medical Center, Jerusalem, Israel and
2
Amyloidosis Research and Treatment Center, IRCCS Policlinico San Matteo, Department of
Molecular Medicine University of Pavia, Pavia, Italy
Background: Multiple myeloma (MM) is characterized by clonal proliferation of plasma cells
(PC) in the bone marrow whereas AL amyloidosis (AL) is characterized by a small PC clone,
secreting light chains (LC) disrupting normal organ function. Interestingly, in primary AL the LC
concentrations may be a log10 lower than in MM patients, yet causing devastating end-organ
damage. Reducing the concentration of the circulating LC can rapidly result in a marked clinical
improvement. These discrepancies lead us to hypothesize that although both diseases originate
from a neoplastic PC clone, AL has an attenuated proliferative physiology that could be attributed
to the amyloidogenic LC internal toxicity on the PCs themselves.
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Methods: We established a novel in-vitro system, whereby MM cell lines are transduced with
lentiviral vectors to stably express lambda LC from patients with systemic AL amyloidosis
(cardiotoxic or nephrotoxic) or non-amyloidogenic LC from patients with MM as controls.
Results: The newly transduced cells were shown to express the amyloidogenic or the control MM
non-amyloidogenic LC. The cells containing the amyloidogenic LC (both cardiotoxic and
nephrotoxic) showed significant phenotypic changes compared to the control non-amyloidogenic
LC containing cells and other controls. These included a decrease in cell cycle and proliferation,
and increases in apoptosis of the cells. These results were exclusive to MM cell lines and not in
other cell lines transduced with the amyloidogenic LC (immortalized renal HEK293 and HL60
leukemia lines). Interestingly, when amyloidogenic LCs of bence-jones origin were delivered
exogenously, all cell lines types were also sensitive to the LC toxicity.
Conclusions: This model of amyloidogenic LC toxicity expressed in MM cell lines may promote
the understanding of the different clinical features between AL and MM, and have future
application to further analyze amyloidogenic cell features.

PB-29
Extramedullary amyloid deposits are frequently present in AL amyloidosis bone marrow
biopsies - Need for better definition of marrow involvement
Maria M. Picken, Pathology, Loyola University Medical Center, Chicago, USA
There is an increasing need for a precise definition of organ-specific involvement in patients with
systemic amyloidoses. In patients with AL amyloidosis, three factors – (i) the presence, (ii) the
precise spatial location, and (iii) the amount of amyloid deposits in the bone marrow (BM) - have
diagnostic and therapeutic implications. Objective: To address the issue of the spatial
distribution of amyloid deposits in the BM, in patients with systemic AL amyloidosis.
Methods: 23 patients with AL amyloidosis, which was associated with plasma cell dyscrasia
(n=20), chronic lymphocytic leukemia (n=2), or lymphoplasmacytic lymphoma (n=1), were
included in this study. Bone marrow biopsies (BMbx) were taken for diagnosis in 20 patients,
post treatment in 2 patients, and during relapse of myeloma in 1 patient. BM plasma cells (PC)
count and light chain clonality (by IHC, serum immunofixation and serum free light chain assay)
were also correlated. All BMbxs were stained with Congo red and examined under polarized
light; the spatial location of amyloid deposits was recorded as medullary (stromal versus
vascular) or extramedullary periosseous (EM/PO).
Results: Among 23 BMbxs, amyloid was detected within the medulla in 14, and in the EM/PO
tissues in 9 cases. In 10 cases, deposits were in the marrow stroma: 2 cases showed vascular
deposits and 2 cases had concurrent stromal and vascular deposits. Concurrent EM/PO and
medullary deposits were not observed. There was no significant difference in the median PC
count between the EM/PO and medullary group (8% versus 9%).
Conclusions: There was a significant spatial heterogeneity of amyloid distribution in the BMbx
from patients with AL amyloidosis, with a notable preponderance of extramedullary/periosseous
deposits. Thus, there is a need for a better definition of what constitutes BM involvement in
systemic amyloidosis, in general, and in AL, in particular, and how it should be graded.
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Immunoglobulin light chain constant region gene repertoire in AL amyloidosis
Prokaeva T, Spencer B, Klimtchuk E, Connors LH, Seldin DC.
Amyloidosis Center, Boston University School of Medicine. Boston, MA, USA
Background: AL tissue deposits often include full length immunoglobulin (IG) light chain or
fragments which contain a portion of the constant region (IGLC). Little is known about the
genetics of IGLC in AL amyloidosis.
Methods: Monoclonal IG light chain variable (IGLV) and IGLC region genes were cloned and
sequenced using bone marrow samples from 234 AL patients. IGLV and IGLC gene families were
assigned using tools available at www.imgt.org. AmylPred2 software that utilizes 11 sequencebased prediction algorithms was used to predict the propensity of IGLC sequences for ȕaggregation1.
Results and Discussion: Frequencies of IGLV and IGLC gene usage in the rearrangements of
234 monoclonal light chain sequences are shown in tabular form:
N (%)

IGLC, %

IGLV kappa

61 (26.1)

IGKC*01
83.6

IGKC*04
14.8

IGKC*06
1.6

IGLV lambda

173 (73.9)

IGLC1
11

IGLC2
45.7

IGLC3
39.9

IGLC7
3.4

Sixteen (9.2%) IGLC sequences had 25 replacement mutations and 1 codon deletion. Fourteen
replacement mutations involved the AGC codon for serine at positions 107, 128, 152, 168, 170,
190, and 200. The 11 other mutations were G107R, T116F, A127D, K129E, I136M, D151G,
A173V, R189N, T209A, E210D, and C211F. In 10 cases, there was a single mutation, 2 had 2, 2
had 3, and 1 had 4 mutations. In one case, a mutation and deletion of a serine codon resulted in
the creation of an N-glycosylation site. One IGLC sequence with T116F, I136M, S200G, and
E210D mutations was predicted to have enhanced ȕ-aggregating propensity compared to the
corresponding germline sequence at residues 114-118.
Conclusion: The C-region gene repertoire in AL amyloidosis was characterized by frequent usage
of IGLC2, IGLC3, and IGKC*01 genes. Replacement mutations were identified in only 9.6% of
sequences, but in some cases, these were predicted to potentially contribute to amyloidogenesis of
the light chain.
References: Tsolis, AC, et al. 2013 PLoS ONE, 8(1):e54175
Research support: Gruss Foundation and Wildflower Foundation
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Reactive oxygen species drive the toxicity of human amyloidogenic light chain proteins in
Caenorhabditis elegans
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Claudia Foray2, Veronica Valentini1, Andrea di Fonzo1, Giovanni Palladini1, Vittorio Perfetti3,
Mario Salmona2 and Giampaolo Merlini1
1
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Italy, 2IRCCS-Istituto di Ricerche Farmacologiche “Mario Negri”, Milan, Italy,
3
Medical Oncology Unit, Foundation IRCCS Policlinico San Matteo, Pavia, Italy
Background In AL amyloidosis, prognosis is determined by the severity of heart involvement.
The elucidation of the molecular mechanisms of LC-induced cardiotoxicity is of paramount
importance for understanding the pathogenesis of the disease and design novel therapeutic
strategies.
Objective Since the pharynx of Caenorhabditis elegans is considered an orthologous to the
vertebrate heart1, we used this nematode as an in vivo model to investigate the effects of the
exposure to human cardiotoxic LC, in order to clarify the underlying mechanisms of cardiac
toxicity.
Methods Amyloidogenic LC with different organ tropism and non-amyloidogenic LC were
purified from body fluids of patients with different clinical features, or produced as recombinant
proteins2. The cardiotoxicity of LC was assessed from clinical, histological, biochemical and
imaging parameters. The effect caused by the different LC on C.elegans’ pharyngeal impairment
and lifespan was evaluated and correlated with their folding and the capacity to generate reactive
oxygen species (ROS).
Results We observed that the pharyngeal function of C.elegans was significantly reduced by
soluble LC from AL patients suffering from cardiomyopathy, but not by LC with different organ
tropism or non-amyloidogenic LC. The impairment caused by cardiotoxic LC was dosedependent, accompanied to pharyngeal mitochondria damage and ROS increase. These effects
were related to the activation of small heat-shock proteins and insulin/IGF-1 signaling pathway,
both involved in stress resistance and longevity of C.elegans3. Antioxidant agents counteracted
the functional damage on the nematode’s pharynx, reducing the burden of mitochondrial ROS.
Conclusion Our findings indicate that C.elegans specifically recognized LC which cause
cardiomyopathy in AL patients and could be a promising surrogate model for investigating the
heart-specific toxicity of amyloidogenic LC. This could be instrumental in developing new
pharmacological approaches for this disease.
References
1. Mango S.E. et al, WormBook 2007
2. Rognoni P. et al, PLoS One 2013
3. Hartwig K. et al, Genes Nutr 2009
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Use of plasma cell immunophenotype as prognostic markers in patients with systemic AL
amyloidosis
Sajitha Sachchithanantham, Anna Baginska, Dorota Rowczenio, Shameem A Mahmood,
Rabya Sayed, Ketna Patel, Thirusha Lane, Darren Foard, Lisa Rannigan, Helen J Lachmann,
Julian D Gillmore, Philip N Hawkins and Ashutosh D Wechalekar
Center for Amyloidosis and Acute Phase Proteins, University College London Medical School,
UK
The prognosis of patients with systemic AL amyloidosis is mainly driven by advanced organ
dysfunction. The contribution of the underlying plasma cell clone to prognosis has not been
much studied. We report that the plasma cell phenotype may allow us to refine prognostic
assessment in patients with systemic AL amyloidosis.
51 serial patients with biopsy proven systemic AL amyloidosis had bone marrow as part of a
prospective bone marrow study. Flow cytometry was done using method similar to previously
published protocols (Paiva et al Blood 2010). Organ involvement, survival and haematological
response were analysed in the context of plasma cell phenotypes. The median follow up was 8.5
months (range 0.7-24.8months).
Expression of CD56 on aberrant plasma cells (expressing CD38+CD138+CD19-) appeared to
correlate with both cardiac involvement and dFLC >300mg/L (spearman’s correlation coefficient,
0.275, p=0.059 and 0.418, p=0.003 respectively). The lack of CD27 or CD81expression
correlated with a higher rate of VGPR or better response. (spearman’s correlation coefficient = .347 and -0.308, p=0.024 and p=0.050 respectively).
Median overall survival (OS) was not reached (NR) for the whole cohort. Patients with abnormal
plasma cell clone expressing CD27 phenotype had a significantly worse OS than those without
CD27 (5.2 months vs NR, p=0.030, figure). Those expressing CD27+CD56+ had an OS of 0.5
months compared to OS NR in the CD27+CD56- group (p=0.016). OS was NR in either CD27CD56- or CD27-CD56+ patients. There was no correlation between CD27 expression and NTproBNP, Tropoin or dFLC. On a multivariate analysis, CD27 expression remained significant
prognostic factor when analysed along with NT-proBNP, Tropoin and dFLC.
In summary, the presence of CD56+CD27+ appears to define a particularly poor prognostic
cohort of patients. Plasma cell immunophenotype may help to refine the current staging of AL
amyloidosis and response to treatment. This observation requires further validation in larger
studies.
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Heavy/light chain characteristics in patients with localised AL amyloidosis
Sajitha Sachchithanantham1, Oscar Berlanga2, Stephen Harding2, Shameem Mahmood1, Nancy
Wassef3, Rabya Sayeed1, Julian Gillmore1, Helen Lachmann1, Carol Whelan1, Philip Hawkins1
and Ashutosh Wechalekar1
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Background: Localised AL amyloidosis is rarely associated with detectable monoclonal
immunoglobulins (M-Ig) or significantly abnormal serum free light chain (FLC) ratio.
Monitoring patients lacking a detectable serum marker can be challenging. Immunoassays
measuring the Ig heavy/light chain (HLC) subsets (IgGʃ, IgGʄ, IgAʃ, IgAʄ, IgMʃ and IgMʄ)
have become available.
Objective: To assess the use of HLC to detect a monoclonal component in serum compared to
standard electrophoresis and FLC, in patients with localised AL amyloidosis.
Patients: This study included 40 patients assessed at the UK National Amyloidosis Centre with
localised AL amyloidosis defined as amyloid deposition at a single site, lack of major organ
involvement by ICC criteria and 123I serum amyloid P component (SAP) scintigraphy; and
histological confirmation of amyloid deposition on a tissue biopsy. HLC values were measured
(Hevylite, The Binding Site) and compared to normal ranges (IgGʃ:4.03-9.78g/L; IgGʄ:1.975.71g/L; IgGʃ/IgGʄ:0.98-2.75; IgAʃ:0.48-2.82g/L; IgAʄ:0.36-1.98g/L; IgAʃ/IgAʄ:0.80-2.04;
IgMʃ:0.29-1.82g/L; IgMʄ:0.17-0.94g/L; IgMʃ/IgMʄ:0.96-2.30) and to historic serum protein
electrophoresis results.
Results: 14/40 patients had an abnormal HLC ratio: (5 IgGʃ median(range): 2.86(2.77-3.66)), 4
IgA (1 IgAʃ:128.8; 3 IgAʄ:0.70(0.70-0.74)) and 5 IgM (4 IgMʃ:7.24(2.47-11.99); 1 IgMʄ:0.91))
with 8/14 having abnormal serum involved HLC concentrations (1 IgAʃ(12.70g/L), 4 IgGʃ
(median (range)=13.90(11.0-19.50)g/L, 2 IgMʃ(2.17; 9.73g/L) and 1 IgMʄ(1.03g/L)),
demonstrating M-Ig production. 10/14(71%) patients had abnormal HLCʃ ratio and 4/14(29%)
abnormal HLCʄ. By contrast, IFE identified 3/40(8%) patients expressing an intact M-Ig (1 each
for IgG, IgA, IgM); all of these had an abnormal HLC ratio. Serum FLC ratio was abnormal in
7/40(18%) patients (6 FLCʃ, median (range):2.63(1.71-21.07); 1 FLCʄ(0.0001)); 5(71%) of these
patients also had an abnormal HLC ratio.
Conclusions: HLC ratios are abnormal in a significant percentage of patients with localised AL
amyloidosis; the M-Ig by HLC is predominantly kappa. HLC may provide a useful means of
detecting and monitoring the underlying clonal dyscrasia in localised AL amyloidosis.
OB and SH are Binding Site employees
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Heavy/light chain-pair suppression as a novel marker of poor outcomes in systemic AL
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Background: HLC-pair suppression, identified using novel immunoassays which quantify
heavy/light chain (HLC) subsets (IgGʃ, IgGʄ, IgAʃ, IgAʄ, IgMʃ and IgM) provides prognostic
information in multiple myeloma and monoclonal gammopathy of undetermined significance.
Objective: To assess the prognostic utility of HLC-pair suppression in AL amyloidosis.
Patients and methods: HLC (IgG/IgA/IgM) were measured in sera from 170 patients with
systemic AL amyloidosis assessed at the UK National Amyloidosis Centre. HLC-pair suppression
was defined as the uninvolved immunoglobulin of the same isotype below lower limit level of
normal (e.g. IgGʄ below normal in an IgGʃpatient) (lower limit of normal for IgGʃ:4.04g/L;
IgGʄ:1.97g/L; IgAʃ:0.48g/L; IgAʄ:0.36g/L; IgMʃ:0.29g/L; IgMʄ:0.17g/L). Systemic
immunoparesis was defined in patients with an intact monoclonal Ig (M-protein) by IFE, as at
least one of the uninvolved Igs below lower limit of normal range (for IgG:6g/L; IgA:0.8g/L;
IgM:0.5g/L).
Results: 110/170(65%) patients had an abnormal HLC ratio with 76/110(69%) having HLC-pair
suppression. M-protein was identified by IFE in 87/170(51%) patients with 56/87(64%) having
systemic immunoparesis. There was not association of either HLC-pair suppression or systemic
immunoparesis with NT-proBNP (p=0.931; p=0.995, respectively), creatinine (p=0.697; p=0.615)
and 24-hour proteinuria (p=0.879; p=0.643), or with cardiac (p=0.512; p=0.171) or kidney
(p=0.623; p=0.417) involvement. Patients with subtle (>10%) and patients with gross (>50%)
HLC-pair suppression had poorer overall survival which approached significance (median OS
21.9 months v not reached; hazard ratio (HR)=1.72; p=0.069 and 16 months v not reached,
respectively; HR=1.66; p=0.093). By contrast systemic immunoparesis, either subtle or gross, did
not correlate with survival (p=0.520 and p=0.272, respectively).
Conclusions: Suppression of isotype-matched uninvolved immunoglobulins appears to identify a
hitherto unidentified poorly performing group of patients in systemic AL amyloidosis. Previous
reports have suggested that low numbers of bone marrow cells are associated with poorer
survival; our results suggest HLC-pair suppression may be a surrogate marker of this
phenomenon.
OB and SH are Binding Site employees
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Immunoglobulin light chains associated with renal Fanconi syndrome trigger defective
receptor-mediated endocytosis and dedifferentiation of proximal tubular cells
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Renal involvement is a common complication of plasma cell dyscrasias. In particular, the storage
of monoclonal immunoglobulin light chain (LC) within the endo-lysosomal compartment of
proximal tubular cells (PTCs) may lead to LC-associated Fanconi syndrome (FS). The multiligand receptors megalin and cubilin have been implicated in the reabsorption of ultrafiltrated
LCs. However, the pathogenic mechanisms linking accumulation of LCs and dysfunction of
PTCs remain unknown. To investigate the cellular mechanisms involved in PTCs dysfunction
after LC-exposure, we used a transgenic mouse model for LC-associated FS (NCHE mouse). A
decreased expression of megalin and cubilin was observed in segments with a high accumulation
of NLCs and was confirmed in primary cultures of wild-type PTCs exposed to low doses of FSLCs. These changes were specifically related to the peculiarities of the NCHE variable (V)
sequence as they were not observed with NLCs from patients with other renal pathologies or with
the NCHEmut30 LC carrying a single mutation. To gain further insight in the signalling pathways
linking lysosomal accumulation of LCs and defective endocytosis, we analysed the expression of
specific transcription factors involved in epithelial dedifferentiation. Both PTCs from NCHE
kidneys or primary cultures exposed to FS-LC induced the nuclear translocation of ZONAB, a
transcription factor which directly represses megalin and induces proliferation and
dedifferentiation. These results suggest that the lysosomal accumulation of specific NLC within
PTCs triggers a transcriptional mechanism of cellular dedifferentiation which leads to defective
endocytosis and renal FS.

PB-36
Differential microvascular dysfunction induced by full length versus variable domain AL
light chains
Seth Truran, Office of Research, Phoenix Veterans Affairs Health Care System, USA
Raymond Q. Migrino, C&P and Medicine, Phoenix Veterans Affairs Health Care System,
University of Arizona College of Medicine (Phoenix), USA. Daniel A. Franco, Office of
Research, Phoenix Veterans Affairs Health Care System, USA. Sara Schwab, Office of
Research, Phoenix Veterans Affairs Health Care System, USA. Ara Celi DiCostanzo, Dept. of
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Biochemistry and Molecular Biology, Mayo Clinic College of Medicine. Winter Okoth, Dept. of
Biochemistry and Molecular Biology, Mayo Clinic College of Medicine. Marina RamirezAlvarado, Dept. of Biochemistry and Molecular Biology, Mayo Clinic College of Medicine
Background: Light chain (AL) amyloidosis is a devastating protein misfolding disease. We
showed that amyloid light chain proteins cause human microvascular dysfunction and endothelial
injury1. Evidence implicates soluble light chain proteins (LC) as the toxic species but the
mechanisms of injury remain elusive. LC misfolding and toxicity are likely dependent on the
presence of altered LC conformations that are toxic (reviewed in Blancas-Mejia and RamirezAlvarado, 2013)2.
Aim: We tested the hypothesis that LC microvascular toxicity is dependent on toxic species
highly populated by full length AL LCs compared to variable domain (VL) by comparing their
effects on human arteriole microvascular function.
Methods: Abdominal subcutaneous adipose arterioles from 14 non-AL subjects undergoing
routine surgery were cannulated. Dilator response to acetylcholine (10-9-10-4M, to assess
endothelium-dependent function) and papaverine (10-4M, to assess smooth muscle-dependent
function) were measured at baseline/control, then re-measured following 1-hour exposure to 20
μg/mL of full length AL-09 (AL09FL, human recombinant LC derived from a patient with
cardiac amyloidosis), variable domain AL-09 (AL09VL) or full length germline protein
NIO18/O8.
Results: Dilation to acetylcholine 10-9M was 90.3±2.3% for control, 60.7±5.8% for AL09FL
(p<0.001 vs. C), 80.5±8% for AL09VL (p=NS vs. C) and 75.4±12.9% for NI018/O8 (p=NS vs.
C). Effective concentration producing 50% dilation (EC50) for acetylcholine was higher for
AL09FL (Fig. A). Protein-induced change in acetylcholine dilation from control was
significantly reduced in AL09FL with no change in AL09VL (Fig. B); differences in papaverine
response were not significant (Fig. C).
Conclusions: Microvascular dysfunction induced by AL-09 LC requires the full length protein
and was not induced by AL-09VL. NIO18/O8 FL did not cause significant microvascular
dysfunction, indicating that somatic mutations may play a major role in LC tissue injury. The
mechanisms behind the differential effects on vascular impairment remain to be determined but
may have implications in protein cytotoxicity and amyloidogenicity.

References:
1. Migrino RQ, et al. Am J Physiol Heart Circ Physiol 2011; 301:H2305-12.
2. Blancas-Mejia LM and Ramirez-Alvarado M. Ann Rev Biochem 2013; 82:745-74.
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Fanconi syndrome (FS) associated with monoclonal gammopathy: Efficacy of antimyeloma (MM) novel agents
M.Vignon¹, A. Arreule², K.El-Karoui³, D. Roos-weil, A. Karras, B. Royer, L. Karlin, B.
Knebelman³, B. Asli¹, A. Jaccard΄, F. Bridoux², J.P. Fermand¹
¹Hematology department, Hôpital Saint Louis, Paris – France. ² Nephrology department, CHU
and University of Poitiers, Poitiers – France. ³ Nephrology department, Hôpital Necker, Paris –
France.  Hematology department, Hôpital Pitié-Salpétrière, Paris – France.  Nephrology
department, Hôpital Européen Georges Pompidou, Paris – France.  Hematology department,
CHU d’Amiens, Amiens – France.  Hematology department, Centre Hospitalier Lyon Sud,
Pierre-Benite - France. ΄ CNR amylose AL et maladies de dépôts d'immunoglobulines
monoclonales, Limoges –France
We retrospectively reviewed 26 patients with monoclonal immunoglobulin (MIg)-related FS (1),
followed between 1988 and 2013 in 7 French centers.
Eight patients presented with bone pain due to osteomalacia. One patient had fever and weight
loss. Mild abnormal renal function (RF) and/or proteinuria revealed the disease in 17 patients.
Median creatininemia was 136 μmol/L (94-298). Hypouricemia and hypophosphatemia were
present in 15/25 and 21/25 patients, respectively. High urine excretion of phosphate, uric acid,
amino acid and glucose were almost always detected.
All MIg (14 IgG, 8 LC only, 3 IgM and 1 IgA) were kappa. Hematological diagnoses were:
symptomatic MM (n=2), smoldering MM (n=14), MGUS (n=7) and Waldenström
Macroglobulinemia (WM) (n=3). Renal biopsy, performed in 22 patients, constantly showed
atrophy of proximal tubular epithelium with moderate to severe fibrosis in 20 cases. Electronic
microscopy showed characteristic crystal inclusions in 9 of the 14 studied cases.
The 3 WM patients received chlorambucil or a bortezomib-based regimen. Other patients
received the following first line regimens:
Haematological
n*
response**
Up-front HDM and
RF worsening n=1
2
VGPR
ASCT
(transient)
Adriblastin-Dex

1

PR

VGPR 1
Grade IV cytopenia n=3
SD 2
Bortezomib-Dex based 10
PR 6
grade III neuropathy n=3
regimen
NE 4°
Thalidomide-Dex
4
VGPR 2
Based regimen
NE 2°
* 3 patients, diagnosed in the nineties, were not treated **as assessed by repeated serum FLC
measurements in 21/26 patients ° including 2 recently treated patients. HDM: High dose
Melphalan. ASCT: Autologous Stem Cell transplantation. Dex: Dexamethasone. NE: not
evaluable. PR: Partial response. VGPR: very Good Partial Response
Melphalan-Dex

3
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Nine patients underwent HDM and ASCT (2 up-front, 1, 4 and 2 after induction with AdriblastinDex, Bortezomib-Dex and Thalidomide-Dex, respectively). RF transiently worsened in 2
patients; otherwise, tolerance was as usual. Post-ASCT responses were PR (n=3) or VGPR (n=6).
Median time to hematological relapse was 2.75 (1-4,5) years.
There was no renal response. RF remained stable as long as hematological response was obtained
and worsened when serum FLC level re-increased. In addition to the 3 untreated patients,
hemodialysis was required in 2 patients. A tubular function improvement was observed in 6
patients who were treated early, had mild renal impairment (median serum creatinin 116 μmol/l)
and achieved VGPR.
This series suggest that anti-MM regimens using Bortezomib and/or Thalidomide are likely to be
useful in patients with FS, particularly when used early in the course of the disease.
1.
Maldonado JE, Velosa JA, Kyle RA, Wagoner RD, Holley KE, Salassa RM. Fanconi
syndrome in adults. A manifestation of a latent form of myeloma. Am J Med. mars
1975;58(3):354̻364.
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Exome sequencing to define a genetic signature of plasma cells in systemic AL amyloidosis
Brian A Walker1, Dorota Rowczienio2, Eileen M Boyle1,3, Christopher P Wardell1, Sajitha
Sachchithanantham2, Anna Baginska2, Shameem A Mahmood2, Julian D Gillmore2, Helen J
Lachmann2, Philip N Hawkins2 , Faith E Davies1, Gareth J Morgan1 and Ashutosh D Wechalekar2
1
Centre for Myeloma Research, Division of Molecular Pathology, The Institute of Cancer
Research, London, UK; 2National Amyloidosis Centre, University College London Medical
School, UK. 3Service des maladies du sang. Hôpital Claude Huriez, Centre hospitalier
universitaire de Lille, France.
Background Systemic light chain amyloidosis (AL) is caused by deposition of monoclonal
immunoglobulin light chains as amyloid fibrils produced by an underlying plasma cell dyscrasia.
Limited data are available on the biology of the plasma cell clone underlying AL and existing
studies have concentrated on chromosomal abnormalities.
Objective To define the genetic signature of plasma cells in AL amyloidosis by using exome
sequencing and compare this to MGUS and myeloma.
Methods CD138+ cells were selected using either EasySep (Stem Cell Technologies) or
MACSort (Miltenyi) from the bone marrow of 13 patients with AL amylodiosis, 6 with MGUS
and 14 with myeloma (MM). 200 ng of DNA extracted from the CD138+ cells was subjected to
exome sequencing using NEBNext kit (NEB) and SureSelect Human All Exon kit v5 and
sequenced using 76-bp paired end reads. Fastq files were aligned to the reference genome using
BWA and Stampy aligners.
Results Exome sequencing identified a median of 25 acquired non-synonymous variants (range
11-45) in MGUS patients; MM had a median of 29 (ranges: 16-57) and AL had a median of 20.5
(range 0-49). In this small dataset, only 4 genes were mutated in both the MGUS and AL and 26
in both AL and MM including DIS3 and NRAS. This is surprising given the indolent tumour
features which describe AL, where NRAS mutations are well known drivers of an aggressive
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disease phenotype. Within the AL cohort, mutations in ten genes were recurrent, Table 1. Only
one was detected in more than 2 cases.
Table 1: Recurrent mutations in amyloidosis

Discussion: Exome sequencing identifies a genetic signature of AL amyloidosis which is similar
to other plasma cell disorders. This not only includes copy number abnormalities and
translocations but also a similar number of non-synonymous mutations. Given the diverse
mutational spectrum it will be necessary to study a large cohort to fully understand the genetic
complexity of the disease.
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Clinical comparison of polyclonal and monoclonal antibody based FLC assays for staging
disease in systemic AL amyloidosis
Nancy L Wassef1, Oscar Berlanga2, Shameem Mahmood3, Helen Lachmann3, Julian Gillmore3,
Philip Hawkins3, Stephen Harding2 and Ashutosh Wechalekar3
1
Clinical Biochemistry Department, Royal Free London NHS Foundation Trust, UK.
2
The Binding Ste Group Ltd, Birmingham, UK.
3
National Amyloidosis Centre, University College London Medical School, London, UK
Background: Serum free light chain (FLC) levels as measured by the polyclonal serum free light
chain assay (Freelite™) are important indicators of response and, in combination with cardiac
biomarkers, are used to risk-stratify patients with AL amyloidosis. Recently, a monoclonal
antibody based assay (N-Latex-FLC) has become available for FLC measurement.
Objective: To compare the two assays in AL amyloidosis patients with cardiac involvement.
Patients and Methods: FLC concentrations were measured by Freelite and N-Latex-FLC in 88
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newly diagnosed systemic AL amyloidosis patients (17(20%) kappa, 68(80%) lambda. Risk
groups were defined by both old (I-III) and new (I-IV) Mayo staging systems (Dispenzieri et al
2004 and Kumar et al 2012). By old Mayo staging, patients were stage I=22(25%), stage
II=42(48%) and stage III=24(27%). Correlation between assays was determined by the
coefficient of determination (R2). Haematological responses were defined as per recent criteria
(Comenzo et al, 2012).
Results: Although both assays detected abnormal kappa and lambda FLC adequately, in samples
with an abnormal FLC ratio by either assay, there was a poor correlation between the assays for
the absolute kappa or lambda values (FLCN:R2=0.48; FLCO:R2=0.35). FLC concentrations were
significantly lower, using Freelite, in patients with cardiac stage I (dFLC=80.2(28.2-115.5) mg/L)
vs. stage II+III (dFLC=128.0(78.2-411.0) mg/L) (p=0.033) but not by N-Latex-FLC
(dFLC=86.9(40.1-201.3) mg/L vs. 80.9(44.5-242.7)mg/L, respectively; p=0.813). Consequently,
the distribution of patients by new Mayo clinic stage I, II, III and IV by either assay differed –
Freelite: 21(24%, 0 deaths), 33(37%, 3 deaths), 26(30%, 3 deaths) and 8(9%, 2 deaths),
respectively; N-Latex-FLC: 18(20%, 1 death), 38(43%, 3 deaths), 27(31%, 2 deaths) and 5(%, 2
deaths), respectively (Table 1).
Conclusion: Analytical differences between Freelite and N-Latex-FLC influence clinical
assessment of patients with AL amyloidosis. The assays cannot be used interchangeably and data
currently available with Freelite for risk stratification cannot be extrapolated to N-Latex-FLC.

OB and SH are Binding Site employees
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2QHVL51$SRROWDUJHWLQJWKHȜFRQVWDQWUHJLRQVWRSVȜOLJKWFKDLQSURGXFWLRQDQGVHFUHWLRQ
Ping Zhou1, Xun Ma1, Chakra Chaluagain1, Raymond L. Comenzo1, 2
From 1Tufts Medical Center and 2Tufts University School of Medicine, Boston, MA
Background Light chain (LC) diseases such as AL amyloidosis are caused by pathologic light
chains. Treatment is aimed at eliminating light chain production but success is limited. RNA
interference (RNAi) can stop light chain production by plasma cells but the genetic diversity of
light chain sequences poses a challenge. RNAi targeting consensus sequences in the constant
region of light chain mRNA may overcome this challenge.
Objective To develop and test one pool of siRNA designed to target the ȜLC constant region
(CR) mRNA in human plasma cells and stop Ȝlight chain secretion.
Methods One pool of siRNA (si[IGLCȜCR]) was designed to target the ȜLC CR mRNA and
custom produced with a non-target control (si[-]). Both were introduced in vitro into human
plasma cells by an optimized streptolysin O-based method. Flow cytometry, real-time PCR and
ELISA (Bethyl Laboratories) were used to evaluate LC production at 24 hours.
Results We treated 5 human cell lines that make Ȝlight chains (ALMC1, EJM, OPM2, MM1S,
MM1R) on 3 separate days with si[IGLCȜCR] and si[-] control, and evaluated the percent
difference in intracellular mean fluorescent intensity ǻMFI). The median ǻMFI was decreased
48% (range, 22-88) in si[IGLCȜCR] treated cells. We treated CD138+ patient samples (AL=16) in
the same way. The median residual LC message was 25% (1.3-85) and the ǻMFI was decreased
54% (17-85) with si[IGLCțCR]. Residual message and ǻMFI were highly correlated (r2 = 0.56, P
< 0.01). We treated 5 cell lines in the same way and evaluated ȜLC secretion in culture by
ELISA, observing decreases in all cases (Figure).
Discussion With one pool si[IGLCȜCR] we can stop ȜLC production in human plasma cells,
including patient plasma cells.
Conclusion Further pre-clinical development of si[IGLCȜCR] is warranted in order to optimize
mRNA targeting, cell-specific delivery and knockdown efficiency.
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One siRNA pool targeting WKHȜconstant region stRSVȜOLJKWFKDLQSURGXFWLRQDQGFDQ
trigger a terminal endoplasmic reticulum (ER) stress response
Ping Zhou,1 Xun Ma,1 Lakshmanan Iyer,2 Chakra Chaluagain,1 Raymond L. Comenzo1.2
From 1Tufts Medical Center and 2Tufts University School of Medicine, Boston, MA
Background Light chain (LC) and antibody-mediated autoimmune diseases are caused by
pathologic LC and autoantibodies. Currently treatment is aimed at eliminating production of these
species but success is limited. By targeting consensus sequences in the constant region (CR) of
LC mRNA, RNA interference can stop LC and intact antibody production by plasma cells.
Objective To evaluate the impact of one pool of siRNA designed to target the ȜLC CR mRNA in
human plasma cells producing intact IgGȜantibodies.
Methods One custom-produced pool of siRNA (si[IGLCȜCR]) designed to target the ȜLC CR
mRNA and non-target control (si[-]) were introduced in vitro into ȜLC and IgGȜproducing
human plasma cells by an optimized streptolysin O-based method. Flow cytometry, real-time
PCR, immunoblots, ELISA and transcriptional profiles (Illumina, Gene Ontology) were used to
assess the cellular responses associated with halting ȜLC production.
Results In clones producing ȜLC only, treatment with si[IGLCȜCR] stopped ȜLC production but
did not cause ER stress or apoptosis. In clones producing intact IgGȜtreatment with si[IGLCȜCR]
stopped antibody production and, due to accumulation of unmatched IgG in the ER associated
with HSP5A, rapidly activated the unfolded protein response (UPR). When the IgG to LC ratio
was > 1 after treatment with si[IGLCȜCR], the ER stress response became terminal and effector
caspase activation was mediated in part by transcription of NOXA. Comparison of the
transcriptional profiles of si[IGLCȜCR] and si[-] treated cells demonstrated that the UPR, ER
associated degradation and apoptotic pathways were notably activated with si[IGLCȜCR]
treatment.
Discussion With one pool si[IGLCȜCR] we can stop ȜLC production in human plasma cells and
trigger a terminal ER stress response in cells making an intact IgGȜ
Conclusion Further pre-clinical development of si[IGLCȜCR] is warranted in order to optimize
mRNA targeting, cell-specific delivery and knockdown efficiency
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Bortezomib containing regimens are highly effective for systemic AL Amyloidosis:
Experience from a single center
Jimenez-Zepeda Victor H1, Bahlis Nizar1, Neri Paola1 and Duggan Peter1
1
Tom Baker Cancer Center, Department of Medical Oncology and Hematology, Calgary, AB,
Canada
Background The spectrum and severity of organ involvement, usually dictate early outcomes in
AL amyloidosis.With the advent of novel therapies, higher rates of responses have been noted.
The goal of therapy is the prompt, profound and prolonged suppression of the AL clone. Based on
the above mentioned, we performed a retrospective review of the use of bortezomib containing
regimens to assess the rapidity and quality of response. Methods Patients with documented AL
amyloidosis treated with bortezomib containing regimens were identified from our Institutional
database. Trop-T and NT-proBNP values at baseline, 3, 6 and 12 months were recorded when
available. Hematological Response, Cardiac response and OR were assessed according to the
more recent validation of the criteria response.1 Results 24 patients treated with bortezomibcontaining regimens from 2009 to 2014 were identified. Eight-patients received CyBORD
(33.3%) and 16 pts bortezomib and dexamethasone. Clinical characteristics are shown in Table 1.
Seven-patients previously treated with ASCT (N=2) and melphalan and dexamethasone (n=5)
and 17 were newly- diagnosed AL. After a median of 6 cycles (2-22), a HR was seen in 24 cases
(100%) including: Complete Response in 9 (37.5%), Very Good Partial Response in 14 (58.3%)
and Partial Response in 1 (4.2%). At 6 weeks, 22 patients had already achieved PR. Organ
Response at 6 months was documented in 20 cases (83%). With respect to cardiac response, a
GHFUHDVHRI7URSRQLQ-T was seen in 7 of 9 evaluable patients while a decrease of NTSUR%13RIZDVREVHUYHGLQRIHYDOXDEOHFDVHV 17SUR%13!QJ/ DWDPHGLDQRI
months. Only one patient discontinued therapy due to toxicity. At the time of analysis, 3 pts have
died and 6 have already progressed. In conclusion, bortezomib is a safe and tolerated therapy for
AL patients showing rapid HR and cardiac responses assessed by NT-proBNP and TnT.
References:
1.Palladini G, Dispenzieri A, Gertz MA, et al. New criteria for response to treatment in
immunoglobulin light chain amyloidosis based on free light chain measurement and cardiac
biomarkers: impact on survival outcomes. J Clin Oncol. 2012 Dec 20;30(36):4541-9. doi:
10.1200/JCO.2011.37.7614. Epub 2012 Oct 22.
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Table 1. Clinical and Laboratory characteristics of patients with AL Amyloidosis treated with
bortezomib-containing regimens
Clinical Characteristics
N Median
Range
%
Age (years)

24

63.5

29-86

Gender
Male
Female

12
12

50%
50%

Kappa
Lambda

4
20

17%
83%

Renal Involvement

20

83%

Cardiac Involvement

22

91%

Hepatic involvement

3

12.5%

шϯŽƌŐans involved by AL

7

29%

Hemoglobin (g/L)

24

145

96-155

Creatinine (μmol/L)

24

75.5

38-1042

Albumin g/L

24

30

13-42

Alkaline phosphatase, units/L

24

88

55-311

B2-Microglobulin (mg/L)

24

3.2

1.63-14.7

24 Hr Proteinuria (g/d)

24

2.575

0-17.36

***BMPC (%)

24

9.5

3-40

Intraventricular Septal
thickness (mm)
Troponin T ng/L (normal 1-14)

24

11

10-16

23

1

1-167

**NT-proBNP (ng/L) (normal <300)

22

648

53-4460

**NT-pro Brain Type Natriuretic Peptide
*** BMPC: Bone marrow plasma cells
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Absolute lymphocyte count at day-15 post asct as predictor of overall and progression-free
survival for patients with AL amyloidosis treated with single autologous stem cell transplant
Jimenez-Zepeda Victor H1, Donna E Reece2, Suzanne Trudel2, Christine Chen2, Norman
Franke2, Andrew Winter2, Rodger Tiedemann2, and Vishal Kukreti2
1
Tom Baker Cancer Center, Department of Medical Oncology and Hematology, Calgary, AB,
Canada
2
Princess Margaret Cancer Center, Department of Medical Oncology and Hematology, Toronto,
ON, Canada
Background Absolute lymphocyte count (ALC) recovery after autologous stem cell
transplantation (ASCT) has been identified as an independent prognostic factor for survival in
multiple haematological malignancies. Thus, we set out to investigate if ALC is a predictor of
survival in AL Amyloidosis patients treated with ASCT. Methods 78 consecutive patients with
documented symptomatic AL amyloidosis who underwent ASCT were identified. The primary
endpoint of the study was to assess the impact on OS based on ALC at day 15, 30 and 90. The
Cox proportional hazard model was used to perform univariate analyses. Results 78 patients with
AL amyloidosis underwent ASCT from 01/04 to 03/10. Clinical characteristics are shown in
Table 1. Patients received HDM at 200 mg/m2, (24.4%) 140 mg/m2 (56.4%) or 100mg/m2
(19.2%) as per risk-adapted strategy. At the time of this analysis, 60 patients are still alive and 29
had already progressed. Median PFS was 26.5 months for all patients. The choice of ALC
ā × 109/l as the cut-off point was supported by the data because it yielded the greatest
differential in survival, based on the chi-VTXDUH Ȥ2 = 100·4, P < 0·0001) analyzed at different cutoff points (25% and 75% quartiles) from the log-rank test. An ALC of  cells/μL at day-15
post-ASCT significantly correlated with a better OS (mean OS of 170 versus 91 months and
mean OS of 161 versus median of 33.37 months, respectively) (p=0.0171 and p=0.0012) and
Progression-Free Survival (median of 34.3 versus 16.43 months) (p=0.0266). (Fig 1a-b)
Multivariate analysis showed ALC at day-15 is an independent prognostic factor for OS and PFS
after ASCT. In conclusion, ALC is an important predictor of OS and PFS in AL amyloidosis
undergoing ASCT. These findings suggest that immune reconstitution is essential and provide
with the rational for immune therapies in this clinical setting.
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Table 1. Clinical and Laboratory characteristics of patients with AL Amyloidosis
undergoing ASCT
Clinical Characteristics
Age (years)

N
78

Gender
Male
Female
IgG Kappa
IgG Lambda
IgA Lambda
IgM Kappa
IgM Lambda
Free Kappa
Free Lambda
Renal Involvement
Cardiac Involvement
Hepatic involvement

53
25
5
20
4
2
2
10
34
56
37
18

68%
32%
6.5%
26%
5.1%
2.7%
2.7%
13%
44%
71.8%
47.4%
23.1%

16
78
78
78

20.5%

3 or more organs involved by AL
Hemoglobin (g/L)
Creatinine (μmol/L)
Absolute Lymphocyte count
Day-0
Day-15
Day-30
Albumin g/L
B2-Microglobulin (μmol/L)
24 Hr Proteinuria (g/d)
***BMPC (%)

Median
57

78
78
78
78

Range
33-74

138
129

104-182
37-700

1.9
1.03
1.8
35.1
348
5.6
8

0.2-4.4
0.3-5.9
0-5.5
25-58
70-2900
0-24.9
1-30

%

*** BMPC: Bone marrow plasma cells
Overall survival and ALC at day-15
1.0
.9
.8

Per Cent

.7
.6
.5

ALC day 15

.4

<1.0

.3

<1.0-censored

.2

>1.0

.1
0.0

>1.0-censored

0

40
20

80
60

120
100

160
140

200
180

240
220

280
260

300

Months since ASCT

Figure 1a and b. Overall and PFS according to ALC at day 15
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Disease free and overall survival following high dose therapy or standard therapy in
patients with amyloidosis
Patrick J. Kiel, Medicine and Pharmacy, Indiana University, USA. Anne Trueg, Pharmacy,
Indiana University-Health. Attaya Suvannasankha, Medicine, Indiana University. Merrill D.
Benson, Pathology and Laboratory Medicine, Indiana University. Rafat Abonour, Medicine,
Indiana University, USA
Background: Primary systemic light chain amyloidosis is characterized by the deposition of
amyloid fibrils derived from monoclonal light chains that are reproduced by clonal plasma cells.
To date high dose melphalan and oral melphalan based therapies have been evaluated, but novel
therapies have not been compared to high dose therapy.
Objective: To determine disease free survival and overall survival of high dose melphalan and
autologous hematopoeitic cell transplantation to standard dose therapy.
Methods: Retrospective, single institution, evaluation comparing high dose melphalan to
standard bortezomib or alkylator based therapy. Patients were included if they had primary
systemic light chain amyloidosis and received treatment between 1/1/1987 and 2/1/2014.
Results: Sixty-eight patients were reviewed with 43 undergoing high dose chemotherapy and 25
with standard treatment. Mean ages were 65 for those with standard therapy and 55 with high
dose therapy (p<0.001). In the standard therapy group 64%, 40% and 4% had renal, cardiac, and
liver involvement, respectively. In the high dose group 100%, 7%, 21%, 4.7%, 2.3%, and 2.3%
had renal, cardiac, liver, gastrointestinal, nerve, and muscle involvement, respectively. Induction
for the standard treatment group included bortezomib (76%), cyclophosphamide plus bortezomib
(8%), MP (8%), and other (8%). Prior to high dose therapy 7% of patients did receive some type
of induction therapy. Mean disease free survival for standard vs. high dose was 3.6 years vs. 3.9
years (p=0.78) and overall survival was 4.4 years and 5.2 years (p=0.518), respectively.
Conclusion: High dose chemotherapy did not provide a statistically significant disease free or
overall survival benefit compared to standard bortezomib or alkylator based chemotherapy.
Cardiac involvement would have prevented many patients from undergoing high dose
chemotherapy, but this retrospective study shows that long term disease control is still attainable
for those unable to proceed with high dose chemotherapy.

.
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First-line bortezomib/dexamethasone for patients at risk of terminal organ failure due to
systemic light chain amyloidosis
Christoph Kimmich1, Ute Hegenbart1, Tilmann Bochtler1, Rita Ziehl1, Anthony D. Ho1, Stefan
O. Schönland1
1
Medical Department V, Amyloidosis Center, University of Heidelberg, Heidelberg, Germany
Introduction: Progressively impaired organ function is a major obstacle in newly diagnosed
systemic light chain amyloidosis (AL). Bortezomib has shown fast reductions of light chain
concentrations in the treatment of plasma cell disorders and is well tolerated in non-advanced AL
patients. We treated patients at risk of terminal organ failure with bortezomib/dexamethasone (bd)
as first-line therapy.
Methods: We retrospectively assessed a cohort of 99 advanced AL patients (see table). Bd was
mainly administered with bortezomib 1.0-1.3mg/m2 and a dexamethasone dose of 8mg (8 dosages
in 2 weeks).
Results: Median observation of patients is 23 months after start of bd. Median overall survival
(OS) was 16 months (cardiac Mayo stage III: 9 months). Twenty-five patients died within 3
months. There was a 40% survival rate at 35 months. Toxicity and mortality were mainly caused
by heart failure. Main causes for treatment discontinuation were an insufficient response (n=19)
ahead of polyneuropathy (n=4). Hematological remission at 3 months was VGPR or CR in 29%
of patients (see table). At the 12 month benchmark 17% of patients achieved an organ response.
All of these patients were either still in first remission (CR: 3, VGPR: 6, PR: 2) or showed only
minor disease activity after relapse from CR (n=3) or VGPR (n=1). Nineteen patients received a
second line treatment within the first 3 months; of these 8 patients were alive (VGPR: 3, one
patient with organ response) at 12 months.
Summary and Conclusion: Bd was feasible in this cohort of advanced AL patients, but could
not substantially reduce the high early mortality rate. The hematological response rate was above
50% after 3 cycles. Median OS was encouraging with 9 months for cardiac stage III patients. This
study shows that organ responses can even be achieved in AL patients with advanced organ
failure.
Ute Hegenbart and Stefan Schönland have received honoraria from Janssen.
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CyBorD induction in Light Chain Amyloidosis
Vishal Kukreti1, Madeline Phillips1, Esther Masih-Khan1, Rayan Kaedbey1, Victor ZimenezZepeda1, Christine Chen1, Suzanne Trudel1, Rodger Tiedemann1 and Donna Reece 1
1
Medical Oncology and Hematology, Princess Margaret Cancer Centre, Toronto, ON, Canada
Currently, we offer CyBorD induction to all new light chain (AL) amyloidosis patients (pts) for
either: 1) 2-4 cycles before stem cell (SC) collection/transplant (ASCT), or 2) 8 cycles as primary
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therapy for ASCT-ineligible pts. We retrospectively analysed the efficacy of CyBorD compared
to our previous results with other btz-containing regimens or melphalan + dexamethasone as
induction therapy.
Methods Between 01/2009 - 06/2013, 43 AL pts (biopsy-FRQILUPHG UHFHLYHGLQGXFWLRQZLWK
cycle of CyBorD (n=15), other btz therapies (n=10), or mel + dex (n=18). CyBorD included
weekly oral cyclophosphamide 300 mg/m2, bortezomib IV/SQ 1.3-1.5 mg/m2 and dex 12-20 mg.
Thirty-four pts are evaluable for hematologic responses (HR) and 26 for organ responses (OR).
Results Median age was 55 yrs (range 44-85). Organ involvement included cardiac 65%, renal
DQGRUJDQV%. Median troponin I level was <0.07 (range <0.07-1.57) and BNP 305.6
(range 212-1625.3). Twenty-two pts (64.7%) achieved a HR; Table 1 shows responses by
treatment group. CyBorD pts experienced the best OR rate: 29% in 21 evaluable organs, vs
12.5% of 8 organs btz-other and 0% of 15 organs mel + dex. Toxicities included: peripheral
neuropathy in 30% in CyBorD pts (gr 1/2 in 4 and gr 3 in 1 pt) vs 20% in btz-other (gr 1/2 in 1
and gr 3 in 1 pt) vs 0 with mel + dex. To date, 8 pts (18.6%) have undergone ASCT. Twelve of
15 (80%) CyBorD pts are alive (median 10 mos; range 1-22), vs 5/10 (50%) btz-other (median 7
mos; range 5-47) and 14/18 (77.7%) mel + dex (median 25 mos, range 2-50).
Conclusions &\%RU'SURGXFHGDKLJKUDWHRI9*35ERWKKHPHDQGRUJDQIXQFWLRQUHVSRQVHV
occurred early in treatment. Longer follow-up is needed to determine the durability of remissions
after CyBorD alone/with subsequent ASCT.
Consultancy Janssen Ortho
Table 1:
Response

Cybor D

Btz-Other

Mel + Dex

HR of > PR

67%

44%

75%

HR of шs'WZ

55.5%

22%

31%

HR of CR

11%

22%

6%

Median Times to
First/Best HR

1.2/4.0 mo

1.3/2.1mo

2.1/5.5mo
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The impact of serum creatinine on renal and patient survival after autologous stem cell
transplantation for immunoglobulin light chain amyloidosis
Nelson Leung, Nephrology and Hypertension, Hematology, Mayo Clinic, USA
Siobhan Glavey, Hematology, Galway University, Ireland
Angela Dispenzieri, Shaji K Kumar, Francis K Buadi, Prashant Kapoor, Martha Q Lacy, Steven
R Zeldenrust, David Dingli, Suzanne R Hayman, John A Lust, Morie A Gertz – all Hematology,
Mayo Clinic, USA
Introduction: The kidney is the most commonly involved organ in immunoglobulin light chain
amyloidosis (AL). Renal response is an important endpoint to achieve after treatment.
Method: Patients with AL who underwent autologous stem cell transplantation (SCT) between
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1999 and 2009 were selected. Inclusion criteria were proteinuria >1 g/d and follow-up >12
months. Exclusion criteria included extensive pretreatment, end stage renal disease (ESRD)
pretransplant, secondary malignancy, or missing laboratory values required for response
assessment. Reduction in proteinuria was the maximum after SCT. Hematologic response (HR)
was assessed by the dFLC method.
Results: Median followup was 51 months for the 136 patients. Of these, 23.4%, 6.6% and 9.5%
had >25%, >100% increase in Scr and end stage renal disease (ESRD) at last follow-up
respectively. In multivariate analysis, no baseline characteristics predicted for ESRD. Increases
in Scr (p=0.006) and ESRD (p = 0.0008) were negatively correlated with proteinuria reduction
but HR was not (p=0.47) except when the involved serum free light chain (iFLC) was > 2 mg/dl
(p=0.05). A >25% increase in Scr at either 3 or 12 months posttransplant was associated with
ESRD but only if the involved iFLC was > 2 mg/dl. A Scr increase of >100% at 3 (p=0.002) or
12 months (p=0.025) was significantly associated with ESRD regardless of iFLC levels. Overall
survival (OS) was associated proteinuria reduction, HR and Scr elevation. One model showed
>95% reduction in proteinuria, involved iFLC > 2 mg/dl and >100% increase in Scr at 12m were
independent predictors of OS.
Conclusion: Changes in Scr even at 3 months posttransplant had significant impact on ESRD and
OS in AL patients. In our study, the effects of Scr were modified by both HR and proteinuria
reduction. These relationships require further studies in order to better define and assess renal
response.

PB-48
Preliminary cardiac biomarker responses demonstrated in an ongoing phase I study of
NEOD001 in patients with AL amyloidosis and persistent organ dysfunction
Liedtke M1, Landau H2, Gertz M3, Comenzo R4, Seldin D5, Walling J6, Kinney G7 and Koller M7
1

Department of Medicine and Pathology, Stanford University, Stanford CA, USA.
Department of Medicine, Memorial Sloan-Kettering Cancer Center, New York NY, USA.
3
Department of Medicine and Hematology, Mayo Clinic, Rochester MN, USA.
4
Department of Medicine, Tufts Medical Center, Boston MA, USA.
5
Department of Medicine, Boston University, Boston MA, USA.
6
JW Consulting, Hillsborough CA, USA. 7 Prothena Biosciences Inc, South San Francisco CA,
USA
2

Background: Residual organ dysfunction following treatment of the underlying plasma cell
dyscrasia remains the main source of morbidity and mortality for patients with light chain
amyloidosis (AL). NEOD001 is a humanized monoclonal antibody designed to neutralize and
clear soluble and insoluble amyloid aggregates in patients with AL. Objectives: (a) determine
safety and tolerability; (b) determine maximum tolerated dose; (c) characterize pharmacokinetics
and immunogenicity; and (d) assess preliminary efficacy using objective organ response criteria.
Methods: NEOD001 was administered intravenously once per month in AL patients who
FRPSOHWHGSULRUDQWL-plasma cell therapy, had PR or better, did not require additional
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chemotherapy, and had persistent organ dysfunction. Dose cohorts of 0.5, 1.0, 2.0, 4.0, 8.0, 16
and 30 mg/kg are planned. Results: To date 15 patients with median age 60 years (range: 3877), 73% male and median number of organs involved 2 (range: 1-3), have been treated in 5 dose
levels for 1-9 months. No dose-limiting toxicities have been observed. The most frequently
reported adverse events were musculoskeletal (N=4), infection (N=4; sinusitis-2, UTI and URI
one each) and fatigue (N=3), which were mild to moderate. Three patients discontinued, one each
for hematologic progression, organ progression, and withdrawal of consent. As of 01/07/2014, 9
SDWLHQWVKDGEDVHOLQH17SUR%13OHYHOVSJP/DQGDSRVW-baseline NTproBNP
determination. Of these, 5/9 (56%) met NTproBNP criteria for response, 1/9 (11%) progressed,
and 3/9 (33%) had stable disease. Interim pharmacokinetic, immunogenicity and updated safety
and biomarker NTproBNP data will be presented. Discussion/Conclusion: Residual organ
dysfunction following plasma cell dyscrasia treatment remains a significant unmet medical need
in patients with AL. Interim data from an ongoing Phase 1 study indicates that NEOD001 is safe,
well-tolerated, has appropriate pharmacokinetic properties, and no immunogenicity. Encouraging
preliminary cardiac biomarker responses have been observed. Randomized, placebo-controlled
Phase II/III study(ies) are warranted.
M. Gertz: consulting Neotope
J. Walling: Stock: BioMarin, Amgen; Advisory Board: Crown BioScience Inc; Consulting:
Prothena BioSciences Inc, KaloBios, Ultragenyx Pharmaceutical, Corcept Therapeutics,
BioNumerik Pharmaceuticals Inc, Proximagen, NewGen Therapeutics Inc, EGEN Inc, LBC
Pharmaceutical Professionals, DebioPharm
G. Kinney: employee and shareholder of Prothena Biosciences Inc
M. Koller: employee and shareholder of Prothena Biosciences Inc
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Improvement in cardiac function measured by systolic strain after treatment of AL with
bortezomib
Isaac Rhea1, Yaron Hellman2, Harvey Feigenbaum2, and Merrill D. Benson3
Indiana University School of Medicine, Department of Cardiology, Indianapolis, Indiana USA.
2
Krannert Institute of Cardiology, Indianapolis, Indiana USA. 3Indiana University School of
Medicine, Department of Pathology & Laboratory Medicine, Indianapolis, Indiana USA
1

Background/Objective: Immunoglobulin light-chain (AL) cardiomyopathy is associated with
grave prognosis. While treatment of the underlying plasma cell discrasia with chemotherapy
often gives favorable response, actual improvement in cardiac functional parameters is rare. We
report improvement in cardiac systolic function as measured by systolic strain after treatment of a
patient with Bortezomib.
Methods: A 42-year-old Caucasian man presented with CHF (NYHA III), orthostasis and
palpitations. Treatment with ȕ-blocker, ACE-inhibitor and digoxin gave no improvement. An
ICD was implanted after repeated episodes of syncope with ventricular tachycardia. Subsequent
endomyocardial biopsy showed amyloid. Bone-marrow biopsy revealed increased plasma cells.
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Lambda-free serum light-chains were elevated. After treatment with Bortezomib and
Dexamethasone for four months repeat bone-marrow biopsy showed no increase in plasma cells.
Free light-chain levels were normal. CHF continued and required use of multiple diuretics.
Heart transplant was deferred due to obesity. Over the next four years CHF improved and now
requires minimal diuretic. Ejection function has varied from a low of 41% and is now 69%.
Global systolic strain which was 7.5* four years ago is now 17.9. BNP was 1694 pg/ml, now five
years after initial presentation is 130.
Conclusion: After hematologic response to Bortezomib and Dexamethasone for severe AL
amyloid cardiomyopathy, clinical evaluation including ECHO systolic strain and BNP indicates
marked improvement in cardiac function.
*

6WUDLQLVUHSRUWHGDVDSRVLWLYHQXPEHU QRUPDO18).
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Early detection of cardiac functional improvement by longitudinal systolic strain following
treatment of light-chain (AL) cardiac amyloidosis
Francesco Salinaro1, Hans K. Meier-Ewert1,2, Edward J. Miller1,2, Julie Fu1, Shayna Sarosiek1,3,
Vaishali Sanchorawala1,3, John Berk1, J. Mark Sloan1,3, Kathleen T. Finn1,3, Karen Quillen1,3,
Anthony Shelton1,3, Anne S. Renteria1,3, David C. Seldin1,3, and Frederick L . Ruberg1,2*
1
Amyloidosis Center, Boston University School of Medicine, Boston, MA, USA
2
Section of Cardiovascular Medicine, Department of Medicine, Boston University School of
Medicine, Boston, MA, USA. 3 Section of Hematology/Oncology, Department of Medicine,
Boston University School of Medicine, Boston, MA, USA
* Corresponding author
Introduction and aim: End-organ response to treatment of light-chain (AL) cardiac amyloidosis
is typically defined as a 30% reduction in NT-proB-type natriuretic peptide (NT-proBNP).(1, 2)
Since echocardiographic findings such as wall thickness and ejection fraction are frequently
unchanged at 1 year, we examined whether serial determinations of longitudinal systolic strain, a
sensitive measure of cardiac function, might detect early cardiac improvement.
Methods: We prospectively enrolled 33 patients with AL cardiac amyloidosis treated with high
dose melphalan or bortezomib-based regimens. Depending upon treatment response at 1 year,
patients were divided in two groups: complete response (CR; n=11, or 33%) or non-complete
response (NonCR; n=22, or 67%), by ISA criteria. Free light chains, BNP, cTn, and
echocardiograms were performed at baseline and 1 year. Segmental longitudinal systolic strain
was evaluated by speckle tracking (GE EchoPAC). Tests of variation were performed using
analysis of variance, Kruskall-Wallis, and Pearson methods, with p < 0.05 accepted as significant.
Results: After 1-year follow-up, 8 patients died (24%), all in the non-CR group. A 69% decrease
in BNP was observed in the CR group compared to baseline, while a 30% (non-significant)
reduction was noted in non-CR. There were no significant differences in wall thickness, global
systolic function, or diastolic parameters in the CR group. LV ejection fraction was significantly
reduced in the non-CR group. In contrast, longitudinal strain was improved in the CR group
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(p<0.05 for average basal strain, and specifically basal anterolateral and basal inferior segments,
see Table). Apical to basal strain ratio improved in CR. BNP and basal septal strain change
correlated (R=0.53, p<0.01).
Conclusion: Longitudinal systolic strain improvement was observed in AL cardiac amyloidosis
with CR at 1 year following treatment. These data suggest that strain analysis may detect early
cardiac functional improvement prior to changes in global systolic function or wall thickness.
References
1. Girnius S, Seldin DC, Meier-Ewert HK, Sloan JM, Quillen K, Ruberg FL, et al. Safety and
efficacy of high-dose melphalan and auto-SCT in patients with AL amyloidosis and cardiac
involvement. Bone marrow transplantation. 2013. Epub 2013/12/10. PMID: 24317129
2. Madan S, Kumar SK, Dispenzieri A, Lacy MQ, Hayman SR, Buadi FK, et al. High-dose
melphalan and peripheral blood stem cell transplantation for light-chain amyloidosis with cardiac
involvement. Blood. 2012;119(5):1117-22
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Parameter

CR group
Baseline
Septal wall (mm)
13.6 ± 2.7
Posterior wall (mm)
14.1 ± 2.4
Mass Index (g/m2)
126.8 ±
39.7
LV Ejection Fraction 54.2 ± 9.2
(%)
Mid-wall Fractional
8.7 ± 2.7
Shortening (%)
E/A
1.6 ± 0.8
SEPTAL E/E’
17.6 ± 4.6
LATERAL E/E’
18.8 ± 7.6
-11.3 ± 2.91
Global Longitudinal
Strain (%) (more
negative is better)
-5.1 ± 2.8
All Basal Segments
Longitudinal Strain
Average (%)
-7.1 ± 3.4
Basal Inferior
Longitudinal Strain
(%)
-3.5 ± 6.5
Basal Anterolateral
Longitudinal Strain
(%)
All Medial Segments -9.9 ± 2.6
Longitudinal Strain
Average (%)
All Apical Segments
-17.9 ± 4.2
Longitudinal Strain
Average (%)
Apical/Basal Strain
3.4 ± 1.3
Ratio
B-type natriuretic
689.3 ±
peptide (pg/mL)
400.9
Troponin I (ng/mL)
0.06 ± 0.03

1 year
13.7 ± 1.9
13.5 ± 1.9
115 ± 25.3

P
N.S.
N.S.
N.S.

56.5 ± 4.5

N.S.

Non CR group
Baseline
1 year
14 ± 2.6
14.1 ± 3.2
13.8 ± 2.2
14.1 ± 1.5
113.5 ±
132.7 ±
40.4
32.3
54.2 ± 9.5
42 ± 16.6

10.7 ± 3.2

N.S.

8.9 ± 2.6

9.1 ± 2.1

N.S.

1.86 ± 1.2
15.0 ± 6.5
12.21 ± 5.4
-12.2 ± 4.2

N.S.
N.S.
N.S.
N.S.

2.3 ± 2.6
21.1 ± 8.0
22.0 ± 11
-11.8 ± 4.1

1.8 ± 1
24.9 ± 9.1
22.2 ± 9.8
-8.8 ± 1.9

N.S
N.S.
N.S.
N.S.

-9.16 ± 3.6

0.033 -6.6 ± 4.9

-3.5 ± 1.4

N.S.

-12.2 ± 4.4

0.04

-8.3 ± 5.6

-4.3 ± 0.8

N.S.

-10.5 ± 3.1

0.033 -5.5 ± 7.1

-1.4 ± 6.4

N.S.

-11.7 ± 4

N.S.

-10.1 ± 5

-7.2 ± 2.5

N.S.

-16.7 ± 5.1

N.S.

-16.7 ± 6.2

-12.8 ± 4.5

N.S.

1.9 ± 0.5

0.023 5.2 ± 11.3

3.8 ± 0.9

N.S.

214.2 ±
130.4
0.05 ± 0.04

0.02

417.3 ±
358.9
0.05 ±
0.04

N.S.

N.S.

594.2 ±
490.7
0.16 ± 0.02

P
N.S.
N.S.
N.S.
0.043

N.S.

Source of Funding: Amyloidosis Foundation and American Heart Association to FLR
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Pomalidomide and dexamethasone in patients with relapsed light-chain amyloidosis (AL):
Results of a phase 1 study
Vaishali Sanchorawala, Anthony Shelton, Stephen Lo, J. Mark Sloan, David C. Seldin
Amyloidosis Center, Boston University School of Medicine, Boston, MA 02118
Pomalidomide, a third generation immunomodulatory agent, was studied in combination with low
dose dexamethasone in this prospective phase I/II study of patients with relapsed AL amyloidosis.
3DWLHQWVDJHG\HDUVZLWKUHODSVHG$/DIWHUSULRUWKHUDS\DQGG)/&RI!PJ/DQG
serum creatinine of < 3.0 mg/dL, received increasing doses of pomalidomide in a standard 3+3
dose escalation on days 1-28 of 28 day cycles for cohort 1 (2 mg) and 2 (3 mg), and days 1-21 of
the cycle for cohort 3 (4 mg). Treatment was continued till progression or toxicity. Low dose
dexamethasone was administered at 20 mg orally once a week. Expansion cohort of 12 patients to
be enrolled at the MTD. The objectives were to determine the safety, tolerability, MTD and
hematologic response. At data cut-off (January 14, 2014) 12 patients had been enrolled and
UHFHLYHGF\FOHRI3RPDOLGRPLGH VDIHW\SRSXODWLRQ 7KHPHGLDQDJHZDV\HDUV UDQJH78), and median prior therapies was 2 (range, 1-6): 8 (67%) had received HDM/SCT, 7 (58%) had
received lenalidomide, and 10 (83%) bortezomib. Eleven patients had cardiac biomarker stage II
or III disease. Six patients were treated in the 2 mg cohort (this cohort expanded due to grade 3
renal failure in one of first 3 patients) and 3 were treated in the 3 mg and 3 in the 4 mg cohort.
There was one on-study death due to GI bleeding and sepsis. Five patients discontinued due to
disease progression (n=3), withdrawal by patient (n=1), or death (n=1). Seven patients continue
on therapy. There was one DLT in cohort 3 of grade 3 pneumonia with neutropenia. The most
common drug-UHODWHG$(VLQFOXGHGIDWLJXHDQGDQHPLD*UDGH$(V DQ\FDXVH UHSRUWHGLQ
patients. At data cut-off, hematologic complete response was observed in 2 of 9 evaluable patients
at 3 months and 9 months of treatment respectively. In view of DLT in cohort 3, this cohort will
enroll 3 more patients and if no DLT is experienced this dose level would be defined as MTD.
Enrollment in cohort 3 at the 4 mg MTD is ongoing.
This trial was partly supported by Celgene Corporation, Summit, NJ.

PB-52
Bortezomib and dexamethasone as front line therapy for light chain deposition disease
Natalia Tovar, Mª Teresa Cibeira, Manel Sole, Laura Rosiñol, Carlos Fernández de Larrea ,
Núria Pérez, Montserrat Elena, Juan I. Arostegui, Montserrat Rovira and Joan Bladé. Department
of Hematology. Amyloidosis and Myeloma Unit. Hospital Clínic, Barcelona. Institut
d’Investigacions Biomèdiques. August Pi I Sunyer (IDIBAPS). University of Barcelona.
Barcelona, Spain.
Background Conventional chemotherapy, commonly used for multiple myeloma (MM), have
traditionally been unsatisfactory for light chain deposition disease (LCDD) 1. Nowadays, the most
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frequent treatment for younger patients with LCDD is high dose intravenous melphalan and
autologous stem cell transplantation (HDM/ASCT). However, and based on the promising results
obtained by treating patients with light chain amyloidosis with bortezomib/dexamethasone, new
treatment options appear 2. Recently, successful results on the use of bortezomib in the treatment
of these patients have been reported, most of them followed by HDM/ASCT 3.
Objective To update our single institution experience on treatments based in bortezomib plus
dexamethasone as front line treatment in patients with LCDD between 2008 and 2013.
Methods and discussion Ten patients were diagnosed with LCDD through the biopsy of the
affected organ (9 kidney, 1 heart). All of them were initially treated with bortezomib plus
dexamethasone followed by HDM/ASCT in 5 of them, with no major complications.
HDM/ASCT is also planned in 3 of the remaining patients. Eight of ten patients achieved at least
a partial response after bortezomib plus dexamethasone and, in all patients that underwent
transplantation, response improved after ASCT. In one case, given the sustained complete
hematologic response but persistence of renal impairment requiring dialysis, kidney
transplantation was performed. An additional patient is waiting for a kidney transplant.
Conclusion Our results confirm and expand on the use of bortezomib and dexamethasone
followed by ASCT as a safe and well tolerated treatment for patients with LCDD. Given the
results obtained by this and other series, induction treatment with bortezomib/dexamethasone
and, if possible, followed by ASCT, should be considered the treatment of choice in younger
patients with LCDD. Additionally, renal transplant should be taken into consideration in those
patients requiring hemodialysis after achieving hematologic CR.

PB-53
Increased osteoprotegerin (OPG) in patients with primary systemic (AL) amyloidosis may
indicate more than compensation to increased bone resoprtion and has prognostic
significance
Efstathios Kastritis, Maria Gavriatopoulou, Evangelos Eleftherakis-Papaiakovou, Nikolaos
Kanelias, Maria Roussou, Constantinos Pamboucas, Savvas Toumanidis, Meletios A.
Dimopoulos, Evangelos Terpos
Department of Clinical Therapeutics, National and Kapodistrian University of Athens, School of
Medicine, Athens, Greece
Background:Deregulation of bone metabolism is common in plasma cell dyscrasias but little is
known in AL amyloidosis.
Objective:To investigate bone metabolism in patients with AL amyloidosis
Methods:We measured the serum levels of osteoclast regulators[sRANKL,
osteoprotegerin(OPG)], bone resorption[C-telopeptide of type-I collagen(CTX)] and bone
formation[bone-alkaline phosphatase(bALP)] markers in 102 patients with newly diagnosed AL
amyloidosis, 35 age-matched healthy controls, 35 newly diagnosed, untreated, symptomatic
myeloma patients and in 40 with MGUS.
Results:Median age was 65 years, heart was involved in 60%, kidneys in 73%. Median
NTproBNP was 1954 pg/ml and 26%, 41% & 33% were Mayo stage-1,-2 & -3. Bone
207

resorption(CTX)(p<0.001) was increased and bone formation(bALP) was similar(p=0.538) in AL
patients vs healthy controls. Ostecoclast regulators levels(sRANKL & OPG) were both increased
compared to controls(p<0.01 for both) resulting in a similar sRANKL/OPG ratio(p=0.854). MM
patients had increased bone resorption and decreased bone formation markers compared to AL
patients, while sRANKL/OPG ratio was markedly decreased in AL vs MM, due to high levels of
OPG in AL vs MM patients(>4 fold higher,p<0.001). Compared to individuals with MGUS, AL
patients had decreased sRANKL/OPG ratio due to increased OPG, indicating either increased
responsiveness of BM stromal cells, which secrete OPG, or another source. OPG levels correlated
with NTproBNP levels(p<0.001) and were slightly higher in patients with cardiac
involvement(p=0.028). Patients with OPG levels above the upper value of healthy controls had a
shorter survival(p=0.026) while those with OPG levels in the top quartile of patients with AL had
short survival (12 months vs 58 months,p=0.024). In multivariate analysis cardiac biomarkers
outperformed OPG, however, in patients with Mayo stage-1, OPG levels remained significant and
identified patients with short survival within the “favorable risk” group (12 months vs >60,
p=0.012).
Conclusion:increased OPG levels in AL is not only due to compensation to osteoclast activation,
but may also reflect tissue damage in other niches and may identify patients at increased risk of
death within those with more favorable prognosis by cardiobiomarker staging.

PB-54
Impact of immunosuppression on serum free light chains levels in AL amyloidosis patients
undergoing serial heart transplantation followed by stem cell transplantation
1

Anne S. Renteria, 1Vaishali Sanchorawala, 1J. Mark Sloan, 1Karen Quillen, 1Frederick L.
Ruberg, 1Hans Meier-Ewert, 1John Berk, 2Emily D. Niehaus, 2Marc J. Semigran, 1David C. Seldin
1
Amyloidosis Center, Boston University School of Medicine and Boston Medical Center, and
2
Heart Failure and Cardiac Transplant Program, Massachusetts General Hospital, Boston.
Cardiac involvement is the leading cause of morbidity and mortality in AL amyloidosis. Patients
with cardiac biomarker stage III AL have a median survival of 7 months (Wechalekar et al.,
Blood 2013), although highly selected patients can be effectively treated with high dose
melphalan and autologous stem cell transplantation (HDM/SCT) (Girnius et al., BMT 2013). For
patients with preserved function of other organs, orthotopic heart transplantation (OHT) followed
by HDM/SCT can also be life-saving. Here we evaluate the influence of post-OHT
immunosuppression on free light chain (FLC) levels in patients undergoing OHT planned serial
OHT and HDM/SCT.
This retrospective analysis included patients with AL and stage III cardiac involvement, treated
according to collaborative protocols at BMC and MGH from 1997-2013. Seventeen patients (10
males, median age 54, range 37-60) underwent OHT followed ~6 months later by HDM/SCT.
Post-OHT immunosuppression consisted of a calcineurin inhibitor (CNI), prednisone and
mycophenolate in 16 patients, one patient received azathioprine instead of mycophenolate. For 12
of 17, FLC levels were available pre and post-OHT for assessment of progression of disease prior
to HDM/SCT. Only 1 patient had progression ǻFLC increase >25%), 5 had stable disease, 2 had
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a minor response ǻFLC reduction of 25-50%), and 4 had a PR ǻFLC reduction of >50%). At 12
months post-HDM/SCT, survival was 75%, and all surviving patients obtained at least a
hematologic PR. TRM following HDM/SCT was 12%. Chemotherapy prior to OHT did not
predict for better response or survival in a small subgroup analysis.
Patients undergoing planned OHT followed by HDM/SCT were not found to have progression of
ǻFLC as a marker of their underlying plasma cell dyscrasia during the period between the two
transplants. Rather, reductions in ǻFLC suggest that the combination of CNI, corticosteroid, and
mycophenolate may adequately control hematologic disease during this time.
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Long-term results of combined heart and liver transplant in ATTR: A single centre experience.
A. Milandri* (Bologna, Italy)
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Teachings from the French database of transthyretin familial amyloid polyneuropathy (TTRFAP): Sporadic, genetic and phenotypic heterogeneity in late onset cases. Z. Mincheva (Paris,
France)
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Function of fibroblasts in the clearance of aggregated transthyretin in familial amyloid
polyneuropathy. Y. Misumi (Kumamoto, Japan)
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Is decreased erythropoietin production mediated by cytotoxic oligomeric transthyretin V30M
aggregates? L. Moreira* (Porto, Portugal)

PC-34

Fibrinogen amyloidosis with CNS manifestation. V. Q. Nguyen* (Milwaukee, WI, USA)

PC-35

Diflunisal in late-onset FAP patients with moderate to severe neuropathy. L. Obici (Pavia, Italy)

PC-36

A risk factor for iatrogenic amyloid neuropathy after domino liver transplantation. T. Ohshima*
(Kumamoto, Japan)
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A retrospective comparison of senile systemic amyloidosis and V122I-associated ATTR
amyloidosis. J. D. Gillmore (London, UK)
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Post marketing treatment responses with Tafamidis meglumine – A report from the German
amyloidosis referral center. J. Purrucker* (Heidelberg, Germany)
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Late onset cardiomyopathy due to transthyretin Ile68Leu mutation: A cardiogranic variant of
familial amyloidosis potentially mimicking sarcomeric hypertrophic cardiomyopathy. C. C.
Quarta* (Bologna, Italy and Boston, MA, USA)
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Left ventricular structure and function in TTR-related versus AL cardiac amyloidosis. C. C.
Quarta* (Bologna, Italy and Boston, MA, USA)
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Markers of disease progression in transthyretin-related amyloidosis identified from a crosssectional analysis of the THAOS patient registry. C. Rapezzi (Bologna, Italy)

PC-42

Treatment of ATTR V30M with tafamidis: Successful decrease of proteinuria. A. Rocha* (Porto,
Portugal)
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Ocular manifestations in transthyretin-related familial amyloid polyneuropathy. D. Adams
(Paris, France)
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An online registry of mutations in hereditary amyloidosis: A report of 20 novel variants/new
genes in hereditary amyloidosis. D. Rowczenio (London, UK)

PC-45
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(London, UK)
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Differentiation of familial amyloidotic polyneuropathy-specific induced pluripotent stem cells
into hepatocyte-like cells. S. Sakai* (Kumamoto, Japan)

PC-47

Į-synuclein in red blood cells is a potential diagnostic biomarker for Parkinson’s disease. M.
Ramirez-Alvarado (Rochester, MN, USA)
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High prevalence of ATTR amyloidosis in endomyocardial biopsy-proven cardiac amyloidosis
patients. Y. Sekijima (Matsumoto, Japan)
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Non-coding genetic variation of the transthyretin gene in senile systemic amyloidosis. J. Sikora*
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Aging accelerates wild-type transthyretin amyloid deposits in cardiac tissues of male FAP
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Frequencies and geographic distributions of genetic mutations in hereditary amyloidosis. D. B.
Zhen* (Rochester, MN, USA)
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Effect of robot suit based on cybernics on gait disturbance in patients with familial amyloid
polyneuropathy. T. Yamashita (Kumamoto, Japan)
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Carpal tunnel syndrome in amyloidosis: Prevalence, risk factors and correlation with cardiac
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Regression of gastroduodenal mucosal amyloid deposits in FAP patients after combined therapy
with oral intake of diflunisal followed by liver transplantation. T. Yoshinaga (Matsumoto, Japan)
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PC-1
Place of skin biopsy in symptomatic TTR-FAP. Experience of the national reference center
Adams D, Mincheva Z, Adam C, Cauquil C, Theaudin M, Bassim T, Mantel A, Lacroix C
Department of Neurology, National Reference Center for FAP, Univ Paris Sud, INSERM U788,
France
Background: TTR-FAP are severe disabling and irreversible hereditary neuropathy due to a point
mutation of TTR gene. Diagnosis is usually difficult and delayed. NCS may be initially normal.
Objective : To assess the diagnostic value of skin biopsy by punch in symptomatic TTR-FAP.
Methods : 47 symptomatic TTR-FAP patients with amyloidogenic TTR gene mutation and
positive amyloid biopsy underwent skin biopsy 3 mm punch skin biopsies at 2 sites 10 cm above
the lateral malleolus and 20 cm below the anterior iliac spine under local anesthesiae.
Intraepidermal nerve fiber density (IEFND) was calculated on bright-field PGPimmunofluorescence along EFNS guidelines. In addition, Congo red staining was done on each
skin biopsy to detect amyloid deposition. Patients were considered with low IEFND if they had a
value less than 0.05 quantile IENFD values per age span and gender.
Results: Mean age was 57.4 y.o. (22-87), 15 with early onset (EO); sex ratio M/F : 4.2 with 13
TTR variants, including V30M in 55%. IEFND at distal leg was reduced in 94 % of patients.
Positive amyloid biopsy was found in 72% including 96% in early onset group vs 66% in late
onset.
Discussion: Positive amyloid deposits are found in most early onset symptomatic TTR-FAP
patients in association with reduction of IEFND.
Conclusion: Skin biopsy could be a new diagnostic tool in the diagnosis of early onset TTR-FAP.
References:
Lauria G, Bakkers M, Schmitz C, et al. Intraepidermal nerve fiber density at the distal leg: a
worldwide normative reference study. Peripher Nerv Syst. 2010 Sep;15(3):202-7
Lauria G, Hsieh ST, Johansson O, et al. Guideline on the use of skin biopsy in the diagnosis of
small fiber neuropathy. Report of a joint task force of the European Federation of Neurological
Societies and the Peripheral Nerve Society. Eur J Neurol. 2010 Jul;17(7):903-12.

PC-2
De novo germline occurrence of Glu34Lys apolipoprotein A-I variant causes an unusual
form of systemic amyloidosis with widespread amyloid deposition in retina
Jean-Claude Aldigier1, Magali Colombat2, Pierre-Raphael Rothschild3, Thierry Frouget4, Sandrah
Onifarasoaniaina2, François Guilloneau5, Corinne Lacombe1, Jean-Michel Goujon1, Frank
Bridoux8, Nathalie Rioux-Leclercq9, Céline Leroux10, Marc Delpech10, Antoine Brézin3, and
Sophie Valleix10
Service de Néphrologie, CHU Dupuytren, Limoges, France; 2 Laboratoire
d’Anatomopathologie, Hôpital Foch, Suresnes, France; 3 Service d’Ophtalmologie, Hôpital
Cochin, Paris, France; 4 Service de Néphrologie, CHU Rennes, Rennes, France; 5 Plateforme de
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protéomique, Institut Cochin, Paris, France; 6 Laboratoire d’Anatomopatholoie, CHU de Poitiers,
Poitiers; 8 Service de Néphrologie, CHU de Poitiers, Poitiers, France; 9 Laboratoire
d’Anatomopathologie, CHU Rennes, Rennes, France; 10 Laboratoire de Biochimie et Génétique
Moléculaire, Hôpital Cochin, Paris, France
We present a detailed clinicopathological study of two AApoA-1 French kindred with Glu34Lysvariant, responsible for a large spectrum of uncommon clinical features, including the first
description of a retinal phenotype. Amyloid deposition in retina has been confirmed by histology
and LMD/MS-based proteomics of a retinal biopsy. ApoA-I, the major component of HDLs, is
known to be physiologically present in different retinal layers, but its function in this tissue
remains elusive. Recently, it has been shown that HDLs are important for intraretinal lipid
transport preventing accumulation of photoxidized lipids, which are highly toxic for retinal cells.
Wild-type apoA-1 is linked to different pathological conditions such as atherosclerosis, and it is
also found co-deposited in drusen associated with age-related maculopathy and in corneal
amyloid TGFBI-deposits. The other clinical manifestations include glomerulopathy, early
infertility with hypergonadotrophic hypogonadism, hepatic involvement with widespread
abdomino-pelvic calcifications. Proteomics identified apoA-I as the most abundant protein in
amyloid deposits of various pathological tissues (kidney, liver, testes, and retina), and also
indicated that the fibrils were composed uniquely of the variant apoA-I. In contrast to most forms
of AApoA-1 renal amyloidosis, Glu34Lys is responsible for nephrotic syndrome due to amyloid
deposits in the glomeruli, pathogenic features observed in a total of three different kidney
specimens. The testicular phenotype of Glu34Lys-variant mimics that described for Leu75Propatients, supporting that testicular involvement could be a feature more common than previously
thought. Testicular amyloid damage is a major cause of decreased reproductive fitness,
constituting therefore a strong negative selection factor expected to ultimately reduce the number
of apoA-1 mutant alleles in the general population, unless there is a high new mutation rate. Here,
we show that de novo apoA-1 mutational events in the germline lineage underline AApoA1 in
both kindred, providing a potential explanation for the numerous AApoA1cases reported without
obvious family history. One would predict that maintenance of AApoA1, despite defective
reproductive fitness, might be compensated by a high incidence of de novo mutation in the apoA1 gene.

PC-3
Familial amyloid polyneuropathy with a new transthyretin mutation Thr59Arg
Hikaru Arakawa1, Konen Obayashi1, Yohei Misumi1, Tetsuya Watanabe1, Tomotaka Ando2,
Takafumi Akagami2, Masayoshi Tasaki1, Mitsuharu Ueda1, Shinichi Hirotani2, Yukio Ando1
1
Department of Neurology, Kumamoto University, Japan, 2 Hyogo College of Medicine, Japan
Background: The clinical picture of patients with familial amyloid polyneuropathy (FAP) varies
partially depending on the type of transthyretin (TTR) mutation.
Objective: To analyze a novel FAP associated with the TTR variant threonine59arginine
(Thr59Arg).
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Results and discussion: The proband was a 52-year-old Japanese man who had dyspnea, pitting
edema in his legs and cardiac arrhythmias. Three years after onset, increased left ventricular wall
thickness was detected. Histochemical analyses, using Congo red and anti-TTR-antibody,
demonstrated massive TTR amyloid deposition on myocardial biopsy. Genetic analysis of TTR
revealed a C to G transition in codon 59 of exon 3 causing a TTR mutation Thr59Arg which was
not reported previously. Thus, we concluded that the cause was FAP associated with
amyloidgenic TTR Thr59Arg (FAP ATTR Thr59Arg). Sensory disturbance was not shown. The
results of nerve conduction studies were all normal at that time, but peripheral vasoconstrictor
responses to sympathetic activation following deep inspiration were abnormally low on a laserDoppler flowmetry test in his finger-tip. Other typical FAP manifestations were not observed. His
family history of FAP was not revealed. The distribution of amyloid deposition, which may be
heavy in the heart, reflects the clinical features of the disease. Another case of FAP causing a TTR
mutation in codon 59 has been reported as cardiac amyloidosis type. Although reasons for the
phenomenon are not well understood, this fact may provide additional impetus to examine the
mechanism of TTR amyloid formation.

PC-4
Genotypes and phenotypes of a large German ATTR cohort
Y Avsar, AP Barreiros*, T Todorov, A Zibert, HH-J Schmidt
*Klinik für Gastroenterologie, Universitätsklinikum Regensburg, Germany
Klinik für Transplantationsmedizin, Universitätsklinikum Münster; Germany
Transthyretin amyloidosis (ATTR) is the most frequent cause of autosomal-dominant hereditary
systemic amyloidosis worldwide. The genotype of a German cohort (n=89; 56 males; 33 females;
age 51.4±17 years) was studied. ATTR diagnosis was confirmed by DNA sequence analysis. 13
different genotypes were recorded in altogether 50 families/index patients. The highest frequency
was observed for mutation p.V30M (53.9%) followed by p.G47A (25.8%). Mutations p.V30M
and p.G47A were observed in 29 (58.0%) and 5 (10.0%) of the families, respectively. The
remaining 11 genotypes (84.6% of all genotypes) were found in 18 patients (20.2%) from 16
families (32.0% of index patients). Within this latter group, p.L58H represented the largest single
mutation with 3 families affected (6.0% of index patients). Pedigree analysis was performed in 4
families with mutation p.V30.M, 3 families with p.G47A, and in one family each with mutation
p.G53A, p.L58H and p.I107V. Whereas, a range of phenotypic expressions was observed, some
unifying characteristics were noticed with individual genotypes. Onset of disease in patients
having mutation p.V30M was observed relative late (>50 years) whereas onset in patients with
p.G47A was earlier (<41 years). The highly progressive course of disease related to mutation
p.G47A was demonstrated by the relative low time period between onset and fatal disease. Most
patients died due to heart failure. One main phenomenon of this phenotype is the frequent
involvement of failures in the autonomous nervous system. To further analyze the phenotype of
the ATTR patients on a cellular level, reprogramming of ATTR fibroblasts by induced pluripotent
stem (iPS) cells has been performed. Such analyses, may offer molecular studies on pathogenesis
as well as for prognosis of novel therapy. Taken together, we present data from a large cohort in
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Germany, including frequent mutation p.G47A.
This study was sponsored by Pfizer.

PC-5
A village of amyloid: p.Val40Ile transthyretin gene variant causes late onset
cardiomyopathy
Ralf Bauer1, Nicola Dikow2, Andreas Brauer1, Michael Kreuter3, Sebastian Buss1, Christina
Evers2, Christoph Röcken4, Philipp A. Schnabel5, Katrin Hinderhofer2, Philipp Ehlermann1, Hugo
A. Katus1, Arnt V. Kristen1
1
Department of Cardiology, Angiology, and Respiratory Medicine, University Hospital
Heidelberg, Im Neuenheimer Feld 410, 69120 Heidelberg, Germany
2
Institute of Human Genetics, Heidelberg University, Im Neuenheimer Feld 366, 69120
Heidelberg, Germany
3
Pneumology and respiratory critical medicine, Thoraxklinik, University of Heidelberg and
Translational Lung Research Center Heidelberg, member of the German Center for Lung
Research (DZL)
4
Institute of Pathology, University Hospital Schleswig Holstein, Campus Kiel, Arnold-HellerStrasse 3/14, 24105 Kiel, Germany
5
Institute of Pathology, University Hospital Heidelberg, Im Neuenheimer Feld 224, 69120
Heidelberg, Germany.
Background: Transthyretin-related amyloidosis (ATTR) is characterized by a wide heterogeneity
of genotypes and predominantly neurological and cardiac phenotypes.
Objectives: To characterize a cohort of patients with a rare transthyretin (TTR) variant
(p.Val40Ile).
Methods: This study comprises a single-center cohort of 59 patients evaluated for p.Val40Ile
TTR-variant. All patients were mainly related to Wagshurst, a small village in the South of
Germany. Clinical assessment was performed by neurological evaluation, echocardiography,
electrocardiography, cardiac biomarkers, cardiac MRI (n=13), and 99mTc-DPD scintigraphy
(n=16)
Results: The rare p.Val40Ile TTR-variant was found in 41 patients; evidence of cardiac
amyloidosis was present in 22 patients. Evidence of pulmonary involvement was obtained by
99m
Tc-DPD scintigraphy in 8 patients. No further organ involvement was observed in any of the
patients carrying p.Val40Ile TTR-variant.
Correlation of interventricular septum thickness as well as decrease of left ventricular
longitudinal contractility with age was observed. Moreover, thickness of interventricular septum
correlated with NT-proBNP plasma levels and decrease in MAPSE. Cardiac manifestation started
during the early sixth life decade indicated by higher left ventricular septum thickness and NTproBNP plasma levels as compared to patients in fifth decade of life. All patients of the seventh
and eighth life decade (n=10) presented with cardiac amyloidosis. During median follow-up of 26
(0-108) months 8 patients underwent heart transplantation with 1-year mortality rate of 25%.
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Conclusions: Patients with TTR-FAC carrying a p.Val40Ile TTR gene mutation reveal an almost
isolated late onset cardiac phenotype which should be taken in account when genetic analysis
would not routinely be considered.

PC-6
Echocardiographic features in transthyretin-related familial amyloidotic polyneuropathy in
the Brazilian population
Amanda Cardoso Berensztejn, Roberto Coury Pedrosa, Basilio de Bragança Pereira, Martha M.
Turano Duarte, Emilia Matos do Nascimento, Márcia C. de Campos Queiroz and Márcia
Waddington Cruz Neuromuscular Diseases Unit and the Department of Cardiology, University
Hospital of the Federal University of Rio de Janeiro, Brazil
Background: Transthyretin-related amyloidosis (ATTR) is usually manifested as a sensorimotor
polyneuropathy in the Brazilian population and it is believed that the prevalence of cardiovascular
manifestations could be underdiagnosed. Echocardiography can improve the diagnosis of
amyloidotic cardiomyopathy and potentially predict cardiovascular outcomes.
Objective: We sought to describe the echocardiographic aspects of ATTR patients in this
population and to correlate its findings with the neurological stage according to the modified
polyneuropathy disability (PND) score.
Methods: Echocardiographic studies were performed in 42 patients with ATTR, symptomatic and
asymptomatic carriers of the mutation. The classification tree was the statistical technique
employed to detect the relationship between the echocardiographic variables, and the Lasso was
used to identify them. Logistic regression with elastic net regularization was also applied for the
outcomes diastolic dysfunction and the polyneuropathy disability score. The interobserver and
intraobserver agreement analysis of the echocardiographic variables was performed using the
Survival Agreement Plot to assess the reliability of the quantitative measures.
Results: The variables identified by Lasso as important were age, gender, left atrial volume,
septal and posterior left ventricular wall thicknesses, atrioventricular valve thickening and
granular appearance of the ventricular septum. Considering as clinically significant difference
between echocardiographic variables measures, the intraobserver and interobserver concordance
was > 95%. According to the statistical model applied, in patients under 40 years of age, there is a
90% probability of absence of diastolic dysfunction in the studied population. The PND score
was not related to the echocardiographic variables
Conclusions: In this population of ATTR patients, the knowledge that age could play a role in
predicting the presence of diastolic dysfunction may contribute to better stratification of subjects
and potentially predict outcomes.
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PC-7
ATTR amyloid cardiomyopathy caused by TTR Ala45Gly, a new TTR mutation
Johan Bijzet1, Henny H. Lemmink2, Andor W.J.M. Glaudemans3, Reinhard Bos4, Wouter Plattel4,
Bouke P.C Hazenberg1
1. Department of Rheumatology & Clinical Immunology, 2. Medical Genetics, and 3. Nuclear
Medicine and Molecular Imaging, University of Groningen, University Medical Center
Groningen, Groningen and 4. Medical Center Leeuwarden, Leeuwarden, The Netherlands
Case histories: A 78-year-old man, known with atrial fibrillation for the last two years, presented
with cardiac failure at the hospital. He had no symptoms or signs of polyneuropathy or autonomic
neuropathy, although he had some symptoms and signs of a carpal tunnel syndrome. NT-proBNP
was 1877 ng/l and hs-Troponin T was 48 ng/l. Cardiac MRI showed late gadolinium enhancement
and a thickened interventricular septum (18 mm). A subcutaneous abdominal fat tissue biopsy
showed amyloid (4+). No signs of free light chain overproduction or of a plasma cell dyscrasia
were found in serum, urine, or bone marrow. The creatinine clearance was 74 ml/min and no
proteinuria was found. SAP scintigraphy did not show specific organ uptake. Diphosphonate bone
scintigraphy, however, showed increased cardiac uptake. DNA analysis of the TTR gene showed
a new mutation, TTR Ala45Gly. The patient was diagnosed to have ATTR amyloidosis with
prominent cardiac involvement and possible CTS. Two months later his 72-year-old sister
presented with a restrictive cardiomyopathy and renal failure. Fat tissue analysis showed amyloid
(3+) to be present.
Conclusion: A new TTR mutation, TTR Ala45Gly, was detected in a Dutch family. The clinical
picture of ATTR amyloidosis in the two family members affected with amyloidosis was
predominantly characterized by late-onset cardiomyopathy. Diphosphonate scintigraphy is a very
helpful tool for detecting amyloid cardiomyopathy of the ATTR type.

PC-8
Genotype and phenotype heterogeneity of transthyretin-associated amyloidosis in Germany
- Report from a German Amyloidosis referral center
Andreas Brauer, Ralf Bauer, Sebastian Buss, Christoph Röcken, Philipp A. Schnabel, Katrin
Hinderhofer, Ute Hegenbart, Stefan Schönland, Ernst Hund, Hugo A. Katus, Arnt V. Kristen
Amyloidosis Center Heidelberg, University of Heidelberg, Im Neuenheimer Feld 410, 69120
Heidelberg, Germany
Introduction: Phenotype of transthyretin-(TTR-) associated amyloidoses varies by regional
differences, age of onset, disease penetrance, and clinical course. Data on genotypes and
phenotypes of patients with TTR amyloidosis evaluated at Heidelberg Amyloidosis Center were
reported.
Methods: Records of 218 patients with TTR gene mutation and/or histologically proven TTR
amyloidosis (Congo-red,immunohistochemistry) were reviewed regarding cardiac and neurologic
parameters to define cardiomyopathy (TTR-FAC), polyneuropathy (TTR-FAP), wild-type
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amyloidosis (SSA), and asymptomatic gene carriers. Cardiac evaluation consisted of
electrocardiography, echocardiography, and laboratory tests. Cardiac phenotype was diagnosed if
symptoms of heart failure, diastolic dysfunction, left ventricular hypertrophy, pseudoinfarction
pattern and/or bundle branch block were present. Neurological status including
electrophysiological studies was ascertained. Neurologic phenotype was defined as neurologic
symptoms consistent with sensorimotoric polyneuropathy. Mixed phenotype was diagnosed in the
presence of both.
Results: Phenotype was cardiac in 29, neurologic in 9, and mixed in 64 patients. SSA was
diagnosed in 54 patients; 60 patients were asymptomatic gene carriers. In total, 25 different
mutations were observed; Val20Ile (symptomatic n=23; asymptomatic n=24) and Val30Met
(n=32;n=11) were the most common mutations. Less frequent were Leu58His(6;1),
Ile84Thr(4;1), Ser50Arg(3;1), Ile107Val(3;1), Cys10Arg(3;0), Asp18Glu(2;1), Thr40Asn(2;0),
Glu54Lys(2;0), Thr60Ala(2;0), Ala45Thr(1;1). Further mutations were Ala19Asp,Gly47Ala,
Gly47Glu,Glu54Asp,Glu54Gln,Glu54Gly,Phe64Ala,Ile68Leu,Tyr69His,Thr79Lys,Glu89Gln, and
Val94Ala. Among patients with SSA there were almost exclusively males (93%), whereas 72% of
mixed phenotype and 59% of cardiac phenotype were males. Asymptomatic gene carriers did not
differ regarding gender (53% male), but males were significantly older than females (42±11 vs.
34±9 years;p<0.05).
Conclusions: This single-center study summarizes a large cohort of patients with TTR
amyloidosis. As Germany is a non-endemic country, 25 different transthyretin gene variants were
observed. Among them SSA represents the most common genotype. Val20Ile and not Val30Met
were the most common mutations. According to the present data female gender appears to be a
protective factor for development of symptomatic TTR amyloidosis.

PC-9
Preclinical evaluation of RNAi therapeutics for the treatment of ATTR: An update
JS Butler1, A Chan1, S Costelha2, S Fishman1, S Milstein1, JS Willoughby1, M Saraiva2, T
Zimmerman1
1
Alnylam Pharmaceuticals, Cambridge, MA USA. 2 IBMC, University of Porto, Porto, Portugal.
Transthyretin (TTR)-mediated amyloidosis (ATTR) is an inherited, progressively debilitating, and
fatal disease caused by mutations in the TTR gene. TTR is a serum transport protein
predominantly expressed in the liver. Destabilizing mutations in TTR result in protein misfolding
and accumulation of pathogenic protein (including both mutant and wild type) deposits in
peripheral tissues including nerves and heart, resulting in neuropathy and/or cardiomyopathy.
Although the clinical manifestation of ATTR depends on the nature and location of deposit
accumulation, the underlying cause is amyloidogenic TTR protein expression. As such, any
successful therapeutic intervention must impact the deleterious effects of mutant protein
expression. RNA interference (RNAi) is a clinically validated technology that offers great
promise for the treatment of genetic diseases. RNAi is mediated by small interfering RNAs
(siRNA) that function by facilitating the degradation of mRNA, the biological precursor essential
for protein production. In the context of ATTR, the therapeutic objective of siRNA-based drugs is
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to eliminate both wild type and mutant TTR mRNA, thereby preventing the expression and
resultant negative effects of amyloidogenic TTR protein. To that end, two siRNA therapeutics for
the treatment of ATTR are currently in clinical development, including patisiran for familial
amyloidotic polyneuropathy (FAP) and ALN-TTRSC for TTR cardiac amyloidosis. In preclinical
studies presented here, we demonstrate that both drugs result in robust and durable suppression of
serum TTR protein. These investigational therapeutics successfully target all amyloidogenic TTR
mutations tested to date, demonstrating the broad applicability of this platform toward all forms
of ATTR. Finally, in a mouse model of V30M ATTR, we demonstrate significant reductions of
TTR protein deposition in peripheral tissues typically associated with disease.
JSB, AC, SF, SM, JSW, and TZ employed by Alnylam Pharmaceuticals

PC-10
Improved survival after heart transplant in patients with transthyretin compared with
light-chain cardiac amyloidosis
Adam Castano, Halit Yerebakan, Christian Schulze, Susan Delisle, Donna Mancini, and Mathew
S Maurer. Columbia University Medical Center, New York, NY, USA
Background: Orthotopic heart transplant (OHT), while rarely performed for cardiac amyloidosis,
is reserved for patients with advanced intractable heart failure at high risk for short-tointermediate term mortality. Owing in part to the rarity of cardiac amyloidosis and infrequency of
OHT, survival after OHT with respect to light-chain (AL) and transthyretin (ATTR) amyloid
subtypes is not currently known. This impacts selection criteria, concurrent therapies, and followup in patients with cardiac amyloidosis undergoing OHT.
Methods: We performed a retrospective review of 26 patients who underwent OHT at Columbia
University Medical Center for Advanced Cardiac Care between 2000-2013. Demographic and
survival data were collected at 1 and 5 years post OHT. In addition, we conducted a systematic
MEDLINE (PubMed) search of patients who underwent OHT for cardiac amyloidosis through
March 2013. Parameters extracted from each study included number of transplanted subjects,
amyloid subtype, 1 and 5 year survival. Cumulative survival was pooled form all studies and
compared according to amyloid subtype.
Results: 26 subjects (12 ATTR; 14 AL) underwent OHT at our center. Comparing outcomes
stratified by amyloid subtype demonstrated a non-significant trend towards better survival in
ATTR compared with AL patients (ATTR, n=12, 1-yr 100%, 5-yr 76.2%; AL, n=14, 1-yr 78.6%,
5-yr 40.8%, p=0.2223 by log-rank). Pooling international case series from 8 countries totaling
247 heart transplants for amyloid, we found that 5-yr survival in ATTR compared with AL
patients after OHT, similar to our single center data, was significantly better (72% vs. 41%,
p<0.001).
Conclusions: Pooled international case series of OHT for cardiac amyloidosis from 8 countries
confirmed our single-center experience that 5 year survival after OHT was significantly better in
patients with ATTR compared with AL amyloidosis. Further multidisciplinary and international
multicenter collaboration with sharing of amyloid OHT data is essential to address optimal
220

patient selection, follow-up, and concurrent therapies.
Mathew Maurer receives grant support from Pfizer and Alnylam Pharmaceuticals.

PC-11
A quantitative, non-native TTR ELISA assay for V30M FAP patient identification and use
as a biomarker in drug development
Justin Chapman (1), Teresa Coelho (2), Jeffery W. Kelly (1,3), and Xin Jiang (1)
(1) Misfolding Diagnostics, Inc., La Jolla, USA; (2) Hospital de Santo Antonio, Portugal; (3)
Departmental of Molecular and Experimental Medicine, The Scripps Research Institute, La Jolla,
USA
Transthyretin (TTR) is secreted mainly by the liver as a 55 kDa tetrameric protein into the blood,
wherein it is a prominent protein. Rate-limiting TTR tetramer dissociation and subsequent
monomer misfolding leads to TTR aggregation–which is genetically and pharmacologically
strongly linked to a variety of degenerative diseases. While the exact species causing
polyneuropathy remains to be elucidated, mounting evidence suggests that the proteotoxic species
include soluble non-native conformations of TTR, including misfolded-monomeric and
oligomeric forms of TTR. Thus, we developed an immunoassay that can specifically detect and
quantify non-native forms of TTR in familial amyloid polyneuropathy (FAP) patient plasma
samples. Herein, we show that the non-native TTR FAP ELISA assay can identify V30M FAP
patients with 100% accuracy in a set of blinded plasma samples. Moreover, patients who have
EHHQWUHDWHGZLWKWKHNLQHWLFVWDELOL]HUWDIDPLGLVH[KLELWDQ§UHGXFWLRQLQQRQ-native TTR
levels in the plasma after 3 and 6 or 12 months of tafamidis administration, while proportionately
increasing native TTR tetramer levels. The observed tafamidis-mediated reduction in non-native
TTR levels in these patients correlates with the slowing of the progression familial amyloid
polyneuropathy over this period, as reflected by several clinical metrics. These data support the
clinical utility of the non-native TTR FAP immunoassay for patient identification and for use as a
surrogate biomarker reasonably likely to predict clinical outcome.
Authors indicated by (1) have financed and are shareholders of this private company, Paul
Gargan, not listed, is also a shareholder

PC-12
A five year prospective longitudinal study of patients with senile systemic amyloidosis
Connors LH, Sam F, Sun FG, Berk J, Seldin DC, and Skinner M
Departments of Pathology and Biochemistry, Medicine, and Biostatistics, Amyloidosis Center,
Boston University Schools of Medicine and Public Health, Boston, MA, USA
Background/Objective: Senile systemic amyloidosis (SSA), an age-related type of amyloid
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disease featuring cardiomyopathy, may be vastly underrecognized as a cause of heart failure.
Here, we report clinical, laboratory, and cardiologic findings at baseline and followup in a large
SSA cohort. The aim of this 5-year longitudinal study is to define disease progression and identify
risk factors associated with survival.
Methods: From 1994-2013, 119 patients diagnosed with SSA based on biopsy proof of
transthyretin (TTR) amyloid and the absence of a pathologic TTR mutation were enrolled. Data
was collected with approval of the BUMC IRB. Survival analyses were performed on patients
who were followed from time of diagnosis.
Results/Discussion: The majority of patients were men (97%) presenting with symptomatic
heart failure (86%) at a median age of 73.5 y (range, 58.8-86.6); median time from clinical
presentation to diagnosis was 10.8 months (range, 1.2-114). Dyspnea on exertion (86%) and
peripheral edema (64%) were common clinical features; arrhythmias (predominantly atrial
fibrillation) were present in 53% of patients. During the study, 62 patients died; followup data
was available on 41. Data on interventricular septal thickness (IVS); left ventricular ejection
fraction (LVEF), end diastolic diameter (LVEDD), and mass index; brain natriuretic peptide
(BNP); cardiac troponin-I (cTn-I); and maximum O2 volume (VO2) are presented.
Visit
Baseline
1 Year
2 Year
3 Year

IVS
(mm)
16±3
17±3
16±2
16±3

LVEF
(%)
47±12
50±13
42±11
46±11

LVEDD
(mm)
44±6
43±4
46±5
43±7

LV Mass Index
(gm/m2)
155±47
161±39
161±40
167±33

BNP
(pg/mL)
488±338
459±279
523±384
523±228

cTn-I
(ng/mL)
0.192±0.205
0.165±0.119
0.154±0.117
0.152±0.134

VO2max
(mL/kg/min)
13.4±4.9
15.7±3.6
14.5±3.9
10.5±3.9

Multivariate analysis identified uric acid (hazard ratio [HR] 1.21, P=0.04), creatinine (HR 4.72,
P=0.01), BNP (HR 1.002, P<0.01), LVEDD (HR 0.86, P<0.01), LVEF (HR 0.92, P<0.01), and
the presence of arrhythmia (HR 4.45, P<0.01) as indicators of poor outcome.
Conclusions: In this study, patients identified with SSA were predominantly older men (age
>70), presenting with congestive heart failure; median survival from time of diagnosis was 3.1
years. Although patients returning for followup may represent a healthier subset of the SSA
cohort, disease progression appears to be more rapid than previously appreciated.
Supported by NIH RO1AG031804 and the Young Family Amyloid Research Fund.

PC-13
Use of artificial neural networks in the development of a severity score for patients with
familial amyloidotic polyneuropathy (FAP)
Márcia Waddington Cruz¹, Shenia Sbardellotto Colnaghi Novis¹, Renata Vasconcelos Barbosa
da Silva¹, José Manoel de Seixas², Victor Barros Costa², Felipe Gonzales Tubio Machado²,
Débora Foguel 3.
1. Hospital Universitário Clementino Fraga Filho (HUCFF- UFRJ), Rio de Janeiro, Brazil.
2. Instituto Alberto Luiz Coimbra de Pós-Graduação e Pesquisa em Engenharia (COPPE), Rio
de Janeiro, Brazil.
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3. Instituto de Bioquímica Médica. UFRJ, Rio de Janeiro, Brazil
Background: Familial amyloid polyneuropathy related to TTR mutation is a systemic disease
including a sensorimotor polyneuropathy. A devoted scale to ascertain for disease severity in this
disease is so far not being validated.
Objective: This work proposes the implementation of an artificial neural network in order to
develop a severity scale for monitoring the progression of patients with FAP.
Methodology: First stage consisted on selecting relevant symptoms and laboratory findings
related to FAP from 98 Brazilian patients included in THAOS – the Transthyretin Amyloidosis
Outcomes Survey. This data was converted into a numerical code. A self-organizing map (SOM)
was implemented to separate patients in classes. After executing SOM, it is possible to visualize a
projection of the clusters using the U-Matrix. Then we ran the K-means algorithm, which
determines the optimal partition of the n events in the U-Matrix into k classes. For the purpose of
this work, the number of classes was set to 5.
Results: The distribution of each symptom on the U-Matrix was individually analyzed. Most of
the symptoms are virtually absent from class 2. Class 3 has been hit by symptoms considered to
be initial markers of FAP. Symptoms such as urinary and fecal incontinence and diarrhea have hit
particularly classes 1 and 4. Renal impairment was almost exclusively in class 4.
Conclusion: Class 2 represents the asymptomatic patients. Class 3 indicates mild severity of FAP,
while class 1 suggests an intermediate form and class 4 represents the most advanced stage. Class
5 concentrated cardiac symptoms. Abnormalities in ECG have not marked any class and was
found even in asymptomatic. The severity score proposed could be applied in a neural network,
not only for identifying the patient current stage, but also to determine how the disease is likely to
evolve in each patient.
The presenting author has received funding from Pfizer for the conduction of THAOS and for
travel expenses related to attendance of THAOS board meetings

PC-14
Molecular mechanism of apoA-I misfolding in amyloid: When a good protein goes bad
Madhurima Das, Xiaohu Mei, Shobini Jayaraman, David Atkinson and Olga Gursky
Department of Physiology and Biophysics, Boston University School of Medicine, USA
Background: High-density lipoproteins (a. k. a. Good Cholesterol) and their major protein,
apoA-I, remove excess cellular cholesterol and protect against atherosclerosis. However, in
acquired amyloidosis, non-variant full-length apoA-I deposits as fibrils in atherosclerotic plaques;
in familial amyloidosis, N-terminal fragments of variant apoA-I deposit in vital organs, causing
organ damage. Recently, we used the atomic-resolution crystal structure of C-terminally truncated
human apoA-I, determined by Mei and Atkinson, to propose that amyloidogenic mutations
destabilize the protein and increase solvent exposure of the extended strand 44-55 that initiates
beta-aggregation.
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Objective and Methods: We use biophysical and bioinformatics approaches to test this
hypothesis by exploring two human amyloidogenic mutations, W50R and G26R (apoA-I Iowa),
within or close to this strand.
Results and Discussion: The mutations cause small changes in the protein’s alpha-helical
content, stability, proteolytic pattern, and protein-lipid interactions. These changes cannot explain
the amyloid formation, suggesting that it results from other factors. Sequence analysis predicts
several amyloid-prone segments, or “hot spots”, that can initiate apoA-I misfolding in a parallel
in-resister intermolecular beta-sheet. Fibril growth studies using peptide fragments of apoA-I
containing N-terminal amyloid “hot spots” experimentally verify this prediction. The N-terminal
“hot spots” form a well-ordered helical cluster in the crystal structure. Structural analysis
indicates that amyloidogenic mutations or Met oxidation perturb native packing in this cluster.
Together, our results suggest that local perturbations in the amyloid-prone segments trigger helixto-sheet conversion in residues 1-75 forming the amyloid core. Polypeptide outside this core can
be proteolysed to form 9-11 kDa N-terminal fragments found in familial amyloidosis.
Conclusions: apoA-I misfolding in familial and acquired amyloidosis follows a similar
mechanism that involves local perturbations of the native structure rather than its overall
destabilization or proteolysis. This novel mechanism shifts the accepted paradigm of apoA-I
amyloidosis and suggests potential therapeutic interventions to combat the disease.
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This work was supported by NIH grant GM067260 and by institutional funds.
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Preliminary analysis of functional variants of amyloidogenic TTR mutations: Gene
variation, demography and disease
Marco Di Girolamo1, Andrea Iorio2, Flavio De Angelis2, Dario Manfellotto1, Renato Polimanti2,
Maria Fuciarelli2
1
Clinical Pathophysiology Center, AFaR -“San Giovanni Calibita” Fatebenefratelli Hospital,
Isola Tiberina, Rome, Italy. 2 Department of Biology, University of Rome “Tor Vergata”, Rome,
Italy.
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Background Transthyretin (TTR) related amyloidosis (ATTR) is featured by autosomal
transmission of amyloidogenic mutated TTR. The structural alterations induced by mutation make
the protein prone to form amyloid fibrils in tissues. More than 100 different mutations in TTR
gene have been published. Moreover, as the case of Val30Met mutation, a strong phenotypic
heterogeneity is present in carriers of same TTR mutation. This feature may be due to the
presence of multiple mutation founders as described, for exemple, for different Val30Met foci
(Portugal, Sweden, France, Japan, and Brazil).
Aim of the study In this study we have examined a cluster of ATTR patients belong to fourteen
unrelated families from a central Italian region (Lazio). The origin of Val30Met and other TTR
alterations in this geographic area will be evaluated to understand the relationships with other
Val30Met and to explore possible effects of non-coding regions of TTR gene on the phenotype.
Materials and Methods Microsatellite analysis has currently performed for 11 markers in TTR
gene flanking regions both in Val30Met and unrelated controls for estimating the age of the Most
Recent Common Ancestor (MRCA). Coding and non-coding regions of TTR gene will be directly
sequenced in ATTR patients for the identification of novel variants that might be hosted in
regulatory non-coding regions. The haplotypes of amyloidogenic mutations and other functional
variants will be estimated to correlate them with clinical phenotypes.
Conclusions The potential outcomes of this project may improve the knowledge about the origin
of Val30Met mutation in Italy, through the linkage between demographic history of Italians and
the distribution of ATTR. Moreover, the analysis of cis-regulatory variants in TTR gene might
provide new information to improve ATTR genetic testing.

PC-16
Specific ophtalmologic changes in late onset familial amyloid poluneuropathy (FAP)
Portuguese patients
Ferreira, N (1); Coelho, T (2)
(1) Ophthalmology Department - Centro Hospitalar do Porto – Hospital Santo António (HSA) –
Portugal
(2) Neurology Department – Centro Hospitalar do Porto – HSA - Unidade Corino de Andrade –
Portugal
Purpose: Report ocular manifestations in late onset familial amyloid polyneuropathy (FAP)
patients.
Methods: retrospective observational consecutive case series of 20 late onset FAP patients.
Demographic data, TTR mutation envolved, age at begining of disease, period of evolution of
disease, liver transplant or medical treatment, ophthalmological alterations and previous ocular
surgeries were evaluated.
Results: Thirteen patients were female. The mean onset age was 58 years and average evolution
time of the disease was 5,6 years. All patients were TTR Met30 and 2 patients were compound
heterozygous TTR met30 met119. Four patients had been submitted to liver transplant and nine
were on Tafamidis® treatment. Amyloid deposits on anterior lens surface were observed in 15
eyes (37,5%), scalloped pupil in 8 eyes (20%) and vitreous opacities in 23 eyes (57,5%). Nine
225

had underwent vitrectomy. Glaucoma was present in 13 eyes and 4 have been submitted to
surgery.
Conclusion: Ocular manifestations are common in late onset FAP patients. Vitreous opacities
were the most frequent specific alteration. Ophthalmologist has an important role in follow-up of
FAP patients to accurately treat sight-threatening manifestations.

PC-17
Ophthalmic findings in THAOS — the Transthyretin Amyloidosis Survey
Natália Ferreira1, Onur N. Karayal2, Rajiv Mundayat2; Teresa Coelho3
1
Ophthalmology Department, Hospital Santo António, Porto, Portugal; 2Pfizer Inc, New York,
NY, USA; 3Centre for the Study of Amyloidoses, Hospital Santo António, Porto, Portugal
Background: Ocular manifestations are common in transthyretin (TTR)-associated amyloidosis.
Ophthalmologic information has been recorded in the Transthyretin Amyloidosis Outcomes
Survey (THAOS), which enrolled patients with documented TTR-amyloidosis, including TTRamyloidosis polyneuropathy, TTR-amyloidosis cardiomyopathy and wild-type TTR-amyloidosis
cardiomyopathy.
Objective: To summarize ophthalmologic findings in TTR-amyloidosis patients in THAOS by
genotypes and by age at disease onset.
Methods: Ocular history (dry eye, visual impairment, glaucoma, vitrectomy, and other eye
disease) was recorded in the THAOS registry at enrollment. More detailed information was
obtained during follow-up by ophthalmologic assessment. Subjects were categorized by
genotype: wild-type, Val30Met, or non-Val30Met. Subjects with the Val30Met mutation were also
grouped by age at disease onset (early onset: <50 years). Descriptive statistics were used to
summarize the findings.
Results: As of January 2014, 1639 subjects enrolled in THAOS had ophthalmologic data: n=180
wild-type and n=1459 with any TTR mutation (n=1054 Val30Met). Ocular manifestations at
enrollment occurred almost exclusively in subjects with TTR mutations (Table). Among the
different categories, Val30Met subjects with late disease onset had higher rate of visual
impairment, glaucoma, vitrectomy, and other eye disease compared with Val30Met early onset or
non-Val30Met subjects. Symptom severity was analyzed in 139 subjects with TTR mutations who
had data for eye-related symptoms at enrollment and at least 1 follow-up time point. Among
subjects with mild symptoms at enrollment, the incidences of moderate symptoms increased with
longer follow-up time. Overall, more subjects had a mild than moderate form of dry eye, visual
impairment, and other eye disease; while similar numbers of subjects had mild and moderate
forms of glaucoma. Severe symptoms were rare.
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Conclusions: Dry eye and visual impairment were the most common ocular symptoms among
TTR-amyloidosis patients in THAOS. However, 10.2% of Val30Met subjects with late disease
onset required vitrectomy. Appropriate eye examinations or ophthalmology consultations are
important for patients with TTR-amyloidosis. The THAOS registry is funded by Pfizer Inc.

PC-18
Characterization of epitopes linked to aggregation of the Parkinson’s disease associated
protein alpha-synuclein
Leire Almandoz Gil, Department of Public Health and Caring Sciences, Uppsala University,
Sweden
Lars Lannfelt, Department of Public Health and Caring Sciences, Uppsala University, Sweden
Martin Ingelsson, Department of Public Health and Caring Sciences, Uppsala University, Sweden
Joakim Bergström, Department of Public Health and Caring Sciences, Uppsala University,
Sweden
Introduction: Alpha-synuclein is the main fibrillar component of the intraneuronal inclusions
found in diseases such as Parkinson’s disease and dementia with Lewy bodies. The normal
physiological function of alpha-synuclein is not completely understood, but recent evidence
suggests that it is involved in soluble N-ethylmaleimide-sensitive factor attachment protein
receptor (SNARE)-complex assembly. Alpha-synuclein consists of an amphipathic aminoterminal region (1-60), a hydrophobic mid region (61-95) and a negatively charged hydrophilic
carboxyl-terminus (96-140).
Under certain circumstances alpha-synuclein monomers undergo conformational changes,
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forming oligomers and protofibrils of increasing sizes, and eventually insoluble fibrils. However,
it is not known exactly which parts of the molecule that are instrumental in the aggregation
process.
Objective: To determine surface exposed epitopes of alpha-synuclein aggregates in vivo.
Methods: We have generated polyclonal chicken antibodies (IgY) raised against short linear
epitopes (10 amino acid long; e.g. 1-10) spanning the entire molecule. Brain tissue from
transgenic (tg) mice overexpressing human alpha-synuclein and from patients with Parkinson’s
disease and dementia with Lewy bodies were available for immunohistochemical and
biochemical analyses.
Results: By enzyme-linked immunosorbent assay on tg mice brain homogonate, we observed that
alpha-synuclein aggregates in detergent soluble fractions have an exposed C-terminal. In ongoing
experiments, exposed epitopes in brain tissue from Parkinson’s disease and dementia with Lewy
body patients are studied.
Discussion: It is still not fully understood which part of the alpha-synuclein molecule that is
exposed on the surface of in vivo formed aggregates. By the use of sequence specific polyclonal
antibodies, surface exposed epitopes of different alpha-synuclein species can be studied in detail.
This knowledge will lead to a better understanding of the morphological properties of alphasynuclein under normal and pathological conditions.
Conclusion: Determining key epitopes of alpha-synuclein aggregation will give us novel insights
on how to prevent this deleterious process.

PC-19
The inflammatory and regenerative response to sciatic nerve injury in a familial
amyloidotic polyneuropathy mouse model
Nádia Pereira Gonçalves1,2, Maria Teixeira-Coelho1, Maria João Saraiva1,2Instituto de Biologia
(1) Molecular e Celular (IBMC), Rua do Campo Alegre, 823, 4150-180 Porto, Portugal;
(2) Instituto de Ciências Biomédicas Abel Salazar (ICBAS), Universidade do Porto, Rua de Jorge
Viterbo Ferreira, 228, 4050-313 Porto, Portugal
Background: Familial Amyloidotic Polyneuropathy (FAP) is associated with extracellular
deposition of mutant transthyretin (TTR), leading to degeneration of cells and tissues, particularly
in the peripheral nervous system (PNS). Objective: With this work, our goal was to characterize
the expression/ deposition of TTR and the associated inflammatory immune response, induced by
nerve injury, in WT mice and in a mouse model carrying the most common TTR mutation in FAP
(V30M). Methods: Animals were sacrificed 7 days after nerve injury for subsequent analysis.
Results and discussion: Based on our siRNA assays, the results indicate that upon nerve injury
V30M TTR expression is upregulated in Schwann cells, which was accompanied by a peak of
inflammation. Strikingly, V30M TTR deposition in nerve tissue occurred, suggesting that
increased inflammation correlates with TTR polymerization. In response to nerve injury, V30M
mice display a diminished innate immune response when compared to WT mice, which, in part,
could be associated with an increased upregulation of IL-10 expression, a potent antiinflammatory cytokine. More specifically, we saw decreased expression of pro-inflammatory
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cytokines and chemokines important for the recruitment of immune cells like macrophages and
neutrophils, also known to be important for the tissue regenerative process which was found
impaired in V30M mice. Conclusion: In conclusion, with this work we were able to characterize
the biology of TTR both in WT and V30M animals, upon nerve injury, and found that V30M TTR
impairs the response necessary for nerve regeneration.
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Apolipoprotein A-I amyloidosis is a disease with age and sex dependent penetrance:
Insights from the identification of the first endemic focus
*1Gina Gregorini, MD, *2,3Claudia Izzi, MD, 4Pietro Ravani, MD, 5Laura Obici, MD, 2Nadia
Dallera, MD, 6Andrea Del Barba, MD, 1Alessandro Negrinelli, MD, 7Regina Tardanico, MD,
8Matilde Nardi, MD, 9Luciano Biasi, MD, 6Tiziano Scalvini, MD, 5,10Giampaolo Merlini, MD,
2Francesco Scolari, MD.
1Division of Nephrology, Spedali Civili of Brescia, P.le Spedali Civili 1, 25123, Brescia, Italy;
2Division of Nephrology, Department of Medical and Surgical Specialties, Radiological Sciences,
University of Brescia and Montichiari Hospital, Via Ciotti 154, 25018, Montichiari, Brescia,
Italy; 3Prenatal Diagnosis Unit, Department of Obstetrics and Gynecology, University of Brescia,
P.le Spedali Civili 1, 25123, Brescia, Italy; 4Department of Medicine and Faculty of Medicine,
University of Calgary, 2500 University Drive N.W., Calgary, Alberta, Canada T2N 1N4;
5Amyloidosis Research and Treatment Centre, Biotechnology Research Laboratories, Fondazione
IRCCS Policlinico San Matteo, Viale Camillo Golgi, 19, 27100 Pavia Italy; 6Division of Internal
Medicine, Montichiari Hospital, Via Ciotti 154, 25018, Montichiari, Brescia, Italy; 7Department
of Pathology, Spedali Civili of Brescia, P.le Spedali Civili 1, 25123, Brescia, Italy; 8 Division of
Cardiology, Spedali Civili, University of Brescia, P.le Spedali Civili 1, 25123, Brescia, Italy; 9
Division of Infectious and Tropical Diseases, Spedali Civili of Brescia, P.le Spedali Civili 1,
25123, Brescia, Italy. 10Department of Molecular Medicine, University of Pavia, Via Forlanini,
6, Pavia
Background Small case series have delineated the clinical features of the hereditary
apolipoprotein A-I amyloidosis, caused by mutations in the APOA1 gene and usually
characterized by liver, kidney, and testis involvement.
Objective Through the identification of the first endemic focus, we estimated the penetrance of
apolipoprotein AI amyloidosis associated with Leu75Pro mutation and its organ-specific
manifestations, assessing the role of gender on disease penetrance and risk of progression.
Methods The evaluation of familial tubulointerstitial nephritis in patients with Leu75Pro
apolipoprotein A-I amyloidosis originating from the province of Brescia, Italy, resulted in the
discovery of 50 families containing 135 affected carriers. Ascertainment was based on the
detection of the mutation in the APOAI gene.
Results Sixty-two percent of 213 mutation carriers showed a variable combination of renal
(tubulointerstitial nephritis, found in 49% of carriers), hepatic (intrahepatic cholestasis, found in
30% of carriers) and testicular (isolated impairment of spermatogenesis and hypogonadism, found
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in 68% of male carriers) involvement. An echocardiographic picture suggestive of cardiac
amyloidosis was found in one affected carrier.
The disease showed an age-dependent penetrance (5.4% at 40 years of age to 38% at 60 years and
to 98.7% at 80 year). Men were 60% more likely to be affected than women (proportion of
affected among men 77% vs. 48% among women; P<0.001). The risk of disease progression,
considering organ-specific end-points (end-stage renal disease in 14% of patients with renal
involvement; portal hypertension in 30% of patients with hepatic involvement; overt
hypogonadism in 74% of patients with testicular involvement), was similar in men and
women with clinical manifestations.
Conclusions The description of the first endemic focus of the apoA-I amyloidosis associated with
Leu75Pro mutation delineate a late onset disease with an age-dependent penetrance. Male gender
emerged as risk factor for developing the phenotype, characterized by renal, liver and testicular
involvement.
References
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Donadei S, Perfetti V, Calabresi L, Bergonzi C, Scolari F, Merlini GP: Liver biopsy discloses a
new apolipoprotein A-I hereditary amyloidosis in several unrelated Italian families.
Gastroenterology 2004; 128: 1418–1422
3. Gregorini G, Izzi C, Obici L, Tardanico R, Rocken C, Viola BF, Capistrano M, Donadei S,
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Clinical characteristics and survival in 272 patients with senile systemic amyloidosis and
histologically proven cardiac involvement
Martha Grogan, Steven R. Zeldenrust, Joseph J. Maleszewski, Morie A. Gertz, Robert A. Kyle,
Adelaide M. Olson, Paul L. Swiecicki, Christopher G. Scott, Angela Dispenzieri.
Departments of Medicine and Biostatistics, Mayo Clinic, Rochester, MN, USA
Background: Senile Systemic Amyloidosis (SSA) is an under-diagnosed cause of heart failure.
Recognition of the clinical characteristics and natural history of SSA is important due to emerging
treatment options.
Objective: To determine the clinical characteristics and survival in patients with SSA.
Methods: All patients seen at Mayo Clinic, Rochester with a diagnosis of SSA and histologic
cardiac involvement (endomyocardial biopsy or autopsy) were included.
Results: 272 patients (89% male, mean age 77 years) with SSA and histopathologically proven
cardiac involvement were diagnosed at our institution from 1968-2013 (autopsy n= 55,
myocardial biopsy n=217). The most common symptoms at diagnosis were dyspnea (52%) and
edema (39%). Of those who had echocardiograms at diagnosis, the findings included mean septal
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thickness = 17.4 mm (+/- 4.4), left ventricular ejection fraction = 48% (+/- 15.3), mean mitral E/A
ratio = 1.8 (1.0-2.8) mitral deceleration time = 182.1 (+/- 47.8), left atrial dilatation in 99% and
pericardial effusion in 36%. Prior to 1990, only 9 patients were diagnosed ante-mortem and the
remaining 40 at autopsy. Since 1990 93% of patients (n=208) were diagnosed ante-mortem. The
median age at diagnosis fell from 87.5 prior to 1985 to 75 in 2010-2013, overall age range 53-99.
The survival in patients diagnosed before death is shown below.

Conclusion: Our findings demonstrate that SSA is increasingly diagnosed ante-mortem and at a
younger age. Typical echocardiographic findings include markedly increased wall thickness,
restrictive hemodynamics and left atrial enlargement. The median survival in this large series was
3.5 years.

PC-22
Hot spots in apoA-II misfolding and amyloidosis in mice and men
Olga Gursky, Department of Physiology and Biophysics, Boston University School of Medicine,
USA
Background: Exchangeable apolipoproteins (apos) are lipid surface-binding proteins
overrepresented in amyloidosis. ApoA-II, the most hydrophobic apo, is the second-major protein
of high-density lipoproteins. ApoA-II (9 kDa) forms a disulfide-linked dimer in humans but not in
mice. C-terminal extension in human apoA-II or point substitutions in murine apoA-II cause
systemic amyloidosis.
Objective: To understand why normal apoA-II causes murine but not human amyloidosis.
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Methods and Results: We used 12 sequence-based bioinformatics algorithms to identify two tenresidue segments predicted to initiate beta-aggregation (amyloid "hot spots"). Previous studies of
murine apoA-II fragments by Higuchi's team experimentally verify this prediction. Sequence
analysis shows that i) C-terminal extension in human apoA-I has reduced lipid binding affinity
and contains an additional amyloid hot spot; ii) the two strongest amyloid hot spots in mutant
human apoA-II act in synergy to form parallel in-register beta-sheet, a dominant structural motif
in amyloid fibrils. Prediction methods indicate that normal human apoA-II has unusually high
sequence propensity to form amyloid, comparable to that of Alzheimer's peptide. Nevertheless,
normal apoA-II does not cause amyloidosis in humans. Experimental studies by us and others
help explain this observation by increased lipid binding affinity of human apoA-II upon its
dimerization via the disulfide link. We propose that such a strong lipid binding, which
distinguishes apoA-II from other apos, helps protect it from misfolding.
Conclusion: Experimental and bioinformatics studies explain why the C-terminal extension in
human apoA-II causes amyloidosis and why, unlike murine apoA-II, human apoA-II normally
does not cause amyloidosis despite its unusually high sequence propensity for beta-aggregation.
References:
Tsolis AC, Papandreou NC, Iconomidou VA, Hamodrakas SJ (2013) PLoS One 8(1)e54175.
Sawashita J, Kametani F, Hasegawa K, Tsutsumi-Yasuhara S, Zhang B, Yan J, Mori M, Naiki H,
Higuchi K (2009) BBA 1794(10):1517-1529.
Benson MD, Kalopissis AD, Charbert M, Liepnieks JJ, Kluve-Beckerman B (2011) Amyloid
18(Suppl.1):32-33.
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LECT2 amyloidosis in patients of Hispanic origin
Joyce Hardwick, Jill Murrell, Barbara Kluve-Beckerman, Juris Liepnieks, Merrill D. Benson
Department of Pathology and Laboratory Medicine, Indiana University School of Medicine,
Indianapolis IN USA
Background: Leukocyte cell-derived chemotaxin-2 (LECT2) has been identified as a neutrophil
chemotactic factor that also stimulates chondrocyte and osteoblast growth. Lect2 amyloidosis
was first identified in 2007 in a woman of Mexican descent who presented with nephrotic
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syndrome followed by kidney failure. Since then a number of patients with LECT2 amyloidosis
have been identified with a predominance being of Hispanic origin. All patients show
predominantly, although not exclusively, renal deposition. To date, no mutation in LECT2 has
been associated with amyloidosis.
Objective: This study investigates a possible relationship between the single nucleotide
polymorphism (SNP) rs31517 (A/G) in LECT2 and renal amyloidosis. This SNP is located in the
first position of codon 58 and results in an amino acid change (Ile/Val) at position 40 of the
mature protein.
Methods: Amyloid fibrils were isolated from kidney or skin biopsies. Biochemical analysis
identified the fibrils as LECT2; peptides comprising the complete protein were found. Peripheral
blood was collected from 7 Hispanic subjects with LECT2 renal and/or hepatic amyloidosis.
Genomic DNA was isolated, and direct sequencing of exons 2 – 4 of LECT2 was performed.
Results: No deviation from the published LECT2 coding region sequence was observed. All 7
of the Hispanic subjects were homozygous G/G at the position corresponding to amino acid 40
(Val/Val) of mature LECT2.
Discussion: HAPMAP analyses of 98 individuals of Mexican descent revealed a frequency of
31.6% of the A allele and 68.4% of the G allele; 51% of subjects were homozygous for the G
allele. Protein structure studies are needed to determine if Val40 could influence beta-sheet
conformation and confer amyloidogenic potential to LECT2.

PC-24
Biochemical characterization of vitreous amyloid in hereditary transthyretin patients
formed after liver transplantation
FN Hrisomalos1, RJ Wise1, GR Pattar1, JJ Liepnieks2, MD Benson2, A-DT Phan1
Indiana University School of Medicine, 1Department of Ophthalmology/Eugene and Marilyn
Glick Eye Institute and 2Department of Pathology and Laboratory Medicine, Indianapolis,
Indiana USA
Background: Since plasma transthyretin (TTR) is synthesized by hepatocytes, orthotopic liver
transplantation (OLT) is utilized as a therapy for hereditary TTR amyloidosis to stop production
of plasma variant TTR. TTR is also synthesized in the choroid plexus of the brain and retinal
pigment epithelium of the eye, and their role in TTR amyloidogenesis is poorly understood.
Approximately 20% of the greater than 100 known TTR variants associated with amyloidosis
result in vitreous amyloid which may be due to non-hepatic local TTR synthesis.
Objective: To investigate the role of local ocular synthesis of TTR in vitreous amyloid, we have
biochemically characterized the vitrectomy specimens from two TTR amyloid patients who
developed vitreous opacities after OLT and underwent vitrectomies.
Methods: A Val30Met TTR patient developed vitreous opacities and underwent a vitrectomy 14
years after OLT. A Tyr114Cys TTR patient had vitrectomies of the right and left eyes one and
three years respectively after OLT. Vitreous opacities recurred in the left eye and the patient
underwent a second vitrectomy seven years post OLT. Vitreous amyloid fibrils were isolated
from the Val30Met patient’s vitrectomy and the Tyr114Cys patient’s second left eye vitrectomy,
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and the amyloid protein was biochemically characterized as previously describeda.
Results: Edman sequence analysis was used to identify peptides from trypsin digests of the
amyloid protein fractionated on HPLC. The yields of peptides containing residues 22-34 of TTR
with Val30 or Met30 in the Val30Met TTR patient, and residues 104-127 with Tyr114 or Cys114
in the Tyr114Cys TTR patient, were used to estimate the relative amounts of normal and variant
775LQWKHYLWUHRXVDP\ORLG7KHDP\ORLGSURWHLQLQERWKFDVHVFRQWDLQHGYDriant TTR
DQG5% normal TTR.
Discussion: We have previously characterized the vitreous amyloid protein in Ile84Ser TTR
patients without OLT to be enriched in variant TTR, 80-89% Ser84 TTR and 11-20% Ile84 TTRa.
Similarly, the vast majority of the vitreous amyloid protein in both the Val30Met TTR patient and
Tyr114Cys TTR patient was derived from variant TTR. Since these vitreous opacities formed
years after OLT, the variant amyloid TTR had to be derived from non-hepatic local synthesis of
variant TTR in the eye.
Conclusion: Development of vitreous amyloid is not altered by OLT due to local synthesis of
variant and normal TTR in the eye.
Reference:
a
Liepnieks JJ, Wilson DL, Benson MD. Biochemical characterization of vitreous and cardiac
amyloid in Ile84Ser transthyretin amyloidosis. Amyloid 2006;13:170-7.

PC-25
Effect of C-terminal domain modifications in insulin analogues on insulin amyloid
fibrillogenesis
1

Keisuke Kitagawa, 1Yohei Misumi, 1Dai Shinozuka, 1Mitsuharu Ueda, 2Konen Obayashi,
1
Yukio Ando
1
Department of Neurology, and 2Department of Diagnostic Medicine, Graduate School of
Medical Sciences, Kumamoto University, Kumamoto, Japan
Background: Localized subcutaneous amyloid deposition at the abdomen of repeated insulin
injection causing insulin resistance has been reported since 1980s. Insulin has natural tendency to
form hexamers. By changing the stability of hexamers, genetically engineered insulin analogues
are designed to exhibit different durations of activity. The effect of structural modifications in
insulin analogues on amyloid formation mechanism has not been fully clarified.
Objective: To analyze the differences of amyloidogenicity in genetically engineered insulin
analogues with varied hexamers stability.
Materials and Methods: Amyloid fibril formation mechanism of regular human insulin, rapidacting and long-acting insulin analogues in vitro was analyzed by thioflavin T assay, gel
electrophoresis, and electron microscopy.
Results: Amyloid fibril formation process started with a lag phase both in human insulin and
insulin analogues. The amount and morphological features of amyloid fibrils generated from
human insulin and insulin analogues were similar. Interestingly, rapid-acting insulin analogues
exhibited longer lag phase compared with other types of insulin, and the lag time was shortened
in the presence of preformed amyloid seeds.
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Discussions: In rapid-acting insulin analogues, C-terminal domain of the ȕ-chain is genetically
modified to block the formation of insulin dimers and hexamers achieving rapid action. Our
results suggest the C-terminal domain of the ȕ-chain have important roles both in hexamers
instability and nucleation of insulin amyloid fibrils.
Conclusion: C-terminal domain modifications in insulin analogues alter insulin
amyloidogenicity.

PC-26
Serum and tissue levels of retinol binding protein in patients with TTR-associated forms of
amyloidosis
Clarissa M Koch, Evan L Chiswick, Haili Cui, Gloria G Chan, Flora Sam, John L Berk, David C
Seldin, Lawreen H Connors
Departments of Pathology and Medicine, Amyloidosis Center, Boston University School of
Medicine, Boston, MA USA.
Background/Objective: Wild-type or mutant transthyretin (TTR) aggregation can lead to
amyloid formation and deposition in senile systemic (SSA) and familial (ATTR) amyloidosis. In
considering factors other than TTR that play a role in disease mechanism, we are studying retinol
binding protein (RBP), a serum protein that circulates complexed to vitamin A and TTR.
Previously, it was reported that RBP stabilizes tetrameric TTR and slows TTR amyloid formation
in vitro1. Our aim was to determine RBP levels in serum and tissue samples from patients with
SSA and ATTR.
Methods: RBP and TTR levels were measured by ELISA in SSA, ATTR and control sera; study
criteria included age >60 and serum triglyceride level <200 mg/dL. Amyloid and control cardiac
tissues were analyzed by Congo red staining and immunohistochemistry. Data were analyzed
using unpaired two-tailed t-tests; statistical significance p<0.05.
Results: RBP levels in SSA(n=21), ATTR(n=25) and controls(n=24) were 43.2, 29.0 and 34.7
ug/mL; TTR measured 256.7, 157.0 and 334.5 ug/mL. Compared to controls, RBP levels were
significantly lower in SSA (p=0.02) and ATTR (p=0.04) sera; there was a significant difference
between SSA and ATTR (p=0.0003). TTR concentrations were significantly lower in ATTR
compared to controls (p=0.03). TTR:RBP molar ratios were significantly lower in SSA (2.3 vs.
3.7, p=0.02) and ATTR (2.1 vs. 3.7, p=0.02) compared to controls. Immunohistochemical staining
of SSA and ATTR cardiac amyloid tissues (n=10) showed no evidence of RBP in amyloid
deposits.
Conclusions: Serum concentrations of RBP and TTR are significantly different in SSA and
ATTR compared to controls. Further, there are significant differences between SSA and ATTR
RBP levels. We found no evidence of RBP and TTR codeposition in cardiac deposits. These
findings suggest changes in TTR:RBP could correlate with TTR tetramer destabilization and
subsequent amyloid formation in SSA and ATTR.
1) White JT & Kelly JW (2001) PNAS.
Supported by NIH grant RO1AG031804 (LHC) and the Young Family Amyloid Research Fund.
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PC-27
Cardiac findings in TTR amyloidosis: A report from the Transthyretin Amyloid Outcome
Survey (THAOS)
Arnt V. Kristen1, Thibaud Damy2, Rajiv Mundayat3, Mathew S. Maurer4, Claudio Rapezzi5
Rodney Falk6, on behalf of the THAOS Investigators.
1
Amyloidosis Center, Department of Cardiology, Heidelberg University, Heidelberg, Germany
2
Amyloidosis Network, Department of Cardiology, CHU Henri Mondor, Creteil, France
3
Pfizer Inc., New York, NY, USA. 4 Center for Advanced Cardiac Care, Columbia University
Medical Center, New York, NY, USA. 5 Institute of Cardiology, University of Bologna and S.
Orsola-Malpighi Hospital, Bologna, Italy. 6 Cardiac Amyloidosis Program, Brigham and
Women's Hospital, Boston, MA, USA
Background: Transthyretin amyloidosis (ATTR) is a heterogeneous disorder characterized by
multi-organ involvement with primary neurologic or cardiac manifestations.
Objective: To describe cardiac findings in ATTR in the global Transthyretin Amyloidosis Survey
(THAOS) registry.
Methods: This analysis included all THAOS patients enrolled as of January 2014. Patients were
divided according their predominant phenotype: cardiac (abnormal ECG, heart failure),
neurologic (walking disability, other neurologic, or gastrointestinal symptoms), or combination of
both. Echocardiographic as well as electrocardiographic findings and biomarkers were compared
between phenotypes and the most common mutations.
Results: Data was available for 1661 patients. Cardiac phenotype (CP) was present in 16.6%,
mixed (MP) in 27.6%, and neurologic (NP) in 55.8%, respectively. CP comprised 36.2% nonVal30Met mutations (30 different mutations), 17.4% Val30Met mutation, and 46.4% wild-type.
MP included 36.9% non-Val30Met (47 different mutations), 51.3% Val30Met, and 11.8% wildtype. LV septum was above 11 mm in 93.8% of patients with CP, 87.2% of MP, and 35.5% of NP,
respectively.
In patients with creatinine < 220umol/L, Troponin I was abnormal (>0.1ng/ml) in 41.0% of
patients with CP, 39.4% of MP, and 7.1% of NP. Troponin T was increased (>0.1ng/ml) in 20.0%
of CP, 30.6% of MP, and 36.2% of NP. BNP was increased >400pg/ml in 56.7% of CP, 50.0% of
MP, and 7.7% of NP. NT-proBNP was increased (>1000pg/ml) in 88.0% of CP, 62.6% of MP, and
23.8% of NP.
The most common genotypes with cardiac presentation were wild-type (n=185), Val122Ile
(n=76), Thr60Ala (n=26), and Glu89Gln (n=23). Echocardiographic and electrocardiographic
findings are summarized in table 1.
Conclusions: Cardiac manifestation of ATTR is present in more than half of the THAOS patients
with a wide heterogeneity of TTR mutations. As echocardiography and cardiac biomarkers are
abnormal in large amount of patients with NP cardiac assessment should be performed in all
patients with obvious NP.
AVK, TD, MSM, CR, RF are advisors of Pfizer Inc. and received research funding.
RM is full employee of Pfizer Inc.
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Table 1: Comparison of cardiac data in different genotypes
Wild-type
N=185

Val122Ile
N=76

Thr60Ala
N=26

Glu89Glnn
N=23

Males, %

93.8

77.4

64.7

35.3

Duration, yrs median,
(p10, p90)

4.2
(0.3,18.9)

4.2
(0.6,22.9)

3.8
(0.5,15.1)

2.9 (1.0,12.0)

NYHA III+IV, %

39.0

57.8

36.4

37.5

Pacemaker, %

23.0

9.3

41.7

20.0

LV septum
PP

99.0

90.0

100.0

83.3

Ejection fraction, %

42.3

34.1

63.6

69.2

Sparkling, %

56.0

32.1

12.5

66.7

Atrial
fibrillation/flatter, %

81.5

57.1

50.0

80.0

PR>200ms, %

44.0

34.1

45.5

16.7

QRS, msec (SD)

127 (33)

109 (31)

119 (41)

101 (24)

QTc, msec (SD)

476 (42)

472 (48)

488 (52)

465 (58)

Pathologic Q waves, %

38.9

24.5

23.1

25.0

Low voltage, %

31.9

41.9

46.2

63.6

Note: Percentages in the above table are calculated over the patients with available data.
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TRANSCEND - TRansthyretin Amyloidosis: Neuropathy, Senility, Cardiomyopathy;
Evaluation, Natural history and Diagnosis) - A comprehensive observational study of
transthyretin amyloidosis
Thirusha Lane, Alica Bangova, Marianna Fontana, Ketna Patel, Richard W Orrell, Tom Tidswell,
David F Hutt, Michael R Wood, Carol J Whelan, Philip N Hawkins and Julian D Gillmore
National Amyloidosis Centre, UCL Medical School, London UK
Background In order to inform the design of future clinical trials to test novel therapies, there is
an urgent need to carefully define the natural history and outcome of transthyretin (ATTR)
amyloidosis, a predominant cardiac and neuropathic disease, as well as its impact on quality of
life (QoL).
Objective To report preliminary data from a comprehensive, systematic model of clinical care.
Methods We have developed a specialist clinical service for patients with ATTR amyloidosis
involving comprehensive annual assessments. This includes a detailed clinical evaluation
(physical examination, orthostatic blood pressure, functional status; serological investigations
including cardiac biomarkers; cardiac investigations including DPD scintigraphy and MRI (using
a novel method of extracellular volume (ECV) mapping to measure the myocardial amyloid
burden), neurological investigations (neuropathy impairment score, NIS), quantitative sensory
testing (QST), electrophysiological tests including electromyography (EMG), sympathetic skin
response and RR interval testing); and general and disease-specific health surveys (SF36, KCCQ
and Norfolk QOL-DN).
Results Since May 2013, 72 patients have undergone a first comprehensive clinical assessment.
39 (54%) patients had senile systemic amyloidosis (SSA) and the remainder had variant
transthyretin-associated amyloidosis (11 with V122I, 2 with V30M and 20 with other non-V30M
variants). Selected clinical findings including are presented in Table 1; the full data set will be
presented at the meeting.
Conclusions This protocolised model of clinical care will enable the natural history and clinical
outcome of ATTR amyloidosis to be carefully and systematically determined. It will provide a
framework within which the cardiac and neuropathic effects of the ATTR amyloidoses can be
compared and provide, for the first time, a detailed prospective assessment of quality of life in
patients with ATTR amyloidosis. This will be invaluable in order to design meaningful clinical
trials to test novel therapeutic agents.
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46

NonV30M
FAP
70

V122I
75

WT
77

V30M
Age
6MWT

Time (s)
Distance (m)
Breathlessness score (max 10)
Fatigue score (max 10)

360
484
0
0

360
319
1
1

360
224
4
4

360
296
3
1

Echocardiogram

Wall thickness (mm)
E:E
Lat S-wave

9.5
5.5
0.125

18
23
0.05

14
15
0.05

16
18
0.05

Biomarkers

NT-proBNP (pmol/L)
Troponin T (μg/L)

6
0.02

331
0.063

539
0.071

360
0.07

Imaging

DPD (Perugini grade)
Cardiac MRI (mean)

2
0.33

2
0.48

3
0.61

2
0.55

Nerve conduction

Right median nerve DML (ms)
Left median nerve DML (ms)
CT lesion - % mild
CT lesion - % moderate
CT lesion - % severe

3.5
3.0
0
50
0

5.0
4.7
0
29
57

4.85
6.8
17
0
83

4.35
4.0
31
38
31

4.75
12

10
6

3.5
12

0

0

0

4

3

2

Nerve Impairment Score
(NIS)

3
Muscle weakness (max 152)
Reflexes (max 20)
Finger sensation (max 16)
Toe sensation (max 16)

17
0
7
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Systemic amyloid angiopathy in elderly dogs is of fibrinogen origin*
Reinhold P. Linke1, Odward Geisel2
1
Reference Center of Amyloid Diseases, Martinsried, Germany
2
Institute of Veterinary Pathology, LM-University, Munich, Germany
Background: Amyloidosis is found in man and various feral and domestic animals including
mammals and birds. These amyloidoses are also as chemically diverse as in men and follow
similar pathogenetic patterns. Most common are AA, but less common AL amyloidoses in various
animals. In some elderly dogs, however, an unknown amyloid has been described in intramural
cardiac arteries. This amyloid has been identified here immunohistochemically.
Methods: Tissues of eight elderly dogs of different breeds were collected by O.G. Paraffin
sections were stained with Congo red and immunohistochemically as described (1). The
antibodies were produced by amYmed (www.amymed.net) as anti-AA(mc4, mc129); polyclonal
antibodies against ALlamda and ALkappa (1). A polyclonal antibody directed against AFib of
stone marten (Martes foina) amyloid (2) and several appropriate controls have been employed.
Positive controls were from stone marten and (here newly) from pine marten (Martes martes).
Results: In all eight dogs, the presence of amyloid was confirmed by green birefringence in
polarized light. Immunohistochemistry revealed a strong and uniform diagnostic reaction in
organs in all dogs tested with controls proving the presence of systemic AFib amyloid in canine
heart and other canine organs with positive controls (including pine marten) verifying specificity.
Conclusion: The canine amyloid of elderly dogs and that of the pine marten can now be added to
the list of species with AFib amyloidoses, thus far resulting in four species.
References:
1. Linke, RP: Progr Histochem Cytochem 2012, 47:61-132
2. Linke, RP et al.: XIth International Symposium on Amyloidosis, Woods Hole, Proceedings
pp.133-135, 2006
*In honor of the late Dr. O. Geisel for his reliable and trustworthy collaboration of more than 20
years.
R.P. Linke is owner of amYmed.

PC-30
Long-term results of combined heart and liver transplant in ATTR: A single centre
experience
M. Mastroroberto1, G. Ercolani2, S. Longhi3, E. Pilato4, F. Grigioni3, S. Berardi1, E. Benni1,
C.Sama1, A. Milandri3, C. Gagliardi3, C. Rapezzi 3, A.D. Pinna2.
1
Unit of Liver Transplantation, DIMEC, 40138 Sant’Orsola-Malpighi, Italy.
2
Department of Emergency/Urgency, General Surgery and Transplantation, 40138 Sant’OrsolaMalpighi, Italy.
3
Cardiology, Department of Experimental, Diagnostic and Specialty Medicine – DIMES, Alma
Mater Studiorum, University of Bologna, Bologna, Italy;
240

4

Cardiac Surgery, DIMES, Alma Mater University of Bologna, 40138 Bologna, Italy.

Background and Objective. Although combined heart and liver transplantation (CHLT) is an
accepted therapeutic strategy in non-Val30Met TTR-related amyloidosis (ATTR), Centers with an
unrestricted access to this program are few and long term results are poorly defined. We report
results of our transplantation strategy in ATTR: stage I neuropathy and severe cardiomyopathy
(mean left ventricular wall thicknesV13 mm), even in the absence of heart failure or systolic
dysfunction.
Methods. Between 1993 and December 2012, 15 patients with ATTR underwent CHLT and were
evaluated for survival and incremental risk factors for mortality.
Results and Discussion. 13 patients were males (86,7%) with a median age of 50 years (range
38-60), mean left ventricular wall thickness of 19 mm (range 13-27). They underwent CHLT a
mean 3.8 years (range 1-8) from disease onset and after 0.7 years on the waiting list. The most
frequent mutation was Gln89 (8 patients, 53%), followed by Asn23 and Leu68 (2 patients each)
and Ala49, Gln54 and Thr 59 were each present in one patient. After a mean follow up of 5,1
years (range 0,8 – 13,1), survival was 93,3% at 1 year and 71,3% at 10 years. Three patients died:
1 Gln89 with renal injury 58 days after transplant for multi organ failure and 2 (Gln89 and
Ala49) with mBMI < 700 at transplant died respectively 556 and 1727 days after CHLT for
progression of autonomic dysfunction.
Conclusions. CHLT improves midterm survival in patients with non-Val30Met mutations, mild
neuropathy and cardiomyopathy with/without hemodynamic impairment.

PC-31
Teachings from the French database of transthyretin familial amyloid polyneuropathy
(TTR-FAP): Sporadic, genetic, and phenotypic heterogeneity in late onset cases
Zoia Mincheva1, Cécile Cauquil1, Clovis Adam1, Pierre Lozeron2, Anne Mantel3, Sophie
Valleix4, Catherine Lacroix1, Marie Theaudin1, David Adams1 NNERF and French Network
Cornamyl
(1) Department of Neurology, AP-HP, CHU-Bicêtre, University Paris Sud, French Referral Center
for FAP, Le Kremlin-Bicêtre, FRANCE, French Network of FAP (CORNAMYL). (2)
Department of Clinical Neurophysiology, AP-HP, INSERM U965 / University Paris VII,
Lariboisière Hospital, Paris, FRANCE. (3) Department of Molecular Genetic, Pharmacogenetic
and Hormonology, AP-HP, CHU- Bicêtre, University Paris Sud, French Referral Center for FAP,
Le Kremlin-Bicêtre, FRANCE, French Network of FAP (CORNAMYL). (4) Laboratory of
Biochemistry and Molecular Genetic, AP-HP, Cochin Hospital, Paris, FRANCE
Introduction TTR-FAP is progressive, disabling and life-threatening neuropathy due to a point
mutation of TTR gene with autosomal dominant transmission. Median survival ranges from 7 to
12 y after onset. France is considered as a prototype of non endemic country. To study the impact
of labeling French reference center for FAP (NNERF) and building of a national network.
Methods In 1986-2013 period, 460 FAP patients were registered in NNERF’s database. All
carried amyloidogenic TTR gene mutations and Congo Positive Amyloid Deposit (CPAD). We
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report genotypic characteristics in all database and the phenotypic varieties of FAP in France in
2008-2013 period.
Results TTR-FAP are actually identified in 80/100 geographical departments. Ethnical origin:
French-56%, Portuguese-34%, other-10%. 41 TTR mutations identified: Met30-60%, Tyr77-12%,
Phe77-6%, Val107-5%, Ile122-2%; 22 variants TTR in single cases.
In 2008-2013 period: 158 new cases, mean age 59 y (22-89), Portuguese origin 21%, positive
family history of FAP 52 %, walkLQJZLWKDLGDODWHRQVHW \ LQLQFOXGLQJ
older than 70 y. Diagnosis of FAP was delayed by 3 y (0.2-13.5) after first symptoms. Two
phenotypes were common in all origins: Small Fiber Length-Dependent PNP (20 %) and
Autonomic NP (16 %). Four new phenotypes: All-Fiber SM-PNP (16 %), Upper Limbs NP
(17 %), Ataxic NP (12 %), Motor NP (0.7 %). CPAD after nerve biopsy in 18/24 pts (75 %),
LSGB in 78/111 pts (70 %); 76 % required multiple biopsies.
Conclusions A better knowledge of the phenotypes of FAP and the larger use of TTR gene
analysis in idiopathic aggressive polyneuropathy cases will help to accelerate diagnosis of TTRFAP.

PC-32
Function of fibroblasts in the clearance of aggregated transthyretin in familial amyloid
polyneuropathy
Yohei Misumi1, Yukio Ando1, Nadia P Goncalves2, Maria J Saraiva2
1
Department of Neurology, Graduate School of Medical Sciences, Kumamoto University,
Kumamoto, Japan. 2Molecular Neurobiology, IBMC, Porto, Portugal
Background: The extracellular matrix (ECM) is thought to play an important role in amyloid
fibril formation in TTR-related amyloidosis. Histological and biological analyses of FAP patients
who undergo liver transplantation demonstrated the existence of mechanisms for the clearance of
TTR deposits from the ECM. Fibroblasts have a central role in the remodeling and maintenance
of ECM microenvironment, however their role in the pathogenesis of transthyretin-related FAP is
largely unknown.
Objective: Our aim was to elucidate the function of fibroblasts in the endocytosis and
degradation of aggregated TTR.
Materials and Methods: We performed in vitro studies with a fibroblast cell line and in vivo
study using an experimental mouse model with subcutaneous injection of TTR and a transgenic
mouse model, and analyzed the function of fibroblasts in the endocytosis and degradation of
aggregated TTR. Biopsy tissue specimens of the skin from patients with FAP ATTR Val30Met
were analyzed by means of immunohistochemistry.
Results: In vitro studies with the fibroblast cell line revealed that fibroblasts endocytosed and
degraded aggregated TTR. Subcutaneous injection of soluble and aggregated TTR into WT mice
showed internalization and clearance over time by both fibroblasts and macrophages.
Immunohistochemical studies of skin biopsies from Val30Met patients, asymptomatic carriers,
recipients of domino FAP livers as well as mice transgenic for human Val30Met showed
intracellular TTR immunoreactivity in fibroblasts and macrophages that increased with clinical
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status and with age in the transgenic mice.
Conclusions: The function of TTR clearance by fibroblasts may have important implications for
the clearance and formation of TTR deposition in the ECM.

PC-33
Is decreased erythropoietin production mediated by cytotoxic oligomeric transthyretin
V30M aggregates?
Luciana Moreira1, 2, João Melo Beirão3, Idalina Beirão2, 4, Paulo Pinho e Costa1, 2
1- Departamento de Genética do Centro de Saúde Pública Dr. Gonçalves Ferreira, INSA I.P.,
Portugal;
2- Unidade Multidisciplinar de Investigação Biomédica, ICBAS, Portugal;
3- Oftalmologia, Hospital de Santo António, Centro Hospitalar do Porto, Portugal;
4- Unidade Clínica de Paramiloidose, Centro Hospitalar do Porto, Portugal;
Familial Amyloidotic Polyneuropathy Type I (FAP-I) is a neurodegenerative disease characterized
by systemic extracellular amyloid deposition of a mutant transthyretin, TTR V30M.
Anemia affects 24.8% of symptomatic FAP-I patients, with low Erythropoietin (EPO) levels and
spared kidney function, suggesting a blockage of EPO-producing cells [1]. Early non-fibrillar
TTR aggregates are highly cytotoxic, inducing oxidative stress, the expression of apoptosisrelated molecules and secretion of pro-inflammatory cytokines, factors capable of inhibiting EPO
production. Low EPO production in FAP is not related to renal congophilic amyloid deposition
[2] and circulating TTR V30M doesn’t inhibit EPO production [3]. However, the role of early
non-fibrillar TTR aggregates remains unexplored. In this work we used a cell culture-based
model to study the effect of TTR oligomeric aggregates on EPO expression.
Hep3B human hepatoma cells incubated with ȝM soluble and oligomeric TTR V30M for 24
hours. Cell proliferation and viability was evaluated by an MTS assay. Relative quantification of
EPO mRNA transcripts was performed by real-time PCR. Results were normalized to
endogenous TATA-binding protein mRNA. A reporter assay was constructed with a PCR
fragment of the EPO promoter linked to the luciferase gene.
Significant reductions in cell viability (9.6±6.5%), EPO expression (50.3±2.8%) and EPO
promoter activity (53.1±6.5%) were seen after 24 hours in the presence of oligomeric TTR V30M
when compared to the controls.
EPO expression is under the control of distinct transcription factors at the promoter and enhancer
sites. Our results suggest that oligomeric TTR V30M reduces EPO expression through inhibition
of the promoter. Further studies are being conducted to assess the role of the best known
inhibitory transcription factors, GATA-2 and NF-kB.
References:
1. Beirão I. et al. Kidney International. 2004;66:2004-2009.
2. Beirão I. et al. Nephron Clinical Practice. 2008;109:c95-c99.
3. Beirão I. et al. Amyloid. 2007;14(1):33-37
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Fibrinogen amyloidosis with CNS manifestation
Vinh Q. Nguyen, MD; Ashraf El-Meanawy, MD, PhD
Department of Nephrology, Medical College of Wisconsin,Milwaukee, WI 53226
Fibrinogen amyloid is the most common form of familial amyloidosis. Organ involvement is
mainly renal with sporadic reports of cardiac involvement. Most patients progress ti end stage
renal disease. Combined liver and kidney transplantation is curative. In this case report we
present a case of fibrinogen-A alpha amyloidosis which was diagnosed after a kidney biopsy.
Although the patient presented with low grade proteinuria and chronic kidney disease, the
presence of unusual CNS findings prompted kidney biopsy. The biopsy showed a Congo red
positive stain and amyloid fibrils on electron microscopic examinations. Mass spectroscopy
analysis of the renal biopsy revealed a fibrinogen-A alpha amyloid and genomic sequence
analysis revealed the common mutation E526V.
Brain biopsy was done to evaluate the brain lesions. The brain biopsy stained with Congo red
showed only fluorescence and immunohistochemistry using fibrinogen specific antibodies
showed staining of the perivascular spaces as well as within astrocytes.
In systemic amyloidosis, more evidence is accumulating that significant pathology and tissue
damage occur as a result of amyloid monomer deposition and long before the full scale amyloid
plaque accumulation. Previous experimental data showed that serum amyloid protein cross the
blood brain barrier and stabilize amyloid formation only after disruption of the barrier. This might
explain the only perivascular fluorescence.
This is first time fibrinogen amyloid is shown to produce CNS pathology. Genetic predisposition
might have precipitated the development of CNS manifestation in our patient. Although his
family history of significant for unexplained kidney failure and heart disease, none of this family
members were diagnosis with amyloidosis despite some receiving kidney transplant. This
highlights the importance of kidney biopsy in patients with poorly explained renal disease.

PC-35
Diflunisal in late-onset FAP patients with moderate to severe neuropathy
Laura Obici1, Andrea Cortese2, Stefano Perlini3, Alessandro Lozza4, Simona Casarini1, Enrico
Alfonsi4 and Giampaolo Merlini1,5
1
Amyloidosis Research and Treatment Centre, Fondazione IRCCS Policlinico San Matteo, Pavia,
Italy 2General Neurology, C. Mondino National Institute of Neurology Foundation IRCCS, Pavia,
Italy 3Clinica Medica II, Department of Internal Medicine, Fondazione IRCCS Policlinico San
Matteo and University of Pavia, Italy, 4Neurophysiopathology Unit, C. Mondino National
Institute of Neurology Foundation IRCCS, Pavia, Italy 5Department of Molecular Medicine,
University of Pavia, Italy.
Background TTR stabilizers have proved effective in slowing neurological progression in FAP.
However, wider experience outside trials is required to further establish their safety profile and
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clinical benefit in the general FAP population.
Objective We evaluated the safety and efficacy of diflunisal (250 mg BID) in late-onset FAP
patients with moderate to severe neuropathy and cardiomyopathy treated for at least 12 months.
Methods Evaluations included Kumamoto score, polyneuropathy disability score (PND), mBMI,
echocardiography and cardiac biomarkers. Adverse events were monitored every three months.
Response was evaluated every 12 months.
Results 18 patients (14 males) affected by FAP associated with 6 different mutations were treated
for a median of 24 months (range 12-60). Median age at baseline was 70 years (range 57-82),
disease duration 52 months (range 17-90), PND score IIIA (range I-IV), Kumamoto score 24 (239), BMI 879 (range 604-1030). 16 patients presented with heart involvement. Median NTproBNP was 867 pg/ml (range 147-5965), cTnI 0,04 ng/ml (range 0,029-0,65), mLVW 14,7 mm
(range 12,5-17,5).
PND increased by 1 point from baseline in 6/18 patients (3 at 12 months, 2 at 24 months and 1 at
60 months, respectively). mBMI remained stable during treatment. Mean change in Kumamoto
score was 2,28 at 12 months (95% CI -0,3 to 4,8). Cardiac progression occurred only in 2/16
patients. One patient discontinued due to renal failure and two presented with a mild increase in
serum creatinine. One patient discontinued after 3 years of treatment due to asymptomatic TnI
increase that improved following discontinuation. No GI events were recorded.
Conclusion Our results are consistent with the reported beneficial effect of this drug on
neurological progression1 and suggest a favourable impact also on cardiac disease. Potential renal
toxicity deserves close monitoring of kidney function.
1

Berk et al. JAMA, 2013:310:2658-67

PC-36
A risk factor for iatrogenic amyloid neuropathy after domino liver transplantation
Toshinori Ohshima1, Yohei Misumi1, Konen Obayashi3, Mitsuharu Ueda1, Masayoshi Tasaki1,
Yuki Ohya2, Kaori Isono2, Yukihiro Inomata2, Yukio Ando1
1

Department of Neurology, 2Department of Transplantation and Pediatric Surgery, Graduate
School of Medical Sciences, 3Diagnostic Unit for Amyloidosis, Department of Laboratory
Medicine, Kumamoto University, Kumamoto, Japan
Background: Domino liver transplantation (DLT) using grafts from patients with familial
amyloid polyneuropathy (FAP) has been performed for patients with serious liver disease often in
Japan because of serious donor shortage. Recently, it was reported that some recipients with DLT
developed iatrogenic amyloid neuropathy (IAN) showing amyloid deposits with and without
clinical symptoms of FAP. However, risk factor(s) associated with IAN remain to be determined.
Objective: To evaluate the risk factor(s) of IAN, we investigated clinical features of donors with
FAP and second recipients with DLT.
Patients and Methods:
We employed 19 DLT cases which were performed in Japan from 1997 and 2010, and
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investigated clinical features of donors with FAP and second recipients of DLT and histological
findings of biopsied specimens in patients with DLT. Mean age of the second recipients was 43.8
± 12.4 years old, and mean follow up duration after DLT was 61 months.
Results and Discussion: Seven (36.8%) of 19 second recipients with DLT showed amyloid
deposition during the course of following up. Three of 6 second recipients with amyloid deposits
developed sensory disturbance without any autonomic failures. After DLT, the second recipients
aged more than 50 years old tended to develop amyloid deposits earlier than those under 50 years
old.
Conclusion: Aging of the second recipients for DLT may be a risk factor of IAN.

PC-37
A retrospective comparison of senile systemic amyloidosis and V122I-associated ATTR
amyloidosis
K S. Patel, R. Sayed, S. Sachchithanantham, S. Mahmood, A D. Wechalekar, H J. Lachmann, P N.
Hawkins, C J. Whelan, J D. Gillmore
National Amyloidosis Centre, UCL Medical School, London, UK
Background: Cardiac transthyretin (ATTR) amyloidosis is increasingly diagnosed at the UK
National Amyloidosis Centre. The two commonest types of cardiac ATTR amyloidosis affecting
the UK population are senile systemic amyloidosis (SSA), associated with wild-type
transthyretin, and that associated with variant TTR, V122I, both of which typically present with
isolated cardiomyopathy in elderly males. Four percent of the Afro-Caribbean US population
carry the V122I TTR variant. Novel treatments for cardiac ATTR amyloidosis are being tested in
early phase clinical studies, and in order to inform the design of late phase clinical trials to test
their efficacy, a detailed understanding of the natural history of these conditions is required.
Objective: To compare SSA and V122I-associated cardiac ATTR amyloidosis.
Results: See Table.
Methods: A retrospective analysis of 206 SSA patients and 87 patients with V122I-associated
cardiac ATTR amyloidosis who were followed at the NAC between May 2007 and December
2012. Data at diagnosis included demographics, biochemistry, electrocardiography and
echocardiography. Follow-up was every 6 months and censor date for survival analyses was 1
January 2014, or at date of last contact for those lost to follow-up. Data are expressed as medians
and interquartile ranges for continuous variables, and percentages for dichotomous variables.
Conclusion: Despite similar duration of symptoms before diagnosis, LV septal wall thickness,
NT-proBNP, and access to healthcare in the UK between these two cohorts, there were
statistically significant differences in certain parameters including overall survival. The cause of
these differences remains unclear and the findings need to be confirmed in prospective studies.
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Results:
Age at diagnosis
Gender (% male)
Race (% Black)
Symptom duration before
diagnosis (months)
Systolic blood pressure
(mmHg)
eGFR (ml/min/1.73m2)
NT-proBNP (pmol/L)
History of atrial
arrhythmia/atrial arrhythmia at
diagnosis
Developed atrial arrhythmia
during follow-up (%)*
Pacemaker at diagnosis (%)
Pacemaker during follow-up
(%)*
EF Simpson’s biplane (%)
LV septal wall thickness (cm)
LA diameter (cm)
E/A
IVRT (ms)
MV DecT (ms)
e/E’
Median survival from diagnosis
(years)

SSA n=206
78
(73, 82)
93%
5%
12.7 (6.4,
30.2)
119
(110,
134)
57
(44, 69)
368
(234, 701)
61%

V122i n=87
76
(72, 79)

P values
0.0109

79%
92%
15.1 (10.1, 26.2)

0.0009
<0.001
0.12

112

0.001

50
435

(101, 123)
(41, 64)

0.03

(252, 710)

0.42

36%

0.0001

9%

25%

0.0085

12%
10%

8%
9%

0.31
0.76

48
(38, 56)
1.7
(1.5, 1.8)
4.7
(4.3, 5)
2.1
(1.3, 3)
85
(68, 104)
180
(151, 215)
16
(12, 20)
3.4
(2.9, 3.9)

41

(32, 47)

1.7

(1.6, 1.8)

0.38

4.5

(4.2, 4.7)

0.001

2.3

(1.9, 3)

0.07

77

(67, 91)

0.0057

(126, 196)

0.0054

167

<0.0001

16

(13, 20)

0.508

2.4

(2.3, 2.6)

0.0167

*Median follow-up period of 1.8 years (1, 2.6)
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PC-38
Post marketing treatment responses with tafamidis meglumine – A report from the German
amyloidosis referral center
Purrucker J, Department of Neurology, Amyloidosis Center; Hegenbart U, Medical Department
V, Amyloidosis Center; Schönland S, Medical Department V, Amyloidosis Center; Kristen A
Medical Department III, Amyloidosis Center; Hund E, Department of Neurology, Amyloidosis
Center; all Heidelberg University Hospital, Heidelberg, Germany.
Background: Tafamidis (Vyndaqel®) was approved by the European Medicines Agency in
November and introduced into the German market in December 2011. Here we report a first
analysis of treatment courses at the German Amyloidosis referral center.
Methods: Records of 27 patients with mutations within the TTR gene and histologically
confirmed TTR amyloidosis were analyzed with respect to various clinical and diagnostic
parameters before and during treatment with Tafamidis meglumine (20 mg qd).
Results: A total of 27 patients with 11 different TTR mutations received treatment with Tafamidis
meglumine. Mean age at first presentation was 59 years (SD 13.9). Patients received this
treatment within a mean of 4.34 years after symptom onset. Mean follow up after start of
Tafamidis was 7.4 months (0-20). Initially, all patients had clinical signs of a sensorimotor
polyneuropathy, while involvement of the autonomic nerve system was observed in 48.2%.
92.6% of the patients had cardiac involvement. Mean septum thickness was 19.1 mm before
treatment and 19.6 mm during treatment. Neurophysiological examination revealed disease
progression in 83.3%, while clinical examination showed progress in 38.9% cases. 36.8% of
patients reported themselves stable and 36.8% experienced improvement. Of five patients initially
listed for liver transplantation, two were finally transplanted; one of these died due to primary
transplant failure. Only one patient developed an adverse effect possible attributable to Tafamidis
treatment (dermatitis).
Conclusion: Treatment with Tafamidis meglumine was well tolerated. Most patients showed
clinical benefit and experienced at least stabilization of the disease course although
neurophysiological examinations showed disease progress in the majority of cases.
JP, UH, EH and AK received travel support from Pfizer™.
EH and AK received honoraria from Pfizer™.

PC-39
Late onset cardiomyopathy due to transthyretin Ile68Leu mutation: A cardiogranic variant
of familial amyloidosis potentially mimicking sarcomeric hypertrophic cardiomyopathy
Candida Cristina Quarta,1,2 Agnese Milandri,1 Simone Longhi,1 Francesco Cappelli,3 Stefano
Perlini,4 Laura Obici,4 Ilaria Bartolomei,4 Fabrizio Salvi,5 Giampaolo Merlini.4
1
DIMES - Cardiology, DIMES, Alma Mater University of Bologna, Italy (Bologna, Italy), 2BWH
- Brigham and Women’s Hospital (Boston MA), 3Careggi - Careggi University Hospital,
Florence, Italy (Florence, Italy), 4IRCCS - Center for Amyloidosis, IRCCS San Matteo (Pavia,
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Italy), 5Neuro - Neurology, Bellaria Hospital, Bologna, Italy (Bologna, Italy).
Background. In hereditary transthyretin (TTR) amyloidosis (ATTR), cardiac involvement
usually occurs in association with neurologic signs. A few variants responsible for isolated
cardiomyopathy have been identified in well-defined populations (e.g. V122I in AfricanAmericans).
Objective. We describe a TTR variant, I68L, responsible for an exclusively cardiac phenotype in
Caucasian patients.
Methods. We retrospectively analyzed clinical, ECG, echocardiographic characteristics and
outcome of I68L-related ATTR patients diagnosed in 1990-2012 at three large Italian Centers.
Results. Of 190 patients diagnosed with ATTR during the study period, 34 (18%) carried the I68L
variant: carriers of this variant were more likely men in their sisxties. All were from a large area
in the Central-Northern part of Italy (around 20000 Km2) and belonged to 31 unrelated families.
Haplotype analysis (performed in twenty subjects) showed a shared haplotype in all. All patients
sought medical attention due to cardiac symptoms, with marked heart failure in 44% of cases.
Echocardiographically, they showed symmetric left ventricular (LV) "hypertrophy with normal
LV cavity size, enlarged left atrium, slightly reduced LV ejection fraction. Low QRS voltage was
present in 35% of cases. Carpal tunnel syndrome was the only extracardiac manifestation. Table 1
summarizes their characteristics compared to 30 patients with sarcomeric HCM.
Five of the I68L carriers had a subclinical sensory-neuropathy, not responsible for seeking
medical attention. During a follow-up of 23[11-43]months, 12 patients (35%) died due to
progression of heart failure; no patients developed major neurologic symptoms.
Conclusions. In addition to Val122Ile, TTR Ile68Leu mutation represents a "cardiogenic" ATTR
variant, responsible for an exclusively cardiac phenotype in this heterogeneous disease. Ile68Leu
is endemic in Northern Italy and could have been inherited from a common ancestor. Awareness
of this variant is essential to avoid misdiagnosing ATTR cardiac amyloidosis with other causes of
LV hypertrophy, such as HCM, in this relatively elderly population.
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Table1. Characteristics of I68L ATTR patients in comparison to patients with HCM.

PC-40
Left ventricular structure and function in TTR-related versus AL cardiac amyloidosis
Candida Cristina Quarta,1,2 Scott D. Solomon,1 Imran Uraizee,1 Simone Longhi,2 Christian
Gagliardi,2 Agnese Milandri,2 Jenna Kruger,3 Claudio Rapezzi,2 Rodney H. Falk.3
1
BWH - Brigham and Women’s Hospital (Boston MA), 2DIMES - Cardiology, DIMES, Alma
Mater University of Bologna, Italy (Bologna, Italy), 3Harvard Vanguard - Harvard Vanguard
Medical Associate (Boston, MA).
Background Immunoglobulin light chain (AL)-related cardiac amyloidosis (CA) has a far worse
prognosis than either wild type (ATTRwt) or mutant (ATTRm) transthyretin (TTR) CA. Detailed
echocardiographic studies have been performed in AL, but not in TTR amyloidosis, and might
give insight into this difference.
Objective We assessed cardiac structure and function as well as outcome in a large population of
patients with CA and compared the profiles of TTR and AL-related disease.
Methods We analyzed 172 patients affected by CA (AL, n=80; ATTRm, n=36; ATTRwt, n=56)
with standard echocardiography and two-dimensional speckle tracking imaging (STI)-derived left
ventricular (LV) longitudinal (LS), radial (RS) and circumferential strain (CS).
Results Despite an overall preserved LV ejection fraction (55±12%), LS was severely impaired
in CA. Standard functional parameters as well as STI worsened as wall thickness increased, while
apical LS was preserved irrespective of the etiology of CA and the degree of wall thickening
(figure 1). Compared to ATTRm and AL, ATTRwt was characterized by greater LV wall
thickness and lower ejection fraction. LS was more depressed in both ATTRwt and AL
(respectively -11±3% and -12±4%, p=0.54), than in ATTRm (-15±4%, p<0.01 vs. AL and
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ATTRwt). TTR-related etiologies were favorable predictors of survival, whereas LS and
advanced NYHA class were negative predictors.
Conclusions In patients with CA, worsening functional parameters correlated with increasing
wall thickness regardless of etiology. Patients with ATTRwt had a statistically greater wall
thickness than those with AL despite very similar degrees of longitudinal functional impairment.
This paradox suggests an additional mechanism for LV dysfunction in AL amyloidosis, such as
previously demonstrated light-chain toxicity.

20%

Figure 1. Overview of averaged regional function in the three etiologies of CA.

PC-41
Markers of disease progression in transthyretin-related amyloidosis identified from a crosssectional analysis of the THAOS patient registry
Claudio Rapezzi1, Onur N Karayal2, Michelle Stewart2, Rajiv Mundayat2, Ole Suhr3
1. University of Bologna, Bologna, Italy; 2. Pfizer Inc., New York, NY, USA; 3. Umeå
University, Umeå, Sweden
Introduction: The Transthyretin Amyloidosis Outcome Survey (THAOS) is a global registry of
patients with transthyretin amyloidosis (ATTR). The availability of this large longitudinal data-set
allows identification of useful biomarkers of ATTR progression.
Methods: Data were extracted on Jan 7th, 2014. Symptomatic patients who received no diseasemodifying therapy (including liver transplant) were categorized into 6 disease duration groups in
a cross-sectional analysis of the THAOS database. Biomarkers of disease progression analysed
were: modified polyneuropathy disability (mPND) scale, EQ-5D health scale and index,
Karnofsky Performance Status, modified body mass index (mBMI), New York Heart Association
(NYHA) classification, left ventricular (LV) septum thickness, troponin I, troponin T, brain
natriuretic peptide (BNP), and N-terminal BNP (NT-BNP). Mortality rates were summarized.
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Results:

Conclusions: Of the biomarkers analysed in patients with various phenotypes of ATTR, mPND,
Karnofsky scale, EQ-5D health scale and index varied across the different disease durations and
probably reflected disease progression. For cardiac biomarkers, BNP levels appeared to be most
useful in charting ATTR progression. The mortality rate increased with longer disease duration.
Further characterisation of these biomarkers in the various ATTR phenotypes is required. The
THAOS registry is funded by Pfizer.

PC-42
Treatment of ATTR V30M with tafamidis: Successful decrease of proteinuria
Ana Rocha1,2, Ana M Silva1,3, Márcio Cardoso1,4, Cecília Monteiro1,3, Idalina Beirão1,2, Cristina
Alves1, Teresa Coelho1,4, Luísa Lobato1,2
1
Unidade Corino de Andrade, 2 Department of Nephrology, Department of Neurology;
Department of Neurophysiology, Centro Hospitalar do Porto, Porto, Portugal.
Background: Tafamidis, a transthyretin (TTR) kinetic stabilizer, delayed neuropathic progression
in patients with ATTR V30M familial amyloid polyneuropathy (TTR-FAP)1, but long term
effectiveness in multisystem involvement is unclear.
Objective: To study the effect of tafamidis on albuminuria and renal function in TTR-FAP after
twelve month therapy.
Methods: A prospective, non-randomized and single Portuguese centre study was conducted.
Men and nonpregnant women aged 18–75 years were eligible if they had neuropathy stage I,
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biopsy-confirmed TTR amyloidosis DQGHVWLPDWHGJORPHUXODUILOWUDWLRQUDWH H*)5 
mL/min. Ninety eight consecutive patients (53 males, 45 females) received 20 mg QD of
tafamidis for 12 months. Blood and urinary samples were collected for urinary albumin-tocreatinine ratio (UACR) and serum creatinine. The Wilcoxon signed-rank test was used to
compare the values at baseline and after 12 months.
Results: At baseline, median creatinine level was 0.74 mg/dL (IQR 0.64 to 0.85); 23 patients had
UACR >30 mg/g, 12 of them >300 mg/g. After one year of treatment, no significant changes
were found in creatinine levels - 0.75 mg/dL (IQR 0.65 to 0.85) – and none showed de novo
albuminuria or augmented the UACR. In the 12 proteinuric patients, the mean duration of
neuropathy was 5±4 years, with a mean age at onset of 46 ± 10 years. There was a significant
decrease in UACR from 909 (IQR 658 to 1431) to 320 mg/g (IQR 100 to 373), P<0.001, (figure
1) maintaining a stable eGFR based on creatinine (EPI 96.8 versus 97.1 mL/min).
Conclusions: After therapy with tafamidis albuminuria decreases, on contrary to the natural
progression of ATTR nephropathy. Early treatment of patients with mild to moderate renal
features may be crucial, before irreversible tissue injury limits the therapeutic response.
1

Coelho T, Maia LF, da Silva AM, et al. Long-term effects of tafamidis for the treatment of
transthyretin familial amyloid polyneuropathy. J Neurol. 2013;260(11):2802-14.

Figure 1: Urinary albumin-to-creatinine ratio mg/g at baseline (UACR_0) and after 12 months
of treatment with tafamidis (UACR_12).
Luísa Lobato received support for scientific meeting expenses and speaker honoraria payment
from Pfizer Inc. Teresa Coelho served on the scientific advisory board of Pfizer Inc. and received
funding for scientific meeting expenses.
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PC-43
Ocular manifestations in transthyretin-related familial amyloid polyneuropathy
Rousseau A1, Mincheva Z2, Meney J1, Barreau E1, Théaudin M2, Cauquil C2, Labeyrie C2,
Labetoulle M1, Adams D2 NNERF and French Network Cornamyl
(1) Department of Ophthalmology, AP-HP, CHU-Bicêtre, University Paris Sud, French Referral
Center for FAP, Le Kremlin-Bicêtre, FRANCE, French Network of FAP (CORNAMYL)
(2) Department of Neurology, AP-HP, CHU-Bicêtre, University Paris Sud, French Referral
Center for FAP, Le Kremlin-Bicêtre, FRANCE, French Network of FAP (CORNAMYL)
PURPOSE To study the prevalence and the clinical characteristics of ocular manifestations of
transthyretin-related familial amyloid polyneuropathy (TTR-FAP).
METHODS This prospective monocentric observational study was conducted at the French
national reference center for TTR-FAP. TTR-FAP patients had a complete neurologic and
ophthalmologic evaluation. Sensorimotor polyneuropathy (SPN) was staged with the
Polyneuropathy Disability (PND) score, vegetative neuropathy was staged with the Compound
Autonomic Dysfuncton Test (CADT). Ophthalmic examination included best corrected visual
acuity (BCVA), Schirmer test, intraocular pressure (IOP), slit lamp photographs, fundus
examination with retinophotography, and RNFL-OCT. Automated perimetry was performed when
glaucoma was suspected. Medical and surgical treatments were analysed for all patients.
RESULTS Fifty seven patients (31 males and 26 females, aged 26-83 years, mean 53.6±13.6)
were included. Val30Met mutation was present in 73.7% of patients. Ocular Hypertension (OHT)
and glaucoma occurred in 11 patients (19.3%) and were associated with amyloid deposits in the
anterior chamber with a "clamshell" pupil in 91.3% of cases. Amyloid vitreous deposits were
present in 12 patients (21%) and had required vitrectomy in 9 eyes (5 patients). A BCVA of
20/200 or worse in one eye was found in 9 patients (15.8%) and was caused by secondary
glaucoma in 66% of cases. Lacrimal hyposecretion was found in at least one eye in 43.2% of
patients. OHT and glaucoma were found only in carriers of the Val30Met mutation and were
PRUHIUHTXHQWLQSDWLHQWVDIIHFWHGE\DXWRQRPLFQHXURSDWK\ S $%CVA of 20/200 or
ZRUVHLQRQHH\HZDVPRUHIUHTXHQWLQSDWLHQWVZLWKVHYHUH631 S 
CONCLUSION In our series, amyloid glaucoma was exclusively found in carriers of the
Val30Met mutation. OHT and glaucoma occurred more frequently in patients with autonomic
neuropathy. Severe visual impairment was mainly caused by secondary glaucoma, and was
associated with severe SPN.
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PC-44
An online registry of mutations in hereditary amyloidosis: A report of 20 novel variants/new
genes in hereditary amyloidosis
Dorota Rowczenio, Islam Noor, Julian D Gillmore, Helen Lachmann, Carol Whelan, Philip N
Hawkins and Ashutosh D Wechalekar
Centre for Amyloidosis and Acute Phase Proteins, University College London Medical School,
UK.
Background and Objectives A repository of mutations and phenotypes in amyloidosis was
lacking for many years. We created an online registry (www.amyloidosismutations.com) with an
aim to collect information on all known variants in hereditary amyloidosis including their
associated clinical phenotype. The other objective was to establish a uniform way to describe
genetic variants as the current nomenclature is based on the processed gene product, therefore
does not comply with the guidelines set by the Human Genome Variation Society (HGVS). We
further wished to present an updated list of mutations reported on the registry since the last
amyloidosis workshop.
Methods A comprehensive search of the published literature describing mutations in familial
amyloidosis was performed. The entire database was curated to comply with the HUGO Gene
Nomenclature Committee (HGNC) and HGVS nomenclature guidelines; protein sequence
represents the primary translation product and thus includes the signal peptide. However, for
convenience of the users description of variants includes both the ‘usual name’ and, in brackets,
the nomenclature recommended by HGVS, for example: TTRVal30Met (p.Val50Met).
Results The database was updated with 20 variants (7 in TTR, 4 in APOA1, 5 in FGA, 2 in GSN,
1 in LYZ an 1 in B2M); of these 5 were identified from the published literature, 2 were submitted
to the database, remaining 13 were identified at the UK National Amylodosis Centre. 16
mutations were pathogenic, 4 were of unknown clinical significance. Currently the registry
consists of 185 variants.
Discussion The registry for hereditary amyloidosis has gathered scattered information into a
centralised location. A quick and effective method for searching and retrieving information about
specific mutations is now freely accessible. We report here 20 new variants, disappointingly; only
two were submited to the registry form outside our centre over the last 2 years. We wish to raise
awareness about the availability of this resource to the amyloidosis community.
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PC-45
Painless haematuria is a manifestation of senile systemic amyloidosis
Sajitha Sachchithanantham, Julian D Gillmore, Janet Gilbertson, David Hutt, Dorota
Rowczenio, Ketna Patel, Shameem A Mahmood, Rabya Sayed, Thirusha Lane, Darren Foard,
Lisa Rannigan, Carol Whelan, Helen J Lachmann, Philip N Hawkins and Ashutosh D Wechalekar
Center for Amyloidosis and Acute Phase Proteins, University College London Medical School,
UK
Amyloidosis of the bladder is a rare condition and is generally considered almost exclusively
localised AL type. It usually mimics malignancy both in it’s clinical presentation and cystoscopic
appearance and on diagnostic imaging. This is a first report of transthyretin amyloid deposits
(ATTR) in the bladder biopsies of patients with painless haematuria. Further investigations have
revealed these presumed “localised” amyloidosis patients to have cardiac amyloidosis with a
positive DPD scintigraphy.
We identified 13 patients with amyloid deposits on bladder biopsies which were confirmed as
ATTR type by immunohistochemistry and/or mass spectrometry from 2008-2013. All 13 were
male with a median age of 78.3 at diagnosis and presented with haematuria. 10 patients had
experienced some dyspnoea on exertion before referral and 6 had developed atrial fibrillation.
Cardiac amyloidosis was suspected in 2 patients (one confirmed on cardiac biopsy) prior to
referral. All 13 patients had wild type TTR gene. The mean LV wall thickness (mLVW) was 14
mm (range 10 –20) with mLVW >12 mm in 8 patients. All had a normal 123I labeled serum
amyloid P component (SAP) scintigraphy. 99mTc-DPD scan was done in all cases to detect
cardiac involvement and was positive in each case. The median grade of cardiac DPD uptake was
2. This included the three patients with no cardiac symptoms and a normal echocardiogram.
In conclusion, it appears that painless haematuria can be a first manifestation of wild type ATTR
amyloidosis and a harbinger of unsuspected cardiac ATTR. Bladder involvement accounted for at
least 5.5% of all wild type ATTR patients seen at our centre over the same time period. Amyloid
typing for bladder biopsies using either immunohistochemisty and/ or mass spectrometry is
critical. Patients with bladder ATTR amyloid should then undergo genotyping and imaging to
detect evidence of cardiac amyloidosis for appropriate early management.

PC-46
Differentiation of familial amyloidotic polyneuropathy-specific induced pluripotent stem
cells into hepatocyte-like cells
Shun Sakai,1 Kaori Isono,1,2 Hirofumi Jono,3 Yuki ohya,2 Nobuaki Shiraki,4 Takumi Era,5Noemi
Fusaki,6,7,8 Mitsuharu Ueda,1Shoen Kume,4 and Yukio Ando1
1
Department of Neurology, Graduate School of Medical Sciences, Kumamoto University;
Department of Transplantation and Pediatric Surgery,3Department of Pharmacy, Kumamoto

2

University Hospital;4Department of Stem Cell Biology and 5Department of Cell Modulation,
Institute of Molecular Embryology and Genetics, Kumamoto University, Kumamoto, Japan;
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6

DNAVEC Corporation, Ibaraki, Japan; and7Japan Science and Technology Agency (JST),

PRESTO, Saitama, Japan; 8Ophthalmology, School of Medicine, Keio University
Background: Transthyretin (TTR)-related familial amyloidotic polyneuropathy (FAP)
induced by amyloidogenic TTR (ATTR) is an autosomal dominant hereditary amyloidosis.
Despite the urgent need for alternative therapeutic strategies, the pathogenesis of FAP still
remains elusive; also, no model represents the relevant processes of FAP. Induction of induced
pluripotent stem (iPS) cells has allowed development of pluripotent cells specific for patients and
led to useful pathological models. In previous study, we have established the heterozygous iPS
cells from patients with FAP ATTR Val30Met. In this study, we differentiated the FAP-specific
iPS cells into hepatocytes and evaluated their phenotype.
Methods: FAP-specific iPS cells were differentiated into hepatocytes using fibroblast growth
factors and bone morphogenetic proteins. Expression of hepatocyte markers was confirmed by
Real-Time PCR and immunocytochemical analysis. TTR and ATTR expression were evaluated by
Liquid Chromatography-Tandem Mass Spectrometry.
Results: The hepatic progenitor marker alpha-fetoprotein and mature hepatocyte marker albumin
were expressed in differentiated cells, suggesting FAP-specific iPS cells had the potential to
differentiate into hepatocyte-like cells. Moreover, FAP-specific iPS cells-derived hepatocyte-like
cells indeed expressed both ATTR Val30Met and wild-type TTR protein.
Conclusion: FAP-specific iPS cells demonstrated the possibility of serving as a model that will
contribute to understanding the pathogenesis of FAP.

PC-47
Į-synuclein in red blood cells is a potential diagnostic biomarker for Parkinson’s disease
Rodolfo Savica1, Roy B. Dyer2, Michelle M. Mielke3, Bryan T. Klassen2, Brad F. Boeve2, George
G. Klee2, J. Eric Ahlskog2, Walter A. Rocca3, Marina Ramirez-Alvarado4
1
Department of Neurology, Division of Sleep and Movement Disorders, University of Utah, Salt
Lake City, UT. 2Department of Neurology, Department of Laboratory Medicine and Pathology,
and 3Division of Epidemiology, Department of Health Sciences Research, 4Departments of
Biochemistry and Molecular Biology and Immunology, College of Medicine, Mayo Clinic,
Rochester, MN, USA.
Parkinson’s disease (PD) is neuropathologically characterized by intracellular Lewy bodies
containing Į-synuclein. For years, Į-synuclein was thought to be an unfolded monomeric protein.
Recent studies on human cells found that Į-synuclein can adopt a tetrameric, helical structure1.
In addition, it has been recently recognized that nearly all the Į-synuclein in the circulation is
found within red blood cells (RBC)2.
We performed native-PAGE followed by western blotting of RBCs to compare the Į-synuclein
quaternary structure in patients affected with PD (including age and sex matched controls). We
also assessed whether age or sex influences the results by analyzing 96 unaffected subjects.
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We confirmed that Į-synuclein is present as a tetramer in fresh RBC. PD cases had lower levels
of tetrameric Į-synuclein species compared to age and sex-matched unaffected controls. The
difference between cases and controls decreased with age. This suggests that PD may have a
systemic onset as was previously reported3. In addition, we observed that tetrameric Į-synuclein
levels in the unaffected controls decrease with age and differ between sexes; with statistically
significant differences found between males and females at the range of 70-89 years of age. We
calculated the ratio of tetramer/250 kDa oligomer in unaffected controls. We found that most
controls show a ratio higher than 1 Female individuals have lower ratio values than men. It is
possible that as female individuals age, there is less production of Į-synuclein, translating into
lower levels of tetramer in aging females, and low frequency of PD compared to men. In men the
levels of Į-synuclein may remain fairly consistent throughout life, but the intracellular qualitycontrol mechanisms are not working as effectively as age progresses, increasing their frequency
of PD.
We propose that Į-synuclein in fresh erythrocytes may serve as a novel, simple, and noninvasive
diagnostic biomarker for Parkinson’s disease.

1.
Bartels T, Choi JG, Selkoe DJ. alpha-Synuclein occurs physiologically as a helically
folded tetramer that resists aggregation. Nature. 2011;477(7362):107-110.
2.
Barbour R, Kling K, Anderson JP, et al. Red Blood Cells Are the Major Source of AlphaSynuclein in Blood. Neurodegenerative Dis. 2008;5:55-59.
3.
Savica R, Grossardt BR, Carlin JM, et al. Anemia or low hemoglobin levels preceding
Parkinson disease: a case-control study. Neurology. 2009;73(17):1381-1387.
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PC-48
High prevalence of ATTR amyloidosis in endomyocardial biopsy-proven cardiac
amyloidosis patients
Yoshiki Sekijima1, Michitaka Nakagawa1, Kana Tojo1, Masahide Yazaki2, Shu-ichi Ikeda1
1
Department of Medicine (Neurology and Rheumatology) and 2Department of Aging Biology,
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Background: Cardiac amyloidosis had been considered to be an incurable disease; however, new
disease-modifying therapeutic approaches have succeeded in ameliorating the disease. Therefore,
early and precise diagnosis based on the amyloid precursor protein is extremely important.
Objective: To determine the prevalence rates of systemic amyloidoses underlying cardiac
amyloidosis.
Methods: The types of amyloidosis in 65 consecutive patients with endomyocardial biopsyproven cardiac amyloidosis were analyzed by Congo red and immunohistochemical staining. If
staining for TTR was positive, direct DNA sequencing of the entire TTR gene was performed.
Results: ATTR amyloidosis was the most common (42/65 patients, 64.6%). The ATTR
amyloidosis subtypes were senile systemic amyloidosis (SSA) 12, familial ATTR 11, and
genotype unknown 19. AL amyloidosis was next most frequent (21/65, 32.3%). Average ages (r
SD) at diagnosis in SSA, familial ATTR, and AL amyloidosis were 73.0 r 4.7, 59.5 r 10.6, and
74.6 r 8.7 years old, respectively. Male dominance was obvious in SSA patients with a sex ratio
of 11:1.
Discussion: In contrast to previous reports1, 2), we showed that ATTR is the most common form
of cardiac amyloidosis in endomyocardial biopsy-proven Japanese patients. One possible reason
for this discrepancy is the difference in study population—we analyzed only endomyocardial
biopsy-proven cardiac amyloidosis patients in this study, while previous studies included patients
without endomyocardial biopsy 1, 2).
Conclusions: ATTR amyloidosis, especially SSA, is much more common than previously
thought. With the development of new drugs targeting the ATTR amyloidosis, major efforts
should be made to increase awareness of senile systemic amyloidosis among cardiologists.
1.
2.

Rapezzi C, et al: Systemic cardiac amyloidoses: disease profiles and clinical courses of
the 3 main types. Circulation 120: 1203-1212, 2009.
Kyle RA, et al: The premortem recognition of systemic senile amyloidosis with cardiac
involvement. Am J Med 101: 395-400, 1996.
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Non-coding genetic variation of the transthyretin gene in senile systemic amyloidosis
Jacquelyn L. Sikora1,2, Gloria G. Chan2, Brian H. Spencer2, Tatiana B. Prokaeva2, David C.
Seldin2,3, Lawreen H. Connors1,2
1
Department of Pathology and Laboratory Medicine, 2Amyloidosis Center, 3Department of
Medicine, Boston University School of Medicine, Boston, MA, USA
Background: Senile systemic amyloidosis (SSA), typically presenting as cardiomyopathy in
elderly men, features myocardial amyloid deposits of the unmutated plasma protein transthyretin
(TTR). SSA is estimated to affect more than 2.5 million elderly Americans1,2, and is expected to
increase as the population ages.
Objective: SSA pathogenesis is poorly understood, no disease biomarkers have been validated,
and currently there is no treatment. It is unknown whether TTR gene regulation contributes to
disease. Therefore, we hypothesized that genetic variation in non-coding regions of the TTR gene
may contribute to SSA.
Methods: SSA subjects (n=117) had biopsy proof of wild-type TTR amyloid deposits, no
evidence of pathologic TTR coding mutations, and no evidence of light-chain amyloidosis. The
control group (n=118) was matched by age, sex, and race. Regions upstream of TTR transcription
initiation (~10 Kb, 3.5 Kb, and the proximal promoter) and immediately downstream of the
termination site (3’ untranslated and near-gene regions) were sequenced by the Sanger method.
Statistical analysis included an allele test with odds ratio analysis, genotype testing, and
haplotype analysis.
Results and discussion: Forty genetic variations were identified in both groups, of which nine
were previously unreported. Preliminary analysis revealed one potentially protective haplotype
more frequent in healthy controls (0.093 vs 0.03, p=0.05). High linkage disequilibrium was
observed upstream of TTR, suggesting that these regions are highly conserved, and may be
important for gene regulation.
Conclusions: We characterized 5.46 Kb spanning the non-coding regions of the TTR gene in
SSA (n=117) and matched healthy control (n=118) subjects. We identified a potentially protective
haplotype indicating cis-acting elements in the TTR gene may play a role in SSA.
References:
3. Tanskanen, M., et al. Annals of medicine 2008;40:232-239.
4. Census Special Reports, Centenarians: 2010,C2010SR-03.
Research support: Gruss Foundation, Boston University Amyloid Fund, Young Family Amyloid
Research Fund, NIH grant RO1AG031804 (LHC).
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Transplantation for non-transthyretin Val30Met mutations: Extracts from the FAP-world
transplant registry
Ole B Suhr1, Marie Larsson2, Henryk Wilczek2 and Bo-Göran Ericzon2 on behalf of the
FAPWTR’s investigators.
1. Department of Public Health and Clinical Medicine, Umeå University, Umeå,
2. Transplantation Surgery, Karolinska Hospital, Huddinge, Sweden.
Introduction and Methods: Liver transplantation (LTx) for hereditary ATTR-amyloidosis has
been performed since 1990. The outcome for patients with the TTRVal30Met mutation has been
evaluated in several studies, but for rare mutations the outcome has been reported to be
disappointing. By extracting data from the FAP world transplant Registry (FAPWTR) at October
2013 the outcome for non-TTR Val30Met mutations can be summarised.
Results: Two hundred sixty-seven patients (177 males and 90 females) with a median age of 53
(23-70) years, representing 57 different mutations had been transplanted, of whom 52 also had
been subjected to a heart transplantation (HTx). For 32 mutations one or 2 cases only have been
reported to the registry
The majority of LTx/HTx patients were males (42 versus 10 females). The outcome for the 9
PRVWSUHYDLOLQJPXWDWLRQV SDWLHQWV VKRZHGYDULRXVRXWFRPHZLWKD\HDUVVXUYLYDORI
more than 50% for the TTR Leu58His, Val71Ala, Glu89Gln, Leu111Met and Tyr114Cys. For
Thr60Ala a combined LTx and HTx showed a 10 years survival of 58% compared with 36% for
isolated LTx. When comparing the outcome for LTx with that of combined LTx and HTx for
mutations where both procedures have been performed, no statistical different survival was noted,
though the survival tended to be better for the combined procedure. For mutations, with
leptomeningeal complications apart for the Tyr114Cys (6 patients 4 mutation) the outcome was
poor with no surviving patients 3 years after the procedure.
Conclusions. The outcome of liver or liver/heart transplantation for non-ATTR V30M
amyloidosis patients varies markedly for different mutations, which should be taken into
consideration when evaluating patients for transplantation.

PC-51
Aging accelerates wild-type transthyretin amyloid deposits in cardiac tissues of male FAP
patients
Masayoshi Tasaki,1 Mitsuharu Ueda,1 Konen Obayashi,2 Haruki Koike,3 Yasuhiro Ogi,1
Keisuke Kitagawa,1 Genki Suenaga,1 Gen Sobue,3 and Yukio Ando1
1.Department of Neurology, Graduate School of Medical Sciences, Kumamoto University, Japan
2.Diagnostic Unit for Amyloidosis, Department of Laboratory Medicine, Kumamoto University
Hospital, Japan. 3.Department of Neurology, Nagoya University Graduate School of Medicine,
Japan
Background: Age are closely related to the onset of senile systemic amyloidosis (SSA).
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However, the effects of the differences on the amyloid formation mechanism in transthyretin
related-familial amyloidotic polyneuropathy (TTR-FAP), have remained unclear.
Objective: To elucidate age in FAP, we investigated biochemical characteristics of amyloid
deposits in different tissue sites, such as cardiac renal peripheral nerves and gastrointestinal
tissues, of FAP by proteomic analysis.
Methods: We used shotgun LC-MS/ MS to analyze the proportions of wild type (WT) and
variant TTR in amyloid deposits in different tissues, such as cardiac, renal, peripheral nerves and
gastrointestinal tissues, from 23 autopsied FAP ATTR V30M cases.
Results: Thirteen patients (56.5%) died of cardiac failure and nine patients (39.1%) died of renal
failure. Especially, the cause of death of elderly male patients was highly related to cardiac failure
(85.7%). The analysis revealed a highly significant correlation between the proportion of WT
TTR and age at autopsy in cardiac tissues, whereas the analysis indicated no correlation in
peripheral nerves, renal and gastrointestinal tissues. In kidney glomerulus and peripheral nerves
tissues, the mean proportions of variant TTR were 91.5 ± 3.5% and 81.8 ± 8.4%, respectively.
The proportions of variant TTR in kidney glomerulus and peripheral nerves tissues were higher
than that in cardiac muscle tissues (51.9 ± 12.5%). In addition, we demonstrated age-related
significantly increased WT TTR deposits, but not variant TTR deposits, in cardiac tissues of male
patients.
Conclusion: Aging accelerates wild-type transthyretin amyloid deposits in cardiac tissues of male
FAP patients.
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Studies on co-deposition of IAPP and Aȕusing Drosophila melanogaster as a model
Wang Ye, Oskarsson Marie E, and Westermark Gunilla T.
Department of Medical Cell Biology, Uppsala University, 75123 Uppsala, Sweden.
Background: Type 2 diabetes (T2D) and Alzheimer disease (AD) are two of our major diseases,
both with local amyloid deposition as an important mechanism in the pathogenesis.
Epidemiological studies show that patients with T2D have a 2-fold increased risk of developing
AD. The underlying link between the diseases is still unknown but we speculate that crossseeding of amyloid may be of importance.
Objective: To study effects of co-expression of human proIAPP/IAPP and Aȕ
Materials: Drosophila melanogaster expressing human proIAPP/IAPP and Aȕwere established
through crossing. Tissue specific expression was directed by two drivers. The elavC155, a panneuronal driver was used for longevity studies while the PDF-driver that directs expression to the
16 lateral ventral neurons (LNvs) were used for co-localisation studies in dissected brain of 15
and 30 days old flies. Presence of Aȕand IAPP derived aggregates were detected with specific
antibodies.
Results: ElavC155 driven expression of Aȕreduced the median survival time from 58(wt) to 46,
and co-expression of hproIAPP and Aȕor hIAPP and Aȕfurther reduced the survival to 39 and
45 days, respectively. Deposition of aggregates composed of Aȕand IAPP was identified in LNvs
of flies that co-expressed Aȕand hproIAPP or IAPP. The number of LNvs was lower in 30-day262

old flies and depends to some extent on the cell death caused by protein aggregation. The size and
shape of deposits changed overtime from small dot-like aggregates in 15 day old flies to large
sheet-like in 30 day old flies.
Conclusion: Deposition of Aȕand IAPP shows that the two local amyloid peptides interact in
vivo. Co-localization of Aȕand hproIAPP or hIAPP were identified in LNvs.

References:
1.
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disease. Neurology, 2008. 71(14): p. 1065-71.

PC-53
Frequencies and geographic distributions of genetic mutations in hereditary amyloidosis
David B. Zhen, MD; Department of Internal Medicine; Paul L. Swiecicki, MD; Department of
Internal Medicine; Steven R. Zeldenrust, MD, PhD; Division of Hematology; Angela Dispenzieri,
MD; Division of Hematology; Michelle L. Mauermann, MD; Department of Neurology; Morie A.
Gertz, MD; Division of Hematology; all Mayo Clinic, Rochester, MN, USA
Hereditary amyloidosis (HA) is a rare inherited form of amyloidosis with diverse clinical
presentations. Most cases of HA are caused by mutations in the gene for transthyretin (TTR)
(>100 unique mutations have been identified). Several small case series have identified clustering
of mutations in particular geographic regions in the United States. However, the frequencies and
geographic distributions of these mutations and other causes of HA have not been identified for a
large US population. We performed a retrospective cross-sectional study of 284 HA patients seen
at Mayo Clinic in Rochester, Minnesota, from January 1, 1970, through January 29, 2013.
Mutations were identified by DNA sequencing, restriction fragment length polymorphism, or
mass spectroscopy. The genetic testing method was unknown for several patients, but a small
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proportion were identified by family history or by classical clinical presentation associated with a
specific mutation. The most common mutations were Thr60Ala (24%), Val30Met (15%),
Val122Ile (10%), and Ser77Tyr (5%). Mutations associated with rarer forms of HA included
gelsolin (n=3), apolipoprotein A-I (n=6), apolipoprotein A-II (n=1), fibrinogen A-Į(n=9), and
lysozyme (n=1). There was no specific US geographic bias or distribution for any of the
mutations identified. Since HA is a genetically heterogeneous disease with no associated US
geographic bias for specific mutations, the use of commonly associated geographic eponyms is
misleading and should be avoided. Future studies should evaluate the natural history of HA to
assist in the prompt clinical recognition of the disease.
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Effect of robot suit based on cybernics on gait disturbance in patients with familial amyloid
polyneuropathy
Taro Yamashita1,2, Yasuteru Inoue1, Toshinori Oshima1, Yohei Misumi1, Mitsuharu Ueda1,
Masaki Watanabe1, Satoshi Yamashita1, Yasushi Maeda1, Konen Obayashi3, Yukio Ando1
1
Center of Intractable Neurological Disease, Kumamoto-minami Hospital; 2Department of
Neurology, Faculty of Life Sciences, Kumamoto University; 3Amyloidosis Diagnosis Unit,
Kumamoto University Hospital
Background: A wearable robot suit that can support the motion of patients with neuromuscular
disorders has been attracting recent attention. Based on cybernics, the Robot Suit HAL (Hybrid
Assistive Limbs) invented by Prof. Sankai (Tsukuba University, Japan) is able to detect
bioelectrical signals from the neuromuscular system in patients to support mobility by adjusting
the level and timing of the assistive torque provided to knee and hip joints.
Objective: To elucidate the efficacy and safety of HAL on gait disturbance in patients with
familial amyloid polyneuropathy (FAP).
Methods: Four FAP patients (mean age: 70.1±4.5 years old, mean duration of disease: 5.5±3.9
years, mutated type: Val30Met) were examined. The efficacy of HAL were assessed assigning a
score of 2, 1, 0, -1, or -2 for remarkable improvement, improvement, changeless, exacerbation,
and remarkable exacerbation, respectively. Differences were examined by means of the Mann–
Whitney–Wilcoxon test. A difference with a p value of less than 0.05 was considered statistically
significant.
Results: The scores (average, median, and minimum-maximum) were as follows: rising (0.75, 1, 1-2), sitting down (1.25, 1, 1-2), half-rising posture (1, 1, 1-1), walking ease (0.5, 0.5, -1-2),
walking stability (0.25, 0.5, -1-1), buckling while walking (0.75, 1, 0-1), standing on one leg
(0.75, 1, 0-1), lightness of the device (0.5, 1, -1-1), and feeling of satisfaction (0.5, 1, -1-1). The
scores for sitting down, half-rising posture, buckling while walking, and standing on one leg
significantly improved by usage of HAL. Serious adverse events did not occur during the
exercises with HAL.
Discussion: These results suggest the efficacy and safety of HAL on gait disturbance in FAP
patients. HAL may also be used as a next-generation wearable walking tool for patients with
neuromuscular disorders, including FAP.
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Conclusion: HAL is effective on gait disturbance in FAP patients with.
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Carpal tunnel syndrome in amyloidosis: Prevalence, risk factors and correlation with
cardiac involvement in a large cohort of 435 consecutive patients
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Francesca Pastorelli 2, Fabrizio Salvi 2, Claudio Rapezzi 1
1
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Mater Studiorum, University of Bologna, Bologna, Italy; 2 Neurology, Bellaria Hospital, Bologna,
Italy.
Background and Objective. Carpal tunnel syndrome (CTS) is one of the most common clinical
manifestations of TTR-related amyloidosis, both hereditary (ATTR), and wild type (senile
systemic amyloidosis, SSA) 1 and often precedes cardiac symptoms. The exact prevalence of CTS
in amyloidosis however is not known. We therefore aimed to establish prevalence, risk factors
and possible association with cardiac involvement in patients with TTR-related and AL
amyloidosis.
Methods. We retrospectively analyzed clinical and instrumental (ECG and echocardographic)
findings of 260 patients with TTR-related, and 175 with AL amyloidosis evaluated at our Centre
between 1990 and September 2013.
Results and Discussion. Prevalence was 35% in TTR-related amyloidosis (35% in ATTR and
32% in SSA) and 8% in patients with AL (p< 0.001). Among TTR patients, CTS was more
frequently associated with cardiac involvement (76% vs. 42%; p<0.0001) as reflected in the ECG
and echo findings (Table 1), and manifested 9 years before the onset of cardiac symptoms.
Among patients with cardiomyopathy with/without CTS there were no significant
clinical/instrumental differences. At univariate analysis male gender and genotype were not
associated with CTS.
Conclusions. CTS is specifically associated with TTR-related (but not AL) amyloidosis
independently from patient gender. In TTR-related amyloidosis, CTS is more frequently
associated with cardiac involvement, even though patients with cardiomyopathy with/without
CTS have a comparable clinical/instrumental profile. CTS precedes cardiac symptoms onset by 9
years and this awareness is important for an early diagnosis of amyloidotic cardiomyopathy.
References:
1
Yoshiki Sekijima , Shigeharu Uchiyama, Kana Tojo et al. “High prevalence of wild-type
transthyretin deposition in patients with idiopathic carpal tunnel syndrome: a common cause of
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Table 1. ECG and echo findings in patients with/without CTS and TTR-related amyloidosis.
ATTR
WILD-TYPE

Men, n (%)
Cardiomyopathy,
n (%)
Total QRS score
(mV)
Presence of
infarct pattern , n
(%)
Mean LV wall
thickness (mm)
Left atrial
diameter (mm)
Pericardial
effusion, n (%)

CTS
(72)

NO CTS
(132)

p

CTS
(18)

NO CTS
(38)

p

37 (51)
55 (76)

76 (58)
55 (42)

0.483
<0.0001

16 (89)
n.a.

32 (84)
n.a

0.953
n.a.

107 [88-128]

118 [96-139]

0.044

127 [113-150]

116 [97-143]

0.170

37 (51)

30 (23)

<0.0001

13 (72)

24 (63)

0.714

16 [12-18]

11 [10-15]

<0.0001

18 [16-19]

16 [14-18]

0.06

44 [40-46]

39 [34-48]

0.001

51 [46-57]

46 [43-51]

0.03

27 (38)

28 (21)

0.019

10 (56)

21 (55)

0.789
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Regression of gastroduodenal mucosal amyloid deposits in FAP patients after combined
therapy with oral intake of diflunisal followed by liver transplantation
Tsuneaki Yoshinaga1, Masahide Yazaki1,2, Yoshiki Sekijima1, Fuyuki Kametani3, Shu-ichi
Ikeda1,
1
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Aim: Recently we reported that steady amyloid turnover (continuous deposition of wild-type
TTR and clearance of deposited amyloid derived from both wild-type and variant TTR) would
occur in every organ of transplanted FAP patients. This evidence suggests the possibility that
blocking of wild-type TTR can further facilitate reduction of amyloid deposits after liver
transplantation. The aim of this study is to elucidate the therapeutic impact of diflunisal on
amyloid turnover in transplanted FAP patients.
Patients and Methods: Gastroduodenal tissues of two transplanted FAP patients were examined
after Congo-red staining. Patient 1 (ATTR Glu42Gly) underwent liver transplantation at age 45
and patient 2 (Ser50Arg) at age 31. Both patients started to take diflunisal (500 mg/day) a half
year or two years after liver transplantation and serial gastroduodenal mucosal biopsies were
performed before and after liver transplantation. Postoperative follow-up was done up to 7 years
(patient 1) and 4 years (patient 2) respectively.
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Results: In both patients, mild to moderate amyloid deposits were seen mainly on submucosal
layer of gastroduodenal tissues before liver transplantation. In patient 1, deposited amyloid
gradually disappeared after the combined therapy. While in patient 2 the amount of amyloid
deposits seemed to increase two years after operation, reduction of deposited amyloid was
observed four years after operation. (Investigation of composition ratio of wild-type TTR in
deposited amyloid is now in progress.)
Conclusion: A previous report indicated that no clear change in amount of amyloid was seen in
transplanted FAP patients in less than 5 years after liver transplantation (Tsuchiya et al. Amyloid
2013). Hence, the combined therapy with intake of diflunisal followed by liver transplantation
may be effective in reduction of amount of amyloid deposits in transplanted FAP patients. Our
results strongly suggest that difulnisal can certainly block wild-type TTR deposition after liver
transplantation.
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