ARM

Advancement of Research for Myopathies




Advancement of Research for Myopathies (ARM) is a 50I(c) (3)
non-profit organization. The mission of ARM includes curing
Hereditary Inclusion Body Myopathy (HIBM) and promoting
muscle regeneration. ARM was founded by Dr. Daniel Darvish
and Dr. Babak Darvish who are also HIBM patients.

Every year unsuspecting young adults are diagnosed with
HIBM, a genetic muscle wasting disease that causes severe
disability in the prime of life, and can lead to quadriplegia.
Although rare worldwide, HIBM is common amongst people of
Middle-Eastern background. Besides clusters of patients
described in people of Iranian and Japanese heritage, HIBM
patients are found all over the World, originating from every
continent including Europe, Americas, and Africa. To the
scientific community, HIBM is also known as IBM type 2
(IBM2), Distal Myopathy with Rimmed Vacuoles (DMRV),
Nonaka Myopathy, Quadriceps Sparing Myopathy, or GNE
related myopathy.

In 1997, there was no definitive diagnosis for HIBM, no
information for patients, no knowledge available in the
community, little to no ongoing research, no treatment,
essentially no hope.

Today, with your support, we have transformed the landscape to
the most exciting stages of HIBM research, offering easy and
fast diagnosis by mouth swab or saliva sample, ample



knowledge and information available to all, potential
treatments soon to become available, tremendous hope, and a
cure within reach.

Dr. Daniel and Dr. Babak Darvish, both HIBM patients,
spearhead an organized effort toward public awareness and
fundraising to advance research on HIBM.

ARM funds early research and starts collaborations with
Hadassah in Israel. ARM collects blood samples from patients
all over the world to accelerate identification of the gene
responsible for HIBM.

In addition to Hadassah, ARM starts research funding and
collaboration with UCLA and USC.

ARM is registered and incorporated as an independent non-
profit, approved by IRS as a 501(c)(3) tax-exempt organization.
ARM expands fundraising efforts, community outreach, and
public awareness for HIBM.



ARM-funded research at Hadassah leads to finding the
responsible gene mutation. This was made possible by funding
and blood samples collected by ARM from HIBM patients and
their family members living all over the world.

ARM recognizes urgent need for greater scientific community
involvement and identification of worldwide expertise to
accelerate development of a treatment for HIBM.

Research projects are funded at Hadassah in Israel, UCLA, and
USC in Los Angeles.

To support HIBM research and provide patient services, ARM
establishes a reference laboratory known as HIBM Research
Group (HRG). Additionally, HRG produces and provides vital
biomaterials for all interested researchers worldwide.

ARM’s laboratory formulates the first therapeutic hypotheses
including substance therapy (ManNAc), gene therapy, and stem
cell therapy, and identifies worldwide leading experts for all
three. ARM offers streamlined testing for HIBM and ongoing
patient counseling and support.



ARM proposes the potential cause of muscle wasting: the lack
of Sialic Acid. ARM sponsors HIBM workshop at UC Irvine.
ARM and HRG begin development of mouse model, critical
biomaterials, and other reagents for HIBM research.

National Institutes of Health (NIH) holds a multi-day HIBM
workshop with Dr. Daniel Darvish as keynote speaker,
inspiring global research on HIBM. HRG begins collaboration
with NIH.

Research projects are funded at Hadassah in Israel, USC in Los
Angeles, and HRG.

HRG laboratory establishes cell culture and distribution center
for HIBM research samples, much needed biomaterials and
reagents to support researchers worldwide.

ARM and HRG introduce simple and efficient mouth (buccal)
swab test for HIBM.
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HRG receives accreditation by CAP (College of American
Pathologists), an internationally recognized program for
laboratories achieving the highest standards of excellence in
clinical testing quality assurance.

Research projects are funded at Laval University in Canada,
Johns Hopkins University, and HRG.

ARM and HRG create the world’s first mouse model of HIBM,
causing tremendous excitement in the scientific communities.
HRG innovates and develops a remarkably elegant and rapid
HIBM test with results in 1-2 days for the Middle Eastern
mutation of GNE.

HRG develops clinical sequence analysis of GNE gene, leading
to discovery of new mutations and identification of HIBM
patients in different communities across the globe.

Research projects are funded at Laval University in Canada,
Johns Hopkins University, and HRG.



ARM-funded HRG refers patients to NIH and makes first
therapeutic clinical trial possible for HIBM patients by
administering IVIG (Intra-Venous Immune Globulins).

Research projects are funded at Laval University in Canada,
HRG, Hadassah in Israel, UC Irvine, and University of
Wisconsin.

HRG begins collaboration with Mary Crowley Medical
Research Center (MCMRC) in Texas towards formulation and
development of HIBM gene therapy.

ARM launches a new campaign to increase awareness
worldwide and to unite HIBM patients from all communities,
creating a support group for all who are affected by this
disorder.

ARM-supported research by HRG and NIH proves ManNAc
(N-Acetylmannosamine) to be beneficial in HIBM mouse
model.



ARM and HRG support essential work for gene therapy by
providing critical biomedical materials produced by HRG.

Research projects are funded at Wisconsin, UC San Diego, and
HRG.

ARM/HRG introduce other affected families to HIBM
researchers and share years of research experience and results,
hoping that research will move forward even faster.

ARM and HRG support the world’s first gene therapy trial with
one patient (approved on a compassionate basis by FDA) by
providing essential biomedical genetic material.

Dr. Babak Darvish receives Muscular Dystrophy Association
(MDA) grant to develop additional mouse models for HIBM
research.

Research fellowship is funded at UCLA, and research project
funded at Gulbenkian Science Institute in Portugal. HRG
collaborations are ongoing at MCMRC in Texas.



ARM and HRG continue to work on improving gene therapy
delivery and vector design, and make progress toward
improving tests to measure sialic Acid in HIBM patients in
order to measure the effectiveness of gene therapy.

Dr. Babak Darvish receives Jefferson Award for his dedication
to ARM and volunteering for this noble cause to find a cure for
HIBM.

ARM and HRG continue their fervent efforts focused on
facilitating FDA approval for multi-patient clinical trials with
gene therapy.

HRG receives FDA Orphan Drug designation approval for
gene therapy vector and ManNAc, paving the way for a rapid
and streamlined drug development pathway.

ARM and HRG continue to raise awareness, offer HIBM
testing, support and counsel patients and their families, seek
financial resources and raise money to FUND the cure for
HIBM.
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FDA Orphan Drug Status Approval

HIBM Research Group (HRG) is two steps closer to developing
a treatment for the muscle-wasting disorder that is gradually
robbing HIBM patients of their ability to live healthy and
productive lives. In 2010 Dr. Darvish was notified that the U.S.
Food and Drug Administration (FDA) approved both of the
orphan drug designation applications he filed in February.

The Orphan Drug Act (ODA), is meant to encourage
pharmaceutical companies to develop drugs for diseases that
have a small market. Under the law, companies that develop
such a drug (a drug for a disorder affecting fewer than 200,000
people in the United States) receive specific benefits outlined
under the orphan drug act.

"It's a significant boost to our efforts, both in terms of
fundraising and partnering with Pharmaceutical companies
specializing in clinical development of orphan drug products, "
Dr. Darvish said.

NIH TRND Program Tackles HIBM
The National Institutes of Health (NIH) Program for

Therapeutics for Rare and Neglected Diseases (TRND) selected
HIBM as one of the five-rare/neglected diseases pilot projects.



HIBM was selected as direct result of research on the mouse
model produced by HRG. The TRND program was established
to work together with scientists, advocates and others to do the
required research and testing on drugs before a compound can
be tried in humans in a clinical trial.

TRND is funding the needed toxicology studies for N-Acetyl-
mannosamine (ManNAc) as a promising HIBM therapeutic.
FDA needs the toxicology work before we can begin clinical
trials on human patients.

HRG identifies a potential blood biomarker for HIBM that may
reduce the need for serial muscle biopsies in HIBM treatment
trials.

HRG completes pre-clinical meeting with FDA regarding gene
therapy as Investigational New Drug (pre-IND meeting).

HRG completes preclinical safety (toxicology) studies for gene
therapy in two animal species. ARM made it possible to
discover that HIBM is surprisingly common in the Sangesar
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population of northern Iran. About 800 random samples
collected, and roughly 1 in 25 persons of this origin are carriers
of HIBM.

HRG filed Investigational New Drug (IND) application to the
Food and Drug Administration (FDA) and National Institutes of
Health Recombinant Advisory Committee (NIH-RAC), and
obtained permission for gene therapy trial preparations in human
patients.

ARM and HRG hope that the gene therapy clinical trials will
begin in the near future, which will be a significant milestone in
ARM and HRG history.

Following initial promising testing in HIBM mouse model
developed by HRG, the National Institutes of Health (NIH)
Therapeutics for Rare and Neglected Diseases (NIH-TRND)
program completed phase 1 study of N-Acetylmannosamine
(ManNAc) in human patients.
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Following collaboration during 2010-2012 and licensing of
sialic treatment for HIBM from HRG, Ultragenyx
pharmaceuticals continued clinical development of oral sialic
acid extended-release (SAER). The trial showed positive results
with stabilization of arm strength in HIBM patients.

ARM and HRG began offering free genetic testing of other
genetic disorders that occur more commonly in families of
Middle-Eastern origin.

ARM and HRG continued working on the Middle-Eastern
genetic disorder testing project. Rapid diagnostic testing and
prevalence information is the first step towards advancing
development of therapeutics for such serious genetic
diseases. More than 20 other genetic diseases have been
identified that more commonly affect people of the Middle East,
and for which ARM is well suited to tackle. These genetic
diseases include serious and life-threatening disorders such as
Wolman and Usher. Wolman disease is lethal before 1 year of
age. Usher syndrome causes loss of both hearing and vision.

HRG laboratory collaborated with Synageva BioPharma during
their development of enzyme replacement for Wolman
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Disease. Kanuma (sebelipase alfa) approved by FDA in 4th
quarter of 2015. Such collaboration was made possible as a
direct result of ARM seed grant funding of HRG.

Summary

ARM and HRG have accomplished what they set out to do
many Yyears ago, accelerating the development of several
treatments for HIBM. Two potential treatments are currently
in clinical trials, and gene therapy for HIBM will hopefully
soon enter clinical trials.

With your continued support we can move forward towards
clinical development of gene-therapy. In the next few years, we
expect to stop muscle wasting caused by HIBM, and we will
accelerate the progress for developing much needed treatments
for other devastating genetic diseases that disproportionately
affect our community.
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How To Help ARM

ARM has achieved tremendous progress towards a cure for
HIBM. With your continued support we will together complete
this journey.

Please mail donations to:

ARM
P.O. Box 261926
Encino, CA 91426-1926

“It’s every man’s obligation to put back into the world
at least the equivalent of what he takes out of it.”

----- Albert Einstein
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Acvancement of Research for Myopathies

Yes. I would like to donate the amount of $

NAME as

PHONE L

EMAIL

Donate by Credit Card:

[ 1Visa [ ]Master Card [ ] Discover [ ]Other
_ ; gy
= &

Name on Card:

Card Number - = .

Expiration Date CVVv

Address

City, State, Zip

Please mail this form or donation to: ARM
P.O. Box 261926
Encino, CA 91426

ARM is recognized by IRS as a 501{C)3 non-profit organization, and contributions are tax deductible.
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Overview Financial Charts

Total Program Ff"fd Admin Gross Event
FYE Revenue Expgnses E':::::ggs Expenses | Receipts Expenses
9/30/1999 10,000 10,000 0 0 10,000 0
9/30/2000 218,655 214,086 0 0 228,655 10,000
9/30/2001 140,755 50,564 2,117 5,524 140,755 0

9/30/2002 497,860 | 216,367 38,220 9,073 508,277 10,417
9/30/2003 297,982 327,980 51,497 20,437 324,612 26,630
9/30/2004 299,544 352,959 33,352 15,109 366,250 66,706
9/30/2005 459,154 339,083 37,688 17,940 513,313 54,159
9/30/2006 394,006 450,992 40,771 4,834 415,014 21,008
9/30/2007 474,751 449998 56,559 6,482 527,866 53,115
9/30/2008 618,746 | 255,738 110,503 24,634 737,366 118,620
9/30/2009 383,247 | 466,135 97,751 31,238 511,552 128,305
9/30/2010 366,650 | 209,431 47,250 28,977 490,019 123,369
9/30/2011 153,339 224,106 30,088 22,262 194,644 41,305
9/30/2012 187,992 108,696 24,585 7,193 273,835 85,843
9/30/2013 189,557 198,307 24,620 13,935 266,289 76,732
9/30/2014 259,346 199,452 24,517 27,992 316,647 57,301
9/30/2015 73,624 53,649 25,683 15,840 101,721 28,097

Totals  $5,025,208 | $4,127,543 $645,200 $251,470 $5,926,815 $901,607

82.15% 12.84% 5.01%
Total Expenses  $5,024,214

. Fiscal years ends 1999-2005 and 2014-2015 are based on tax returns. 2006-2010 is based on audited financial
statements.

. Gross Receipts minus Event Expenses equals Total Revenue as reported on Tax Returns.

. Research Expense is equivalent to Program Services as reported on audit reports.

Expenses %

® Program
@ Fund aising
@ Admin




ARM Awarded Projects

Investigator Institution Project Description Amount

Dr. Richard Gatti ~ UCLA Patient Identification and sample collection $ 10,000
Dr. Zohar Argov  Hadassah, Jerusalem Genotyping and sequencing efforts. $ 59,000
Dr. Richard Gatti ~ UCLA Patient identification and linkage analysis. $2,000
Dr. Zohar Argov ~ Hadassah, Jerusalem Genotyping and sequencing efforts. $ 52,000
Dr. Arastoo . . A
Vojdani Molecular Genetic Lab ~ Sample collection and genotyping. $ 50,000
Dr. Richard Gatti ~ UCLA HIBM Linkage analysis. $ 44,500
Dr. Chaim Jacob ~ USC Sample collection and genotyping. $ 19,826
Dr. Richard Gatti ~ UCLA HIBM Linkage analysis. $ 17,760
Dr. Daniel Darvish  HIBM Research Group ~ Laboratory startup and sequencing. $ 30,000
Dr. Stella Mitrani Mechanism of pathogenesis of
Rosenbaum Hadassah, Jerusalem GNE/MNK in HIBM. $120,000
Dr. Hudson Freeze  UCSD Initial analysis and potential therapy for § 55,806
HIBM.
Dr. Valerie Usc HIBM Research. § 55,000
Askanas
Initial study of antisense GNE/MNK and
Dr. Jianping Zheng  USC over-expression of mutant GNE in human $ 40,535

skeletal muscle primary culture.
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ARM Awarded Projects

Investigator Institution

Dr. Jaques
Tremblay

Dr. Daniel Darvish  HIBM Research Group

Johns Hopkins
University

Laval University,
Canada

Dr. Kevin Yarema

Dr. Jaques Laval University,
Tremblay Canada
Dr. Yadira Valles- HIBM Rescarch Group
Ayoub

Johns Hopkins

Dr. Kevin Yarema L
Universit

Dr. Jaques
Tremblay

Dr. John Wolff

Laval University,
Canada

University of Wisconsin

Dr. Masashi

Kitazawa ucl

Dr. Stella Migey Hadassah, Jerusalem
Rosenbaum

Dr. Yadira Valles-

Ayoub HIBM Research Group

Project Description

Transplantation of genetically modified
myoblasts from patients with IBM2.

Establishment of cell culture & distribution.

Probing the role of GNE/MNK mutation of
HIBM.

Preparation of transplantation of genetically
modified myoblasts to HIBM patients.
Laboratory cost, HIBM testing, Providing
reagents and samples.

Probing the role of GNE/MNK mutation of
HIBM (renewal).

Preparation of transplantation of genetically
modified myoblasts to HIBM patients.
Preliminary vector construction and
Validation for HIBM gene therapy.

Impact of Amyloid-Beta overproduction on a
mouse model of HIBM, Generation of
Amyloid Precursor Protein (APP) & GNE
double transgenic model.

Establishment of in-vitro and in-vivo
experimental systems for HIBM.

Laboratory cost, HIBM testing,
Maintaining/expanding HIBM mouse colony,
Supporting researches with samples and
reagents.
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Amount

$ 73,000
$56,331

$ 77,159

$92,100
$261,240

$ 111,872

$ 77,159

$ 15,000

$ 45,000

$ 150,000

$319,415



Investigator

Dr. Ajit Varki

Dr. John Wolff

Dr. Yadira Valles-
Ayoub

Dr. John
Nemunaitis

Dr. Ichizo Nishino

Dr. Moises Mallo

Dr. Yadira Valles-
Ayoub

Dr. Yadira Valles-
Ayoub

Dr. Perry Shieh

ARM Awarded Projects

Institution

UCSD

University of Wisconsin

HIBM Research Group

Mary Crowley Medical
Research Center, TX
National Institute of
Neurology of Japan

Gulbenkian Science
Institute

HIBM Research Group

HIBM Research Group

UCLA

Project Description

Engineering human-like Sialic Acid in mice
with HIBM.

Gene therapy for Inclusion Body Myopathy
Type II (IBM2).

Laboratory cost, HIBM testing,
Maintaining/expanding HIBM mouse colony,
Supporting researches with samples and
reagents.

Developing gene therapy for HIBM.

Distal Myopathy with Rimmed Vacuoles
(DMRV) and HIBM mouse model.

Identifying the critical source of Sialic Acid

as a product of GNE activity..

Maintaining/expanding mouse colony,

Improvement of HIBM mouse model,

Maintaining CLIA and CAP accreditation and

developing Middle-Eastern genetic testing
anel.

Maintaining/expanding ~ mouse  colony,
Improvement of HIBM mouse model,
Maintaining CLIA and CAP accreditation and
developing Middle-Eastern genetic  testing
panel, GNE gene therapy toxicology analysis,
Validating HIBM (GNE) therapy vector.

Fellowship award for HIBM (Dr.Shirley Chi).
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Amount

$81,201

$ 100,000

$363,849

$ 50,000

$ 45,000

$ 45,000

$ 218,046

$107,192

$ 65,000



ARM Awarded Projects

Investigator Institution Project Description Amount

Phenotype analysis of HIBM mouse model,
Developing and validating HIBM (GNE) gene

Dr. Yadira Valles- therapy vector, in-vitro GNE gene therapy

Ayoub HIBM Reseatch Group toxicology analysis, Obtaining orphan drug § 214,000
designation, Maintaining CLIA and CAP
accreditation.

In-vivo GNE gene therapy toxicology analysis,
HIBM Research Group ~ Maintaining CLIA and CAP accreditation,
Developing Middle-Eastern genetic testing panel.

Dr. Yadira Valles-

Ayoub $92,414

Continuing pre-clinical toxicology studies, File
Investigational New Drug (IND), Maintaining
HIBM Research Group ~ mouse colony, Maintaining CLIA and CAP $ 185,160
accreditation and launching Middle-Eastern
enetic testing Panel.

Dr. Yadira Valles-
Ayoub

In-vivo GNE gene therapy toxicology analysis,
Dr. Yadira Valles- Maintaining CLIA and CAP accreditation,
Ayoub HIBM Research Group Maintaining mouse colony, Continuing Middle-
Eastern genetic testing Panel.

$ 193,552

Expanding and continuing Middle-Eastern
HIBM Research Group  genetic testing Panel, Maintaining CLIA and CAP  $ 37,068
accreditation, Maintaining mouse colony.

Dr. Yadira Valles-
Ayoub
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