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25th Anniversary, Race to Erase MS

On Friday, April 20th, Multiple Sclerosis (MS) advocate and
| Center Without Walls founder, Nancy Davis, welcomed guests
to the Beverly Hilton for its historic 25th Anniversary Race to
Erase MS Gala. The event raised over $1.7 million to benefit
the Race to Erase MS and its Center Without Walls program. a
collaboration of top MS research centers working together as a
M team on ground-breaking research with the goal of treating
and, ultimately, finding a cure for MS.

Host Scott Rogowsky (HQ Trivia) welcomed guests to the
event and introduced the Fall 2018 runway show from
Hollywood-favorite fashion brand alice + olivia by Stacey
Bendet. The looks were showeased by a variety of models and
actors, including Victoria Justice, Seravah. Paris Sanders,
Francesa Capaldi, and Ajiona Alexus. Race to Erase MS
founder Nancy Davis ook the stage next, thanking guests for
being in the room to celebrate the momentous 25th
Anniversary Gala, She shared a special video highlighting the
incredible accomplishments of the organization over the past
quarter century, including raising over 547 million for the
Center Without Walls program.

Peter Facinelli introduced the first performer of the evening,
Grammy Award-nomimated artist Elle King, who had the
crowd on their feet with her hit song “Ex’s & Oh's™ and a cover
of Tam Petty’s “American Girl.,” Brother and sister duo Kelly

{GALA continued on Page 14)

American Academy of Neurology
2018 Conference Recap By Erin Longbrake, MD, PHD, Yale

The 2018 AAN meeting was held in Los Angeles April 21-27. 2018, Highlights of the meeting
included the emergence of neurofilament light chain (NfL) as a promising new biomarker for
disease activity and effectiveness of treatments, Other highlights were updates on B-cell thera-
pies for MS and en therapies for progressive MS that are in development.

Neurofilament light chain: a new biomarker for MS? For decades, clinicians and researchers
have recognized the need for an easily tested biomarker o monitor whether patients with MS
are responding to treatment or not. Now, neurofilament light chain (NfL) is emerging as an
exciting new candidate biomarker, Neurofilament is a protein expressed by newrons, which is
released into the spinal fluid and the blood when the nerve cells are damaged. New technology
has allowed NF-L to be detected in the blood. as opposed to the spinal fluid, and this makes it
much more feasible to routinely use this biomarker for M8 research and in clinical practice,
Numerous posters and platform talks at AAN centered on whether NfL could be used to help
monitor the severity of MS and to determine whether medications are being effective. The data
demonstrated that NEL levels correlated with the number of enhancing brain lesions on MR as
well as with numerous other metrics including clinical disability and brain atrophy. Blood levels
of NfL were reduced in response to many types of disease modifying therapies, including both
established medications (natalizumab, ocrelizumab, fingolimod) and new medications under
development (siponimod, czanimod).

B-cell therapies for MS: Last year, the MS community was re-energized by the groundbreaking
disease modifving therapy ocrelizumab, which was approved by the FDA in March, 2017,
Ocrelizumab depletes one type of circulating immune cell, called B-cells, At this year’s AAN

(AAN continued on Page 14)
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Message from

Nancy Davis

President and Founder

2008 marks the 25th vear of our Race to
Erase MS, our silver anniversary., What an
amazing milestone we all have reached
together as a team. [ feel so blessed to know
s0 many incredible role models and sup-
porters and have each and every one of you
as an empowering and important piece of
this intricate puzele that is vuly finding a

cure for Multiple Sclerosis. What siarted
out 25 years ago as the “impossible dream™ has materialized into
a reality which is no longer a dream.

When we started this journey 23 years ago, | was newly diag-
nosed with MS. [ was a young mom with three voung sons fecl-
ing very alone and scared. | was told | would never walk again
and the most | would get to look forward to in my life was oper-
ating the remote control on my TV, There was no known cause,
no drugs on the market. and literally no hope. Through much
soul searching, | came up with my impossible dream, The Center
Without Walls.

Today, we have seven of the best M5 centers in the country who
work together as g team from Harvard, Yale, Johns Hopkins,
USC, UC San Francisco, Oregon Health Science University and
Cedars-Sinai. They are the best and brightest minds in M3
research who follow our motto of constantly communicating and
never duplicating research to develop the next generation of
treatments for MS as well as training the next generation of
researchers,

We are committed to our mission to fund research grants to
Young Investigators as we strive (o support the most highly
advanced and mosi innevative research to lead us to a cure for
M35, Ground-breaking basic science is at the heart of our Young
Investigator program.,

Thank you to everyone who has supported our mission for 25
years, Thank vou for 13 therapies, for hope and tomorrow a cure

for MS.

Peace and Love,

/.

Scientific Advisory Board

Dr. Andrew Goodman joins our stellar
review team to help lead us to finding
a cure for multiple sclerosis!

We are thrilled and honored to welcome Dr, Andrew Goodman
o our prestigious Center Without Walls Scientific Advisory
Board (SAB). Dr. Henry McFarland. Dr. Monica Carson, Dr.
Anne Cross and Dr. Daniel Reich are truly the most stellar team
of brilliant minds who will continue to lead our foundation in
supporting ground breaking research initiatives.

We congratulate our team on helping to break down barriers and
create excellent communication with no duplication of basic sci-
ence research, bringing us one step closer to finding a cure, We
are s0 appreciative of our brilliant doctors who will continue 1o
lead our foundation in funding only the highest quality of
research to expedite our mission to Erase MS.,

Andrew D. Goodman, MD is Professor of
MNeurology, Chief of the Neuroimmunology
Division, and Director of the Multiple
Sclerosis Center at the University of
Rochester. He completed a research fel-
lowship in the Neuroimmunology Branch
at the National Institutes of Health,
Bethesda, Maryland under the mentorship
of Drs. Dale McFarlin and Henry
McFarland. Dr. Goodman’s interests include clinical and exper-
imental therapeutics research. Visit our website to read Dr.
Goodman’s most impressive and extensive biography,

ALEX AND ANI

With the start of summer, there’s
always a reason to celebrate! ALEX
AND ANI has donated over 51.2
million to Race to Erase M5, help-
ing to support 16 research grants
though our Center Without Walls
program. Every day we move closer
to finding a cure for MS.

Thank vou to this incredible company and their founder, Carolyn
Rafaclian, for supporting our quest o find a cure for multiple
sclerosis.

Cur Cupeake charm bangle that exclusively benefits Race to
Erase MS can be purchased at alexandani.com/cupcake-charm-
bangle-chd | Teesg html. ALEX AND ANI will donate 20% of
the purchase price with a minimum donation of $25.000 between
January 2018 and December 201 8!
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25 Years of Racing to Erase MS

Center Without Walls program accomplishments

The Race to Erase M5 was founded in 1993 and over the last two decades our esteemed
Center Without Walls program has been involved in many of the cutting-edge discov-
eries in the MS field in the last 25 vears, We are now so much closer to putting most
relapsing patients into long-term remissions and starting to develop real therapies for
people with progressive MS.

The brilliant team of doctors representing the Center Without Walls program have bro-
ken down scientific barriers and made ineredible discoveries in M5, The foundation’s
core focus is funding Young Investigator Awards ($75.000 each) and Innovation
Awards (575,000 each). Race to Erase MS is the only foundation that actively supports
Young Investigators. We are the niche leader in funding these promising young inves-
tigators during the critical time of their career, developing their independent research
programs and keeping them in the MS research sector, Without the Race to Erase MS
Young Investigator award. these doctors would likely leave MS research and pursue a
private practice. The program also creates a collaborative environment to interact with
senior mvestigators,

Our strategy is 10 fund important studies at the basic science level when they are just
an idea or in their infancy, When they show promise or efficacy, drug companies come
in and take this research all the way to getting FDA approval. Our program has been
able to foster research on several approved drugs for MS including Ocrevus. Tecfidera,
Gilenya, Tysabri, Copaxone, Rebif, Avonex. Betaseron, and Novantrone. The Center
Without Walls seientific contributions have helped bring these drugs to the market but
have also identified how these drugs work. in order fo maximize their benefit,

Our foundation makes a huge impact in the research arena by supporting innovative
research projects that would not ordinarily receive funding through government or
other foundation sources, We create opportunity for daring projects to come to life, out
of the box concepts, that could potentially lead to a cure. The Race to Erase MS Center
Without Walls program fosters a collaborative research community among the 7 partic-
ipating academic institutions which are M3 centers of excellence. Scientists share their
research results within the program to accelerate progress and have expeditated discov-
eries because of this unique platform of team work. Ground-hreaking conecepts have
germinated through the program and ultimately made it to patients to improve their
lives. Some of these include:

*We have identified the genes that can make someone susceptible to developing M5,
We know now that there are over 200 genes. This knowledge should lead us to devel-
oping new treatments to prevent MS.

*Low vitamin D levels and diet can influence the likelihood of developing MS. 25 years
ago no one believed that lifestyle affected the course of this disease. which we now
know is not true.

*Responsible tor the NAIMS project which is the internationally renowned Imaging
program. This brings together MR MS researchers from multiple academic research
programs. This is the only definitive tool to diagnose and treat MS,

We are proud of the tremendous strides that have been accomplished in our Race to
Erase MS and the advances that have been made towards finding a cure. We thank
everyone who has supported our vision and to all those who “race™ with us in unwa-
vering generosity in our journey to find a cure for MS. There are now 15 drogs with
FDA approval to help stop the progression of MS and more on the horizon, The future
is bright for the person being diagnosed today with multiple sclerosis.
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SCIENTIFIC ADVISORY BOARD

Manica J. Carson, Ph.D,
Professor and Chair,
Division of Biomedical Sciences
UC Riverside, School of Medicine
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Andrew Goodman, M.D.
Professor of Neurciogy,
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Scientific Director
Cumming Foundation

Daniel §. Reich, M.D., Ph.D.,
Investigator,
Translational Meurgradiology Unit,
Johns Hopking

CENTER WITHOUT WALLS PROGRAM
RESEARCH CENTERS

Dennis N. Bourdette, M.D.
Oregon Health Sciences University

Peter A. Calabresi, M.D.
Johns Hopkins Hospital

David Hafler, M.D.
Yale University School of Medicine

Daniel Pelletier, M.D,
University of Southemn Califormia

Mancy Sicotte, M.D.
Cedars-Sinai

Emmanuelle Waubant, M.D.,
University of California, San Francisco

Howard Weiner, M.D.
Brigham & Waomen's Hospital, Harvard

Center Without Walls Medical Director
Emmanueile Waubant, M.D.,
University of California, San Francisco
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WE RUN THE GROVE

for Race to Erase MS - June 3, 2018

The Grove and Race to Erase M5 hosted its 3rd
Annuil WE RUN THE GROVE 13,1 mile run, 10K
and 5K with charity parter Race to Erase MS on
Sunday, June 3rd. The morning was kicked-off with
an enthusiastic warm up sponsored by Nike.

Race to Erase MS founder Nancy Davis welcomed
runners at the start line and then introduced Honorary =
Chair Lauren Paul who inspired the crowd before the
run, Lauren’s father Tom was diagnosed with MS 13
years ago and she spoke of his tremendous spirit and
determination to not let MS deline his life.

Crramimy award winning songwriter Siedah Garrett
sang the MNational Anthem. Just last year, at our 24ih
Giala event, Siedah announced for the first time to the
world that she herself has been battling MS,

Siedah Garretl, Mancy Davis. Lauren
Paul, Tom Parsekian

Runners and walkers took off down First Street in a staggered start and proceeded to
run/walk the local streets, wearing The Grove branded tees, Race to Erase MS dedicat-
ed supporter Matt Rosler captured the event through our Facebook Live for everyone
in the world to enjoy. Runners returned through a balloon arch near the trolley barn and
enjoved an after-party in The Park with a health expo, treats, music and a photo oppor-
tunity. Thank you to our water sponsor Core Hydration and to our photo sponsor, The
Green Screen. Thank vou to all of our vendors; doTerra, Kind, Noosa Yoghurt, Organic
Walley, Pasta Chips. RX Bars, Vita Coco. We are thrilled to be partnering once again
with “We Run The Grove™ for a spectacular morning of inspiration and health.

Y]

Left to Right: Sledah Garrett joins the Nike warm up; Runners get ready at the start line;
Lauren Paul walcomes participants with Nancy Davis and Siedah Gamelt. Everyone is off on the course!
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CENTER WITHOUT WALLS
Cuollaborating Physicians

Dir. Katerina Akassoglou, UCSF
Dr. Lilyana Amezcua, USC
Dr. Lisa Barcellos, UCSF/Berkeley
Dr. Dennis M, Bourdette, OSHU
Dr. Peter A, Calabresi, Johns Hopkins
Dir. Rob Bakshi, Harvard
Dr. Michele Cameron, OHSU
Dir. Tanuia Chitnis, Harvard
Dr. Marzarita Dominguez-Villar, Yale
Dr. Ben Emery, OHSU
Dir. Wendy Gilmore, USC
Dr. Jennifer Graves, UCSF
Dr. David Hafler, Yale
Dr. Roland Henry, UCSF
Dir. Adam Kaplin, Johns Hopkins
Dr. Eve Kelland, USC
Dr. Vijay Kochroo, Harvard
Dr. Brett Lund, USC
Dr. Kelly Monk, OHSU
Dir. Ellen Mowry, Johns Hopkins
Dre. Gopal Murugaiyan, Harvard
Dr. Kevin O'Connor, Yale
Dr. Dan Ontaneda, NAIMS Project
Dr. Daniel Pelletier, USC
Dr. Samuel Pleasure, UCSF
Dr. William Reooney, OHSLI
Dr. Nancy Sicotte, Cedars-Sinai
Dr. Jack Simon, OHSU
Dr. Rebecca Spain, OHSU
Dr. V) Yadav, OHSLI
Dr. Emmanuelle Waubant, UCSF
Dir. Howard Weiner, Harvard
Dr. Leslic Weiner, USC
Dr. Katie Whartenby, Johns Hopkins
Dr. Don Zack. Johns Hopkins
Dr. Seott Zamvil, UCSF

2018-201% Young Investizators
Dr. Michael Kornberg, Johns Hopkins
Dr. Erin Longbrake, Yale
Dr. Nikolaos Patsopoulos, Harvard
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Project Update IMS

BY Dr. NEI‘ICV Eicutl:e, Cedars-Sinai North American imaging in M3 Cooperalive

Meetings: The |(th NAIMS meeting was held in February 2008, A full day workshop entitled “Deep Gray Matter Injury in MS”
took place at the Hilton Bayside Hotel in San Diego, CAL A group of international experts in the fields of immunelogy, neuroimaging.,
informatics and statistics presented their latest updates in a highly informative and productive meeting led by Drs. Christina Azevedo
and Daniel Ontaneda, The proceedings of this meeting will be published in the coming months, Four more sites (UTSW, Univ of
Maryland, Univ of Pittsburgh, UC lrvine) were approved for NAIMS membership, bringing our current total to 31 centers in the US
and Canada,

Grants/Projects: Thanks to the generosity of the Race To Erase MS contributors, we are now able o expand the pilot study to val-
idate the Central Vein Sign (CVS) from 6 to 10 sites, and to increase enrollment to [00 subjects. The findings from this study will
be eritical in establishing the usefulness of a new type of MR scan that will allow an earlier and more accurate MS diagnosis. Plans
are underway to use the pilol study data to obtain funding for a definitive study to establish the role of CVS in MS diggnosis. NAIMS
is working with MRI scanner manufacturers to incorporate the software for CVS in all scanners in the future.

Manuscripts: A total of 5 manuseripts from the NAIMS cooperative have been published, one is submitted and one is in preparation.

Upcoming events in October 2001 8: The NAIMS cooperative will join our European counterparts in Berlin, Germany for the second
joint NAIMSMAGNIMS social hour. The first event was a great success and orged new projects and collaborations. We are looking
forward to another exciting and productive year ahead!

What is NAIMS? The North American Imaging in Multiple Sclerosis Cooperative (NAIMS) was established in 2012 with the sup-
port of the Race to Erase M5, The goals of the NAIMS group are to: (1) develop reliable imaging-based measures for disease-pro-
gression in multiple sclerosis (MS); (2) aceelerate the pace of MS rescarch in North America by creating standardized imaging pro-
tocols for use in clinical research: and (3) bring together a range of imaging expertise focusing on the study of MS,

Uncovering Myelin
By Jennifer Orthmann Murphy, Johns Hopkins

Myelin, a specialized structure formed by oligodendrocytes in the brain, wraps around the output portion of neurons {or "axons")
providing insulation, protection, and support to the neuron so that it may send signals to other neurons throughout the brain and body.

The zoal of this project was to determine whether life experience could change myelin. We used a cutting-edge technique called in
vivo two-photon microscopy. which is an approach that allows for long-term monitoring of living cells, and their individual fearures,
in the intact brain. We studied the cortex of the brain, an area that contains more neurons than oligodendrocyies and myelin. 1n par-
ticular, we examined the area that receives whisker sensory information, called the barrel cortex, We found that new oligodendro-
cytes were born over the full course of an animals’ life, with half of the population of cells born after early adulthood. The oligoden-
drocyte precursor cells. which normally populate the adult brain and are a natural source of new oligodendrocytes. are able 1o make
new oligodendrocytes well past “middle-age”™ in a mouse, However, we also found that most of the precursor cells that attempt to
change into oligodendrocytes do not survive. The new oligodendrocytes that are successtfully formed in the cortex are highly stable,
and their myelin sheaths rarely change once established. Interestingly. we found that, even in aging mice, there are long stretches of
axon "cables" without myelin, indicating that intermittent myelination is an important feature of cortical neurons, but we do not yet
know why these sparse bits of myelin are required by neurons.

Last, we tested how constant whisker stimulation might affect oligodendrocytes and myelin in the barrel cortex. We found that mice
exposed 1o hanging beads for 3 weeks had a dramatic increase in the production of new oligodendroeytes, together forming hundreds
of new myelin sheaths. This "sensory enrichment" experiment demonsirates thal changes in life experience can change how much
myelin is present in neuronal circuits, Therefore, even in what may be considered a "mature” brain, myelination patterns are still
flexible and subject to change. In addition, the low probability of new oligodendrocyies being successfully made by the precursor
cells suggests that in order to develop effective remyelination therapies, we must better understand the mechanisms that stabilize
these cells attempting to become mature oligodendrocytes. Dr. Orthmann-Murphy is addressing the mechanisms of remyelination in
her current project. environmental factors.
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highlights from the lab

Center Without Walls Program
2018-2019 Research Update

Our mission is to fund cutting-edge, innovative research programs in our quest to find a cure for MS. Below
are the 2018-2019 grantee research summaries from our newly awarded Young Investigators and Innovation
Awards as well as updates from our second year Young Investigator grant awardees that began their basic sci-

ence research in 2017,

st Year Y1 Grant Recipients:

Michael Davin Kornberg, M.D., Ph.D.,
Assistunt Professor of Neurology,
Johns Hopkins

Bryosiatin-1 as a poten-
tial modulator of the
innale immune system
in_progressive muliiple
sclerosis:  Progressive
MS, which lacks satis-
factory treatments, is
characterized by chronic activation of so-
called “innate” immune cells
{macrophages and microglia) in the nerv-
ous system. These chronically activated
innate immune cells cause ongoing njury
and prevent repair processes such as
remyelination. but thus far no treatments
targeting these cells have been developed.
Recently, we found that bryostatin-1, a
brain-penetrant, naturally occurring drug
known to be safe in humans, specifically
targets innate immune cells w prevent
inflammatory activation and favor a
repair-promoting  cell type. Bryostatin-1
also showed significant benefit in an ani-
mal model of M5,

The project funded by Race 1o Erase MS
aims to further characterize the precise
targets of bryostatin-1 in innate immune
cells of the central nervous system and to
examine whether the drug’s actions pro-
mote remyelination in animals, The goal
of the work is to determine the therapeutic
potential of bryostatin-1 in progressive
MS and to identify additional targets for
drug development. The established safety
of bryostatin-1 suggests it could be rapid-
ly advanced into studies 1n MS patients.

Erin Longbrake, MD, PhD

Assistant Professor, Department of
Newrology, Yale University

Interactions  between
cul microbiome and B-
cell depletion in MS5:
MS is a heterogencous
disease which at times
W causes minimal disabili-
i e ty and at other times is
neurologically devastating within years,
despite appropriate treatment. No predic-
tive algorithms or biomarkers currently
exist to stratify risk at the time of diagno-
sis and to help guide treatment decisions.
The mechanisms behind this heterogene-
ity 15 not known, M3 develops when envi-
ronmental exposures trigger autoimmuni-
ty in a genetically susceptible person.
Changes in the gut microbiota represent
one possible mechanism by which this
interaction occurs, The gut is home to ril-
lions of microbes which are critically
important for the normal development and
function of the immune svstem. These
microbiola are sensitive 10 environmental
changes and are affected by the same
environmental triggers that are linked to
developing MS. We propose that changes
in the gut microbiota contribute to the dif-
ferences in MS severity and effectiveness
of disease modifying therapy that are
observed on a person-to-persen basis,

Ocrelizumab i an exciting new medica-
tion used 1o treat both relapsing and pro-
gressive MS. Ocrelizumab is designed to
specifically eliminate B-cells, a specific
subtype of immune cells. However,
because the immune system is highly
inter-related, loss of B-cells leads 1o many
other changes in the immune system.
These downstream changes may be an
important part of the reason that ocre-

lizumab works so well, We hypothesize
that administering ocrelizumab changes
the composition and function of the gui
microbiota and that this may be an impor-
tant component of the drug’s disease mod-
ifying effects in MS. With support from
Race to Erase MS, we have begun to eval-
uate the composition and the function of
the gut microbiota for patients newly
diagnosed with MS compared to healthy
individuals, We will simultaneously com-
prehensively evaluate the circularing
immune cells in these patients, We will
then re-evaluate the put microbioty and
circulating immune cells at multiple time-
points during the first yvear of ocrelizumab
therapy. This study will lead 1o important
information about the mechanisms behind
oerelizumab’s effectiveness and may ulti-
mately lead o valuable biomarkers that
guide clinical decision making regarding
how to prescribe this medication,

2nd Year Y1 Grant Recipients:

Nikolaos A. Patsopoulos, M.D., Ph.D.
Assistant Professor, Department of
Neurology, Brigham & Women's
Hospital, Harvard
e Personalizing the MS
4 cenetic risk in the pres-
ence of envirpnment: 1
is well established that
MS has a strong genetic
contribution.  Recent
technological advan-
tages and large-scale studies have led to
the discovery of more than 200 robustly
associated genetic risk factors. The wvast
majority of these genetic differences are
very common in the population, and hav-
ing one of them does not imply that an
individual will develop MS, Cne does not
also need to have all of the 200 genelic
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culprits to develop the disease. It is more
plausible that some of them need to be
present to increase the susceptibility to the
disease. However, there is no working
model of how the MS associated genetic
variants cluster together to predispose to
the disease, Furthermore, one potential
explanation of why the genetic variants
are 50 common in the population is that
some other, non-genetic, factors are need-
ed to trigger the disease. A lot of the iden-
tified genetics variants alter the way that
specific cells respond to external factors,
i.e. their environment, Thus, the inability
of immune cells to respond properly to the
wrong environment could be a mechanism
vig which these genetic varnants predis-
pese to MS. Unfortunately, a svstem to
systematically interrogate the genctically
programimed responses of immune cells w
environmental changes does nol exist
With the support from Race to Erase MS
1) we are building mathematical models to
identify the combinations in which these
MS genetic variants cluster together, and
2) we are creating a system to test envi-
ronmental changes in immune cells isolat-
ed from individuals with specific genetic
background.

In the first year of this award, we were
successful in optimizing a platform 1o sys-
tematically measure the response of
human immune cells to environmental
changes. In the second vear, we are opli-
mizing algorithmic approaches in order to
personalize one’s risk to develop MS
given their genetic background. We waill
use these mathematical models to priori-
tize individuals with MS that have a
unique combination of genetic risk fac-
tors. We will then isolate specific immune
subpopulations from these prioritize indi-
viduals and measure the response of these
cells in different microenvironments,
using the platform development in year |,
Our research will create a  systematic
approach to translate an individual's
genome response  to  environmental
changes, paving the way to precision med-
icine approaches for MS.

Innovation Grant Sammaries
2018-2019

Peter Calabresi, M.D.

Professor of Neurology and Director of
the Johns Hopkins MS Center
Transcriptomic and
Functional Profiling of
Human iPSC Derived
Oligodendrocvte
Precursor Cells: Owr
ability to study MS has
been limited by the fact
that we rarely have access to brain cells
from people with the disease. Stem cell
technologies now allow the generation of
brain cells from people’s own blood cells.
Using this appreach, we have made
myelin producing precursor cells from
people with different types of MS, and can
now study why these cells sometimes fail
to repair myelin. We have found that spe-
cific inflammatory proteins reprogram the
mvelin precursor cells to become part of
the problem (inflammation) rather than
repairing the damage (remyelination), By
interrogating the cell programming path-
ways. we may better understand what goes
wrong and develop strategies to fix the
problem.

Jennifer Graves, MD, Phl}, MAS
Assistant Professor of Newrology and
Ophthalmology, UCSF

Association of
Biological Age and
Senescent Cells with M3
progression: The  most
critical objective facing
M5 research today is
stopping  disease pro-
gression and accumulation of neurological
disability, While we have fifteen medica-
tions to prevent relapses, there are no cur-
rent therapies proven o stop the insidious
worsening of function as observed in pri-
mary and secondary progressive M5, To
fill this treatment gap, we need to better
understand the pathological processes
driving progression. One patient charac-
teristic has been consistently associated
with rate of non-relapse related disability
accumulation  —  age At onset,
Chronological age has been associated

with time to disability milestones inde-
pendent of disease duration, with older
patients experiencing shorter time inter-
vals to ambulatory dysfunction. In addi-
tion, the average age at diagnosis of pro-
gressive MS in adults is 10 years older
than that of relapsing-remitting (RR) dis-
case, Despite these intriguing observa-
tions, there has been little study of the role
of biological aging or its markers in MS
progression, We propose o consider pro-
gressive MS as an aging-related disease.
Establishing that robust markers of bio-
logical aging are associated with disability
will support leveraging large studies of
human aging to identify new types of
treatment for progressive M5, One ol the
most robust ways to assess overall “bio-
logical age™ as opposed to chronological
age determined by birthdate is to measure
the function of multiple organ systems at
once (heart, lungs, liver, kidney and
immune system). In the first pan of this
project we will measure the biological age
of bath very voung and older patients with
MS. We will accomplish this by taking
blood pressure and breathing measure-
ments in patients with MS as well as
measuring factors in their blood related 10
liver. kidney and immune function. Using
a well-established mathematical equation,
we will caleulate participants” biological
age and compare this to the severity of
their M5,

An exciting advance in the study of
human aging is the concept of a senescent
cell.  These cells accumulate in normal
human aging. but importantly their accu-
mulation and the products they secrete are
associated with chronie disease. Inanimal
models removing these cells decreases the
development of aging-related disease,
Many of the chemicals secreted by these
cells have strong impact on the immune
system and would be expected to have a
potential effect on M3, In the second aim
of this innovation award we propose 1o
measure the number of senescent cells in
participants with M5 and compare the
burden of these cells to MS severity.

Linking M5 progression to biological age

CWW continued on Page 10)
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and the accumulation of senescent cells
would be a paradigm shift in understand-
ing this phase of the disease. Studies are
already under way in humans to try to
manipulate the function of senescent cells
to decrease age-related illness. The wealth
of resources being developed in the
human aging field could be leveraged 1o
identify new therapeutic targets for pri-
mary or secondary progressive MS,

David A. Hafler, M.D,

Professor of Neurology and
Immunobiology

Chairman, Department of Neurology
Yale School of Medicine

; Histopathology of the
MS lesion at single-cell
resolution:  Relapsing
remilling multiple scle-
rosis (MS) is a geneti-
cally-mediated,  neu-
roinflammatory autoim-
mune disease that is thought to arise from
4 breakdown of immunological tolerance
leading to the activation of myelin-autore-
active T cells. There is recent striking evi-
dence that B cells are crucial drivers of
MS with the remarkable efficacy of B cell
depletion therapy, demonstrating ~935%
reduction in  gadolinium-enhancing
lesions afier B cell depletion treaiment
with Ocrelizumab.

However, the underlying mechanism of
its effectiveness in MS is not understood.
The role of B eells in MS suggests critical
T-cell-exirinsic factors in what had classi-
cally been considered a T cell-mediated
disease. We propose a novel. longitudinal,
single-cell assessment of the immune sys-
tem to interrogate the immune state afier
Ocrelizumab treatment in cohorts we
have collected and continue 1o enroll for
studies. Integrating detailed unbiased
characterization of myelin-reactive T cells
with an unbiased perspective on immung
cell architecture will allow us 1o under-
stand the immunological shifts that pro-
mote the dramatic response to therapy.

Vijay K. Kuchroo, DVM, Ph.D.
Professor of Neurology,
Harvard Medical School and Brigham
and Women's Hospital
Derivation of T regula-
tory cells from MS
tent-specific i
pluripotent stem (iPS)
cells for autologous cell
therapy: In  Multiple
Sclerosis, the immune
system attacks the protective myelin
sheath arpund nerve fibers in the brain and
spinal cord leading to many neurologic
deficits including loss of sensation, diffi-
culty to walk and cognitive decline, With
time, the there is increasing axonal resec-
tion with development of neurodegenera-
tion, Current therapies inhibit the immune
system wvery broadly, however. this may
also limit the ability to fight infections or
lead to other severe adverse reactions.
Furthermore, none of the current therapies
can inhibit the degenerative process that
sets in,

In addition tw pathogenic T cells that
mediate autoimmune attack, there is a
class of T cells that regulates immune
responses and maintains tissue health. In
multiple sclerosis, there is either decrease
or loss of function in these cells.
Therefore, it is envisaged that restoring
the balance of regulatory T cells may
ereatly benefit not only relapsing-remit-
ting but also chronic progressive disease,
by promoting tissue health, Tn this pilot
grant., we propose (o generate for the first
time T regulatory cells from the patient’s
own stem cells. This has the tremendous
advaniage that these patient specific T
regulatory cells would not be rejected as
they came from the patient’s own stem
cells, In the proposed pilol grant, we will
(1) differentiate stem cells derived from
MS patients to protective regulatory T
cells and (2) study their ability 1o suppress
pro-inflammatory immune responses in
the culture dish, Our long-term research
ooal is to transfer these regulatory T cells
back in MS patients to specifically inhibit
the self-mivelin reactive T cells but also
inhibit degenerative process that get in the
chronic progressive disease,

Kelly R. Monk, Ph.D.
Senior Scientist and Co-Director

Yollum Institute
Oregon Health & Science University
-

Glial-glial interactions
in CNS myelination: In
the healthy nervous sys-
tem, a specialized strue-
ture called myelin
ensheathes specific
regions of neurons much
like insulation materials ensheathe electric
wires, In the brain and spinal cord, cells
called oligodendrocytes make the myelin
sheath. and these cells are also required o
provide neurons with key nutrients and
energy supplies, In multiple sclerosis
{MS), myelin is attacked and destroyed by
the body's immune system. which harms
neurons and causes many of the symptoms
associated with the disease. In the healthy
nervous system, immune cells called
microglia constantly survey the environ-
ment to promete homeostasis so that neu-
rons and other cells can function properly.
Our studies are focused on mutant animals
in which the relationship between oligo-
dendrocytes and microglia is dramatically
altered. We will determine the identity of
the gene that is defective in our mutants
and define interactions between oligoden-
drocytes and microghia during both nor-
mal development and in the mutant nerv-
ous system, Our work can provide new
insight into myelin development and
oligodendrocyte-immune cell interactions
by uncovering fundamental mechanisms
that regulate these processes. These new
plavers may represent novel targets to
therapeutically manipulate in myelin
repair in the fulure.

Daniel Ontaneda, M.D. MSc

Assistant Professor of
Neurnlogy/Medicine, Cleveland Clinic
Central Vein Sign in
Multiple Sclerosis:

The diagnostic criteria
for multiple sclerosis
(MS)  are sensilive
(many suspected cases
are detected) but not
entirely specific (not all cases meeting the
eriteria have MS). Misdiagnosis of MS is
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& common problem oceurring inup to | of
10 parients diagnosed with M5. A more
specific marker of the disease is needed.
Recent advances in magnelic resonance
imaging (MRI) have enabled rescarchers
to identify small central veins within MS
lesions. The presence of central veins may
help differentiate MS from other diseases
that also have white matter lesions, where
the central vein is absent. In this study. we
aim to fest a novel protocol for detecting
central veins. The protocol involves a
fluid-attenuated inversion recovery T2%-
weighted image, also known as FLAIR®,
We have received initial funding to vali-
date the use of FLAIR® across 6 sites in
Maorth America by measuring the relative
intensity of lesions, veins, and white mat-
ter with comparisons among the different
sites, We will also study the best method
for selecting/counting a number of central
veins to diagnose MS as compared with
the more traditional McDonald MS crite-
rig. The data obtained in this pilot study
will be used to design a larger study.
where patients will be followed over 2
years to determine how the central vein
can be used as part of the formal MS diag-
nostic eriteria.

With additional pilot funds we will add 4
sites o our initial study and recruit a fur-
ther 40 patients (10 per site) in whom
there is a suspicion of MS, Patients will
have a single MRI of the brain conducted
with contrast and the FLAIR* protocol for
determination of central veins. Subjects
will also have a detailed neurological
exam, walking speed test. hand function
test, briel cognitive screening test. and
visual testing. The data will be collecied
and analyzed looking at the intensity of
the lesions, vein, and normal-appearing
white matter. The wvariability of these
measures between the sites will be tested,
The presence of central vein will be com-
pared with the traditional McDonald crite-
ria for a diagnosis of MS, The results will
be used to plan the larger definitive study
and the total sample of |00 subjects in this
pilot study will form part of the larger
prospective study.

Rebecca  Spain, MD, Assistant
Professor, Department of Neoarology

Oregon Health & Science University

Optimizing  gastroin-
testinal tolerability and
absorption of racemic
lipoic acid and R-lipoic
| acid in progressive mul-
tiple sclerosis: a ran-
domized Cross-nver
trial: There are many treatments available
for relapsing MS but few for progressive
MS. Lipoic acid has excellent potential to
be a disease modifying treatment for pro-
gressive M3, Lipoic acid is an antioxidant
that releases other powerful antioxidants
in the body, boosts mitochondrial health,
reduces inflammation and is easily avail-
able over the counter in capsules. Dr,
Rebecca Spain and colleagues recently
completed 2 year pilot clinical trial of
lipoic acid in 51 people with secondary
progressive MS found that people taking
1200mg daily of oral lipoic acid had a
remarkable 68% reduction in their rate of
brain atrophy, or shrinkage, and a tenden-
cy for preservation of walking speed com-
pared to  people  on  placebo.
Unfortunately, more than half of the par-
ticipants taking the lipoic acid complained
of stomach upset. and the lipoic acid used
was poorly taken up into the bloodstream.
We therefore need to find a better tolerat-
ed and absorbed form of lipoie acid.
Lipoic acid comes in two types. R and 5.

Dir. Spain’s pilot study used an equal mix
of B and S, known as a racemic mixture.
Wi think that the R form is likely to be
better tolerated and absorbed becanse it is
the form found in nature and in the human
body, and because the § form may block
absorption. In this project, we will com-
pare the tolerability and absorption of
lipoic acid in the racemic mixture form
and the R form in people with progressive
MBS, The results of this study will help
guide what form of lipoic acid to use in
future studies examining and developing
lipoic acid as a treatment for progressive
MS.

Katharine Whartenby, PhD

Associate Professor. Neurology and
Oncology, Johns Hopkins

[ Role of @ut sammaher-
pesviral infection in
CNS autoimmune
pathogenesis: CD2H+ B
cells are the target of a
class of therapeutic
monoclonal antibodies
in multiple sclerosis. Administration of
the principal monoclonal therapeutics rit-
uximab, ocrelizumab, and ofatumumab
led to a dramatic drop in B cell number in
perivascular spaces. the CS5F, and a near
complete depletion of B cells in peripher-
al blood, This large-scale B cell depletion
remarkably reduces the number of new
MRI lesions, the number of relapses and
annualized relapse rate in phase 11 clinical
trials. Although monoclonal antibodies
demonstrate great promise [or novel
strategies 0 MS treatment their lack of
specificity for the pathogenic subset of B
cells has been accompanied by some
undesired side effects. Thus, more specif-
ic identification of the nature of the B
cells specific to MS pathology would
enable more selective and thus less toxic
therapies. Towards this end. the central
hypothesis of the proposed studies is that
EBV-infected lgA+ CD19+ B cells, which
are a B cell subset purporied to be
involved in MS pathology, will provide a
more specific target for B cell therapies.
The primary goals of the study are to
determine roles this subset may play in
the development of disease. Targeting this
subset could provide the necessary speci-
ficity for therapy. EBV infection has long
been associated with MS development
and has been considered as a tmgger of the
disease. EBV and its related murine viral
relative, gamma murine herpesvirus-68
(MHW-68), infect B cells. drive polyclon-
al activation and proliferation, and even-
tually establish lifelong latency with peri-
odic Iytic reactivation and infection of
new B cells. Gammaherpesviral latency is
crucial fo exacerbation of neuro-inflam-
matory autoimmune disease,. Because
EBV tropism is limited to humans, MHV-
68 iz used in rodents as a model of EBY

(CWW continued on Page 14)
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and Jack Osbourme, who himself was
diagnosed with MS in 2012, announced
the beginning of the evening’s fast-paced
auction, which featured one-of-a-kind
opportunities  and  collector’s  items
including a ski trip at The Little Nell in
Aspen Colorado, a trip o New York
Fashion Week with the alice + olivia
team, an irresistible teacup puppy, dinner
with the Osbourne family, and a Bahamas
vacation aboard the [lusions vacht. The
big item of the night was a 2018 Ferrari
Portofing, one of the first of its kind to
reach Los Angeles. which went for an
incredible $250.000.

The next performer of the evening. Siedah
Garrett, was introduced by actress Anne
Heche. Garrett, who also has MS, sang
her single “Carry On,” which she wrote
after meeting Nancy Davis last year and
being inspired o do what she could 1o
help Davis® cause. She also sang the song
she co-wrote for Michael Jackson, “Man
in the Mirror,” and had the audience
singing and dancing along, Randy
Jackson introduced the night’s headliner,
music superstar Flo Rida, who brought
down the house with a seven-song set that
included hits “Right Round,” “In The
Ayer,” “My House.” and “Wild Ones.”

In what has become o Race to Erase M5
tradition over the past 25 years, an uplifi-
ing rendition of “Lean On Me,” was per-
formed as the finale of the evening, led by
Randy Jackson, who was joined on slage
by Nancy Davis, Lance Bass, Siedah
Garrett. La  Tova Jackson. Kechi
Okwuchi, ART., Ajiona Alexus, and
more. The Race to Erase MS Gala was
generously sponsored by ALEX AND
ANL, Ferrari Beverly Hills, alice + olivia
by Stacey Bendet, Associated Television
International, and The Beverly Hilton,
with supporl from Evine, Mark’s Garden,
Carbonadi, Neo Water, and Bodvar House
of Rosés. We look forward to celebrating
with evervone in 2019, Make sure 1o save
the date of May 1{}, 2019 at The Beverly
Hilton,

{AAN continued from Page 1)

meeiing, additional data was presented to further characterize the mechanisms of
action, effectiveness and safety of this medication, Mechanistically. studies of spinal
fuid from individuals treated with ocrelizumab revealed that patients taking the med-
ication had not only reduced B-cells but also reduced T-cells in their spinal fluid. This
suggests that the reason ocrelizumab works may depend on its interrupting the commu-
nication between B- and T-cells. This insight may be eritical o understanding the biol-
ogy behind MS. Another study reiterated the importance of early, effective treatment of
MS. Patients who were treated with less effective, injectable medications during the
clinical trials of ocrelizumab and subsequently switched o ocrelizumab alter the con-
clusion of the study had rapid improvemenis in their relapse frequency and in the devel-
opment of new brain lesions after switching medications. However. patients who were
treated with ocrelizumab carly (at the beginning of the trial) had less brain shrinkage
tatrophy) over 4 vears than patients who switched to ocrelizumab afier being on less
effective medication for two years.

Mo new safety concerns were raised based on ongoing analysis of the patients who par-
ticipated in the clinical trials. Another study evaluated whether vaccines are effective
among patients taking ocrelizumab. Patients on the medication had a weakened
response to several common vaceines (letanus, influenza), but the vaccines still provid-
ed protection against these diseases, Moreover. the vaccines appeared to be safe for
treated patients.

Treatments for progressive M3: on the horizon. New treatments for progressive MS are
sorely needed, Promising results from the two-year Phase 2 trial of ibudilast, an anti-
inflammatory and possibly neuroprotective medication, were presented. In this study of
244 individuals with progressive MS, the investigators were able to show that rates of
brain shrinkage (atrophy) were 48% slower in patients taking the medication, Side
effects were minor and included gastrointestinal preblems and fatigue. Larger trials are
being planned to confirm these results and to establish whether measurable clinical
improvements will also be seen.

(CWW Update continued from Page 11)

pathogenesis. Importantly, EBY is mainly transmitted orally and orally infected MHV-
6 travels to and infects small intestinal epithelium, Our preliminary investigations into
mechanisms of action show that MHV-68 infects Peyer’s patches (PP) of the smail
intestine and establishes latency in this tissue. We found that MHV-68 alters the differ-
entiation phenotvpe of [gA+ B cells and is associated with a significant reduction of
CD19+ B cells in the PP. lgA+ CD19%+ B cells are a B cell subsel mainly penerated in
the PP and we hvpothesize that these cells are the targets of oral MHV-68 infection in
the PP, migrate into peripheral blood, and have the potential to seed the CNS with virus
and participate in neuro-inflammatory autoimmune pathogenesis.

The importance of CWW funding for this is critical, This is a novel approach to a sig-
nificant problem in MS, and the funding we obtain from the center will provide seed
money to conduct the experiments necessary to apply for expanded future funding.

The project will also be a springbeard for a post-doctoral fellow. who has been central
to the development of the project, into a long-term career in MS to develop a research
field that will form the basis of his future investigations, The funding from the CWW
is absolutely critical to the ability to begin a novel project that tests an imporiant para-
digm in M5 therapy and pathogenesis.
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Pediatric MS Discoveries and Updates
By Jennifer Graves, MD, PhD, MAS, UCSF

Unfortunately, children can get M5, too. Between 3 and 10% of all MS patients have their first attack under the age of |18 years.
When MS strikes during brain and immune system development, there are a number of unique features that emerge. The MRI may
demonstrate more extensive brain lesions than in adult patients, but recovery from relapses is often better in children than adulis.
Cognition can be significantly affected in yvoung people with MS and normal brain development is at risk of bemg interrupted.
Children with MS often face entirely different social issues than adults with the disease and school can become a pediatric MS
patient’s biggest challenge.

Almost all children with MS have a relapsing form of the disease. Primary progressive MS is not observed in this age group.
Treatment is directed toward controlling relapses and supporiing families so that children with MS can lead as normal lives as pos-
sible with the disease. Although there has only been one clinical trial completed to date in pediatric MS, medications used in adult
MS are prescribed for children and generally appear to work as well in children. No new side effects in children have been reported
in the scientific literatre.

Understanding why children exhibit better initial recovery from relapses than adults could lead to new neuroprotective strategies for
all patients. Studying the biology of pediatric MS may shed light on how to promote re-myelination and repair. Children are also
an important population to evaluate for the environmental causes of MS. Recent studies suggest the risk for MS may extend back as
early as during pregnancy and the first few vears of life,

The best approach to taking care of children with MS is to combine the expertise of a neuro-immunology specialist, social waorker,
and child psychologist. With 4 focus on individual child needs and expert use of available medications, young people with MS can
meet their life goals including graduating from high school and pursuing college. New discoveries from the Center without Walls
will help keep them healthy in adulthood.

MS Forum and Expo

Center Without Walls team speaks about latest advances | MS Forum and Expo

Save the Date
Or semi-annual Ms Forum and Expo is free and open to the public and we welcome
you, your family, and friends to attend this unique opportunity to ask questions, receive FALL 2018
resources and information, and to speak directly to top MS research doctors from Sunday, October 28, 2018
around the country, Our past forums are available 1o view on our Facebook page at any- 1:00 pm
time and our future forums will always be accessible via Facebook Live, Below are a The Beverly Hilton
few pictures from our event this past April. Make sure to follow us on our social media
platforms or check our website to obtain updates on our topics for October 28, 2018, SPRING 2019

Saturday, May 11, 2019
10:00 am

The Beverly Hilton

Open forum with our top
MS research scientists speaking
on the latest advancements in

. multiple sclerosis research.
S =-—g5==—g =—pll Freetothe public and no RSVP
p M : - .. 5. .| required. For more information
: 0 e b a0 -F please visit our website or fol-
: |y r low us on social media.

L il L

Guests anjoy the resources provided by our invaluable Expo Partiners and Panalists
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