
Growth Factors: Nourishing Repair in MS 
By Sara M. Bernstein 
Growth factors are proteins that provide powerful signals to regulate the growth of cells dur-
ing embryonic stages and guide their development into mature, working cells. Investigators 
are discovering that the work of these natural proteins doesn’t stop there: Growth factors 
have demonstrated remarkable effects on protecting against or repairing nervous system 
damage such as that which occurs in MS. These proteins may hold potential for use in future 
therapeutic strategies for MS, and researchers – including many funded by the National MS 
Society – are exploring these possibilities. Here are just a few examples of progress stem-
ming from this exciting field. 

Enhancing Myelin Repair 
Growth factors originate from various sources within the body. Many are versatile, and can 
exert different effects on tissues and cells throughout the body, including the nervous sys-
tem. The immune attack in MS targets the myelin sheath that insulates nerve fibers and 
nerve fibers themselves. Studies of brain tissue indicate that some repair of myelin does oc-
cur during the course of disease. Society grantee Steven W. Levison, PhD (Pennsylvania 
State University, Hershey) is investigating a possible role for ciliary neurotrophic factor 
(CNTF) in promoting this repair. Previously, Ralf Giess, MD and colleagues (University of 
Wurzburg, Germany) reported that CNTF is elevated in 
the spinal fluid of people with MS, and people who are 
genetically unable to make CNTF experience an earlier 
onset of disease and a more severe disease course 
(Archives of Neurology, March 2002).  

Levison theorizes that CNTF appears as a conse-
quence of damage in the brain and spinal cord and that it 
triggers the production of factors that could enhance the 
possibility of repair. Now, Levison is analyzing the 
course of myelin damage and repair in mice that are ge-
netically engineered to produce an excess of CNTF. His 
team recently reported results in studies in mice recover-
ing from virus-induced myelin damage (Neurobiology of 
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Disease, July 2003). Levison found 
that astrocytes – cells that perform 
several support functions in the brain 
and spinal cord – produce CNTF dur-
ing phases of myelin repair. This study 
may provide key information to devel-
oping strategies that promote myelin 
repair in MS. 

In 1996, Society grantee Ben A. 
Barres, MD, PhD (Stanford University, 
CA) reported that CNTF accelerates 
the development of oligodendrocytes – 
the cells that make myelin – by en-
hancing the proliferation of immature 
oligodendrocytes (Molecular and Cel-
lular Neurosciences, August 1996). 
Recently, Bruno Stankoff, MD, and 
colleagues (Hôpital de la Salpêtrière 
Paris) reported that CNTF increased 
myelin repair not by increasing the 
quantity of oligodendrocytes, but by 
enhancing the final maturation of these 
cells, and thus having a strong effect 
on the synthesis of myelin (The Jour-
nal of Neuroscience, November 2002). 
The authors note that these findings 
raise the possibility for developing 
myelin repair strategies in MS using 
CNTF. 

Myelin-repair capabilities also are 
reported for glial growth factor 2 
(GGF2). Barbara Canella, PhD, and 
colleagues (Albert Einstein College of 
Medicine, New York) found that mice 
treated with a manufactured form of 
this protein displayed more myelin re-
pair than untreated controls, and ex-
perienced decreased disease severity 
and fewer relapses (Proceedings of the 
National Academy of Sciences, August 

1998). Acorda Therapeutics, Inc. ac-
quired the rights to this compound in 
2002, and is moving forward with its 
preclinical development in preparation 
for clinical trials in MS. 

A Role in Nerve Protection 
and Repair? 

The first growth factor known to be 
active in the brain tissue of people 
with MS was brain-derived neurotro-
phic factor (BDNF). Martin Kerschen-
steiner, MD (University of Zurich) and 
colleagues reported that this factor – 
which is known to help nerve cells sur-
vive during development and follow-
ing injury – is produced by immune 
cells within MS lesions, and is in-
creased when substances that trigger 
inflammation are increased (Journal of 
Experimental Medicine, March 1, 
1999). BDNF was then able to rescue 
nerve cells from death! The team noted 
that “importing” BDNF into the brain 
and spinal cord using immune cells 
represents an attractive candidate for 
development as an MS treatment. 

Society grantee Marie T. Filbin, 
PhD (Hunter College, New York) has 
found further evidence for the benefits 
of BDNF. Her team previously identi-
fied a molecule called myelin-
associated glycoprotein (MAG) – a 
molecule within myelin – as an inhibi-
tor of nerve regeneration. By giving 
BDNF to nerve cells before exposing 
them to MAG, this regeneration block 
was overcome. But if BDNF was 
given with MAG, there was no such ef-
fect, and repair remained inhibited 
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(Neuron, January 1999). This finding 
is important for encouraging the re-
growth of nerves, in animal models 
and eventually in humans with MS. 

One treatment currently used for 
MS may actually take advantage 
of BDNF’s neuroprotective ca-
pabilities. Copaxone (glatiramer 
acetate) is a synthetic compound 
that simulates a protein in mye-
lin. Suhayl Dhib-Jalbut, MD 
(Now at Robert Wood Johnson 
Medical School, New Bruns-
wick, NJ) and colleagues studied 
the T cells of 12 people treated 
with Copaxone. They reported 
that levels of BDNF were higher 
in T cells reacting to Copaxone 
than those reacting to genuine 
myelin proteins (Journal of the 
Neurological Sciences, Novem-
ber 2003). Whether or not Co-
paxone in fact protects nerve fi-
bers or enhances their repair re-
mains to be determined.  

Rescuing Myelin-Making 
Cells 

Research shows that growth fac-
tors usually associated with or-
gans other than the brain may 
also be active within the central 
nervous system. Society grantee 
Jeffrey L. Mason, PhD (now at 
Thomas Jefferson University, Philadel-
phia) and colleagues determined that 
insulin-like growth factor-1 (IGF-1, 
which primarily originates in the liver 
and mainly acts to battle inflammation 
and heal wounds throughout the body) 

is required for the survival of oli-
godendrocytes and is found within ar-
eas of myelin damage in mice. If IGF-
1 is not present, immature oligoden-
drocytes are killed, possibly by toxic 

factors released by immune 
cells. They suggest that IGF-1 
might be used to inhibit oli-
godendrocyte death in MS (The 
Journal of Neuroscience, August 
2003). 
   Tevor J. Kilpatrick, MBBS, 
PhD, and colleagues (The Royal 
Melbourne Hospital, Parkville, 
Australia) reported that adminis-
tering leukemia inhibitory factor 
(LIF, an immune messenger pro-
tein that can affect a wide range 
of cells) to two mouse models of 
MS-like disease prevents the 
death of oligodendrocytes 
(Nature Medicine, June 2002). 
The authors suggest that the re-
sults serve as the basis for devel-
oping an MS treatment strategy, 
and Kilpatrick is currently 
funded by the Society to explore 
this possibility further.  

Promise for the Future 
The study of growth factors and 
their potent capabilities within 
the central nervous system is a 
promising area of MS research, 

and already has yielded novel strate-
gies that may lead to new treatments 
for people with multiple sclerosis.  
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About one year ago, as part of its tar-
geted research initiative to explore 
gender differences in MS, the National 
MS Society launched a first-ever col-
laboration with the NIH’s National In-
stitute of Allergy and Infectious 
Disease.  Six new research pro-
jects were funded focusing on 
sex-based differences in im-
mune system responses with di-
rect relevance to MS. Here is a 
sample of early findings from 
these projects that exemplify 
the promise this effort holds for 
clarifying MS and developing 
novel treatments:   Rhonda Voskuhl, MD (University 
of California, Los Angeles) has treated 
mice with the MS-like disease EAE, 
and also a small number of women 
with MS, with the sex hormone estro-
gen. She found benefit in EAE and 
hints that estrogen was beneficial in 
women with MS, and is now focusing 
on how estrogen alters immune re-
sponses. In order for sex hormones to 
exert their effects on the immune at-
tack in MS, they have to bind to dock-
ing sites on immune cells and proteins, 
known as receptors. There are two 
known estrogen receptors, estrogen re-
ceptor-alpha (ER-alpha) and estrogen 
receptor-beta.  
   Voskuhl reports that the protective 
effect that the female sex hormone es-
trogen has demonstrated in treating 

EAE in mice is mediated through ER-
alpha (Journal of Immunology, De-
cember 15, 2003). Ultimately, her 
group aims to develop estrogen treat-
ment strategies for MS that induce dis-
ease protection with minimal side ef-

fects by targeting this particu-
lar site.  
   Preliminary research in 
mice indicates that naturally 
occurring regulatory cells ca-
pable of switching off im-
mune attacks appear to be re-

duced in females, perhaps contributing 
to increased vulnerability of females to 
autoimmune diseases like MS. Mich-
ele Kosiewicz, PhD (University of 
Louisville) analyzed these cells for the 
presence of surface molecules that 
might be involved in their function.  
   Kosiewicz reports that one such 
molecule, TGF-beta, a messenger pro-
tein, is present at much lower levels on 
cells from female mice. When female 
mice were given the male sex hormone 
testosterone, they developed more 
regulatory cells and more surface 
TGF-beta. Thus testosterone may be 
one of the factors responsible for the 
sex differences in regulatory T cell 
function. Gaining an understanding of 
how regulatory T cells differ between 
the sexes may ultimately offer new 
treatment opportunities for MS. 
   Halina Offner, PhD (Oregon Health 
& Science University, Portland) is in-

♂ 

♀ 

Gender and Immunity: Early Progress  
Reported in Society/NIAID Collaboration 
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vestigating the influence of estrogen 
on genes that control various cells and 
proteins of the immune system. In a 
comprehensive analysis of the genes 
altered in the brain and spinal cord of 
mice during estrogen treatment, the 
group found that estrogen therapy had 
a profound effect, inhibiting more than 
300 immune-related genes in the spi-
nal cord (Archivum Immunologiae et 
Therapiae Experimentalis, 2003). 
   Over the past year, Offner and her 
colleagues also demonstrated that the 
oral form of estrogens used in birth 
control pills – ethinyl estradiol – can 
treat the MS-like disease EAE in mice 
even after the onset of disease 
(Journal of Immunology, February 
2003). These studies should provide 
fundamental information that will be 
required if estrogen is to be developed 
as an MS therapy. 
   Pregnancy can actually put a 
woman’s MS into remission, espe-
cially in the second and third trimes-
ters. Howard R. Petty, PhD 
(University of Michigan, Ann Arbor) 
is exploring immune cells called neu-
trophils, which produce toxic mole-
cules to fight bacterial invaders and 
may contribute to tissue damage in 
MS. His team has identified one par-
ticular enzyme that is critical to pro-
ducing these toxic molecules. In neu-
trophils isolated from pregnant 
women,  
   Petty has found that this enzyme is 
shuttled away from its normal location 
within the cell, which makes the cell 
less effective at producing toxins. Fur-

ther work should determine whether 
this alteration of neutrophils contrib-
utes to MS remission conferred by 
pregnancy. This project should in-
crease our fundamental understanding 
of immune factors at work during 
pregnancy, and how we might harness 
these factors to develop new treatment 
approaches for MS. 
   These and other projects co-funded 
by the NMSS/NIAID initiative will 
run through 2006, and will provide im-
portant new information about how 
gender and immunity contribute to the 
development of MS, and how this in-
formation can be used to develop new 
therapeutic options for the disease.  
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Do all individuals with multiple scle-
rosis have access to adequate health 
care? If not, what factors impede this 
access? Answering these questions is 
one goal of investigators funded by the 
National MS Society’s Health Care 
Delivery and Policy (HCDPR) Pro-
gram. Here we report progress from 
several such efforts. 

Keeping Rural Areas in the Loop 

Approximately one in four Americans 
with MS live in rural areas. They face 
special health care challenges, includ-
ing limited access to MS specialists 
and advanced medical technologies. 
Robert J. Buchanan, PhD (The Univer-
sity of North Carolina at Charlotte) is 
developing a survey of 1500 people 
with MS who live in rural and urban 
areas. He is comparing the health care 
services and health plans these differ-
ent populations are using, whether 
they are satisfied with access and qual-
ity, and what barriers they face to 
health and MS specialty care.  

Thus far, Buchanan and colleagues 
have conducted in-person focus groups 
with people with MS living in rural ar-
eas of the Midwest and New England 
to prepare for this survey.  In addition, 
they conducted focus groups in the 
Southeast and Western/Rocky Moun-
tain region using telephone conference 
calls. “Telephone focus groups provide 
a forum for individuals who lack trans-
portation or experience mobility im-
pairments,” explains Buchanan. “This 

is an important method of integrating 
more people with MS, especially the 
more disabled from more rural areas, 
into the study.” 

In a related study using a data set of 
all nursing home residents in the U.S., 
Buchanan recently completed a com-
parison of rural vs. urban nursing 
home residents with MS.  “We found 
significant differences in emotional ad-
justment to the nursing facility,” says 
Buchanan. “MS residents from rural 
areas seemed to get more involved in 
nursing home activities, and expressed 
less of a preference to return to the 
community. These findings may indi-
cate loneliness: Other researchers have 
found a strong link between loneliness 
and nursing home admission among 
the rural elderly, and that admission to 
the nursing home can be a strategy for 
the rural elderly to gain social contact 
with other people.” The analyses also 
indicated that nursing home residents 
with MS from rural areas were less 
likely to receive physical and occupa-
tional therapies than those in urban ar-
eas. “People in rural communities tend 
to have fewer long-term, community-
based care options,” points out Bu-
chanan. “It’s possible that the lack of 
alternatives leads to early institution-
alization in rural areas for people with 
less disability.”  

Buchanan and colleagues continue 
to investigate the issue of rural vs. ur-
ban access. Especially important are 
additional analyses of mental health 

Understanding Unmet Health Needs 
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care, says Buchanan. “MS residents 
from rural areas were significantly less 
likely to receive mental health services 
in the nursing facility than those in ur-
ban areas, although there was no sig-
nificant difference in the proportions 
of rural (37%) and urban residents 
(35%) diagnosed with depression at 
admission,” he says. 

Aging With MS 

Aging can be especially challenging 
for individuals with MS, but until now 
little research had been done to exam-
ine the special health-related needs of 
this population, and how those needs 
are or are not met. Marcia Finlayson, 
PhD, OTR/L, is exploring this issue in 
a large region around the Great Lakes. 
She is collecting information using fo-
cus groups with people with MS, care-
givers and medical professionals.  

To date, the study team has com-
pleted seven of these focus groups, 
which have identified the following as 
critical needs of people growing older 
with MS: transportation, housing, pro-
fessional home care, social well-being 
programs, pharmaceutical services, nu-
trition programs, and exercise, well-
ness and physical well-being services.   

“People with MS and their family 
members viewed health services very 
broadly and included health promotion 
services (physical and social), commu-
nity accessibility, and support to re-
main at home among their concerns,” 
notes Finlayson. “Health care profes-
sionals tended to focus more on medi-
cally related services and coordinating 

components of health care. These dif-
ferences highlight the importance of 
using a client-centered approach to en-
sure that our interventions are address-
ing what people with MS identify as 
critical.” 

Finlayson’s team used this baseline 
information to develop a telephone in-
terview guide, and is now interviewing 
1200 people with MS who are 45 years 
of age and older about their usage and 
satisfaction with health care services. 
Of 950 individuals interviewed so far, 
many have reported using a very wide 
range of services to help manage MS 
and general health and well-being. 

“With the exception of health insur-
ance services, so far, the majority of 
respondents have reported being satis-
fied with the services that they are re-
ceiving,” notes Finlayson. 
“Nevertheless, unmet needs seem to be 
emerging with differences between 
men and women, and older and 
younger people with MS (within the 
45-and-up range). The study team will 
be monitoring these emerging trends, 

“We need to ensure 

that our interventions 

are addressing what  

people with MS  

identify as critical.” 
Marcia Finlayson, PhD, OTR/L 
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and exploring them in detail once all 
of the interviews are completed.” The 
team hopes to complete interviews 
with people with MS soon and then 
proceed with care partner interviews. 

Seeking Equality in Quality of Care 
There is evidence from other disease 
populations that members of minority 
groups do not always receive care of 
the same quality as that received by 
non-minorities. In a project just begun, 
Janet P. Sutton, MSPH, PhD (National 
Opinion Research Center, Bethesda, 
MD) is investigating whether Hispan-
ics and African Americans – who are 
affected by MS less frequently than 
Caucasians – have access to the same 
types and amounts of health services 
and how they perceive the quality of 
this health care. 

To address these questions, Sutton 
and colleagues are conducting mail 
and telephone surveys of about 2300 
individuals who are Hispanic, African 
American or Caucasian. The survey 
focuses on a variety of issues includ-
ing the use of preventive and specialty 
care, insurance coverage of prescrip-
tion drugs, and use of durable medical 
equipment and assistive devices. 

The results of this and other projects 
supported through the Society’s Health 
Care Delivery and Policy Research 
Program will provide the solid evi-
dence needed to advocate for quality 
health care for all of those who live 
with multiple sclerosis.  
 

 

Putting Clinical  
Research To Work 
for People With MS 
Imagine you have just been diagnosed 
with MS, and your doctor says, “I see 
by your clinical profile that you will 
do well on medication ‘X,’ you will 
likely have one exacerbation two years 
from now, and in 10 years you will 
still retain your 
current physi-
cal abilities.” 
It is the dream 
of those in-
volved with 
the Sylvia 
Lawry Centre 
for MS Research (SLCMSR) that such 
profiling, and much other predictive 
data, will become available in the fu-
ture by amassing and analyzing data 
from scores of MS clinical trials. 

With more than 160 clinical 
studies ongoing worldwide, the data 
accumulated by investigators can be-
come a valuable resource for under-
standing the course of MS, and for im-
proving the design and conduct of 
clinical studies. Since established in 
February 2001, the SLCMSR has 
made great strides toward collecting 
such data, and has gathered informa-
tion on 19,000 participants in 44 past 
MS studies, including clinical trials, 
natural history studies and clinical data 
sets.  Organized under the auspices of 
the MS International Foundation, 
funding has come from many sources, 
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including the National MS Society, 
other MS societies around the world, 
and private donors. 

The Centre, located at the Tech-
nical University of Munich, resulted 
from an international competition to 
initiate such an enterprise. Centre 
staff – largely statisticians and mathe-
maticians – benefit from a Scientific 
Oversight Committee of world-leading 
MS experts, co-chaired by John Nose-
worthy, MD (Mayo Clinic, Rochester, 
MN) and Ludwig Kappos, MD 
(University of Basel).  The Scientific 
Director is Albrecht Neiß, PhD, and 
Deputy Scientific Director is Martin 
Daumer, PhD. With data now in hand, 
the group is developing a database de-
signed to answer questions that can 
only come from large numbers of pa-
tients, and aims to share its data with 
MS investigators worldwide. 

SLCMSR Projects Progress 

Centre working groups also are pro-
ceeding with projects designed to ana-
lyze and improve the methodology of 
MS studies. Investigators presented re-
cent progress at the 19th Congress of 
the European Committee for Treat-
ment and Research in MS (ECTRIMS) 
in Milan in September 2003: 
 
•   Data sets so far have included peo-
ple treated with inactive placebo, with 
one aim being to create “virtual pla-
cebo groups” – statistical portraits that 
describe the natural course of MS, 
which clinical researchers could use in 
the evaluation of new therapies instead 

of actual patients. Simulation studies 
thus far suggest that by using such por-
traits from the SLCMSR database, one 
could reduce the number of people ad-
ministered placebo in a large, multi-
center study by one-third to one-half 
(Abstract #111, ECTRIMS 2003). One 
issue the team is addressing, however, 
is the variability among people in the 
placebo groups in the database. Work 
is ongoing to maximize the usefulness 
of this important data. 
 
•   One Centre group investigated what 
clinical symptoms determine the 
amount of tissue damage seen on MRI 
scans, using data from 12 trials. In 
people with relapsing-remitting (RR) 
MS, disease onset associated with mo-
tor, vision, or bladder symptoms was 
associated with less tissue damage, 
while higher amounts were seen with 
initial balance and coordination symp-
toms (Abstract #P252, ECTRIMS 
2003. 
 
•   Centre investigators also looked at 
the “EDSS” scale — one of the oldest 
and most widely used rating systems 
for judging the clinical status of people 
with MS. Investigators often gauge 
how effective treatments are by ob-
serving EDSS increases or decreases 
during studies. By analyzing data from 
eight trials, Centre investigators found 
that a .5 rise in EDSS score in six 
months proved to be the best choice 
for determining the outcome of a two- 
or three-year study (Abstract #P184, 
ECTRIMS 2003). 



The National MS Society… One thing people with MS can count on. 

The National MS Society is proud to be a source of information about MS. Our com-
ments are based on professional advice, published experience and expert opinion, 
but do not represent individual therapeutic recommendation or prescription. For 
specific information and advice, consult your personal physician. For more 
information about MS research, call: 1-800-FIGHT MS, or visit our Web site: www.
nationalmssociety.org. 

Centre Standards 

The SLCMSR has established strict 
standards to maintain the quality of its 
work: Everyone working with the Cen-
tre must sign a policy disclosing af-
filiations with pharmaceutical compa-
nies that are involved in MS studies, 
and any other potential conflicts. Sci-
entific publications citing SLCMSR 
resources are reviewed by the Centre’s 
Publication Committee, and all major 
findings have to be validated. Particu-
lars of each data sample are removed 

to protect patient anonymity and to 
eliminate identification of the study 
from which the data came. 

In addition to its highly trained staff 
of 14 mathematicians, statisticians and 
others, the Centre recruits students of 
math, statistics, computer science and 
medicine, and is preparing them to do 
MS research.  

In all these ways the SLCMSR is 
helping to improve clinical studies in 
multiple sclerosis and speed the devel-
opment of effective therapies for this 
disease.  


