
One of the oldest problems in bio-
medical research has been: How do 
you look inside a living body and ob-
serve cell activities without destroying 
the body? One key may be “cell-
specific” imaging, a powerful tool that 
is helping MS researchers trace and 
observe destructive immune cells and 
even cells that may help repair MS 
damage. Cell-specific imaging works 
much like a microscopic Global Posi-
tioning System. 

Tracking Immune T Cells 
Moses Rodriguez, MD (Mayo Clinic 
and Foundation, Rochester, MN) and 
colleagues developed a cell-specific 
imaging technique in which they take 
antibodies (immune system proteins 
that target specific molecules) and tag 
them with tiny magnetic iron oxide  
particles. These antibodies are then in-
jected into a laboratory animal where 
they find and bind to T cells.  The iron 
particles become absorbed within the T 
cells. Using imaging, which detects 
iron, T cells that were bound by the 
specific antibody can thus be seen in 
living animals.   

Rodriguez compared MRI images of 
tagged immune cells in animals with 
the MS-like disease EAE to actual tis-
sue samples from the same animals in 
a pilot project funded by the National 
MS Society. He found that the areas 
where iron was detected in imaging 
corresponded precisely to areas where 
T cells infiltrated the nervous system, 
as seen in tissue samples (The FASEB 
Journal, January 2004).  

In a related approach, Stasia Ander-
son, PhD, and colleagues (National In-
stitutes of Health, Bethesda, MD) took  
T cells that induce the MS-like disease 
EAE, labeled them with iron oxide 
particles, and then injected them into 
mice.  The iron-tagged T cells were 
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detected via MRI within areas of mye-
lin damage, and these findings corre-
lated well with the location of T cells in 
tissue samples analyzed in the labora-
tory. Anderson comments that this tech-
nology may provide important informa-
tion on the dynamics of T cell migra-
tion into the brain and spinal cord in 
MS, a key step in development of dis-
ease (Annals of Neurology, May 2004). 

Tracing Repair Cells 
Cell-specific imaging not only holds 
promise for observing the attack that 
damages MS, but also may help inves-
tigators someday deliver cell- or anti-

body-based therapies to treat MS.  
Jeff Bulte, PhD (Johns Hopkins Uni-

versity, Baltimore) and colleagues stud-
ied nerve stem cells (immature cells ca-
pable of forming brain cells) in a pilot 
project funded in full by donors to the 
Society’s Maryland chapter. Bulte’s 
team labeled mouse nerve stem cells 
with tiny iron oxide particles, injected 
them into the brains of mice with EAE, 
and tracked them using MRI. Bulte 
found that the cells moved into areas of 
nerve damage, and that most movement 
or migration of the injected cells oc-
curred early during active disease, and 
migration correlated with severity of 
disease (reported at the 2004 AC-
TRIMS meeting). The labeling sub-
stance used in this study is already ap-
proved by the FDA for use in humans.  

In a landmark study, Gianvito 
Martino, MD (San Raffaele Hospital, 
Milan) and colleagues successfully in-
jected adult mouse nerve stem cells to 
promote tissue repair and clinical re-
covery in EAE. With a grant from the 
Society, Martino is now “radiolabeling” 
the cells – tagging them with a mildly 
radioactive molecule – and injecting 
them into mice with EAE, in order to 
track the cells and determine what im-
mune messenger proteins and other 
homing molecules are activated as cells 
migrate into the nervous system. 

Schwann cells and olfactory en-
sheathing cells – myelin-making cells 
from nerves outside the brain and spi-
nal cord – promote nerve fiber regen-
eration and myelin repair in mouse 
models of MS-like disease. Robin 

In the future, cell-specific imaging 
may make it possible to track the 
immune attack by T cells in MS, 
and even nerve cells transplanted 
to repair tissue damage. (picture 
not to scale) 
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Franklin, PhD, DVM, and colleagues 
(University of Cambridge, UK) tagged 
these cells with iron oxide particles 
and then transplanted them into areas 
of myelin damage in the spinal cord in 
rats. Tagging allowed them to trace the 
cells, which retained their function and 
were able to form new myelin. Frank-
lin’s team verified these results by ex-
amining the tissues microscopically. 
(The Journal of Neuroscience, Novem-
ber 3, 2004). 

Rodriguez is also applying his im-
aging technique to track antibodies 
with repair potential, with funding 
from the Society’s Collaborative MS 
Research Center Award. He previously 
identified a human antibody called 
rHIgM22, which attaches to myelin-
making cells and promotes myelin re-
pair. Now Rodriguez and a multidisci-
plinary group of Mayo colleagues are 
exploring this molecule further. The 
team is using its imaging technology 
to track tagged rHIgM22 antibodies 
into areas of myelin damage. They re-
cently reported more evidence that 
rHIgM22 promotes repair, probably by 
binding to cells in the nervous system 
(The FASEB Journal, October 2004). 

Further research is needed to de-
velop this technology for safe and 
practical use in persons with MS. Cell-
specific imaging may increase our 
knowledge of the immune attack in 
MS exponentially, and may allow re-
searchers to track, in future clinical tri-
als, whether transplanted cells get 
where they are needed to restore func-
tion in people with MS.   

Do Antioxidants 
Have Potential To 
Treat MS? 
 
The health benefits attributed to anti-
oxidants are growing daily. These sub-
stances may help to prevent cancer, 
heart disease, cataracts, and more. 
What about multiple sclerosis? In fact, 
scientists are investigating the role of 
“oxidants” – molecules targeted by an-
tioxidants – in MS damage. Based on 
this research, studies of antioxidants in 
animal models, and even clinical trials 
in people with MS, are underway. 

Oxidative Stress in MS 
Each molecule within a cell contains 
pairs of electrons. Molecules that are 
missing electrons may “steal” them 
from other molecules, causing instabil-
ity and damage in the cell. These ban-
dits are known as free radicals or oxi-
dants. Cells have antioxidant mecha-
nisms to defend against this damage, 
but if free radical production exceeds 
defenses, oxidation can kill the cell.  

The immune attack on the brain and 
spinal cord that occurs in MS increases 
the production of oxidants such as ni-
tric oxide, superoxide, and peroxyni-
trite. This may damage the nervous 
system in several ways, say Kenneth J. 
Smith, PhD, and Hans Lassmann, MD 
(The Lancet Neurology, August 2002): 

♦ Oxidative stress may kill cells 
that make nerve-insulating mye-
lin, and damage myelin proteins. 
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♦ Nitric oxide has been shown to 

block nerve impulse conduction, 
particularly in nerve fibers with-
out myelin, indicating a possible 
role in MS symptoms. 

♦ Free radicals may disrupt the 
blood-brain barrier, weakening 
this protective lining and escalat-
ing the immune attack. 
 

Researchers have found much evidence 
linking oxidants to damage in MS and 
MS-like disease. While a Harry Weaver 
Neuroscience Scholar of the National 
MS Society, Anne H. Cross, MD 
(Washington University in St. Louis) 
reported the presence of nitric oxide in 
the spinal cords of mice with EAE, an 
MS-like disease (The Journal of Ex-
perimental Medicine, August 1993).  

This observation has held for persons 
with MS. Society-funded grantee John 
W. Rose, MD (University of Utah, Salt 
Lake City) analyzed 13 tissue samples 
from people with MS in which inflam-
mation and myelin damage was ac-
tively occurring (Journal of Neuroim-
munology, June 2004). Rose found sub-
stantial amounts of iNOS – an enzyme 
that produces nitric oxide – in immune 
and brain cells, and associated with 
chemicals that damage myelin.  

Konrad Rejdak, MD (Medical Uni-
versity in Lublin, Poland) and col-
leagues examined the spinal fluid of 51 
people with different types of MS. Ni-
tric oxide products were increased spe-
cifically in people with MS who had 
mild disabilities and active inflamma-
tion as shown on imaging scans. They 

concluded that nitric oxide production 
is increased in early, active MS. 
(Neurology, October 26, 2004). 

D. Craig Hooper, PhD (Thomas Jef-
ferson University, Philadelphia) has ex-
tensively investigated the actions of 
peroxynitrite, an oxidant that is a prod-
uct of nitric oxide and superoxide. With 
funding from the Society, he reported 
that peroxynitrite can trigger changes in 
the blood-brain barrier to allow im-
mune cells to infiltrate the nervous sys-
tem (The FASEB Journal, April 2000). 
Hooper recently reported that peroxyni-
trite is toxic to nerve cells (Journal of 
Neurotrauma, September 2004).  

Antioxidant Strategies in  
MS-Like Disease 
The evidence for oxidative activity in 
MS damage raises possibilities for bat-
tling this activity with antioxidants. 
However, nitric oxide seems to have 
certain benefits in the immune system, 
such as inhibiting activation and prolif-
eration of immune cells;  blocking it 
could have a negative impact.  Smith 
and Lassmann suggest that therapeutic 
strategies that restrain only superoxide 
or peroxynitrite may be more helpful. 

Hooper has studied antioxidants that 
specifically target peroxynitrite. One 
such agent is uric acid, a naturally oc-
curring antioxidant that inhibits per-
oxynitrite. Interestingly, people with 
MS have lower uric acid levels than 
siblings who do not have MS (Multiple 
Sclerosis, June 2001). When Hooper 
raised uric acid levels in mice, it pro-
tected them from EAE, and administer-
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ing the antioxidant promoted recovery 
(Proceedings of the National Academy 
of Sciences, January 1998).  

Dennis Bourdette, MD, and col-
leagues (Oregon Health and Science 
University) administered the antioxi-
dant alpha lipoic acid (ALA) to mice 
induced with EAE. When given after 
disease onset, ALA decreased the ex-
tent of myelin damage and nerve fiber 
injury. When given before onset, ALA 
reduced the number of immune cells 
infiltrating the spinal cord (Journal of 
Neuroimmunology, October 2002).  

Clinical Studies of Antioxidants 
Small, early studies of antioxidant 
agents have also been conducted in 
people with MS. Hooper and col-
leagues administered both uric acid 
and inosine – a naturally-occurring 
substance that increases uric acid lev-
els – to 11 people with MS in a Soci-
ety-funded study. Uric acid was de-
stroyed by bacteria in the intestine. 
Among 11 people taking inosine for 
10 or 15 months, however, neurologi-
cal exams showed some clinical im-
provement in three patients, and sta-
bility in 8 patients. Some areas of 
myelin damage seen on MRI in two 
patients could not be detected after 
treatment (Multiple Sclerosis, October 
2001). Based on these findings, a lar-
ger study is underway at the Univer-
sity of Pennsylvania, comparing 
inosine to placebo in 30 people with 
relapsing-remitting MS.  

Gordana Toncev, MD (Clinical 
Hospital Center Kragujevac, Yugosla-

via) and colleagues studied the effec-
tiveness of inosine in secondary-
progressive and relapsing-remitting 
MS. They administered oral inosine to 
32 people daily for 24 months, and 
compared the results to 32 untreated 
controls. People treated with inosine 
had no adverse effects, lower rates of 
MS relapses, and lower scores on the 
EDSS, a measure of disease activity 
(Abstract #P06.091, American Acad-
emy of Neurology [AAN] Annual 
Meeting, 2004). Further study is 
needed to confirm these early results. 

Bourdette and colleagues recently 
reported on a small safety study of al-
pha lipoic acid. Thirty volunteers with 
relapsing or progressive MS received 
one of two doses of ALA or placebo 
for two weeks. This study did not test 
for a clinical benefit, but the treatment 
seemed to be well tolerated, and blood 
samples indicated that some partici-
pants who took ALA had lower levels 
of an enzyme (MMP-9) that may help 
T cells enter the brain and spinal cord 
(Abstract #S29.003, AAN, 2004).  

What does this research mean for 
the wealth of vitamins (A, C, E) and 

Researchers have 

found much evidence 

linking oxidants to 

damage in MS and 

MS-like disease.  
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supplements on the market with anti-
oxidant properties? It’s important to 
consider that antioxidant vitamins 
stimulate the immune system. In MS, 
an overactive immune system is part 
of the disease process and stimulation 
may be dangerous.  

A reasonable amount of antioxidants 
can be obtained by eating 2-4 servings 
of fruits and 3-4 servings of vegetables 
daily. For more information, the Soci-

ety’s brochure, “Vitamins, Minerals, 
and Herbs in MS,” is available online 
at http://www.nationalmssociety.org/
Brochures-Vitamins.asp, or from your 
local chapter. 

The early, interesting findings on 
the potential of antioxidant strategies  
need to be confirmed in larger, longer-
term studies before such agents can be 
considered safe, effective treatments 
for people with MS.  

Guiding Nursing Home Care for People With MS 
 

When researchers are awarded contracts from the National MS Society’s 
Health Care Delivery and Policy Research program, their mandate is to pro-
vide information to improve policies and programs nationwide that serve peo-
ple with MS. One example shows how this mission is accomplished. Robert J. 
Buchanan, PhD (University of North Carolina, Charlotte) analyzed the needs 
of nursing home residents with MS, and found them to be younger, more 
mentally alert, more physically dependent, more likely to have depression, 
and more likely to stay in nursing homes longer than residents without MS.   

Nursing home staff may not recognize the special needs of people with 
MS, so the next step was to get this information to professionals who need it. 
The Society’s Professional Resource Center was already planning a series of 
guides to improve long-term care in MS, and convened a panel of MS special-
ists in the fields of mental health, social service and long-term care to identify 
the key components of a quality nursing home program for people with MS. 
Dr. Buchanan served on the panel.  

The result of this task force is “Nursing Home Care of Individuals With 
MS: Guidelines & Recommendations for Quality Care,” a practical resource 
for nursing staff, rehabilitation professionals, social workers, mental health 
professionals and others who care for people with MS in nursing homes. The 
document includes information on nursing and daily care, rehabilitation, psy-
chosocial needs and cognitive issues. The guidelines also provide information 
on assisting families with the nursing home admission process.  

Society chapters are distributing the guidelines to local nursing homes, and 
they have been published in the Journal of the American Medical Directors 
Association and presented at national conferences of nursing home organiza-
tions. The guidelines also appear on the Society’s Web site at http://www.
nationalmssociety.org/pdf/forpros/LT_NursingHomeCare.pdf.  
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The days when women with MS were 
discouraged from having children be-
cause it might make their MS worse 
are long gone. Over the past 40 years, 
studies have been done in hundreds of 
women with MS, leading to the con-
clusion that pregnancy is safe – and 
even has a protective effect – in 
women with MS. But questions remain 
on how pregnancy impacts the course 
of MS and how treating MS af-
fects pregnancy. These questions 
are crucial, considering that MS 
is more prevalent in women of 
childbearing age than in any 
other group. Here we present re-
cent efforts to understand more 
about how pregnancy and MS interact.  

The Pregnancy in MS study 
(PRIMS) reported in 1998 that MS re-
lapses were significantly reduced dur-
ing pregnancy, especially during the 
second and third trimester, and then in-
creased in the first three months after 
delivery (postpartum). Investigators 
collected data on the 227 women en-
rolled in the study for up to two years 
postpartum, and recently published 
these findings (Brain, June 2004).  

The relapse rate in the 21 months 
after the initial postpartum increase 
was similar to that in the year before 
pregnancy, indicating that while there 
was an initial impact of delivery on re-
lapses, this was not sustained. The au-
thors also analyzed clinical factors that 
might predict a woman’s likelihood to 
experience a relapse in the first three 

months following childbirth. They 
found a trend – but not a statistically 
significant outcome – that an increased 
relapse rate in the pre-pregnancy year, 
and an increased relapse rate during 
pregnancy, correlated with the occur-
rence of a postpartum relapse. Postpar-
tum relapses did not correlate with 
breastfeeding, use of epidural, age at 
MS onset, age at pregnancy, disease 

duration, total relapses before preg-
nancy, number of previous preg-
nancies, or sex of the child. 

Several studies on MS and 
pregnancy were reported at the 
2004 Congress of the European 

Committee for Treatment and Re-
search in MS. 
♦   Gammaglobulins Post Pregnancy in 
MS: In this multicenter European 
study, two different doses of IVIG 
(intravenous immunoglobulins, anti-
bodies that may modulate the immune 
system) were administered to 163 
women with relapsing-remitting MS 
within 24 hours after giving birth, and 
every four weeks thereafter for six 
months. There was no increase in re-
lapses in the first 6 months postpar-
tum, and no significant difference in 
effectiveness of the two different 
doses. The medication was well toler-
ated postpartum. 
♦   The EMPATIE Study on Pregnancy 
and MS Therapies: The investigators 
reviewed the clinical records of 14 
European centers since 1995 to iden-
tify women with MS who became 

A Closer Look at Pregnancy and MS 
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pregnant after initiation of immuno-
modulatory therapy. Thirty-six preg-
nancies were identified in 31 patients, 
all of whom had been treated with in-
terferon beta, which was stopped after 
the women became aware of their 
pregnancies. Eight pregnancies were 
unexpected; 28 were planned, 
with patients withdrawing from 
treatment prior to pregnancy. 
Twenty-seven of these pregnan-
cies ended with no major complica-
tions. Spontaneous abortion occurred 
in 9 cases in the first quarter of the 
pregnancy, in equal percentages (25%) 
among those exposed to interferon 
beta (unplanned pregnancies) and 
those not exposed (planned). In six 
weeks after delivery, 7 women had re-
lapses; the relapse-free period before 
pregnancy in these cases was a median 
of 6.5 months, compared to 17 months 
in 20 patients who did not relapse. 

♦   Postpartum Progestin and Estriol in 
MS: Just underway, “POPARTMUS” 
is a European, multicenter, random-
ized, double-blind study designed to 
compare treatment with the sex hor-
mones progestin and estriol versus pla-
cebo in 300 postpartum women with 

MS. The treatment group will re-
ceive these hormones via oral and 
transdermal (a patch) routes im-
mediately after childbirth, and for 

12 weeks thereafter. Investigators base 
this effort on the hypothesis that the 
increase in relapses observed after de-
livery might be due to the dramatic de-
crease in these hormones at that time. 

Women with MS who consider 
pregnancy should discuss the many 
facets of this decision with their health 
care team. As more research is com-
pleted on MS and childbearing, such 
crucial decisions may become a little 
easier for women with MS.  

For information: 1-800-FIGHT-MS; On the Web: nationalmssociety.org  

The National MS Society is proud to be a source of information about MS. 
Our comments are based on professional advice, published experience 
and expert opinion, but do not represent individual therapeutic recommen-
dation or prescription. For specific information and advice, consult your 
personal physician.  


