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Mesenchymal stem cells (MSCs) are pluripotent non-hematopoietic precursor cells that can be isolated from
bone marrow and numerous other tissues, culture-expanded to purity, and induced to differentiate in vitro
and in vivo into mesodermal derivatives. MSCs exhibit many phenotypic and functional similarities to
pericytes. The immunomodulatory, tissue protective, and repair-promoting properties of MSCs demonstrated
both in vitro and in animal models make them an attractive potential therapy for MS and other conditions
characterized by inflammation and/or tissue injury. Other potential advantages of MSCs as a therapeutic
include the relative ease of culture expansion, relative immunoprivilege allowing allogeneic transplantation,
and their ability to traffic from blood to areas of tissue allowing intravascular administration. The overall published
experience with MSC transplantation in MS is modest, but several small case series and preliminary studies yielded
promising results. Several groups, including us, recently initiated formal studies of autologous, culture-expanded,
bone marrow-derived MSC transplantation in MS. Although there are several potential safety concerns, to date, the
procedure has been well tolerated. Future studies that more definitively assess efficacy also will need to address
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several technical issues.
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1. Introduction

The multiple sclerosis (MS) disease process is complex and produces
multifocal central nervous system (CNS) pathology with varying degrees
of perivenular inflammation, demyelination, axonal transection, neuro-
nal degeneration, and gliosis in both white and gray matter.
Inflammatory mechanisms predominate in early stages reflected most
directly in relapses and magnetic resonance imaging (MRI) lesion activ-
ity. Neurodegeneration is hypothesized to produce the gradual worsen-
ing in progressive MS. Although intrinsic repair processes exist in MS,
they are unable to compensate sufficiently for ongoing damage in most
patients. Currently approved MS treatments primarily reduce CNS in-
flammation. Treatment strategies to prevent tissue damage and/or aug-
ment remyelination and axonal regeneration are greatly needed.

Besides hematopoietic stem cells, the bone marrow (BM) micro-
environment contains pluripotent non-hematopoietic precursor
cells that can be isolated, culture-expanded to purity, and induced
to differentiate in vitro and in vivo into mesodermal derivatives
[1,2]. These cells are referred as multipotent stromal cells or mesen-
chymal stem cells (MSCs). Cells with similar properties exist in a
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cell; TNFa, tumor necrosis factor-alpha.
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variety of other tissues, including adipose tissue, peripheral and um-
bilical cord blood, placenta, amniotic fluid, fetal tissues, synovial
membrane, and deciduous teeth, but bone marrow MSCs are the
best characterized. It is hypothesized that the normal MSC niche is
the perivascular space, that MSCs correspond to pericytes, and their
normal function is to maintain vascular and immunologic homeosta-
sis and facilitate tissue repair [3,4].

No single marker or combination specifically defines MSCs. Criteria
proposed by the Mesenchymal and Tissue Stem Cell Committee of the
International Society for Cellular Therapy [5] include: (1) plastic-
adherence during in vitro expansion; (2) absence of hematopoietic
surface markers (CD14, CD11b, CD19, CD34, CD45, and HLA-DR) and
presence of CD73, CD90, and CD105 surface markers; and (3) ability
to undergo in vitro differentiation into adipocytes, chondroblasts, and
osteoblasts. MSCs elaborate a wide range of soluble immunoregulatory
and trophic factors, reviewed in [6]. The immunomodulatory, tissue
protective, and repair-promoting properties of MSCs described below
make them an attractive potential therapy for MS and other neurologic
disorders [7-10]. Other potential advantages of MSCs as a therapeutic
include the relative ease of culture expansion, generally good safety
profile, relative immunoprivilege allowing allogeneic transplantation,
and their ability to traffic from blood to areas of tissue allowing intra-
vascular administration.

2. MSC transplantation in animal models

The most studied animal model of MS is experimental autoim-
mune encephalomyelitis (EAE), in which immunization of susceptible
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species with myelin proteins or immunogenic myelin peptides in
combination with adjuvant leads to multifocal inflammation and var-
iable demyelination and axonal damage in the CNS. Depending on the
nature of the immunogen and the genetic background of the animal,
the course may be either relapsing-remitting similar to that seen in
early MS or a more chronic as seen in progressive MS. This model
has been informative in dissecting the immunologic mechanisms
leading to tissue injury in MS and identifying potential therapeutic
approaches.

In acute [11] and chronic [12-15] EAE mice, intravenous (IV) MSC
administration ameliorated clinical manifestations, CNS inflamma-
tory infiltration, demyelination, and axonal damage. Potential mech-
anisms include modulating both immunopathogenic processes and
the response of the CNS to inflammatory injury. The potent immuno-
modulatory properties of MSCs are particularly relevant for MS
[16-18]. They inhibit both innate and adaptive immunity, with a va-
riety of immunosuppressive effects on T-cells, natural killer cells,
B-cells, and antigen-presenting cells. MSCs inhibit T-cell prolifera-
tion stimulated by polyclonal activators, cognate antigen, and alloge-
neic mixed lymphocyte reaction [11,19-21]. MSC-derived soluble
factors [11,22], cell-contact [23], and indirect effects through other
cells including CD8 + regulatory cells [22] or antigen-presenting
cells [24] have been implicated. Proposed MSC-derived immunomodu-
latory factors include inoleamine-2,3-dioxygenase, transforming growth
factor-p, hepatocyte growth factor (HGF), nitric oxide, and soluble
HLA-G [11,20,22,23,25-30]. MSCs also inhibit B-cell proliferation, expres-
sion of chemokine receptors, differentiation and production of IgM, IgG,
and IgA [31].

In EAE induced by peptides of myelin oligodendrocyte glycopro-
tein (MOGss_s5) or proteolipid protein (PLP;39_151), treatment with
human BM-derived MSCs reduced the relative frequency of
interferon-gamma (IFNy)-producing splenocytes, while the relative
frequency of interleukin-4 (IL-4) producing cells was increased,
suggesting that MSCs reduce inflammatory myelin-specific Thi
cells and increase inflammatory-inhibiting Th2 cells in EAE [32].
Following in vitro MOGss_ss stimulation of splenocytes from MSC-
treated MOGs35_55-induced EAE animals, the levels of Th1/Th17 inflam-
matory cytokines (IFNv, IL-17, IL-2, IL-12p70, and TNF«a) were signifi-
cantly reduced, while the levels of anti-inflammatory Th2 cytokines
(IL-4 and IL-5) were significantly increased. Importantly, one of the cy-
tokines showing the most prominent down-regulation was IL-17,
which is strongly implicated in mediating the progression of disease
in EAE [33]. In addition the in vitro proliferative response of splenocytes
to MOGs3s_55 was markedly attenuated. In some studies of EAE, very few
donor MSCs were detected in recipient CNS [11,15]. The majority of
transplanted MSCs trafficked to lymph nodes and spleen. Taken togeth-
er, these studies suggest that the clinical and pathological benefit
appeared to be mediated by inhibition of peripheral encephalitogenic
T-cells, as also was proposed for neurospheres in EAE [34].

However, several lines of evidence from animal studies suggest the
beneficial effects of MSCs in EAE also may reflect a more direct influence
of MSCs on neural cell responses to inflammatory CNS injury. Previous-
ly, it was thought that with appropriate stimuli MSCs may be capable of
differentiating into non-mesenchymal lineages including neural cells
[35]. Whether this phenomenon reflects trans-differentiation, ectopic
marker expression, or cell fusion is currently unclear [36]. However, in
studies using labeled MSCs, little evidence for the transplanted cells as-
suming neural fate was found [32]. A more likely possibility is that MSCs
provide soluble factors that support development of intrinsic neural
cells [37]. When neurospheres were generated from animals with ongo-
ing EAE, the majority of the cells that develop in vitro were astrocytes,
while the number of oligodendrocytes, their precursors, and neurons
were relatively limited [32]. In MSC-treated EAE animals, the number
of astrocytes was reduced and the proportions of oligodendrocytes
and neurons were substantially increased. Since gliosis is thought to in-
hibit repair following CNS insults [38] and oligodendrocytes and their

precursors are required for replacement following demyelination,
these studies suggest that the functional improvement mediated by
MSCs in EAE may reflect enhancement of endogenous repair processes.
In other studies, histological analyses of MSC-treated EAE animals showed
increases in the number of oligodendrocytes, enhanced remyelination,
and improved axonal integrity in lesions [26,32].

In some studies, donor MSCs were identified in recipient CNS,
particularly in inflammatory demyelinated areas [12-14]. Increased
brain-derived neurotrophic factor production by CNS cells was dem-
onstrated in transplanted animals, suggesting a possible mechanism
of neuroprotective/repair-promoting actions in EAE. A recent study
also implicated HGF as being functionally important in mediating
MSC benefit in EAE [39]. Administration of human MSC conditioned
medium (hMSC-CM) reduced functional deficits in MOG3s_ss-induced
EAE and promoted development of oligodendrocytes and neurons.
hMSC-CM was shown to contain HGF, and systemic administration of
HGF promoted similar recovery in EAE. Antibodies directed against
HGF and cMET (the receptor for HGF) blocked the efficacy of hMSC-
CM and HGF.

Systemic HGF also accelerated remyelination in lysolecithin-induced
demyelination in rat spinal cord lesions and slice cultures. Further sup-
port for the potential direct neural effects of MSC transplantation was
shown in other, non-immune mediated animal models of neural injury.
Experimental rodent stroke is the most-studied animal model of the
neural repair potential of MSCs. Several general points can be concluded
from these studies [40-46]. MSCs were capable of entering the CNS from
the blood, survived in host tissue, migrated along fiber tracts, and prefer-
entially accumulated in the area of damage or inflammation. Although
some transplanted cells expressed neuronal or glial markers, the number
was very small, and the cells maintained primitive morphology. Thus,
transdifferentiation, neurogenesis, and integration probably were not
the major mechanisms of improved functional recovery. Rather, the ra-
pidity of the observed improvement, small number of transplanted
MSCs in the CNS, and very small percentage with neuronal or glial fea-
tures suggest that the benefit was due to neuroprotection, trophic effects,
enhanced endogenous repair mechanisms, and/or angiogenesis mediat-
ed by elaboration of cytokines and growth factors, which would serve to
magnify the benefit of the small number of cells getting into damaged
tissue.

Other neural tissue models in which MSCs have been shown to be
beneficial include focal spinal cord demyelination produced by X-
irradiation then ethidium bromide injection [47], sciatic nerve tran-
section [48], SOD-G93A mouse model of amyotrophic lateral sclerosis
[49,50], MPTP-induced parkinsonism [51], Huntington's disease
model induced by striatal injection of quinolinic acid [52], cerebral
contusion [53,54], and spinal cord contusion [55-57]. Many other an-
imal tissue injury models also have been studied and showed benefit.
The wide range of tissue injury models in which MSCs are effective
supports the hypothesis that they promote intrinsic repair mecha-
nisms rather than differentiating into and directly replacing cellular
elements. It is likely that distinct factors mediate benefit in different
tissue injury models.

3. Potential safety issues with MSC transplantation

In general, MSC transplantation in humans, including with alloge-
neic MSCs, has been well tolerated [58]. Up to 10 x 108 cells/kg can be
administered safely by the intravenous route [59]. Neither acute nor
long-term clinically significant adverse events attributable to MSCs
have been reported. Nevertheless, several potential adverse effects
require close attention in planned trials.

3.1. Infusion-related toxicity

Close monitoring during infusion is necessary because of potential
toxicity related to an allergic reaction to fetal bovine serum in the
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culture medium [60], dimethylsulfoxide in the freezing medium [61],
or pulmonary embolic phenomena. Also, after injection, culture ex-
panded MSCs can trigger an instant blood-mediated inflammatory re-
action (IBMIR), mediated by innate immune mechanisms [62]. The
likelihood of this reaction depends on the donor and increases with
dose and number of passages. IBMIR potentially could compromise
survival or function of infused MSCs or could trigger a hypersensitiv-
ity reaction or allergic phenomena.

3.2. Infection

Meticulous technique during bone marrow aspiration, culture-
expansion, cryopreservation, thawing, and administration of MSCs
is required to avoid infection related to contamination of the cell
product. It also is possible that the immunosuppressive actions of
MSCs could increase the risk of infection following transplantation.

3.3. Ectopic tissue formation

A potential concern with transplantation of any type of stem cell is
ectopic tissue formation [63]. Ectopic tissue formation in the CNS was
not seen when MSCs were administered IV to treat EAE [11,15,64].
However, when MSCs were administered via the intraventricular
route, they migrated into the brain parenchyma and formed cellular
masses with focal inflammation, local tissue damage, and collagen-
fibronectin deposition, particularly when adminstered to animals
with severe disease [65]. In humans, autopsies of 18 patients who re-
ceived HLA-mismatched MSCs injected intravenously to treat compli-
cations of HSCT were performed, and 108 tissues from 15 patients
examined by polymerase chain reaction [66]. No evidence of ectopic
tissue formation was detected.

3.4. Cancer

Cancer related to malignant transformation of culture-expanded
MSCs or permissive effects of immunosuppression is a theoretical con-
cern, although it has not been reported to date. In the study cited
above [66], no malignant tumors of MSC origin were detected.

3.5. Autoimmunity or paradoxical disease activation

Recent studies confirmed in vitro inhibition by MSC supernatants
of Th1 T-cell proliferation and production of the Th1 cytokine [FNvy
but, surprisingly, showed stimulation of Th17 proliferation and pro-
duction of IL-17A [21]. Similarly, polarization of MSCs into an immu-
nosuppressive or pro-inflammatory phenotype based on stimulation of
specific toll-like receptors also has been reported [67,68]. Thus, in vivo,
MSC transplantation could have both pro- and anti-inflammatory
effects in MS. This concern is particularly relevant as other treat-
ments in MS have produced unanticipated autoimmune phenomena,
e.g., alemtuzumab [69], or increased MS disease activity, e.g., TNFa
blockers [70]. There was a recent report of a patient with MS who de-
veloped an acute disseminated encephalomyelitis-like illness 6 h
after the third of three monthly intrathecal injections of autologous
MSCs [71].

4. Therapeutic transplantation of MSCs in humans

To date, the largest studies of therapeutic MSC transplantation have
been in hematologic malignancy, breast cancer, graft vs. host disease,
and acute and chronic ischemic heart disease, reviewed in [6]. There
have been individual patients or small case series with a wide range
of other conditions, including neurologic disorders such as acute stroke,
spinal cord injury, cerebral trauma, Parkinson's disease, multisystem
atrophy, and amyotrophic lateral sclerosis, reviewed in [10]. The pub-
lished experience in MS is modest, but several preliminary studies

reported promising results [72-76]. Recently, Connick et al. published
the results of the only formal Phase 1/2a study to date in which 10 pa-
tients with secondary progressive MS and evidence of involvement of
the anterior afferent visual pathways were treated with a single IV infu-
sion of autologous culture-expanded, BM-derived MSCs (1.1-2.0x
10%cells/kg) [77]. Patients were followed in this open label study for
up to 20 months pre-treatment and 10 months post-treatment. No se-
vere or serious adverse events were reported. Preliminary efficacy anal-
yses demonstrated benefit on some measures of structure and function
of the visual pathways.

5. Ongoing phase 1 study of MSC transplantation in MS

Several other groups have initiated additional formal studies of MSC
transplantation in MS. With funding from the US Department of De-
fense and National Institutes of Health, we are conducting a phase I
trial and parallel mechanistic immunologic studies (ClinicalTrials.gov
ID NCT00813969). The goal is to enroll 24 men and women ages
18-55, with active relapsing forms of MS, Expanded Disability Status
Scale (EDSS) score of 3.0-6.5, documented involvement of the anterior
afferent visual system, and brain MRI demonstrating T2-hyperintense
lesions satisfying diagnostic criteria for MS [78,79]. Participants will be
followed for two months pre-treatment and six months after IV infusion
of autologous, culture-expanded, BM-derived MSCs (1-2 x 10° cells/kg)
meeting strict release criteria for sterility, viability, and purity. Safety
measures are summarized in Table 1, and exploratory efficacy assess-
ments are summarized in Table 2. As of this writing, 20 participants
have been enrolled. One participant's MSCs grew poorly in culture for
unclear reasons. The target cell dose was attained in all other cases.
All planned safety and efficacy assessments have been performed.
MSC transplantation has been well tolerated with no significant
toxicity.

Ancillary mechanistic immunologic studies will examine the in vivo
effects of autologous MSC transplantation on MS relevant T-cell and
B-cell immune responses at several time points before and after MSC
transplantation. The immunologic effects of MSC transplantation will
be correlated with clinical and imaging measures of MS disease activity/
severity, and potential adverse effects. In vitro studies will evaluate
molecular mechanisms of MSC-induced immunomodulation and
whether there is any relationship between the range or magnitude
of an individual participant's MSCs on his/her immune cells in vitro
with the in vivo effects observed post-transplantation. Exploratory
studies also will examine whether MSCs from MS patients and
non-MS controls differ in their interactions with immune cells.

6. Remaining questions and future directions

MSC transplantation shows great promise as treatment for a variety
of human conditions with inflammatory, ischemic, or traumatic tissue
injury, including MS. Formal clinical trials are underway, predominantly
focusing on safety or proof-of-concept. As future trials are developed to
more directly assess efficacy, several important issues need to be
considered.

6.1. Dose

There has been very little formal dose finding of MSC transplanta-
tion to date. The target dose in our study is 1-2x 106 cells/kg, based
on the MSC numbers achieved after culture expansion. This dose is in
the range previously shown to be safe and efficacious in other condi-
tions. We anticipate being able to achieve this cell yield in the majority
of cases. MSC infusion up to 10x 10® MSCs per kg has been shown to be
safe in other conditions [59]. However, this dose is attained in only a
subset of cultures.
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Table 1

Safety monitoring in the ongoing phase 1 study of autologous MSC transplantation in MS.

General safety visits (adverse event review, concomitant medication review, vital signs,

oxygen saturation, general physical examination, blood chemistry, hematology, and urinalysis)

Vital signs, oxygen-saturation
Serum pregnancy (females patients)
Chest X-ray

Electrocardiogram

Clinical immunology studies: serologic studies (thyroid stimulating hormone, anti-thyroglobulin
antibodies, anti-microsomal antibodies, sedimentation rate, C-reactive protein, anti-nuclear
antibodies, SSA antibodies, SSB antibodies, rheumatoid factor), quantitative immunoglobulin

levels, and lymphocyte subsets measured by flow cytofluorometry
MRI: gadolinium-enhancing lesions, looking for disease activation

Screening; Baseline; Days 1, 4, 7, 14 and 21 after infusion;

and Months 1, 2, 3, and 6

Prior to, immediate following, and hourly for 6 h post-infusion
Screening, Baseline, and Months 1, 3, and 6

Screening, and Months 1 and 6

Screening, and Months 1 and 6

Screening, and Months 1, 3, and 6

Screening; Month — 1; Baseline; and Months 1, 2, 3, and 6

6.2. Optimal culture regimen

Numerous technical factors related to bone marrow harvest,
culture-expansion, cryopreservation, and thawing affect the yield, vi-
ability, function, and presumably efficacy of MSCs [80,81]. One impor-
tant issue is the use of serum in the culture medium. There is
extensive experience in the field culture expanding MSCs using medi-
um containing fetal bovine serum (FBS). However, in addition to
batch-to-batch variability, utilization of FBS raises several potential
safety issues: anti-FBS antibodies reacting with FBS antigens adherent
to MSCs conceivably could lead to rejection or infusion-related aller-
gic reactions [60,82], and FBS conceivably could transmit infection
e.g., zoonoses or bovine spongiform encephalopathy. Therefore, de-
velopment of serum-free culture methods is a priority. Prior to use
in clinical trials, validation studies will be necessary to confirm a
range of factors, including growth kinetics and yield, phenotype (sur-
face marker expression), differentiation potential, immunomodulato-
ry properties, lack of chromosomal abnormalities, and viability after
freeze-thaw.

A second important consideration is whether MSCs could be
primed in culture or genetically engineered to enhance survival, hom-
ing specific target tissues, or key functional features [83]. Two poten-
tial candidate modifications would be enhanced production of, for
example, ciliary neurotrophic factor or HGF, both of which have
been implicated in mediating the efficacy of MSCs in EAE [39,84].

6.3. Route of administration

After IV administration in rodents and primates, MSCs have been
demonstrated by a variety of tracking techniques to distribute widely to
normal tissues, predominantly lung but also liver, kidney, bone, skeletal
muscle, heart, spleen, lymph node, thymus, and BM [53,54,85-93].
MSCs have the ability to home from the blood to sites of tissue injury
and inflammation, including in chronic cardiac rejection [91], localized
prostatic inflammation [94], stroke [88], traumatic brain injury [53,54],
demyelinated spinal cord lesions [95], intracranial glioma Xenografts
[96], and multiple tissues affected by acute radiation sickness [97]. In
chronic murine EAE, labeled MSCs were detected in CNS in proportion
to the degree of inflammation [12,13]. However, in other studies of mu-
rine EAE, labeled MSCs were detected in lymph node and spleen after
IV administration but not brain parenchyma [11,15], suggesting the

Table 2

beneficial effects of MSCs occurred via peripheral immune mechanisms.
The factors that attract MSCs to areas of tissue injury or inflammation
and the mechanisms by which they enter these tissues are poorly
understood.

Intra-arterial administration has been tested in acute and chronic
ischemic heart disease in humans, and intracarotid injection has been
tested in animal models of stroke to improve targeted delivery [98]. A
recently published trial in multisystem atrophy included both IV and
intracarotid administration [99]. Although the procedure was well
tolerated clinically, brain MRI in some participants showed small T2
hyperintensities presumably representing ischemic lesions. Intrana-
sal administration of MSCs has shown promise in animal studies
[100,101].

The study of Connick et al. [77] in MS employed IV administration.
Others employed intrathecal administration, in some combined IV
administration [74-76,102-104]. Because of safety and feasibility
considerations, we elected to study IV administration in our trial. Sen-
sitive tracking studies after human transplantation will be necessary
to determine to extent to which MSCs traffic into CNS after different
of routes of administration.

6.4. Duration of benefit

The extent of engraftment and duration of survival of donor MSCs
after transplantation in humans is largely unknown. Donor MSCs
have been difficult to detect in human tissues after transplantation.
Long-term engraftment, albeit very modest, was demonstrated in a
few studies [60,105-108]. In a recent study, autopsies of 18 patients
who received HLA-mismatched MSCs for complications of hemato-
poietic stem cell transplantation, including analysis of 108 tissues
from 15 patients by polymerase chain reaction [66]. Donor DNA was
detected in only rare tissues. There was no correlation between en-
graftment and magnitude of therapeutic response. The authors
interpreted these findings to indicate a “hit and run” mechanism of
action. In trials of graft vs. host disease, clinical benefit appeared to
last for several months up to 1 year in a few patients [109]. At this
time, there are no data concerning the duration of putative benefit
following MSC transplantation in MS, but it is likely that it will be
self-limited and that repeated administration may be required. How-
ever, repeat administration may increase the risk of sensitization, par-
ticularly with allogeneic MSCs.

Exploratory efficacy assessments in the ongoing phase 1 study of autologous MSC transplantation in MS performed at Screening; Month — 1; Baseline; and Months 1, 2, 3, and 6.

Participant global impression of clinical status by visual analog scale
Relapse rate

Clinician-assessed neurologic impairment/disability

Brain MRI

EDSS, MS Functional Composite, visual acuity, Sloan low-contrast letter acuity
T2-hyperintense, T1-hypointense, and gadolinium-enhancing lesions; whole brain and gray matter

atrophy; magnetization transfer imaging; and diffusion tensor imaging

Visual evoked potentials
Optical coherence tomography

P100 latency
Overall mean and quadrantic peripapillary retinal nerve fiber layer thickness, foveal thickness, macular

volume, and segmented ganglion cell layer thickness
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6.5. Use of autologous versus allogeneic MSCs for therapeutic transplantation
in MS

One important area of uncertainty is whether transplantation of
autologous or allogeneic MSCs is preferable in disorders such as MS
based on the theoretical concern that, due to the underlying disease
or its treatment, autologous MSCs from MS patients could have “de-
fective” immunomodulatory, tissue protective, or reparative capabili-
ty. Allogeneic MSC transplantation appears feasible. MSCs are
minimally immunogenic. In vitro, human MSCs do not stimulate pro-
liferation or IFN<y production by allogeneic T-cells [20,23,24,110].
They are not lysed and do not induce production of IFNy or TNFa
by allogeneic cytotoxic T-cells [26,111]. In vivo, allogeneic and xeno-
geneic MSCs are not rejected in mice [22], and numerous studies
demonstrate that allogeneic MSCs are not rejected in humans
[109,112-114]. This property allows for use of universal donor, allo-
geneic culture-expanded MSCs, an approach taken by several compa-
nies commercializing MSC therapy. Use of MSCs as an “off-the-shelf”
reagent improves convenience and allows purified MSCs to be used
to treat acute conditions, e.g., myocardial infarction, stroke, or MS re-
lapse. Furthermore, this approach is clearly necessary to employ
MSCs as replacement therapy in genetic disorders such as osteogen-
esis imperfecta, Hunter syndrome, metachromatic leukodystrophy,
and Hurler syndrome [59,106,115,116].

Although allogeneic transplantation appears feasible, it raises a
number of practical concerns. First, “certification” of the donor to
rule out infection and cancer must be comprehensive. Second, regula-
tory hurdles would be expected to be more difficult. Finally, although
MSCs appear to be relatively immunoprivileged, allowing one-time
transplantation of allogeneic cells without adverse events, there is ev-
idence in animals that re-challenge with allogeneic MSCs induces
sensitization, rejection, and immunologic memory responses [117].
Chronic disorders such as MS probably will require repeated MSC
transplantation, which, thus, may be problematic.

Studies of MSCs isolated from patients with chronic diseases
have yielded conflicting results. MSCs from patients with aplastic
anemia [118], advanced osteoarthritis [119], and connective tissue
diseases [120,121] had altered proliferation and/or function. In
contrast, in two studies, MSCs from patients with systemic lupus
erythematosus, rheumatoid arthritis, systemic sclerosis, Sjogrens
syndrome, polymyalgia rheumatic, or diabetes had similar surface
phenotype, plaque-forming ability, differentiation capacity, ability
to support hematopoiesis, and immunomodulatory properties as
control MSCs, with no apparent effect on disease activity or immu-
nosuppressant therapy [122,123]. BM stromal cells from 15 MS
patients supported hematopoiesis normally, with no effect of re-
cent IFNP treatment [124]. MSCs from five MS patients had similar
proliferation, differentiation potential, and cell surface antigen ex-
pression as five healthy donors [125]. MSCs isolated from 10 MS pa-
tients had similar proliferation, differentiation capacity, toll-like
receptor expression, immunomodulatory actions, ability to inhibit
dendritic cell differentiation and activation, but significantly greater
lipopolysaccharide-stimulated IP10 production compared to six
healthy controls [126]. In summary, it remains uncertain whether
MSCs from MS patients have altered properties and therapeutic
potential. Therefore, studies of the phenotype and function of MSCs
isolated as part of planned trials will be important to address this
issue.
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