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Abstract
In severe, drug-resistant multiple sclerosis (MS), stem cell
transplantation (SCT) was introduced as a treatment option about
20 years ago. Application of autologous SCT is based on the
assumption that MS is not inherited in a Mendelian fashion and
the auto reactive immune system can be replaced by a healthy
one. Allogeneic SCT ensures that all leukocytes are of donor origin,
but is applied rarely. Both approaches are fraught with problems
resulting, mainly, from the high-intensity pre-transplant conditioning
regimens. In certain reported cases, the patients’ condition
worsened significantly after SCT. Overall, SCT has been applied
to relatively few patients worldwide with moderate success, and
recent studies suggest that patients with early highly aggressive MS
benefit most from this treatment approach. This article summarizes
the salient points of the SCT therapy for MS and offers insight into
promoting neural and glial differentiation of endogenous cells by
alternative therapies.

Multiple Sclerosis (MS)
MS usually affects young adults aged between 20 to 40 years,
although it can begin earlier or later in life. Women are affected
almost twice as often as men. Most common symptoms include
sensory disturbances in the limbs, optic nerve dysfunction,
pyramidal tract dysfunction, bladder or bowel dysfunction, sexual
dysfunction, ataxia and diplopia. The course of MS can follow 4
clinical patterns: (1) Relapsing-Remitting MS (RR-MS): It accounts
for 80-90% of MS cases at onset. It is characterized by self-limited
attacks of neurological dysfunction, which develop acutely, followed
in most cases by a recovery of function that is often complete. In
between attacks the patient is neurologically and symptomatically
stable. (2) Secondary Progressive MS (SP-MS): It begins as RR-MS
does, but at some point changes and the attack rate is reduced and the
course becomes characterized by a steady deterioration in function,
unrelated to acute attacks. Almost 80% of RR-MS patients follow
this clinical course, and this type of MS causes the greatest amount
of neurological disability. (3) Primary Progressive MS (PP-MS): It
represents only about 10% of cases at onset, it is characterized by a
steady decline in function from the beginning and complete lack of
acute attacks. Such patients tend to have a later age of onset and a
worse prognosis for ultimate disability. (4) Progressive Relapsing
MS (PR-MS): It is the least common type of MS. It begins with a
progressive course; patients experience occasional attacks, which are
superimposed upon their steadily progressive disease course [1].
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MS is a chronic disorder of the central nervous system.
Derangement of cellular immunity is central in the pathophysiology
of MS. MS is predominantly characterized by local T-cell and
macrophage infiltration, leading to demyelination and loss of
neurologic function. MS is an autoimmune disease triggered by T
helper cells (mainly Th1 and Th17), with autoantibody involvement.
Antigens within the myelin sheath, such as myelin basic protein,
proteolipid protein and myelin oligodendrocyte glycoprotein, have
been described as the main targets of self-reactive T helper cells and
auto-antibodies [1-3].

Stem Cell Transplantation (SCT)
Stem cells can be isolated from the patient in autologous stem
cell transplantation or a suitable donor in the case of allogeneic stem
cell transplantation [4]. Stem cells are collected either from the bone
marrow or the peripheral blood, after mobilisation using G-CSF as
a growth factor or chemotherapy (usually cyclophosphamide). In
allogeneic stem cell collection from a donor, chemotherapy is not
used for mobilisation. The use of anti-CD34 antibody for ex vivo
stem cell selection is optional. Stem cell selection based on CD34
positive selection usually involves efforts to deplete B and T cells
from the marrow and the mobilised peripheral blood. A procedure
called conditioning is used in order to eliminate autoreactive B and T
cells in the patient. Conditioning includes chemotherapeutic agents,
lymphodepleting antibodies and total body irradiation, which often
deplete host haematopoietic stem cells. After this procedure stem
cells are re-infused into the patient to reconstitute haematopoiesis. In
the case of allogeneic stem cell transplantation, immunosuppression
therapy is required after transplantation in order to avoid rejection
reactions mediated by the host T cells, or the contaminating donor
T cells in the case of Graft Versus Host Disease (GVHD) (Figure 1).

SCT to Treat MS
The term “stem cell” includes many types, from completely
undifferentiated progenitors to progenitors of specific lineages
[5]. In an injured spinal cord model [6] it was demonstrated that
transplanted adult neural stem cells survived, migrated and integrated
with the injured spinal cord. The most prevalent theory about the
way different types of stem cells approach the point of damage in
myelin and lead to re-myelination is the chemoattractive hypothesis
of stem cells homing [7] (Figure 2).
Results from autologous SCT applied to>600 MS patients
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Figure 1: Outline of the methodologies used for autologous and allogeneic stem cell transplantation.
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Figure 2: A schematic presentation of the chemoattractive hypothesis of stem cells’ homing to the injured tissue.

between 1995 and 2012 showed improvement in more than 60% of
the patients for at least 3 years post-transplantation, with a mortality
risk of 2-10%. The accumulated experience from these trials helped
clarify certain important points: (1) SCT works better with early
aggressive MS whereas when this treatment is applied to patients with
progressive MS and long disease duration, it has minor or moderate
results and (2) intermediate-intensity pre-transplant conditioning
regimens work equally well with toxic high-intensity regimens [8-13].
Results from heterologous SCT are relatively fewer. In 6 reported
cases, SCT was performed to treat a hematological malignancy with
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concurrent MS. In 3 of these patients MS improved whereas in 3
patients it remained active [12,14].

A Glimpse to the Post-Autologous SCT Peripheral
Blood Lymphocyte Populations
Very few studies have reported detailed analyses of peripheral
blood populations of MS patients who underwent SCT. One study
reported 7 patients with different types of MS (1 with RR-MS) who
underwent autologous SCT and did not relapse during a 2-year
follow-up [15]. Phenotypic analysis of their peripheral blood
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mononuclear cells revealed no significant differences from preSCT in the proportions of T cells, B cells, NK cells, NK T cells and
monocytes. The T helper/T cytotoxic cell ratio was found significantly
decreased during the first months, probably due to a greater impact of
therapy on T helper cells, but reverted towards baseline at 1 year and
reached pre-SCT levels at 2 years. There was also a doubling of the
frequency of naive T helper cells at the expense of memory T helper
cells.
Another study reported one patient with RR-MS, refractory
to conventional treatments, who underwent autologous SCT and
relapsed 1 year later [16]. Phenotypic analysis of his peripheral blood
lymphocytes 7 years post-SCT, revealed that lymphocytes, B cells, T
cells, cytotoxic T cells, memory T helper cells and regulatory T cells
were within or at the low end of RR-MS control range. In contrast, his
naive T helper and NK cell levels were extremely low (T helper cells
10% vs 38-55% of controls with RR-MS and NK cells 1% vs 6-13.5%
of controls with RR-MS), and remained unchanged during a further
22-month study period.

Future Prospects
Experimental studies have shown that re-myelination of MS
lesions or, in general, CNS lesions, can be achieved by myelinogenic
or neural stem cells via transplantation or, even better, by promoting
neural and glial differentiation of endogenous neural stem cells
[6,17]. Three interesting studies [18-20], found increased numbers of
circulating hematopoietic stem/progenitor cells that were chronically
maintained, in MS patients treated with the antibody natalizumab.
This antibody is administered to MS patients as second line treatment
[16,18-21], and blocks lymphocyte trafficking to sites of inflammation,
by adhering to the CD49d surface antigen of lymphocytes. Although
the fate of these circulating hematopoietic stem/progenitor cells and
their clinical relevance for MS patients remains to be determined, it
is nevertheless encouraging to know that a conventional treatment
for MS has a “bonus side-effect” which is the generation of new
endogenous stem cells in the patients.
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