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Abstract

Autoimmune diseases constitute a heterogeneous group of conditions
commonly treated with anti-inflammatory, immunosuppressant and
immunomodulating drugs, with satisfactory results in most cases.
Nevertheless, some patients become resistant to conventional therapy.
The use of high doses of drugs in such cases results in the need for
bone marrow reconstitution, a situation which has stimulated research
into the use of hematopoietic stem cells in autoimmune disease
therapy. Stem cell transplantation in such diseases aims to destroy the
self-reacting immune cells and produce a new functional immune
system, as well as substitute cells for tissue damaged in the course of
the disease. Significant results, such as the reestablishment of toler-
ance and a decrease in the recurrence of autoimmune disease, have
been reported following stem cell transplantation in patients with
autoimmune disease in Brazil and throughout the world. These results
suggest that stem cell transplantation has the potential to become an
important therapeutic approach to the treatment of various autoim-
mune diseases including rheumatoid arthritis, juvenile idiopathic
arthritis, systemic lupus erythematosus, multiple sclerosis, systemic
sclerosis, Crohn’s disease, autoimmune blood cytopenias, and type I
diabetes mellitus.
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Introduction

Autoimmune diseases (AD) are caused
by immunologic imbalance and loss of toler-
ance, which lead the immune system to at-
tack self tissues within the organism. AD can
be mediated by immune complexes, circu-
lating autoantibodies and autoreactive T lym-
phocytes. Conventional AD therapy is effec-
tive in most patients, but some patients are
resistant to the anti-inflammatory and immu-

nosuppressive agents used or are only ca-
pable of responding to high doses of such
medicines, which are toxic. In such cases,
bone marrow (BM) reconstitution is required.
Thus, high doses of immunosuppressants,
followed by hematopoietic stem cell trans-
plantation (HSCT), have become an alterna-
tive treatment for many diseases involving
the immune system. These include multiple
sclerosis (MS), systemic sclerosis (SS), rheu-
matoid arthritis (RA), juvenile idiopathic ar-
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thritis (JIA), and systemic lupus erythemato-
sus (SLE) (1,2).

The application of HSCT to the treat-
ment of AD has been studied since the 1970s.
The success of this approach has been widely
demonstrated in animal models as well as in
BM transplant patients who were shown to
also have concomitant AD. For example, an
allogeneic BM transplantation (BMT), which
was intended to cure aplastic anemia in 2
patients with concomitant RA, resulted in
the complete remission of RA for at least 11
years (2).

The use of stem cell therapy in diseases
involving the immune system is increas-
ingly common. By 2004, the European and
North American data banks had accumu-
lated information on about 800 patients
treated with HSCT for a variety of diseases
(3). Most of these procedures involved pe-
ripheral blood autologous HSCT (AHSCT).
After the administration of growth factors to
the patient, which mobilizes the stem cells
from BM to peripheral blood, the patient’s
blood is collected and processed, and mature
cells are excluded until a sufficient number
of HSCs are obtained for transplantation.
The patient then undergoes radioactive and/
or cytotoxic drug therapy, which eliminate
the cells in division, including immune sys-
tem cells. The treated blood is returned to the
patient via transfusion, and, by a mechanism
known as homing, the HSCs migrate to the
BM, where they begin a process of differen-
tiation into mature functional cells. This treat-
ment has been shown to result in the reestab-
lishment of tolerance and a decrease in the
recurrence of AD. Figure 1 shows a sche-
matic representation of this procedure.

Stem cells

Stem cells are characterized by their ca-
pacity for self-renewal, multilineage differ-
entiation, proliferation, mobilization, and
homing (4). Stem cells can be divided into
two main groups: embryonic stem cells

(ESCs) and adult stem cells (ASCs).
ESCs, found in the embryo until approxi-

mately 3 days after fertilization, are totipo-
tent, that is, they are capable of giving rise to
more than 200 cell types, including extra-
embryonic tissues such as the placenta and
umbilical cord. ESCs obtained from the in-
ternal mass of cells that form the blastocyst,
at 4 or 5 days following embryo fertilization
of the embryo, but before implantation in the
uterus, are pluripotent cells (5). That is, they
are capable of giving rise to all cell types,
with the exception of extra-embryonic tis-
sues.

ASCs give rise to specific tissue progeni-
tor cells and are, in most cases, multipotent,
producing a more limited number of cell
types. The stem cells most commonly used
in clinical medicine are HSC, a type of mul-
tipotent ASC, which give rise to all types of
blood and immune system cells (5). The
main sources of HSCs are BM, umbilical
cord blood (UCB) and, in smaller quantities,
peripheral blood. Some ASCs appear to be
capable of transdifferentiation. This process
is characterized by the differentiation of a
progenitor cell into a cell line other than that
from which it originated. An example is the
capacity of BM stem cells to give rise to
neurons (6). Later, pluripotent stem cells,
such as mesenchymal stem cells (MSCs)
and multipotent adult progenitor cells, were
discovered in several adult tissues.

In the next sections, we report on a num-
ber of AD for which stem cell transplanta-
tion is currently being considered a potential
therapeutic approach. Additionally, we pro-
vide examples of the different therapeutic
protocols used, and discuss the limitations
and advantages of such procedures.

Rheumatoid arthritis and juvenile
idiopathic arthritis

Autologous stem cell transplantation
(ASCT) has been proposed as a possible
treatment for severe AD such as RA, MS,
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SS, and SLE. Almost 1000 patients with
various autoimmune disorders have under-
gone ASCT since 1996, among them a small
number of children, most of them suffering
from JIA (7).

RA is a systemic AD that, in the long
term, can lead to irreversible destruction of
the joints, loss of mobility, as well as a
reduction in both the quality of life and life
span. Cellular and humoral immune re-

sponses can contribute to the development
of lesions. Rheumatoid factor, an autoanti-
body specific to the Fc region of human IgG,
is found in 80% of patients with RA (8).

The cells involved in inflammatory reac-
tions are derived from HSCs, which sug-
gests that this disease may originate from
problems in stem cells. It is not clear whether
the inflammatory cells are derived from ab-
normal stem cells or whether they are nor-

Figure 1. Schematic model of the protocol for obtaining autologous hematopoietic stem cells from peripheral blood for transplantation showing the
different stages of transplantation, re-establishment of immunological tolerance and possible causes of relapse. Following granulocyte-colony
stimulating factor (G-CSF) treatment which stimulates the mobilization of stem cells from bone marrow to peripheral blood (1), the peripheral blood stem
cells are collected by means of leukapheresis and purified (2). Purification of peripheral blood via antithymocyte globulin (ATG) in vivo and/or in vitro
selection of CD34+ cells aims to isolate stem cells from mature cells. After collection of peripheral blood, the patient is submitted to immunosuppressive
therapy (2). The graft containing the stem cells is reintroduced into the patient (4). If mature lymphoid cells remain in the graft after the purification stage,
the patient may suffer a relapse (3B and 4B). The stem cells multiply via the self-renewal process (5) and are capable of differentiation (6), forming a
new immunological system and therefore re-establishing immunological tolerance, consequently diminishing the symptoms of the disease or leading to
long-term remission (7A). However, if new auto-reactive cells develop during the differentiation stage or the purification stage fails to remove such cells
from the graft, the patient may suffer a relapse (7B).

Peripheral blood Peripheral blood

1) G-CSF

2) Leukapheresis
Graft: ATG and/or CD34+ selection
Patient: immunosuppressive therapy

Pluripotent stem cell

Mature autoreactive lymphocyte

3A)  Graft

4A) Re-introduction of the stem
cells in the patient

4B) Re-introduction of the stem
cells in the patient Relapse of the disease

5) Self-renewal

6) Differentiated cells

7A) Reestablishment of
immunological tolerance

7B) Relapse of
the disease6) Differentiated cells

5) Self-renewal

3B) Graft
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mal progenitor cells that demonstrate patho-
genicity within a microenvironment predomi-
nantly occupied by inflammatory cytokines.
Proof that the defect lies in stem cells is the
fact that RA can be transmitted or abolished
by allogeneic stem cell transplantation (9).

One hypothesis concerning RA is that it
involves the aging of stem cells. The HLA-
DR4 haplotype appears to be linked to RA.
Healthy HLA-DR4+ individuals present pre-
mature aging of HSCs. Aged T cells express
distinct immunoregulatory receptors that
potentiate their activity, independently of
antigenic recognition. These cells present
pro-inflammatory properties and trigger auto-
reactivity. In RA, the abnormal functioning
of stem cells is probably not limited to HSCs,
but may also involve, for example, MSCs.
Thus, the premature aging of stem cells in
RA may lead to tissue destruction resulting
from the action of T cells and failure of the
tolerance mechanism (10).

Study of the application of stem cells to
the treatment of RA started at the beginning
of the 1980s in research using animal mod-
els. Clinical studies mainly involve autolog-
ous HSCs or, more rarely, syngeneic or allo-
geneic BMT (11). The transplantation pro-
tocol varies between studies. As in other
AD, in order to perform peripheral blood
AHSCT the cells are mobilized using granu-
locyte-colony stimulating factor (G-CSF)
with or without immunosuppression, prior
to leukapheresis. The graft may or may not
be manipulated in vivo or ex vivo using
antithymocyte globulin (ATG) and/or by
selection of CD34+ cells, the classic marker
of HSCs. The purpose of these procedures is
to eliminate mature autoreactive lympho-
cytes, thus preventing them from being re-
introduced into the organism. The patient is
submitted to an intense immunosuppressive
process followed by the reintroduction of
stem cells into the receptor. Several clinical
studies are discussed throughout this review
and are listed in Table 1. The patients se-
lected in the following studies presented

severe RA which had proven to be resistant
to conventional therapies.

Mobilization of HSCs with G-CSF is
considered to be a suitable technique. How-
ever, the administration of cyclophospha-
mide (CY) prior to G-CSF appears to offer
some advantages. Immunosuppression in-
duced by CY may reduce the risk of intensi-
fying the RA symptoms produced by G-
CSF. CY seems to increase HSC levels,
facilitating graft manipulation, and to re-
duce the number of potentially pathogenic T
lymphocytes re-introduced into the patient.
Moreover, it appears to stimulate renovation
of immunocompetent cells, reestablishing
the immunological balance, without the need
for HSC re-infusion (12).

This conditioning regime should provide
great efficacy with reduced toxicity. Thus,
the dose of CY to be used has been estab-
lished as 200 mg/kg since it produces an
effective response in RA treatment and pre-
sents acceptable levels of toxicity (13). In a
study involving 4 patients who received CY
and ATG, 1 patient was submitted to total
body irradiation (TBI), 2 patients, including
the one that received TBI, presented disease
reactivation post-transplantation, though the
symptoms were mild and transitory. The
other 2 patients reached improvement level
ACR70. According to the American College
of Rheumatology (ACR), ACR70 corre-
sponds to an improvement level of 70% in
the count of joint pain and edema, together
with an improvement of 70% in at least 3 of
the 5 parameters, including the level of reac-
tive C protein, erythrocyte sedimentation,
and functional incapacity. Similarly, ACR20
and ACR50 correspond to improvements of
20 and 50%, respectively (14).

Research into the use of high doses of
CY in the absence of stem cell re-infusion is
based on the HSC expression of high levels
of aldehyde dehydrogenase, an enzyme re-
sponsible for the cellular resistance of CY
(9), and 2 patients submitted to this proce-
dure showed complete remission of the dis-
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Table 1. Protocols of autologous transplantation and results of clinical studies based on the use of stem cells in the treatment of rheumatoid arthritis.

PBHSC
without

re-infusion
of cells

CY (4 g/m2) +
G-CSF

Non-manipulated
cells

Group 1:
4 patients:

CY 100 mg/kg

Group 2:
4 patients:

CY 200 mg/kg

Results Conclusion References

· Improvement of symptoms,
relapse in all patients.
Symptoms did not affect pre-
treatment intensity

· Increase in the number of T
CD4+ cells in relation to the
evolution of RA

Immuno-
suppression

-

Manipulation

-

MobilizationCells used

4

Number of
patients

8 PBHSC Filgrastim

· The use of high
doses of CY prior
to G-CSF is safe
and effective in mo-
bilization

12

· Dose-dependent hematologi-
cal toxicity

· Group 1: improvement in
symptoms with relapse in 3-4
months post-treatment

· Group 2: more intense and
long lasting improvement

· The use of 100 mg
CY/kg is not recom-
mended. 200 mg CY/
kg produces effective
responses in RA and
toxicity levels are ac-
ceptable

13

Selection of
CD34+ cells

CY (200 mg/kg)
+ ATG

1 patient: TBI

4 PBHSC CY (2 g/m2)
and G-CSF

· Improvement of all patients: 1
failed to reach ACR20, 2
reached ACR70

· 2 patients, including the one who
received TBI: reappearance of
the disease, with mild and tran-
sitory symptoms

· AHSCT: safe and
effective in 2 of 4
patients

· TBI did not prevent
RA reactivation

14

Group A:
18 patients:
selection of
CD34+ cells

Group B:
15 patients:

non-manipulated
stem cells

CY 200 mg/kg33 PBHSC Filgrastim · Reached ACR70: group A:
27.7% and group B: 53.3%

· Average recurrence time: group
A: 147 days and group B: 201
days

· Average RF (3 months): group A:
219 IU/mL and group B: 30 IU/mL

· After recurrence (12 patients):
67% spontaneous remission or
with DMARDS

· Selection of CD34+

cells for transplan-
tation fails to show
benefits

· AHSCT appears to
act as an immuno-
modulator

16

28 patients:
non-manipulated

cells

Other patients:
selection of
CD34+ cells

and/or
chemotherapy

CY

CY + ATG

CY + TBI + ATG

CY + Busulfan

Fludarabine +
ATG

76 72 patients
PBHSC

3 patients:
only stem cell
mobilization

1 patient:
stem cells
collected
from BM

G-CSF

G-CSF + CY
(4 g/m2) ±
etoposide

· Mobilization intensified the RA
in 15% of the patients

· 3 patients: complete remission;
33 patients: ACR70; 13 patients:
ACR50; 12 patients: ACR20; 12
patients: therapy ineffective

· Re-administration of DMARDS:
disease controlled in half of the
cases

· Better response in patients with
negative RF and absence of cor-
relation with: the duration of the
disease, previous number of
DMARDS used, presence of
HLA-DR4 or removal of lympho-
cytes from graft

· Therapy with high
doses of immuno-
suppressor and
HSCT is safe

· Most of the patients
responded well, but
with relapse

· Stem cell trans-
plantation is not a
curative therapy,
but it permits the
control of reactiva-
tion of the disease
with DMARDS

8
(EBMT

and
ABMTR

from 1996
to 2000)

The studies cited derive from a review of the literature and give a general view of the different outcomes after therapy. ABMTR = Autologous Blood and
Marrow Transplant Registry; ACR = American College of Rheumatology level (in percent); AHSCT = autologous hematopoietic stem cell transplanta-
tion; ATG = antithymocyte globulin; BM = bone marrow; CY = cyclophosphamide; DMARDS = disease-modifying antirheumatic drugs; EBMT =
European Group for Blood and Marrow Transplantation; G-CSF = granulocyte-colony stimulating factor; HSCT = hematopoietic stem cell transplanta-
tion; PBHSC = peripheral blood hematopoietic stem cells; RA = rheumatoid arthritis; RF = rheumatoid factor; TBI = total body irradiation.



1584

Braz J Med Biol Res 40(12) 2007

S.B. Rosa et al.

www.bjournal.com.br

ease (15). Moore and colleagues (16) stud-
ied 33 patients who were randomly submit-
ted to either the autologous transplantation
of non-manipulated cells or the transplanta-
tion of selected CD34+ cells. The effects of
using non-manipulated stem cells were bet-
ter than those obtained with selected CD34+

cells. In a syngeneic transplantation of HSCs,
in which the patient with RA received HSCs
from his twin brother, no recurrence of the
disease was seen for at least 24 months.
There were some differences in the expres-
sion of some T cell receptor subtypes be-
tween the brothers. Following transplanta-
tion, the T cell receptor repertory of the host
became practically the same as that of donor.
Thus, the syngeneic lymphocytes from a
healthy donor are capable of modifying the
immunoregulation disorder, contributing to
the production of graft-versus-autoimmu-
nity (17).

Most studies on HSCT involve isolated
cases or small sample groups. A wider study,
based on the records of both the European
Group for Blood and Marrow Transplanta-
tion (EBMT) and the Autologous Blood and
Marrow Transplant Registry, involved the
collection of results from around the world
of cases of treatment of RA with stem cells,
particularly severe and resistant cases. From
1996 to 2000, 76 patients were registered.
The mortality rate related to the treatment
was low, with the death of 1 patient, who had
been submitted to graft purification and im-
munosuppression. Most of the patients re-
sponded well to the treatment, although with
a high rate of relapse. AHSCT makes it
possible to control the return of the disease
with the use of conventional antirheumatic
drugs. The good response to these post-
transplantation drugs suggests that ASCT is
associated in some way with immunomodu-
lation (8,13,14,16).

Thus, HSCT in RA therapy is well toler-
ated by patients, with few cases of deaths
related to transplantation. Currently, AHSCT
is not considered to be a curative therapy for

RA. However, it may represent a possible
“back to the beginning of the disease mech-
anism”, facilitating the control of symptom
intensification through the use of mainte-
nance therapy (9). This post-transplantation
maintenance has been the focus of the EBMT/
EULAR (European League Against Rheu-
matism) Autologous Stem Cell Transplanta-
tion International Rheumatoid Arthritis Trial
(3). However, this trial was suspended be-
cause of insufficient patient accrual.

Systemic JIA is a heterogeneous form of
arthritis in childhood and represents 10-20%
of all cases of JIA in the Caucasian popula-
tions of Northern America and Europe. Up
to 30% of patients will still have active
disease after 10 years, and morbidity within
this group is high (18). Despite modern thera-
pies, JIA remains a significant cause of mor-
bidity in children because it does not usually
respond to anti-TNF agents.

Since 1997, HSCT has been applied as
an experimental procedure to more than 50
children with refractory JIA. In a retrospec-
tive analysis of follow-up data on 34 chil-
dren with JIA who were treated with ASCT
at nine different European transplant cen-
ters, the results showed that 18 of the 34
patients (53%) achieved complete drug-free
remission at follow-up times of 12 to 60
months. In 7 of these patients earlier treat-
ment with anti-TNF had failed. Six of the 34
patients (18%) showed a partial response
(ranging from 30 to 70% improvement) and
7 (21%) were resistant to ASCT. There were
3 cases of transplant-related mortality (9%)
and 2 of disease-related mortality (6%). These
results show that ASCT in severely ill pa-
tients with JIA induces a drug-free remis-
sion of the disease and a profound increase
in general well-being in a substantial pro-
portion of patients, but the procedure carries
a significant risk of mortality (19). More
recently, this risk has been reduced by pre-
treating with steroids the patients in whom
the disease is very active prior to transplan-
tation. The European Bone Marrow Trans-
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plantation Group plans to continue using
ASCT in the treatment of JIA, particularly
the systemic onset form of the disease, with
fludarabine in the conditioning regimen and
probably, in the future, MSC instead of HSC.
Only 1 patient with RA was transplanted
during the Brazilian Cooperative Trial of
Autologous Hematopoietic Stem Cell Trans-
plantation for AD. A 20-year-old female
patient with the polyarticular form of JIA
received a conditioning regime of CY (200
mg/kg) and rabbit ATG (4.5 mg/kg) and
autologous peripheral blood stem cells in
September/2005 at the Hospital Sírio Libanês
in São Paulo. Anti-CD20 monoclonal anti-
body (Rituximab) was given (375 mg/m2

every 3 months) to prevent relapse and the
patient maintains complete remission after 1
year of follow-up (20 and Massumoto C,
personal communication).

Systemic lupus erythematosus

There is evidence that patients with SLE,
a systemic AD, present BM dysfunction,
with a marked reduction in the numbers of
CD34+ cells and a possibly reduced stem cell
proliferation capability. The patients present
elevated levels of apoptosis in the CD34+

cell subpopulation and a reduced frequency
of colony-forming units when compared to
control groups. These abnormalities appear
to be related to a defect in the microenviron-
ment of the BM, contradicting the hypo-
thesis that they are related to some primary
defect in the stem cells. During the post-
transplantation period, a greatly reduced
number of apoptotic CD34+ cells are seen
when compared with the pre-treatment pe-
riod (21).

The EBMT and the EULAR registered
53 cases of the use of HSCT in patients with
SLE between 1995 and 2002. In the United
States, a transplant center reported the use of
HSCT in 50 cases from 1997 to 2005 (21).
Currently, research protocols use a condi-
tioning protocol consisting of CY and G-

CSF for mobilization, and high doses of CY
combined with ATG, and in vitro CD34+ cell
selection (21,22).

Besides the SLE patients submitted to
HSCT reported in the EBMT/EULAR (21)
and the American (22) studies, 32 other
isolated cases have been reported. There
were 22 cases of clinical remission. About
30% of the patients who had remission of the
disease presented a relapse (23).

With this disease, the longer the post-
transplantation period, the greater the risk of
relapse, which is associated with low level
of anti-dsDNA antibodies prior to HSCT.
According to the EBMT/EULAR studies,
there was no difference in the frequency of
relapse with selection of CD34+ cells or with
a more intense conditioning regime. The
adverse effects of the treatment are not se-
vere and the activity of the disease can be
controlled with therapies to which the pa-
tient was previously resistant (21,22).

There are many examples of clinical im-
provement in patients with SLE submitted to
AHSCT or to treatment with high doses of
CY (24). However, new inflammatory and
autoimmune processes have occurred in pa-
tients submitted to HSCT (21) and in pa-
tients treated only with CY without infusion
of stem cells (24). This probably occurs as
the result of the deletion of regulatory T cells
(21).

In Brazil, the first four cases of SLE
submitted to AHSCT in a multicenter coop-
erative trial were reported in 2003 (1). The
patients received high doses of CY and ATG,
which were both administrated before and
after cell infusion. The use of ATG immedi-
ately after infusion was intended to comple-
ment the in vivo T cell deletion since in the
protocol the infused cells did not suffer in
vitro selection. Three patients presented se-
vere kidney failure and 1 patient died. The 3
surviving patients showed remission of kid-
ney disease after transplantation, but 1 pa-
tient relapsed thereafter and showed a de-
cline in renal function (Scheinberg M, per-
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sonal communication). Four other patients
were included in the clinical trial, 1 patient
could not have his stem cells mobilized and
returned to conventional immunosuppres-
sion and 3 patients died from transplant com-
plications (acute renal failure and septice-
mia) (20).

Several studies in the international litera-
ture have shown that AHSCT is efficient in
achieving remission of disease in patients
with resistant SLE. Transplantation is able
to change the behavior of severe diseases,
making them more benign and responsive to
therapy. It has been suggested that the re-
ported higher rates of mortality in Brazil and
other countries (25) can be controlled by
appropriate patient selection, the choice of a
less aggressive conditioning regime and the
acquisition of more experience in managing
specific complications associated with the
procedure (21).

Multiple sclerosis

Multiple sclerosis is an organ-specific
AD mediated by T cells triggered against
structural components of myelin in the cen-
tral nervous system (CNS). Subsequent to
inflammation in the CNS, demyelinization
and loss of axons may occur, resulting in
interruption of the electrical signal. Most
MS patients present episodic relapse and
improvement, known as relapsing-remitting
MS, followed by a phase called secondary
progressive MS. There is yet another form of
MS known as primary progressive MS, which
is generally resistant to conventional thera-
pies (26).

Available treatments for MS are not cura-
tive. They are able to reduce inflammation in
the CNS and to delay the advance of the
disease, but disease control is frequently
unsatisfactory. The use of stem cells in the
treatment of MS is based on the immunosup-
pressor and immunomodulatory effects of
AHSCT, which may favor the immunologi-
cal balance (26). Furthermore, the multi-

focal nature of MS makes the injection of
stem cells into each affected site impracti-
cable, which means that the cells need to be
attracted to the pathological areas. The intra-
venous administration of stem cells may be
an alternative in MS and other neuroinflam-
matory conditions, in which there is perme-
ability of the hematoencephalic blood brain
barrier in the inflammatory areas. Moreover,
the discovery that stem cells are capable of
reaching the CNS and of transdifferentiating
or acquiring oligodendrocyte and possibly
neuronal properties, suggests that they may
be able to act in re-myelinization and neuron
repair.

The first reported AHSCT in patients
with MS was performed in 1995 (26). By
November 2002, MS was the AD with the
largest number of reports of AHSCT. More
than 200 patients were submitted to AHSCT
specifically for the treatment of MS (3).
Table 2 lists the clinical trials of HSCT for
MS. Practically all the patients were in the
progressive phase of MS, and most of them
were in the secondary progressive MS phase.
These patients had not responded to previ-
ous conventional treatments and presented
severe functional incapacity. There is no
variation in the results from different trans-
plant centers (27). AHSCT significantly re-
duced the inflammation in the CNS, as shown
by magnetic resonance imaging, and en-
hanced the results obtained with conven-
tional therapies (26). The most common ad-
verse effect was the occurrence of infection,
which affected more than 50% of the pa-
tients in the clinical trial of Fassas and col-
leagues (27). The mortality rate associated
with transplantation is high (5-10%) when
compared with that of conventional treat-
ment (0%), although it is believed that with
a more precise patient selection procedure
this rate could be reduced. The morbidity
and mortality rates seem to be related to the
intensity of T cell deletion and to the condi-
tioning regime, as well as to advanced age
and severe functional incapacity of the pa-
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tients (26). There is a need to determine what
degree of risk is acceptable in patients with a
disease that, although severe and rarely cur-
able, has a low death rate.

Some clinical studies have reported the
persistence of cerebral atrophy after AHSCT
for MS. However, it is still not possible to
know whether or not AHSCT has any effect
on the advance of atrophy because the pa-
tients involved in these studies presented a
severe and rapidly advancing form of MS. In
this situation, cerebral atrophy might be tak-
ing place at an accelerated and cumulative
pace and, moreover, a more active phase of
the disease may occur during pre-treatment,
mainly during cell mobilization. Accord-

ingly, the loss of brain tissue could be a long-
term consequence of previous activity of the
disease. Furthermore, there is the possibility
of pseudoatrophy, which occurs in response
to the intense suppression of the disease
activity induced by AHSCT (28).

AHSCT appears not to yield good results
in patients whose clinical progression in-
volves axon degeneration. Thus, the use of
AHSCT in the early stages of MS would
appear to be more suitable for patients with a
low level of functional incapacity (26).

Matrix metalloproteinase-9 (MMP-9), a
marker of MS pathogenesis, is regulated by
the tissue inhibitor of MMP-1. The serum
and expression level of mRNA of MMP-9

Table 2. Protocols of transplantation and results of clinical studies based on the use of autologous peripheral blood hematopoietic stem cell
transplantation in multiple sclerosis.

Number of Number of deaths Results and Conclusions References
patients

85 Total: 7 · Better results in patients with SPMS and less than 40 years old 27
PBHSC: 79 5: related with · Improvement of neurological symptoms in 18 patients (21%) and reduction of activity
BM: 6 transplantation; detected by MRI

2: normal · Absence of significant difference in results: duration of the disease pre-transplantation,
progression of the conditioning regime, ex vivo deletion of lymphocyte
disease · Stem cell transplantation showed better results than IFN-ß or placebo

35 Total: 2 · Reduction of activity detectable by MRI in spite of permanence of brain atrophy 29
1: related with · Development of post-transplantation AD (autoimmune thyroid and inhibition of factor VIII)
transplantation; · Greater benefits in patients with SPMS and RRMS, than patients with PPMS
1: delayed effect

15 0 · Stability or improvement in 12 patients 30
· Progression of MS: 2 patients (1 year post-transplantation)
· Only 2 patients had relapse
· Reduction of activity detectable by MRI in spite of permanence of brain atrophy

26 0 · Clinical improvement in 1 patient, stable condition in 13 patients and deterioration in 31
7 patients

· MRI: new lesions in 4 patients
· Probability of absence of progression of the disease: greater in patients with SPMS than

in patients with PPMS

19 0 · Maintenance treatment was not administered for an average period of 36 months post-HSCT 32
· MRI: only 1 patient presented new lesion in 4.5 years
· Improvement in quality of life
· Survival free of disease advancement: 95 ± 5% in 6 years post-HSCT
· Survival free of disease activity: 64% in 4.5 years post-HSCT

The studies cited derive from a review of the literature and give a general view of the different outcomes after therapy. AD = autoimmune disease; BM
= bone marrow; HSCT = hematopoietic stem cell transplantation; IFN = interferon; MRI = magnetic resonance imaging; MS = multiple sclerosis;
PBHSC = peripheral blood hematopoietic stem cells; PPMS = primary progressive multiple sclerosis; RRMS = relapsing-remitting multiple sclerosis;
SPMS = secondary progressive multiple sclerosis.
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and of tissue inhibitor of MMP-1 were ana-
lyzed in peripheral mononuclear cells from
14 patients with MS after AHSCT. The re-
sults indicated inhibition of MMP-9 activ-
ity, which is in accordance with clinical
condition and reduction of disease activity
(33).

The mechanism by which AHSCT af-
fects the course of MS is not known. The
immediate effect appears to be the eradica-
tion of auto-reactive clones. Patients treated
with AHSCT show a low T CD4+ cell count
(33), and, as a consequence, the inflamma-
tory process is reduced and there is a pos-
sible clinical improvement. Besides this im-
mediate effect, the infusion of stem cells
after high doses of immunosuppression ap-
pears to give rise to a “new” tolerance sys-
tem (34). Another hypothesis to explain the
improvement of patients is the capacity of
stem cells to transdifferentiate into glial cells
and neuronal precursors, contributing to the
repair of damaged nervous tissue. Thus,
AHSCT can lead to prolonged periods of
stabilization of MS or change the degree of
severity in the course of the disease.

An initiative of the EBMT/EULAR, the
Autologous Stem Cell Transplantation In-
ternational Multiple Sclerosis Trial intends
to compare AHSCT with conventional treat-
ment, and so determine the efficacy and
toxicity related to stem cell therapy in pro-
gressive MS (3). Another controlled clinical
trial (MIST), created by R. Burt in Chicago
with the cooperation of some Brazilian cen-
ters, compared AHSCT with conventional
therapy in the earlier inflammatory phase of
interferon-refractory diseases (relapsing-re-
mitting).

Under the Brazilian cooperative trial of
HSCT for AD, 41 patients with progressive
(primary or secondary) MS with a score ≤7.0
on the Expanded Disability Status Scale were
transplanted from June/2001 through Au-
gust/2006 at several centers, mainly in the
University Hospital of the Ribeirão Preto
Medical School and the Hospital Israelita

Albert Einstein in São Paulo. Initially, 21
patients were conditioned with 1,3-bis[2-
chloroethyl]-1-nitrosourea, etoposide, ara-
cytin, melphalan, and horse ATG, and 3
patients died from transplant-related com-
plications. Beginning in 2004, following a
change in the conditioning regime to CY
plus ATG, there were no deaths among 20
patients transplanted and there was no dif-
ference in the rate of response (stopping
progression) between the two groups (be-
fore and after the change in the conditioning
regime). Eight patients transplanted out of
protocol (excessively high Expanded Dis-
ability Status Scale or stronger immunosup-
pression) either died or showed neurological
progression (Hamerschlak N and Voltarelli
J, personal communication).

Systemic sclerosis

Systemic sclerosis or scleroderma is char-
acterized by predominant T cell activation,
autoantibody production (anti-scleroderma-
70) and cytokine secretion, leading to exces-
sive fibrosis throughout the body. Severe
forms of the disease give rise to high levels
of morbidity and mortality (estimated at 40-
50% in 5 years), secondary to lung, cardiac
and kidney involvement. Conventional thera-
pies apparently are not efficient in prevent-
ing the advance of the disease and reversion
of the fibrosis (35).

In November 2003, 83 cases of patients
with SS submitted to stem cell transplanta-
tion were registered in Europe and the United
States (35). The therapeutic regimes used
for the treatment of SS with ASCT regis-
tered in EBMT/EULAR were similar. For
cell mobilization, the use of CY and G-CSF
is preferred to that of G-CSF only. The se-
lection of CD34+ cells prior to re-infusion
was performed in 87% of patients. For con-
ditioning, CY was applied in 90% of cases,
either as a monotherapy or in combination
with ATG (36).

Since 1996, good results have been ob-
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tained in SS after HSCT. In a study pub-
lished in 2006, which included 6 patients
with SS, 1 of them with associated SLE,
improvement was reported in dermatologic
sclerosis in all patients (37).

In a study by Farge and colleagues (36),
57 patients with SS were treated with HSCT
in the period from 1996 to 2002 and fol-
lowed up for more than 6 months. Complete
remission was observed in 14 patients, and
partial remission in 32 patients, for a period
of over 3 years. Though some patients ex-
hibited active disease following HSCT, they
were found to be in better clinical condition
than prior to treatment.

However, not all the reported outcomes
are favorable. In a French multicenter study
involving 11 patients, while a complete or
partial response was observed in 8 patients, 5
of these patients showed reactivation of the
disease. Nevertheless, according to the au-
thors, AHSCT is able to extend the short life
expectancy of patients with severe SS (36).

Toxicity risk factors were not totally an-
alyzed due to the small number of patients
and to the variety of protocols applied. Thera-
py with high doses of immunosuppressors
appears to be less tolerated by patients with
lung and heart damage due to the cardiotox-
icity of CY. A careful selection of patients,
close monitoring during treatment and
changes in the transplantation protocol should
reduce the number of deaths (35). A condi-
tioning regime using thiotepa and low doses
of CY seems to minimize the cardiotoxicity
induced by CY (38), and it is recommended
that TBI in the absence of lung protection be
avoided.

Supervised by the EBMT and EULAR, a
controlled and randomized phase III study is
being organized, called Autologous Stem
Cell Transplantation International Sclero-
dermal Trial (3). In the United States, a
similar randomized phase III study, called
Scleroderma: Cyclophosphamide or Trans-
plantation, is being planned. The aim of
these studies is to investigate the effects of

intensive immunosuppression followed by
HSCT versus conventional chemotherapy
with CY in patients with scleroderma in
order to establish a safer and more effective
protocol (35).

In the Brazilian cooperative trial of
AHSCT for AD, seven patients with pro-
gressive and refractory SS were treated (20).
Three patients were mobilized but not trans-
planted (2 improved and 1 died from infec-
tion). One patient with overlap syndrome
(SLE plus SS) died from disease reactiva-
tion (pulmonary and cerebral vasculitis) be-
fore receiving HSCT. Three patients im-
proved significantly after transplantation
(softening of the skin and stabilization of
pulmonary function), but 1 of them died of
pulmonary infection more than 2 years after
transplantation. After this report, 2 other
patients were transplanted at the University
of São Paulo Hospital in Ribeirão Preto with-
out early complications and with rapid im-
provement of skin lesions.

Autoimmune cytopenias

Autoimmune thrombocytopenic purpura
(AITP) is a disease in which platelets are
sensitized by anti-platelet antibodies or cir-
culating immune complexes, provoking the
early removal of these cells from the circula-
tion. This process results in thrombocytope-
nia and bleeding. About one third of patients
with AITP do not respond well to conven-
tional therapies. High doses of immunosup-
pressors may lead to remission of the dis-
ease; however, this involves risks related to
myelosuppression. HSCT aims to accelerate
reestablishment of the hematological param-
eters and concomitantly reduce the number
of autoimmune cells in the organism (39).
Several sporadic case reports of HSCT for
autoimmune cytopenias have been published,
but only two studies have been reported with
moderate numbers of patients.

A study described the clinical history of
patients registered in the EBMT who had
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received HSCT to treat severe refractory
autoimmune cytopenia. In 12 patients with
AITP submitted to autologous transplanta-
tion the responses were highly diverse, vary-
ing from a transient response to continuous
remission or even death related to transplan-
tation (40). In the US, of 14 patients with
chronic refractory AITP submitted to high
dose cyclophosphamide (200 mg/kg) fol-
lowed by AHSCT, 6 achieved durable com-
plete responses and 2 obtained durable par-
tial responses (41). The study concluded that
the infusion of HSCs had accelerated the
hematological reestablishment. Since clini-
cal improvement was not associated with
quantification of anti-GPIb or anti-GPIIIa
antibodies, it is likely that other platelet an-
tigens were involved in the AITP. The re-
sponses were not associated with the num-
ber of CD3+ cells infused into the patients,
although the deletion of T lymphocytes may
have prevented the re-infusion of auto-reac-
tive T cells (39).

Clinical trials involving larger numbers
of patients could provide more reliable in-
formation on the importance of lymphocyte
deletion and immunogenetic characteriza-
tion of patients that are responsive or non-
responsive to treatment. It would then be
possible to compare different treatment pro-
tocols: a) therapy based only on high doses
of CY; b) therapy using high doses of CY
combined with stem cell transplantation, and
c) the latter procedure used in association
with agents inducing the maintenance of
post-transplantation tolerance (39).

Autoimmune hemolytic anemia (AIHA)
is characterized by the early destruction of
erythrocytes due to the fixation of immuno-
globulin or complement protein on the mem-
brane surface. The initial symptoms can re-
sult from anemia caused by hemolysis, the
secondary effects of the hemolytic condi-
tion, or the primary disease which caused the
AIHA. There are a few reports in the scien-
tific literature of cases in which stem cell
transplantation has been used for the treat-

ment of AIHA (40,42) and the data suggest
that immunosuppressive therapies should be
used post-transplantation in this disease.

Despite the incipient data, stem cell trans-
plantation offers a new therapeutic possibil-
ity for patients with AIHA.

Diabetes mellitus

In recent years, there has been a rapid
growth in the number of cases of diabetes
throughout the world. This epidemic affects
approximately 6-8% of the world population
and the number of newly diagnosed patients
increases yearly (43). Of these, approxi-
mately 10% are type I diabetes, insulin-
dependent diabetes mellitus, an AD caused
by the progressive destruction of the insulin-
secreting pancreatic ß-cells in the islets of
Langerhans (4,44) which regulate blood
sugar levels by secretion of insulin. Recent
clinical data suggest that the disease could
be cured if an adequate supply of new ß-cells
were made available. Hence, one goal of
pancreatic developmental biology is to un-
derstand how endogenous ß-cells are made,
with the hope of producing them exogenously
(44).

Pancreatic islet cell transplantation is an
attractive treatment of type I diabetes (45).
Clinical islet transplantation trials based on
cadaveric allogeneic islets have demonstrated
that it is indeed possible to restore near-
physiological insulin secretion capacity in
type I diabetic patients through transplanta-
tion of insulin-producing cells (46). There
are a number of difficulties associated with
islet allotransplantation such as problems
related to alloimmunity, autoimmunity, and
the need for larger islet cell masses. Employ-
ment of animal islets and stem cells as alter-
native sources of insulin production will be
considered in order to deal with the problem
of human tissue shortage (45). Lifelong im-
munosuppressive therapy and inadequate
sources of transplantable islets have limited
the benefits of islet transplantation to less
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than 0.5% of type I diabetics. Whereas the
potential risk of infection by endogenous
animal viruses limits the uses of islet xeno-
transplantation, deriving islets from stem
cells seems to be able to overcome the cur-
rent problems of islet shortages and immune
compatibility (4).

The fact that BM contains HSCs and
MSCs, which are capable of differentiating
into a number of different kinds of cells such
as pancreatic ß-cells, has, in recent years,
attracted the attention of researchers to the
study of stem cells in the treatment of type I
diabetes. However, there is some contro-
versy regarding the results obtained with
both ESCs and ASCs, in relation to their
potential for in vitro secretion of insulin and
in vivo normalization of hyperglycemia (4).
Stem cells from the spleen have been dem-
onstrated to home to the pancreas where
they mature into fully functional islet cells
responsible for restoring normoglycemia
(47).

Transplantation of ESC-derived insulin-
producing cells has reversed diabetes in ani-
mals, indicating that these cells synthesize
and release insulin. Experiments on diabetic
mice with ß-cells totally destroyed by strep-
tozocin showed that after BMT blood glu-
cose was normal and survival was longer
(4).

A recent study demonstrated the poten-
tial use of primary cultures of adult human
liver cells as pancreatic progenitors, show-
ing the plasticity of immature liver cells. The
possibility of using liver as a pancreatic
progenitor tissue has been demonstrated both
in vivo and in vitro in Xenopus mice and
humans. The use of adult human liver cells
for generating functional insulin-producing
tissue may pave the way to autologous im-
plantations, thus allowing the diabetic pa-
tient to be the donor of his or her own
insulin-producing tissue (43).

Stem cells offer the best chance of achiev-
ing this goal. Controversial results have been
presented concerning the existence and na-

ture of pancreatic islet stem or precursor
cells (46). There is also controversy regard-
ing the results obtained with ESCs and ASCs
during in vitro secretion of insulin and in
vivo normalization of hyperglycemia. Re-
search into ESCs is thought to have much
greater developmental potential than research
into ASCs; however it is still in the basic
research phase. Existing ESC lines are not
believed to be identical or ideal for generat-
ing islets or ß-cells and additional ESC lines
have to be established (4).

HSC chimerism achieved through BMT
may affect type I diabetes in two ways: first,
by inducing tolerance to pancreas and islet
cell transplants, and second by reversing the
autoimmune process prior to the develop-
ment of terminal complications (48).

These studies show the possibility of
BMT as a therapeutic approach for ß-cell
replacement (4). However, allogeneic BMT
does have limitations including the morbid-
ity associated with lethal conditioning, graft-
versus-host disease, and failure of engraft-
ment. Currently, the morbidity and mortality
associated with lethal conditioning could
not be justified for tolerance induction or
interruption of the autoimmune state in type
I diabetes (48). While immune destruction is
a problem in BMT, transplanting splenic
mesenchymal cells has yielded promising
results in both pancreatic ß-cell regeneration
and immune destruction prevention (4).

Significant advances have occurred in
the treatment of type I diabetes during the
past century, but BMT is the only method
capable of interrupting and reversing the
autoimmune process prior to the develop-
ment of terminal complications. When limi-
tations associated with conventional BMT
are overcome, BMT may become a thera-
peutic option in the treatment of autoim-
mune diabetes and tolerance induction. Tech-
niques that promise to facilitate the use of
BMT are currently being studied, including
the development of partial conditioning strat-
egies, BM graft engineering to enrich HSCs
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and cell populations that facilitate engraft-
ment and approaches to limit graft-versus-
host disease. The use of various stem cell
types as sources for ß-cell regeneration is
also important, as recently reviewed (49).
The end result will be safer BMT, thereby
allowing its use in nonmalignant settings
such as AD and tolerance induction in solid
organ and cell transplantation (48).

From December 2003 through July 2006
15 patients with early onset type I diabetes
mellitus (less than 6 weeks from diagnosis)
received AHSCT at the University Hospital
of the School of Medicine of Ribeirão Preto,
using CY (200 mg/kg) and rabbit ATG (4.5
mg/kg) as a conditioning regime (50). Of 14
patients without previous ketoacidosis and
steroids for conditioning, 12 became insu-
lin-free shortly after transplantation, 2 after
1 year from transplantation and 1 patient
relapsed after a viral infection.

Amyotrophic lateral sclerosis

Amyotrophic lateral sclerosis (ALS) is a
fatal disease characterized by the progres-
sive death of central and peripheral motor
neurons, which results in severe motor dys-
function (5,51). In a few cases, between 5
and 10%, the origin is hereditary, apparently
caused by a mutation of the superoxide dis-
mutase gene (52), but in most cases (spo-
radic ALS) the cause of the disease in un-
known. Autoimmune and inflammatory ab-
normalities may influence the progression
of the disease but ALS is not a typical AD.
The therapeutic strategy used in cases of
ALS involves attempting to prevent neu-
ronal loss and to stimulate cell regeneration.
At present, the combined therapies designed
to halt the advance of the disease, which use
neuroprotective agents and drugs, have a
statistically significant but small influence
on patient survival. However, these thera-
pies are incapable of restoring the lost motor
function. In ALS, the therapeutic target is to
improve the interaction between motor neu-

rons and non-neuronal cells, mainly glial
and microglial cells. Stem cell therapy is a
promising strategy for restoring neuromotor
function and/or preventing motor-neuron
degeneration in cases of ALS (5).

Until a few years ago, it was believed that
neuronal tissue was unchangeable. How-
ever, now it is known that cell replacement
occurs in adulthood in some specific regions
of the brain. Difficulty in obtaining adult
neural stem cells has lead to the use of UCB
and BM as alternative sources of stem cells
in the therapy for ALS. These cells can be
expanded ex vivo, inducing differentiation
into the desired cellular type and then trans-
planted (5).

Transdifferentiation of human HSCs from
UCB to neurons has been tested in vitro.
These cells are differentiated into neural
cells and, sequentially, into astrocytes in a
suitable microenvironment. There are re-
ports showing differentiation of ESCs into
motor neurons in mice. However, the capac-
ity of transdifferentiation is controversial
and other biological explanations have been
suggested, particularly cell fusion. Cogle
and colleagues (6) showed the differentia-
tion of human HSCs into neurons, astrocytes
and microglial cells in the absence of cell
fusion.

In another study, after infusion of human
ESCs into the cephalorachidian liquid (CRL)
of SOD1 mice, stem cells migrated towards
the damaged area of the spinal cord, and
about 6% of these injected cells gave rise to
new neurons and the treated mice showed
reversal of paralysis (52). According to
Svendsen and Langston (51), these results
are mainly due to the differentiation into
glial cells and to the production of neuropro-
tective trophic factors, and not to the direct
replacement of motor neurons.

Given the limitation of cellular transdif-
ferentiation, the tendency of neural stem cell
grafts to differentiate into glial cell lines
after implantation in the spinal cord and the
difficulty in transdifferentiating human blood



1593

Braz J Med Biol Res 40(12) 2007

Use of stem cells in autoimmune diseases

www.bjournal.com.br

cells into neuroglial cells in vitro, the thera-
py based on stem cells in ALS is still a long
way from becoming routine. Nevertheless,
the therapeutic needs of these patients have
led to the clinical studies, despite the ab-
sence of conclusive evidence. In a clinical
study, CD34+ cells purified from peripheral
blood were injected into 3 patients with ALS.
After 12 months, while none of the patients
showed any severe adverse effects, there
was no apparent clinical benefit. However,
other studies have shown more promising
results. Expanded MSCs were injected into
the CRL of 7 patients and 3 months after
transplantation 4 of them showed a positive
clinical response (5).

The aim of applying stem cells in cases
of ALS is to achieve differentiation of these
cells into motor neurons and the establish-
ment of appropriate functional connections.
Stem cells may also act through the delivery
of trophic and growth factors, giving rise to
a favorable environment for the survival of
neural cells and acting as protective agents
against neurotoxic substances (5).

Most clinical studies involving the use of
cell therapy in cases of ALS have employed
the injection of autologous stem cells or
ESCs directly into the CNS. Janson and
colleagues (53), after trying the technique in
primates, injected selected HSCs (CD34+

cells) into the spinal intrathecal space of 3
patients. The authors observed partial or
mild effects on neurological function and
the absence of complications. In another
study carried out at the University of Turin,
Italy (54), 7 patients with severe impairment
of the lower limbs but no respiratory symp-
toms, received ex vivo expansion of autolog-
ous MSCs from BM directly into the surgi-
cally exposed spinal cord (T7-T9 level). Most
of the patients only presented slight and
reversible side effects (intercostal pain or
dysesthesia), a result confirmed after a 2-
year follow-up (55). Deceleration of the loss
of muscular strength in the legs was ob-
served 3 months after transplantation in 4

patients together with a slight improvement
in 2 patients (54). Additionally, there was
also a deceleration in the decline of respira-
tory function in 4 patients after 2 years.
These effects were correlated with the num-
ber of injected cells (55). At a scientific
event (56), a report was presented about the
use of stem cells extracted from 4- to 8-week
embryos that were injected into 61 patients
with ALS on 1 to 4 occasions. Improvement
of neurological function was reported in 34%
of the patients after 2 months and, subse-
quently, in those patients who received re-
peated injections. The findings showed that
the outcome was better in cases where the
disease was at an earlier stage, but there are
no data regarding survival. A researcher from
Montevideo, Uruguay, treated 12 ALS pa-
tients with HSCs collected from peripheral
blood, suspended in CRL and directly in-
jected into the spinal cord. The results were
quite encouraging, since neurological func-
tion improved in 3 patients and was stabi-
lized in 9 (57).

There are few reports of the use of HSCT,
followed by high dose immunosuppression
in ALS. A report was sent to the European
Registry of HSCT for AD (EBMT/EULAR,
based in Basle, Switzerland) of 2 patients
submitted to AHSCT in France (Tyndall A,
personal communication). Despite transitory
improvement over a period of 3 months in 1
of the patients, both died about 7 months
after transplantation. In the US, a group of
scientists from Baylor College of Medicine,
Houston, TX, carried out a pilot study in-
volving 6 patients at intermediate stages of
the disease, who received allogeneic BMT
from their HLA-identical siblings (58). All
the patients underwent donor cell grafting
and 3 patients showed no benefits from the
procedure, with 2 of them dying and the
disease continuing to advance in the other.
Nevertheless, the 3 remaining patients
showed a reduction in the advance of the
disease. Autopsy of 1 of the patients re-
vealed large quantities of donor DNA in
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various regions of the spinal cord and brain,
demonstrating that allogeneic BM cells were
capable of crossing the blood brain barrier
and incorporating themselves into the ner-
vous tissue.

There is evidence that the inflammatory
process is a key factor in the pathogenesis of
ALS (59) and that high dose immunosup-
pression with stem cell transplantation might
change the natural history of the disease
(60). Based on this evidence, AHSCT for
ALS started in Brazil in December 2004 at
the University Hospital of the School of
Medicine of Ribeirão Preto. Two patients
were transplanted using a triple immunosup-
pressive regimen (CY, ATG, and fludara-
bine). The first one with the bulbar form died
at D+103 from pulmonary embolism and the
second is still alive 28 months after trans-
plantation. A more extensive experience of
AHSCT was obtained at the Salvador Hos-
pital in Bahia where 15 patients were trans-
planted using the same conditioning regime.
There were 3 transplant-related deaths, 1
progression-related death and a sudden death
unrelated to transplantation or progression.
Ten patients are alive after a mean follow-up
of 133 days (1-540) (Pallotta R, personal
communication). Both protocols were halted
by the national institutional review board
(CONEP/Ministry of Health) pending refor-
mulation.

Conclusion

Stem cell transplantation has been rec-
ommended for use in the treatment of AD
because it provides immunosuppressive and
immunomodulatory effects. Stem cell trans-
plantation can destroy the defective immune
system, renew the lymphatic system, reduce
the disease activity, and lead to long-term
remission of AD (27). AD patients who were
once resistant to conventional therapy, fol-
lowing transplantation, have become sensi-
tive to the same conventional therapy, high-
lighting the immunomodulatory properties

of stem cell transplantation.
Most clinical studies based on stem cell

therapy in AD patients use AHSCT mobi-
lized from BM to peripheral blood. There is
no significant difference in the transplanta-
tion protocols used for different diseases.
The results shown in this review range from
cases of complete or partial remission, re-
lapse or stabilization of disease to cases
involving the advance of the disease and
death. Patient selection appears to directly
influence the results of transplantation.
Choosing patients in the initial stages of the
disease appears to be safer and more effec-
tive. However, this procedure involves the
risk of exposing patients who may respond
well to conventional therapy to new non-
standard treatment methods (21). It should
be pointed out that most of the procedures
reviewed here were performed in patients
that failed to respond to conventional treat-
ment therapies. In such patients, the use of
stem cells, although still being an experi-
mental procedure, provides a new chance to
enhance the quality of life.

There is some controversy regarding the
use of high doses of chemotherapy in the
absence of stem cell infusion, which, in some
cases, has led to satisfactory results, sug-
gesting that immunosuppression may be the
real cause of the improvement seen in the
patients, and not the stem cells (26). Also,
the total number of patients assessed in some
studies is quite small since they represent
case reports and small uncontrolled case-
series. In addition, the individuals represent
highly diverse genetic backgrounds, and only
randomized clinical trials following stand-
ard procedures will allow us to reach mean-
ingful conclusions. Furthermore, there is the
need for studies which will evaluate the use
of maintenance therapies after transplanta-
tion, define patient selection protocols and
assess stem cell mobilization in the treat-
ment of AD.

Patient relapse is more common in auto-
logous (30%) than in allogeneic (5%) trans-
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plantation, with the latter also producing
longer-lasting results (26). Relapse could be
caused by contamination of the graft with
autoimmune cells, the incapacity of the con-
ditioning regime to destroy the immune cells
responsible for the disease or the presence of
the defect in the stem cell expansion (14).
The contamination of grafts by auto-reactive
lymphocytes can be controlled using pure
cell lines expanded in the laboratory, which
would also increase the number of stem cells
available for the patient (26). The efficacy of
an allogeneic transplantation is mainly the
result of the change in the genetic suscepti-
bility of the host to the disease, and also
involves the graft-versus-disease effect. Cur-
rently, this procedure is not frequently used
due to its toxicity and the need for HLA
compatibility (9,14).

It is known that ESCs have a greater
capacity for differentiation and less immu-
nogenetic potential than ASCs. Neverthe-
less, ESCs could be used as an alternative
when there is a high risk of immunological
rejection with ASC therapy, as in the case of
allogeneic transplantation, or in cases where
there is relapse as a consequence of the
patient genotype, as occurs in autologous
transplantation. However, the use of ESCs
remains limited and far from being a thera-
peutic alternative for such patients due to the
risk of the development of teratomas and the
ethical issues involving the use of this proce-
dure.

MSCs represent a promising therapy for
AD. These cells present immunosuppres-
sive properties and there are reports suggest-
ing the low level of expression of HLA

molecules in MSCs. It is believed that the
therapy mediated by mesenchymal cells may
permit the secretion of immunosuppressor
factors and may repair the tissue destroyed
by the chronic inflammatory process.

A mixed approach involving the combi-
nation of genetic transference with cellular
therapy is able to increase the therapeutic
potency of stem cell transplantation. It per-
mits the correction of genetic anomalies and
helps in the control of disease by increasing
the expression of regulatory elements (21).
In neurodegenerative diseases, neural stem
cells may remain in the quiescent stage due
to the unfavorable microenvironment caused
by disease. It is believed that genetically
modified stem cells can stimulate the prolif-
eration of endogenous stem cells and so lead
to repair of the damaged neural region (5).

An interesting strategy would be to label
the infused stem cells for later evaluation of
their proliferation, differentiation, migration,
and homing. Cellular labeling, such as that
achieved by Cogle and colleagues (6), makes
it possible to expand the knowledge avail-
able on the activity and biology of stem
cells, to evaluate the effectiveness of trans-
plantation and to develop better protocols
for the application of stem cells to each
immunological disease.

Stem cell-based therapy offers the possi-
bility of developing new treatments in cases
of AD. Several reports have analyzed the
potential benefits of stem cell transplanta-
tion in these diseases. It is hoped that new
studies currently underway will show good
results for the treatment of AD in the near
future.
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