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Introduction

Since the first successful allogenic hematopoietic stem cell transplant
in 1972 by Dr. Thomas, the technique has gained importance worldwide.
It has become potentially curative for many neoplastic and non-
malignant disorders. Hematopoietic stem cell transplantation (HSCT)
using autologous or allogeneic hematopoietic progenitor cells has
progressed and evolved because of the ability to apply new transplant
concepts with this therapy, such as cord blood transplantation (CBT)
and, more recently, haploidentical donor transplants. These advances
have allowed for a broader range of donors. On the other hand, strategies
to graft-versus-host disease (GVHD) prophylaxis, is a viable alternative.
Many strategies for GVHD prophylaxis are in course in many preclinical
or clinical studies. Pitfalls, such as graft rejection, severe GVHD and
patient immune suppression are becoming less harmful as the advances
in the field progresses.

The Early Days

Since the early beginnings, in the late 1940s, HSCT has become an
established care for an increasing number of patients with hematologic
malignancies, congenital or acquired disorders of the hematopoietic
system and some solid tumors [1-3].

In 1949, Jacobson et al. reported that mice were able to survive from
lethal irradiation with the graft of spleen cells from health donors [4].
The X-irradiated animals had the recovery of hematopoiesis after the
infusion of spleen cells. Shortly thereafter, Lorenz et al. [5] reported that
irradiated mice and guinea pigs injected with health bone marrow cells
could reconstitute the hematopoietic system. These researchers thought
that the hematopoietic recovery was due by some humoral factor
in the spleen or bone marrow [6]. It was hypothesized the following:
“evidence strongly suggests that the factor (or factors) responsible for
protection from radiation under these circumstances is noncellular and
may be required only for the initiation of the repair process. The factor
(or factors) may be quite labile or, as is more likely, may be produced
in an effective quantity only by living cells” [6]. However, by the mid-
1950s, the “humoral hypothesis” was rejected since many publications
showed that the radiation protection of the recipient marrow was due to
transplanted donor cells hematopoietically function in the host [7-11].
These reports established the cellular hypothesis.

In 1956, Barnes and Loutit reported an approach to treat leukaemia
in experimental mice injected with leukemic cells. Mice could be rescued
after lethally irradiation-transplantation grafts with health bone marrow
donor cells [12]. The authors evoked the extrapolation of the results
from mouse to man for the treatment of leukaemia. They introduced the
concepts of therapeutic bone marrow transplantation and cell therapy.

The first allogeneic HSCT was tested in 1957 in a pioneering paper by
Thomas et al. [13]. They reported six leukemic patients treated with total
body irradiation (TBI) and chemotherapy with subsequent intravenous
infusion of marrow from a normal donor. Only one patient showed a
transient marrow graft. Since little was known about histocompatibility,
these trials did not match donors and recipients.

In 1959, the same group described the transplantation of bone
marrow cells into two leukemic patients with high-dose TBI [14]. These

patients were diagnosed with advanced acute leukaemia and they were
conditioned with chemotherapy and TBI and then infused with bone
marrow from their homozygous twins (syngeneic transplantation), which
led to hematological reconstitution. Although successful transplantation,
both patients suffered relapse after a few months. Thomas and co-
workers performed the first bone marrow transplantation (BMT) for
acute leukaemia patients. This trial gave credibility to the concept that a
human syngeneic graft could reconstitute the hematopoietic system and
that additional chemotherapeutic protocol to eliminate the leukaemia
might be needed.

Soon many bone marrow transplants were performed worldwide.
About 200 trials were made between 1959 and 1962; however none
of the recipient became long time survivors [15]. It seems that the
unsuccessful allogeneic bone marrow transplantations were due to poor
histocompatibility typing available, lack of effective supportive care such
as antibiotics, lack of transfusional support with platelets and to the TBI
protocol that was not so effective to achieve the immunosuppression
necessary [1,16-18].

The accumulated experiences with marrow transplantation were
very disappointing. Major complications for bone marrow transplants,
as graft failure, graft rejection, graft-versus-host disease (GVHD)
and death from opportunistic infections resulted in poor transplant
outcomes and no patients who were transplanted in the late 1950s and
early 1960s survived. Since the first studies of GVHD in mice it was soon
correlated its occurrence and the successful of marrow transplantation
[9,19,20].

In the late 1960s, methods to identify and type human leukocyte
antigens (HLA) in humans were developed [21]. Thereafter, numerous
studies elucidated the role of these antigens in HSCT which allowed
for donor and recipient HLA matching. In 1972, Thomas et al. in the
Seattle Transplantation Group reported the first successful allogeneic
transplantation for severe aplastic anaemia [22]. In this work four
patients with complete marrow failure were grafted and two patients
had an excellent functioning marrow grafts without GVHD. In 1990,
Thomas won a Nobel Prize for his work with HSCT.

Establishment of Hematopoietic Cell Transplantation
Therapy

The 1980s and 1990s noticed a rapid increase in the number of
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transplants achieved and cord blood was recognized as a source of
stem cells. The first cord blood transplant (CBT) was published 1989
in a patient with Fanconi Anaemia (FA) [23]. The FA patient was a boy
with severe FA who received the cryopreserved umbilical-cord blood
collected at birth from his sister, who was shown to be unaffected by
the disease, to have a normal karyotype and to be HLA-identical to
the patient. The patient had no GVHD and is currently healthy with a
complete long-term hematological and immunological reconstitution
[24]. This pioneering work was the result of an intensive collaboration
among three groups: AD. Auerbach from the Rockefeller University in
New York (USA); Broxmeyer from Indiana University in Indianapolis
(USA); and Gluckman from Hospital Saint Louis in Paris (France) [24].
As the result of this work the interest in use of the umbilical cord blood
(UCB) as a source of stem cells for unrelated, related, or autologous
transplant increased.

The recognition that peripheral blood could be a viable source of
hematopoietic stem and progenitor cells opened new possibilities in
autologous transplantation [25].

Since peripheral blood stem cells (PBSCs) can be easily mobilized
and collected they offer advantages, such as the easy harvest from
peripheral blood and more rapid engraftment [26-29].

All these advances paved the foundation of the HSCT in autologous
and allogenic grafts. The combined efforts unifying preclinical models
and clinical trials resulted in a remarkable progress in the field of
HSCT. Advances in conditioning regimens, donor selection, donor
registries, tissue typing methods, supportive care, immunosuppression
and cooperation of physicians worldwide has resulted in improved
patients’ long-term survival. HSCT has evolved to an established
curative treatment for many congenital or acquired disorders of the
hematopoietic system as well as some solid tumors.

The Worldwide Network for Blood and Marrow Transplantation
(WBMT) announced a landmark in December 2012: the world’s 1
millionth blood stem cell transplant [30]. The finding is based on data
collected by WBMT international member organizations engaged in
HSCT. The 1,450 transplant centers from 72 countries over 5 continents
had reported 1 Million HSCT (58% autologous, 42% allogeneic) [31].
HSCT numbers show continued growth: approximately 70,000 HSCT
were performed worldwide in 2012 [32].

However, we still deal with complications resulting from HSCT.
Myeloablative conditioning approaches have serious toxicities.
Although myeloablative conditioning provides rapid hematopoietic
engraftment of donor cells, it also causes myelotoxicity, considerable
morbidity and mortality in patients with advanced age or comorbidities
[33].

Graft-Versus-Host Disease

GVHD is one of the main complications in allogenic HSCT. Nearly
40-60% of the HSCT recipients develops GVHD with varying degrees
of severity and mortality [34] and is fatal to approximately 15% of
transplant recipients [35]. The development and severity of GVHD
in HSCT recipients may vary on recipient age, conditioning regimen,
hematopoietic graft source and GVHD prophylaxis [36].

Based on the time frame, pathogenesis, symptoms and organ
involvement GVHD can be characterized as acute or chronic GVHD
[37]. Acute GVHD (aGVHD) occurs most frequently after engraftment,
arising before day 100 post-transplant. However, this arbitrary period
of 100 days, has become imprecise due to the development of an acute

GVHD beyond day 100 after graft. It has been estimated that, 30-50% of
all transplanted patients will experience acute GVHD and results for 15%
of post-transplantation mortality [38,39]. Chronic GVHD (cGVHD)
occurs beyond 100 days of the HSCT and is a common complication
of allogeneic graft. cGVHD occurs in 40% of HLA identical sibling
HSCT, more than 50% of HLA- non-identical related HSCT and in
70% of matched unrelated HSCT patients [40,41]. It is the major cause
of nonrelapse morbidity and mortality in allogeneic HSCT recipients
and a major obstacle to improving outcomes. Despite the progress in
understanding the pathophysiology of GVHD, the restricted success of
therapies for prevention and treatment of GVHD are still unsatisfactory.
In Grade I aGVHD, affecting only the skin, topical steroids alone are
often used, while more advanced grades require systemic therapy with
high dose methylprednisolone. In cGVHD first line systemic treatment
is orally administered prednisolone and cyclosporine are used, but
patients who are steroid-refractory have a poor outcome, with long-
term mortality rates that can achieve 90% [35,41].

Prevention of GVHD

Despite the progress in understanding the pathophysiology of
GVHD has considerably improved in the last few years, the limited
success of established therapies for prevention of GVHD remains a
challenge. The use of intensive conditioning regimens and, high doses
of TBI induces a greater risk of GVHD due to the tissue damage, which
represents the first phase of the pathophysiology of aGVHD [42].
Prevention strategies have been directed at reducing aGVHD, which is
the mainly significant risk factor for the development of cGVHD [43].

T cell depletion prophylaxis for GVHD was started in the 1980s.
It is an effective mean of prevention of GVHD. However, this can be
counterpoise by the increased risk of delayed immune reconstitution,
graft failure and disease recurrence [44].

Immunosuppressive therapy is an important tool for the prevention
of aGVHD. Early studies demonstrated the advantage of a combination
of cyclosporine, with methotrexate over methotrexate alone. This
combination remains the most frequently used method of prophylaxis
[41]. Since methotrexate has toxic effects, such as increased time to
hematopoietic engraftment, neutropenia, mucositis and organ toxicities,
some investigators introduced a protocol using the mycophenolate
mofetil (MMF) combined with cyclosporine [45].

Human mesenchymal stromal/stem cells (MSCs) are defined as
self-renewing, multipotent progenitor cells with multilineage potential.
MSCs have been shown to have immunomodulatory properties with
anti-inflammatory, anti-proliferative, immunosuppressive abilities
and also low immunogenicity, which may make them useful for
transplantation [46]. Le Blanc et al. firstly reported that bone marrow-
derived MSCs rescued a pediatric patient experiencing grade IV
refractory aGVHD [47]. Several studies suggest that MSCs are effective
to treat aGVHD [48-52]. In experimental models MSCs modulate
immune system through several mechanisms, including suppression
of CD4" and CD8* T cell proliferation, induction of regulatory T cells,
suppression of B cell differentiation and proliferation, release of soluble
immunomodulatory factors and repair of damaged target organs [53-
57]. However, little is known about MSCs effects on patients with
GVHD. As this field progresses, studies with MSCs will be important
to determine the mechanism of its immunomodulatory properties in
patients with GVHD.

Conclusion
Despite advances achieved in HSCT, the GVHD remains
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a remarkable obstacle to successful allogeneic transplantation.
Developing safer strategies to prevent and treat GVHD will expand the
HSCT to higher-risk transplant populations, such as elderly patients
and those with higher co-morbidities or advanced diseases.

With studies in experimental models the pathogenesis of GVHD
has radically improved and has led to new therapeutic possibilities.
Efforts to prevent and treat GVHD have been more successful in the
last 10 years, primarily though improvements in graft sources and
GVHD prophylaxis.

Alternatively, development of novel transplantation protocols with
co-infusion with MSCs should improve seeding capacity of donor
MSCs to rapidly replenish damaged host niche-forming cells and to
employ their unique immunosuppressive properties. Because GVHD
is a common cause of non-relapse morbidity and mortality the positive
effects of MSC therapy will have great value in a HSCT. However, there
are still some obstacles to overcome: i) The standardization process of
MSCs production in different transplantation centers, ii) Optimization
of the cell infusion, frequency and interval of administration.

These clearly demonstrate that the field of HSCT is changing
rapidly with new therapeutic possibilities and inclusion of new cell
therapy technologies. The success of HSCT in the next future will
be the conjunction of therapeutic strategies. Further the scientific
investigation is leading to the discovery of effective strategies for HSCT
as a more efficient therapy.
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