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ABSTRACT

Keywords:

Stem cell therapy for Acute Myeloid Leukemia (AML) involves the transfusion of mutlipotent
cells derived from bone marrow, peripheral or cord blood. Cells are harvested from the same
individual (autologous) before leukemic cells have been destroyed using chemotherapy or
radiation therapy, and returned post marrow ablation; alternatively replacement post ablation
can be from an HLA-matched donor (allogeneic). One disadvantage in allogeneic transplants is
the development of a potentially lethal immune response, graft versus host disease (GVHD). An
advantage of allogeneic grafts is the potential for a graft-versus leukema (GVL) response, where
the renewing immune system destroys residual malignant cells; this can be an important
contribution to achieving remission. Because the autologous option makes use of stem cells
from the patient, the possibility of malignant contamination remains, and there is no GVL
response; the advantage however is that autologous grafts do not cause GVHD. A major obstacle
to HSC therapy is immunological rejection. Technological advances in genomics and
proteomics, gene therapy as well as improved stem cell banking technology have the potential
to improve the clinical utilization of hematopoietic stem cells for AML therapy.
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1.Introduction:
An understanding of blood stem cell biology advanced with the
development of radio-biological research [1-3]. Blood cells have
short lifespan and need to be replenished continuously. Their
production depends directly on the presence of hematopoietic stem
cells (HSCs) (Figure 1). When HSCs are destroyed by radiation the
entire blood lineage fails. Knowledge in the field of HSC
homeostasis and differentiation has had far reaching affects beyond
the understanding of acute myeloid leukemia and can be
generalized to other areas of stem cell research. The major advances
have included [4]:
· Characterizing cell hierarchy - essential for making sense of
impact of genetic and molecular aberrations.
· Isolation of cell subsets, and development of in vitro colonyforming assays - supporting molecular research in both normal and
malignant hematopoiesis, and transplant medicine.
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· Understanding of the different properties of HSCs dependent
on location (e.g., foetal liver, bone marrow, or placenta), and
organism age - thorough study of cell biological environments is
fundamental to delineating stem cell regulation.
· Realization that a 'classical' hierarchy (Figure I) with orderly
linear development of progenitors is over-simplistic - HSCs have
varying and 'plastic' developmental potential, controlled by
coupled and competing transcription factor regulation. Cellular
programming is not simply linear.
· Recognition of links between chromosomal translocations,
hematopoietic transcription factors and malignancy - disturbances
of transcription lie at the heart of oncogenesis.
· Observation that although animal model mechanisms differ
from that in humans, certain critical signaling and transcriptional
pathways are in common - parallel study using different speciesmodels takes advantage of the strengths of each.
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2.History, drivers and challenges.

The developmental milestones in stem cell therapy (SCT) from
the 1950s preclinical trials to the successful application in human
transplantation in the late 1970s are shown in Table 1. These laid
the foundation for many areas of stem cell research, as well as
current hematopoietic stem cell transplantation (HSCT) practices
largely driven by stem cells potentials as a renewable source of
adult cells [5] . This self regenerative benefit of stem cells is being
overshadowed by recent findings that leukemia is also maintained
by leukemia stem cells (LSCs) that are capable of self-renewal [69].The similarities between LSC and normal stem cells(SCs) and the
many useful targets in AML that requires simultaneous targeting
have hampered the development of targeted therapies that are
selective against LSCs [10-13]. Four sources of HSCT are available
and each has its pros and cons (Table 2). The vast majority of clinical
trials have been in allogeneic and autologous stem cell transplants.
Despite our learning of how best to use these therapies the
challenges remain better techniques for identification and
purification ,cryopreservation, and understanding the influence of
single nucleotide polymorphisms(SNPs), non-HLA genetics, and
cytokine genes [14-16].
2.1.Identifying and purifying HSCs

The ability of HSCs to repopulate all of the hematopoietic
lineages in vivo and sustain the production of these cells for the life
span of the individual is critical to sustaining life [17,18]. Aside from
reliable cell surface markers ,HSCs are identified and enumerated
based on functional long-term, multilineage, in vivo repopulation
assays[19].The extremely low frequency of HSCs in any tissue and
the absence of a specific HSC phenotype have made their
purification and characterization a highly challenging goal
[20,21].HSC are characterized by in vitro and in vivo assays[22-32].
The in vivo assays including the Till & McCulloch colony-forming
assay (CFU-S) modified to the competitive repopulating unit assay
(CRU) that detects transplantable mouse hematopoietic stem cells
with the capacity to regenerate all of the blood cell lineages for
extended time periods in vivo[33].While the in vitro assays include
the Long-Term Culture-Initializing Cell (LTC-IC) assay and Cobblestone Area Forming Cell (CAFC) assay [34]. HSC are isolated by
enriching for a rare cell population with a combination of
monoclonal antibodies [35]. They are purified by ficoll-density
fractionation, pre-sort enrichment, and cell sorting with cellsurface and metabolic markers such as CD34, which has become the
most important cell-surface marker for positively selecting a rare
cell population [36-38]. Within the CD34+ cell population, the
differential expression of Thy-1, CD38, and AC133 have been used
to fractionate HSCs and progenitors [39]. In order to sub fractionate
CD34+ cells by these markers, the cells can be further purified by
flow cytometry [29,40].
Cryopreservation of stem cells
Hematopoietic stem cell transplantation represents a critical
approach for the treatment of Acute Myeloid leukemia[41].An
essential pre-requisite to the clinical application of stem cell
therapy are suitable cryopreservation protocols for long-term
storage[42].It has long been known that the process of
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cryopreservation and thawing plays an important role in the
decline of viability in cryopreserved cells. Factors that are
suspected of causing such an occurrence are the type and
concentration of the cryoprotectant and the cooling and warming
rate used during cryopreservation and thawing and the use of
straw[43-45]. Recently, numerous research groups have
endeavoured to optimize the procedure of freezing and thawing
and to develop new cryopreservative media and instruments in
order to minimize the damage caused by the freezing - thawing
cycle (FTC) and to improve cell survival [46-49]. The improvement
in conventional slow cooling protocols and the novel container
systems being developed are likely to provide systems that are
compatible with the requirements of GMP, regulation, automation,
and scale-up[50-53].
2.2.Influence of SNPs, Non-HLA genetics and cytokine genes on stem
cell therapy.

After allogeneic stem cell transplantation, the establishment of
the donor's immune system in an antigenically distinct recipient
confers a therapeutic graft-versus-malignancy effect, but also
causes graft-versus-host disease (GVHD) and protracted immune
dysfunction due to genetic heterogeneity caused by host-donor
antigen disparity influenced by functional polymorphisms in the
transplanted antigens[54-56].Identifying these clinically relevant
transplant antigens is critical for improved donor selection[57].
A number of cytokine gene polymorphisms have been studied
in the context of HSCT, including polymorphisms in IL10, TNF, IFNG,
IL6, IL1, and TGFB1 [58-60]. Typically, studies have focused on SNPs
in regulatory regions of these genes because these regions may
influence the amount of cytokine produced at a steady state or after
stimulation[55,61]. Most of these studies have been performed at
single institutions in patients who received stem cells from HLAmatched siblings after myeloablative conditioning[55]. The
majority have attempted to correlate SNP genotype with risk of
acute GVHD[62-64]. In the future, evaluation before
transplantation is likely to comprise a more detailed genetic
analysis of patient and donor with the ultimate goal of
individualized patient treatment based on predictive risk scoring
[55,65].
3.Conclusion

Acute myeloid leukemia (AML) arises as a consequence of
cytogenetic and somatic gene mutations that result in abnormal
HSC and myeloid precursor cell. Many gene mutations are
associated with specific abnormalities of transcription factor
function.Stem cell biology have provided insight into the genetic
and molecular mechanisms of HSC and progenitor cell selfhomeostasis, transcription programming, and phenotype
expression at different stages of cell maturation as well as
mechanisms of cancer cell replication and proliferation in general.
Similarly such knowledge has been used in developing techniques
for propagating and maturing cell lines from bone marrow and
peripheral blood in HSC transplant therapy and in predicting
outcomes. Though stem cell transplantation is in it developmental
stage, the results achieved so far has raised great expectations in the
field of regenerative medicine.
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Table 1: Developmental Milestones in HSCT
Year

Development of Hematopoietic Stem Cell Transplantation

Challenges

1949

Spleen shielding experiment of Jacobson.

Limited knowledge of radiation in immune-suppression

1957

First human twin transplants for leukemia.

Relapse

1962

Successful allogeneic transplants in dogs

Understanding of human histo-compatibility

1968

First successful allogeneic transplants in humans.

1977

Successful application of autologous marrow transplantation

Graft-vs.-Host Disease (GVHD), limited understanding of
details of human histocompatibility, lack of experience with
the use of immunosuppressive drugs, and shortcomings in
supportive care techniques
Lack of genetic markers, poor cryopreservation technology

1979

Encouraging results in patients with acute
myeloid leukemia transplanted in first remission

GVHD and complications, Relapse, toxicity, and limited donor
compatibility and availability.

Table 2. Pros, Cons and Challenges of the different types of HSCT
Type of sct

pros

cons

challenges

Allogeneic SCT

GVL effect represents one of the
most powerful anti-leukemia treatments

GVHD, Treatment-related
mortality (TRM)

Improving current sources of
transplantation and incorporating
novel therapies to mitigate TRM

Autologous SCT

Immunologic compatibility between
infused hematopoietic stem cell.

Absence of GVL which is crucial
to achieving good outcome in
SCT, shorter DFS

Contaminated sample, elucidating
autologous stem cell transplantation
in conjunction with gene therapy

Umbilical Cord Blood

Greater availability, increase in eligible
donors and decreased incidence of GVHD

Decreased numbers of stem cells,
increase graft failure and mortality

Overcoming cell dose limitation.

Induced pluri-potent
stem cells

Prospects to generate SC uncontaminated
for autograft without ethical complications

Genomic instability, tumor formation, Locating pluri-potent stem cell
and the lengthy time requirements sources without the need for
needed to obtain these cells via
reprogramming protein integration
retrovirus development

Figure I. Diagram showing the hematopoietic cell lineage from pluri-potent, self-regenerating stem cell, to mature blood cells,
with examples of associated transcription factors.
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