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Abstract
Myelodysplastic syndrome (MDS), previously known as preleukemia, comprises a spectrum of
heterogeneous, clonal disorders of hematopoiesis. A patient’s life expectancy may range from a few
months to more than a decade. Recent studies provide some insights into the pathophysiology of
MDS. One mechanism contributing to the constellation of hypercellular marrow and peripheral blood
cytopenia is a significant increase in programmed cell death (apoptosis) in hematopoietic cells.
Tumor necrosis factor (TNF)-α, Fas-ligand, TNF-related apoptosis inducing ligand (TRAIL) and
other pro-apoptotic cytokines are upregulated in early stage/low-risk MDS, and neutralization of
these signals may improve hematopoiesis. TRAIL induces apoptosis preferentially in clonal cells,
which may contribute to containment of the clone. In a proportion of patients, MDS will eventually
evolve to acute leukemia. This progression has been correlated with upregulation of NFκB, altered
expression of adaptor molecules such as Flice inhibitory protein (FLIP), and enhanced activity of
anti-apoptotic members of the Bcl-2 and the inhibitors of apoptosis protein (IAP) families. Also, the
ratio of TNF receptors 1 and 2 changes in favor of receptor 2. The role of the microenvironment in
the pathophysiology and progression of MDS has remained controversial, although there is evidence
that stroma and matrix components, and their interactions with clonal cells, play an important role.
Microarray gene expression studies are consistent with dysregulation of apoptosis, but not all data
are in agreement.

Introduction
The myelodysplastic syndrome (MDS) comprises a spectrum of clonal hematopoietic stem cell
disorders. The French-American-British (FAB), the World Health Organization (WHO)
classification, and the International Prognostic Scoring System (IPSS) have divided MDS into
different stages based on marrow morphology, cytogenetic features and blood cytopenias,
which confer prognostic significance [1–3]. While new insights have been gained in recent
years, the precise mechanisms involved in the pathogenesis of MDS in general, and disease
progression in particular, are poorly understood. There is evidence of autoimmune mediated
marrow suppression in a proportion of patients, and factors in the marrow microenvironment
including neoangiogenesis, cytokine signaling, and other components have been invoked [4–
8]. The disease heterogeneity, the absence of pathognomonic disease markers, and the
concurrent presence of normal and clonal (malignant) cells represent major hurdles to our
understanding of the disease mechanisms. Further, no stable cell lines with specific MDS
characteristics are available; the few cell lines with which investigators have worked have all

Author’s address: H. Joachim Deeg, M.D., Fred Hutchinson Cancer Research Center, 1100 Fairview Avenue N, D1-100, P.O. Box 19024,
Seattle, WA 98109-1024, jdeeg@fhcrc.org.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Exp Hematol. Author manuscript; available in PMC 2008 November 1.

Published in final edited form as:
Exp Hematol. 2007 November ; 35(11): 1739–1746.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



been derived from patients in whom MDS had transformed into acute myeloid leukemia
(tAML).

Several studies have shown increased rates of programmed cell death (apoptosis) in marrow
cells of patients with low grade/early stage MDS [6,9–13] (Figure 1A). We and others described
extensive dysregulation of pro-apoptotic pathways, including TNFα, Fas-ligand, and TRAIL
(TNF-related apoptosis-inducing ligand)-mediated signaling in MDS [9–13]. (For
abbreviations, see Table 1). FLIP (Flice [Caspase-8] inhibitory protein), an adaptor molecule
that modulates TNFα-, Fas- and TRAIL-initiated signals, is abnormally expressed in MDS
[14,15]. Recently we described a correlation of the expression of the transcription factor,
nuclear factor kappa of B cells (NF-κB), which regulates the expression of several anti-
apoptotic genes, with advanced stage MDS [16] when cells tend to be increasingly apoptosis
resistant. These observations are consistent with a model in which a changing interplay of pro-
apoptotic and anti-apoptotic signals is central to disease progression (Figure 1B). Such a model
does not exclude, of course, a role for other factors. Here we focus our review on apoptotic
pathways involved in MDS and specifically analyze evidence supporting a role of anti-
apoptotic molecules, such as the Bcl-2 family proteins and the adaptor molecules that are
recruited upon TNFα-, Fas- and TRAIL signaling. Other events involved in the
pathophysiology of MDS and disease progression, such as epigenetic changes, oncogene
expression, angiogenesis, FLT3 mutations, and telomere shortening have been reviewed
elsewhere [17], and will not be addressed here.

MDS and Apoptosis
Ineffective hematopoiesis resulting in peripheral blood cytopenias is a hallmark of MDS, and
excessive apoptosis of hematopoietic presursors in the marrow appears to be one of the
underlying mechanisms. Raza et al., using in situ end labeling of fragmented DNA on marrow
sections from patients with MDS, showed prominent apoptosis in 26 of 50 patients, in different
MDS subtypes, including refractory anemia (RA) and RA with excess blasts (RAEB).
However, in these cases apoptosis was present in differentiated cells, while myeloblasts did
not appear to be involved [18]. We showed recently that apoptosis occurred primarily in non-
clonal marrow cells (as determined by fluorescent in situ hybridization [FISH]), but also, albeit
to a lesser extent, in clonal precursors, including myeloblasts [19].

These observations and the data on NF-κB activity are consistent with results by other
investigators who showed that cells from patients with early stage MDS, including CD34+
precursors, are more prone to apoptosis, whereas marrow cells in advanced stages of MDS
show less apoptosis and exhibit more proliferative features [20–24]. Such a pattern suggests
that as the disease progresses, clonal cells [21,23–25] may acquire the ability to circumvent or
escape the pro-apoptotic signals [20]. Rajapaska et al. showed higher apoptotic rates in CD34
+ cells from patients with RA than from normal individuals and AML patients. They also
observed an increase in the ratio of c-Myc (involved in apoptosis acceleration) to Bcl-2 proteins
(with anti-apoptotic functions) [22]. Tsoplou et al. [21] noted that patients with higher apoptosis
rates, as determined by DNA fragmentation, had a better overall survival than did patients with
lower rates (median 66 months versus 30 months), and disease progression was associated with
a reduction in apoptosis. The use of flow cytometry has been essential in characterizing
apoptosis in distinct cell populations. Parker et al., determined apoptosis (by Annexin V
staining), proliferation (by Ki-67) and Bcl-2 expression in MDS marrow and showed that the
rate of apoptosis in marrow cells was higher among patients with early stage disease and always
exceeded proliferation (apoptosis : proliferation ratio 2.08), while apoptosis declined and the
ratio equalized with disease progression [20]. These findings support the concept that apoptosis
is a central component in the pathophysiology of MDS. Regulatory molecules and cytokines
that have been shown to play an essential role in this process are discussed below.
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TNF-α, Fas-ligand and TRAIL mediated apoptosis
A major factor contributing to apoptosis and to hematopoietic failure in MDS appears to be
the overexpression of negative regulators of hematopoiesis, such as TNFα, Fas-ligand, and
TRAIL with their respective agonistic receptors. Bouscary et al. showed a significant
upregulation of Fas antigen expression in CD34+, CD33+ and glycophorin + cells in patients
with MDS in comparison to healthy controls [9]. Interestingly, the intensity of Fas expression
on CD34+ cells correlated negatively with the number of myeloblasts, suggesting that as the
disease advanced, Fas may have been down regulated. Conversely, the down regulation of pro-
apoptotic signals may have led to clonal expansion and disease progression. However, in this
study, no correlation was found between the rate of apoptosis and Fas expression. Evidence
for upregulation of Fas and Fas-L at the message and protein levels has also been reported by
others [10]. Fas and Fas-L were upregulated in CD34+, myeloid and erythroid cells, however,
Fas-L was more prominent in CD68+ macrophage-derived cells than was Fas antigen.
Importantly, Gersuk et al. showed that upregulation of these pro-apoptotic molecules in MDS
marrow was of functional relevance, as long-term culture initiating cells (LTIC) propagated
in the presence of the soluble Fas receptor, Fas-Ig, which is capable of neutralizing Fas-ligand,
generated increased numbers of hematopoietic colonies, while the presence of an agonistic
anti-Fas antibody resulted in reduced colony numbers [11]. In addition, and in agreement with
previous data, the same investigators showed that TNF-α was upregulated in bone marrow
plasma, and TNF-α levels correlated with Fas expression. Patients with RA had significantly
higher TNF-α levels than did patients with RAEB or RAEB-t, and neutralization of TNF-α did
enhance hematopoietic colony growth in vitro [11].

Evidence for a role of TNF-α in MDS derives from numerous additional studies. Koike et al.
observed high levels of TNF-α in peripheral blood mononuclear cells from MDS patients. In
agreement with our own data, levels were significantly higher in marrows from patients with
RA/RARS than in RAEB/RAEB-t patients. Shetty et al. showed a positive correlation between
TNF-α levels and apoptosis (p=0.0015) [26]. Kitagawa et al. demonstrated at the message level
that TNF-α was upregulated in MDS in comparison to normal marrow controls: Using double
immunostaining of MDS marrow biopsies, they observed that CD68+ macrophage-derived
cells stained strongly positive for TNF-α, suggesting that this cell lineage was one of the sources
of TNF production in MDS [27]. One additional source is activated T lymphocytes [8]. Stifter
et al. also showed overexpression of TNF-α in MDS bone marrow, and levels of TNF-α
positively correlated with the degree of anemia and microvessel density [27]. These data
provide a rationale for the blockade of TNF-α as an approach to improve hematopoiesis in
patients with MDS. In fact, in agreement with in vitro data, the soluble TNF receptor fusion
protein, etanercept, showed biologic activity in MDS patients in one trial [28], albeit not in
others [29,30].

The role of TRAIL, another TNF family member, in the pathophysiology of MDS has been
studied less extensively. Zang et al. showed enhancement of apoptosis induced by TRAIL in
MDS marrow cells, including myeloblasts [13]. The agonistic TRAIL receptors R1 and R2
were upregulated in MDS marrow cells, and the ratio between agonistic and decoy receptors
was significantly higher in MDS than in marrow cells from healthy donors. Of note, TRAIL-
induced apoptosis occurred primarily in clonal cells (as determined by FISH markers),
particularly in patients with less advanced MDS. Resistance was noted in cells from patients
with more advanced disease, again consistent with the concept that apoptosis resistance
evolved with disease progression. Taken together, these findings suggested that TRAIL
dysregulation was involved in the pathophysiology of MDS, and that TRAIL should be further
investigated in clinical pilot trials in patients with MDS.
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Several other cytokines have been shown to be overexpressed in MDS, including TGF-β,
interferon-γ, IL-6 and IL-1β [26]. These observations point toward a pivotal role of these (pro)
inflammatory cytokines as negative regulators of hematopoiesis in MDS.

Anti-apoptotic signals in disease progression
The mechanisms involved in leukemic transformation, which may be related to a shift of the
balance of signals in favor of anti-apoptotic and proliferative signals, are essentially unknown.
As discussed, Parker et al. documented increased rates of apoptosis in CD34+ cells from early
stage MDS and showed at the same time that pro-apoptotic proteins such as Bax and Bad were
present at higher levels than Bcl-2 and Bcl-xL, molecules with anti-apoptotic activity [20]. In
more advanced MDS, however, Bcl-2 expression was significantly higher than in early stage
MDS (levels were highest in patients with AML). These findings reflected prognostic features,
where the Bax or Bad: Bcl-2 or Bcl-xL ratios inversely correlated with IPSS scores and
cytogenetic risk groups. Boudard et al. also found that higher levels of expression of pro-
apoptotic proteins, consistent with lower grade or less advanced MDS, were associated with
longer life expectancy (see above) and lower risk of leukemic transformation [31]. However,
the levels of expression of Bcl-2 family proteins were heterogeneous, suggesting that other
factors in addition to those proteins played a role in the regulation of the apoptotic process.

We have shown, for example, that FLIP expression is dysregulated in MDS [14]. FLIP is an
anti-apoptotic molecule, which exists in the form of several splice variants. It interferes with
receptor-mediated activation of caspase 8, induced by TNF-α, Fas-L and TRAIL. In MDS,
FLIPLong mRNA expression levels correlated negatively with apoptosis, while FLIPshort
mRNA levels correlated positively with apoptosis. While FLIPLong protein levels were readily
detectable in advanced disease, low levels were detected in early stage MDS, in excellent
agreement with the potent anti-apoptotic activity of FLIPLong. Such a pattern would be
consistent with a contribution of FLIP to disease progression [14]. However, these data have
recently been challenged in a report by Campos et al. [15] who described reduced levels of
FLIPshort in early stage MDS. FLIPLong and FLIPshort expression are differentially regulated
and exhibit different kinetics [32]. FLIPshort is readily detectable 4 hours after TNF-α
stimulation, while induction of FLIPLong is delayed. FLIPshort is also degraded more rapidly,
apparently by ubiquitination mediated via its distinct 19 amino acid tail [33], which may explain
differences observed at the mRNA and protein levels.

Recently, Yamamoto et al. evaluated the role of other inhibitors of apoptosis, in particular the
inhibitor of apoptosis protein (IAP) family in MDS [34]. IAPs can either bind to and block
caspase activation or potentiate NF-κB activation, and downstream anti-apoptotic signals
[35]. The levels of expression of mRNA for survivin, cIAP1, NAIP and XIAP were
significantly upregulated in MDS in comparison to control samples. In samples of patients
with disease progression, survivin, and in the majority of cases, XIAP showed peak expression
before leukemic transformation, suggesting a role for these molecules in the transforming
process to overt leukemia [34]. Gianelli et al. also demonstrated higher levels of surviving
mRNA in patients with MDS than in controls; however, mRNA levels were higher in low risk
MDS than in high risk MDS. These contrasting findings are not easily reconciled and illustrate
the complexity of the regulation of apoptosis [36].

FLIP, cIAPs, Bcl-2, Bcl-xL, are all under NF-κB transcriptional control [32,35,37,38]. NF-
κB, which consists of homo- or heterodimers of the NF-κB/Rel family members, is activated
in response to TNF-α and regulates transcription of a great diversity of genes involved in
differentiation, inflammatory responses, and regulation of apoptosis and cell growth [37,39,
40]. In many neoplastic cells (Hodgkin disease, lymphomas, myeloma, and acute leukemias)
constitutive NF-κB activation is observed, which contributes to abnormal proliferation,
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resistance to apoptosis, and disease progression [38,41–44]. As TNF-α, which is up-regulated
in MDS marrow, is a potent stimulus of NF-κB [45,46], and FLIP has been shown to be under
NF-κB regulation, we hypothesized that this transcription factor was involved in the
pathophysiology of MDS [37,40]. Our studies showed an increase in NF-κB nuclear
translocation that correlated with MDS disease stage, i.e. cells from patients with more
advanced MDS had higher NF-κB activity [16]. In early stage MDS, NF-κB activity was lower
in CD34+ than in CD34 negative cells, consistent with a high rate of apoptosis in early (CD34
+) precursors at that disease stage. In more advanced MDS, however, NF-κB activity was
higher in CD34-positive than in CD34-negative cells. Such a pattern would be consistent with
the upregulation of FLIP and other NF-κB dependent anti-apoptotic regulators (Bcl-xL, Bcl-2,
XIAP), and resistance to apoptosis (in clonal MDS cells).

Interestingly, NF-κB activity also correlated with the extent of flow cytometric aberrancies of
marrow cells, and the severity of “aberrancy” correlated inversely with survival in patients
who underwent hematopoietic cell transplantation [47]. Braun et al. also found constitutive
NF-κB activation in bone marrow cells from high-risk MDS patients, and its activation
positively correlated with myeloblast counts [48]. These investigators showed, furthermore,
that this finding was due to the constitutive activation of the IκB kinase (IKK) complex, which
is formed by the IKKα, IKKβ and IKKγ/NF-κB essential modulator (NEMO) subunits.
Inhibition of NEMO in CD34+ cells from high-risk MDS resulted in apoptosis [49]. These
findings taken together point toward a pivotal role of NF-κB in disease progression. In fact,
strategies to sensitize MDS cells to apoptosis through NF-κB inhibition are under investigation
[50].

Levels of TNF-α are, as discussed, frequently upregulated in MDS but do not strictly correlate
with NF-κB activity [26]. TNF-α levels are more commonly elevated in early stage disease,
where NF-κB activity may be low, suggesting that an autocrine TNF-α stimulation is probably
not the sole mechanism involved in the constitutive NF-κB activation. Shetty et al.
hypothesized that TNF-α may have a dual role in the pathogenesis of MDS, as it could not only
trigger apoptosis but also stimulate proliferation of early hematopoietic or clonal progenitors
[26]. Moreover, other molecules may interfere with the role of TNF-α in the apoptosis process,
including heat shock proteins that are constitutively expressed in MDS and inversely correlated
with TNF-α and INF-γ induced apoptosis [51]. Another possible explanation is that NF-κB
activation is not related to TNF-α levels and autocrine stimulation, but rather to “downstream”
events that depend upon differential expression of adaptor molecules that shift towards anti-
apoptotic mechanisms as the disease progresses. There is evidence of an autoamplification
loop involving NF-κB and FLIP (see below), which may not require the continuous presence
of TNF-α [52]. One additional possibility are changes in differential expression of TNF
receptors as the disease evolves. While TNF R2 (p75) transmits cytoprotective signals via NF-
κB, R1 (p55) transmits both cytoprotective (via NF-κB) and pro-apoptotic signals (via
TRADD/FADD/Caspase-8). There appears to be a shift in the expression of TNF-α receptors
R1 (p55) and R2 (p75) in favor of R2 as MDS progresses. Sawanabori et al. showed in marrow
mononuclear cells that patients with RA expressed significantly higher levels of TNF R1
mRNA than controls, while patients with RAEB/RAEB-t showed significantly increased
expression of R2 [53]. Our own data on TNF receptor R1 and R2 expression corroborate
Sawanabori’s findings at the protein level, in both marrow mononuclear cells and CD34+ MDS
cells [16]. TNF R1 overexpression in early stage MDS may favor apoptosis, consistent with
higher apoptotic rates observed in early stage disease, and a shift in favor of R2 may lead to
an anti-apoptotic response, mediated through NF-κB activation. In addition, Sawanabori et al.
determined the mRNA expression levels of adaptor molecules involved in TNF-α signaling,
including TRADD, FADD, RIP and TRAF2. In patients with RA they showed increased
expression of mRNA for TRADD, FADD and RIP, while TRAF2 was decreased, which might
be responsible for increasing TNF-induced apoptosis at this stage. In contrast, patients with
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AML showed low expression of TRADD/FADD and high expression of RIP (similar to RAEB/
RAEB-t cases) and TRAF2. However, TRAF2 was not detected in a small group of four RAEB/
RAEB-t patients studied. TRAF2 and RIP are required for NF-κB activation and downstream
anti-apoptotic effects. Therefore, the pattern of TNF receptor expression in addition to
differences in the level of adaptor molecules that mediate pro-apoptotic versus anti-apoptotic
pathways may be essential for disease progression.

Other signaling pathways, such as PI3K/Akt can abrogate the apoptosis process, and have been
shown to play a role in acute myeloid leukemias. In AML cells the constitutive NF-κB
activation was mediated by PI3K/Akt, and blockade by the PI-3K inhibitor LY294002
abrogated NF-κB DNA binding activity. TF-1 cells, highly responsive to growth factors, when
cultured with AML-conditioned medium did not activate NF-κB, and TNF-α autocrine
production was thought to be unlikely the cause of NF-κB constitutive activation [54]. More
recently, Nyakern et al. showed that levels of phosphorylated Akt (p-Akt) were higher in
marrow mononuclear cells from patients with high risk than with low risk MDS [55]. Thus,
the functional role of PI3K/Akt in MDS deserves further study. P-Akt may indeed participate
in NF-κB activation, suggesting that different signaling pathways “cross-talk” and may lead
to disease progression (Figure 1B). It has also been suggested that FLT3 ligand contributes to
proliferation of blasts. However, determination of serum levels in 29 patients with MDS failed
to show a clinical correlation with FLT3 ligand levels or with cytogenetic findings [56].

Does marrow stroma have a regulatory role?
The role of the microenvironment in the pathophysiology of MDS has remained controversial
[5,7,57,58]. Certain components of the microenvironment, such as macrophages, are part of
the MDS clone; fibroblast-like stromal cells or endothelial cells are not. Nevertheless,
dysregulation of cytokines and functional alterations in stroma, including the in vitro
“induction” of dysplastic features in normal hematopoietic precursors by MDS derived stroma,
have been described [18,57]. It is generally thought that abnormalities in the stromal
compartment are secondary to signals derived from marrow mononuclear cells, such as TNF-
α [5].

Flores-Figueroa et al. showed functional abnormalities in macrophages and fibroblasts,
including high production rates of TNF-α and IL-6 and a high apoptotic index. Stroma-induced
levels of matrix metalloproteinase 9 (MMP9) in monocytes from MDS patients varied
significantly and was inversely correlated with the number of clonally-derived monocytes
[59]. Tennant et al. showed that adherent cell layers from MDS marrow were defective in
supporting colony formation in comparison to normal layers [60], while others have shown
enhanced colony formation from normal hematopoietic precursors when cultured on MDS
marrow-derived supportive layers [5]. However, these layers were composed of a mix of cells
rather than purified stroma cells. Tauro et al. also showed that MDS stroma was capable of
supporting proliferation of hematopoietic progenitors. In vitro studies of co-cultured leukemic
cell lines and a murine stroma cell line showed that apoptosis was prevented in stroma-
supported leukemic cells, apparently via upregulation of Bcl-2 and Bcl-xL [61]. Studies in
murine models suggest that the route of administration of MDS marrow cells, and contact with
or access to human stroma cells (or their products) determine the survival and propagation of
the MDS clone [62]. Gene expression profiling has provided further evidence for abnormalities
in the stroma of MDS patients [63]. Thus, stroma cells, even though they are not part of the
MDS clone, may support clonal proliferation. Identification of conditions that favor the clone
will be important to develop effective regimens that allow for elimination of the clone in human
patients.
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Gene expression profiles
Several investigators have used cDNA microarray technology to determine gene expression
profiles in marrow cells from patients with MDS. Qian et al. [64] showed that genes involved
in cell cycle regulation, differentiation and cell growth, such as DNA-damage-inducible
transcript 3 (DDIT3), and Ets variant gene 1 (ETV1) were abnormally expressed. They observed
also that gene clustering could distinguish the expression profile of two clinically correlated
risk groups. Moreover, some gene expression patterns appeared useful as differential markers
for diagnosis [65]. The levels of RNAHP transcript, an RNA helicase, were differentially
expressed in patients with RA, atypical aplastic anemia, and other hypocellular anemias.
Distinctive gene expression profiles were observed among MDS cases with specific
chromosome abnormalities, such as monosomy 7, trisomy 8 and del(5q) [66,67]. CD34+ cells
from trisomy 8 patients showed upregulation of genes involved in immune-inflammatory
responses and downregulation of genes involved in inhibition of apoptosis. These patterns
correlated with the clinical behavior of these diseases and suggested that microarray analysis
can provide new insights into the pathophysiology of MDS [66]. Among apoptosis-related
genes TC21 (RRAS2), TNF-α induced gene (B94), and KET, genes that induce apoptosis, were
up-regulated, and antiapoptotic genes such as Bcl-xL and Max were down-regulated in both
trisomy 8 and monosomy 7 cases. In CD34+ cells of patients with monosomy 7, TRAIL,
TRAILDR5, and FLICE, which induce apoptosis, were up-regulated. Inhibitors of apoptosis
(IAP) genes, BIRC5 and NAIP, were down-regulated in trisomy 8. A possible correlation with
blast count could not be evaluated.

Pellagatti et al. [67] studied CD34 cells from 55 patients with MDS and showed distinct
expression patterns in specific FAB categories, such as RARS, and in cytogenetic risk groups.
In RARS, the heme pathway and mitochondrial genes were differentially expressed, and in
patients with del (5q), genes assigned to 5q were down-regulated as expected. There was up-
regulation of many histone genes within the HITS1 gene cluster on chromosome 6p21. The
other group of genes found to be up-regulated in patients with del(5q) are involved in the
regulation/maintenance of the actin cytoskeleton, which are known to play a role in
tumorigenesis. The most prominently up-regulated genes in this large group of patients with
MDS were interferon stimulated genes, IFITM1 and IFITI. These data corroborate other
findings related to overexpression of diverse cytokines in MDS that negatively regulate
hematopoiesis (see above). Further, CASP3, the key effector caspase was expressed at higher
levels in RA than in RAEB-2 patients. Thus, gene expression studies may provide valuable
information for diagnosis and prognosis; however, further studies are needed, particularly in
subgroups of patients with diagnostic uncertainties such as RA with normal karyotype. Gene
expression profiling of highly purified 5q deleted CD34(+)CD38(−)Thy1(+) cells showed
distinct differences in MDS and normal stem cells [68]. Molecular characterization can identify
cell stage specific dysregulation. However, the diagnostic heterogeneity in MDS has limited
the interpretation of the data generated by array approaches, and it should not be surprising
that there are considerable discrepancies among the published data.

Summary
Studies by numerous investigators over the past decade have generated a model that suggests
an important role for apoptosis in the pathophysiology of MDS. However, it is not well
understood how a disease characterized by excessive apoptosis transforms into one with
considerable apoptosis resistance. Here, we have summarized our current understanding of the
interaction of pro- and anti-apoptotic signals in marrow cells of patients with MDS. Other
studies have shown the development of new mutations in association with disease progression.
Those mutations very likely contribut to disease progression and may do so by upregulating
anti-apoptotic signals. Available data suggest that a complex network of cytokines, receptors,

Kerbauy and Deeg Page 7

Exp Hematol. Author manuscript; available in PMC 2008 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



adaptor molecules and transcription factors determines the overall outcome. Gene expression
profiling, at least in part, supports the interpretation of functional data; however, the broad
spectrum of MDS and the limited supply of purified cells has rendered those studies difficult.
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Figure 1.
Signaling pathways involved in the regulation of apoptosis and proliferation of marrow cells
in patients with MDS. In early stage disease pro-apoptotic signals predominate (1A). The
interplay of pro-apoptotic, TNF/Fas/TRAIL, and anti-apoptotic signals, represented here by
NF-κB and PI3K/AKT, is central to disease progression (1B).
TNF-α = tumor necrosis factor α; TRAIL = TNF-related apoptosis inducing ligand; R1/R2 =
Receptor 1/Receptor 2. (For additional abbreviations, see text.)
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Table 1
Molecules involved in apoptosis and disease progression

Molecule Abbreviation
Tumor necrosis factor α TNF-α
Tumor necrosis factor α Receptor 1/2 TNF-α R1/R2
TNF-related apoptosis inducing ligand TRAIL
TNF-related apoptosis inducing ligand Receptor 1/2 TRAILR1/R2
Fas-Ligand Fas-L
TNF receptor-associated death domain protein TRADD
Fas-associated death domain protein FADD
Receptor interacting protein RIP
TNF receptor-associated factor 2 TRAF2
Flice [Caspase-8] inhibitory protein FLIP
Inhibitors of apoptosis protein IAP
nuclear factor kappa of B cells NF-κB
IκB kinase IKK
IκappaBα IKBα
Phosphotidilinusitol (PI)3-kinase(PI3K)/Akt PI3K/Akt
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