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The myelodysplastic syndromes (MDS) are clonal 
hematologic disorders characterized by ineffective he-
matopoiesis. The natural history of these syndromes 
ranges from a chronic course that may span years to a 
rapid course of leukemic progression. Unfortunately, the 
nomenclature and classification systems used to describe 
these conditions are cumbersome and contentious. 

The International Myelodysplastic Syndrome Risk 
Analysis Workshop substantially advanced the charac-
terization of myelodysplasia with its International Prog-
nostic Scoring System (IPSS). The overall score is the 
sum of the scores for bone marrow blasts, karyotype, and 
cytopenias. The percentage of blasts is scored as follows: 
<5 %, 0; 5 to 10 %, 0.5; 11 to 20 %, 1.5; and 21 to 30 %, 
2.0. Cytogenetic features associated with a good progno-
sis (normal karyotype, Y-, 5q-, or 20q-) are scored as 0; 
those associated with a poor prognosis (abnormal chro-
mosome 7 or three or more abnormalities) are scored as 
1.0; and all other cytogenetic abnormalities, which are 
associated with an intermediate prognosis, are scored as 
0.5. A score of 0 is assigned if the patient has no cyto-
penia or only one type, and a score of 0.5 is assigned if 
the patient has two or three types of cytopenia. The vari-
ous types of cytopenia are defined as follows: hemoglo-
bin <10g/dl; absolute neutrophil count <1500/mm3; and 
platelet count <100,000/mm3. Low risk patients (IPSS 0) 
have a median survival of 5.7 years, Intermediate-1 risk 
patients (IPSS 0.5 or 1.0) have a median survival of 3.5 

years, Intermediate-2 risk patients (IPSS 1.5 or 2.0) have 
a median survival of 1.2 years, while High risk patients 
(IPSS ≥ 2.5) have a median survival of 0.4 months1. 

 Nonetheless, myelodysplastic syndromes are viewed 
by most hematologists as stages of neoplastic hematopoi-
esis associated with cytopenias. In general, myelodys-
plastic conditions are preleukemic disorders in which the 
neoplastic clone is established, but not all cases of myelo-
dysplasia terminate in acute myeloid leukemia (AML). 
The process of apoptosis is implicated in the pathogen-
esis of MDS. In the present article, we discuss the role of 
apoptosis in MDS and address the therapeutic challenges 
facing physicians who care for patients with myelodys-
plasia1. Therapeutic dilemmas exist in MDS because of 
the disease’s multifactorial pathogenetic features, het-
erogeneous clinical stages and the patients’ generally old 
ages. Until today, MDS are believed to involve innate 
stem cell lesions, cellular cytokine mediated stromal de-
fects and immunologic derangements2.

The role of apoptosis in myelodysplastic syndromes 
(MDS)

Several techniques are used for the study of apopto-
sis in MDS. The TUNEL technique (nick-end labeling 
method), the technique of in situ end labeling (ISEL), the 
flow cytometry and annexin V (for studying the apoptosis 
of the CD34+ bone marrow cells)3-6. In the early stages of 
myelodysplastic syndromes, there is excessive apoptosis 
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(excessive ratio of apoptosis in comparison to cell pro-
liferation), causing severe cytopenias. On the contrary, 
in late stages of the disease, in case of evolution of the 
disease, leukaemic transformation is observed, after in-
hibition of the apoptotic process5. The proteins causing 
apoptosis (pro-apoptotic) are: Bax, Bad, Bak and Bcl-xS, 
while the proteins Bcl-2 and Bcl-xL are anti-apoptotic. 
The expression of anti-apoptotic proteins Bcl-2 and Bcl-
xL is higher in bone marrow cells of Refractory Ane-
mia with Excess of Blasts (RAEB), Refractory Anemia 
with Excess of Blasts in Transformation (RAEB-t) and 
Chronic Myelomonocytic Leukaemia (CMML) patients, 
in contrast to Refractory Anemia (RA) and Refractory 
Anemia with Ringed Sideroblasts (RARS) patients6. 
Consequently, the pro-apoptotic proteins are related to 
early MDS stages, whereas the increase of the levels of 
anti-apoptotic proteins is related to late MDS stages. In-
creased expression of pro-apoptotic proteins is related to 
increased survival and reduced risk of leukaemic trans-
formation, while the expression of anti-apoptotic proteins 
in MDS is related to decreased survival6 (Figures 1-5)7.

MDS patients have much higher percentage of apop-
totic cells in the bone marrow in comparison to healthy in-
dividuals8. The patients who responded to treatment with 
erythropoietin plus G-CSF showed a significant decrease 
to the percentage of apoptotic cells3. There is increasing 
evidence that the excessive expression of anti-apoptotic 
proteins and p53, inhibits apoptosis of bone marrow cells 
and increases the possibility of leukaemic transformation 
of MDS4. Therefore, during the evolution of MDS syn-
dromes to acute myeloid leukaemia (AML), the apoptotic 
rate decreases8,9. The oncogenic mechanism seems to dif-
fer between de novo acute myeloid leukaemia and sec-
ondary leukaemia following MDS syndrome4. Moreover, 
the expression of Fas and FasL of bone marrow CD34+ 
cells is significantly increased to MDS patients, in com-
parison to control groups9. Finally, it has been shown that 
interleukin-15 stimulates the proliferation and the differ-

entiation of MDS CD34+ cells10. 
It has been reported that the activation of apopto-

sis takes place in MDS, when the expression of human 
telomerase reverse transcriptase (hTERT) is lacking. This 
implicates the excessive apoptosis and the non satisfac-
tory hemopoiesis with the absence of high telomerase 
activity11. It has also been reported that poor prognosis 
is correlated to excessive apoptosis, low expression of 
hTERT and higher expression of caspase-3 (pro-apop-
totic molecule). Moreover, in MDS, the activity of het-
erogeneous nuclear ribonucleoprotein B1 (hnRNP B1) is 
related possibly with leukaemic transformation11. 

It has also been shown that the increased expression 
and release of TNF-Related Apoptosis-Inducing Ligand 
(TRAIL) in bone marrow harms the erythropoiesis and 
contributes to the anemia of MDS12.

Researchers from Karolinska Institute of Sweden un-
derline that the apoptotic process of MDS is related to in-
creased activation of caspases and explain the anti-apop-
totic mechanism of growth factors in MDS treatment13-15. 

Figure 2. Marrow section from a patient with refractory 
anemia showing micro-megakaryocytes (1-5) adjacent to 
trabecula with no apoptotic cells (original magnification 
x400) (Xiao Li, et al7)

Figure 1. Marrow section from a patient with myelodys-
plastic syndrome (refractory anemia) showing micro-mega-
karyocytes (1,2) (CD41+) and apoptotic megakaryocytes (3) 
(ISEL+) (original magnification x400) (Xiao Li, et al7)

Figure 3. Marrow section from a patient with refractory 
anemia showing a cluster of non-apoptotic micro-megakary-
ocytes (1-5). The black arrow indicates an apoptotic CD41-
negative cell (original magnification x400) (Xiao Li, et al7)
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During the apoptotic process in MDS, the mitochondrial 
apoptotic axis is activated after the activation of caspases 
and the release of cytochrome C from mitochondria to 
cytosol. The amount of cytochrome C in cytosol can be 
evaluated by a special method of immunofluorescence. 
The combination treatment of erythropoietin and G-CSF 
to the patients mentioned above, decreases the number of 
apoptotic bone marrow progenitors14.

G-CSF acts by a double mechanism to inhibit and 
eliminate apoptosis. First, G-CSF inhibited the Fas-relat-
ed activation of caspases (extrinsic pathway of apoptosis) 
and secondly, G-CSF blocked the release of cytochrome 
C from mitochondria into cytosol (intrinsic pathway of 
apoptosis)14,15. 

 
Current therapeutic challenges in myelodysplastic 
syndromes (MDS)

MDS patients are classified according to the prognos-
tic system IPSS, as low risk patients (low, intermediate-1) 
and high risk patients (intermediate-2, high)16. The IPSS 
system classifies MDS patients, determines treatment 
and predicts the outcome of the disease. It comprises the 
percentage of blasts in the bone marrow, the number of 
hematopoietic lineages involved in the cytopenia and the 
specific cytogenetic abnormalities1.

All MDS patients should receive supporting treat-
ment, which involves antibiotics for infections and trans-
fusions of erythrocytes and platelets (blood support) for 
the treatment of symptomatic cytopenias17. Iron chela-
tion therapy should be given to MDS patients after 20-
40 RBC transfusions, particularly to low risk patients18 
(NCCN guidelines). In a Danish study in 1996, a small 
group of MDS patients was evaluated. The patients had 
received multiple RBC transfusions (mean of 90 trans-
fusions) and showed increased serum ferritin levels and 
high liver iron (MRI finding). These individuals received 
desferrioxamine chelation therapy for 2 years with an im-

provement in haematologic parameters (increase in their 
haemoglobin levels, neutrophil and/or platelet counts). 
This also resulted in the inhibition of the toxic iron over-
load19. Desferrioxamine is administered as a subcutane-
ous infusion, for 8 to 12 hours 5 to 7 nights per week20. 
Novel clinical trials are being conducted at the moment, 
for other new oral iron chelators, deferiprone and defera-
sirox, with extremely positive results20.

Other low risk MDS patients with symptomatic ane-
mia should be treated by erythropoietin (or darbepoetin), 
with or without G-CSF (granulocyte colony stimulating 
factor)20. The treatment of recombinant human eryth-
ropoietin is followed by 16% response, according to 
meta-analysis, which involves all MDS subtypes21. The 
co-treatment of recombinant human erythropoietin and 
G-CSF improves the anemia of MDS syndromes22. Pa-
tients with 5q- syndrome should initially receive lenalido-
mide, a substance which is an inhibitor of angiogenesis 
and also has immunomodulatory activities20. Additional 
immunomodulatory substances (cyclosporine, anti-thy-
mocyte globulin) should be supplied to all patients with 
resistant cytopenias20. Younger patients, positive patients 
to HLA-DR15 and patients with a small duration of trans-
fusion therapy, are more likely to respond to immunosup-
pressive therapy23. 

For high risk patients, therapeutic choices involve 
agents who inhibit methylation (azacitidine, decitabine), 
intensive chemotherapy, and haematopoietic stem cell or 
bone marrow transplantation, according to the patient’s 
age, his/hers general health condition and the availabil-
ity of a donor. Intensive chemotherapy treatment to MDS 
patients is related to high mortality rates, low percentages 
of remissions and shorter duration of them. Nevertheless, 
intensive chemotherapy can delay the leukaemic trans-
formation and improve the cytopenias to particular pa-
tients. Hypomethylating agents can be used as temporary 

Figure 4. Marrow section from a patient with refractory ane-
mia showing a cluster of micro-megakaryocytes. The black 
arrows indicate apoptotic CD41-positive cells. The green 
arrows indicate non-apoptotic CD41-positive cells (original 
magnification x400) (Xiao Li, et al7)

Figure 5. Marrow section from a patient with refractory 
anemia with excess blasts. The green arrow indicates a 
morphologically normal CD41-positive megakaryocyte, not 
showing apoptosis. The black arrow indicates a CD41-posi-
tive micro-megakaryocyte undergoing apoptosis (original 
magnification x40) (Xiao Li, et al7)
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treatment, while the location of the suitable donor is an-
ticipated or for the decrease in the marrow blasts ratio, so 
that the patient is more bound to respond to transplanta-
tion. Moreover, by supplying azacitidine or decitabine to 
MDS patients there is reduced frequency to evolution to 
AML, or prolongation of the interval between the MDS 
diagnosis and the leukaemic transformation. Side effects 
of the above agents are the thrombocytopenias and the 
cytopenias20. 

The epigenetic DNA changes cause pathological 
gene expression. The increased DNA methylation seen 
in MDS patients leads to the inhibition of the expression 
of onco-suppresive protective genes, which causes my-
elodysplasia24,25. Thus, the use of agents which inhibit 
methylation (DNMT inhibitors) in the treatment of MDS, 
can be explained. Similarly, Histone Deacetylase Inhibi-
tors (HDAC inhibitors – for example valproic acid or 
the cyclic peptide FK228) are used in combination with 
hypomethylating agents for MDS treatment24-26. Despite 
the clinical activity of the agents, there is not convinc-
ing proof, that the activity is attributed to epigenetic 
modification of the genome in MDS. Clinical trials are 
being conducted at the moment for all the agents men-
tioned above24,25. For the patients who do not respond to 
first line treatment, clinical trials with novel therapeutic 
agents should be conducted20.

For the treatment of CMML, hydroxyurea is consid-
ered as first line treatment and is preferable in comparison 
to oral supply of etoposide. Moreover, the most commonly 
used intensive chemotherapy involves cytosine-arabino-
side, etoposide, idarubicine, topotecane, daunorubicine, 
mitoxandrone and/or fludarabine27. The intensive chemo-
therapy treatment cannot usually be applied, because of 
the old age of MDS patients and coexistent diseases. In 
such cases low-dose cytosine-arabinoside is used, caus-
ing response to 40% of patients and complete remission 
to 20% of patients28. Low-dose etoposide is the right 
therapeutic approach not only for high risk MDS, but for 
MDS-induced AML as well29.

The question of whether the use of growth factors 
(GM-CSF, G-CSF) for MDS treatment, causes evolution 
of the disease to acute leukaemia, came to the surface30. 
After various clinical trials, it was established that the 
AML transformation is a physical evolution of the MDS 
disease in some cases, and not the result of the growth 
factor use. Moreover, their use in combination with 
erythropoietin, improves the survival of MDS-induced 
AML patients30. The combination of cytosine-arabinoside 
and idarubicine plus GM-CSF in high risk MDS patients 
and to MDS-induced AML shows high percentages of 
complete remission and low percentages of toxic deaths. 
Nevertheless, the duration of complete remission remains 
short. A relatively satisfactory number of patients shows 
prolonged survival over 3 years31. Combination treatment 
with all-trans retinoic acid, a-interferon and G-CSF in 
low-risk MDS patients is effective in 35% (6/17 patients) 
and can result in complete remission in isolated cases32. 

It has been reported that the comparison between 

exclusive chemotherapy and chemotherapy plus allo-
geneic or autologous bone marrow transplantation in 
MDS high risk patients, shows no significant differences. 
Both therapeutic approaches are equally supported. The 
critical question does not seem to be which therapeutical 
approach is better, but to what extent each one can be 
conducted for the production of better results33. There is 
an upper age limit of 55-65 years for conducting a bone 
marrow transplantation, because of the increased num-
ber of complications of the elderly MDS patients and the 
peculiar nature of the disease20. Nevertheless, the bone 
marrow transplantation can be conducted with success to 
MDS patients over 55 years34.

There is disagreement whether high risk MDS pa-
tients benefit by intensive chemotherapy, for achieving 
remission, just before the bone marrow transplantation. 
Some studies show significantly greater survival ratios to 
transplanted patients, who earlier had achieved complete 
remission, but randomized prospective clinical trials to 
examine the value of chemotherapy before HSCT, have 
not been conducted20. According to the guidelines of the 
American Society of Hematology, for IPSS low risk pa-
tients (low, intermediate-1), the delayed carrying out of 
HSCT is related with the highest survival rates. For IPSS 
high risk patients (intermediate-2, high) the urgent real-
ization of HSCT is necessary35. On the contrary, accord-
ing to the British guidelines for the treatment of MDS, all 
patients <65 years old of intermediate-1 IPSS category, 
should be promoted for allogeneic stem cell transplanta-
tion, when their health condition allows it27. Finally, it is 
proposed that the combination of low-dose fludarabine, 
busulphan and anti-thymocyte globuline before HSCT 
has very good results to the patients who do not have the 
potential of a myeloablative therapy before HSCT36. 
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