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Abstract
Background: Myelodysplasia comprises a heterogenous group of disorder characterized by ineffective
hematopoiesis and extensive apoptosis of hematopoietic cells. Although previous studies revealed few cytogenetic
and molecular abnormalities, the underlying defect in the molecular pathway for extensive apoptosis and dysplasia
observed in the disease is yet to be identified. This study aims to evaluate the pro-inflammatory cytokines and
transcription factors levels in the refractory anemia subset of myelodysplasia (MDS-RA). The study evaluated bone
marrow aspirates from 35 MDS-RA and 10 leukemic cases. All samples were analyzed for the rate of apoptosis,
levels of various pro-inflammatory cytokines such as TNF-α, TNF receptors, TGF-β, Fas, IFN-γ and transcription
factor NFκB that moderates the apoptotic pathway, were estimated by quantitative PCR.
Results: Increased apoptosis in conjunction with significantly elevated cytokines levels of all the three subtypes
of TGF-β1, TGF-β2, TGF-β3, TNF-α in MDS-RA samples. TNFR1 and TNFR2 (p<0.05) expression were
significantly increased in MDS-RA than the leukemia group along with the Fas and INF-γ. Expressions of
transcription factor subtypes NFκB1, NFκB2 and NFκB3 were observed significantly high (p<0.05) in MDS-RA
compared to leukemia group.
Conclusion: The findings of the study imply a defective signaling of pro-inflammatory cytokines and
transcriptional factor NFκB pathway attributing to extensive apoptosis in early MDS. Highly deregulated cytokine
signaling in the bone marrow samples of MDS contributes to the extensive apoptosis and also, a possible
hematopoietic arrest resulting in refractory anemia. In addition, the dysregulation of cytokine expression contributes
to genomic alteration resulting in MDS progression to acute myeloid leukemia (AML).

Keywords: Cytokines; Myelodysplasia; Refractory anemia; Real-time
PCR

Background
Myelodysplastic syndromes (MDS) are clonal disorders
characterized ineffective hematopoiesis and subsequent progression to
acute myeloid leukemia (AML) [1]. Among the subtypes of MDS,
refractory anemia (RA) and refractory anemia with ringed sideroblasts
exhibits ineffective hematopoiesis consistently [2-4]. However, an
apparent paradox in early MDS is that these disorders presents with
peripheral cytopenia, despite having normo or hypercellular bone
marrow. This inconsistency could be explained by the premature
programmed cell death of a large numbers of cells in the BM before
they enter the peripheral system. This signifies an unfavorable bone
marrow microenvironment for cell proliferation and maturation in
early MDS, unlike in leukemia where the cell proliferation exceeds
apoptosis and the marrow environment favors cell division [5,6].
Although it is well established that MDS arises from an intrinsic or
acquired genetic defect in hematopoietic stem cells leading to clonal
expansion of a stem cell population; it has also been suggested that
other epigenetic abnormalities such as aberrant cytokine production,
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altered stem cell adhesion, or an abnormal marrow microenvironment
might contribute to the disease biology [7,8].
While decades of studies have revealed few consistent cytogenetic
abnormalities by; cases without abnormalities are widely observed in
myelodysplasia especially in early MDS subtypes, more in RA and
RARS compared to RAEB and RAEB-t [9]. A high apoptotic rate,
despite the absence of a genetic abnormality in MDS marrow
prompted to focus on evaluating apoptotic mediators like cytokines in
MDS. Initial studies comparing marrow stromal fibroblasts/
macrophages from MDS patients revealed greater levels of TNF-α and
interleukin-6 (IL-6) secretion than in the controls [10]. Though TNF-α
has been suggested to play a dual role of inducing apoptosis in
maturing cells and stimulating proliferation of primitive progenitor
cells, TNF-α produced by MDS mononuclear cells was inhibitory to
both normal and MDS colony growth. This indicated that residual
normal hematopoiesis could also be blocked in MDS [10]. In addition,
TNF-α has been known to up-regulate fas (CD95) expression, a cell
surface protein that triggers apoptosis upon binding fas-ligand (Fas-L)
[11].
Extensive studies on cytokines such as IFN-γ and TGF-β that are
secreted by stromal cells have also been implicated in initiating
apoptosis, but their role in MDS is yet to be established [12,13].
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Experimental studies on TGF-β revealed that it is a cell type dependent
mediator of apoptosis, implying that cytokines could trigger apoptosis
in multiple pathways [14]. Apart from cytokines, transcription factors
NFκB family regulate genes involved in inflammation [15], immune
response, cell survival [16-23] and is also known to suppress apoptosis
[20,21]. Constitutive activation of NFκB has been reported in various
solid tumors and hematologic malignancies and aberrant expression of
NFκB family proteins has been described for other B- and T-cell
neoplasia [22-26]. Though, NFκB has been suggested as contributing
factor between inflammation and cancer through TNF-α, the
mechanism remains to be explored.

1 mL of isopropyl alcohol; air dried and dissolved in RNAase free
water. Finally, the RNA was quantified using spectrophotometer and
stored at -80°C.

Therefore, studying the levels of pro-apoptotic molecules in the
marrow of early MDS patients might enable better understanding of
the disease and its underlying cause. Hence this study was aimed at
estimating the bone marrow apoptotic rate and correlating it with the
levels of pro-inflammatory cytokines.

Real time PCR was optimized to our laboratory conditions using 1
µL of cDNA for a 20 µL reaction. All reactions were carried out using
SybrGreen PCR master mix from ABI. A known control DNA was
included in every reaction to exclude the baseline DNA amplification
of SybrGreen. The cytokine levels of GAPDH, TNFα, TNFR1, TNFR2,

Materials and Methods
Bone marrow aspirate was obtained from MDS-RA patients (n=35,
mean age of 40.8 years) and acute myeloid leukemia (AML) (n=10,
mean age of 39 years). The specimens were included into the study
after a confirmed diagnosis of MDS-RA on bone marrow studies with
inter-observer concordance. MDS-RA was considered when the
patients presented with de-novo MDS and not secondary to AML
therapy. The patients were excluded from the study if they were treated
with steroids or anti-inflammatory drugs. The specimens were
collected in EDTA vacutainers with prior approval from the
institutional ethical committee and informed consent from the
participants of this study. The nucleated cells were isolated and both
the apoptotic assay and RNA extraction were carried out immediately.

cDNA synthesis
cDNA was synthesized from 5 µg of the extracted RNA using high
capacity cDNA reverse transcription kit (Applied Biosystems, India) as
per the manufacturer’s protocol and stored at 4°C until further analysis.

Real-time polymerase chain reaction (RT-PCR)

TGF-β1, TGF-β2, TGF-β3, Fas-L, Fas-R, INF-γ, NFκB1, NFκB2,
NFκB3 were estimated using primer sequence, mentioned in Table 1.
The Ct-threshold was set at 0.01 for all the cytokines including the
internal reference control (GAPDH) and the ‘ct-value’ for each sample
was obtained. The ‘ct-value’ of each cytokine was then converted to
“relative expression level (REL)” using “delta-delta Ct method” and
significance of each cytokine level between the groups was calculated
using chi square test.
Cytokine

Sequence

GAPDH

5’-GAAGGTGAAGGTCGGAGTCAAC-3’ (22bp)
3’-TGGTCCCGACGAAAATTGAGAC-5’ (22bp)

TNF-α

3’-CCTTGGTCTGGTAGGAGACG-5’ (20bp)

Isolation of nucleated blast cells
The specimens were layered over an equal volume of Ficoll
Histopaque 10771 (Sigma, India) and centrifuged at 2500rpm for 20
mins. The buffy coat comprising of nucleated cells were then carefully
transferred and washed with sterile phosphate buffered saline (PBS).
After an 18 hour cell culture to enrich the blast cells from normal
nucleated cells, aliquots of the cell pellet were used for both apoptotic
analysis and RNA isolation.

TNFRI

RNA isolation
Total RNA was extracted using TRIzol. 500 µL of TRIzol reagent
was added to the cell pellet, and incubated at room temperature (RT)
for 5 mins before 200 µL of chloroform was added. The suspension was
vortexed and incubated for 5 mins at RT and centrifuged at 10000rpm
for 10 mins. The RNA was precipitated from the clear supernatant with
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5’-ACCAAGTGCCACAAAGGAAC-3’ (20bp)
3’-CTGCAATTGAAGCACTGGAA-5’ (20bp)

TNFRII

5’-TCGCTCTTCCAGTTGGACT-3’ (19bp)
3’-CACCAGGGGAAGAATCTGAG-5’ (20bp)
5’-AAGCAGCCCTTCATGGTGGCT-3’ (21bp)

TGF-β1
3’-CCAGTCCTGCCATCCCAGGTC-5’ (21bp)

Apoptotic analysis
Apoptosis was measured using Annexin V kit (Abcam, India). The
cells were resuspended in 300 µL of 1X Annexin V binding buffer, 3 µL
of Annexin V-FITC and 3 µl of Propidium iodide and incubated at
room temperature for 5 mins in dark. The cell suspension was then
washed with Annexin binding buffer and analyzed under fluorescence
microscopy. About 500 cells were scored for each sample and the
overall percentages of apoptosis in each group were calculated. The ‘t’
test was used to compare the significance of apoptosis between MDSRA and AML group.

5’-CAGAGGGAAGAGTTCCCCAG-3’ (20bp)

5’ -GGAAGAAGCGGGCTTTGGA-3’ (19bp)
TGF-β2
3’-TGTCTGAACTAGTACCGCCTT-5’(21bp)
5’ -GGAAGAAGCGGGCTTTGGA-3’ (19bp)
TGF-β3
3’ -GTCAGGCAGTGGTGGTTCTCT-5’ (21bp)
5’-TCTCAGACGTTTTTCGGCTT-3’ (20bp)
Fas-L
5’-AAGACAGTCCCCCTTGAGGT-3’ (20bp)
5’-CAAGGGATTGGAATTGAGGA-3’ (20bp)
Fas-R
5’-GACAAAGCCACCCCAAGTTA-3’ (20bp)
5’-AATGCAGGTCATTCAGATG-3’ (19bp)
IFN-γ
5’-TTGGACATTCAAGTCAGTT-3’ (19bp)
NFκB1

5’-CTCATGGACAACTATGAGGTC-3’ (21bp)
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5’-TGCGGAAGGATGTCTCCAC-3’ (19bp)
5’-GGTTGAGAAGCCTGGTGG-3’ (18bp)
NFκB2
5’-TCTGTGCTGGGCAGCTTG-3’ (18bp)
5’-CTGGCATCTGTGGACAAC-3’ (18bp)
NFκB3
5’-TTAGGAGCTGATCTGACTC-3’ (19bp)

Table 1: Primers used in Real-time PCR.

Results
Apoptotic analysis
The overall percentage of apoptotic cells in MDS-RA and AML
group were 47.2 (SE=±4.03516) and 13.3 (SE=±0.75154) respectively
(Figure 1). Apoptotic levels were significantly higher in MDS-RA
samples compared to the AML group.

Figure 2: Relative expression levels of cytokines TNF-α, TNFRI and
TNFRII between MDS-RA and AML (p<0.05).

Figure 1: Comparison of apoptotic levels between the study groups.

Real-time PCR
Quantitative PCR of GAPDH, TNFα, TNFR1, TNFR2, TGF-β1,
TGF-β2, TGF-β3, Fas-L, Fas-R, INF-γ, NFκB1, NFκB2, NFκB3,
showed rapid and consistent amplification of cDNA in all the samples.
All the pro-inflammatory cytokines and receptors evaluated in MDSRA, the Fas-R, INF-γ, Fas-L, TNF-α, TGF-β1, TGF-β2, TGF-β3,
TNFR2 and TNFR1 were found to have a high REL.
The TNF-α, TNFR1 and TNFR2 were significantly (p<0.05)
expressed high in the MDS-RA group than AML group, with the
cytokine expressing higher than the respective receptor levels (Figure
2A-2C). All the three subtypes of TGF-β (1, 2 and 3) were observed to
have a significantly high (p<0.05) REL in MDS-RA group than the
AML group (Figure 3A-3C).
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Figure 3: Relative expression levels of cytokines TGF-β1, TGF-β2
and TGF-β3 between MDS-RA and AML (p<0.05).
Contrarily, Fas-L was expressed higher in AML group than MDSRA (p<0.05) (Figure 4B) whereas, MDS-RA had significantly high
expression of Fas-R (p<0.05) (Figure 4C) and high INF-γ expression
than the AML group with significant difference (p<0.05) (Figure 4A).
The expression of the transcription factor NFκB (subtypes 1, 2 and 3)
were significantly high (p<0.05) in MDS-RA compared to AML group
(Figure 5A-5C). An overall comparison of cytokines expression levels
between the two groups, MDS-RA had a significantly high REL
(p<0.05) than the AML group except for Fas-L.
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apoptosis upon binding to fas-ligand and increased activity of
caspase-3 in bone marrow from MDS patients [11].

Figure 4: Relative expression levels of cytokines INF-γ, Fas-L and
Fas-R between MDS-RA and AML (p<0.05).

Studies on the effect of Fas molecules over expression have known
to upregulate the expression of interferon (IFN) molecules. These INF
molecules are known to have a negative impact on the hematopoietic
activity by hampering cell division resulting in hematopoietic arrest
[36,37,38]. Remarkably, this study has observed that the INF-γ
molecule was significantly high in MDS-RA group compared to the
AML group, indicating a possible hematopoietic arrest, which likely
contributes to the hypocellularity observed in MDS-RA pathology.
Hence the observation of increased apoptosis in this study, along with
hematopoietic arrest conceivably underlines the cause for an impaired
cellular differentiation and dysplasia in the marrow compartment of
the MDS-RA subset. While apoptosis initiated by cytokine molecule
TNF-α is evident in the MDS-RA group, increased expressions of TGFβ subtypes were observed. TGF-β is known to trigger apoptosis
independently by Smad pathway and also by activation of Fas-R
without affecting its cognate Fas-L, leading to caspase-8 activation and
apoptosis [39,40,41] implying that a similar mechanism of apoptosis
could be mediated.
Furthermore, this study revealed high expression levels of NFκB in
MDS-RA group which is a ubiquitously expressed transcription factor
that controls immune response and inflammation regulating apoptosis,
cell proliferation, and differentiation [42] through TNF-α related
apoptosis inducing ligand (TRAIL) and Fas [43,44]. Also studies reveal
that the secretion of TNF-α by macrophages, apart from triggering
apoptosis by itself [46], mediates NFκB transcription that actively
initiates the transcription of pro-apoptotic cytokines such as TGF-β
[17].
However, the low apoptotic rate and a correspondingly lower
expression of cytokines observed in AML samples maybe due to
disease progression in leukemia where, unlike in MDS-RA, the
leukemic cells suffer genetic alterations resulting in either loss of tumor
suppressor activity, gain of oncogenic activity or both.

Conclusion
Figure 5: Relative expression levels of cytokines NFκB1, NFκB2 and
NFκB3 between MDS-RA and AML (p<0.05).

Discussion
Earlier studies have established that the apoptotic pathway in MDSRA is triggered as a natural defense to an unknown initial molecular
insult on a hematopoietic cell [27-45] and hence, this study was
extended to investigate the expression levels of cytokines involved in
triggering apoptosis along with NFκB that regulates cytokine
transcription. In concurrence with earlier studies, a higher rate of
apoptosis was observed in MDS-RA patients than that of the AML
patients. Among the cytokines studied, over expression of TNF-α in
MDS-RA patients (p<0.05) was observed along with their receptor
genes TNFRI and II, studies on the role of high TNFR expression have
observed that they facilitate Fas expression, which triggers apoptosis
through both mitochondrial and caspase pathways [28]. In
concurrence, this study also observed a significant Fas ligand
expression, as observed by Gupta et al in the marrow of MDS group
[35]. In addition to the Fas ligand, an increased expression of the fas
receptor (CD95) is observed which is a cell surface protein that induces
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This study divulges the overexpression of TNF-α, TNFRI, TNFRII
and NFκB in MDS-RA samples that warrants the reason for the high
apoptotic rate observed in the MDS-RA marrows. In addition, high
expression of Fas and TGF-β implies triggering of multiple apoptotic
pathways and a potential hematopoietic arrest by IFN-γ. These
microenvironment changes and cytokine dysfunction contributes to
the disease pathogenesis of MDS-RA. Although functional aspect of
each cytokine in this study has not been established, their association
in extensive apoptosis and an ill-defined anemic condition of MDS-RA
cannot be disregarded since most of these MDS-RA patients especially
when certain subset of patients respond well to cytokine targeted
therapies [47]. Further, functional studies with knockout gene models
of these cytokines in MDS conditions will provide a greater insight into
the disease pathogenesis and subsequently assist in effective
management of early MDS disease.

Aknowledgements
I thank the Dean of faculties, ethical board members of Madras
Medical College and Sri Ramachandra University for granting
permission to collect bone marrow samples from patients who visited
the institutions.

Volume 4 • Issue 1 • 1000231

Citation:

Venkateswaran N, et al. (2016) Overexpression of Pro-Inflammatory Cytokines in Myelodysplastic Syndrome (MDS-RA). J Hematol
Thrombo Dis 4: 231. doi:10.4172/2329-8790.1000231

Page 5 of 6

References
1.
2.
3.
4.
5.
6.

7.

8.
9.
10.

11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.

Hofmann WK, Lübbert M, Hoelzer D, Phillip Koeffler H (2004)
Myelodysplastic syndromes. Hematol J 5: 1-8.
Raza A, Gezer S, Mundle S, Gao XZ, Alvi S, et al. (1995) Apoptosis in
bone marrow biopsy samples involving stromal and hematopoietic cells
in 50 patients with myelodysplastic syndromes. Blood 86: 268-276.
Yoshida Y (1993) Hypothesis: apoptosis may be the mechanism
responsible for the premature intramedullary cell death in the
myelodysplastic syndrome. Leukemia 7: 144-146.
Parker JE, Mufti GJ (1998) Ineffective haemopoiesis and apoptosis in
myelodysplastic syndromes. Br J Haematol 101: 220-230.
Golde DW, Cline MJ (1973) Human preleukemia. Identification of a
maturation defect in vitro. N Engl J Med 288: 1083-1086.
Flores-Figueroa E, Gutiérrez-Espíndola G, Montesinos JJ, Arana-Trejo
RM, Mayani H (2002) In vitro characterization of hematopoietic
microenvironment cells from patients with myelodysplastic syndrome.
Leuk Res 26: 677-686.
Raza A, Mundle S, Iftikhar A, Gregory S, Marcus B, et al. (1995)
Simultaneous assessment of cell kinetics and programmed cell death in
bone marrow biopsies of myelodysplastic syndrome reveals extensive
apoptosis as the probable basis for ineffective hematopoiesis. Am J
Hematol 48: 143-54.
Clark DM and Lampert IA (1990) Apoptosis is a common
histopathological finding in myelodysplasia: The correlate of ineffective
hematopoiesis. Leuk Lymphoma 2: 415.
Noël P, Solberg LA Jr (1992) Myelodysplastic syndromes. Pathogenesis,
diagnosis and treatment. Crit Rev Oncol Hematol 12: 193-215.
Flores-Figueroa E, Gutiérrez-Espíndola G, Montesinos JJ, Arana-Trejo
RM, Mayani H (2002) In vitro characterization of hematopoietic
microenvironment cells from patients with myelodysplastic syndrome.
Leuk Res 26: 677-86.
Bouscary D, De Vos J, Guesnu M, Jondeau K, Viguier F, et al. (1997) Fas/
Apo-1 (CD95) expression and apoptosis in patients with myelodysplastic
syndromes. Leukemia 11: 839-845.
Raza A, Mundle S, Shetty V, Alvi S, Chopra H, et al. (1996) Novel insights
into the biology of myelodysplastic syndromes: excessive apoptosis and
the role of cytokines. Int J Hematol 63: 265-278.
Bouscary D, De Vos J, Guesnu M, Jondeau K, Viguier F, et al. (1997) Fas/
Apo-1 (CD95) expression and apoptosis in patients with myelodysplastic
syndromes. Leukemia 11: 839-845.
Pollman M, Naumovski L, Gibbons G (1999) Vascular cell apoptosis: cell
type-specific modulation by transforming growth factor-b1 in endothelial
cells versus smooth muscle cells. Circulation 99: 2019-2026.
Li Q, Verma IM (2002) NF-kappaB regulation in the immune system. Nat
Rev Immunol 2: 725-734.
Kaltschmidt B, Widera D, Kaltschmidt C (2005) Signaling via NF-kappaB
in the nervous system. Biochim Biophys Acta 1745: 287-299.
Mattson MP (2005) NF-kappaB in the survival and plasticity of neurons.
Neurochem Res 30: 883-893.
Li Q, Verma IM (2002) NF-kappaB regulation in the immune system. Nat
Rev Immunol 2: 725-734.
Takada Y, Andreeff M, Aggarwal BB (2005) Indole-3-carbinol suppresses
NF-{kappa}B and I{kappa} B{alpha} kinase activation causing inhibition
of expression of NF-{kappa}B-regulated antiapoptotic and metastatic
gene products and enhancement of apoptosis in myeloid and leukemia
cells. Blood 106: 641-649.
Aggarwal BB (2004) Nuclear factor-kappaB: the enemy within. Cancer
Cell 6: 203-208.
Bortul R, Tazzari PL, Cappellini A, Tabellini G, Billi AM, et al. (2003)
Constitutively active Akt1 protects HL60 leukemia cells from TRAILinduced apoptosis through a mechanism involving NF?B activation and
cFLIP(L) up-regulation. Leukemia 17: 379-89.

J Hematol Thrombo Dis
ISSN:2329-8790 JHTD, an open access journal

22.
23.

24.
25.
26.
27.
28.

29.

30.

31.
32.

33.
34.

35.

36.
37.
38.
39.
40.
41.

Turco MC, Romano MF, Petrella A, Bisogni R, Tassone P, et al. (2004)
NF-kappaB/Rel-mediated regulation of apoptosis in hematologic
malignancies and normal hematopoietic progenitors. Leukemia 18: 11-17.
Cerimele F, Battle T, Lynch R, Frank DA, Murad E, et al. (2005) Reactive
oxygen signaling and MAPK activation distinguish Epstein-Barr Virus
(EBV)-positive versus EBV-negative Burkitt's lymphoma. Proc Natl Acad
Sci U S A 102: 175-179.
Pikarsky E, Porat RM, Stein I, Abramovitch R, Amit S, et al. (2004) NFkappaB functions as a tumour promoter in inflammation-associated
cancer. Nature 431: 461-466.
Lin A, Karin M (2003) NF-kappaB in cancer: a marked target. Semin
Cancer Biol 13: 107-114.
Mayo MW, Baldwin AS (2000) The transcription factor NF-kappaB:
control of oncogenesis and cancer therapy resistance. Biochim Biophys
Acta 1470: M55-62.
Barber RD, Harmer DW, Coleman RA, Clark BJ (2005) GAPDH as a
housekeeping gene: analysis of GAPDH mRNA expression in a panel of
72 human tissues. Physiol Genomics 21: 389-395.
Sawanobori M, Yamaguchi S, Hasegawa M, Inoue M, Suzuki K, et al.
(2003) Expression of TNF receptors and related signaling molecules in
the bone marrow from patients with myelodysplastic syndromes. Leuk
Res 27: 583-591.
López-González JS, Aguilar-Cázares D, Prado-García H, et al. (2002)
Lack of correlation between growth inhibition by TGF-beta and the
percentage of cells expressing type II TGF-beta receptor in human nonsmall cell lung carcinoma cell lines. Lung Cancer 38: 149-58.
Fujita M, Goto K, Yoshida K, Okamura H, Morimoto H, et al. (2004)
Okadaic acid stimulates expression of Fas receptor and Fas ligand by
activation of nuclear factor kappa-B in human oral squamous carcinoma
cells. Oral Oncol 40: 199-206.
Zamani AR, Sadeghian S, Tavakkol-Afshari J, et al. (2007) In-vitro semiquantitative determinataion of human gamma-interferon expression by
RT-PCR. Acta Medica Iranica 45: 7-12.
Sass G, Shembade ND, Tiegs G (2005) Tumour necrosis factor alpha
(TNF)-TNF receptor 1-inducible cytoprotective proteins in the mouse
liver: relevance of suppressors of cytokine signalling. Biochem J 385:
537-544.
Rajapaksa R, Ginzton N, Rott LS, Greenberg PL (1996) Altered
oncoprotein expression and apoptosis in myelodysplastic syndrome
marrow cells. Blood 88: 4275-4287.
Shetty V, Hussaini S, Broady-Robinson L, Allampallam K, Mundle S, et al.
(2000) Intramedullary apoptosis of hematopoietic cells in MDS patients
can be massive: apoptotic cells recovered from high-density fraction of
bone marrow aspirates. Blood 96: 1388-92.
Gupta P, Niehans GA, LeRoy SC, Gupta K, Morrison VA, et al. (1999) Fas
ligand expression in the bone marrow in myelodysplastic syndromes
correlates with FAB subtype and anemia, and predicts survival. Leukemia
13: 44-53.
Platzbecker U, Ward JL, Deeg HJ (2003) Chelerythrin activates caspase-8,
downregulates FLIP long and short, and overcomes resistance to TNFrelated apoptosis-inducing ligand in KG1a cells. Br J Haem 122: 489-97.
Balkwill F, Taylor-Papadimitriou J (1978) Interferon affects both G1 and S
+G2 in cells stimulated from quiescence to growth. Nature 274: 798-800.
Lundblad D, Lundgren E (1981) Block of glioma cell line in S by
interferon. Int J Cancer 27: 749-754.
Feng XH, Derynck R (2005) Specificity and versatility in tgf-beta
signaling through Smads. Annu Rev Cell Dev Biol 21: 659-693.
Massagué J, Seoane J, Wotton D (2005) Smad transcription factors. Genes
Dev 19: 2783-2810.
Kim SG, Jong HS, Kim TY, Lee JW, Kim NK, et al. (2004) Transforming
growth factor-beta 1 induces apoptosis through Fas ligand-independent
activation of the Fas death pathway in human gastric SNU-620 carcinoma
cells. Mol Biol Cell 15: 420-434.

Volume 4 • Issue 1 • 1000231

Citation:

Venkateswaran N, et al. (2016) Overexpression of Pro-Inflammatory Cytokines in Myelodysplastic Syndrome (MDS-RA). J Hematol
Thrombo Dis 4: 231. doi:10.4172/2329-8790.1000231

Page 6 of 6
42.
43.

44.

Liu-Mares W, Sun Z, Bamlet WR, Atkinson EJ, Fridley BL, et al. (2007)
Analysis of variation in NF-kappaB genes and expression levels of NFkappaB-regulated molecules. BMC Proc 1 Suppl 1: S126.
Bortul R, Tazzari PL, Cappellini A, Tabellini G, Billi AM, et al. (2003)
Constitutively active Akt1 protects HL60 leukemia cells from TRAILinduced apoptosis through a mechanism involving NF-kappaB activation
and cFLIP(L) up-regulation. Leukemia 17: 379-389.
Kühnel F, Zender L, Paul Y, Tietze MK, Trautwein C, et al. (2000)
NFkappaB mediates apoptosis through transcriptional activation of Fas
(CD95) in adenoviral hepatitis. J Biol Chem 3: 6421-6427.

J Hematol Thrombo Dis
ISSN:2329-8790 JHTD, an open access journal

45.
46.
47.

McKenna SL, Cotter TG (1997) Functional aspects of apoptosis in
hematopoiesis and consequences of failure. Adv Cancer Res 71: 121-164.
Schütze S, Machleidt T, Krönke M (1992) Mechanisms of tumor necrosis
factor action. Semin Oncol 19: 16-24.
Sloand EM, Rezvani K (2008) The role of the immune system in
myelodysplasia: implications for therapy. Semin Hematol 45: 39-48.

Volume 4 • Issue 1 • 1000231

