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Introduction

The myelodysplastic syndromes (MDS) are clonal
hematopoietic disorders, characterized by the clinical symp-
tomes of peripheral cytopenia despite of normo- or hyper-
cellular bone marrow. The functional bone marrow failure is
thought to be due to ineffective hematopoiesis, probably
associated with increased premature intramedullary cell
death, apoptosis.19,20.

Normal hematopoietic proliferation and differentation
are regulated by the complex interaction of stimulatory
and inhibitory cytokines which are produced by the acces-
sory cells of the bone marrow microenvironment and by
the mononuclear blood cells – T lymphocytes, monocytes
and macrophages. Stimulatory signals include hematopoi-
etic growth factors (G-CSF, GM-CSF), interleukin-1α,
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TNFαα is a highly active cytokine which plays an
important role in the regulation of apoptotic cell
death, a mechanism involved in the pathophysiolo-
gy of myelodysplastic syndrome (MDS). In this
study we investigated the expression of TNFαα of the
bone marrow trephine biopsies by immunohisto-
chemical method and the TNFαα production of
peripheral blood mononuclear cells by ELISA
method in 15 patients affected by MDS. Five of
seven patients without excess of blasts showed high
or intermediate TNFαα expression in the bone mar-
row biopsies, whereas two patients with excess of
blasts were negative and one had low expression.

The five CMML patients revealed low or intermedi-
ate expression. The production of TNFαα by the
PBMC was analysed in 10 patients, four patients
with RA and two with CMML produced higher level
of TNFαα which increased after stimulation with
phorbol myristic acetate, but none of the RAEB
patients revealed increase in TNFαα production. In
conclusion we suppose that increased TNFαα expres-
sion and production by PBMC may be an indirect
evidence of the role of increased apoptosis in low
risk MDS patients. (Pathology Oncology Research
Vol 6, No 1, 18–23, 2000)
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(IL-α1), IL-3, IL-6, erythropoietin and others, whereas
TNFα, TGFβ and interferons have inhibitory effects.12,22

The pathogenetic role of the abnormalities of these reg-
ulations in the myelodysplastic process has been suggest-
ed and widely examined in the last decade. The abnormal-
ities in either hematopoietic growth factor (HGF) and
inhibitory factor production or responsiveness to them
seem to be an important pathogenetic factor in MDS. 

The aim of our study was to investigate the role of
TNFα in the hematopoietic failure of MDS patients. We
studied the cytokine producing cells in the bone marrow
by immunohistochemical method, and the ability of TNFα
production of peripheral mononuclear cells by ELISA
method without and after stimulation with a non specific
stimulator of cytokine production.

Patients and methods

The study was carried out in 15 MDS patients. Controls
for immunohistochemical studies were bone marrow biop-
sies with normal morphology from patients with non
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Hodgkin’ lymphoma (n=6) and healthy volunteers for
peripheral blood testing (n=4). According to FAB classifi-
cation the MDS patients included six with refractory anemia
(RA), one with refractory anemia with ringed sideroblasts
(RARS), two with refractory anemia with excess of blasts
(RAEB), one with RAEB in transformation (RAEB-t), and
five with chronic myelomonocytic leukemia (CMML). No
patients received specific therapy at the time of the study,
and non of them suffered from infection. The patients’ clin-
ical characteristics, age, sex, date of diagnosis, hematologi-
cal data at the time of the study and the duration of survival
are shown in Table 1.

Immunohistochemical detection of TNFαα in BM 

The indirect immunoperoxidase technique was per-
formed on deparaffinized bone marrow tissue sections.
Endogenous peroxidase was blocked with 1mg/ml phenyl-
hydrazine (Sigma) in phosphate buffered saline (PBS) for
20 min. After two washing steps (in PBS) the background
was blocked with 5% BSA/PBS buffer for 30 minute, fol-
lowed by the incubation with mouse anti-human TNFα
monoclonal antibody (mAb) (Serotec Cat. no: MCA-1385)
or isotype control mAb supernatant for 30 min. at room
temperature. After three washing steps in PBS anti-mouse-
Ig-HRPO was applied in appropriate dilution for further
30 min. The colour reaction was developed with amino-
ethylcarbasole (AEC) (2). 

The following evaluation system was used to approxi-
mately quantitate the expression of TNFα (examined by
two independent observers): 

negative: absent or occasional staining
low: rare, scattered positive cells

intermediate: small groups of positive cells, or more fre-
quently scattered positive cells as in group low

high: large groups of positive cells, or high number of
scattered cells. 

TNFαα ELISA

Stimulation of PBMCs – peripheral blood mononuclear
cells (PBMC) were separated on FicollPaque gradient
(Pharmacia) from fresh, heparinized blood samples. 106

cells/ml in 24 well tissue culture plates were stimulated
under sterile conditions in DMEM 10% FCS containing 50
ng/ml phorbol myristatic acetate (PMA, Sigma, Cat. no:C-
9275) for 24 hours in a CO2 incubator. The control sam-
ples were incubated without PMA. The supernatant of the
cells was used for immunoserology.

Sandwich ELISA (HyCult biotechnology b.v. HK307) –
100 µl/well supernatant of the stimulated and control sam-
ples and the positive control standards (1–8) were added to
the precoated wells in duplicates and incubated for 1 hour
at room temperature. After three washing steps 100 µl of
diluted biotinilated secondary antibody was added to each
well for 1 hour followed by the streptavidin-peroxidase
conjugate also for 1 hour. After four washing steps fresh-
ly prepared TMB solution was added in substrate buffer to
the wells and incubated for 30 min ot room temperature.
After blocking the reaction the absorbance was measured
at 450 nm in a Dynatech MR7000 reader. The detection
limit was 20 pg/ml. 

Table 1. Clinical data

Patient Age/sex FAB Dg WBC HGB PLT
No. G/l G/l G/l

1 69/F RA 2,63 122 218 28
2 68/F RA 5,41 114 154 21
3 70/F RA 2,06 106 51,9 56
4 72/F RA 3,08 104 58 9
5 81/M RA 2,4 81 147 12
6 41/M RA 3,11 51,2 6,53 8 dead
7 56/F RARS 3,3 77,3 228 60
8 84/M RAEB 0,747 79,6 14,7 4
9 56/F RAEB 0,757 85,7 125 11

10 71/M RAEB-t 1,7 51,8 134 9 dead
11 75/M CMML 5,15 90,5 42,1 10
12 75/M CMML 7,14 113 101,2 11
13 61/M CMML 11,8 112 12,7 32
14 62/M CMML 5,79 131 70,4 4
15 72/M CMML 21,2 95,7 47,6 20

Table 2. BM TNFαα expression and PBMC TNFαα
production

BMP BMC TNF alpha production

Pat. FAB
No Dg

TNF alpha 
without 

after 
immunohisto-

stimulation
stimulation

chemistry with PMA

1 RA intermediate 950 1220
2 RA low 1350 1750
3 RA high 460 145
4 RA high 590 1420
5 RA low ND ND
6 RA high ND ND
7 RARS intermediate ND ND
8 RAEB negative 75 15
9 RAEB low 60 65
10 RAEBt negative ND ND
11 CMML low 185 115
12 CMML intermediate 410 490
13 CMML intermediate 198 700
14 CMML low 810 2150
15 CMML low ND ND
control n:4 negative 175 581
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Results

Table 2 describes in detail the degree of the positivity of
TNFα immunhistochemistry in the bone marrow and the
amount of TNFα in the supernatant of PBMC without and
after stimulation with PMA.

The morphologically normal bone marrow biopsies of
control patients showed quite an absence of TNFα (Figure
1A). TNFα was expressed in varied amounts in the bone
marrow biopsies of all patients without excess of blasts
(six RA and one RARS), five showed intermediate or high
expression, and two were low, whereas two patients with
excess of blasts (one RAEB, one RAEB-t) were negative,
and the third showed low reactivity. Three of the five
CMML patients revealed low and the remaining two had
intermediate TNFα expression (Figure 1B-D). 

We measured the TNFα production of the peripheral
mononuclear cells without and after stimulation with
PMA, a polyclonal activator for stimulating cytokine pro-
ducing cells, in the supernatants of PBMC. The basic
TNFα production – incubation for 24 hours without a
stimulator – was different in controls and in MDS sub-
groups. Elevated levels have been observed in four RA

and two CMML patients, but in none of the patients with
excess of blasts. After simulation we observed in controls,
three out of four RA patients a moderate increase, but none
of the RAEB patients cells revealed increase in TNFα
production (Figure 2). In the case of patient 2 with RA and
patient 14 with CMML we found an inverse relation
between the frequency of intramedullary TNFα positive
cells and the production of TNFα by PBMC. The BM
biopsies revealed low activity, otherwise the PBMC pro-
duced spontaneousely and after stimulation high amount
of TNFα. Patients 8 and 9 with RAEB had low TNFα
activity both in the bone marrow and PBMC, the WBC
counts were low, but the production of TNFα was mea-
sured by identical number of PBMC.

Discussion

Recently it has been hypothesized that in the pathophys-
iology of the myelodysplastic syndromes the increase of
intramedullary apoptosis plays an important role.
Increased rate of premature cell death was observed by
some authors in the bone marrow of MDS patients which
can explain the paradoxon between the functional bone

Figure 1. TNFα immunohistochemistry of the BM sections (original magnification: 120X) A: Control bone marrow, normal mor-
phology, negative TNFα expression. B: Patient 1, dg: RA: intermediate expression. C: Patient 3, dg: RA: high reactivity. D: Patient
8, dg RAEB: negative reaction.

a b

c d
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marrow failure and the cellular marrow. The first demon-
stration of massive apotosis was made by Raza et al in
1995, while other studies found that increased apoptosis
predominates in RA and RARS, it was lower in RAEB and
RAEBt and absent in AML.4,16,19,20,21,29

The pathomechanism of increased apoptosis in MDS is
not clear. Several findings have been made, and the role of
proapoptotic (c-myc) and antiapoptotic (bcl2) gene
expressions, inhibitory – survival (HGF-s) – and stimula-
tory factors (TNFα, TGFβ) is supposed.4,16,18,20,24,26,29 The
correct examination of the degree of apoptosis has many
difficulties which could explain the discrepancies between
the results of different laboratories.4,29

TNFα is a highly active cytokine, it is released by
monocytes, macrophages and lymphocytes, which sup-
presses in vitro colony formation.3 TNFα regulates Fas
antigen (CD95) expression. Fas mediated signals play a
central role in apoptosis. The activation of Fas antigen by
its ligand (Fas-L) results in the transduction of a signal for
cell death.11

Gersuk et al in a recent study investigated TNFα and
Fas mediated signals and their effect on hematopoiesis in
patients with MDS and demonstrated up-regulation of
TNFα, Fas and Fas-L. TNFα protein and sTNFα-R1 lev-
els in the marrow plasma were higher, Fas expression was
increased in CD34+ cells, Fas, Fas-L and TNFα mRNA
were also elevated in MDS patients. In marrow cultures,
after the blocking of Fas or TNF mediated signals by anti-
bodies the number of colonies was increased.6

Recently elevated serum TNFα levels have been report-
ed in MDS patients1,13,17,23,25,27,30 which had prognostic sig-
nificance. Verhoef et al. measured the serum concentration
of different stimulatory and inhibitory cytokines in 75
patients with various manifestations of MDS and 25
healthy controls, and found elevated EPO and TNFα lev-
els mainly in patients with transfusion dependency.27

Alexandrakis et al. measured 4 cytokines in the sera of 82
MDS patients and concluded that elevated serum IL-6 and
TNFα values were mainly seen in patients with high risk
disease.1

The results of the TNFα measurements are summarised
in Table 3, which represents the different and controversial
observations. The predictive value of the cytokine deter-
mination in patients’ sera is uncertain. It reveals only the
actual situation which is influenced by many factors –
underlying infections, other diseases, treatments, sample
taking and storing.

The mechanism and the cellular source of increased
TNFα effect is not clear. A possible explanation may be the
autocrine production by normal monocytes or transformed
MDS progenitor cells.14,24) The data about the production of
TNFα by BM macrophages are controversial. The TNFα
producing cells are mainly BM macrophages as Kitagawa et
al demonstrated by double immunostaining. These authors
investigated the expression of TNFα and IFNγ – the other
inhibitory cytokine – mRNA by PCR and observed an
enhanced expression of the TNFα mRNA in 79% and of
IFNγ mRNA in 42% of MDS patients, whereas no enhance-
ment was found in control, AML and CML cases. There
was no difference between MDS subgroups.8 Visani et al
demonstrated the impairment of GM-CSF production but
not the TNFα and IL-6 production of LPS stimulated BM
macrophages.28 Ohmori et al investigated the stimulatory
activity of MDS derived BM macrophages on the in vitro
growth of normal and MDS progenitor cells (CFU-GM).
The MDS macrophage derived conditioning media sup-
pressed the colony growth of normal progenitors, which
was suppressed by antiTNFα antibody.15

The TNFα production of the peripheral mononuclear
cells in MDS has scarcely been investigated.14 Koike et al
studied spontaneous IL-6, IL-1β and TNFα production by

Table 3. Summary of TNFαα measurements in sera of
MDS patients

Author Ref. MDS patients TNF alpha (pg/ml)

Zoumbos 30 n=42 297+/–65
Group A (RA/RARS) 306+/–77
Group B (others) 290+/–101

Verhoef 27 n=75
transfusion dep. 22,4+/–3,1
transfusion indep. 9,1+/–0,7
transf. indep. Hb: 10 g/l 18,8+/–2,9

Seipelt 23 n=15 14,2 (highest in 2 
cases of RAEB)

Stasi 25 n=25 80,5 (EPO respon-
ders: lower)

Musto 13 n=93 37+/–8 (higher in 
CMML)

Peddie 17 n=15 Between 4–14,5

Figure 2. TNF alpha concentrations in the supernatants of
PBMC from MDS patients



PBMC obtained from MDS and aplastic anemia patients,
and found higher level of these cytokines in AA and RA
but not in patients with excess blasts.9 These findings are in
contrast with the results of the more elevated cytokine lev-
els in the sera of high risk MDS, whereas they are in agree-
ment with our results.1,23,27 Koike et al observed the change
of cytokine production in a case during transformation
from AA to RAEB which was markedly decreased. Their
conclusions, – that the cytokine production is a secondary,
reactive response in hypocellulary BM – do not agre agree
with some of the most recent studies which suppose the
role of apoptosis in the pathogenesis of MDS.9

In the present study we investigated the presence of
TNFα producing cells in the bone marrow and the pro-
duction of TNFα by peripheral mononuclear cells. We
have found high basic TNFα levels in the majority of
patients with RA and in one CMML patient and the pro-
duction of TNFα enhanced after stimulation. Bone mar-
row immunohistochemistry has shown intensive reaction
in patients with early MDS and less intensive in CMML
cases. However, we have found an inverse relation between
the frequency of intramedullary TNFα producing cells and
the ability of TNFα production of PBMC in two cases.
Patients 2 and 14 showed high basic and stimulated TNFα
levels and low immunoreactivity in the BM. The decrease
of TNFα producing cells in the bone marrow may be an
early sign of disease progression. The patients with an
advanced disease (RAEB, RAEB-t and progressive
CMML) revealed low basic levels, no response to stimu-
lation and mainly negative BM immunohistochemistry.
Our results provide a further indirect evidence about the
role of increased apoptosis in the pathogenesis of MDS
first of all in patients without excess of blasts. 

TNFα promotes apoptosis via intracellular oxygen free
radical production and oxidation of DNA and proteins.
Peddie et al using single gel electrophoresis identified oxi-
dized pyrimidine nucleotides in CD34+ cells from MDS
patients which were associated with elevated plasma
TNFα levels. The therapeutic effect of antioxidant ami-
fostine perhaps involves this mechanism.17

The modulation of TNFα production may be a promis-
ing therapeutic possiblity. Either amifostine or pentoxi-
fylline modulating TNFα production via inhibition of
TNFα mRNA transcription with corticosteroids seems to
be an effective combination.5,7,10

References

1.²Alexandrakis M, Coulocheri S, Xylouri I, et al: Elevated serum
TNF-α concentrations are predictive of shortened survival in
patients with high-risk myelodysplastic syndromes. Haema-
tologia 29:13-24, 1998.

2.²Bebôk Zs, Márkus B, Németh P: Prognostic relevances of trans-
forming growth factor alpha (TGFα) and tumor necrosis factor

alpha (TNFα) detected in breast cancer tissues by immunohis-
tochemistry. Breast Cancer Res Treat 29:229-235, 1994.

3.²Broxmeyer HE, Williams DE, Lu I, et al: The suppressive influ-
ence of human tumor necrosis factor on bone marrow
hematopoietic progenitor cells from normal donors and patients
with leukemia: synergysm of tumor necrosis factor and inter-
feron-gamma. J Immunol 136, 4487-4495, 1986.

4.²Feneaux P: Molecular biology and apoptosis in myelodysplas-
tic syndromes. ISH-EHA, Amsterdam, Education Session, 81-
84, 1998.

5.²Ganser A: Myelodysplastic syndromes (MDS): therapeutic
drug interactions in the anti-death programme. Trends in Onco-
Hemat. 6. 26-29, 1998.

6.²Gersuk GM, Beckham C, Loken MR, et al: A role for tumour
necrosis factor-α, Fas and Fas-ligand in marrow failure associ-
ated with myelodysplastic syndrome. Br J Haemat 103:176-
188, 1998.

7.²Han J, Thompson P, Beutler B: Dexamethasone and pentoxi-
fylline inhibit endotoxin-induced cachectin/tumor necrosis fac-
tor synthesis at separate points in the signaling pathway. J Exp
Med 172:391-394, 1990.

8.²Kitagawa M, Saito I, Kuwata T, et al: Overexpression of tumor
necrosis factor (TNF)-α and interferon (IFN)-γ by bone marrow
cells from patients with myelodysplastic syndromes. Leukemia
11:2049-2054, 1997. 

9.²Koike M, Ishiyama T, Tomoyasu S, et al: Spontaneous cytokine
overproduction by peripheral blood mononuclear cells from
patients with myelodysplastic syndromes and aplastic anemia.
Leuk Res 19:639-644, 1995.

10.²List AF, Brasfield F, Heaton R, et al: Stimulation of hemato-
poiesis by amifostine in patients with myelodysplastic syn-
drome. Blood 90:3364-3369, 1997.

11.²Maciejewski J, Selleri C, Anderson S, et al: Fas antigen expres-
sion on CD34+ human marrow cells is induced by interferon γ
and tumor necrosis factor and potentiates cytokine-mediated
hematopoietic suppression in vitro. Blood 85:3183-3190, 1995. 

12.²Metcalf D: The molecular control of cell division, differentia-
tion commitent and maturation in haemopoietic cells. Nature
339:27-30, 1989.

13.²Musto P, Sanpaolo G, D’Arena G, et al. Serum levels of
cytokines with hematopoietic activity in myelodysplastic syn-
dromes (MDS). Brit J Haemat 102/1, suppl, 343 1998.

14.²Ogata K, Tamura H, Yokose N, et al: Effects of interleukin-12
on natural killer cell cytotoxicity and the production of inter-
feron-γ and tumour necrosis factor-α in patients with myelo-
dysplastic syndromes. Br J Haemat 90:15-21, 1995.

15.²Ohmori S, Ohmori M, Yamagishi M, et al: MDS-macrophage
derived inhibitory activity on myelopoiesis of MDS abnormal
clones. Br J Haemat 83:388-391, 1993.

16.²Parker JE, Foshlock KL, Mijovic A, et al: ‘Low risk’ myelodys-
plastic syndrome is associated with excessive apoptosis and an
increased ratio of pro- versus anti-apoptotic bcl-2-related pro-
teins. Br J Haematol 103:1075-1082, 1998.

17.²Peddie CM, Wolf R, McLellan LI, et al: Oxidative DNA damage
in CD34+ myelodysplastic cells is associated with intracellular
redox changes and elevated plasma tumour necrosis factor-
concentration. Br J Haemat 99:625-631, 1997.

18.²Rajapaksa R, Ginzton N, Rott LS, et al: Altered oncoprotein
expression and apoptosis in myelodysplastic syndrome marrow
cells. Blood 88:4275-4287, 1996. 

19.²Raza A, Gezer S, Mundle S, et al: Apoptosis in the bone mar-
row biopsy samples involving stromal and hematopoietic cells
in 50 patients with myelodysplastic syndromes. Blood 86:268-
276, 1995.

22 MOLNÁR et al

PATHOLOGY ONCOLOGY RESEARCH



23TNFα in Myelodysplastic Syndrome

Vol 6, No 1, 2000

20.²Raza A, Gregory SA, Preisler HD: The myelodysplastic syn-
dromes in 1996: complex stem cell disorders confounded by
dual actions of cytokines. Leuk Res 20:881-890, 1996.

21.²Raza A, Mundle S, Iftikar A, et al: Simultaneous assessment of
cell kinetics and programmed cell death in bone marrow biop-
sies of myelodysplastic syndrome reveals extensive apoptosis
as the probable basis for ineffective hematopoiesis. Am J
Hemat 48:143-154, 1995.

22.²Sachs I: The control of hematopoiesis and leukemia: from basic
biology to the clinic Proc Natl Acad Sci USA 93:4742-4749,
1996.

23.²Seipelt G, Ganser A, Duranceyk H, et al: Induction of TNF-α
in patients with myelodysplastic syndromes undergoing treat-
ment with interleukin-3. Brit J Haemat 84:749-751, 1993.

24.²Shetty V, Mundle S, Alvi S, et al: Measurement of apoptosis, pro-
liferation and three cytokines in 46 patients with myelodysplas-
tic syndromes. Leuk Res 20:891-900, 1996.

25.²Stasi R, Brunetti M, Bussa S, et al: Serum levels of tumour
necrosis factor-alpha predict response to recombinant human

erythropoietin in patients with myelodysplastic syndrome. Clin
Lab Haematol 19:197-201, 1997. 

26.²Tsoplou P, Kouraklis-Symoenidis A, Thanopoulou E, et al:
Apoptosis in patients with myelodysplastic syndromes: differ-
ential involvement of marrow cells in ‘good’ versus ‘poor’
prognosis patients and correlation with apoptosis-related genes.
Leukemia 13:1554-1563, 1999.

27.²Verhoef GEG, De Schouwer P, Ceuppens JL, et al: MA: Mea-
surement of serum cytokine levels in patients with myelodys-
plastic syndromes. Leukemia 6:1268-1272, 1992.

28.²Visani G, Zauli G, Tosi P, et al: Impairment of GM-CSF pro-
duction in myelodysplastic syndromes Br J Haemat 84:227-
231, 1993.

29.²Yoshida Y, Mufti GJ: Apoptosis and its significance in MDS:
controversies revisited. Leuk. Res 23:777-785, 1999.

30.²Zoumbos N, Symeonidis A, Kourakli A, et al: Increased levels of
soluble interleukin-2 receptors and tumor necrosis factor in
serum of patients with myelodysplastic syndromes. Blood
77:413-414, 1991.


