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Abstract. The aim of the study was to analyze serum tumor necrosis factor alpha (TNF-α)


 levels in patients with

d
�
ifferent neoplasm types qualified for surgical treatment and to evaluate their possible corr� elations with circulating

i
�
mmune complexes (CIC), IgG, IgM, and the complement (C) compounds: C1 inhibitor (C1i), C3c an� d C4 levels.

Studies were performed in sera from 30 neoplasm patients before surgical treatment and in 10 p� ersons from
a�  control group (CG) with no malignancy. Serum TNF-α levels were measured with the Cytogen ELISA kit.
A

�
verage TNF-α levels measured in neoplastic patient groups qualified for surgical treatment were not signi

�
ficantly

d
�
ifferent from the average TNF-α level in the CG group.
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I
�
ntroduction

Since the first report on tumor necrosis factor alpha
(TNF-α)



 in 19754 as an endotoxin-induced serum factor

t
�
hat causes necrosis of tumors, significant progress has

b
�
een made in studies on the role of this cytokine in

h
�
ealth and disease. TNF-α is now known to be pro-

d
�
uced by many types of cells in the absence of infection

a� nd inflammation3


, 20, 22, 23. Consequently, endogenous

T
�

NF-α has been postulated to serve as a modulator of
normal tissue homeostasis2

	
0, 22, 23. In some non-malig-

n� ant diseases, e.g. in cardiac infarction17, chronic heart
failure24 or in pneumonia12, serum TNF-α levels are
several times higher than those of both healthy people
a� s well as of neoplastic patients.

The mechanisms of growth inhibition and regres-
sion of tumors by TNF-α may be due to both the direct
e� ffect of TNF-α on the tumor cells and its indirect
e� ffect on the tumor vasculature and/or the host immune
system5

�
. WATANABE et al.21 have shown that cancer cell

d
�
estruction with TNF-α can proceed from injury of

t
�
umor blood vessels. However, tumor vasculature is

Abbreviations used: C – complement, C1i – complement 1 inhibitor, CG – control group, BC – breast or ovary cancer group, DT
– digestive tract cancer group, M – melanoma patients group, ON – other neoplasms, CIC – circulating immune complexes, TNF-α�

– tumor necrosis factor alpha, sTNF-Rs – soluble TNF-α�  receptors, r – coefficient of correlation, R2 – coefficient of determination.
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k
�
nown to be structurally different from that of normal

b
�
lood vessels2: endothelial cells of normal vessels are

far less susceptible to TNF-α than are those of newly
f

�
ormed tumor vasculature21.

TNF-α may activate macrophages to produce fac-
t

�
ors that potentiate TNF-α cytotoxic action and can af-

f
�
ect other cells (neutrophils, lymphocytes), either by

influencing their adhesion to endothelium or by imme-
d

�
iate changes of their surface5

�
. These findings suggest

t
�
hat the mechanism of action of TNF-α in vivo may

involve the activation of the host immune system and/or
d

�
irect action on the local vasculature of the tumors5

�
.

Still, there are several pitfalls in the TNF-α – tumor
g rowth stimulation/inhibition reasoning. For example,
n� o correlation between TNF-α and tumor growth stages
h

�
as been found in bladder cancers18. Another report has

revealed that, paradoxically, transplantation of neo-
p� lasms into mice after a previous administration of
T

�
NF-α increased the number of metastases in the lungs,

w! hich correlated with the TNF-α doses15.
T

�
he present study was undertaken in the belief that

o" ne of the necessary conditions for neoplasm develop-
ment is an inefficiency of the defensive mechanisms in
neoplastic cells’  removal. This insufficiency may be
a�  result of both the specific neoplastic cell charac-
t

�
eristics and specific or general immunological defi-

c# iencies. It is undoubtful that several of the organism’s
functions and defence mechanisms change depending
o" n the neoplasm type and its stage. It can be assumed
t

�
hat qualification for surgical treatment allows the se-

l
$
ection of a group of patients in whom a final decline

i
�
n health and final immunological decay have not been

a� pproached.
The aim of the study was to analyze serum TNF-α

l
$
evels in different neoplasm types qualified for surgical

t
�
reatment and to evaluate their possible correlations with

selected concomitantly studied humoral index levels.

Mater ials and Methods

The studies were performed with sera from 30 neo-
p� lasm patients before surgical treatment and from 10
p� ersons of a control group (CG) with no malignancy.
The oncologic patients were divided into 4 subgroups,
d

�
epending on the affected organ: breast or ovary cancer

(BC) – 13 patients, digestive tract (DT: stomach or co-
lorectal cancers) – 11 patients, melanoma cutis (M) –
4 patients and other neoplasms (ON: lymphoma and
l

$
iposarcoma) – 2 patients, as described earlier9

%
. All

t
�
hese neoplasms were of stage I or II. Preoperative es-
t

�
imations were confirmed during operation.

T
�

he persons with no malignancy made the control
g roup (CG); these were volunteers recruited from out-
p� atients complaining of mild heart symptoms.

Serum TNF-α levels were measured with the Cy-
t

�
ogen ELISA kit. The assay is based on a sandwich-
-technique, with a monoclonal antibody against TNF-α
a� s the capture antibody and a second biotinylated
monoclonal antibody for detection. This second anti-
b

�
ody reacts with streptavidin-peroxidase. The bound

e� nzymatic activity is determined by addition of a chro-

Fig. 1. Average TNF-α�  concentrations in the studied groups (no significant differences between the groups shown by the Student’s t-test).
*  The statistically significant difference as compared with CG (p<0.029) and to M (p<0.01) by means of the F-Fisher-Snedecore’s test
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m& ogenic substrate (TMB). The obtained TNF-α con-
c# entrations were used for calculating average values
w! ithin the groups and for assessing correlations be-
t

�
ween TNF-α levels and the humoral immunity in-

d
�
eces’  levels studied earlier by us9

%
, e.g. circulating im-

mune complexes (CIC), IgG, IgM and the complement
c# ompounds: C1 inhibitor (C1i), C3c and C4. The meth-
o" ds of analysis of these factors’  are described in detail
in the above-mentioned paper9

%
. Having screened the

r� esults with Q-Dixon’s test, average values and stand-
a� rd deviations were calculated and plotted in a histo-
g ram (Fig. 1). Variances of TNF-α concentrations were
c# ompared by means of F-Fisher-Snedecore’s test. In
c# ase of statistical significance of the difference between
t

�
he CG and a patient group detected with this test, an
a� sterisk is used to indicate that fact in the figure. 

For comparisons of average values, the non-paired
Student’s t' -test was used and the detected statistical
significance of the differences is shown with “p <”  or
“p =”  the appropriate value, while in case of insignific-
a� nce of the differences, “p > 0.05”  or no information
o" n p is indicated in the appropriate place.

R
(

esults

T
�

he average serum TNF-α concentrations in the
n� eoplasm patient groups were not significantly differ-
e� nt (according to the Student’s t' -test) from the average
v) alue for the CG (Fig. 1).

T
�

he F-test allowed detecting differences of varian-
c# es calculated for the DT group and the CG (p < 0.029),
i

�
ndicating differences in the TNF-α concentration dis-

t
�
ribution among these two groups. The parameter for

t
�
he DT group was also significantly different from the

o" ne calculated for melanoma (M) patients (p < 0.01).
C

*
oncomitant assessments of CIC, IgG, IgM and com-

p� lement compounds (C1i, C3c and C4) allowed ana-
lysis of the correlations between these and the TNF-α
c# oncentrations in the tested groups (Table 1). The fol-
l

$
owing statistically significant correlations were found:

a�  negative correlation between TNF-α and IgG levels
in the CG (r = –0.692; p < 0.05) (Fig. 2) and a positive
c# orrelation between TNF-α and C3c in the M group
(r = 0.956; p < 0.05) (Fig. 3). No statistically signifi-
c# ant correlations were found in the other groups be-
t

�
ween TNF-α and the other protein levels studied

(Table 1). Additionally, some of the high but insignifi-
c# ant correlations are shown in Fig. 4.

Discussion

The considerable individual differences observed in
serum TNF-α levels among persons from both the CG
a� nd the neoplasm patient groups studied (together with
a�  lack of significant differences between the average
v) alues calculated for the groups) do not exclude the
p� ossibility of a dynamic influence of TNF-α on humo-
ral immunity phenomena. The above suggestion seems
t

�
o be confirmed, in a way, by the detected diversity in

t
�
he correlations between serum TNF-α levels and some

humoral immunity indices in the CG and neoplasm pa-
t

�
ient groups studied.

T
�

he negative correlation observed by us between
TNF-α and IgG levels in the CG (r = –0.692; p < 0.05)
seems to agree nicely with the KOWALCZYK et al. find-
ings13. Interestingly, these authors reported that hypo-

Fig. 2. Regression analysis for results of negative correlation between TNF-α�  and IgG levels in CG sera (r = –0.692, p < 0.05). The
c� oefficient of determination (R2

+
)
,
 and the regression equation shown in the figure
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g ammaglobulinaemia prompted a transient increase in
T

�
NF-α production in cultured mitogen-stimulated lym-

p� hocytes13. Thus, it is possible that the observed by us

negative correlation between TNF-α and IgG levels in
t

�
he CG reflects the presence of such a dependency or
e� ven a feedback. Why can we not find this dependency
i

�
n the cancer patient groups? What mechanisms are

r� esponsible for the destruction of these interrelation-
ships between TNF-α and IgG levels? It cannot be ex-
c# luded that soluble TNF-α receptors (STNF-Rs),
p� laying a role as modulators of the biological function
o" f TNF-α in an agonist/antagonist pattern, can contrib-
u- te to these effects, since STNF-Rs can mediate host
r� esponse and determine the course and outcome of
a�  disease by interacting with TNF-α and competing
w! ith cell surface receptors8, which can cause a decrease
i

�
n cell surface availability for TNF-α. According to

a� nother paper, STNF-Rs may protect cells from cyto-
t

�
oxic/cytostatic effects of locally released TNF-α14.

Fig. 3. Regression analysis for results of TNF-α�  and C3c concentrations in M sera (coefficient of correlation r = 0.956, p < 0.05; the
c� oefficient of determination (R2)

,
 and the regression equation shown in the figure)

F
.

ig. 4. Results of TNF-α� , C4 and IgM analysis in M sera. Correlations: TNF-α� /
/
C4 (r = 0.790), TNF-α� /

/
IgM (r = 0.815) and TNF-α� /

/
CIC

(
0
r = –0.809). The coefficient of determination (R2

+
) values and the regression equations shown in the figure

T
1

able 1. Correlations between serum TNF-α�  and other immunity
indices studied coefficient of correlation (r) values, significant
v2 alues have been typed in bold

Parameter
G
3

roup

CG B
4

C D
5

T M

Age
C
6

IC
IgG
IgM
C1i
C3c
C4

 0.108
–0.448
–0.692
–0.123
 0.599
–0.278
 0.397

0
7
.200

0
7
.200

0
7
.130

0
7
.120

–0.410 
0
7
.070

–0.293 

0
7
.175

0
7
.199

–0.199 
–0.575 
0
7
.404

0
7
.030

–0.263 

–0.200 
–0.809 
–0.042 
0
7
.815

0
7
.471

0
8
.956

0
7
.790
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W
9

e found the significant positive correlation
b

�
etween TNF-α and C3c in the M group (r = 0.956;

p�  < 0.05) (Fig. 3) mentioned above. According to lit-
e� rature data, some in vitro studies demonstrated that
TNF-α alone was able to stimulate an increase in C3
p� roduction, for example in gastric cancer-derived cell
l

$
ines11 and in human intestinal epithelial cells1. Addi-

t
�
ionally, TNF-α, acting together with other cytokines,

induced C3 synthesis in fibroblasts10 and intestinal epi-
t

�
helial cells1. Isolated limb perfusions with recombinant

TNF-α in cancer patients resulted in C3 and C4 serum
level increases19. The question arises as to why TNF-α
i

�
n our studies seemed to stimulate C3 secretion only in

o" ne of the groups studied.
N

:
o other statistically significant correlations be-

t
�
ween TNF-α and the other protein levels were found

b
�
y us. However, a possibility exists that there is such

a�  significant correlation in the M group, since correla-
t

�
ion values are high: positive ones for IgM (r = 0.815)
a� nd C4 (r = 0.790) and a negative one for CIC (r = –0.809)
(see Table 1, Fig. 4). It is quite possible that this lack
o" f significance is a result of too small a number of pa-
t

�
ients in this group (4 patients), as described earlier9

%
.

According to literature data, complement binding to
c# ells can stimulate the production of TNF-α and other
p� roinflammatory cytokines (studies on human kidney
t

�
ubular cells cultures6

;
)



. Similarly, immunological com-

p� lexes (both soluble and insoluble) induce rapid secre-
t

�
ion of TNF-α by human blood monocytes7

<
. Addition-

a� lly, correlation coefficients calculated for TNF-α and
C

*
1i interdependencies were quite high in 3 groups (see

Table 1). We found a positive correlation between
T

�
NF-α and C1i in the control group (r = 0.599) as well

a� s in the DT group (r = 0.404) and a negative correla-
t

�
ion (r = –0.410) in the BC group; however, again,
t

�
hese results were not statistically significant. Studies

o" n more numerous patients would allow verifying these
d

�
ata. For now, it seems reasonable to expect the exist-

e� nce o" f C1i/TNF-α level interdependencies, since TNF-α
induces C1i synthesis in a variety of cell types16.

Summing up, our studies allowed gathering ex-
p� erimental data on TNF-α as well as on some humoral
i

�
mmunity indeices’  levels in a control group and in
neoplastic patients. There are sets of data concordant
w! ith expectations based on literature reports (negative
c# orrelation between TNF-α and IgG in CG; a positive
c# orrelation between TNF-α and C3c in the M group).
Some results need to be confirmed or excluded by fur-
t

�
her studies (positive IgM, C4 and CIC correlation with

TNF-α in the M group; correlations of TNF-α and C1i-
-positive in the CG and the DT group and negative in
t

�
he BC group). However, most of the results are valu-

a� ble as they allow asking new questions directing our
future endeavours.
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ZAK L., JABŁOŃSKA S., MAJEWSKI S. and MALEJCZYK J. (1997):

H. Gendek-Kubiak et al.: Serum TNF-α�  Levels in Neoplasm Patients S101



Serum levels of soluble tumor-necrosis-factor receptors in pa-
tients with benign and malignant HPV-associated anogenital
lesions. Int. J. Cancer, 73,�  16–19.

15. OKAHARA H., YAGITA H., MIYAKE K. and OKUMURA K.
(1994): Involvement of very late activation antigen 4 (VLA-4)
and vascular cell adhesion molecule I (VCAM-1) in tumor ne-
crosis factor a enhancement of experimental metastasis. Cancer
Res., 54,�  3233–3236.

16. PRADA A. E., ZAHEDI K. and DAVIS A. E. 3rd. (1998): Regula-
tion of C1 inhibitor synthesis. Immunobiology, 2

Z
2, 821–826.

17. PU
>

DIL R., PIDRMAN V., KREJSEK J., GREGOR J., TICHY M.,
AN

=
DRYS C. and DR

C
AHOSOVA M. (1996): The effect of reperfu-

sion plasma tumor necrosis factor alpha and C reactive protein
levels in the course of acute myocardial infarction. Acta Medica
Hradec Kralove, 3

[
9,�  149–153.

18. SA
D

LMAN T., EL
K AH

\
MADY O., EL

K SH
\

AFEE M., OM
Y

AR S. and SA
D

L-

MAN I. (1997): The clinical value of cathepsin D and TNF-alpha in
bladder cancer patients. Anticancer Res., 17,�  3087–3090.

19. SW
]

AAK A. J., LI
G
ENARD D., SC

^
HRAFFORDT-KO

?
OPS H., LE

H
JEUNE

F. J. and EG
_

GERMONT A. M. (1993): Effects of recombinant tu-
mour necrosis factor α�  (rTNF-α� )

,
 in cancer observations on the

acute phase protein reaction and immunoglobulin synthesis
after high dose recombinant TNF-alpha administration in iso-

l
`
ated limb perfusions in cancer patients. Eur. J. Clin. Invest., 23,

8
a
12–818.

20. TO
?

VEY M. G. (1989): Expression of the genes of interferons
aF nd other cytokines in normal and diseased tissues of man.
Experientia, 45,�  526–535.

21. WA
D

TANABE N., NI
G
ITSU J., UM

Y
ENO H., KU

>
RIYAMA H., NE

H
DA H.,

YAMAUCHI N., MAEDA M. and URUSHIZAKI (1988): Toxic ef-
fect of tumor necrosis factor on tumor vasculature in mice.
C
6

ancer Res., 48,�  2179–2183.
22. WO

?
LLENBERG G. K., DE

H FO
?

RGE L. E., BO
?

LGOS G. and RE
H

MICK

D. G. (1993): Differential expression of tumor necrosis factor
aF nd interleukin-6 by peritoneal macrophages in vivo and in
c� ulture. Am. J. Pathol., 143, 1121–1130.

23. YE
H

LAWARTHI K. K. and HU
>

NT J. S. (1993): Analysis of p60
aF nd p80 tumor necrosis factor-α�  receptor messenger RNA and
pW rotein in human placentas. Am. J. Pathol., 143,�  1131–1141.

24. ZHAO S. P. and ZENG L. H. (1997): Elevated plasma levels of
t
@
umor necrosis factor in chronic heart failure with cachexia. Int.

J
A
. Cardiol., 58, 257–261.

Received in March 2000
Accepted in October 2000

S102 H. Gendek-Kubiak et al.: Serum TNF-α�  Levels in Neoplasm Patients


