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Following our previous results which showed that TGF-pl suppressed the secretion of certain cyto- 
kines, we investigated the effects of different endogenous and exogenous factors on cytokine se- 
cretion in whole blood cell culture by using an enzyme-linked immunosorbent assay (ELISA) for 
measurement of cytokine concentrations. Several molecules including dexamethasone, noradrena- 
line (NA) and ethanol differentially inhibited mitogen-induced cytokine secretion. Dexamethasone 
and noradrenaline suppressed secretion of IL-2, IFN a, IFN y, TNFa, IL-la and IL-l fi. p-Endorphin 
and Leu-Enkephalin had no significant influence on cytokine secretion. Suppression of cytokine se- 
cretion by TGF-pl was further intensified significantly and dose dependently by addition of nor- 
adrenaline. GM-CSF stimulated the secretion of IL-la, IL-1s and TNF y, but had no influence on 
the secretion of IL-2, IFN 01 and IFNy. G-CSF, IL-3 and SCF did not significantly influence secretion 
of all cytokines tested. Thus, endogenous and exogenous factors differentially influence cytokine se- 
cretion by immunocompetent cells. 0 1997 Elsevier Science Ltd. 
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INTRODUCTION 

COMMUNICATION BETWEEN T cells, B cells, macrophages 
and other immunocompetent cells within the immunoregu- 
latory network is regulated by a number of cytokines that 
are secreted by these cells upon activation. Thus, an effec- 
tive immune defence depends on a variety of cytokines and 
different specific immune reactions directed against infec- 
tious agents or tumour cells appear to be influenced by a 
cascade of secreted cytokines. More recently, additional 
cytokines have been identified that suppress immune func- 
tions. The fact that immunosuppressive cytokines such as 
transforming growth factor 81 (TGF pl) and interleukin 
(IL)-10 are produced by immunocompetent cells suggests a 
physiological role in the downregulation of immune func- 
tions [l-3]. As evidence is accumulating that immunosup- 
pressive factors are not only produced by 
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immunocompetent cells but also by a variety of tumour 
cells [4-61, they may also mediate pathological immunosup- 
pression in tumour patients [7-91. Tumour cells may escape 
from immunosurveillance by secretion of immunosuppres- 
sive factors [lo-121. We have previously reported that small 
lung cancer (SCLC) cell lines secrete TGF pl leading to in- 
hibition of IL-2 mediated T cell proliferation [ 13, 141. 
Further investigations have shown that cytokine suppression 
is dependent on tumour load. Secretion of IL-2, IFN CL, 
IFN y is significantly suppressed in SCLC patients with lim- 
ited or extensive disease, whilst secretion of tumour necrosis 
factor (TNF) CI is significantly suppressed in extensive but 
not limited disease. In contrast, secretion of IL-la and IL- 
lp is not suppressed. Reduction of tumour load leads to 
reconstitution of cytokine secretion [15, 161. These results 
suggest an interaction between tumour cells and the 
immune system mediated by a factor secreted by tumour 
cells. As SCLC cell lines secrete bioactive TGF 01, TGF 
pl may be one factor mediating tumour-derived immuno- 
suppression in z&o. To investigate this hypothesis further, 
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we examined the effect of TGF fll on cytokine secretion by 
mitogen-activated immunocompetent cells in whole blood 
cell culture from normal individuals [15, 161. The results 
showed that TGF PI selectively suppressed secretion of IL- 
2, IFN X, IFN y and TNF m, but did not influence se- 
cretion of IL-la and IL-l 8. This cytokine pattern induced 
by TGF pl is similar to the cytokine pattern found in 
SCLC patients [ 161. 

Nevertheless, other factors may as well modulate cytokine 
secretion. In this paper, we examined the influence of ad- 
ditional exogenous and endogenous factors on mitogen- 
induced cytokine secretion in whole blood cell cultures. 
Concentrations of secreted IL-la, IL-l 8, IL-2, IFN CI, IFN 
y and TNFa were determined by using an enzyme-linked 
immunosorbent assay (ELISA) specific for the different 
cytokines. 

MATERIALS AND METHODS 
Reagents 

PHA was purchased from Welcome (Burgwedel, 
Germany). Newcastle disease virus (NDV) was kindly pro- 
vided by R. Zawatzki, German Cancer Research Center, 
Heidelberg, Germany. Highly purified human TGF 81 was 
purchased from British Biotechnology (Oxford, U.K.), nor- 
adrenaline from Fluka (Neu-Ulm, Germany), dexametha- 
sone, P-Endorphin, Leu-Enkephalin from Sigma 
Pharmaceuticals (Deisenhofen, Germany), ethanol from 
Merck (Darmstadt, Germany). G-CSF(colony stimulating 
factor), GM-CSF and IL-3 was kindly provided from 
Behring (Marburg, Germany), SCF (stem cell factor) was a 
kind gift from Amgen (Muchen, Germany). 

Blood samples 

10 ml of heparinised blood were taken between 8 and 10 
a.m. from healthy adults and used for further investigations 
within 2 h. Differential leucocyte counts were also deter- 
mined. 

Whole blood cell culture 

Heparinised venous blood was used according to the 
method described [l 1, 121. Briefly, blood was diluted 1:5 
with RPM1 1640 medium (Gibco Laboratories, Grand 
Island, New York, U.S.A.) supplemented with HEPES (10 
mM final concentration), L-glutamine (2 mM fmal concen- 
tration), penicillin (100 U/ml), streptomycin (100 l&ml). 

Stimulation of cytokine secretion 

Stimulation of cytokine secretion was performed as pre- 
viously described [15-l 81 with slight modifications. Briefly, 
cells were incubated in 96-well plates at a final volume of 
200 ~1 culture medium at 37°C and 5% COa in humified 
air and stimulated for 24 h in the presence of 10 @ml 
PHA for the secretion of TNF CI and IL-l 8; for 48 h in the 
presence of 10 &ml PHA for the secretion of IL-2; for 
48 h in the presence of NDV at a final dilution of 1: 100 for 
the secretion of IFN a2a; and for 72 h in the presence of 10 
&ml PHA for the secretion of IL-l CI and IFN 7. For 
assessment of the influence of noradrenaline, defametha- 
sone, 8-endorphin, Leu-Enkephalin, ethanol, G-CSF, GM- 
CSF, IL-3 and SCF, on mitogen-induced cytokine se- 
cretion, these factors were added to the culture at the time 

of activation of cells at the concentrations indicated in the 
results. 

Determination of cytokine concentrations 

Supernatants were tested for the presence of cytokines by 
using an ELISA as previously described [15-181. The 
ELISA for determination of IL-la and IL-l 8, IL-2, IFN ~1, 
IFN y and TNF CI was established by H. Gallati, Hoffman 
La Roche, Base& Switzerland. Cytokines of the standard 
and cell supernatants were bound to a murine monoclonal 
antibody that previously had been absorbed to the bottom 
of a microtitre plate. A second murine monoclonal antibody 
against the cytokine conjugated with peroxidase was added. 
After an incubation time of 16-24 h, the peroxidase activity 
was determined by a redox indicator. The intensity of the 
colour, measured with a multi-channel photometer, is 
directly proportional to the cytokine concentration. The 
assay range is 5-100 pgiml for IL-la, 25-1000 pg/ml for 
IL-lp, 20-1000 pgiml for IL-2, 0.5-10 U/ml for IFN CI, 
10-1000 pgiml for IFN y and 1 O-500 pgiml for TNF X. 

Statistical analysis 

The significance of differences between the results in the 
test groups and controls was calculated by using Student’s 
t-test. 

RESULTS 
Influence of different endogenous factors on cytokine secretion 

We evaluated the effect of dexamethasone, noradrenaline, 
p-endorphin and leu-enkephalin on cytokine secretion in 
whole blood cell cultures from normal healthy individuals 
(Figure 1). Noradrenaline (Figure 1 (b)) and dexamethasone 
(Figure l(c)) substantially inhibited secretion of all cyto- 
kines measured. This inhibition of cytokine secretion by 
dexamethasone and noradrenaline was dose-dependent 
(data not shown). In contrast, P-endorphin and leu-enkeph- 
alin had no significant effect on cytokine secretion at all 
concentrations tested (Figure 1 (d) and (e)). For compari- 
son, previously published results with TGF-pl are shown 
[ 161, Figure 1 (a)). It suppressed the secretion of IL-2, IFN 
CI, IFN y and TNF M, but did not influence the secretion of 
IL- 1 CI and IL- 18 [ 161. TGF p 1 -activity was dose-dependent 
and was most pronounced at 10 ngiml. At concentrations 
below 2.5 ng/ml, no inhibitory effect of TGF 81 on cytokine 
secretion in whole blood cell cultures was observed any 
more (data not shown). This cytokine pattern induced by 
TGF 81 is similar to the cytokine pattern found in SCLC 
patients [ 161. 

The immunosuppressive effect of TGF p1 is significantly 

enhanced by noradrenaline 

We investigated whether the combination of TGF 81 and 
noradrenaline would result in an additive immunosuppres- 
sive effect. Table 1 shows that the immunosuppressive effect 
of the combination of TGF pl and noradrenaline was 
clearly enhanced compared to the immunosuppressive effect 
induced by each molecule alone. This additive effect was 
dose-dependent and statistically significant. At a concen- 
tration of 1O-6 M, noradrenaline significantly enhanced the 
immunosuppressive effect of TGF 81 (Table l), whereas at 
lo@ M no further enhancement of the TGF 81 effect was 
observed (data not shown). 
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(a) TGF-P, 10 ng/ml 

(d) Endorphin IO-' 

Modulation of Cytokine Secretion 

(b) Noradrenalin lo-’ M 

(e) Enkephaiin IO-’ M 

(C) Dexamethasone 10~’ M 

Figure 1. Modulation of mitogen-induced cytokine secretion in whole blood cell cultures by different factors. Whole blood cell 
cultures were activated as described in Materials and Methods. Cells were cultured in the presence or absence of the factors 
as indicated. Results for TGF pl are taken ti-om ref. 16. Cytokine concentrations were determined as described in Materials 
and Methods. Values represent the mean of three independent experiments. Each experiment was carried out in quadrupli- 
cate. Statistical differences between mitogen control and cytokine secretion in the presence of different factors were calculated 

by using Student’s t-test. *PC 0.05,tPC 0.005, $PC 0.0005. 

Influence of ethanol on cytokine secretion at ethanol concentration between 9 and 150 mmol. There 
We also examined the influence of ethanol (which has was no significant effect on IFN CI or y. 

been shown to be immunosuppressive) on mitogen-induced 
cytokine secretion at concentrations from 2 mmol to 150 Injluence of colony stimulating factors on cytokine secretion 
mmol. The results in Table 2 show that ethanol dose We investigated the effect of G-CSF, GM-CSF, IL-3 and 
dependently inhibited the secretion of IL-1 ~1, IL-lP, IL2 SCF on mitogen-induced cytokine secretion in whole blood 
and TWF x with a significant decrease in cytokine secretion cell culture. The results are shown in Figure 2. GM-CSF 
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Table 1. Influence of TGF 81 and noradrenaline alone and in combination on mitogen-induced cyto- 

kine secretion in whole blood cell culture 

Cytokine 

Percent cytokine secretion compared to mitogen-control upon 
incubation with 

TGF pl* NAt TGF pl/NA$ 

IL-2 

IFN~L 

IFNY 

TNFc( 

Exp. 1 
Exp. 2 
Exp. 1 
Exp. 2 
Exp. 1 
Exp. 2 
Exp. 1 
Exp. 2 

72 69 
70*** 71*** 
63 72 
72*** 100 
58 42 
47*** 39*** 
70 47 

100 80* 

54 
57*** $ 
47 
53**$ 
26 

15**1 
33 

80$ 

*TGF pl 10 ng/ml, TNA lO@M, fDifference to cytokine secretion in the presence of TGF fil or NA 
alone, *P< 0.05, **PC 0.01, ***PC 0.005. Asterisks represent the P-value for the mean of experiments 
1 and 2. Statistical difference was calculated by using Student’s r-test. 

stimulated the secretion of IL-la, IL-l p and TNF CI, but 
had no influence on the secretion of IL2, IFN CI and IEN 
y. G-CSF, IL-3 and SCF did not significantly influence se- 
cretion of any of the cytokines tested. Combinations of hae- 
matopoietic growth factors had no effect different from that 
of single CSFs (data not shown). 

DISCUSSION 
Whether malignant growth is connected to suppression of 

host immune defence is still an unanswered question. 
Evidence is accumulating that tumour cells secrete immuno- 
suppressive factors that may lead to clinically relevant sup- 
pression of immune functions [4-121. We have previously 
shown that SCLC cell lines secrete bioactive TGF pl [14]. 
In addition, cytokine secretion was found to be selectively 
suppressed in SCLC patients at the time of diagnosis [15, 
161. Further investigation demonstrated that cytokine se- 
cretion is reconstituted upon tumour reduction by che- 
motherapy, but not upon ineffective chemotherapy. These 
results suggested an interaction between tumour cells and 
immune functions. Since SCLC cell lines secrete bioactive 
TGF 81 which induces the selective cytokine suppression 
found in SCLC patients [16], TGF 01 may be one of the 
factors mediating immunosuppression in SCLC. We have 
previously reported more than 60% inhibition of prolifer- 
ation of a T cell line by TGF p 1 at 1 rig/ml [ 141. The 

results in Table 1 demonstrate a 30-50% reduction in cyto- 
kine levels in cultured whole blood upon incubation with 
TGF 81. This reduction is comparable to results obtained 
by others, who reported 50-60% inhibition of cytokines in 
separated PB.&IC with lo-15 ngiml TGF bl [19, 201. 

However, additional endogenous factors may also influ- 
ence cytokine secretion during or before the outbreak of dis- 
ease. Furthermore, exogenous factors applied during 
treatment may modulate cytokine secretion. Recent evi- 
dence suggests a bidirectional link between the immune sys- 
tem and the neuroendocrine system [21, 221. Obviously, 
immunocompetent cells express receptors for neuroendo- 
crine hormones such as ACTH, cortisol, adrenaline and 
opioids on their surface [23-251. Moreover, a variety of 
neuroendocrine molecules differentially influence various 
immune functions including modulation of cytokine se- 
cretion [26-311. However, cytokines are able to modulate 
the secretion of neurohormones by the pituitary-hypothala- 
mic-adrenocortical axis [2 11. Interactions between the 
immune system and the neuroendocrine system may have 
clinical implications. Nevertheless, modulation of cytokine 
secretion by neuroendocrine factors has been only partially 
investigated. 

We evaluated the effect of dexamthasone, noradrenaline, 
p-endorphin and leu-enkephalin on cytokine secretion in 
whole blood cell cultures from normal healthy individuals. 

Table 2. Influence of ethanol on mitogen-induced cytokine secretion in whole blood cell culture 

Cytokine 
Per cent cytokine secretion compared to mitogen-control upon incubation with ethanol (mmol) 

150 75 38 19 9 4 2 

IL-la Exp. 1 65 78 82 115 122 148 152 
Exp. 2 55* 71* 78* 78 78 100 124 

IL-IS Exp. 1 62 62 76 100 119 145 148 
Exp. 2 49* 63t 73? 88 100 122 122 

IL-2 Exp. 1 89 91 91 94 105 99 93 
Exp. 2 89t 94* 102 98 111 119 119 

IFNCX Exp. 1 119 116 98 89 98 109 95 
Exp. 2 39 52 73 95 113 117 152 

IIW Exp. 1 76 86 105 90 86 100 105 
Exp. 2 36 51 57 72 74 77 102 

TNFcl Exp. 1 87 75 87 87 100 100 100 
Exp. 2 75” 67* 83* 85* 90 94 100 

*P < 0.05, tP < 0.005. Statistical difference was calculated by using Student’s r-test. Asterisks represent the P-value for the mean of exper- 
iments 1 and 2. 
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Figure 2. Modulation of mitogen-induced cytokine secretion in whole blood cell cultures by colony stimulating factors. Whole 
blood cell cultures were activated as described in Materials and Methods. Cells were cultured in the absence (open bars) or 
presence (closed bars) of CSFs as indicated (GM-CSF 100 U/ml, G-CSF 100 U/ml, IL-3 100 U/ml, SCF 100 &ml). Cytokine 
concentrations were determined as described In Materials and Methods. Values represent the mean of three indeoendent ex- 
periments. Each experiment was carried out in quadruplicate. Statistical differences between mitogen control a;d cytokine 

secretion in the presence of different CSFs were calculated by using Student’s t-test. *P < 0.05. 

The immunosuppressive activity of corticosteroids is not 
unknown, but their influence on cytokines in whole blood 
has not been reported. Our results demonstrate that dexa- 
methasone significantly inhibited secretion of all cytokines 

measured. The effect of dexamthasone was dose-dependent 
and was most pronounced at lop6 M, but was still observed 
at lower levels in the range of 10e9 M. These concentrations 
correspond well to effective in viva concentrations of cortisol 
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and to concentrations reached in viva by the therapeutic ap- 
plication of dexamthasone. Noradrenaline was found to 
inhibit significantly secretion of all cytokines tested. 
Noradrenaline was used at lop6 M. The effect on cytokine 
secretion was dose-dependent and could still be observed at 
10Ps-lop9 M (data not shown). Baseline in viva levels for 
noradrenaline are in the range of lo-” M. Concentrations 
increase to lop9 M in physiological situations and may 
reach lo-’ M, for example, under stressful conditions. 
Thus, concentrations used here are well in the range of con- 
centrations that may be found in VZ’VO. These results may in- 
dicate a possible immunomodulation by noradrenaline. 
Whether this immunosuppressive activity of noradrenaline 
has any clinical relevance remains to be investigated. In con- 
trast, endorphine and enkephalin did not significantly 
modulate cytokine secretion. 

Interestingly, the combination of TGF 81 and noradrena- 
line resulted in an additive effect on suppression of cytokine 
secretion. This additive effect was statistically significant 
and dose-dependent. Such a combined immunosuppressive 
activity of a tumour-derived factor and a neuroendocrine 
molecule has not been reported before. Whether this com- 
bined immunosuppression has clinical relevance remains to 
be shown. 

Ethanol is a commonly used agent that has been sus- 
pected to exert immunosuppressive activity. It has been 
shown to inhibit human T-lymphocyte proliferation in con- 
centrations equivalent to levels achieved by the ingestion of 
moderate amounts of alcoholic beverages [32]. Inhibition of 
secretion of a single cytokine has been reported [33]. Our 
results now extend this observation and demonstrate that 
ethanol inhibits the secretion of a number of cytokines. This 
immunosuppressive effect is dose-dependent. Interestingly, 
at a dosage corresponding to levels reached in the blood fol- 
lowing ingestion of moderate amounts of alcohol (0.8 mg/ml 
blood) a significant inhibition of cytokine secretion was 
observed. These results strongly indicate that the ingestion 
of large amounts of alcohol may influence immune surveil- 
lance. Whether this could contribute to the development of 
tumours is not yet known, 

Haematopoietic growth factors are now clinically used to 
reduce chemotherapy induced neutropenia. GM-CSF and 
G-CSF significantly reduce neutropenia and neutropenic 
fever and allow intensification of cytotoxic therapy by dose 
intensification or interval reduction [34, 351. Thus, CSFs 
may not only decrease the frequency and severity of adverse 
effects related to therapy but also increase response rates to 
therapy and survival [36]. However, while the reduction of 
neutropenic fever is sufficiently supported by data, improve- 
ment of response rates and survival needs to be confirmed 
by further investigation [36]. 

Haematopoietic growth factors are secreted by tumour 
cells [37, 381. As CSFs may differentially interact with cyto- 
kine secretion by immunocompetent cells [39, 401, one 
possible mechanism under investigation represents induction 
of secondary cytokines by haematopoietic growth factors 
that may result in improved anti-tumour immune effector 
reactions. We have shown here that GM-CSF stimulated 
the secretion of IL-l%, IL-1 8 and TNF ct, but had no influ- 
ence on the secretion of IL-2, IFN cc and IFN y. G-CSF, 
IL-3 and SCF did not significantly influence the secretion 
of all cytokines tested. Differential effects of distinct haema- 
topoietic growth factors on the secretion of a number of sec- 

ondary cytokines in whole blood cultures at the protein level 
may have clinical relevance. For example, that secondary 
cytokines are induced by GM-CSF but not by G-CSF may 
provide an experimental basis for the observation that side- 
effects, particularly inflammatory reactions, are more fre- 
quently seen with the application of GM-CSF than with G- 
CSF. 

In conclusion, we have shown that endogenous and ex- 
ogenous factors differentially influence cytokine secretion by 
immunocompetent cells. Insight into mechanisms of immu- 
nomodulations and possible interactions between different 
factors may improve our understanding of immunoregula- 
tion in the development and course of clinical disease. In 
addition, these findings may have clinical impact on thera- 
peutic immunomodulation in the future. 
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