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Serum Concentrations of Cytokines in Patients 
with Hodgkin’s Disease 

Jean-Yves Blay, Jean-Pierre Farcet, Anne Lavaud, Daniel Radoux 
and Salem Choudib 

Serum concentrations of interleuhin (IL)-lo, IL-2, IL-4, IL-6 and tumour necrosis factor (TNF) were measured 
in 24 untreated patients with Hodgkin’s disease and in 24 healthy volunteers matched for age and sex. Serum 
levels of IL-lo were signifkantly higher in patients with Hodgkin’s disease. The number of patients with 
detectable serum IL-2 or IL-6 levels was significantly higher in patients with Hodgkin’s disease as compared to 
the control group. No difference was observed for TNF. IL-4 was undetectable in all patients. Serum cytolcine 
levels were not significantly different in patients with and without systemic “B” symptoms (weight loss or fever 
and night sweats) in the different histological subtypes and clinical stages. Serum concentrations of IL-lo, IL-2, 
IL-6 and TNF were not correlated to the erythrocyte sedimentation rate, fibrinogenaemia or thrombocyte 
number. These results indicate that subsets of patients with Hodgkin’s disease have detectable serum IL-lo, IL- 
2 and IL-6 levels, but that other mediators are likely to be involved in the associated clinical and biological 
inflammatory syndrome. 
EurJ Cancer, Vol. 30A, No. 3, pp. 321-324,1994 

INTRODUCTION 
INTERLEUKIN (IL)- 1, IL-6 and tumour necrosis factor (TNF) are 
proinflammatory cytokines which act as endogenous pyrogens in 
ZJ~ZXJ and regulate the synthesis of acute phase proteins by liver 
cells [ld]. TNF also mediates the fever observed after IL-2 
injection in viva in man [S 1. IL-I, IL-6 and TNF are also 
potent regulators of the growth and differentiation of T and B 
lymphocytes, monocytes and natural killer (NK) cells as well as 
hematopoietic progenitors [l-3]. IL-l and IL-6 exert stimu- 
latory effects on megakaryocyte growth and differentiation both 
in vitro and in viva [6-81. The production of IL-l, TNF and IL- 
6 is upregulated by several mediators, including IL-2 [9-121. In 
contrast, IL-4 possesses anti-inflammatory activity through the 
inhibition of TNF, IL-lo and prostaglandin E2 (PGE) pro- 
duction [ 12-141. 

IL-l, TNF and IL-6 act as endocrine hormones in several 
clinical situations. High levels of circulating TNF have been 
reported in patients with severe burns [15], septic shock [16], 
malaria [17] and acute graft versus host (GVH) disease [18]. 
Similarly, patients with multiple myeloma and renal carcinoma 
have increased serum IL-6 concentrations which correlate to the 
prognosis [ 19, 201. 

Hodgkin’s disease (HD) is frequently accompanied by sys- 
temic symptoms including persistent fever, night sweats and 
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loss of more than 10% of body weight [21]. Increased sedimen- 
tation rate, hyperfibrinogenaemia, thrombocytosis, in&rnrna- 
tory anaemia and eosinophilia are also frequently observed in 
patients with HD. Several lines of evidence suggest that cytok- 
ines play a role in the pathogenesis of inflanunatory symptoms 
observed during HD. Hodgkin’s tissues from patients with 
eosinophilia have been reported to express IL-5 mRNA [22]. 
Fresh Hodgkin’s cells express TNF, lymphotoxin, IL-ll3 and 
IL-6 mRNA [23-281; Hodgkin’s neoplastic cell lines have been 
shown to produce detectable levels of TNF, lymphotoxin, IL-1 
and IL-6 in the culture supernatants [23, 29, 301. Yet, no 
correlation has been found between the presence of systemic 
symptoms and TNF, lymphotoxin, IL-l and IL-6 mRNA 
expression in Hodgkin’s tissues [24, 261. 

Serum levels of cytokines could be more relevant to inflamma- 
tory symptoms than mRNA expression in tumour tissues. We 
report a study of serum levels of TNF, IL-la, IL-2, IL-6 and 
IL-4 in 24 patients with HD and 24 healthy subjects. 

Patients 
PATIENTS AND METHODS 

Serum samples from 24 previously untreated patients with 
HD (nine females, 15 males, median age 38 years, range 16-74) 
and from 24 normal healthy volunteers, matched for age and 
sex, were collected and stored at -20°C. 5 of the 24 patients with 
HD had systemic “B” symptoms: fever >38”C, night sweats (n 
= 5) and weight loss of more than 10% (n = 4). Clinical and 
biological data from patients with Hodgkin’s disease are shown 
in Table 1. Erythrocyte sedimentation rates were determined by 
the method of Westergreen after 1 h (normal value ~20 mm). 
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Assays fm cytokines 
Cytokines serum levels were measured using ELISA or 

radioimmunoassay (RIA) kits. Serum levels of TNF were meas- 
ured using a RIA (IRMA TNF, Medgenix, Fleurus, Belgium; 
sensitivity 5 pg/ml). IL-lo, IL-2, IL-4, IL-6 serum concen- 
trations were measured using ELISA kits. IL-la ELISA was 
purchased from Endogen (Cliniscience, Paris, France; sensi- 
tivity 25 pgiml). IL-2, IL-4 and IL-6 ELISA kits were obtained 
from Genzyme (TEBU, le Perray-en-Yvelines, France; IT-2 
ELISA: sensitivity 0.5 U/ml; IT-4 ELISA: sensitivity 50 pg/ml; 
IT-6 ELISA: sensitivity 70 pg/ml, Genzyme). Every dosage was 
performed in duplicate according to the kits procedures and 
repeated at least twice in separate experiments. Differences of 
cytokine concentrations between each assay do not exceed 10%. 
All these assays are highly specific and do not cross-react with 
other cytokines. 

Statistical analysis 
Statistical analyses were performed using the non-para- 

metrical Mann-Witney U test and the Fisher’s exact test. 
Analysis of correlations between biological parameters erythro- 
cyte sedimentation rate (ESR), thrombocyte counts, fibrino- 
genaemia and serum levels of cytokines were performed using 
Spearman rank’s correlation test. 

RESULTS 
Serum IL-la, IL-2 and IL-6 concentrations of patients with 

HD and healthy volunteers are shown in Fig. 1. Patients with 
HD had significantly higher IL-la concentrations than healthy 
volunteers (median 155 versus 43 pg/ml, Mann-Witney U test, 
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Fig. 1. Concentrations of IL-la, IL-2 and IL-6 in patients with Hodgkin’s disease and in normal subjects. Statistical analyses have been 
performed with the Maua-withney U test for IL-la (median IL-la levels are 155 and 43 pgknl, respectively, in HD patients and controls). 
Serum IL-2 was detectable in 17 (71%) HD patients and 8 (33%) healthy subjects (Fishers exact test, P = 0.04). Serum IL-6 was detectable in 
12 (50%) HD patients and 2 (8%) healthy subjects (Fishers exact test, P= 0.003). 
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P = 0.002). 14 (58%) patients with HD had a serum IL-la level 
above 150 pg/ml compared to none of the healthy subjects. 17 
(71%) HD patients and 9 (38%) controls had detectable serum 
levels of IL-2 (Fisher’s exact test, P = 0.04) with median values 
of 3 and ~0.5 U/ml, respectively, in the two groups. 12 (50%) 
HD patients and 2 (8%) controls had detectable serum levels of 
IL-6 (Fisher’s exact test, P = 0.003) with median values of 71 
and ~70 pg/ml, respectively, in the two groups. Serum TNF 
was detectable in 6 (25%) HD patients and in 2 (8%) healthy 
subjects (Fisher’s exact test, P = 0.24; not shown). IL-4 was 
undetectable in all patients tested as well as in controls. 

IL-la, IL-2, IL-6 and TNF serum levels were not significantly 
different (U test, all P values over 0.20) between patients aged 
under 50 or over 50, in patients with or without fever/night 
sweats or weight loss, in the different histological subtypes 
(lymphocyte predominance versus nodular sclerosis versus 
mixed cellularity) or in clinical stages of the disease (I versus II 
versus III-IV; Table 1). Using Spearmans rank test, we observed 
no correlations between serum IL-lo, IL-2, IL-6, TNF levels 
and thrombocyte counts, ESR or fibrinogenaemia (coefficients 
between -0.07 and 0.13; P values over 0.50). Furthermore, 
serumlevelsofIL-la, IL-2, IL-6andTNF werenot significantly 
different (U test, all P values over 0.20) in patients with 
or without thrombocytosis, hyperfibrinogenaemia or increased 
ESR. 

DISCUSSION 
Malignant cells of Hodgkin’s disease have been reported to 

produce several cytokines including IL-l [26, 291, IL-5 [22], 
IL-6 [23, 27, 281, TNF and lymphotoxin [26, 301. So far, the 

PcO.005 

0 m 
Hodgkin Control 



Serum Levels of Cytokines in Hodgkin’s Disease 323 

Table 1. Serum cytokines and characteristics of patients with Hodgkin’s disease 

Patients’ characteristics 
Number of 

patients IL-la (pg/ml) 

Serum concentration median (range) 

IL-2 (@nl) IL-6 (pg/ml) TNF (pg/ml) 

Age* 
<50 
250 

Ann Arbor stage* 

II 
III-IV 

Histological subtype 
LP 
NS 
MC 

Fever and night sweats* 
Absent 
Present 

Weight loss* 
Absent 
Present 

ESR (lirsr hour)+ 
<20 mm 
220 mm 

Fibrinogen+ 
<4 g/l 
24 g/l 

Platelets+ 
<400 g/l 
2400 g/l 

20 190 (<25-500) 
4 195 (90-316) 

12 
5 

4 155 (75-390) 
17 180 (~25-500) 
3 110 (80-260) 

19 155 (~25-500) 
5 250 (120-470) 

20 150 (~25-500) 
4 230 (120-470) 

10 110 (~25-500) 
14 230 (c25-470) 

12 155 (~25-500) 
12 260 (75-470) 

17 

220 (90-470) 
210 (~25-500) 
190 (45-420) 

155 (~25-500) 
210 (75470) 

2 (<0.5-90) 70 (<70-1900) 
4 (2.5-32) <70 (<70X70) 

14 (2.540) <70 (<70-1900) 
co.5 (<0.5-90) 75 (<70-690) 

5 (3-14) 110 (<70-130 

4 (2.5-32) <70 (<7&1900) 
2 (<0.5-90) 70 (<7&690) 
4 (<OS-14) 100 (<70-350) 

3 (<0.5-90) <70 (<70-1900) 
3 (<0.5-40) 120 (C70-470) 

3 (<OS-90) <70 (<7&1900) 
2 (<O.S~O) 70 (<7&470) 

3 (CO.5-40) <70 (<70-1900) 
2.5 (~0.5-90) 70 (<70-350) 

2 (<OS-90) <70 (<70-1900) 
3 (CO.5-40) 110 (<7&350) 

3 (<OS-90) 70 (<70-1900) 
4 (CO.5-40) 120 (<70-350) 

<5 (~5-280) 
<5 (G-190) 

<5 (~5-280) 
<5 (~5-250) 
<5 (<5-200) 

X5 (<5-190) 
~5 (~5-250) 
15 (~5-280) 

<5 (~5-280) 
<5 (~5-120) 

<5 (<5-280) 
<5 (<5-120) 

<5 (<5-250) 
<5 (~5-280) 

<5 (~5-250) 
<5 (<5-280) 

<5 (~5-250) 
<5 (~5-280) 

*Comparisons of cytokine levels between subgroups were performed with the Mann-Withney U test. All P values exceeded 0.2. +Analyses of 
the correlation between cytokine levels and biological parameters (ESR, thrombocyte counts, fibrinogen) were performed with Spearman’s rank 
correlation test. All P values exceeded 0.50. LP, lymphocyte predominance; NS, nodular sclerosis; MC, mixed cellularity. 

production of pro-inflammatory cytokines in Hodgkin’s tissues 
has not been correlated to the clinical presentation of the disease 
[24-261. Since cytokines act as endocrine hormones in several 
clinical situations [15-201, serum concentrations of these 
mediators could be more relevant to &nical symptoms than 
mRNA or protein expression in malignant tissues. Our results 
indicate that patients with HD have significantly higher serum 
concentrations of IL-la. IL-2 and IL-6 are also both more 
frequently detectable in HD patients as compared to normal 
individuals, whereas serum TNF and IL-4 levels were not 
significantly different from those of normal subjects. Several 
studies have demonstrated the presence of IL-la or IL-lp 
mRNA as well as IL-l protein in malignant Hodgkin’s cells 
[24-26, 291. 

Production of IL-6 by Hodgkin’s cell lines and in fresh 
Hodgkin’s tissue has also been reported [23, 271. TNF mRNA 
has been detected in fresh Hodgkin’s tissue, but at low levels 
and in a limited proportion of patients [24, 261. These results 
are thus consistent with our data showing high serum levels of 
IL-la and IL-6, but not TNF in patients with HD, and suggest 
that malignant Hodgkin’s cells and/or reactive cell populations 
from Hodgkin’s tissue may produce these cytokines in sufficient 
amounts to be detected in the serum of these patients. 

Serum IL-1p was detectable in less than 10% of patients with 

HD in a recent report [31] whereas in our study 87% of patients 
with HD had detectable serum IL-la. IL-la mRNA was 
detected in 52% of samples in a recent study [26], whereas IL- 
lp mRNA was detected in only 26% of the samples in a different 
report [24]. HD cell lines have been reported to produce IL- 1 (Y, 
but not IL-lp [28]. Taken together, these results suggest a 
predominant production of IL-lo. as compared to IL-l@ in 
patients with HD. 

The observation that 50% of our patients with HD have 
detectable serum IL-6 is in agreement with a previous report 
[31]. Our data also indicate that serum IL-2 is detectable in a 
subset of patients with HD. However, in a recent study, IL-2 
mRNA was found to be undetectable in HD tissues [27]. A 
recent report indicates that patients with HD have high serum 
levels of soluble CD25, the ~55 chain of the IL-2 receptor 
complex [32]. Conceivably, IL-2 detected in patients with HD 
could actually be produced outside of the tumoral tissues and be 
trapped by the high levels of circulating CD25 in these patients. 

The role of these circulating cytokines in the clinical presen- 
tation of HD remains unclear. Our results are in agreement with 
a previous report, showing the absence of correlations between 
serum IL-l p, IL-6 or TNF levels and the clinical stage or the 
histological subtype 1311, and fkrther indicate that neither serum 
IL-la nor IL-2 correlate to clinical stage or histology. 
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Although this could be due to the limited number of patients 
in our series, it is noteworthy that several patients with stage II 
or III disease had low or undetectable IL-6 or IL-lo serum 
concentrations whereas patients with stage I disease of the same 
histological subtype had high serum concentrations of both. 
This observation, as well as the diversity of cytokines patterns 
inside the same histological subtype, indicate a possible hetero- 
geneity of Hodgkin’s disease in terms of cytokine production. 

In our series, all patients with systemic “B” symptoms had 
detectable serum IL-lo. However, patients with fever or weight 
loss did not have significantly higher serum IL-lo compared to 
other patients with HD. Similarly, serum IL-2, IL-6 and TNF 
levels were comparable in patients with and without fever or 
weight loss. These results are in agreement with a previous 
report regarding IL-6 and TNF [31], and further indicate that 
neither IL-la nor IL-2 is correlated to the presence of systemic 
symptoms. Thus, the presence of detectable IL-2, IL-6 or TNF 
in serum is neither necessary nor sufficient to induce systemic 
symptoms. However, an involvement of IL-lo caMot be 
excluded since this cytokine was consistently detected in the 
serum of patients with systemic symptoms. Although IL-1 and 
IL-6 induce the production of acute phase protein and stimulate 
thrombopoiesis both in r&-o and in vim [ 1, 3, 6-81, no corre- 
lation was found between the presence of an increased ESR, 
hyperfibrinogenaemia, thrombocytosis and serum concen- 
trations of IL-la, IL-6 or TNF in our series. This is clearly not 
due to an insufficient serum concentration of these cytokines 
since comparable, or even lower, serum cytokine levels have 
previously been measured in patients with severe clinical con- 
ditions or treated with IL-2 [5, 11, 15-171. Taken together, 
these results suggest that other pro-inflammatory cytokines or 
inhibitors of cytokine bioactivity, such as IL-lra or soluble 
cytokines receptors, contribute to the pathogenesis of clinical 
and biological infkunmatory syndrome associated with HD 
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