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Th1/Th2 cytokine imbalance in meningioma, anaplastic
astrocytoma and glioblastoma multiforme patients
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Abstract. The balance between Thl and Th2 cytokines is
thought to be an important factor in terms of tumour prognosis.
Serum samples from 61 newly diagnosed patients with brain
tumours and 50 age- and sex-matched non-tumour controls
were analysed by ELISA for circulating levels of interleukin-12
(IL-12p70 and p40) and interleukin-10 (IL-10); pivotal Thl
and Th2 cytokines, respectively. Patients were divided into
various groups depending on their histological diagnosis:
meningioma (n=11), anaplastic astrocytoma (n=4) and glio-
blastoma multiforme (GBM; n=46). Significant reduction in
serum IL-12 was seen in all groups as compared with the
controls: meningioma, p=0.03; anaplastic astrocytoma,
p<0.001; and GBM, p<0.001. Conversely, serum IL-10 was
significantly increased in anaplastic astrocytoma, p=0.02, and
GBM, p=0.03. The changes in the serum cytokines were not
caused by the effects of steroids, as sequential analysis of
patients pre- and post-steroid treatment commencement showed
no difference. This study shows that patients with advanced
primary intracranial malignancies have decreased circulating
IL-12 and increased circulating IL-10, demonstrating that
brain tumours have a major systemic effect on the immune
system.

Introduction

Tumours of the brain account for 1.6% of cancers in the
United Kingdom, being the twelfth most common type of
cancer in men and the fifteenth in women. Survival figures
have not changed significantly over the past 20 years despite
advances in conventional therapy, (surgery, chemotherapy and
radiotherapy), with 25% survival at 2 years after diagnosis
and only 20% at 5 years (1,2).
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The Th1/Th 2 model is a well-established way of under-
standing the various cytokines that are secreted by the dif-
ferent CD4* T helper lymphocyte subsets. The CD4+ Thl
helper population is generally pro-inflammatory and the cyto-
kine profile includes interferon-gamma (IFN-y), interleukin-2
(IL-2), IL-12, IL-15, lymphotoxin and tumour necrosis factor-
alpha (TNF-a). In collaboration, these cytokines stimulate a
cell-mediated response and, especially in vitro, have been
shown to exert a potent anti-tumour effect. In contrast,
CD4+ Th2 cells produce cytokines such as IL-4, IL-10, IL-13
and stimulate the humoral immune response. The Thl and
Th2 cytokines act in an antagonistic fashion; with a balance-
point that varies between the physiological and pathological
state (3).

IL-12 is a 70-kDa disulphide-linked heterodimer, com-
posed of two N-glycosylated polypeptide chains of approx-
imately 40 kDa (p40) and 35 kDa (p35) linked by a single
disulfide bond, which is principally produced by monocytes
and macrophages (4). IL-12 induces IFN-y production,
stimulates proliferation and enhances the cytolytic activity of
natural killer (NK) and T-cells (5). IL-12 acts synergistically
with IL-18 to induce IFN-y production in antigen presenting
cells (6,7). In addition to positively promoting cell-mediated
immunity, it negatively regulates Th1 cell differentiation (8).

IL-12 has also been shown to be effective in preventing
and inhibiting the growth of primary tumours induced by
chemical carcinogens in in vitro models (9,10). Furthermore,
it has been shown to be effective in preventing and inhibiting
the growth of primary tumours arising spontaneously in
transgenic mice expressing rat HER-2/neu oncogene in the
mammary gland (11). In addition to the in vitro and animal
models, there is evidence for IL-12 causing an anti-tumour
response in humans; however, toxicity is a problem (12,13).

IL-10 is a 17- to 21-kDa cytokine principally produced by
activated lymphocytes as well as some cancer cell types
(14-16). IL-10 was originally coined CSIF (cytokine syn-
thesis inhibitory factor) because of its general suppressive
role; more specifically, its ability to block the synthesis of
interferon-gamma (IFN-y), IL-1a, IL-16 and IL-12, amongst
other cytokines. In addition to cytokine inhibition, IL-10 has
also been shown to reduce the antigen presentation capacity
of monocytes by down-modulating MHC class II expression,
this in turn hinders antigen-stimulated proliferation of specific
T-cells. The antagonistic role of IL-12 and IL-10 has been
demonstrated in a variety of tumour types (3,17,18).
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Table I. Clinicopathological features of patients and control group in Th1/Th2 study.

Histopathology Median age Standard Interquartile M:F ratio No. of
(WHO grade) (years) deviation range patients
Meningioma (benign) 39 15.5 33-76 4:7 11
Anaplastic astrocytoma (III) 71 7.2 57-72 3:1 4
Glioblastoma multiforme (IV) 60 10.8 39-75.7 26:20 46

Controls: median age, 59 years; standard deviation, 12.3; interquartile range, 37-81; male:female, 29:21. ND, not done.

The purpose of this study was to investigate the Th1/Th2
balance in patients with newly diagnosed brain tumours
(meningioma, anaplastic astrocytoma and GBM), studying
the levels of pivotal cytokines IL-12 (Th1) and IL-10 (Th2).
These cytokines were selected because they play pivotal
roles in determining the nature of the immune response. The
aim is to determine if the levels of these cytokines or the
relative balance changes in comparison with healthy controls
and between tumour stage.

Materials and methods

Patients details. Serum samples were obtained from 61
patients with brain tumours, and these were compared with a
cohort of 50 non-tumour controls of similar age and male:
female ratio. The control group were patients electively
admitted for surgical treatment of degenerative spines. They
did not have any pre-existing tumours, nor had received any
radiotherapy or chemotherapy within the past year. Ethical
approval was obtained from Hull and East Riding Local
Research Ethics Committee for this study (LEC/05/02/091,
06/09/2003). Tumour patients were already on steroid treatment
(either oral or intravenous Dexamethasone 4 mg x 4/day)
for 48 h prior to venepuncture. Patients were divided on the
basis of histopathological reports made according to the
WHO Brain Tumour Classification (19). A summary of the
patients' details and clinicopathological features are given in
Table I.

Serum samples obtained via venepuncture into a 7-ml
serum separation tube were immediately spun in a centrifuge at
150 x g for 10 min to separate serum which was then aliquoted
and frozen in 1.5-ml polypropylene tubes (Sardstedt tubes) at
-80°C.

IL12 and IL10 determination. Quantitative sandwich ELISA
assays (BioSource) were used to analyse 1L12 (IL12
UltraSensitive ELISA cat no. KHC0124) which measures
both IL12p70 and p40) and IL10 (IL10 UltraSensitive
ELISA cat no. KHC0104). The lower level of detection for
IL12 and IL10 was 1.56 and 0.78 pg/ml, respectively. All
samples were analysed in duplicate and freeze-thawing of
samples was avoided.

Proteoplex™ analysis. The Proteoplex™ 16-well human
cytokine array kit (Merck Biosciences) was used according
to manufacturer's protocol to simultaneously measure the
following 12 cytokines: IL-1a, IL-18, IL-2, IL-4, IL-6, IL-7,
IL-8,1L-10, IL-12p70, GM-CSF, IFN-y and TNF-a in a single
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Figure 1. Box plots comparing serum IL-12 in patients with meningioma,
anaplastic astrocytoma, GBM and controls. Median levels of serum IL-12 =
45.3 pg/ml (control), 27.4 pg/ml (meningioma), 1.94 pg/ml (anaplastic
astrocytoma) and 4.03 pg/ml (GBM). Significant decreases were seen in all
groups compared with the control group; meningioma (p=0.03), anaplastic
astrocytoma (p<0.001), GBM (p<0.001); Mann-Whitney U test.

serum sample (50 p1). The lower level of detection was 5 pg/
ml. Serum samples from seven individual patients, taken pre-,
24 and 48 h post commencement of dexamethasone (either
oral or intravenous 4 mg x 4 times daily) were analysed.

Statistical analysis. Median serum cytokine levels were
compared between the tumour patient and control group
using a non-parametric independent T-test (Mann-Whitney U)
with significance being determined as p<0.05. Cytokine dif-
ferences pre- and post-steroid administration were compared
using the Wilcoxon signed rank test. Statistical advice was
provided by Dr E. Gardiner (Biomedical statistician).

Results

All patients and controls had detectable levels of IL-12;
however, all groups of patients had significantly lower levels
when compared with controls, with the most advanced
tumours having the lowest levels (Fig. 1). Conversely, the trend
in serum IL-10 levels was for raised levels being associated
with tumour, with levels in the anaplastic astrocytoma and
GBM group both being significantly higher than non-tumour
controls (Fig. 2). One further interesting observation is that
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Figure 2. Box plots comparing serum IL-10 in patients with meningioma,
anaplastic astrocytoma, GBM and controls. Median levels of serum IL-10 =
0.58 pg/ml (control), 1.04 pg/ml (meningioma), 2.3 pg/ml (anaplastic astro-
cytoma) and 1.74 pg/ml (GBM). Significant increase was seen in the ana-
plastic astrocytoma (p=0.02) and GBM (p=0.03) group; Mann-Whitney U test.

25% of the tumour group and 38% (19/50) of the control
group measured below the level of detection (<0.78 pg/ml) of
the ELISA kit. In summary, patients with anaplastic astro-
cytoma or GBM showed both a significant decrease in serum
IL-12 levels (both p<0.001) and significant increase in serum
IL-10 (p=0.02, p=0.03, respectively).

Analysis of changes in serum cytokines pre- and post-
steroid treatment by Proteoplex assay showed no statistically
significant changes in any cytokine up to 48 h after commence-
ment of dexamethasome (data not shown).

Discussion

We have clearly demonstrated, in this cohort of primary brain
tumours, that there is an imbalance in the systemic IL-12/
IL-10 balance in comparison with non-tumour controls, which
is highly likely to effect immune-regulation. We have also
shown that the differences in cytokine production are not
affected in the first 48 h by steroid administration.

Although, to our knowledge, this is the first report of its
type investigating the balance of circulating IL-12 and IL-10
levels in brain tumour patients, there has been one previous
study on circulating IL-12 in patients with brain tumours.
Salmaggi et al performed a small-scale study designed to
compare levels of a group of pro-inflammatory and potent
angiogenic cytokines in serum, plasma and cyst tumour fluid
in brain tumour patients with a control group; IL-12 was
included (20). Their study cohort comprised recurrent ana-
plastic astrocytoma (n=7), GBM (n=12) and recurrent glio-
blastoma multiforme (n=26). A significant reduction in serum
IL-12 compared with age-matched controls (mean = 45.6 +
SEM 7.76 vs. 79.78+6.32 pg/ml) was seen in agreement with
the findings of the present study. No previous studies have
analysed the Th1/Th2 balance in plasma or serum of menin-
gioma patients.

A number of similar studies on this crucial cytokine balance
have been reported in other systemic tumours. Sparano et al
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(21) studied the plasma concentrations of IL-4, -6, -10 and -12
in 58 patients with squamous cell carcinoma of the head and
neck. For IL-12, an OPT-EIA, BD PharMingen kit was used
which only detected IL-12p40, rather than an ELISA which
measures both free IL-12p40 and heterodimeric IL-12p70.
The concentrations of IL-12 were greater in patients without
nodal metastases and with T,/T, tumours. The concentration
of IL-10 was lower in these patients. However, IL-10 levels
were greater in patients with nodal metastasis with T,/T,
tumours and, conversely, the concentration of IL-12 was lower
in these patients. Hence, patients with advanced HNSCC
apparently have a diminished Thl immune response and a
stronger Th2 immune response when compared to that of
patients with less advanced disease. Similarly, Lathers et al
(22) showed incomplete Th2 skewing of cytokines in plasma
of 101 patients with squamous cell carcinoma of the head and
neck. In this study, plasma levels of three Thl cytokines
(IFN-y, IL-2 and GM-CSF) and three Th2 cytokines (IL-4, -6
and -10) were studied (22). Here levels of IL-4, -6 and -10
were significantly increased. However, the Th1 cytokine
picture was more complicated as IL-2 and GM-CSF were
also significantly raised, although IFN-y was significantly
decreased. Lathers et al (22) concluded that these results
suggested a skewing towards Th2, with the Thl shift being
incomplete. Finally, a previous study in Hull has shown that
patients with large (T; or T,) or advanced (Dukes' C) colo-
rectal tumours have decreased levels of IL-12 production by
Staphylococcus aureus Cowans Strain 1 (SAC) stimulated
PBMC and raised serum IL-10 levels in comparison with
normal controls (3). The above studies, demonstrate that an
apparent imbalance is widely observed in various tumours,
most usually with advanced disease showing the more prom-
inent aberrations.

It must be noted, however, that an apparently contradictory
study has also been reported. Tsuboi et al (18) showed that
serum IL-12 and IL-18 levels were significantly higher in 70
patients with oesophageal carcinoma compared with 15 healthy
controls and that there was a positive correlation between
serum IL-12 and IL-18 levels, which correlated with tumour
growth and progression. Surprisingly, although serum IL-12
and IL-18 levels increased, tumour activity did not appear to
be suppressed. Tsuboi and his colleagues postulated that the
anti-tumour effect of IL-12 only occurs at an early stage
rather than at a later time-point. With disease progression,
tumour volume might overcome the immune response and,
therefore, the clinical stage may progress in spite of an apparent
increase in serum Thl levels. It is unfortunate that the levels
of serum IL10 were not measured concomitantly and further
work is required to see if this effect is specific to oesophageal
cancer.

The studies discussed above, like the one reported here,
have analysed either serum or plasma Th1/Th2 cytokines.
Two other studies have analysed the functional effects on
peripheral blood mononuclear cells (PBMC) in order to
determine whether there is an increased or impaired cytokine
production. The first of these has investigated the influence(s)
of glioblastoma on the immune response by studying the effects
of tumour-derived factors on cytokine production by PBMC.
Zou et al isolated PBMC from healthy donors and incubated
these cells with human glioblastoma culture supernatant (23).
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This resulted in an increased production of IL-10 and IL-6
and decreased production of IL-12, IFN-y and TNF-a. The
group concluded that monocytes can serve as an intermediate
in determining the nature of the immune response by receiving
signals from the tumour and other components of the host
immune system. This study also suggests that the systemic
changes in cytokines observed in cancer patients may not
solely be due to tumour production, but may also be due to
‘reprogramming’ of key populations of immune cells. In a
similar study, Shibata et al (17) also examined the production
of cytokines (IL-4, -6, -10, -12 and IFN-y) by stimulating
PBMC, using cells isolated from cancer patients (colorectal
n=30, gastric n=25) or normal controls (n=39) stimulated with
the non-specific activators, phytohemagglutinin or S.aureus.
Interestingly, the production of IL-12 decreased significantly
with advancing disease and was lowest in the patients with
distant metastases and cachexia. Initially, no differences were
observed in the levels of either of the Th2 cytokines (IL-4
and IL-10) between patient groups; however, production of
these cytokines had increased when the same cachectic
patients were retested after 2.5 months. The authors' findings
indicate that there is a move away from a Thl profile at a
relatively early stage of disease, which would agree with the
findings of Tsuboi et al (18), whereas a swing to a Th2 profile
only seems to increase in the more advanced stage of the
disease, i.e. a consequence of tumour progression rather than
a cause. Whether such changes occur in brain tumours that
lack lymphatic drainage remains to be elucidated.

The study here suggests that there is a Th1/Th2 cytokine
imbalance in patients with brain tumours which is similar to
that observed in studies on several other tumour types. A Th2
type cytokine shift, which would support humoral immunity
at the expense of cell-mediated immune response, is observed
in patients with advanced disease and may well contribute to
the inefficient anti-tumour response generated in these patients.
Further studies of the complex interaction of cytokines and
their receptors between neoplastic and immune cells may
provide useful information toward the search for effective
immunotherapies. Future work will involve assessment of
post-operative status of these cytokines in patients with
brain tumours as previous work on renal cell carcinoma and
melanoma has shown that removal of the tumour from
patients with active disease results in the Th1/Th2 balance
becoming less polarised towards Th2 (24). In addition, it will
prove highly enlightening to investigate further PBMC function
in an attempt to clarify what effect the changes in cytokine
milieu are having on the immune system of patients with
intracranial tumours.
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