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Role of IL-6 in the invasiveness and prognosis of glioma
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Abstract: IL-6 is a cytokine secreted by glioma cells and plays an important role in the tumor growth. However, the 
impact of IL-6 on the invasiveness and prognosis of glioma is still unclear. In this study, immunohistochemistry was 
performed to determine the expression of IL-6 in 86 glioma tissues, and ELISA to measure IL-6 in the serum and 
cerebrospinal fluid (CSF) of these patients. Results showed, as ccompared with normal controls, the IL-6 in the 
glioma, CSF and serumincreased remarkably, and increased with the elevation of glioma grade. In addition, IL-6 
in the supernatant was also detectable in glioma cell lines U251, U87, A172 and T98G. Transwell invasion assay 
showed that the invasiveness of glioma U87 cells and U251 cells increased remarkably after exogenous IL-6 treat-
ment. Survival analysis indicated higher IL-6 before surgery and significantly reduction in IL-6 after operation in the 
serum and CSF predicted a poor prognosis. Thus, we speculate that, the poor prognosis of glioma is related to the 
IL-6 autocrine in the glioma and the IL-6 induced tumor growth and invasion. IL-6 may serve as a therapeutic target 
for glioma patients and IL-6 in the CSF and serum of glioma may be used to predict the prognosis of these patients.
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Introduction

Glioma is the most common malignant tumor in 
the central nervous system (CNS) and accounts 
for about 70% of tumors in the CNS. Although 
the microsurgical therapy, radiotherapy and 
chemotherapy and other treatments have been 
applied in the therapy of glioma, the therapeu-
tic efficacy is still poor, and especially in 
patients with poorly differentiated glioma, the 
survival time is short, and the 5-year survival 
rate is only 5% [1]. The high invasiveness of gli-
oma is a major cause of post-operative recur-
rence and a poor prognosis [2]. To date, no bio-
markers have been found to be closely related 
to the occurrence, growth, invasion and prog-
nosis of glioma, which brings difficulties to the 
clinical treatment and evaluation of glioma [3, 
4]. The cerebrospinal fluid (CSF) is the most 
close to the CNS anatomically, and thus exami-
nation of CSF has been routinely used in the 
evaluation of CNS related diseases. Glioma 
may disrupt the blood brain barrier (BBB), and 

thus proteins secreted by the tumor and even 
malignant cells may be detectable in the CSF 
and peripheral blood. Detection of tumor spe-
cific proteins in the CSF and peripheral blood by 
ELISA is crucial for the investigations of tumor 
microenvironment and tumor markers. IL-6 is a 
cytokine participating in the immunoregulation 
and inflammatory reaction. IL-6 plays an impor-
tant rolein various malignant tumors including-
glioma [5-7]. Thereis evidence showing that IL-6 
expressed in the glioma may promote the glio-
ma growth to affect the prognosis of glioma 
patients [8, 9]. However, the source of IL-6 in 
the glioma,its impact on the invasiveness and 
the role of IL-6 in the CSF and peripheral blood 
in the prognosis of glioma are still unclear. In 
this study, IL-6 expression was detected in dif-
ferent grades of glioma, the IL-6 in the CSF and 
serum was also measured in patients with glio-
ma, and its role in the tumor invasiveness and-
prognosis was further evaluated. Our findings 
may provide evidence for for the clinical treat-
ment on the glioma.
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Materials and methods

Subjects

From January 2008 to October 2010, 86 
patients diagnosed with glioma and having 
complete clinical information were recruited 
into glioma group. Glioma was diagnosed by 
post-operative pathological examination in the 
General Hospital of Chinese Armed Police 
Force, herein. Patients with infectious diseas-
es, nervous system diseases, tumors of other 
organs, autoimmune diseases, andliver and 
kidney dysfunction, trauma or other chronic dis-
eases were excluded from the present study. 
According to WHO grading systems of tumors of 
CNS, glioma in these patients was classified as 
grade I~IV. Re-examination was done at 1 
month after discharge, and follow-up by tele-
phone was done with 60 months. In addition, 
18 healthy subjects aged 18-65 years and 
receiving routine physical examination were 
enrolled into control group, and the clinical 
information of subjects in both groups at base-
line is shown in Table 1.

The immunohistochemical staining of tumor 
specimen

Tissues were embedded in paraffin and cut into 
5-μm sections which were then deparaffinized 
and boiled in citrate buffer (pH=6.0; Beijing 
Tideradar Technology Co., Ltd) for antigen re- 
trieval. Then, these sections were incubated 
with 0.3% H2O2 (ZSGB Biotechnology Co., Ltd., 
Beijing) to inactivate endogenous catalase, and 
blocked in 10% BSA (Shanghai Mai Biote- 
chnology Co., Ltd., Shanghai) at room tempera-

ture. After incubation with primary antibody 
against IL-6 (1:100; ZSGB Biotechnology Co., 
Ltd., Beijing) in a humidified environmentat 4°C 
overnight, biotin-conjugated peroxidase was 
added (ZSGB Biotechnology Co., Ltd., Beijing), 
followed incubation at room temperature for 1 
h. In blank control, the primary antibody was 
replaced with PBS. Visualization was done with 
DAB in 0.3% H2O2 for 2 min, and sections were 
then observed under a light microscope.

Collection of blood and CS FandIL-6 measure-
ment

The collection of blood and CSF vialumbar 
puncture was done according to the standard 
protocols. In glioma group, CSF was collected 
at 24 h before surgery, and blood was collected 
at 24 h before surgery and 1 month after sur-
gery. In control group, CSF and blood were also 
collected. The CSF and blood were centrifuged 
at 4°C for 10 min at 4 000 rpm/min, and the 
supernatant was harvested and stored at 
-80°C immediately. IL-6 was detected bydou-
ble-antibody sandwich ELISA according to the 
manufacturer’s instructions (HUYU Biological 
Technology Co., Ltd., Shanghai). The optical 
density (OD) of each well was detected for the 
delineation of standard curve with OD differ-
ence between samples and blank control as 
vertical ordinate and standard concentration 
as horizontal ordinate. The ODof samples was 
determined according to the standard curve.

Cell culture

The glioma cell lines U251 cells, U87 cells, 
A172 cells and T98G cells were maintained in 
DMEM containing 10% new-born calf serum 
(pH7.2-7.4) at 37°C in a humidified environment 
of 5% CO2. The cell growth was observed under 
an inverted microscope. When the cell conflu-
ence reached 70-80%, cells were digested with 
0.125% trypsin and passaged. When the cell 
confluence reached 50-60%, the medium was 
refreshed with serum-free medium and main-
tained for 24 h. The supernatant was harvested 
for ELISA.

Transwell invasion assay

The upper chambers of Transwell chamber with 
the Makrolon micro-porous membrane (8-μm 
pore-size; American Costar Company) were 
placed into 24-well plates, and then 10 μg/mL 

Table 1. Patient’s information in this study

Variable Glioma group 
(%) (n=86)

Control group 
(%) (n=18)

Sex
    Male 37 (43) 8 (44.4)
    Female 49 (57) 10 (55.6)
Age
    18-60 years 55 (64) 13 (72.2)
    ≥61 years 31 (36) 5 (27.8)
WHO grade
    I-II 18 (20.9)
    III 25 (29.1)
    IV 43 (50)
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type I collagen (American SIGMA Company) was 
added to these upper chambers for coating, fol-
lowed by air drying. After addition of DMEM 
containing 10% serum, cells (U87A cells and 
A172 cells) maintained in serum free DMEM 
were harvested and transferred into upper 
chambers, followed by incubation for 12 h at 
37°C in a humidified environment of 5% CO2.
Then, the upper chambers were collected and 
washed in PBS. A cotton swab was used to 
remove the non-migrated cells, and the mem-
brane was fixed in 4% paraformaldehyde for 10 
min, followed by 0.25% crystal violet staining. 
The membrane was observed under a micro-
scope and 8 fields were randomly selected for 
the counting of migrating cells.

Prognostic analysis

The relationship of IL-6 in the serum and CSF 
before surgery and decrement of serum IL-6 
(percentage) with the survival time was evalu-
ated, aiming to investigate the association 
between IL-6 and prognosis of glioma patients.

Statistical analysis

All data are expressed as mean ± standard 
deviation (SD), and statistical analysis was per-
formed with SPSS version 17.0. IL-6 in the 

serum and CSF and data of immunohistochem-
istry and Transwell invasion assay were com-
pared with Mann-Whitney test. IL-6 before and 
after surgery was compared with paired t test. 
Spearman correlation analysis was used for the 
evaluation of correlation, and prognosis analy-
sis was done with Long rank (Mantel-Cox) test. 
A value of P<0.05 was considered statistically 
significant.

Results

IL-6 expression in glioma

As compared to normal brain tissues,IL-6 
expression in glioma increased markedly. 
Moreover, IL-6 increased with the progression 
of glioma: the higher the grade of glioma, and 
the higher the IL-6 expression was. Of note, the 
IL-6 expression was comparable in glioma of 
grade III and grade IV (Figure 1).

IL-6 in the blood and CSF

As compared to control group, IL-6 in the serum 
and CSF of glioma patients increased notably 
and this increase was related to the grade of 
glioma: the higher the grade of glioma, the high-
er the IL-6 levels were. In addition, IL-6in the 
serum and CSF showed a positive relationship 

Figure 1. Immunohistochemistry for IL-6 in human glioma. IL-6 protein expression was detected by immunohisto-
chemistry in normal brain tissues (A) and gliomas [WHO grade II (B), WHO grade III (C) and WHO grade IV (D)] (scale 
bar: 100 μm). IL-6 expression was detected in the brain of 18 patients with brain trauma cases and without a his-
tory of neurological diseases, 18 patients with WHO grade II glioma, 25 patients with WHO grade III glioma and 43 
patients with glioblastomas of WHO grade IV. Staining intensities were scored on a scale from 0 to 5 where 0 refers 
to the absence of staining and 5 to the maximum staining (E) (*P<0.05; **P<0.01; ***P<0.0001).
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before surgery in glioma patients, and IL-6 in 
the serum and CSF reduced markedly after sur-
gery (Figure 2).

Association between IL-6 and prognosis of 
glioma patients

Univariate analysis showed IL-6 in the serum 
and CSF of 86 glioma patients before surgery 
and the decrement of serum IL-6 after surgery 
were closely related to the prognosis of glioma 
patients (Figure 3).

IL-6 expression ofglioma cell lines and its role 
of IL-6 inglioma invasion

ELISA showed that IL-6 was detectable in the 
supernatant of glioma cell lines (U251 cells, 
U87 cells, T98G cells and A172 cells). Among 
these cell lines, IL-6 content was the highest in 
the supernatant of A172 cells, and the lowest in 
the supernatant of U87 cells. Incubation with 
exogenous IL-6 (100 ng/ml) could markedly 
increase the invasion of U87 cells and A172 
cells (Figure 4).

Figure 2. IL-6 contents of the CSF (A) and serum (B) of glioma patients and healthy controls were determined by 
ELISA. IL-6 content of the CSF was positively correlated with that of the serum (C). The serum IL-6 (D) significantly 
decreased after surgery (***P<0.0001).

Figure 3. Relationship between survival time and serum IL-6 within 60 months after surgery in glioma patients. IL-6 
contents of the CSF (A) and serum (B) before surgery and the decrement of serum IL-6 after surgerywere signifi-
cantly related to the overall survival (Kaplan-Meier method).
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Discussion

It has been confirmed that IL-6 is acytokine-
playing an important role in the inflammation, 
and can regulate acuteinflammatory reaction of 
acute inflammation, modulate the differentia-
tion and activation of B and T lymphocytes and 
exert crucial effectson the growth of some 
types of cells [10]. Recent studies indicate that 
not only inflammatory cellsbut tumor cells can 
synthesize and release IL-6. IL-6 is highly ex- 
pressed in multiple solid tumors, and able to 
regulate some pathological processes related 
to the growth, invasion and apoptosis of cancer 
cells [5, 6, 11, 12]. In the present study, results 
showed IL-6 expression was at a high level ingli-
oma and showed an increased tendency with 
the increase of glioma grade, which was consis-
tent with previous findings [13-15]. Furthermore, 
our results also revealed IL-6in the CSF and 
peripheral blood of glioma patients also 
increased dramatically, and exhibited an 
increased tendency with the increase of glioma 
grade. Of note, IL-6 in the CSF was positive 
related to that in the serum. This implies that 
the more malignant the glioma, the higher the 
IL-6 expression and secretion are, and IL-6 may 
be released into the blood and CSF via the dis-
ruptedBBB, affecting the tumor microenviron-

ment and the wholebody. In our study, the prog-
nostic analysis showed IL-6 in the CSF and 
peripheral blood before surgerywas significant-
ly associated with the prognosis of glioma 
patients. At 1 month after surgery, IL-6 in the 
peripheral blood reduced to different extents, 
and this decrement was also related to the 
prognosis of these patients. Thus, IL-6 in the 
CSF andserum before and after surgerymay be 
used for the pre-operative assessment of the 
degree of malignancyand the post-evaluation 
of prognosis of glioma patients.

The expression and secretion of IL-6 in the 
tumor cells are regulatedby many factors, which 
mainly include the feedbackof NF-κB, Notch, 
S1PR1, and STAT3 phosphorylation [16-18]. 
IL-6 can increase STAT3 phosphorylation to 
elevate the proliferation and anti-apoptosis of 
tumor cells. IL-6 may alsopromote the infiltra-
tion of immune cells into the tumor to regulate 
tumor related inflammation [12]. Moreover,IL-6 
is able to promote angiogenesis in the tumor by 
regulating VEGF expression [19]. Chen et al [11]
found that IL-6 could enhance the tumor inva-
sion in an EMT dependent mechanism. High 
invasiveness is a main characteristic of glioma. 
To further confirm the role of IL-6 in the invasion 
of glioma, IL-6 was detected in the supernatant 

Figure 4. Transwell invasion assay of U87 cells and A172 cells. IL-6 promotes the invasion of U87 cells and A172 
cells. Data were from three independent experiments (*P<0.05; **P<0.01).
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of U251 cells, U87 cells, T98G cells and A172 
cells. Results showed that IL-6 was detectable 
in the supernatant of these glioma cell lines. 
After incubation with exogenous IL-6, the inva-
siveness increased significantly in U87 cells 
and A172 cells. This suggests that glioma cells 
can secret IL-6 to promote theinvasion of glio-
ma in an autocrine dependent manner.

Taken together, glioma has a high IL-6 expres-
sion, and the higher the grade of glioma, the 
higher the IL-6 contents of the CSF and periph-
eral blood are. In addition, IL-6 in the CSF and 
peripheral blood before surgery is closely relat-
ed to the prognosis of glioma patients. Serum 
IL-6 reduces significantly at 1 month after sur-
gery, and its decrement may be used to predict 
the prognosis of glioma patients. Thus, IL-6 in 
the CSF and peripheral blood before and after 
surgery may be used for the prediction of clini-
cal prognosis. In vitro experiments reveal IL-6 
secreted by glioma cells may significantly 
increase the invasiveness of glioma cells in an 
autocrine dependent manner. The regulatory 
network of IL-6 is very complex, and thus the 
specific mechanisms underlying the regulatory 
role of IL-6 in the invasion of glioma cells are 
warranted to be further studied.
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