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Abstract: Glioblastoma (GBM) is one of most malignancy tumors worldwide. Temozolomide (TMZ) is an important 
chemotherapy drug in GBM therapy. However, acquired TMZ-resistance frequently happens in GBM therapy and 
leads to high percentage of GBM recurrence. In our study, we demonstrated that Snail is upregulated in recurrent 
GBM tumors, and promotes the GBM cells resistant to TMZ induced apoptosis. Enhanced expression of Snail com-
promises the apoptosis induced by TMZ, and increases the cell migration and invasion. Reversely, depletion of Snail 
by siRNA has the opposite effects. In addition, we confirmed that the expression of Snail is modulated by STAT3 acti-
vation, since phospho-STAT3 level is relatively higher in recurrent GBM tumors and TMZ resistant cells. Knockdown 
of STAT3 turns down the expression of Snail in protein and mRNA level, and thereby sensitized the resistant GBM 
cells to TMZ treatment. Interestingly, the activation of STAT3 in GBM resistant cells is modulated by IL-6 secretion. 
Suppression of IL-6 abandons the STAT3 activation, and reduces its binding with Snail promoter. Inhibition of IL-6 by 
its antibody enhanced the killing effects of TMZ both in vivo and in vitro. Overall, our results provided a rational to 
overcome the TMZ resistant in GBM treatment by targeting IL-6-STAT3-Snail pathway.
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Introduction

Glioblastoma multiforme (GBM), as one of most 
leading causes of human malignancies, is the 
most common and most aggressive primary 
brain tumor in humans [1]. The current median 
survival of GBM is only approximately 14 mon- 
ths [2]. Up to date, temozolomide (TMZ) is the 
mainly used oral alkylating agent to treat GBM 
and astrocytomas [3, 4]. However, most GBM 
tumors (up to 50%) are refractory to TMZ the- 
rapies, which lead to poor survival of GBM 
patients [2]. The adaptive TMZ resistant GBM 
cells differ from their parent cells at the mo- 
lecular level. Therefore, better understanding 
of biological and molecular mechanisms of 
TMZ resistance is desperately needed. 

Epithelial to mesenchymal transition (EMT) has 
been suggested to play vital role in the develop-
ment of drug resistance in multiple cancers 
from increasing evidences, including routine 
chemotherapy and targeted therapy [5, 6]. Ma- 

lignant cancer cells often acquire high migra- 
tory mobility and invasive ability during pro- 
cess of EMT, specifically disseminating from  
the primary tumor location and invasion into 
other organs [7]. Several related mechanisms 
regarding evoking of EMT have been explored 
before, including a loss of intercellular cohe-
sion, up-regulation of extracellular matrix com-
ponents, increased resistance to apoptosis, as 
well as increased rate of cellular migration and 
invasion [8, 9]. The same cellular remodeling 
and signaling networks may also contribute to 
the development of drug resistance in tumor 
cells [10]. EMT related regulators have been 
found to correlate with drug resistance in mod-
els of drug resistant breast and ovarian can- 
cers [11, 12], contribute to chemotherapeutic 
drugs resistance in lung and bladder cancers 
[13, 14]. Recently, it was also reported that 
mesenchymal differentiation or transformation 
promotes radiation resistance or anti-VEGF re- 
sistance in glioblastoma [15]. As the key modu-
lator of EMT, SNAI1 (Snail) was well document-
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ed in regulation of tumor progression including 
GBM [16]. However, the function of Snail me- 
diated EMT in GBM chemotherapy is still un- 
known.

We hypothesized that Snail might have a role  
in TMZ resistance in GBM. Using the TMZ-
resistant GBM cell line model, we demonstrate 
increased migration and invasion in resistant 
compared to sensitive cells, that are reverted 
following knockdown of Snail. We also demon-
strated that Snail is upregulated in TMZ resis-
tant tumors, suggesting that these genes may 
act as biomarkers of chemotherapy resistance. 
Mechanically, we found that the extra secreti- 
on of IL-6 in resistant GBM promotes the tran-
scription of Snail by targeting STAT3. Inhibition 
of IL-6 by its antibody can overcome the TMZ 
resistant in GBM, which provided a novel thera-
py strategy in GBM treatment. 

Materials and methods

GBM patients and primary cell culture

Studies involving patient samples were appro- 
ved by the Jilin University review board. 16 
paired (primary and recurrent) GBM tissue 
samples collected from consented GBM pa- 
tients, who received standard TMZ-based tre- 
atment. Most of the tumor specimens were 
obtained directly from the surgery. A piece of 
each was stored at -80°C for later RNA extrac-
tion and another piece fixed with formalin and 
embedded in paraffin for IHC staining. The  
primary cells derived from primary and recur-
rent GBM tumors were cultured as previous 
described [17].

Cell culture and reagents

The GBM cell lines, U-87, A172 were purchased 
from American Type Culture Collection (ATCC) 
(Manassas, VA, USA). The cell culture condition 
is at 37°C with 5% carbon dioxide. Cell culture 
medium is mixed of Dulbecco’s modified Eagle 
medium (DMEM) consisting of Ham’s F12 medi-
um (1:1) (Invitrogen) with 10% fetal bovine 
serum (FBS) (HyClone, Logan, UT, USA). To gen-
erate the TMZ resistant cell lines, A172 and 
U87 were treated with TMZ concentration gra-
dient progressive methods. Briefly, the logarith-
mic phase A172 or U87 cells were treated with 
low concentration of TMZ (5 µM) for 48 h. Then 
the upper cell suspension containing drugs and 
dead cells was discarded. Cells were collected 

and re-cultured in TMZ-free culture medium to 
get recovered before next higher concentration 
of TMZ treatment, until cells developed resis-
tance to 10 µM TMZ treatment. TMZ was pur-
chased from Sigma-Aldrich. 

Transfection of siRNA and plasmid

Lipofectamine® 2000 (Invitrogen) was used for 
transfection of small interfering RNA (siRNA) 
and related plasmids [18]. Plasmid expressing 
the gene Snail was purchased from Addgene 
(#16218, Cambridge, MA, USA). siRNAs against 
Snail and STAT3 were purchased from Santa 
Cruz Biotechnology, Santa Cruz, CA, USA. 

Real time PCR

RNeasy kit (Qiagen) was used for preparing  
the total RNA, and iScript cDNA synthesis kit 
(BioRad) was used for reverse transcribed into 
cDNA from mRNA. The targeted mRNA expres-
sion levels were measured with SYBR Green 
and a ABI-7900 system (Applied Biosystems) 
with snail primers: Forward: 5’-TCA GAA TTC 
ATG CCG CGC TCT TTC CTC GTC AGG AAG CC-3’, 
Reverse: 5’-ACT GGA TCC TCA GCG GGG ACA 
TCC TGA GCA GCC GGAC-3’. 

Cell viability assay and apoptosis analysis

1000 cells per well GBM cells were plated in 
96-well plates and treated with different dos-
ages of TMZ for 24 h. After drug treatment, 
plates were examined by the cell viability assay 
kit (Promega) at the indicated times. Results 
are reported from at least triplicate samples  
as the mean ± standard deviation.

Hoechst 33258 staining (3.7% formaldehyde, 
0.5% Nonidet P-40, and 10 μg/ml Hoechst 
33258 (Invitrogen)) following with microscopic 
visualization of condensed chromatin and mi- 
cronucleation was used to analyze GBM cells 
undergoing apoptosis as described [19].

For analysis of IL-6 level from tumor cells in 
vivo, 1 × 106 Hey-A8 and 1 × 106 SKOV3.ip1 
cells were injected into the peritoneal cavity of 
female nude mice. The tumors were harvest- 
ed after 28 days, and the and then evaluated 
using immunohistochemical, ELISA, 

Chromatin Immunoprecipitation (CHIP) assay 

Chromatin Immunoprecipitation was perform- 
ed by CHIP assay kit (Sigm-Aldrich) as describ- 
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ed by manufacturer. In brief, cells were cross-
linked with 1% formaldehyde for 10 minutes  
at 37°C, quenched with glycine and PBS, and 
then sonicated to generate 300-600 bp DNA 
fragments. Immunoprecipitation was perform- 
ed with the antibodies indicated, and IgG was 
used as a control. The PCR primers (5’-TTT CCC 
TCG TCA ATG CCA CGC-3’ and 5’-TTT GTC ACC 
TCC GCG CCA-3’), which spans the -484 to -82 
region of Snail promoter, included the putative 
STAT3 and p65 binding site. 

Invasion assay and wound healing assay

The invasion of tumor cells was analyzed with 
cell Invasion Assay Kit (8 μm pore size, Che- 
micon, MA, USA) as described in the manufac-
ture’s protocol. After 24 h, cotton swab was 
used to remove the non-invading cells. Then we 
take photographs of the invaded cells on the 
lower side of the upper chamber were stained 
with crystal violet. Final invasion results were 
calculated by counting the cell numbers under 
the light microscope for three times. 

CytoSelectTM 24-well cell invasion assay kit 
(Cell Biolabs, San Diego, CA) was used to carry 
on the wound healing assay according to the 
manufacturer’s protocol. GBM cells were cul-
tured at the top of the insert. After cells form- 
ed a monolayer, the insert was removed to  
generate wound gap in the middle. To analyze 
of migration distance, the wound gap was ob- 
served at 24 h.

Western blotting and ELISA

RIPA buffer (Thermo Scientific) was used for 
total protein extraction and BCA Assay (Ther- 
mo Scientific) was used for quantification. Equ- 
al amounts of the proteins (depending on ex- 
periment) were loaded on NuPage 4-12% gra- 
dient polyacrylamide gels (Invitrogen) and i-Blot 
system (Invitrogen) was used for transferring 
via polyvinylidine fluoride (PVDF) membranes. 
The blots were then incubated in the primary 
antibodies; Snail, Vimentin, Caspase-3, STAT3, 
phospho-STAT3 (Cell Signaling), phospho-p65, 
p65 (Santa Cruz) and β-actin (Millipore) were 
used according to the manufacturer’s instru- 
ctions. 

To evaluate the secretion of IL-6 in GBM cells or 
tumor, 2 × 105 cells or 10 mg tumor samples 
were homogenized and tested for the presence 
of human IL-6 by ELISA (R&D Systems). 

Xenograft model

The animal studies were approved by the In- 
stitutional Animal Ethics Committee (IEC) of Ji- 
lin University and experiments were performed 
in accordance with the Animal Ethics guidelines 
of Jilin University. Female NOD-SCID mice were 
used for in vivo tumorigenicity assays. Briefly, 1 
× 106 of parental or TMZ-resistant A172 cells 
were injected subcutaneously in NOD-SCID mi- 
ce (n = 5) and mice were periodically observed 
for tumor development. After 7 days, the mice 
were treated with different reagents via intra-
peritoneal injection, including TMZ (25 mg/kg), 
Anti-IL6 (100 mg/kg), TMZ+Anti-IL6 (25 mg/kg 
and 100 mg/kg respectively), or PBS as a nega-
tive control (Control). The drug injection was 
administrated 3 times a week for total two 
weeks. The tumor volume was measured each 
other day, and determined using the formula: 
4/3π (√major axis/2 × minor axis/2). After sac-
rifice, tumors were dissected and followed with 
western blot or TUNEL staining by using fixed in 
10% formalin and embedded in paraffin. 

Statistical analysis

Results are reported as the mean ± standard 
deviation. Significance was tested by T-Test or 
ANOVA with post-hoc tests using GraphPad 3.0 
software (San Diego, CA).

Results

TMZ resistant primary GBM cells showed high 
expression of Snail

To gain the function of Snail in TMZ resistant 
GBM, we analyzed the expression of Snail in 
tumor samples from 16 pair of primary and 
recurrent GBM samples from patients receiv- 
ed TMZ therapy. Our results showed that the 
expression of Snail was significantly higher in 
the recurrent GBM tumor samples (Figure 1A), 
suggesting high expression of Snail might con-
tributes to TMZ resistance. To gain more func-
tion of Snail, we generated two GBM primary 
cells from primary GBM tumors (GBM1) and 
recurrent tumors (GBM2). As predicted, we fo- 
und that recurrent GBM cells (GBM2) is more 
resistant to TMZ induced cell death (Figure 1B). 
Since apoptosis is the major cell death caused 
by TMZ, we analyzed the apoptosis in TZM tre- 
ated GBM1 and GBM2 by Hoechst 333255 
staining and western blot of cleavage caspa- 
se-3. TMZ treatment induced less apoptosis 
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and caspase-3 cleavage in GBM2 cells than 
that in GBM1 cells (Figure 1C, 1D). Consistent- 
ly, the expression level of Snail in GBM1 is low- 

er than that in GBM2 cells (Figure 1D). Since 
Snail is an important regulator of EMT [20], we 
also analyzed the cell migration and cell inva-

Figure 1. The expression of Snail is higher in TMZ resistant GBM primary cells. A. The relative Snail expression level 
in 16 pairs of primary and recurrent GBM tumors. The representative pictures of Snail immunochemistry staining 
were shown. B. The cell viability of primary cells derived from primary tumors (GBM1) and recurrent tumors (GBM2) 
treated with different doses of TMZ for 24 h. C. The apoptosis of GBM1 and GBM2 treated with 10 µM TMZ for 24 h. 
D. The expression of indicated proteins in GBM1 and GBM2 treated with 10 µM TMZ for 24 h. E. The cell migration 
of GBM1 and GBM2. F. The cell invasion of GBM1 and GBM2. *, P<0.05.
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sion by wound-healing assay and transwell 
assay. Our data showed that GBM2 cells have 
higher cell migration and invasion (Figure 1E, 
1F). Consistently, the expression of vimentin, 
an EMT marker, was suppressed in GBM1 cells 
in response to TMZ treatment, but increased 
and stabilized in GBM2 cells (Figure 1D). Collec- 
tively, our data indicated that the expression of 
Snail promotes GBM recurrent after TMZ treat-
ment, and contributes to TMZ resistance.

TMZ resistant GBM cells line has higher snail 
expression

To further confirm the expression of Snail in 
TMZ resistant GBM, we established two differ-
ent TMZ resistant GBM cell lines by using mul-

tiple cycle of TMZ treatment, including A172 
and U87 cells. As expected, the TMZ resistant 
A172 (A172R) and U87 (U87R) showed less 
apoptosis (Figure 2A). The TMZ resistant A172 
and U87 cells also showed higher expression of 
Snail than the A172 and U87 parental cells 
(Figure 2B). We also investigated the migration 
and invasion of A172 and U87 resistant cells, 
and found that the resistant cell showed higher 
migration and invasion rate than the parental 
cells (Figure 2C, 2D). Furthermore, the expres-
sion of vimentin is also higher in the A172 and 
U87 resistant cells, when comparted with their 
parental cells (Figure 2B). Therefore, our results 
further confirmed that Snail is upregulated in 
TMZ resistant GBM cells.

Figure 2. TMZ resistant GBM cell lines have higher Snail expression. A. The apoptosis of A172 parental (P) or resis-
tant (R) cells and U87 parental (P) or resistant (R) cells treated with 10 µM TMZ for 24 h. B. The expression of Snail 
and vimentin in A172P, A172R, U87P, U87R cells. C. The cell migration of A172P, A172R, U87P, U87R cells. D. The 
cell invasion of A172P, A172R, U87P, U87R cells. **, P<0.01.
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Expression of Snail contributes to TMZ resis-
tance in GBM

In the next step, we investigated whether the 
expression of Snail is necessary for TMZ resis-
tance in GBM. Enhanced expression of Snail by 
transfection of pCMV-Flag-Snail in A172 paren-
tal cells suppressed the cleavage of caspase-3, 

is significantly higher in recurrent tumors (Fi- 
gure 4A). Consistently, the mRNA level in TMZ 
resistant cells is also much higher than the 
parental cells (Figure 4B), further confirmed 
that the expression of Snail in TMZ resistant 
GBM is modulated in its mRNA level. It was 
reported that the mRNA expression of Snail  
can be modulated by p65 or STAT3 [15, 21]. In 

Figure 3. Expression of Snail promotes the TMZ resistance in GBM. (A) A172P 
cells were transfected with control or pCMV-Flag-Snail, and treated with 10 
µM TMZ for 24 h. The expression of indicated proteins was detected by west-
ern blot. (B) The apoptosis of A172P cells treated as in (A). (C) The cell migra-
tion of A172P cells transfected with control or pCMV-Flag-Snail plasmids. (D) 
The cell invasion of A172P cells transfected with control or pCMV-Flag-Snail 
plasmids. (E) A172R cells were transfected with control or Snail siRNA, and 
treated with 10 µM TMZ for 24 h. The expression of indicated proteins was 
detected by western blot. (F) The apoptosis of A172R cells treated as in (E). 
(G) The cell migration of A172R cells transfected with control or Snail siRNA. 
(H) The cell invasion of A172R cells transfected with control or Snail siRNA. 
**, P<0.01.

and enhanced the expressi- 
on of Vimentin (Figure 3A). 
Consistently, overexpression 
of Snail compromised the 
apoptosis in A172 parental 
cells treated with TMZ (Figure 
3B). The wound-healing assay 
and transwell assay also sug-
gested that Snail overexpres-
sion promotes the migration 
and invasion of A172 cells 
(Figure 3C, 3D). Reversely, 
knockdown of Snail by its 
siRNA sensitized the A172 
TMZ resistant cells to TMZ 
induced apoptosis, as indicat-
ed by cleavage of caspase-3 
(Figure 3E), and Hoechst 33- 
3255 staining (Figure 3F). 
Abrogation of Snail expres-
sion also reduced the expres-
sion of vimentin (Figure 3E), 
and suppressed the A172 
resistant cells migration and 
invasion (Figure 3G, 3H). Th- 
erefore, it can be concluded 
that Snail mediated EMT pro-
motes the TMZ resistance in 
GBM cells.

The expression of Snail is 
modulated by STAT3 in GBM

Since the abnormal expres-
sion of Snail contributes to 
TMZ resistance in GBM, it 
would be interesting to study 
the mechanism for its upregu-
lation in GBM resistant cells 
or tumor. As the Snail expres-
sion is usually modulated in 
mRNA level, we firstly investi-
gated the mRNA level of Snail 
in the primary or recurrent 
GBM tumors, and found that 
the mRNA expression of Snail 
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our study, we found that the only the phosphor-
ylation of STAT3 (p-STAT3) is higher in TMZ 
resistant GBM cells (Figure 4C). Furthermore, 
the binding of STAT3 with Snail promoter is al- 
so higher in TMZ resistant A172 cells than  
the A172 parental cells (Figure 4D), suggest- 
ing STAT3 might be the upstream transcription 
factor of Snail in TMZ resistant GBM. In con-
trast, no difference of p65 binding with Snail 
promoter in A172 resistant and parental cells 
was found (Figure 4D), ruling out the function  
of p65 in modulating the Snail mRNA in TMZ 
resistant GBM cells. To confirm the role of ST- 
AT3 in modulating the expression of Snail, the 
siRNA for STAT3 was transfected into A172 
resistant cells. Silence of STAT3 abolished the 
expression of Snail in protein and mRNA level 

(Figure 4E, 4F). Depletion of STAT3 also re-sen-
sitized the A172 resistant cells to TMZ induced 
apoptosis (Figure 4E, 4G), and suppressed the 
migration and invasion of resistant cells (Figure 
4E, 4H). Therefore, our results indicated that 
STAT3 is the upstream transcription factor for 
Snail expression in TMZ resistant GBM.

Secretion of IL-6 promotes the expression of 
Snail in TMZ resistant GBM

Since secretion of IL-6 promotes Snail related 
changes in tumor cells [22], we further investi-
gated whether secretion of IL-6 contribute to 
TMZ resistant in GBM. We found that the IL-6 
secretion in recurrent GBM tumors is much 
higher than that in primary tumors (Figure 5A). 

Figure 4. STAT3 mediates the Snail expression 
in TMZ resistant GBM cells. (A) The relative Snail 
mRNA expression level in 16 pairs of primary 
and recurrent GBM tumors. (B) The relative Snail 
mRNA expression level in A172P, A172R, U87P 
and U87R cells. (C) The expression of indicated 
proteins in GBM1, GBM2, A172P, A172R, U87P 
and U87R cells. (D) The binding of STAT3 or p65 
with Snail promoter was detected by CHIP assay. 
(E) A172R cells were transfected with control or 
STAT3 siRNA, and treated with 10 µM TMZ for 
24 h. The expression of indicated proteins was 
detected by western blot. (F) The mRNA level of 
Snail in A172R cells transfected with control or 
STAT3 siRNA. (G) The apoptosis of A172R cells 
treated as in (E). (H) The cell migration and inva-
sion of A172R cells transfected with control or 
Snail siRNA. **, P<0.01.
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Similarly, the IL-6 level in TMZ resistant GBM 
cells is also higher than that in parental cells 
(Figure 5B). Treating the A172 or U87 resistant 
cell with IL-6 antibody (anti-IL6) suppressed  
the phosphorylation of STAT3, as well as the 
expression the Snail and vimentin (Figure 5C). 
Inhibition of IL-6 by anti-IL6 also suppressed 
the mRNA level of Snail (Figure 5D), as well as 
the binding of STAT3 with Snail promoter (Fi- 
gure 5E), indicating that IL-6 stimulated the 
transcription activity of STAT3 in Snail promot-
er. Furthermore, pre-treatment of anti-IL6 re-
sensitized the A172 resistant cell to TMZ in- 
duced apoptosis (Figure 5F), and suppressed 

the A172 resistant cells migration and invasion 
(Figure 5G). Collectively, our results suggest- 
ed that inhibition of IL-6 might be a strategy  
to overcome the TMZ resistance in GBM.

Anti-IL6 overcome TMZ resistance in GBM in 
vivo

To explore if TMZ resistance in GBM benefit 
from the combination treatment of TMZ and 
IL-6 inhibition in vivo. We implanted A172 pa- 
rental and resistant cells subcutaneously into 
the flanks of the BALB/c nude mice. After 7 
days, the mice were randomly divided into 6 

Figure 5. IL-6 secretion in TMZ resistant GBM cells activated the transcription of Snail by STAT3. A. The secretion 
of IL-6 in 16 pairs of primary and recurrent GBM tumors. B. The secretion of IL-6 in A172P, A172R, U87P and U87R 
cells. C. The expression of indicated proteins in A172R and U87R cells treated with 10 ng/ml IL-6 antibody. D. The 
mRNA level of Snail in A172R and U87R cells treated with 10 ng/ml IL-6 antibody. E. The binding of STAT3 with Snail 
promoter in A172R cells treated IL-6 antidody was detected by CHIP assay. F. The apoptosis in A172R cells treated 
with 10 µM TMZ with or without 10 ng/ml IL-6 antibody combination. G. The cell migration and invasion of A172R 
cells treated with 10 ng/ml IL-6 antibody. *, P<0.05; **, P<0.01.



Snail contributes to temozolomide resistance

4285 Am J Transl Res 2019;11(7):4277-4289

groups and administered an intraperitoneal 
injection of TMZ, anti-IL6, TMZ+anti-IL6, or PBS 
as a negative control (Control). 17 days later, 
the tumor from the A172 resistant cells has 
less response and lager tumor size than the 
tumors from A172 parental cells (Figure 6A, 
6B). The tumor growth was greatly suppressed 
by combined treatment of TMZ with anti-IL6, 
compared with the TMZ or anti-IL6 single treat-
ment in resistant tumors (Figure 6A, 6B). The 

caspase 3 activation in different tumors after 
treatment was also analyzed. The data showed 
that TMZ treatment actually induced cleavage 
of caspase-3 in A172 parental tumors, which 
was abrogated in A172 resistant tumors (Fi- 
gure 6C). The combination of TMZ with FLA res-
cued the caspase-3 activation in A172 resis-
tant tumor (Figure 6C). Consistently, the expres-
sion of Vimentin and Snail was higher in A172 
resistant tumors, which was reduced by anti-

Figure 6. Targeting IL-6 re-sensitized the TMZ resistant GBM to TMZ treatment in vivo. (A) Tumor growth of A172 
parental or TMZ resistant cells xenografted NOD-SCID mice (n = 5) received intraperitoneal injection of TMZ (25 
mg/kg), anti-IL6 (100 mg/kg), TMZ+anti-IL6 (25 mg/kg and 100 mg/kg respectively), or PBS as a negative control 
(Control). (B) The representative tumor in each group. (C) The expression of indicated proteins in each group of tu-
mor. (D) The TUNEL staining of tissue sections from different groups of tumors. (E) Quantification of staining in (D). 
*, P<0.05; **, P<0.01.
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IL6 treatment (Figure 6C). TUNEL staining re- 
sults indicated that the combination treatment 
can re-activate the apoptosis in A172 resistant 
tumors (Figure 6D). Therefore, inhibition of IL-6 
could re-sensitize the GBM resistant cells to 
TMZ treatment in vivo.

Discussion

Improved understanding of signaling networks 
that regulate chemoresistance in GBM has en- 
couraged the adaptation of targeted molecular 
therapies to treat GBM [23]. It was well-estab-
lished that Snail play an important role in EMT 
during both embryogenesis and tumor metas-
tasis [24]. More and more studies revealed that 
Snail mediated EMT also take effects in chemo-
resistance in various cancers, including lung 
cancer, ovarian cancer, breast cancer, et al [5, 
6, 9]. In this study, we showed a novel role of 
Snail in regulation of chemoresistance in GBM. 
We found that the expression of Snail correlat-
ed to the TMZ resistance in GBM tumors and 
cell lines, suggested that the expression of 
Snail can be a biomarker for the chemoresis-
tance in GBM. The expression of Snail in GBM 
resistant cells is modulated by STAT3, which is 
stimulated by the over secretion of IL-6. In- 
hibition of IL-6 overcomes the TMZ resistance, 
and re-sensitizes the GBM to TMZ induced 
apoptosis in vitro and in vivo. Generally, our 
data presented here provided a new mecha-
nism for TMZ resistance in GBM, and indicated 
that suppression of IL-6 might be an alternative 
method to overcome the TMZ resistance in 
GBM.

Although previous studies pointed the impor-
tant role of EMT in tumor development and 
metastasis, it may also contribute to a cellular 
ability to evade the effects of chemotherapies 
[5]. In cancer progression, EMT has been sug-
gested to regulate the invasion of tumor cells 
and facilitates metastasis by converting a non-
motile cancerous epithelial cell into a motile 
mesenchymal cell, which disseminate from the 
tumor mass and enter the circulatory or lym-
phatic system [25]. As to the drug resistance, 
EMT may rely on many of the same transcrip-
tion factors that function in embryogenesis and 
metastasis. However, the details of their regu- 
lation are largely unknown. In our study, we 
found that Snail mediated EMT is involved in 
TMZ resistance in GBM. The expression of Snail 

is relative higher in TMZ resistant GBM, and the 
TMZ resistant GBM cells showed higher per-
centage of migration and invasion. Depletion of 
Snail or inhibition its upstream effector, IL-6/
STAT3, re-sensitized the GBM resistant cells  
to TMZ treatment. Consistently, upregulation of 
Snail has been correlated with resistance to 
radiation and paclitaxel in ovarian cancer [6]. It 
was also reported that elevated Snail expres-
sion promotes glial-mesenchymal transition af- 
ter irradiation in malignant glioma, and incre- 
ases the recurrence of GBM [20]. Therefore the 
idea that the EMT gene, Snail, play a significant 
role in TMZ resistance in GBM is supported by 
previous evidence.

As to the expression of Snail, STAT3 activation 
was found to be necessary for elevated levels 
of Snail in TMZ resistant GBM. It was previous- 
ly reported that constitutive active STAT3 fre-
quently expressed in high-grade gliomas [26]. 
Increased expression of STAT3 is also found in 
adaptive TMZ resistant U87 cells [21]. Several 
anti-STAT3 agents have been discovered and 
evaluated in cultured cancer cells and in xeno-
grafts due to the potential anticancer target 
therapy of STAT3, such as the antitumor activity 
of anti-STAT3 platinum compounds, CPA1 and 
CPA7 in colon tumors [27], and AG490 in GBM 
cells [28]. One recent study also found that 
WP1066 presents better anti-proliferative effi-
cacy on U87MG malignant gliomas than AG490 
[29]. The EMT transcription factors Snail was 
also regulated by inhibition of STAT3 in murine 
Tu-2449 glioma cells [30]. In human GBM ce- 
lls, the similar regulation pattern contributed  
to TMZ resistance, decreased expression of  
the Snail can be achieved with knockdown of 
STAT3. Concomitantly, STAT3 silencing decre- 
ased the migratory and invasive behavior of the 
tumor cells, and therefore abrogated the TMZ 
resistance. Therefore, STAT3 inhibition might 
yield additional benefit beyond the arrest of dif-
fuse infiltration in GBM therapy.

IL-6 is a cytokine playing an important role in 
the inflammation, and exerts crucial effects on 
the growth of some types of cells [31]. How- 
ever, is not solely synthesized and released by 
inflammatory cells. IL-6 derived from tumor ce- 
lls is also able to regulate some pathological 
processes related to the growth, invasion and 
apoptosis of cancer cells [32, 33]. In this study, 
we found that IL-6 secretion was at a high le- 
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vel in TMZ resistant GBM, which was consistent 
with previous findings [34]. Furthermore, our 
results also revealed IL-6 secretion promotes 
the activation of STAT3 and enhanced the 
expression of Snail, which contributes to the 
TMZ resistance in GBM. Other than promoting 
the infiltration of immune cells into the tumor 
[35], IL-6 was also reported to enhance STAT3 
phosphorylation, which elevates anti-apoptos- 
is of tumor cells. It was recently reported that 
humanized anti-IL6 monoclonal antibodies ha- 
ve been evaluated in clinical trials [36], and 
demonstrated anti-tumor effect in GBM [34]. 
These data in combination with our results of 
TMZ combined with IL-6 antibody treatments in 
GBM xenografts. The antitumor effect of TMZ is 
schedule-dependent with multiple administra-
tions being more effective than a single treat-
ment. Our results suggest that IL-6 antibody 
may be useful combination choice for TMZ 
treatment against GBM.

Taken together, our data revealed a novel func-
tion of Snail in TMZ resistance in GBM. The 
modulation of Snail in TMZ resistant GBM is 
tightly controlled by IL-6/STAT3 pathway. More- 
over the expression of Snail, IL-6 might be a 
useful marker for TMZ resistance in GBM. Fu- 
ture efforts should be taken on targeting the 
IL-6/STAT3/Snail pathway, which might benefit 
the GBM chemotherapy.
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