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Effect of the STAT3 inhibitor STX-0119 on the proliferation
of a temozolomide-resistant glioblastoma cell line
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Abstract. Glioblastoma multiforme (GBM) is one of the most
malignant and aggressive tumors and has a very poor prognosis,
with a median survival time of less than 2 years. Once recur-
rence develops, there are few therapeutic approaches to control
the growth of glioblastoma. In particular, temozolomide (TMZ)-
resistant (TMZ-R) GBM is very difficult to treat, and a novel
approach to overcome resistance is eagerly awaited. Previously,
we reported a novel small molecule inhibitor of STAT3 dimer-
ization, STX-0119, as a cancer therapeutic. In the current study,
the efficacy of STX-0119 was evaluated against our established
TMZ-resistant U87 cell line using quantitative PCR-based gene
expression analysis, in vitro assay and animal experiments. The
growth inhibitory effect of STX-0119 on U87 and TMZ-R U87
cells was moderate (ICs,, 34 and 45 M, respectively). In partic-
ular, STX-0119 did not show significant inhibition of U87 tumor
growth; however, it suppressed the growth of the TMZ-R U87
tumor in nude mice by more than 50%, and prolonged the median
survival time compared to the control group. Quantitative PCR
revealed that YKL-40, MAGECI1, MGMT, several EMT genes,
mesenchymal genes and STAT3 target genes were upregulated,
but most of those genes were downregulated by STX-0119 treat-
ment. Furthermore, the invasive activity of TMZ-R U87 cells was
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significantly inhibited by STX-0119. YKL-40 levels in TMZ-R
U87 cells and their supernatants were significantly decreased by
STX-0119 administration. These results suggest that STX-0119
is an efficient therapeutic to overcome TMZ resistance in recur-
rent GBM tumors, and could be the next promising compound
leading to survival prolongation, and YKL-40 may be a possible
surrogate marker for STAT3 targeting.

Introduction

The signal transducer and activator of transcription (STAT) 3
is a point of convergence for various oncogenic signaling
pathways through protein tyrosine kinases and is constitu-
tively activated both in tumor cells and immune cells (1,2).
Furthermore, STAT3 activation promotes the production of
immunosuppressive factors mainly by the tumor itself that
induce immunoregulatory immune cells and a marked immu-
nosuppressive environment around the tumor tissue (3,4).

Glioblastoma multiforme (GBM) is one of the most malig-
nant and aggressive tumors and has a very poor prognosis, with
a mean survival time of less than 2 years even with the recent
development of temozolomide (TMZ)-based intensive treat-
ment (5,6). Once recurrence develops, there are few therapeutic
approaches to control the growth of glioblastoma. Therefore, in
particular, TMZ-resistant GBM is very difficult to treat, and a
novel approach to overcome resistance is eagerly awaited.

The activation of several signaling pathways, including
receptor tyrosine kinase (7), Akt (8), MAPK (9), Wnt (10)
and Notch and Hedgehog (11) pathways, is involved in the
progression of GBM. Importantly, constitutive activation of
the Janus kinase (JAK)/signal transducer and activator of tran-
scription (STAT) pathway contributes to tumor progression by
promoting cell proliferation and inhibiting apoptosis.

Of%-methylguanine-DNA-methyltransferase (MGMT) is
well known to remove methylation from the O° position of
guanine and contribute to TMZ resistance induction (12). It is
generally accepted that high MGMT expression through the
methylation of MGMT promoter is one of the mechanisms
responsible for TMZ resistance.



412

On the other hand, it is increasingly suggested that a
mechanism other than MGMT can trigger TMZ resistance
based on multiomics analysis. Several novel biomarkers linked
to MGMT expression and the methylation status such as the
HOX signature and EGFR expression (13), somatic mutation
of mismatch repair gene MSH6 (14), prolyl 4-hydroxylase,
B-polypeptide (P4HB), EGFR mutation (EGFRVIII) (15) and
CD74, have been reported.

Considering that STAT3 might be another target for
chemo-resistance treatment, several therapeutic agents,
including small molecules acting as STAT3 activity inhibi-
tors, have been reported to show antitumor effects through the
control of chemo-resistance. Previously, we identified a novel
inhibitor of STAT?3 dimerization, STX-0119, which exhibited
a potent antitumor effect on a human lymphoma cell line with
highly activated STAT3 and GB-stem cell lines (16). In the
present study, we investigated the effect of STX-0119 on a
TMZ-resistant glioblastoma cell line in vitro and in vivo, and
demonstrated that STX-0119 molecule significantly inhib-
ited the proliferation of even a TMZ-resistant cell line and
prolonged the survival of tumor-transplanted mice.

Materials and methods

Establishment of TMZ-resistant US87 cell line. U87 cells
were purchased from the American Type Culture Collection
(ATCC, Manassas, VA) and cultured in Dulbecco's modi-
fied Eagle's medium (DMEM) (Sigma-Aldrich, St. Louis,
MO) supplemented with 10% fetal bovine serum (FBS; Life
Technology, Carlsbad, CA), penicillin and streptomycin. The
U87 parental cell line, which is sensitive to TMZ, was first
maintained at a low dose of TMZ (5 pM) and then successively
exposed to incremental doses of TMZ (up to 150 uM). After
killing the majority of cells, surviving cells were maintained
until a normal rate of growth was obtained. The ICy, of TMZ
was evaluated by the WST-1 assay. TMZ-resistant (R) U87
cells with more than 20 passages were maintained at a dose
of 100 uM TMZ and used for in vitro and in vivo experiments.

Antibodies and reagents. Antibodies against STAT3, phos-
phospecific STAT3 (Tyr705), cleaved caspase-3, MGMT and
B-actin were purchased from Cell Signaling Technology,
Inc. (Danvers, MA) and Becton-Dickinson (BD) Biosciences
(Franklin Lakes, NJ) for western blot analysis (WB). Mouse
anti-human YKL-40 antibody was purchased from Abcam
(Cambridge, MA, USA).

Chemicals. STX-0119 was supplied by the Center for Drug
Discovery, University of Shizuoka (Shizuoka, Japan). These
compounds were suspended and diluted in a sterile 0.5 w/v%
methyl cellulose 400 cp solution (Wako, Tokyo, Japan) for use in
animal experiments. TMZ was purchased from Sigma-Aldrich.

Cell proliferation assay. Cell proliferation was examined
using the WST-1 assay (Dojin Kagaku Corp., Kumamoto,
Japan) described previously (16). Briefly, 1x10* parental
U87 or TMZ-R US87 cells were seeded into each well of a
96-well micro-culture plate (Corning Inc., Corning, NY)
and compounds ranging from 0.25 to 500 yM were added.
After 4 days, the WST-1 substrate was added to the culture
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and optical density (OD) was measured at 450 and 620 nm
using an immunoreader (Immuno Mini NJ-2300; Nalge
Nunc International, Roskilde, Denmark). The ICs, value
was defined as the dose needed for a 50% reduction in OD
calculated from the survival curve. Percent survival was
calculated as follows: (mean OD of test wells - mean OD of
background wells)/(mean OD of control wells - mean OD of
background wells) x100.

Cell invasion assay. The invasion assay using TMZ-R
U87 cells was performed on Matrigel-coated (0.33 mg/ml)
Transwell inserts with 8§ ym pore size (BD Biosciences). A
total of 500 pl cells at 2x10*/ml were added to Transwells
in triplicate, and 750 u1 DMEM containing 10% FBS was
added to the lower wells. After 12-18 h incubation, cells that
passed through the membrane were fixed and stained with
Diff-Quik II solution (Siemens AG, Erlangen, Germany).
Migrating cells were counted under a microscope. To analyze
the effect of STX-0119 on invasion activity, TMZ-R U87 cells
pre-treated with various doses of STX-0119 (0, 25, 50 and
100 #M) for 48 h were utilized in the assay.

Quantitative polymerase chain reaction (qPCR) analysis.
Real-time PCR analysis of stem cell and neuronal markers,
and STAT3 target genes using the 7500 Real-Time PCR
System (Applied Biosystems, Foster, CA) was performed
as described previously. Briefly, all PCR primers (CD24,
YKL-40, GDF15, HLA-DQA1, MAGEC1, MGMT, MMPI as
TMZ-R U87 cell-specific genes; ALDH1A1, EGFR, GFAP,
NANOG, NES, Oct3/4, SOX2 as GB stem cell markers;
FNI1, FOXC2, MMP2, SNAILI1, SNAIL2, TCF4, TWISTI,
SMAD?2 as EMT-associated genes; STAT3, FOSL2, C/EBP
as GB mesenchymal marker gene; BCL2, Survivin, c-Myec,
CXCLI10, TGFBI, P53, HIF-1a as STATS3 target genes) and
TaqMan probes were purchased from Applied Biosystems.
Parental U87 or TMZ-R U87 cells were treated with
STX-0119 or DMSO for 24 h, and total RNA was extracted.
Complementary DNA was synthesized from 100 ng total
RNA and quantitative PCR was carried using a TagMan
RNA-to-Ct 1-Step kit (Applied Biosystems).

ELISA for human YKL-40. YKL-40 levels in the supernatant
of parental U87 or TMZ-R US87 cells treated with STX-0119
were measured using human YKL-40-specific ELISA. Cells
were plated in 96-well microplates (Corning) at 4x10* cells
(200 pl cells at 2x10°/ml) per well. After cells were treated
with STX-0119, WP1066 or DMSO for 24 h, supernatants
were collected and YKL-40 levels were measured.

Western blot analysis (WB). TMZ-R U87 cells were treated
with STX-0119 or DMSO at various doses for 24 h. Cells
were lysed using RIPA buffer (Thermo Fisher Scientific
Inc., Rockford, IL) containing protease inhibitors and
phosphatase inhibitors and used for western blot analysis
as described previously. Briefly, cell lysate was subjected
to SDS-PAGE with a 7.5% polyacrylamide separating gel,
and then transferred to PVDF membranes. After blocking,
the membranes were incubated at 4°C overnight with the
primary antibody against STAT3, phosphospecific STATS3,
YKL-40 and B-actin (1:200-1:2,000) in blocking solution.
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Figure 1. Inhibitory effect of STX-0119 on the proliferation of parental and
TMZ-R U87 cell lines. (A) Parental U87 cell line, and (B) TMZ-R U87 cell
line. (0) TMZ, (8) STX-0119. Each point shows the mean of triplicate samples.

After washing, the membranes were incubated for 1 h
with horseradish peroxidase (HRP)-conjugated anti-mouse
IgG (1:5,000). Membranes were treated with ECL plus
reagent (GE Healthcare, Piscataway, NJ) and analyzed on
a chemiluminescence scanner (LAS-3000; Fujifilm, Tokyo,
Japan). Apoptosis induction in TMZ-R U87 cells treated
with STX-0119 for 24 h was investigated using a Caspase-3
Western detection kit including the primary antibody against
cleaved caspase-3 (Cell Signaling).

Animal experiments. Male nude mice (BALB/cA-nu/nu,
5-6 weeks old) were obtained from Nippon Clea (Tokyo,
Japan). All animals were cared for and used humanely
according to the guidelines for the welfare and use of animals
in cancer research, and the procedures were approved by the
Animal Care and Use Committee of Shizuoka Cancer Center
Research Institute.

Parental U87 cells (1x10°) and TMZ-R U87 cells (1x10°)
were inoculated into the flank of BALB/cA-nu/nu mice. To
evaluate the antitumor activity against subcutaneous (s.c.)
inoculated tumors, tumor volume was calculated based on the
National Cancer Institute formula as follows: tumor volume
(mm?) = length (mm) x [width (mm)]* x 1/2.

STX-0119 at doses of 40 and 80 mg/kg was administered
orally daily from day O to day 4 followed by 2 days of rest,
which was repeated three times over 21 days. TMZ at a dose
of 5 mg/kg was administered orally daily from day O to day 4.
The efficacy of compounds against human tumor cells inocu-
lated into nude mice was expressed as the mean V/V,, value and
evaluated as reported previously (16).

413

Fold change

CD24 YKL-40 GDF15 HLA-DQA1 MAGEC1 MMPI

Upregulated genes

Figure 2. Effect of STX-0119 on the expression of upregulated genes in TMZ-R
U87 cell line. TMZ-R U87 cell line was treated with 100 uM STX-0119 for
24 h. The gene expression level without STX-0119 was rated 1 as a control,
and gene expression in STX-0119-treated TMZ-R U87 cells was shown as a
fold increase using real-time PCR. Each column shows the mean + SD of four
samples. Open column, control; closed column, treated with STX-0119.

Statistical analysis. Statistical difference was analyzed using
Student's t-test. Values of P<0.05 were considered statistically
significant. For the in vivo experiment, statistical analysis was
performed with corrected P-values to compare with the untreated
control using Mann-Whitney rank-sum test, and to determine
the effect of compounds on survival of tumor-bearing mice the
log-rank test was used for Kaplan-Meier survival curves.

Results

Cell proliferation assay. The growth inhibitory effects of
STX-0119 and TMZ on parental U87 cells were similar
(STX-0119 ICs, 34 uM; TMZ 1Cs, 45 uM for U87 cells).
Whereas, the effect of STX-0119 on TNZ-R U87 was not
so different from U&7 cells; however, TMZ had no inhibi-
tory effect on TMZ-R U87 cells (STX-0119 ICs,, 43 uM;
TMZ ICs,, >500 uM for TMZ-R U87 cells) (Fig. 1).

Effect of STX-0119 on upregulated genes specific for TMZ-R
US87 cell line. Based on differential gene expression profiling
(unpublished data) between parental U87 and TMZ-R U87
cells, the upregulated genes specific for TMZ-R U87 cells
were CD24, YKL-40, GDF15, HLA-DQA1, MAGECI,
MMPI1 and MGMT were upregulated more than 10-fold and
5-fold, respectively, in TMZ-R U87 cells compared to parental
U87 cells using real-time PCR. YKL-40 and MAGECI gene
expressions were significantly decreased after treatment with
STX-0119 at 100 uM (Fig. 2).

Effect of STX-0119 on STAT3 and YKL-40 protein expressions
in TMZ-R U87 cell line. The activation (phosphorylation) of
STAT3 and upregulation of YKL-40 were identified in the
TMZ-R U87 cell line compared to the U87 cell line (data
not shown). YKL-40 mRNA was decreased by STX-0119 in
a dose-dependent manner. YKL-40 protein was markedly
downregulated in 100 xM STX-0119-treated cells, and even
in the supernatant. However, the impact of STX-0119 on
STAT3 and phosphorylated STAT3 expression was marginal
after treatment.
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Figure 4. Effect of STX-0119 on the expression of various mRNA genes of TMZ-R U87 cell line. (A) STAT3 target genes, (B) stem cell marker genes,
(C) EMT marker genes and (D) mesenchymal marker genes. TMZ-R U87 cell line was treated with 100 uM STX-0119 for 24 h. The mRNA expression level
without STX-0119 was rated 1 as a control, and gene expression in STX-0119-treated TMZ-R U87 cells was shown as a fold increase using real-time PCR.
Each column shows the mean + SD of four samples. Open column, control; closed column, treated with STX-0119.

Effect of STX-0119 on upregulated genes from various marker
groups in TMZ-R U87 cell line. Real-time PCR analysis demon-
strated that many marker gene expressions were upregulated
more than 2-fold in TMZ-R U87 cells compared to parental

U87 cells as follows: BCL2, Survivin, c-Myc, CXCL10, TGFBI,
P53, HIF-1a as STAT3 target genes; ALDH1A1, EGFR, GFAP,
NANOG, NES, Oct3/4, SOX2 as GB stem cell markers; FN1,
FOXC2, MMP2, SNAILI, SNAIL2, TCF4, TWIST1, SMAD2
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Figure 5. Inhibition of the invasion activity of TMZ-R U87 cell line by
STX-0119. TMZ-R U87 cell line was treated with various doses of STX-0119
for 48 h and then used for the invasion assay. The migrated cell number was
significantly suppressed after treatment with STX-0119 in a dose-dependent
manner. Each column shows the mean + SD of three samples. “P<0.01.

as EMT-associated genes; STAT3, FOSL2, C/EBP as GB
mesenchymal marker gene (data not shown). Several genes,
including BCL2, Survivin, CXCL10, HIF1A, GFAP,NES, FN1,
MMP2, SNAI2, TCF4 TWIST1, showed decreased expression
by STX-0119 (Fig. 4A-C). Additionally, the effect of STX-0119
on mesenchymal markers was moderate (Fig. 4D).

Impact of STX-0119 on invasion activity of TMZ-R U87
cells. TMZ-R U87 cells were shown to possess greater
invasion activity than parental U87 (data not shown). The
invasion activity of TMZ-R U87 cells was reduced STX-0119
dose-dependently. Pre-treatment of TMZ-R U87 cells with
STX-0119 at 100 M suppressed invasion activity by more
than 90% compared to the without compound (Fig. 5).

Apoptosis induction by STX-0119 in TMZ-R U87 cell line.
With regard to the cleaved caspase-3 level, its expression
increased at >50 uM STX-0119. TMZ-R US87 cells treated with
STX-0119 at 100 uM demonstrated an increase of the cleaved
caspase-3 expression in TMZ-R U87 cells (Fig. 6).

STX-0119 inhibits tumor growth of TMZ-R US87 cells
in vivo. TMZ-R U87 cell-transplanted mice showed signifi-
cant resistance to TMZ and a shorter survival time in vivo,
while parental U87 cell-transplanted mice exhibited obvious
sensitivity to TMZ. The inhibitory effect of STX-0119 on
parental U87 cells was marginal and did not show any
survival benefit compared to the control. In contrast, the
growth inhibition by TMZ on U87 cells was marked and
showed no tumor recurrence until day 42 and obvious
prolongation of survival (Fig. 7, Table I).

On the other hand, STX-0119 demonstrated a greater
growth-inhibitory effect on TMZ-R U87 cells with more
than 50% inhibition compared to the control. Additionally,
STX-0119 showed an obvious and more efficient prolonga-
tion of survival in TMZ-R U87-bearing mice compared to
the TMZ group, which exhibited no growth inhibition. These
effects of STX-0119 were identified in the 40 mg/kg group,
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Figure 6. Apoptosis induction in TMZ-R U87 cells treated with STX-0119.
TMZ-R U87 cell line was treated with various doses of STX-0119 for 24 h
and used for WB analysis of cleaved caspase-3. The protein expression level
without STX-0119 was rated as 100% for the control. Each column shows
the mean of two experiments.

but not at 80 mg/kg (Fig. 7, Table I). In addition, STX-0119
showed no adverse effects on tumor-bearing mice.

Discussion

High-grade gliomas including glioblastoma multi-
forme (GBM) are the most malignant and aggressive of
tumors, and have a very poor prognosis and a high recurrence
rate, with a mean survival time of less than 2 years even with
the recent development of an intensive temozolomide (TMZ)-
based treatment protocol. Additionally, frequent recurrence
even after chemo-radiation treatment is a crucial problem in
the clinical field, which should be overcome to extend the
overall survival of GBM.
O%-methylguanine-DNA-methyltransferase (MGMT)
is well known to remove methylation from the O position
of guanine and contribute to TMZ resistance induction.
Accumulated evidence demonstrated that high MGMT
expression through the methylation of MGMT promoter
is one of the mechanisms responsible for TMZ resistance.
However, recently, several researchers demonstrated that
major mechanisms other than MGMT are involved in TMZ
resistance. Several biomarkers linking to MGMT expression
and the methylation status, such as HOX signature and EGFR
expression, somatic mutation of mismatch repair gene MSH6,
prolyl 4-hydroxylase, 3-polypeptide (P4HB), EGFR mutation
(EGFRVIII) and CD74, have been demonstrated. With regard
to novel approaches to overcome MGMT-related resistance to
TMZ, bortezomib (BZ) as a proteasome inhibitor (17), and
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Figure 7. Inhibitory effect of STX-0119 on in vivo tumor growth of parental and TMZ-R U87 cells. Nude mice transplanted with (A) parental U87 and (B)
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Table I. Survival analysis of U87 parental and TMZ-R cell-derived tumors.

Dose Mean survival ILS Tumor-free

Compound (mg/kg) Frequency (days) (%) at 150 days
U87 parental cell tumor

Control 91.4+28.6 0 0/5

™Z 5 5p.0. QD5 >141.2+19.7 >54 4/5 (P=0.026)

STX-0119 40 15p.0. (QD5/wk) 98.6+30.6 8 0/5 (P=0.934)
U87 TMZ-R cell tumor

Control 57.6+£10.7 0 0/5

™Z 5 5p.o. QD5 53.0+7.6 -8 0/5

STX-0119 40 15p.0. (QD5/wk) 87.2+17.6 51 3/5 (P=0.021)

STX-0119 80 15p.0. (QD5/wk) 68.6+19.4 19 0/5 (P=0.145)

even inactivation of MGMT by gene therapy (18) have been
demonstrated to show moderate effects on MGMT downregu-
lation and tumor cell death.

On the other hand, a significant association between
STAT?3 signaling and GBM or GBM stem cell development and
maintenance has been demonstrated in recent studies (19-23),
which emphasizes the potential of STAT3 as a therapeutic
target. Some studies demonstrated that STAT3 is required for
the proliferation and maintenance of multipotency in GBM
stem cells through siRNA-mediated STAT3 inhibition (19).

Previously, we reported that STX-0119, a novel small
molecule inhibitor of STAT3 dimerization, showed antitumor
activity in vitro and in vivo against a highly STAT3 activated
lymphoma cell line and primary GBM stem cells (24). In
particular, STX-0119 showed a growth-suppressive effect on
even highly TMZ-resistant GBM stem cells derived from a
recurrent GB tumor. With regard to the correlation of STAT3
and TMZ resistance, novel observations have been reported.
Kohsaka et al (25) reported that STAT3 inhibition down-
regulated MGMT expression, and there was a significant



INTERNATIONAL JOURNAL OF ONCOLOGY 45: 411-418, 2014

positive correlation between the expression level of MGMT
and phosphorylated STAT3 in high-grade glioma tumors.
Villalva et al (26) demonstrated that a STAT3 inhibitor,
Stattic-mediated STAT?3 inhibition, sensitized GBM stem
cells to the inhibitory action of TMZ with a synergistic
effect. Interestingly, intratumoral hypoxia might be a
promoting factor localized in immature GBM stem cells with
high MGMT expression, with strong resistance to TMZ and
STAT3 activation in the inner core of the tumor mass (27).
This observation suggested that a combination of TMZ and
HIF-1 inhibitors may have additional antitumor effects against
GBM stem cells with TMZ resistance. Another approach to
overcoming TMZ resistance is the combination of TMZ and
interferon (IFN)-f, which is supposed to show a synergistic
antitumor effect against TMZ-resistant GBM cell lines, such
as T98G cells, through the downregulation of MGMT and
STAT3 (28,29). Motomura et al (30) reported the benefits of
IFN-B and TMZ combination therapy for newly diagnosed
GBM patients in a multicentered clinical trial; the median
survival time (MST) of the combination therapy patients
was significantly greater than the TMZ-alone group (19.9
versus 12.7 months). STAT3 inhibitor compounds including
AG490, WP1066 and Curcumin have been reported to
exhibit antitumor activity through suppression of the invasive
and migratory activity of malignant glioma cells (31-33). In
particular, WP1066 was shown to reduce intratumoral JAK?2/
STATS3 activity and prolong the survival of animals given a
GBM stem cell xenograft. However, these compounds have
not yet been reported to show antitumor activity against
TMZ-resistant GBM tumors.

Gene expression profiling, which can predict the response
to TMZ in high-grade gliomas, has also been performed.
Yoshino et al (34) reported that differential gene sets identi-
fied using a DNA microarray between TMZ-sensitive and
-resistant GBM cell lines were not causal factors in the TMZ
response besides MGMT. Our similar analysis using a DNA
microarray between TMZ-sensitive and -resistant U87 cells
demonstrated that YKL-40 and MAGECI1 genes, besides
MGMT, were identified as TMZ-resistance-specific genes
(unpublished data). The precise mechanism of YKL-40
involvement in TMZ resistance is yet to be clarified; however,
considering the downregulation of YKL-40 expression after
STX-0119 treatment, YKL-40 might be a possible surrogate
marker for STAT3 targeting TMZ-R glioblastoma.

A recent study using next-generation genome sequencing
for recurrent glioma after TMZ treatment demonstrated that
newly identified gene mutations in the recurrent tumor, prob-
ably induced by TMZ, might be driver mutations promoting
tumor growth (35). This result strongly suggests that novel
mutations are new causal factors involved in the TMZ resis-
tance mechanism in recurrent glioma after TMZ therapy.

Finally, in the current study, we established a solid
TMZ-resistant U87 cell line which showed obvious resistance
in an in vivo model and demonstrated that STX-0119 showed
a potent antitumor effect on TMZ-resistant tumors where
STX-0119 significantly prolonged MST in tumor-bearing
mice. These results suggest that STX-0119 is a potential thera-
peutic to overcome TMZ resistance in recurrent GBM tumors,
and could be the next promising compound leading to survival
prolongation. This is the first report that a STAT3 inhibitor
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small molecule compound clearly showed an anti-tumor effect
against TMZ-resistant GBM cells. Based on our new observa-
tions regarding the efficacy mechanism of STX-0119, more
efficient compound development is expected.
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