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Abstract: Aberrant expression and activation of signal transducer and activator of transcription 3 (STAT3) is im-
plicated in several malignancies, including glioblastoma, and is correlated with poor outcomes in patients with 
glioblastoma, rendering STAT3 a potential therapeutic target. However, few STAT3 inhibitors have been approved 
for clinical use. We recently developed an orally active small-molecule compound with anti-STAT3 activity, HJC0152. 
This study aimed to test the effect of this novel drug on glioblastoma cell lines, and provide possibility to improve 
clinic prognosis of patients with glioblastoma in the future. In the present study, we aimed to determine the effects 
of HJC0152 on the growth, proliferation, and chemosensitivity of glioblastoma cell lines and xenograft tumors. We 
found that HJC0152 inactivated STAT3 via inhibiting phosphorylation of the Tyr705 residue. In vitro, HJC0152 sup-
pressed the proliferation and motility of glioblastoma cells, induced apoptosis, and enhanced the chemosensitivity 
of glioblastoma cells. Furthermore, HJC0152 inhibited the growth of glioblastoma xenograft tumors in vivo. This 
study provides a rationale for developing HJC0152 as a STAT3-targeting therapy for treating human glioblastoma in 
the future.
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Introduction

Glioblastoma is the most common and ag- 
gressive form of primary malignant brain tu- 
mor. Glioblastomas are characterized by  
their rich intratumor vasculature, infiltrative 
growth, and resistance to standard therapies 
including surgery, radiotherapy, and concur- 
rent chemotherapy with temozolomide [1-3]. 
Even with comprehensive treatment, the medi-
an survival time for patients with glioblas- 
toma is only about 15 months, and fewer  
than 5% of patients with glioblastoma sur- 
vive for 5 years [4, 5]. Therefore, new mole- 
cular targets and novel therapeutic strategi- 
es aimed at these targets are urgently needed 
to improve the prognosis of patients with 
glioblastoma.

The Janus kinase (JAK)/signal transducer and 
activator of transcription 3 (STAT3) pathway is 
well known for its impact on cell growth, cell dif-
ferentiation, cell proliferation, tumorigenesis, 
and cancer progression in both physiological 
and pathological conditions [6]. When activated 
by upstream signals, tyrosines on intracellular 
JAK kinases are phosphorylated, triggering 
recruitment and phosphorylation of STAT3. 
Phosphorylated STAT3 then undergoes dimer-
ization, nuclear translocation, and DNA bind- 
ing and induces transcription of a series of 
downstream target genes. In many cancers, 
including lung cancer, gastric cancer, colon  
cancer, and breast cancer, STAT3 is highly acti-
vated and is associated with poor prognosis 
[7-10]. In glioblastoma, constitutively active 
STAT3 is involved in cellular chemosensitivity 
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[11], proliferation, and apoptosis [12] and is 
associated with poor prognosis [13, 14], sug-
gesting its potential value as a therapeutic  
target. Numerous STAT3 inhibitors have been 
developed and tested in several cancer types 
in recent years, but none of them has advanc- 
ed to approval by the Food and Drug Ad- 
ministration (FDA), primarily owing to their poor 
aqueous solubility or only moderate inhibitory 
effect [15, 16].

We recently developed a series of O-alkylami- 
no-tethered derivatives, including HJC0152, 
from niclosamide. Niclosamide is an FDA-
approved anticestodal drug with an inhibitory 
effect on STAT3 signaling [17]. HJC0152 has a 
better pharmacokinetic profile and stronger 
STAT3-inhibiting activity than does niclosamide 
[18]. In recent studies of breast cancer and 
head and neck squamous cell carcinoma cell 
lines, we demonstrated that HJC0152 treat-
ment suppressed tumor growth and invasive-
ness in vitro and in vivo [18, 19]. In this study, 
we conducted a series of experiments to deter-
mine the effects of targeting constitutively 
active STAT3 with HJC0152 on the growth, 
aggressiveness, proliferation, senescence, ap- 
optosis, and chemosensitivity of glioblastoma 
cell lines and xenograft tumors.

Materials and methods

Database analysis

We used the online tool GEPIA (gepia.cancer-
pku.cn) to analyze The Cancer Genome Atlas 
(TCGA) database to compare the expression of 
STAT3 mRNA between glioblastoma tissue and 
normal brain tissue and to determine the rela-
tionship between STAT3 expression and dis-
ease-free survival.

Reagents and cells

The structure and properties of HJC0152, 
which we synthesized, have been described in 
a previous publication [18]. The human glio-
blastoma cell lines U87, U251, and LN229 were 
obtained from ATCC. U87 and U251 cells were 
maintained in Eagle’s minimum essential medi-
um (Gibco), and LN229 cells were maintained 
in Dulbecco’s modified Eagle’s medium (Gibco) 
under humanized conditions (37°C, 5% CO2). All 
media were supplemented with 10% fetal 
bovine serum (FBS, Gibco) and penicillin (100 
U/mL)/streptomycin (100 mg/mL) (HyClone).

Cell viability assays

Cells (2000 cells/well) were seeded into 96- 
well plates and then exposed to HJC0152 
(0.01, 0.1, 1, 2, 5, 10, 20, 50, or 100 μmol/L) or 
dimethyl sulfoxide (DMSO) (1 μL/well) for 24 h. 
Cell viability was measured with MTT assays (5 
mg/mL; Sigma). Cells were incubated for 4 h, 
then the medium was removed and the MTT 
crystals were dissolved with DMSO. The absor-
bance at 490 nm was determined by using a 
microplate reader (Model 680, Bio-Rad Labo- 
ratories Ltd.). The half maximal inhibitory con-
centration (IC50) was calculated using GraphPad 
Prism 7.0 software.

Western blotting

Cells treated as above were lysed in radioim-
munoprecipitation assay buffer (Solarbio) sup-
plemented with protease and phosphatase 
inhibitors (Roche). The proteins were separated 
via 8%, 10%, or 15% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene difluoride membranes 
(Merck Millipore). The membranes were blocked 
with 5% nonfat milk in Tris-buffered saline with 
0.1% Tween 20, washed, and incubated with 
primary antibodies (1:1000) and horseradish 
peroxidase-conjugated secondary antibodies 
(1:2000). The proteins were visualized with 
enhanced chemiluminescence reagent (Ther- 
mo Fisher Scientific). The primary antibodies 
used in this study are listed in Table 1.

Migration and invasion assays

For in vitro invasion and migration assays, cells 
(20,000 cells/well for U87 and U251, 50,000 
cells/well for LN229) were seeded in serum-
free medium into Transwell inserts (Corning) 
coated with Matrigel (BD Biosciences) or left 
uncoated. The receiver plates were filled with 
medium containing 20% FBS. After incubation 
at 37°C for 16 h, cells that had penetrated 
through the pores were fixed with 4% parafor-
maldehyde (Solarbio) and stained with 0.1% 
crystal violet (Solarbio). The cells were then 
washed with phosphate-buffered saline (PBS), 
and viewed under an inverted microscope 
(DMI6000B, Leica).

Colony-formation assays

Cells (500 cells/well) were seeded in 2 mL of 
medium with 10% FBS in 6-well plates over-
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night for attachment. After incubation for 14 
days in the presence or absence of HJC0152 
(1, 2, or 5 μmol/L for U87 and 0.5, 1, or 2 
μmol/L for U251 and LN229) at 37°C, cells 
were washed twice with PBS and stained with 
0.1% crystal violet. Colonies with more than 50 
cells were counted under an inverted micro-
scope (DMI6000B, Leica).

Flow cytometry

To determine the proportion of apoptotic cells, 
cells were treated with DMSO or HJC0152 (2 or 
5 μmol/L for U87 and 1 or 2 μmol/L for U251 
and LN229), and then collected, washed twice 
with PBS, and double-stained with fluorescein 
isothiocyanate (FITC)-Annexin V and propidium 
iodide (PI) (BD Biosciences). The apoptosis rate 
was measured using flow cytometry (FACS 
Canto II, BD Biosciences).

To determine cell-cycle distribution, cells treat-
ed with DMSO or HJC0152 (2 or 5 μmol/L for 
U87 and 1 or 2 μmol/L for U251 and LN229) for 
24 h were harvested and fixed with 75% etha-
nol, washed twice with PBS, and incubated in 
PBS with PI (50 μg/mL) and RNase (100 μg/

incubated with JC-1 staining solution at 37°C 
for 20 min. Cells were then washed twice with 
PBS. When excited with argon-ion 488-nm and 
546-nm lasers, mitochondrial JC-1 monomers 
and aggregates emit green and red fluores-
cence, respectively. We estimated ΔΨm by 
comparing the relative brightness of the green 
and red fluorescence using FV-1000 laser-
scanning confocal biological microscopes (Oly- 
mpus). An increase in the green/red fluores-
cence intensity ratio was regarded as indicative 
of mitochondrial depolarization.

Establishment of xenograft model

10 four-week-old female BALB/c-nu mice were 
obtained from the Institute of Zoology of 
Concorde Blood Institute (Tianjin, China). Mice 
were randomly divided into 2 groups (5 mice  
in each group), and each mouse was injected 
subcutaneously with 2 × 106 U87 cells. After 1 
week, mice were treated with DMSO or 
HJC0152 (7.5 mg/kg) daily via intratumoral 
injection. Tumor volume and mouse body 
weight were measured and recorded every 3 
days. The mice were humanely killed after 4 
weeks of treatment, and tumors were collected 

Table 1. Primary antibodies used in this study
Primary antibodies Vendor Catalog Application
STAT3 Abcam ab119352 WB
p-STAT3 (Tyr705) Abcam ab76315 WB
p-STAT3 (Ser727) Abcam ab30647 WB
Twist1 Abcam ab50581 WB
E-cadherin Abcam ab1416 WB
N-cadherin Abcam ab18203 WB
β-Actin Abcam ab8227 WB
Vimentin Absci AB33541 WB
MMP2 Santa Cruz sc-13595 WB
MMP9 Santa Cruz sc-21733 WB
p-PI3K Cell Signaling 4228 WB
p-Akt Cell Signaling 4060 WB
Cyclin D1 Cell Signaling 2922 WB
Caspase 3 Cell Signaling 9662 WB
Bax Cell Signaling 5023 WB
p21 Cell Signaling 2947 WB
p16 Proteintech 10883-1-AP WB
Bcl-2 Proteintech 12789 WB
Cyto-C Proteintech 10993-1-AP WB
CoxIV Proteintech 11242-1-AP WB
GAPDH ZSGB-BIO TA-08 WB

mL; KeyGEN BioTECH) for 30 minutes pro-
tected from light. Cells were then sorted by 
cell-cycle phase by flow cytometry (FACS 
Canto II, BD Biosciences).

Cell senescence assays

Cell senescence induced by HJC0152  
was assessed by senescence-associated 
β-galactosidase (SA-β-gal) staining. Cells 
were seeded in a 6-well plate overnight 
and then treated with DMSO or HJC0152 
at designated concentrations for 24 h. 
SA-β-gal staining (Beyotime Biotechnology) 
was performed following the supplier’s 
instructions. SA-β-gal positive cells were 
stained blue. We captured 5 different ran-
dom vision fields in each group under an 
inverted microscope (Olympus) at 200 ×.

Mitochondrial membrane potential assays

A JC-1 probe (Beyotime Biotechnology) 
was used to detect mitochondrial mem-
brane potential (ΔΨm) depolarization. 
Cells were cultured in confocal dishes, 
treated with DMSO or HJC0152 at desig-
nated concentrations for 24 h, and then 
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and weighed. All animal study protocols were 
approved by the Institutional Animal Care and 
Use Committees of The University of Texas MD 
Anderson Cancer Center and Tianjin Medical 
University Cancer Institute and Hospital.

Statistical analysis

All experiments were repeated at least 3 times. 
Data are shown as mean ± SD. Differences 
between treatment groups were assessed 
using 2-tailed Student t-tests. SPSS software 
(version 17.0) was used for the statistical an- 
alyses. Graphs were illustrated by GraphPad 
Prism 6 (La Jolla, USA), in which *, **, *** and 
**** indicated P < 0.05, P < 0.01, P < 0.001, P 
< 0.0001, respectively. A P value < 0.05 was 
considered statistically significant. 

Results

HJC0152 inhibits constitutive STAT3 activation 
in glioblastoma cells

We mined the TCGA database using GEPIA and 
found that STAT3 mRNA was highly expressed 
in glioblastoma tissues and that high levels of 
STAT3 mRNA in tumor tissue were associated 
with poor prognosis in patients with glioblasto-
ma (Figure 1A, 1B). MTT assays determined 
that the IC50 values of HJC0152 in U87, U251, 
and LN229 glioblastoma cells were 5.396 μM, 
1.821 μM, and 1.749 μM, respectively (Figure 
1C). When cells were treated with HJC0152 at 
the IC50 for 24 h, the phosphorylation level of 
STAT3 at Tyr705 was markedly reduced in all 3 
glioblastoma cell lines, while the expression of 

Figure 1. STAT3 expression in glioblastomas and glioblastoma cell lines and its relationship with disease-free sur-
vival (DFS). (A) TCGA data confirmed that expression of STAT3 increased in glioblastoma tissues. (B) Kaplan-Meier 
curves comparing DFS in glioblastoma patients with low or high STAT3 expression in tumors. (C) Percentage of 
surviving cells after treatment with HJC0152 for 24 h, as determined by MTT assay. IC50 was also calculated. Error 
bars represent the standard deviation. (D) Western blots showing protein levels of STAT3 and p-STAT3 at Tyr 705 
and Ser 727 residues. PI3K pathway molecules are also shown for reference. Three independent experiments were 
performed; representative results are shown for (C and D). *P < 0.05. 



HJC0152 exerts antitumor activity in glioblastoma

703 Am J Cancer Res 2019;9(4):699-713

total STAT3 and the level of STAT3 phosphoryla-
tion at Ser727 was not affected (Figure 1D). In 
addition, phosphorylation of PI3K and Akt, 
which are thought to be upstream proteins of 
STAT3, was affected by HJC0152. As shown in 
Figure 1D, expression levels of p-PI3K (Tyr458) 
and p-Akt (Ser473) were reduced in HJC0152-
treated cells.

HJC0152 suppresses migration and invasion 
in glioblastoma cells

The effect of HJC0152 on migration and inva-
sion in glioblastoma cell lines was measured 
with Transwell assays. We found that HJC0152 
exposure significantly impaired the migration 

and invasion of U87, U251, and LN229 cells  
(P < 0.01) (Figure 2A, 2B). Because studies 
have shown that epithelial-mesenchymal tran-
sition (EMT) is an important mechanism of  
cell migration and tumor metastasis that is rel-
evant to clinical outcomes [20, 21], we de- 
termined the expression of key biomarkers of 
EMT in glioblastoma cell lines upon treatment 
with HJC0152. As shown in Figure 2C, expres-
sion levels of Twist1, vimentin, N-cadherin, and 
matrix metalloproteinases (MMP) 2/9 were 
reduced after treatment with HJC0152, where-
as expression of E-cadherin was increased. 
Taken together, these results suggest that 
HJC0152 inhibited EMT and suppressed the 
motility of glioblastoma cells in vitro.

Figure 2. HJC0152 suppresses invasive-
ness of glioblastoma cell lines. (A, B) Repre-
sentative photomicrographs (A) and quanti-
fication (B) of migration (top) and invasion 
(bottom) of U87, U251, and LN229 cells 
treated with HJC0152 or DMSO (control). 
Cells were stain with 0.1% crystal violet (So-
larbio). Maganificaion × 100. (C) Represen-
tative Western blots showing protein levels 
of EMT-associated biomarkers in HJC0152- 
or DMSO-treated cells. Three independent 
experiments were performed. **P < 0.01; 
***P < 0.001; ****P < 0.0001.
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HJC0152 inhibits proliferation and induces 
senescence in glioblastoma cells

Colony-formation assays were used to assess 
glioblastoma cells’ capacity for survival and 
proliferation in the presence of HJC0152. In 
these assays, cells treated with HJC0152 
formed significantly fewer and smaller colonies 
than did control cells treated with DMSO. 

HJC0152 inhibited proliferation of all 3 glioblas-
toma cell lines in a concentration-dependent 
manner (P < 0.01) (Figure 3A, 3B). We next 
used flow cytometry to determine the mecha-
nism by which HJC0152 inhibited cell prolifera-
tion. As shown in Figure 3C, 3D, the percentage 
of cells in G1 phase increased after 24 h of 
HJC0152 treatment in U87, U251, and LN229 
cells. Western blotting of cell-cycle markers 

Figure 3. HJC0152 inhibits the growth of glioblastoma cells. (A, B) Representative images (A) and quantification (B) 
of colony-formation assays of U87, U251, and LN229 cells treated with the indicated concentration of HJC0152 
or DMSO (control). (C, D) Flow cytometry results showing cell-cycle distribution of glioblastoma cells treated with 
HJC0152 or DMSO. (E) Representative Western blots showing expression of Cyclin D1 and p21 in DMSO- or HJC0152-
treated cells. Three independent experiments were performed. **P < 0.01; ***P < 0.001; ****P < 0.0001.
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detected a remarkable decline in the expres-
sion of cyclin D1 and an increase in p21 expres-
sion upon HJC0152 treatment (Figure 3E). 

We next employed SA-β-gal staining to assess 
the rates of glioblastoma cell senescence 
induced by HJC0152. Compared to DMSO-
treated cells, HJC0152-treated U87, U251, and 
LN229 cells displayed significantly elevated 
SA-β-Gal activity (P < 0.001; Figure 4A, 4B), 
indicating increased cell senescence. Finally, 
we analyzed changes in p16 expression, which 
regulates G1-S transition, upon HJC0152 treat-

ment. We found that p16 levels were higher in 
HJC0152-treated cells than in DMSO-treated 
cells (Figure 4C). Taken together, these results 
indicate that HJC0152 inhibits the proliferation 
of glioblastoma cells by arresting cells in G1 
phase and inducing cell senescence. 

HJC0152 induces apoptosis in glioblastoma 
cells

We employed FITC-Annexin V/PI staining to 
compare rates of apoptosis in DMSO- and 
HJC0152-treated glioblastoma cells. HJC0152 

Figure 4. HJC0152 induces senescence of glioblastoma cells. (A, B) Representative photomicrographs (A) and quan-
tification (B) of induction of senescence in glioblastoma cells by HJC0152, assessed by SA-β-gal staining. Magani-
ficaion × 100 (C) Western blots showing expression level of p16. Three independent experiments were performed. 
***P < 0.001; ****P < 0.0001.
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treatment induced apoptosis in U87, U251, and 
LN229 cells in a concentration dependent-
manner (P < 0.05) (Figure 5A, 5B). Furthermore, 
Western blotting of apoptosis-associated pro-
teins showed lower expression of B-cell lym-
phoma 2-family protein (Bcl-2) and elevated 
Bcl-2-associated X protein (Bax) in HJC0152-
treated cells. In addition, loss of pro-caspase 3 

and gain of cleaved caspase 3 expression were 
observed after HJC0152 treatment (Figure 5C). 

The loss of ΔΨm is considered to be an early 
event in apoptosis [22]. We used a JC-1 fluo- 
rescent probe to detect ΔΨm to estimate the 
effect of HJC0152 on mitochondrial apoptosis 
in glioblastoma cells. As shown in Figure 6A, 

Figure 5. HJC0152 induces apoptosis of glioblastoma cells. A, B. Annexin V/propidium iodide (PI) staining showing 
rates of apoptosis after treatment with the indicated concentrations of HJC0152 or DMSO (control). C. Western blots 
showing expression levels of apoptosis-associated proteins. Three independent experiments were performed. *P < 
0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.

Figure 6. HJC0152 induces loss of mitochondrial membrane polarization and translocation of Bax and cytochrome 
C in glioblastoma cells. A. A JC-1 probe was used to detect changes in mitochondrial membrane polarization in U87, 
U251, and LN229 cell lines. Maganificaion × 200. B. Western blots showing protein translocation in mitochondria 
extracted from glioblastoma cells treated with HJC0152 or DMSO (control). Three independent experiments were 
performed. CYTO, cytoplasm; MITO, mitochondria; Cyto C, cytochrome C.
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exposure to HJC0152 for 24 h led to dra- 
matic reductions of ΔΨm in all 3 cell lines. 
Because loss of ΔΨm is related to recruitment 
of Bax to the mitochondria and leads to out- 
flow of cytochrome C to the cytoplasm, we  
separated the mitochondria from the cyto-
plasm and measured the abundance of Bax 
and cytochrome C in the cytoplasm and mito-
chondria of DMSO- and HJC0152-treated cells. 
Western blot assays demonstrated that more 
Bax bound to mitochondria and more cyto-
chrome C escaped to the cytoplasm in HJC- 
0152-treated cells than in DMSO-treated cells 
(Figure 6B), a phenomenon that characterizes 
early apoptosis. Collectively, these results sug-
gest that HJC0152 induces mitochondria-asso-
ciated apoptosis in glioblastoma cells in vitro.

HJC0152 increases cisplatin’s cytotoxicity in 
glioblastoma cells

To assess the effect of HJC0152 and cisplatin 
used in combination, U87, U251, and LN229 
cell lines were treated with cisplatin alone or 
with a combination of HJC0152 and cisplatin. 
We then determined the IC50 for cisplatin. cis-

platin alone inhibited the growth of glioblasto-
ma cells and addition of HJC0152 further sen-
sitized the cells to cisplatin. As shown in Figure 
7A, the IC50 values of cisplatin in U87, U251, 
and LN229 cell lines were 10.37 μM, 10.84 
μM, and 22.45 μM, respectively. After preincu-
bation with HJC0152 for 6 h, the IC50 of cispla-
tin in these cell lines dropped to 3.488 µM, 
3.885 μM, and 5.966 μM, respectively. Addition 
of HJC0152 to cisplatin also increased the 
inhibitory effect of cisplatin on the colony-form-
ing capacity of glioblastoma cells. Figure 7B, 
7C show that treatment with cisplatin alone 
approximately halved the number of colonies 
formed, while addition of HJC0152 further 
reduced the number of colonies.

HJC0152 suppresses glioblastoma tumor 
growth in vivo

To evaluate HJC0152 as a potential therapeutic 
agent for patients with glioblastoma, we estab-
lished a U87 xenograft tumor model. In this 
model, HJC0152 demonstrated a potent sup-
pressive effect on tumor growth. Both tumor 
volume and weight were significantly lower in 

Figure 7. HJC0152 sensitizes U87, U251, and LN229 glioblastoma cells to cisplatin. (A, B) Percentage of surviving 
cells (A) and representative images of pretreatment of U87, U251, and LN229 cells with HJC0152 for 6 h at IC50 
concentrations. (C) Results of colony-formation assays showing cisplatin inhibition of growth of glioblastoma cells in 
the presence of HJC0152. Three independent experiments were performed. **P < 0.01; ***P < 0.001.
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mice that had been treated with HJC0152 than 
in DMSO-treated mice (P < 0.05) (Figure 8A-D). 
Furthermore, HJC0152 administration did not 
cause significant loss of body weight in tumor-
bearing mice over the duration of the experi-
ment (Figure 8E). These results demonstrate 
that HJC0152 has strong antitumor effects and 
minimal toxicity.

Discussion

In this study, we present evidence that HJC- 
0152, a novel STAT3 inhibitor, inhibits the gr- 
owth and motility of glioblastoma cells, induc- 
es senescence and apoptosis of glioblastoma 

HJC0152 treatment impairs cellular motility 
and reverses EMT in glioblastoma cells. Twist1 
is a basic helix-loop-helix transcription factor 
involved in EMT and invasion in glioblastoma by 
upregulating expression of Snail2, HGF, FAP 
and FN1 [30]. Vimentin, as a member of the 
intermediate filament family, participates in 
modulating the motility and invasion of cancer 
cells and is often used as a marker of EMT [31]. 
In glioblastoma, vimentin expression is nega-
tively associated with patient prognosis [32]. 
Cadherin modulation is part of the oncogenic 
EMT program; in this process, cells gain 
N-cadherin and lose E-cadherin [33]. MMP2 
and MMP9, which are known to play an essen-

Figure 8. HJC0152 suppresses the growth of glioblastoma xenograft tumors 
in vivo. A. Photographs showing tumors in HJC0152- and DMSO-treated mice. 
B. Harvested xenograft tumors from HJC0152- and DMSO-treated mice. C. 
Comparison of tumor weight in HJC0152- and DMSO-treated mice. D. Growth 
in tumor volume in HJC0152- and DMSO-treated mice. E. Body weight of 
experimental animals. *P < 0.05; **P < 0.01.

cells in vitro, and suppress 
es the growth and progres-
sion of glioblastoma xenograft 
tumors in vivo. 

HJC0152 is a novel O-alkyla- 
mino-tethered derivative from 
niclosamide, which is a mod-
erate STAT3 inhibitor but has 
poor solubility in water [18]. 
HJC0152 has better antican-
cer activity and approximately 
680-fold better aqueous solu-
bility than does niclosamide, 
making HJC0152 a promising 
candidate for future clinical 
translation. 

In this study, we verified that 
HJC0152 inhibits STAT3 acti-
vation in glioblastoma cell 
lines. In particular, HJC0152 
inhibits phosphorylation of 
STAT3 at Tyr705 in the SH2 
domain, a hallmark of STAT3 
activation that is essential not 
only for STAT3 dimerization, 
but also for STAT3-DNA bind-
ing [15, 23]. Once inhibited, 
STAT3 was no longer able to 
function normally to join in  
the transcription of its target 
genes, such as cyclin D1, Bcl-
2, survivin, Twist1, vimentin, 
and MMP2/9 [24-29]. 

Several of STAT3’s down-
stream proteins are involv- 
ed in EMT and cellular motili-
ty. We demonstrated that 
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tial role in cancer invasion and metastasis, are 
often overexpressed in aggressive brain tumors 
and act as negative prognostic factors [34-37]. 
Thus, we conclude that HJC0152 disrupts EMT 
in glioblastoma cells by impairing transcription-
al activity of STAT3 and downregulating expres-
sion of STAT3 downstream target genes.

Our results also demonstrate that HJC0152 
suppresses proliferation and induces senes-
cence of glioblastoma cells, with corresponding 
alterations in biomarkers of these processes. 
Cyclin D1 and p21 mediate G1-S phase cell 
cycle progression. When cyclin D1 decreases 
and p21 increases, cells are arrested in G1 
phase [38, 39]; our Western blot and flow 
cytometry results are consistent with this. 
Cellular senescence characterized by the loss 
of proliferation ability in viable, metabolically 
active cells, even when sufficient nutrients and 
mitogens are available. Studies have proved 
that the program of senescence contributed  
to the outcome of cancer therapy [40]. STAT3 
regulates senescence via several mecha- 
nisms that depend on the cellular context [41]. 
For example, in normal human fibroblast TIG3 
cells, STAT3 promoted premature senescence 
via the STAT3-IGFBP5 axis [42]. However, in 
HCT116 human colon cancer cells and murine 
breast cancer cells, inactivation of STAT3 
caused a senescent phenotype [43, 44]. In 
addition, interleukin-6, a stimulator of the JAK/
STAT3 pathway, was shown to possess antise-
nescence activity in the tumor microenviron-
ment [45]. In our study, inhibition of STAT3 
induced senescence in glioblastoma cells and 
promoted the expression of p16, a protein con-
trolling the G1-S transition and a marker of 
senescence [46]. 

We also determined the mechanism by which 
treatment with HJC0152 induces apoptosis in 
U87, U251, and LN229 glioblastoma cells. In 
the presence of HJC0152, expression of Bcl-2 
was reduced and that of Bax was elevated, and 
more caspase 3 was cleaved. Moreover, we 
observed that HJC0152 treatment increased 
mitochondria-associated apoptosis. Mitocho- 
ndria are the master regulatory site of cell-
death signaling. When cellular homeostasis is 
disrupted by detrimental environmental sig-
nals, mitochondria trigger apoptosis [47]. Bax 
translocation and cytochrome C release are 
key upstream molecular events of apoptosis. 
Bax and other proapoptotic proteins contribute 

to outer-membrane permeabilization by inter-
acting with voltage-dependent anion channels, 
leading to the collapse of ΔΨm, release of cyto-
chrome C into the cytosol, and activation of 
caspases [48-51]. We observed both Bax trans-
location to mitochondria and cytochrome C 
release to the cytoplasm following HJC0152 
treatment. Furthermore, Δψm was significantly 
depolarized. 

We also demonstrated that HJC0152 improves 
glioblastoma cells’ sensitivity to treatment with 
cisplatin, an effective antitumor drug that has 
been employed to treat a wide range of solid 
tumors [52] and is used as an adjuvant the- 
rapy in gliomas [53]. Glioblastomas generally 
respond poorly to chemotherapy, including  
cisplatin-based regimens [54]. We found that 
the IC50 of cisplatin was lower in HJC0152-
pretreated glioblastoma cells and that the com-
bination of HJC0152 and cisplatin synergisti-
cally inhibited cell growth compared with cispl-
atin treatment alone.

Our glioblastoma xenograft tumor model fur-
ther confirmed the therapeutic potential of 
HJC0152. Tumors treated with HJC0152 grew 
much more slowly than did those treated with 
DMSO, demonstrating that HJC0152 has po- 
tent anticancer activity towards glioblastoma 
xenograft tumors. During the period of treat-
ment, the body weight of the mice did not vary 
significantly, suggesting that HJC0152 has an 
acceptable toxicity profile in vivo. Although we 
employed intratumoral injection of HJC0152 in 
these experiments, orally administered HJC0- 
152 inhibited the growth of xenograft tumors in 
a previous study, demonstrating the bioavail-
ability of this agent [18]. 

Although HJC0152 pithily experts anti-tumor 
activity in glioblastoma and has been shown  
to inhibit the growth of several other types  
of cancer [18, 19, 55], the molecular mecha-
nisms by which HJC0152 exerts its antican- 
cer efficacy via STAT3 still remain to be explor- 
ed. Moreover, it is not certain if this drug  
specifically acts on STAT3, or it harasses ot- 
her signaling pathways as well. More details of 
how HJC0152 effects on the organism is wor-
thy of being further studied in the coming 
future.

In conclusion, the anticancer activity and bio-
availability of HJC0152 makes it a promising 
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new therapy for patients with glioblastoma.  
Our study provides a rationale for develop- 
ing HJC0152 as a novel therapy for patients 
with invasive, progressive, and metastatic 
glioblastoma.
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