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Abstract: Bladder cancer is the most common malignancy of various heterogeneous tumor types which occur in
the mucous membrane of urinary bladder. Celastrol is a bioactive natural product with anti-cancer anti-oxygenation
and anti-angiogenesis functions. In this study, human bladder cancer cell line 5637 cells were treated with various
concentrations of celastrol (0, 1, 2 and 4 uM) and evaluated for cell proliferation, apoptotic rate and cell cycle distri-
bution. CCK8 assay showed inhibited cell proliferation of 5637 cells. Besides, induced cell apoptosis and arrested
cell cycle were detected by using flow cytometry. Further, Western blot analysis was conducted to explore possible
mechanisms involved. Increased Bax along with decreased Bcl-2 and survivin indicated the induced apoptosis
through generated ROS and disturbed MMP in 5637 cells. Nuclear translocation showed declined NF-kB in nucleus,
indicating the inactivated NF-kB and inhibited Bcl-2, resulting in the apoptosis of 5637 cells. Decreased expression
level of JAK2 and STAT3 indicated the blocked JAK2/STAT3 signaling pathway, corresponding to the induced cell
apoptosis and arrested cell cycle. In addition, down-regulated MMP9, VEGF and VEGFR2 suggested the inhibition
ability of celastrol in angiogenesis. In conclusion, we demonstrated the inhibitory ability of celastrol in cell viability
of human bladder cancer cell line 5637 cells. Our study suggested a promising anti-cancer agent and provided reli-
able data for in vivo study.
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Introduction tivities [3]. Celastrol is a kind of effective pro-
teasome inhibitors. It was demonstrated to
induce cell apoptosis through the inhibition of
proteasome activity. Current study indicates its
strong anti-oxygenation and anti-angiogenesis,
which bestows value on celastrol as a bioactive
natural product [4]. Efficacy research of celas-
trol has achieved in anti-cancer and nervicere-
brales [5] mouse. In this study, we explored the
anti-cancer effect of celastrol on human blad-
der cell line 5637 cells and investigated the
possible mechanisms involved.

Bladder cancer is the most common malignan-
cy of various heterogeneous tumor types which
occur in the mucous membrane of urinary blad-
der. Bladder cancer can rise at any age, even in
child. Bladder urothelial carcinoma (BUC) inc-
ludes non-muscular-invasion BUC (NMIBUC)
and muscular-invasion BUC (MIBUC) [1]. At the
current stage, treatment of NMIBUC is mainly
electrocision of bladder tumor with irrigation of
bladder. Patients suffered MIBUC usually re-
ceives surgery with chemotherapy. However,
the recurrence of NMIBUC and low effective
rate of chemotherapy (40%-65%, approximate-
ly) still remain as an intractable issue [2].
Therefore, a new molecular marker for early
diagnosis and treatment in clinic is needed
currently.

Methods and materials
Cell culture

Human bladder cancer cell line 5637 cells were
cultured in RMPI-1640 containing 10% FCS and
Celastrol extracted from Tripterygium wilfordii 1% 100x mycilin. Cells were incubated in 5%
Hook. f. is a natural product with various bioac- CO, at 37°C for CCK8 and Western blot assay.
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Further, for flow cytometry analysis, cultured
5637 cells were digested and transferred into
six-well plates at 3x10° cells/well. RMPI-1640
containing different concentrations of celastrol
(O for negative control, 1, 2 and 4 yM) were
added into each well, respectively. After the
incubation for another 48 h, cultured 5637
cells were formed single cell by 0.25% trypsin
and washed by 10% PBS, followed by the cen-
trifugation at 1000 RCF for 5 min. Then cells
were prepared for following analysis.

CCK8 assay

Cultured 5637 cells treated with different con-
centrations of celastrol (0, 0.5, 1, 2, 4 and 6
uM) were mixed with 100 yL serum-free RMPI-
1640 containing 10% CCK-8 (Dojindo Biochem)
and incubated in 5% CO, at 37°C for 1 h. The
0D, of cell suspension was measured using
a spectrophotometer at 0, 6, 12, 24, and 48 h
after the treatment of celastrolin order to evalu-
ate the cell viability of 5637 cells.

Flow cytometry analysis

The supernatant of centrifuged cells was dis-
carded and then the cells were incubated with
Annexin-V fluorescein isothiocyanate (FITC) ap-
optosis detection Kit (BD Biosciences) for 10
min at room temperature without light. Cell
apoptotic rate was measured and the data was
obtained using flow cytometry.

Further, cells were collected and resuspended
with dyeing buffer containing 50 yM Dihydroe-
thidium (Wegelasi Biotehnology Co., Ltd). Then
ROS was measured by flow cytometry (FACSC
alibur, BD Biosciences). On the other hand, col-
lected cells were resuspended at the cell con-
centration of 1x10%/ml using dyeing buffer con-
taining 1% Tetramethylrhodamine methyl ester
(TMRM, immunochemistry technologies). After
the incubation at 37°C for 20 min without light,
cells were washed with PBS and measured the
MMP by flow cytometry.

In addition, prepared 5637 cells were digested
and washed, followed by 70% pre-cooled etha-
nol for 12 h and RNA was removed by using 1
mg/ml RNaseA. Then cells were stained with
propidium iodide (PI) for 10 min and the DNA
content was measured using flow cytometry so
as to determine the proportion of cells in each
stage of cell cycle.
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Western blot assay

The cells were seeded at 3x10° cells/well in six-
well plates and duplicated wells were treated
with celastrol at O (for negative control), 1, 2
and 4 uM. The expression level of NF-kB p65,
JAK2 and STAT3 were measured by using We-
stern bolt assay at 3 h after the incubation,
while those of VEGF, VEGFR2, MMP9, Bcl-2, Bax
and Survivin were analyzed on 48 h, respec-
tively. Cell lysates were prepared in Mg?* lysis
buffer. Total protein concentration in each sam-
ple was assayed by the BCA method (thermo,
USA). Aliquots (20 mg total protein) of each sa-
mple were then loaded on 10% sodium dodecy-
Isulphate (SDS)-polyacrylamide gels and after
electrophoresis, the proteins were transferred
onto a nitrocellulose blotting membrane (milli-
pore, USA) and immunoblotted with specific
antibodies and incubated at 4°C overnight. The
membranes were then washed and incubated
with horseradish peroxidase conjugated anti-
JAK2 (Abcam), p-JAK2 (Abcam), STAT3 (CST),
p-STAT3 (Abcam), VEGF (Abcam), VEGFR2
(Abcam), MMP9 (Abcam), surviving (CST), Bcl-2
(Santa), Bax (Santa), NF-kB p65 (Abcam), H3
(CST) and GAPDH (CST) antibodies for 1 h at
room temperature and then washed and devel-
oped according to enhanced chemilumines-
cence protocols (ECL, millipore, USA). The films
of Western blotting were then scanned by using
a Bio-Rad imaging densitometer (ModelGS-700)
Tanon-5200 and the densities of the bands
were semi-quantified using Quantity One 4.2.1
software. The membranes were incubated with
5% skim milk in TBST for 1 h. Then, they were
incubated with rabbit anti-HO-1 (1:500 dilu-
tions) primary antibody overnight at 4°C, fol-
lowed by incubation with HRP-conjugated anti-
rabbit 1gG (Beyotime) for 1 h, respectively.
Immunoreactive bands were detected using an
ECL detection kit, and an LAS-4000mini sys-
tem (Fujifilm Corporation, Kumamoto, Japan)
was used for visualization.

Statistical analysis

Data were expressed as mean * standard devi-
ation of at least three independent replicates
and analyzed using t-test. GraphPad Prism 5.0
(San Diego, CA, USA) software was used to per-
form the analysis of data. Differences were
considered significant at values of P<0.05.
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Figure 1. Celastrol inhibits the cell viability of 5637 cells detected by CCK8
in 5637 cells treated with different con-
centrations of celastrol indicated the inhibited cell proliferation due to celas-
trol a time- and dose-dependent manner. *P<0.05, **P<0.01, ***P<0.001,

assay. The measurement of 0D,

compared to the control group. n=3.

Results
Celastrol inhibited cell proliferation

5637 cells treated with celastrol were perfor-
med for CCK8 assay to measure the cell viabil-
ity which was shown in Figure 1. As the result,
the cell proliferation of 5637 cells treated with
6 UM celastrol presented significant difference
at 6, 12, 24, and 48 h (P<0.05 and P<0.001,
respectively) compared to the control (0 uM
celastrol), indicating that the cell viability of
5637 cells inhibited by celastrol with a time-
dependent manner. Besides, 5637 cells treat-
ed with various concentrations of celastrol (0.5,
1, 2, 4 and 6 uM) showed declined cell prolif-
eration rate dose-dependently.

Celastrol induced cell apoptosis

Flow cytometry was used to evaluate the cell
apoptosis in 5637 cells after the treatment of
celastrol (Figure 2A). The apoptosis rate was
calculated from the percentages of early apop-
totic cells presented in the lower right quadra-
nt of the histograms. Significant difference was
detected in celastrol groups compared with
the control (P<0.05 and P<0.001, respectively,
n=3). Compared to the negative control group,
the cell apoptotic rate in 5637 cells treated
with 1 and 2 yuM of celastrol increased signifi-
cantly (P<0.001, n=3), indicating the induced
cell apoptosis by caused by celastrol.
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Celastrol arrested cell cycle

*kk

The cell cycle distribution of
5637 cells was measured by
using flow cytometry. As the
result shown in Figure 2B, the
cell count in each stage was
presented visually and the
cell circle distribution was cal-
culated. According to the re-
sults, the percentage of G2
phase in the celastrol treated
5637 cells dropped signifi-
cantly from 28.94+1.77% to
19.34+2.81% (P<0.001, n=3)
compared with the control
group, while that of cells in G1
phase showed an increase
from 47.67+2.65% to 62.17+
2.45% (P<0.001, n=3), indi-
cating the arrested cell cycle at G1 phase in
5637 cells after the treatment of celastrol.

48

Generated ROS and disturbed MMP

As shown in Figure 2C, the fluorescence inten-
sity of celastrol treated cells was detected
much higher than that of controlled cells (P<
0.001, n=3), indicating the high level of ROS
content in celastrol treated cells. In addition,
declined fluorescence intensity shown in Figure
2D indicated the disturbed MMP in celastrol
treated 5637 cells (P<0.001, n=3). Generated
ROS and disturbed MMP induced cell apoptosis
in 5637 cells, according with the result of flow
cytometry.

Western blot analysis

As the results shown in Figure 3A and 3D, the
expression level of JAK2 and STAT3 decreased
dose-dependently with significant difference
compared to the control (P<0.001, n=3). Ang-
iogenesis related proteins VEGF and VEGFR2
declined with a dose-dependent manner com-
pared to the control group (Figure 3B and 3E,
P<0.001, n=3), as well as MMP9 (P<0.001,
n=3). Besides, the down-regulated level of
Bcl-2 and Survivin, and the up-regulated Bax
level corresponded to the result of cell apopto-
sis analysis (Figure 3B and 3E, P<0.001, n=3).
Further, decreased expression level of NF-kB
presented significant difference between celas-
trol treated groups and control (Figure 3C and
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Figure 2. Flow cytometry analysis was performed in 5637 cells to detect cell apoptosis, cell cycle, generated ROS and declined MMP. A. The early apoptotic cells
discriminated using Annexin V/Pl double staining were shown in the lower right quadrant of the cross coordinates. Cell apoptotic rate of 5637 cells induced by celas-
trol showed a dose-dependent manner. "P<0.05, ""P<0.001, compared to the control group. #P<0.05, ##P<0.001, compared to the negative control group. n=3.
B. Cell cycle distribution of 5637 cells was measured by using Pl stain assay and flow cytometry after the treatment of celastrol. Increased cells in G1 phase indi-
cated that cell cycle of 5637 cells were arrested in G1 phase dose-dependently. “P<0.05, “"P<0.01, “"P<0.001, compared to the control group. #*P<0.05, #P<0.01,
##P<(0.001, compared to the negative control group. n=3. C. The fluorescence intensity measured by using Dihydroethidium showed a significant increase in 5637
cells with a dose-dependent manner. “*P<0.001, compared to the control group. ##P<0.001, compared to the negative control group. n=3. D. The level of MMP in
5637 cells decreased dose-dependently after the treatment of celastrol. ""P<0.01, "**P<0.001, compared to the control group. #P<0.01, ##P<0.001, compared to
the negative control group. n=3.
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Figure 3. Western blot assay was performed in 5637 cells. A and D. Down-regulated expression level of JAK2 and
STAT3 were measured by using western blot after the treatment of celastrol for 3 h. "P<0.05, **P<0.01, *"P<0.001,
compared to the control group. ¥P<0.05, #P<0.01, ##P<0.001, compared to the negative control group. n=3. B and
E. Western blot assay was carried out to measure the expression levels of VEGF, VEGFR2, MMP9, Bcl-2, survivin and
Bax in 5637 cells after the treatment of celastrol for 24 h. "P<0.05, ""P<0.01, ""*P<0.001, compared to the control
group. *P<0.05, #P<0.01, #¥P<0.001, compared to the negative control group. n=3. C and F. Expression level of NF-
kKB was measured to evaluate nuclear translocation. "P<0.05, ""P<0.01, compared to the control group. #P<0.01,

###P<0.001, compared to the negative control group. n=3.

3F, P<0.001, n=3), as well as negative control
(P<0.001, n=3). Inactivated NF-kB led to the
declined Bcl-2, resulting in the induced cell
apoptosis.

Discussion

Current studies suggested that natural prod-
ucts harbor promising potential in the treat-
ment of various disease and cancer. Celastrol
extracted from Tripterygium wilfordii Hook. f. is
a natural product with various bioactivities.
Celastrol is a kind of effective proteasome
inhibitors which was demonstrated to induce
cell apoptosis through the inhibition of protea-
some activity [5] mouse. Current study indi-
cates its strong anti-oxygenation and anti-
angiogenesis, which bestows value on celastrol
as a bioactive natural product [6]. It was report-
ed that celastrol enhances Nrf2 mediated anti-
oxidant enzymes and exhibits anti-fibrotic ef-
fect through regulation of collagen production
against bleomycin-induced pulmonary fibrosis
[7]. Besides, efficacy research of celastrol has
achieved in anti-cancer and nervicerebrales
[8]. Previous study demonstrated the inhibition
effect of celastrol on human cancer cell lines
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MCF-7 and PC3 through inhibiting inducible
miR-223 further reduces viable cells [9]. In this
study, we demonstrated that celastrol inhibited
cell proliferation, induced cell apoptosis and
arrested cell cycle distribution of human uri-
nary bladder cancer cell line 5637 cells through
blocked JAK2/STAT3 signaling pathway, reveal-
ing the anti-cancer ability of celastrol.

The expression of apoptotic related proteins
Bax, Bcl-2 and Survivin measured by Western
blot corresponded to the result of cell apopto-
sis analysis. Both of Bax and Bcl-2 belong to
B-cell lymphoma/leukemia-2 family with multi-
ple highly conservative fragments is mainly dis-
tributed in the nuclear membrane, endoplas-
mic reticulum and mitochondria membrane.
Bax harbors apoptotic function inducing the
release of apoptosis-promoting substance from
mitochondria and the activation of anti-apop-
totic proteins Bcl-2 [10-12]. The significant in-
crease of Bax and the decrease of Bcl-2 ob-
served in celastrol treated groups indicated the
induced cell apoptosis caused by celastrol,
while anti-apoptotic protein survivinis a mem-
ber of apoptosisinhibitors family. The protein
molecule has several cellular actions including

Int J Clin Exp Med 2017;10(4):6845-6852
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inhibiting apoptosis, regulating cell division and
promoting angiogenesis. Survivin expresses
during embryonic life but not in terminally dif-
ferentiated adult tissues. The expression of
survivin was reported in BUC while not in nor-
mal urothelium due to the differential expres-
sion of survivin during embryonic life and termi-
nally differentiated tissues [13]. This implicates
the protein as a noninvasive tool for early diag-
nosis of primary BUC and in followup of patie-
nts after removal of BUC in diagnosis [14-16].
Besides, it was also recommended as a cancer
vaccine which induces the immune system to
mount a cancerspecific immune response ag-
ainst tumor cells in therapy [17, 18]. Several
studies reported that high expression of sur-
vivin is a poor prognostic marker for the urinary
bladder due to the cell proliferation of tumor
cells. While declined level of survivin suggests
inhibited cell proliferation and induced cell
apoptosis. In addition, celastrol was reported
to inhibit cell proliferation through the accumu-
lation of increased intracellular ROS and dis-
turbed MMP in cancer cells. It enhances the
generation of ROS and trigger apoptosis in can-
cer cells, which corresponded to the results
obtained in our study [6, 9]. In addition, nuclear
NF-kB was measured by using Western blot in
order to evaluate the nuclear translocation of
NF-kB. Transcription factor NF-kB and its inhibi-
tor IkB interplay each other results the cover-
age of nuclear translocation signal. The nuclear
translocation of NF-kB relays on the inactiva-
tion of IkB through phosphorylation and pro-
teolysis. Interestingly, IkB including nuclear
export sequence which can block the NF-kB
signaling pathway through negative feedback
loop [19, 20]. NF-kB induces the expression of
IKB after the nuclear import, followed by the
import of new synthetic IkB. It inhibits the com-
bination between NF-kB and DNA and induces
the nuclear export of NF-kB. Declined NF-kB
accorded to the down-regulated Bcl-2, indicat-
ing the receded nuclear translocation and cell
viability.

JAK2 is a kind of non-transmembrane form of
tyrosine kinase. While signal transducer and
transcription activator 3 (STAT3) plays critical
role in the signal transduction and transcrip-
tion activation. JAK2/STAS3 signaling pathway
is a signal transduction pathway stimulated
by cytokines. It has a function of wide range
including proliferation, differentiation, apopto-
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sis, cell cycle and immunoregulation [21-23].
Constitutive activation of JAK2 was reported in
childhood T cell acute lymphoblastic leukemia.
STAT3 was found constitutive activated in
breast carcinoma and non-small cell lung can-
cer correlated with induced cell proliferation
and inhibited cell apoptosis [24] Epidermal
Growth Factor. Besides, activated STAT3 led to
oncogenesis was demonstrated. Oppositely,
suppressed JAK2/STAT3 signaling pathway
inhibits cell growth and induces cell apoptosis
in various cancer cells. Previous study revealed
suppressed cell growth, induced cell apoptosis
and arrested cell cycle in colorectal cancer
cells due to inhibited JAK2/STAT3 signaling
pathway [25]. Further, the study also demon-
strated the inhibited cancer cell invasion th-
rough the down-regulated downstream pro-
teins MMP9 and VEGF. In our study, declined
JAK2 and STAT3 expression level indicated the
blocked JAK2/STAS3 signaling pathway in
5637 cells, relating the blocked JAK2/STAS3
signaling pathway with inhibited cell prolifera-
tion and induced cell apoptosis, we suggested
that celastrol inhibited cell growth of human
bladder cancer cell line 5637 cells through
inhibited JAK2/STAS3 signaling pathway.

One of the essential conditions for tumor
growth is angiogenesis. Tumor angiogenesis
factor plays a crucial role in the generation of
tumor vessel, the uncontrolled growth of which
is an important characteristic of tumor [26]. It
was reported that CXCL1 regulates angiogene-
sis through epidermal growth factor (EGF) and
recruitment of tumor associated macrophago-
cytes (TAMs) in vitro. Intensive angiogenesis
and over expressed CXCL1 was observed in
corneatissue of rats, while angiogenic response
was blocked after the treatment of anti-CXCL1
antibody [27, 28]. TAMs regulated by vascular
endothelial growth factor (VEGF), which also
known as vascular permeability factor (VPF).
VEGF is a kind of specific heparin-binding gr-
owth factor in vascular endothelial cells. VEGF,
VEGFA and VEGFB were demonstrated to in-
duce angiogenesis through the recruitment of
TAMs, which plays an important role in the
angiogenesis and growth of tumor cells in gas-
tric cancer [29, 30]. The association of the high
expression of VEGF with the metastasis, angio-
genesis and survival rate in rectal cancer was
also reported. The process of angiogenesis
including the proliferation and migration of
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endothelial cells, the degradation of basement
membrane and the formation of cavity is a
complex process regulated by several positive
and negative regulatory factors. In addition,
tumor metastasis involves epithelial-mesen-
chymal transition (EMT) and mesenchymal-epi-
thelial transition (MET). MET is accompanied
with the degradation of extracelluar matrix
(ECM) by matrix metalloproteinase (MMP) fam-
ily. The basement membrane is important for
maintaining tissue organization, providing stru-
ctural support for cells, and influencing cell sig-
naling and polarity [31]. Degradation of the
basement membrane promotes EMT, which is
an essential step for the metastatic progres-
sion of most cancers. Type IV collagen is the
most abundant component of the basement
membrane, which is enabled to be degraded by
MMP9. As the result obtained in Western blot
analysis, down-regulated expression level of
VEGF, VEGFR2 and MMP9 suggested the inhib-
ited angiogenesis and metastasis of tumor
cells. The results demonstrated the inhibition
effect of celastrol on tumor formation of 5637
cells and provided relevant data for in vivo
study incelastrol against bladder cancer.

In conclusion, we demonstrated that celastrol
inhibited cell proliferation, induced cell apopto-
sis and arrested cell cycle distribution of human
urinary bladder cancer cell line 5637 cells th-
rough blocked JAK2/STAT3 signaling pathway.
We revealed the anti-cancer ability of celastrol
in human bladder cancer cells and provided
novel evidence of JAK2/STAT3 signaling path-
way as a new target for the treatment of blad-
der cancer.
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