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HMGB1, which acts as a DNA chaperone to help maintain nuclear homeostasis, was reported to play a promi-
nent role in cancer progression, angiogenesis, invasion, and metastasis development. Increased expression 
of HMGB1 has been observed in several tumor entities. However, the molecular mechanisms of HMGB1 in 
tumorigenesis of bladder cancer have rarely been reported. In the present study, real-time quantitative RT-PCR 
analysis revealed that the expression of HMGB1 in human bladder urothelial carcinoma (BUC) cells was 
much higher than that in human normal urethra epithelial cells. In order to investigate the role of HMGB1 in 
BUC cells, RNA interference and Talen-mediated gene knockout (KO) were used to knockdown and knockout 
HMGB1, respectively, in BUC cell lines BIU-87 and T24. HMGB1 knockdown/out greatly inhibited prolifera-
tion, invasion, and cell cycle G

1
/S transition of BUC cells. The decrease in cell viability caused by HMGB1 

knockdown/out was due to an increase in apoptosis via Bax/Bcl-2, both of which were important molecules 
involved in the apoptotic pathway. We then investigated the effect of HMGB1 knockdown/out on the sensitiv-
ity of BUC cells treated with the anticancer drug cisplatin. Knockdown or knockout of HMGB1 rendered BUC 
cells more sensitive to cisplatin. The decreased expression of LC3-II and Beclin 1, which resulted in decreased 
levels of autophagy, could probably explain this phenomenon. Thus, HMGB1 may become a novel promising 
candidate for the prognosis and therapy for bladder cancer.
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INTRODUCTION

Bladder cancer, with more than 385,000 new cases and 
150,200 deaths worldwide in 2008, is the second most 
common type of cancer in the genitourinary tract and the 
fourth most common cause of cancer in males in Western 
industrialized countries (1). In China, bladder cancer is 
also one of the most common genitourinary malignancies, 
and the incidence of this disease is gradually increasing 
(2). Urothelial carcinoma of the bladder, the most com-
mon histopathologic type of bladder cancer, has a variety 
of genetic and phenotypic characteristics. Many factors, 
such as chromosomal anomalies, genetic polymorphisms, 
genetic and epigenetic alterations, contribute to tumorigen-
esis and progression of urothelial carcinoma of the bladder. 
Therefore, identification of key genes and targets in signal-
ing pathways related to tumorigenesis is indispensible for 
the diagnosis and prevention of bladder cancer (3).

High mobility group box (HMGB) proteins are non
histone nuclear proteins with many different functions in 
the cell. HMGB1, HMGB2, and HMGB3 are the members 

of the HMGB protein family (4). HMGB1 was first iso-
lated and characterized in calf thymus in 1973 and is 
named for its electrophoretic mobility in polyacrylamide 
gels. While the expressions of HMGB2 and HMGB3 are 
limited, HMGB1 expression is common and can be regu-
lated with peripheral factors. In most cells, HMGB1 is 
located in the nucleus, where it acts as a DNA chaperone 
to help maintain nuclear homeostasis (5). HMGB1 con-
tains two DNA-binding HMG-box domains (N-terminal 
A and central B) and an acidic C-terminal tail. Existing 
studies suggest that HMGB1 may have a prominent role 
in cancer progression, angiogenesis, invasion, and metas-
tasis development (6).

Increased expression of HMGB1 has been observed 
in several tumor entities including gastrointestinal stromal 
tumors, colon tumors, and nasopharyngeal carcinoma 
(7,8). HMGB1 was also considered to be a useful sero-
logical biomarker for early diagnosis, as well as evalu-
ating the tumorigenesis, stage, and prognosis of cancer 
(9). Recently, it was reported that HMGB1 had high 
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expression in 87 of 164 cases of bladder cancer, of which 
overexpression was significantly associated with tumor 
grade and stage (2). However, the clinical significance 
of HMGB1 in bladder cancer, especially the molecular 
mechanisms of HMGB1 in tumorigenesis of bladder 
cancer, has rarely been reported. In the present study, 
the expression of HMGB1 in bladder urothelial car-
cinoma (BUC) cells was assessed and compared with 
human normal urethra epithelial cells by using real-time 
quantitative RT-PCR. In order to investigate the role of 
HMGB1 in BUC cells, HMGB1 knockdown and knock-
out (KO) cell lines were constructed by RNA interfer-
ence and Talen-mediated gene KO, respectively. Then, 
the effects of HMGB1 knockdown/out on proliferation, 
invasion, and cell cycle of BUC cells were evaluated. We 
also investigated the effect of HMGB1 knockdown/out 
on the sensitivity of BUC cells treated with the anticancer 
drug cisplatin, and its probable mechanism was also dis-
cussed. This study improves our understanding of the role 
of HMGB1 in tumorigenesis of bladder cancer.

MATERIALS AND METHODS

Cell Cultures

Human urethra epithelial cell line (SV-HUC-1) and BUC 
cell lines (EJ, 5637, T24, and BIU-87) were brought from 
BioHermes Company (China). Cells were maintained in 
RPMI-1640 (Sigma-Aldrich, St. Louis, MO, USA) contain-
ing 10% fetal bovine serum (FBS) at 37°C in humidified air 
containing 5% CO

2 
in a monolayer as previously described.

Real-Time RT-PCR

Trizol and RT-PCR Kit were purchased from Thermo 
Fisher Scientific (Waltham, MA, USA). SYBR Green 
qRCR Mix was purchased from GeneCopoeia (Rockville, 
MD, USA). Total RNA was extracted from cells with 
Trizol reagent following the manufacturer’s instructions. 
Expression of HMGB1 mRNA was detected by real-time 
RT-PCR using the standard SYBR Green RT-PCR Kit 
and specific primers synthesized from Sangon Company 
(Shanghai, China). The specific primer pair for HMGB1 is as 
follows: sense, 5¢-AGAAGTGCTCAGAGAGGTGGA-3¢ 
and antisense, 5¢-CCTTTGGGAGGGATATAGGTT-3¢. 
The specific primer pair for b-actin (as an internal control) is 
as follows: sense, 5¢-AGGGGCCGGACTCGTCATACT-3¢ 
and antisense, 5¢-GGCGGCACCACCATGTACCCT-3¢. 
Independent experiments were repeated three times, and 
the relative expression level was analyzed by use of the  
2－DDCt method.

RNA Interference and Transfection

The sequence of small interfering RNA (siRNA) 
targeting HMGB1 was designed by an RNA interfer-
ence activity-predicting algorithm and synthesized by 
Eurogentec (Seraing, Belgium). The sequences HMGB1 

siRNAs are as follows: 5¢-GATCCGCTGAAAAGAGCA
AGAAAATTTCAAGAGAATTTTCTTGCTCTTTTCA
GCTTTTTGGAAG-3¢ (sense); 5¢-AGCTCTTCCAAAA
AGCTGAAAAGAGCAAGAAAATTCTCTTGAAATT
TTCTTGCTCTTTTCAGCG-3¢ (antisense). One scram-
bled siRNA (Scramble II; MWG Biotech) was used as a 
control. After seeding and adherence for 24 h, BIU-87 and 
T24 cells were transfected in serum-free OptiMEM with 
200 nM of HMGB1 siRNA using DOTAP liposomal trans-
fection reagent according to the manufacturer’s instructions 
(Roche, Mannheim, Germany). Following transfection 
(4 h, 37°C), cells were washed with phosphate-buffered 
saline (PBS) and incubated in serum-containing medium 
for 72 h. For further analyses, cells were harvested by 
trypsin treatment (0.05% trypsin/0.02% EDTA, 5 min, 
37°C). Detached and adherent cells were pooled and 
analyzed together. The expression levels of HMGB1 in 
siRNA-treated cells were examined by Western blotting.

Talen-Mediated Knockout of HMGB1 Gene

To investigate the role of HMGB1 in human BUC 
cells, a Talen Kit (Sidansai, Shanghai, China) was used to 
KO the HMGB1 gene in BIU-87 and T24 cells according 
to the manufacturer’s instructions. Briefly, we constructed 
plasmid pTalen-HMGB1 (pTalen-NC was used as nega-
tive control) and transfected it into BIU-87 and T24 cells, 
respectively, using Lipofection 2000. The expression lev-
els of HMGB1 in Talen-mediated KO cells were exam-
ined by Western blotting using anti-HMGB1 monoclonal 
antibody (Epitomics, Burlingame, CA, USA).

Western Blotting

Cells were solubilized in cold RIPA lysis buffer. After 
that, samples were separated with 10% SDS-PAGE 
and then transferred to PVDF membranes, which were 
blocked in 10% nonfat dried milk in PBST for 3 h and 
then incubated overnight with the corresponding first 
antibody. After incubation with the secondary antibody, 
immune complexes were detected using the Enhanced 
Chemiluminescence Kit (GE Healthcare). Quantification 
was performed using Kodak 1D image analysis software 
V 3.6 (Fisher Scientific, Schwerte, Germany). Anti-b-actin 
monoclonal antibody was used as a control in all assays.

Cell Proliferation Assay

HMGB1 siRNA-treated cells, Talen-mediated HMGB1 
KO BUC cells, and their corresponding negative control 
in exponential growth were plated at a final concentration 
of 5 × 103 cells per well in 96-well plates and incubated 
at 37°C, 5% CO

2
 for 0, 24, 48, and 72 h, respectively. To 

assess cell proliferation, 20 μl of MTT (5 mg/ml) reagent 
in PBS was added to each well and incubated for another 
4 h. Then, the supernatant was removed, and 150 μl of 
DMSO was added to dissolve the crystal. Within 10 min  
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after adding DMSO, the absorbance was detected at 570 nm  
with a Microplate Reader (Bio-Rad, USA). Each assay 
was performed in triplicate wells.

Scratch Assay

The migration of BUC cells was quantitatively assessed 
by scratch assay. A scratch through the central axis of the 
plate was gently made using a pipette tip when the cells 
were transfected for 4 h. Migration of the cells into the 
scratch was observed at time points of 24 h and 48 h.

Cell Invasion Assay

Invasive ability of siRNA-treated cells and Talen-
mediated KO BUC cells was studied in 24-well Transwell 
chambers (Chemicon, USA), which have a layer of Matri
gel. Cells in each group were resuspended in serum-free 
DMEM at a concentration of 5 × 104 cells/ml, and 500 μl 
suspension was added into the upper chamber. The bottom 
chamber was filled with 750 μl DMEM containing 10% 
FBS. After incubation for 24 h at 37°C, 5% CO

2
, cotton 

bud was used to remove the cells that were not through 
the polycarbonate membrane. Then, the cells transmem-
braned through the polycarbonate membrane and adhered 
to the bottom of it were stained with 0.1% crystal vio-
let for 20 min and washed with PBS three times. After 
that, each well was added with 500 μl 10% ethanol to 
dissolve the dye on the polycarbonate membrane. Cells 
were transferred to a 96-well plate to measure the absor-
bance at 570 nm using a Microplate Reader. Each assay 
was performed in triplicate wells.

Apoptosis Assay

Double staining for annexin V-FITC and propidium 
iodide (PI) was performed to detect cell apoptosis as 
described previously (10). Briefly, after being washed 
with PBS twice, BUC cells were resuspended in 500 μl 
binding buffer (10 mM HEPES, 140 mM NaCl, 2 mM 
MgCl

2
, 5 mM KCl, and 2.5 mM CaCl

2
, pH 7.4). Then, 

5 μl of FITC-conjugated annexin and 5 μl of PI (Annexin 
V-FITC Apoptosis detection kit; Immmunostep) were 
added according to the manufacturer’s protocol. After 
15-min incubation in the dark at room temperature, 
another 400  μl of binding buffer was added, and the 
samples were immediately analyzed by flow cytometry. 
Data analysis was carried out using CellQuest software. 
Apoptotic cells are expressed as a percentage of total 
cells. The expressions of Bax and Bcl-2 were analyzed 
by Western blotting using anti-Bax polyclonal antibody 
(ImmunoWay, Newark, DE, USA) and anti-Bcl-2 poly-
clonal antibody (Abcam, Cambridge, UK).

Cell Cycle Analysis

Cells were suspended in PBS and then fixed in 70% etha-
nol at 4°C for 18 h. After being washed with PBS, cells were 

resuspended in staining solution (50 μg/ml of PI, 1 mg/ml 
of RNase A, and 0.1% Triton X-100 in PBS). The stained 
cells (1 × 105) were then analyzed with flow cytometry. The 
percentage of cells in each phase of the cell cycle was deter-
mined using a Multicycle Cell-Cycle Analysis program. 
The expressions of cyclin D1 and PCNA were analyzed by 
Western blotting using anti-cyclin D1 polyclonal antibody 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-
PCNA polyclonal antibody (Santa Cruz Biotechnology).

Cisplatin Treatment and Cell Viability Assay

Cells were seeded on 96-well plates at a density of 
5 × 103 cells per well. Cisplatin was added to cells at a 
final concentration of 20 mM and incubated at 37°C, 
5% CO

2 
for 24 h. Then cells were incubated in drug-free 

medium for an additional 0, 24, 48, and 72 h, respec-
tively. Cell viability after cisplatin treatment was assessed 
by CCK-8 kit (Dojindo, Tokyo, Japan). Briefly, 10 μl of 
CCK-8 (5  mg/ml) solution was added to each well for 
30 min, and absorbance was measured at 450 nm using a 
Microplate Reader. The cell viability in each group was 
expressed as a percentage of that in control cells. The 
assay was repeated three times. Meanwhile, the protein 
expression levels of LC3 I/II and Beclin 1 were detected by 
Western blotting using anti-Beclin 1 polyclonal antibody 
(Epitomics) and anti-LC3 polyclonal antibody (Abcam).

Statistical Analysis

Data are expressed as the means ± SD from at least 
three separate experiments. Statistical analysis was car-
ried out using SPSS 15.0 software. The difference between 
two groups was analyzed by the Student’s t-test. A value 
of p < 0.05 was considered to indicate a statistically  
significant result.

RESULTS

The HMGB1 Expression Level in BUC Cells Is Much 
Higher Than in Normal Human Urethra Epithelial Cells

HMGB1 is known to be expressed in all eukaryotic 
cells and to be overexpressed in tumor cells. Therefore, 
four BUC cell lines were evaluated for expression of this 
“danger signal.” The quantitative RT-PCR (qRT-PCR) 
results demonstrated that mRNA levels of HMGB1 in 
all four BUC cell lines were significantly higher (around 
three times higher) than that in normal urethra epithe-
lial cell line (Fig. 1A). Subsequently, the expression of 
HMGB1 was further analyzed by Western blotting using 
anti-HMGB1 monoclonal antibody, the result of which 
showed a similar trend as that of mRNA levels (data 
not shown). As BIU-87 and T24 cells exhibited higher 
expression of HMGB1, they were chosen as the targets 
for the downstream experiments.

The differences in HMGB1 expression between 
BUC cells and normal urethra epithelial cells prompted 
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us to investigate the role of HMGB1 in BUC cells. 
Consequently, RNA interference and Talen-mediated gene 
KO were used to knockdown or KO HMGB1 in BUC cell 
lines BIU-87 and T24. Western blotting results clearly 
demonstrated that the expression levels of HMGB1 in 
siRNA-treated cells were dramatically decreased, while 
in Talen-mediated KO cells, the expression of HMGB1 
was barely detectable (Fig. 1B). This suggested that the 
expression of HMGB1 had been successfully knocked 
down or knocked out in BUC cell lines BIU-87 and T24.

HMGB1 Knockdown/Out Inhibits Proliferation, 
Migration, and Invasion of BUC Cells

The effect of HMGB1 knockdown/out on proliferation 
of BUC cells was tested by MTT assay. The data showed 
that both knockdown and KO BUC cells showed a lower 
proliferative rate compared with that in control groups 
(Fig.  2A), which suggests that HMGB1 plays a positive 
role in the proliferation of BUC cells. Scratch assay dem-
onstrated that the cell migration of HMGB1 knockdown 
and KO BUC cells was significantly decreased compared 
with the control group, indicating that HMGB1 plays a 
positive role in the regulation of migration in BUC cells 
(Fig. 2B). We next investigated the effect of HMGB1 
knockdown/out on invasion of BUC cells. It demonstrated 
that the invasive capabilities of both HMGB1 knockdown/
out BUC cells were significantly decreased compared with 
the control group (Fig. 2C, D), suggesting that the expres-
sion of HMGB1 can promote the invasion of BUC cells.

HMGB1 Knockdown/Out Induces Apoptosis via  
Bax/Bcl-2 in Human BUC Cell Lines

To determine whether the decrease in cell viability 
caused by HMGB1 knockdown/out was due to an increase 
in apoptosis, we determined the number of early apop-
totic cells in BUC cell lines with annexin V-FITC and 
PI labeling followed by fluorescence-activated cell sort-
ing (FACS). The data showed that after siRNA transfec-
tion for 48 h, the number of apoptotic cells was increased 
significantly in both BIU-87 and T24 cells compared 
with control groups (Fig. 3A). Similar results were also 
observed in Talen-mediated HMGB1 KO cells (Fig. 3A). 
Thus, it indicated that the decrease in cell viability caused 
by HMGB1 knockdown/out was due to an increase in 
apoptosis.

We then determined the protein levels of the important 
molecules involved in this apoptotic pathway by Western 
blotting. The expression level of Bax (Fig. 3B, C) was 
increased, whereas the expression level of Bcl-2 (Fig. 3B, 
D) was decreased in both HMGB1 knockdown and KO 
BUC cell lines.

HMGB1 Knockdown/Out Inhibits the Cell Cycle G
1 
/S 

Transition of Human BUC Cells

We then analyzed the effects of HMGB1 knock-
down/out cell cycle of T24 BUC cell line by using 
flow cytometry. The data showed that HMGB1 knock-
down/out significantly enhanced the cell proportion 
in G

1
 phase but reduced the cell proportion in S phase 

Figure 1.  Expression of HMGB1 in human BUC cell lines. (A) Analysis of relative expression of HMGB1 mRNA in human BUC 
cell lines and normal urethra epithelial cell line using qRT-PCR. (B) Western blotting assay of HMGB1 expression in knockdown and 
knockout BUC cell lines BIU-87 and T24. b-Actin was used as an internal control.

FACING PAGE
Figure 2.  The effects of HMGB1 knockdown/out on proliferation and invasion of human BUC cells. (A) MTT assay data showed that 
HMGB1 knockdown/out suppressed cellular proliferation in both BIU-87 and T24 cells. (B) Scratch assay data showed that HMGB1 
knockdown/out notably suppressed cellular migration in BUC cells. (C, D) Transwell assay data showed that HMGB1 knockdown/
out notably suppressed cell invasion in both BIU-87 and T24 cells. Control, BUC cells without any transfection; scrambled siRNA, 
BUC cells transfected with scrambled siRNA; HMGB1 siRNA, BUC cells transfected with HMGB1 siRNA; pTalen-NC, BUC cells 
transfected with blank vector; pTalen-HMGB1, BUC cells transfected with pTalen-HMGB1.
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(Fig. 4A, B). This indicated that HMGB1 knockdown/out 
could inhibit the cell cycle G

1
/S transition.

As HMGB1 knockdown/out induced cell cycle arrest, 
we investigated the expression of G

1
/S phase-related 

molecules, particularly PCNA and cyclin D1 by using 
Western blotting, both of which were significantly lower 
in HMGB1 knockdown/out BUC cells, compared to con-
trols (Fig. 4C).

HMGB1 Knockdown/Out Renders Human BUC Cells 
More Sensitive to Cisplatin Probably Because of the 
Decreased Levels of Autophagy

Cisplatin is one of the most widely used anticancer 
drugs for the treatment of a variety of human malignan-
cies. HMGB1 has been linked to cisplatin activity in a 
number of studies. Whether knockdown/out of HMGB1 
might affect cisplatin sensitivity in BUC cells aroused 
our great interest. First, we assayed the effect of cisplatin 
on the expression of HMGB1, which exhibited signifi-
cantly enhanced expression of HMGB1 in BUC cell lines 
BIU-87 and T24 after treatment with 20 mM cisplatin 
for 24 h (Fig. 5A). Real-time PCR revealed that HMGB1 
mRNA was increased after treatment with cisplatin (data 
not shown). These findings show that HMGB1 is upregu-
lated during chemotherapy in BUC cells. CCK assay 
demonstrated that knockdown or KO of HMGB1 in BUC 
cells rendered them significantly more sensitive to cis-
platin (Fig. 5A), suggesting that HMGB1 increases the 
resistance of BUC cells to an anticancer agent.

Previous studies demonstrated that autophagy was 
crucial for cancer cells conferring resistance to chemo-
therapy, radiation therapy, and immunotherapy. HMGB1 
was reported to be an important regulator of autophagy 
(11). We then detected microtubule-associated protein 
light chain 3 (LC3) conversion (LC3-I/LC3-II) by immu-
noblot analysis. When compared with normal urethra 
epithelial cells, the expression of LC3-II expression in 
both BUC cell lines was dramatically increased (around 
fivefold) after treatment with cisplatin. The expression 
of LC3-II in HMGB1 knockdown/out BUC cells after 
treatment with cisplatin was also elevated; however, the 
increased levels were much slighter (Fig. 5B).

As it was reported that Beclin 1 was important for the 
localization of autophagic proteins to phagophore assembly 
sites, which are required for the initiation of the formation 
of the autophagasome (12), we then detected the expres-
sion of Beclin 1 by Western blotting. The downregulation 

of Beclin 1 expression was observed in both HMGB1 
knockdown/out BUC cell lines (Fig. 5B).

DISCUSSION

In this study, we found that HMGB1 was upregulated 
in BUC cells compared with their matched normal cells. 
More important, the level of HMGB1 was correlated 
with proliferative activities, invasion potential, and che-
motherapy sensitivity. Taken together, the data suggested 
that HMGB1 may play a potential role in the progression 
of human bladder cancer.

The HMGB1 pathway is closely associated with 
tumorigenesis, expansion, and invasion of multiple cancers, 
and plays a critical role in the development and progression 
of many malignant tumors (7). The relation of HMGB1 
overexpression with lymph node metastasis presence and 
advanced stage in hepatocellular carcinoma, head–neck 
and esophagus squamous cell carcinoma, cervix uteri, 
and ovary carcinoma was demonstrated. It was reported 
that HMGB1 expression was significantly increased in 
bladder cancer compared with normal bladder tissues, and 
it was also closely correlated with pathological grade and 
distant metastasis (2). To study the molecular mechanisms 
of HMGB1 in BUC cells, RNA interference and Talen-
mediated gene KO were used to constructed HMGB1 
knockdown and KO BUC cell lines, respectively. Since 
Talen is a very popular gene KO technology, we used 
it to construct a HMGB1 KO BUC cell line to compare 
with the data obtained from the HMGB1 knockdown 
BUC cell line, which was constructed by conventional 
siRNA interference. There was no clue why sometimes 
the KO BUC cell line did not show as good results as 
the knockdown BUC cell line. However, data obtained 
from HMGB1 knockdown and KO BUC cell lines did 
not show a statistically significant difference. The present 
data showed that knockdown or KO of HMGB1 gene 
inhibited the proliferative activities and invasion potential 
via induction of apoptosis and G

1
 cell cycle arrest in  

BUC cells.
One of the major determinants of cell survival is the 

balance between the antiapoptotic (Bcl-2, Bcl-XL, and 
Mcl-1) and proapoptotic members (Bid, Bax, and Bad) 
of the Bcl-2 family (13). In the Bcl-2 protein family, 
proapoptotic member Bax and antiapoptotic member 
Bcl-2 are the active effectors and regulators, and the ratio 
between Bcl-2 and Bax affects apoptosis induction (14). 
We evaluated Bcl-2 and Bax after HMGB1 knockdown/

FACING PAGE
Figure 3.  The effects of HMGB1 knockdown/out on apoptosis in human BUC cells. (A) Flow cytometric analysis of BUC apoptotic 
cells after annexin V-FITC/PI staining. (B) Western blotting analysis of the expressions of Bcl-2 and Bax proteins. (C, D) The relative 
expression levels of Bax and Bcl-2 proteins. The expression of Bcl-2 was noticeably decreased in HMGB1 knockdown/out BUC cells, 
while the expression of Bax protein was steadily increased. b-Actin was used as an internal control.
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out and found that Bax increased sharply and Bcl-2 acted 
in the opposite way when compared with those of controls. 
These findings suggest that the Bcl-2 and Bax are involved 
in apoptosis in HMGB1 knockdown/out BUC cells.

The G
1
/S transition is one of the two main checkpoints 

used by cells to regulate the cell cycle progress and 
thus the cell proliferation. G

1
/S progression is highly 

regulated by cyclin D1 and cyclin-dependent kinase 4 
(CDK4) (15). Cyclin D1 is the major G

1
 phase cyclin 

and is overexpressed in most cancer cells (16). PCNA is 
an acidic nuclear protein that has been recognized as a 
histological marker for the G

1
/S phase in the cell cycle 

(17). Therefore, the expression of PCNA and cyclin D1 
can reflect the proliferation state of BUC cells to some 
extent. We found that the expressions of cyclin D1 and 
PCNA were significantly increased in the BUC cells, 
which, however, could be significantly inhibited by 
HMGB1 knockdown/out.

Figure 4.  The effects of HMGB1 knockdown/out on cell cycle distribution in human BUC cells. (A) HMGB1 knockdown increased 
the percentages of G

1
 phase cells in BUC cell lines. (B) HMGB1 knockout increased the percentages of G

1
 phase cells in BUC cell 

lines. (C) Effect of HMGB1 knockdown/out on the expression of cyclin D1 and PCNA proteins. Total cellular proteins were prepared, 
and the expressions of cyclin D1 and PCNA proteins were analyzed using Western blotting. The expressions of cyclin D1 and PCNA 
proteins were noticeably decreased in HMGB1 knockdown/out BUC cells. b-Actin was used as an internal control.

FACING PAGE
Figure 5.  The effects of HMGB1 knockdown/out on the sensitivity of human BUC cells to cisplatin. (A) CCK assay demonstrated 
the effect of HMGB1 knockdown/out on BUC cells sensitive to cisplatin. (B) Effect of HMGB1 knockdown/out on the expression of 
Beclin 1 and LC3 proteins after cisplatin treatment. Upper panel: Western blotting analysis of the expressions of Beclin 1 and LC3 pro-
teins. Middle panel: the relative expression levels of Beclin 1 protein. Lower panel: the relative expression levels of LC3 protein. The 
expressions of Beclin 1 and LC3 proteins were noticeably decreased in HMGB1 knockdown/out BUC cells after cisplatin treatment. 
b-Actin was used as an internal control.
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Moreover, our experimental data demonstrated that 
HMGB1 knockdown/out significantly enhanced chemo-
therapy sensitivity, suggesting that HMGB1 might be con
sidered as a potential therapeutic target for bladder cancer. 
Our results were in line with previous prospective studies 
that knockdown of HMGB1 by RNA interference increased 
the sensitivity of leukemia cells to chemotherapeutic 
agents. HMGB1 contributed to chemotherapy resistance 
though the upregulation of autophagy in leukemia (18). 
Autophagy has been recognized as a programmed cell sur-
vival mechanism that is involved in the response to cyto-
toxic chemotherapy or irradiation and is responsible for 
drug resistance (19). Since LC3 and Beclin 1 are involved 
in the formation of autophagosomes, the expression of 
both markers was examined by Western blot. During the 
process of autophagy, LC3 modification from the cyto-
solic form, LC3-I, to a lipidated, membrane bound form, 
LC3-II, are required. LC3-II is integrated into membranes 
of preautophagosomes and autophagosomes. Therefore, 
LC3 serves mostly as a molecular autophagosomal marker. 
Previous studies reported that HMGB1 directly regulated 
autophagy in leukemia cells by controlling LC3 conver-
sion (LC3-I/LC3-II) (20). Beclin 1 was also shown to be 
a marker of autophagosomes. Beclin 1 is the mammalian 
ortholog of the yeast Atg 6 and a component of the class 
III PI3 kinase complex (PI3KC3), which is involved in the 
autophagosome formation. Overexpression of Beclin 1 
promotes autophagy, and its underexpression prevents cell 
death (21). A recent study demonstrated that endogenous 
HMGB1 regulates autophagy by directly interacting with 
the autophagy protein Beclin 1 and displacing Bcl-2, sup-
porting the role of HMGB1 in autophagy (22). Here we 
found that knockdown or KO of HMGB1 decreased the 
expression levels of LC3-II and Beclin 1, which reflects 
the decreased levels of autophagy.

In summary, we found that HMGB1 was upregulated 
in BUC cell lines. Knockdown/out of HMGB1 suppressed 
cell growth, migration, and induced cell apoptosis. In addi-
tion, knockdown/out of HMGB1 rendered BUC cells more 
sensitive to the anticancer drug cisplatin. All these novel 
findings provide the first evidence that HMGB1 exhibits 
tumor-promoting activity in human BUC cell lines. Our 
results give new insights into the function of HMGB1 in 
the development and progression of bladder cancer and 
provide novel targets for therapy of this malignancy.
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