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Inhibiting the cytoplasmic location of HMGBI1 reverses
cisplatin resistance in human cervical cancer cells
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Abstract. Cervical cancer is the fourth most common malig-
nancy in women worldwide, and resistance to chemotherapy
drugs is the biggest obstacle in the treatment of cervical cancers.
In the present study, the molecular mechanisms underlying
cisplatin resistance in human cervical cancer cells were inves-
tigated. When human cervical cancer cells were treated with
10 pg/ml of cisplatin for 24 and 48 h, high mobility group box 1
(HMGBI) protein expression levels significantly increased in a
time-dependent manner. Comparisons between cisplatin-sensi-
tive HeLa cells and cisplatin-resistant HeLLa/DDP cells revealed
higher levels of HMGBI in HeLa/DDP cells than in HeLa
cells. Additionally, the half maximal inhibitory concentration
(ICs,) value for cisplatin in HeLa/DDP cells was 5.3-fold that
in HeLa cells. Analysis of the distribution of cellular compo-
nents revealed that HMGBI translocation from the nucleus to
cytoplasm contributed to cisplatin resistance. This was further
confirmed by demonstration that ethyl pyruvate treatment
suppressed the cytoplasmic translocation of HMGBI, resulting
in inhibition of HeLa cell proliferation. Furthermore, endoge-
nous HMGBI was inhibited with HMGBI1-specific short hairpin
(sh)RNA, and MTT assay results showed that interference
with HMGBI expression reduced cell viability and potentially
reversed cisplatin resistance in HeLa cells. Transfection with
HMGBI shRNA was demonstrated to induce cell apoptosis in
HeLa cells, as detected by FACS analysis. In addition, adminis-
tration of recombinant HMGBI protein in HeLa cells promoted
cell autophagy, mediated by the phosphorylation of extracel-
lular signal-regulated kinase 1/2. Thus, cytoplasmic HMGBI1
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translocation and HMGBI-induced cell autophagy are proposed
to contribute to cisplatin resistance by inhibiting apoptosis of
cervical cancer cells. HMGBI could, therefore, represent a novel
therapeutic target for, and a diagnostic marker of, chemotherapy
resistant cervical cancers.

Introduction

Cervical cancer is the fourth most common malignancy in
women globally (1,2). Due to increased human papillomavirus
infection rates, there were 450,000 new cases of cervical cancer
worldwide and ~20,000 women died from cervical cancer in
2014 (3,4). In China, ~131,500 new cases are diagnosed each
year, accounting for ~1/3 of the world's new cases (5,6). With
improvements in diagnosis and treatment, the incidence and
mortality of cervical cancer has significantly reduced, but has
become more prevalent in younger age categories, with the
number of patients <35 years old with cervical cancer signifi-
cantly increased (7). The Pacific region has been particularly
affected by increased rates of cervical cancer, with current
age standardized incidence rates ranging from 8.2 to 50.7 per
100,000 women per year, and age standardized mortality rates
ranging from 2.7 to 23.9 per 100,000 women per year (8).
Surgery or radiation therapy are the main treatments
for cervical cancers, and traditional methods of treatment
achieve higher cure rates for cervical cancer patients with
early diagnosis (9). The overall 5-year survival rate is ~70%,
and for patients without lymph node metastasis the 5-year
survival rate is 80-90% (10). Surgical treatment is mainly
used for patients with early-stage cervical cancer, but for
patients with advanced cervical cancer, surgical treatment is
usually combined with radiotherapy and chemotherapy (7).
Chemotherapeutic treatment primarily comprises platinum
based antineoplastic drugs, such as cisplatin and carboplatin,
which are important anticancer drugs for gynecological malig-
nancies (10,11). Although cisplatin and carboplatin are both
platinum-based, their ability to kill tumor cells and the side
effects they elicit in normal tissues differ significantly (11).
Thus, they cannot be substituted for each other in clinical
applications. Currently, cisplatin is used more commonly than
carboplatin, but cisplatin has greater side effects and increased
toxicity, particularly renal toxicity (12). However, the greatest
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obstacle is resistance to chemotherapeutic drugs in patients
with cervical cancer (13). Enhanced drug sensitivity and
reversed drug resistance in cervical cancer cells is, therefore,
an important area of research.

High mobility group box 1 (HMGBI) is a highly conserved
chromosomal protein that acts as a DNA chaperone (14). It
was first discovered in the calf thymus, and named according
to its high electrophoretic mobility in polyacrylamide
gels (15). HMGBI is reported to influence transcription of
cytokines, chemokines, and growth factors and works as a
prototypical damage-associated molecular pattern in initiating
and perpetuating inflammatory responses (16). It is involved in
regulating multiple signaling pathways, including inflamma-
tion, genome stability, cell survival, metastasis, cell apoptosis
and, in particular, cell autophagy (17). Previous studies have
revealed a paradoxical dual effect of autophagy in cancer
development and progression. Lipidated microtubule associ-
ated protein 1 light chain 3 (LC3)-II is a reliable marker for
autophagy (18,19). p62 is a selective autophagy substrate that
recognizes ubiquitinated proteins to the autophagosome for
degradation. HMGBI1 was previously thought to be an onco-
gene, promoting cell growth and metastasis of cancers (15).
However, the associations between HMGBI expression and
chemoresistance, and the underlying molecular mechanisms,
were not entirely elucidated. Chemotherapy drugs including
doxorubicin, cisplatin and methotrexate induce HMGBI1
upregulation in human osteosarcoma cells, and knockdown of
HMGBI successfully restored chemosensitivity to osteosar-
coma cells in vivo and in vitro (20).

Xie et al (21) also demonstrated that HMGBI1 gene
silencing can enhance the sensitivity of K562/A02 drug
resistant leukemia cells to doxorubicin and reverse cell resis-
tance to doxorubicin. However, the molecular mechanisms of
HMGBI-associated drug resistance in cervical cancer cells
remained unclear. In the present study, in order to explore the
relationship between HMGBI expression and chemotherapy
drug resistance, the cisplatin-sensitive HeLa cells and cispl-
atin-resistant HeLa/DDP cells were used as models.

Materials and methods

Cell lines and reagents. Human cervical carcinoma HeLa
cells and cisplatin-resistant HeLa cells (HeLa/DDP) were
obtained from Shenglong Biological Corporation (Shanghai,
China). Cells were maintained in Dulbecco's modified Eagle's
medium (DMEM; Gibco; Thermo Fisher Scientific, Waltham,
MA, USA) containing 10% fetal bovine serum (Gibco;
Thermo Fisher Scientific, Inc.), 100 yg/ml ampicillin and
50 ug/ml streptomycin at 37°C in a humidified atmosphere
of 95% air and 5% CO,. Cisplatin, ethyl pyruvate (EP) and
MTT were obtained from Sigma Aldrich, Merck Millipore
(Darmstadt, Germany). Recombinant human (th) HMGBI1/Fc
was obtained from Sino Biological Inc. (Beijing, China; cat.
no. 10326-HO1H). The human HMGBI short hairpin (sh)
RNAs (cat. no. TG316576) and negative control (NC) shRNA
(cat. no. TR30013) were obtained from OriGene Technologies,
Inc. (Rockville, MD, USA).

Antibodies. P-actin antibody was purchased from
TransBionovo Co., Ltd. (Beijing, China; cat. no. HC201;
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1:1,000). Antibodies for caspase-3 (cat. no. 9662), cleaved
(c)-caspase-3 (cat. no. 9661), poly ADP ribose polymerase
(PARP; cat. no. 9542), c-PARP (cat. no. 9541), extracellular
signal-regulated kinase 1/2 (ERK1/2; cat. no. 9102) and phos-
phorylated (p)-ERK1/2 (cat. no. 8544) were obtained from
Cell Signaling Technology, Inc. (Danvers, MA, USA) and all
diluted 1:1,000. B-Tubulin antibody (H-235), a rabbit poly-
clonal IgG provided at 200 pg/ml (cat. no. sc-9104; 1:1,000),
was purchased from Santa Cruz Biotechnology, Inc. (Dallas,
TX, USA). Anti-lamin B1 (cat. no. ab16048; 1:1,000) and
anti-HMGBI (cat. no. ab18256; 1:1,000), both rabbit polyclonal
antibodies, were obtained from Abcam (Cambridge, UK).
LC3B/MAPILC3B antibody (cat. no. NB100-2220; 1:1,000)
was purchased from Novus Biologicals, LLC (Littleton, CO,
USA).

Cell transfection. HeLa, SiHa and HeLa/DDP cells were
plated into 48-well plates (5x10° cells/well) and incubated for
6 h prior to transfection with HMGBI shRNA or NC shRNA
using Lipofectamine 2000 transfection reagent (Invitrogen;
Thermo Fisher Scientific Inc.) according to the manufacturer's
protocol. The cells were then cultured for the indicated times
before being subjected to MTT assays or western blotting
analysis.

Annexin V-fluorescein isothiocyanate (FITC) dual staining
analysis. Annexin V-FITC apoptosis detection kit (catalog
no. abl4085) was obtained from Abcam; 2x10° cells were
trypsinized into a single cell suspension. Resuspended cells
were incubated with Annexin V-FITC (0.1 yg/ul) for 15 min in
the dark on ice. Propidium iodide (0.05 pg/ul) was then added
and used as a counterstain to discriminate between necrotic
and apoptotic cells. Fluorescence-activated cell sorting
(FACS) analysis was then performed and data was analyzed
using FlowJo 10 software (FlowJo, LLC, Ashland, OR, USA).

Preparation of subcellular fractions and western blot anal-
ysis. HeLa cells and SiHa cells (2x10° cells/well) were plated
into 48-well plates. Six hours later, the cells were treated with
10 pug/ml of cisplatin for 24 and 48 h, respectively. Cytosolic
extracts and nuclear extracts were prepared using a Nuclear
and Cytoplasmic Protein Extraction kit (catalog no. P0028;
Beyotime, Institute of Biotechnology, Shanghai, China)
according to the manufacturer's protocols. Protein concentra-
tions of the extracts were measured by bicinchoninic acid assay
(Pierce; Thermo Fisher Scientific, Inc.). Equal amounts (15 pg)
of the proteins were loaded and subjected to 10% SDS-PAGE
and transferred onto nitrocellulose membranes. The membrane
was blocked with 5% bovine serum albumin (Sigma-Aldrich;
Merck Millipore) in Tris-buffered saline-0.1% Tween-20
(TBST) buffer for 40 min at room temperature. Membranes
were then incubated with the indicated primary antibodies
overnight at 4°C and secondary antibodies for 40 min at room
temperature. The membranes were washed three times in each
step for 5 min with TBST buffer. The bands were then visual-
ized using Pierce ECL Western Blotting Substrate (Thermo
Fisher Scientific, Inc.). The bands were captured and analyzed
with ImagelJ software (National Institutes of Health, Bethesda,
MD, USA) and the expression of HMGBI1 was normalized to
[B-actin.
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Figure 1. Cisplatin treatment increases the expression levels of HMGBI in a time-dependent manner. Protein expression levels of HMGBI in cisplatin-treated
(A) HeLa and (B) SiHa cells were examined by western blotting and quantified relative to -actin. “P<0.01 vs. 0 h. HMGBI, high mobility group box 1 protein.

MTT assay. The tumor inhibition rates of cisplatin and EP
on HeLa cells and HeLa/DPP cells were detected by MTT
assay. The cervical cancer cells were plated into 96-well
plates (2x10* cells/well) and cultured for 6 h in DMEM. They
were subsequently treated with the 10 pg/ml cisplatin and
stimulated for 24, 48 and 72 h, respectively. MTT (5 mg/ml)
was added into the medium and 150 ul DMSO was used to
dissolve the formazan crystals. The 96-well plates were read
on a microplate reader at a test wavelength of 490 nm (A,q).

The growth inhibition rate was calculated as follows:
growth inhibition rate (%) = (average A,q, of the control
group - average A, value of the experimental group)/average
A,q value of the control group x 100%.

Statistical analysis. All of the data were analyzed by SPSS 19.0
software (SPSS Inc., Chicago, IL, USA) and are presented as
the mean + standard deviations. P<0.05 was considered to
indicate a statistically significant difference.

Results

Cisplatin treatment increases the protein expression levels of
HMGBI in a time-dependent manner. HMGBI 1is a nucleo-
protein that is associated with cancer progression (22-24). To
examine whether HMGBI is involved in drug resistance in
cervical cancer cells, two cisplatin-sensitive cell lines, HeLa
and SiHa, were treated with 10 yg/ml of cisplatin for 24 and
48 h. Expression of HMGBI was significantly increased
compared with untreated cells in at 24 and 48 h in both HeLa
(P=0.032 and P=0.014, respectively; Fig. 1A) and SiHa cells
(P=0.038 and P=0.011, respectively; Fig. 1B). These findings
suggest that cisplatin-induced HMGBI expression in cervical
cancers may be involved in drug resistance.

Higher levels of HMGBI are detected in a cisplatin-resistant
subline of cervical cancer cells. The cervical cancer cell line
HeLa and its cisplatin-resistant subline, HeLLa/DDP were used
as models. MTT assays were performed to examine the levels
of cisplatin resistance in these cell lines. The cisplatin-sensi-
tive HeLa and cisplatin-resistant HeLa/DDP cells were treated
with increasing concentrations of cisplatin for 48 h, and half
maximal inhibitory concentration (ICs,) values were calcu-
lated as 4.27 and 22.70 ug/ml, respectively (Fig. 2A). The ICy,
value in the HeLa/DDP cell line was ~5.3-fold that in the HeLa
cell line, confirming that HeLa/DDP had higher resistance to
cisplatin than HeLa cells (Fig. 2A).

HMGBI protein expression levels were detected by
western blotting analysis in both HeLLa and HeLLa/DDP cells.
HeLa/DDP cells exhibited higher protein expression levels of
HMGBI than cisplatin-sensitive HeLa cells (Fig. 2B), which
suggested that increased HMGBI1 expression was associated
with cisplatin drug resistance in HeLa cervical cancer cells.

Association of cytoplasmic location of HMGBI and cisplatin
resistance in cervical cancer cells. Under normal conditions,
HMGBI is a non-histone nuclear protein (25,26). To establish
whether the location of HMGBI was altered in drug resistant
cancer cells, protein in the cytoplasm and nucleus was extracted
from cisplatin-treated HeLa cells, and HMGBI expression
was detected in cytoplasmic and nuclear fractions by western
blotting (Fig. 3). Protein expression levels of HMGBI in HeLa
cells increased in a time dependent manner over the course
of 48 h (Fig. 3A). In addition, cytoplasmic HMGBI increased
with time when treated with cisplatin (Fig. 3B), while the levels
of HMGBI in the nucleus decreased (Fig. 3C). This suggests
that HMGBI translocation from the nucleus to cytoplasm may
be associated with cisplatin resistance.
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Figure 2. Higher levels of HMGBI are detected in a cisplatin-resistant subline
of cervical cancer cells. (A) Growth inhibition rate of HeLLa and HeLa/DPP
cells in increasing concentrations was determined by MTT assay, and the
ICy, calculated. (B) HMGBI protein expression levels were determined by
western blot in HeLa and HeLa/DPP cells treated with 10 p1/ml cisplatin for
48 h. f-actin was used as an internal control. HMGBI, high mobility group
box 1 protein. ICs,, half maximal inhibitory concentration.

A Cisplatin (10 pg/ml) Oh 12h 24h 48h
HMGB1
Extra-HMGB1
p-actin
B Cisplatin (10 pg/ml) oh 12h 24h 48h
Cytoplasmic HMGB1 m
p-tubulin
Lamin B1
C Cisplatin (10 pg/ml) oh 12h 24h 48h
Nuclear HMGB1  #NG_—. - —— —
B-tubulin
Lamin B1 — — — —

Figure 3. Cytoplasmic location of HMGBI contributes to cisplatin resistance
in cervical cancer cells. HeLa cells were treated with 10 yg/ml of cisplatin
for the indicated times, and the expression and cellular location of HMGBI
was detected by western blotting analysis. (A) Protein expression levels of
HMGBI and the extra-HMGBI levels were detected by western blotting
in the supernatant with f-actin as an internal control. (B) Cytoplasmic
HMGBI levels were detected in cytoplasmic fractions with $-tubulin used
as a cytoplasmic marker. (C) HMGBI protein levels were detected in nuclear
fractions, with lamin B1 used as a nuclear marker. HMGBI, high mobility
group box 1 protein; extra-HMGBI, extracellular HMGBI.
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Figure 4. EP inhibits the proliferation of cervical cancer cells. (A) HeLa cells
were incubated with or without 10 mM EP for 5 h, then incubated in fresh
medium with 10 pg/ml cisplatin for a further 48 h. Cytoplasmic fractions
were isolated from samples at 0,24 and 48 h, and HMGBI protein expression
levels were detected by western blot with $-tubulin as a cytoplasmic marker
and lamin BI as a nuclear marker. (B) Growth inhibition rates were assessed
by MTT assay in HeLa and HeLa/DDP cells incubated with/without 10 mM
EP for 3 h. "P<0.05 and “P<0.01 vs. EP untreated cells at the same time-point.
EP, ethyl pyruvate; HMGBI, high mobility group box 1 protein.

Ethyl pyruvate (EP) inhibits the cytoplasmic translocation of
HMGBI and suppresses the proliferation of cervical cancer
cells. To further investigate the involvement of HMGBI1
translocation in drug resistance a pharmacological inhibitor
of HMGBI cytoplasmic translocation, EP, was used to treat
HeLa cells. EP treatment alongside cisplatin reduced the
levels of cytoplasmic HMGBI in cisplatin-treated HeLa cells
at 24 and 48 h (Fig. 4A). Notably, the growth inhibition rate
in EP-treated HeLa and HeLa/DDP cells was significantly
increased compared with cells without EP treatment (Fig. 4B),
suggesting EP may significantly inhibit translocation of
HMGBI into the cytoplasm and suppressed the proliferation
of cervical cancer cells.

Interference with endogenous HMGBI expression inhibits the
proliferation of HeLa cells exposed to cisplatin. RNA interfer-
ence technology was used to interfere with the expression of
endogenous HMGBI. As demonstrated in Fig. 5A, the expres-
sion of HMGBI was reduced in both the cytoplasm and nucleus
of HeLa cells transfected with HMGBI1 shRNA compared
with NC shRNA. MTT assays were then used to detect the
effects of interference with HMGBI on the drug resistance
of cisplatin in HeLa cells. As demonstrated in Fig. 5B, the
growth inhibition rate was significantly higher in HMGBI1
shRNA transfected, cisplatin-treated HeLa cells, compared
with NC shRNA transfected, cisplatin-treated HeLa cells at
48 and 72 h (P=0.009 and P=0.009; Fig. 5B, HeLa cells). This
effect was also observed in HeLa/DPP cells at 48 and 72 h
(P=0.009 and P=0.007; Fig. 5B; HeLa/DPP cells). Therefore,
HeLa and HeLa/DPP cells transfected with HMGB1 shRNA
demonstrated reduced proliferation.

Transfection with HMGBI in HeLa cells induces cell apop-
tosis in cervical cancer cells. The cell apoptosis rate was
determined by FACS analysis in HeLa cells transfected with
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Figure 5. Interference with endogenous HMGBI expression increases the sensitivity of HeLa cells to cisplatin. (A) HMGBI protein expression levels were
detected by western blotting in cytoplasmic and nuclear extracts from HeLa cells transfected with HMGB1 shRNA or NC shRNA, and incubated with/without
10 pg/ml cisplatin for 24 h. f-Tubulin was used as a cytoplasmic marker and lamin Bl as a nuclear marker. (B) Growth inhibition rates were determined by
MTT assay in HeLa and HeLa/DDP cells transfected with HMGB1 shRNA or NC shRNA, and incubated with 10 pg/ml cisplatin for 24, 48 and 72 h. “P<0.01,
with comparisons indicated by brackets. HMGBI, high mobility group box 1 protein; ctrl, control; shRNA, short hairpin RNA; NC, negative control.
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Figure 6. Transfection with HMGBI induces cell apoptosis in HeLa cells. HeLa cells were transfected with HMGB1 shRNA or NC shRNA and treated with
10 pg/ml of cisplatin for 48 h. (A) Cell apoptosis was detected by an Annexin V-PI dual staining analysis, “P<0.01 (B). Expression levels of apoptosis-related
proteins were detected by western blot analysis of whole cell lysates. 3-actin was used as an internal control (C). HMGBI, high mobility group box protein 1;
shRNA, short hairpin RNA; NC, negative control; ctrl, control; PI, propidium iodide; PARP, poly ADP ribose polymerase.
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Figure 7. Cell autophagy induced by HMGBI treatment in HeLa cells is mediated by the ERK1/2 pathway. Western blot analysis of LC3-1, LC3-II, p62,
ERK1/2 and p-ERK1/2 protein levels was performed in (A) 24 h serum-starved HeLa cells, treated with 100 yg/ml rhHMGBI or 100 pg/ml BSA for 48 h,
and (B) HeLa cells transfected with NC shRNA and HMGBI shRNA. -actin was used as a loading control. HMGBI, high mobility group box protein 1;
ERK1/2, extracellular signal-related kinases 1 and 2; LC3, microtubule associated protein 1 light chain 3; sShRNA, short hairpin RNA; NC, negative control;
p62, nucleoporin p62; p, phosphorylated; BSA, bovine serum albumin; rh, recombinant human.

(P=0.003; Fig. 6A). In addition, the presence of caspase-3,
the executor of cell apoptosis, and its substrate PARP, were
detected by western blotting analysis in cisplatin-treated
HMGB1 shRNA/NC shRNA transfected HeLa cells, and
in untreated/untransfected cells (Fig. 6B). The levels of
cleaved, and therefore activated, caspase-3 and PARP were
higher in HMGBI1 shRNA transfected HeLa cells than in
untreated/untransfected cells and cisplatin-treated NC shRNA
cells (Fig. 6B).

Cell autophagy induced by extracellular HMGBI treat-
ment is mediated by the ERK1/2 pathway. Compared with
FBS-treated cells, the levels of LC3-II in Hel a cells treated
with rhHMGBI1 were increased, while nucleoporin p62 levels
were reduced (Fig. 7A). This suggests that administration of
rhHMGBI resulted in degradation of p62 and induction of cell
autophagy. Furthermore, treatment with trhHMGBI increased
the phosphorylation of ERK1/2 (Fig. 7A), which results in acti-
vation of the MEK/ERK1/2 signaling pathway. By contrast,
interference with endogenous expression of HMGBI using
HMGBI shRNA, did not affect levels of p-ERK1/2, LC3-I1
and p62 compared with NC shRNA transfected cells (Fig. 7B).

Discussion

Previous studies into cervical cancer treatments have focused
on prevention methods, including HPV DNA testing, HPV
vaccination and Pap smear issues (27,28). However, resis-
tance to chemotherapeutic drugs remains a major obstacle
in the treatment of cervical cancer. Investigations into the
mechanisms of drug resistance in human cervical cancer cell
lines, and methods of reversing resistance, have been explored
by numerous researchers, but the mechanisms are yet to be
clearly elucidated.

In the present study, it was revealed that levels of HMGBI1
in cervical cancer cells significantly increased as a result of

cisplatin treatment, in a time-dependent manner. Protein
expression levels of HMGBI1 were also demonstrated to be
significantly higher in cisplatin-resistant HeLa/DDP than
in cisplatin-sensitive HeLa cells, suggesting that increased
levels of HMGBI contribute to cisplatin resistance in cervical
cancer cells. Furthermore, HMGBI levels were upregulated
as the cisplatin treatment time increased. Clinical samples of
cervical cancers will therefore be collected in a future study
to determine whether HMGBI levels in the serum or tissues
could be used as a diagnostic marker for cervical cancers.

Induction of autophagy has been observed to contribute to
drug resistance in tumor cells (20). Chen et al (29) reported
that abrogation of autophagy could restore lapatinib sensi-
tivity to ErbB2 receptor (HER?2) tyrosine kinase-positive
breast cancers. In human esophageal cancers with acquired
resistance to cisplatin, induction of autophagy has been
demonstrated to be accompanied by the suppression of
mechanistic target of rapamycin complex 1 (mTORCI)
activity, which promotes cell autophagy, while inhibition of
autophagy re-sensitizes cancer cells to cisplatin (30). In the
present study, it was demonstrated that cisplatin treatment
induces HMGBI expression in HeLa cells, and that increased
HMGBI is associated with increased cisplatin resistance and
results in induction of autophagy. In addition, inhibition of
HMGBI expression promotes apoptosis in cisplatin-treated
HeLa cells. These findings demonstrate that HMGB1 may be
an important factor in the development of chemoresistance
and may represent a new target for the treatment of human
cervical cancers.
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