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Abstract. Ovarian cancer, one of the most common types 
of cancer, has the highest mortality among all gynecological 
malignancies. The development of acquired drug resistance 
is the leading cause of chemotherapy failure. To study the 
mechanism underlying drug resistance in ovarian cancer, a 
drug-resistant ovarian cancer SKOV3 cell line was developed 
using the chemotherapeutic agent carboplatin (SKOV3-Carb) in 
the present study. It has been reported that high-mobility group 
protein box-1 (HMGB1) is associated with the chemoresistance 
of tumor cells. Therefore, the probable involvement of HMGB1 
in the development of carboplatin resistance in ovarian cancer 
SKOV3 cells was investigated. HMGB1 has been reported to 
be overexpressed in carboplatin-resistant SKOV3-Carb cells 
compared with control SKOV3 cells. Subsequently, the expres-
sion of HMGB1 was silenced by small interference RNA 
technology. Reverse transcription- quantitative polymerase 
chain reaction and western blot analysis indicated that mRNA 
and protein expression levels of HMGB1 were significantly 
inhibited in HMGB1-silenced cells. Cell proliferation and 
apoptosis analyses were performed to evaluate the effect of 
HMGB1 silencing on resistant ovarian cancer cells. An MTT 
assay revealed that the proliferation of HMGB1-silenced 
SKOV3 and SKOV3-Carb cells were decreased compared with 
the proliferation of non-silenced control cells. Additionally, 
HMGB1 protein expression levels in SKOV3 cells, but not in 
SKOV3-Carb cells, were decreased in response to carboplatin 
treatment. Annexin V‑fluorescein isothiocyanate/propidium 
iodide staining demonstrated that HMGB1 silencing enhanced 
the effects of carboplatin in inducing the apoptosis of 
SKOV3-Carb cells relative to HMGB1 non-silenced control 
cells. The results of the present study suggested that HMGB1 
may be involved in the development of carboplatin resistance 

in ovarian cancer SKOV3 cells and that HMGB1 silencing 
may induce the sensitization of carboplatin-resistant ovarian 
cancer cells to carboplatin. Therefore, HMGB1 may be consid-
ered as a potent therapeutic target for increasing the sensitivity 
of ovarian cancer cells to carboplatin in order to improve the 
treatment and prognosis of ovarian cancer.

Introduction

Ovarian cancer, one of the most common types of cancer 
observed in females, has the highest mortality rate among all 
gynecological malignancies and demonstrates rapid disease 
progression (1). Approximately 70% of patients with ovarian 
cancer are diagnosed in the advanced stages of the disease and 
tumors are often accompanied by metastasis (2). Cytoreductive 
surgery coupled with adjuvant chemotherapy is widely applied 
as the standard treatment for ovarian cancer (3,4). Although the 
survival rate of patients with ovarian cancer has improved in 
recent decades, almost all patients eventually experience tumor 
recurrence due to resistance to chemotherapy agents, resulting 
in a poor prognosis and a high mortality rate (5). Carboplatin 
is a chemotherapy drug used in the treatment of a number of 
types of cancer, including ovarian, lung, breast, cervical and 
esophageal cancer, and central nervous system tumors, due 
to its easy administration, low toxicity and high patient toler-
ance (6,7). Similarly to cisplatin, carboplatin belongs to the 
group of platinum-based antineoplastic agents, interacts with 
DNA in order to interfere with DNA repair, and inhibits repro-
duction and general cell function, but demonstrates fewer side 
effects compared with cisplatin (8). However, the development 
of resistance to carboplatin in tumor cells causes patient insen-
sitivity to carboplatin chemotherapy and eventually reduces 
treatment outcome. Therefore, the resistance of carboplatin is 
yet to be resolved and the identification of suitable molecular 
targets responsible for chemosensitivity to carboplatin is 
required in order for the treatments and prognosis of ovarian 
cancer to be improved.

High mobility group protein box-1 (HMGB1) is a highly 
conserved non-histone nuclear protein that exhibits dual 
function (9). HMGB1 serves an important structural func-
tion in chromatin organization, regulating transcription by 
binding DNA and promoting protein assembly on specific 
DNA targets within the nucleus (10-12). HMGB1 was also 
reported to be a critical cytokine in the cytoplasm that is 
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responsible for mediating a wide range of physiological and 
pathological responses, including inflammation, infection 
and injury response, and regulating cell differentiation and 
motility (13-15). HMGB1 was reported to serve a crucial 
role in numerous human diseases, including arthritis (16), 
sepsis (17), Alzheimer's disease (18), and cardiovascular 
disease (19). Additionally, HMGB1 was implicated in the 
progression and development of several types of cancer, 
including lymphoma (20), and breast (21), lung (22), liver (23), 
stomach (24), colon (25), prostate (26) and ovarian cancer (27). 
HMGB1 overexpression was revealed to be involved in the 
evasion of apoptosis, abnormal proliferation and metastasis 
of tumor cells (28). Higher HMGB1 expression levels were 
detected in ovarian cancer tissues compared with expression in 
normal ovarian tissues (29); and high HMGB1 expression was 
reported to be associated with poor prognosis (30), suggesting 
that HMGB1 may be a potential target for the diagnosis and 
treatment of ovarian cancer. Furthermore, it was demonstrated 
that high HMGB1 expression in cancer cells may be induced 
by several chemotherapeutic agents, which may lead to the 
poor prognosis (31), suggesting that HMGB1 may be associ-
ated with drug resistance. To the best of our knowledge, the 
association between HMGB1 and resistance of ovarian cancer 
to carboplatin has not previously been investigated. In the 
present study, carboplatin-resistant ovarian cancer cells were 
developed and the effects of HMGB1 on the sensitivity of the 
resistant ovarian cancer cells to carboplatin were investigated.

Materials and methods

Cell culture. The human ovarian cancer SKOV3 cell line was 
purchased from the Cell Resource Center, Institute of Basic 
Medical Sciences, Chinese Academy of Medical Sciences 
(Beijing, China). SKOV3 cells were cultured in Dulbecco's 
modified Eagle's medium (DMEM; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), supplemented with 10% 
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, 
Inc.), 100 µg/ml streptomycin and 100 U/ml penicillin 
(Invitrogen; Thermo Fisher Scientific, Inc.) in a 37˚C incubator 
with humidified atmosphere containing 5% CO2.

Development of carboplatin‑resistant cells. To develop drug 
resistant cells, SKOV3 cells were exposed to increasing concen-
trations of carboplatin ranging between 10 and 100 µg/ml in 
DMEM medium. To begin with, cells were cultured on 60-mm 
culture plates for 24 h at 37˚C. Carboplatin (10 µg/ml) was 
then added for a further 48 h. Subsequently, the medium was 
replaced with fresh drug-free DMEM medium. When cells 
reached 80% confluency, cells were trypsinized, re‑plated and 
re‑treated with 20 µg/ml carboplatin. This process was repeated 
until clones demonstrated resistance to 100 µg/ml carboplatin. 
Following prolonged treatment (2 months) with increasing 
doses of carboplatin, living clones were collected and named 
as carboplatin-resistant SKOV3 cells (SKOV3-Carb), and were 
prepared for follow-up experiments.

RNA interference of HMGB1. Small interfering (si)RNAs 
against HMGB1 (siHMGB1; Sense: 5'-GGA AGU UUC UAC 
UGU AUA GTT-3'; Antisense: 5'-CUA UAC AGU AGA AAC 
UUC CTT-3') and the negative control (siCtrl; Sense: 5'-UUC 

UCC GAA CGU GUC ACG UTT-3'; Antisense: 5'-ACG UGA 
CAC GUU CGG AGA ATT-3') were designed and chemically 
synthesized by Shanghai GenePharma Co., Ltd., (Shanghai, 
China). A total of 75  pM siRNAs were transfected into SKOV3 
and SKOV3-Carb cells ~50-70% confluence in a six-well 
plate using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
Cells were lysed 24 h after transfection, and the mRNA and 
protein expression levels of HMGB1 were then analyzed by 
reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) and western blot analysis, respectively.

Western blot analysis. Total protein was extracted from the 
SKOV3 cells and SKOV3-Carb cells using a Total Protein 
Extraction kit (Nanjing KeyGen Biotech Co., Ltd., Nanjing, 
China), according to the manufacturer's protocol. Following 
centrifugation at 12,000 x g for 10 min at 4˚C, the superna-
tant was collected and quantified using a bicinchoninic acid 
quantification kit (Beyotime Institute of Biotechnology, 
Haimen, China). The proteins (50 µg) were separated by 
12% SDS-PAGE and were transferred onto polyvinylidene 
fluoride membranes (EMD Millipore, Billerica, MA, USA). 
The membranes were blocked with 5% skimmed dried milk in 
Tris-buffered saline with Tween-20 for 1 h at room tempera-
ture, and were incubated with mouse monoclonal HMGB1 
(1:2,000; cat. no. ab77302; Abcam, Cambridge, UK) and mouse 
monoclonal GAPDH (1:5,000; cat. no. sc365062; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) primary antibodies 
overnight at 4˚C. Membranes were subsequently incubated with 
a goat anti-mouse horseradish peroxidase-conjugated immu-
noglobulin G secondary antibody (1:2,000; cat. no. sc-2005; 
Santa Cruz Biotechnology, Inc.) for 2 h at room temperature. 
Visualization was performed using ECL-detecting reagent 
(GE Healthcare, Chicago, IL, USA). The protein blots were 
quantified by densitometry using Image J version 1.47 software 
(National Institutes of Health, Bethesda, MD, USA), and the 
expression was normalized to the internal reference GAPDH.

RT‑qPCR. Total RNA was extracted from SKOV3 and 
SKOV3-Carb cells using a Total RNA Mini Plus kit (A&A 
Biotechnology, Gdynia, Poland), according to the manufac-
turer's protocol. cDNA was obtained by RT-qPCR using a 
RevertAid™ First Strand cDNA Synthesis kit (Fermentas; 
Thermo Fisher Scientific, Inc., Pittsburgh, PA, USA) in 50 µl 
reactions with an initial denaturation at 94˚C for 3 min, 
followed by 35 cycles of 94˚C for 30 sec, 60˚C for 30 sec, and 
72˚C for 30 sec and a final elongation step of 72˚C for 5 min, 
and then was amplified using a TaqMan® Gene Expression 
assay (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
with fluorogenic fluorescein amidite-labeled probes using 
specific primers for target proteins. PCR involved 40 ampli-
fication cycles of 94˚C for 10 sec, 53˚C for 30 sec, and 72˚C 
for 40 sec, followed by final extension at 72˚C for 10 min. 
The primers were as follows: HMGB1 F, 5'-TAC CGC CCC 
AAA ATC AAA GG-3' and R, 5'-TCT CAT AGG GCT GCT TGT 
CA-3'; GAPDH F, 5'-CAT GGC CTT CCG TGT TCC TA-3' and 
R, 5'-CCT GCT TCA CCA CCT TCT TGA T-3'. The real-time 
fluorescence detection was performed using the ABI PRISM 
7700 Sequence Detector (Perkin-Elmer Applied Biosystems; 
Thermo Fisher Scientific, Inc.). HMGB1 mRNA expression 



ONCOLOGY LETTERS  16:  4586-4592,  20184588

was calculated using the formula 2-ΔΔCq (32) and was normal-
ized to the level of GAPDH. The relative levels of HMGB1 
mRNA are presented as a percentage of the control.

Proliferation assay. Cell proliferation was evaluated using 
an MTT assay (Sigma Aldrich; Merck KGaA, Darmstadt, 
Germany). A total of 2,000 untransfected SKOV3 and 
SKOV3-Carb cells were seeded onto each well of a 96-well 
plate in 100 µl DMEM and were incubated with or without 
10, 30, 60, 120, 240, 480 µg/ml carboplatin for 24, 48 and 
72 h at 37˚C in a 5% CO2 incubator. Subsequently, cells 
were incubated with 20 µl of 5 mg/ml MTT (Sigma‑Aldrich; 
Merck KGaA) for 4 h at 37˚C incubator, prior to being lysed 
for 10 min by addition of 200 µl dimethyl sulfoxide (OriGene 
Technologies, Inc., Rockville, MD, USA) used to dissolve the 
purple formazan. Absorbance was measured at 490 nm using 
a Rainbow microplate reader (Tecan Group Ltd., Grödig, 
Austria). Cell proliferation was expressed as a percentage of 
the untreated control.

Apoptosis assay. Cells were cultured to 80% confluence and 
were treated with 50 µg/ml carboplatin for 48 h at 37˚C. 
Apoptosis was analyzed using an Annexin V-fluorescein 
isothiocyanate (FITC)/propidium iodide (PI) assay, according 
to the manufacturer's protocol. The amount of phospha-
tidylserine on the outer surface of the plasma membrane 
(a biochemical alteration unique to the membranes of apoptotic 
cells) and the amount of PI, a dye that easily enters dead cells or 
cells in the late stages of apoptosis and binds DNA but not the 
plasma membrane of viable cells, were detected. Fluorescence 
was detected using a FACSCalibur flow cytometer by fluores-
cence activated cell sorter analysis, and data were analyzed 
using CellQuestPro version 5.2 software (BD Biosciences, 
San Jose, CA, USA). Cells with phosphatidylserine on their 
surface were considered to be apoptotic.

Statistical analysis. Data were obtained from at least three 
experiments. Statistical analysis was performed using 
SPSS 13.0 (SPSS, Inc., Chicago, IL, USA) for Microsoft™ 
Windows (Microsoft Corporation, Redmond, WA, USA). 
Data are presented as the mean ± standard error of the mean. 
One-way analysis of variance was used to assess differences 
between groups. The Duncan method was employed for 

pairwise comparison, followed by Bonferroni's correction. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Development of carboplatin‑resistant ovarian cancer SKOV3 
cells. To examine the mechanism underlying carboplatin resis-
tance in ovarian cancer, a carboplatin-resistant ovarian cancer 
SKOV3 cell model (SKOV3-Carb) was generated. Cell prolif-
eration was assessed using an MTT assay, and the proliferation 
of SKOV3-Carb and SKOV3 cells are presented in Fig. 1. 
The data demonstrated that SKOV3‑Carb cells significantly 
proliferated more rapidly than SKOV3 cells at 24, 48 and 
72 h (P=0.037, P=0.018 and P=0.041, respectively; Fig. 1A). 
Additionally, the half-maximal inhibitory concentration (IC50) 
of carboplatin was determined by exposing SKOV3-Carb and 
SKOV3 cells to various concentrations of carboplatin for 72 h; 
the IC50 values of the two types of cell were calculated to be 
370 and 52 µg/m, respectively (Fig. 1B).

Expression of HMGB1 in SKOV3‑Carb and SKOV3 cells. To 
determine whether HMGB1 is associated with the develop-
ment of carboplatin resistance in SKOV3-Carb cells, HMGB1 
expression was analyzed. RT-qPCR and western blot analysis 
demonstrated that both mRNA and protein expression levels 
of HMGB1 in SKOV3‑Carb cells were significantly higher 
compared with that in SKOV3 cells (P=0.008 and P=0.035, 
respectively; Fig. 2A and B). The results of the present 
study suggested that HMGB1 may be associated with the 
resistance development of ovarian cancer SKOV3 cells to 
carboplatin.

HMGB1 silencing re‑sensitizes resistant cells to carboplatin. 
To investigate the effect of HMGB1 on the development of 
carboplatin resistance in ovarian cancer SKOV3 cells, the corre-
sponding siRNA of HMGB1 was used to decrease the expression 
of HMGB1. RT-qPCR and western blot analysis indicated that 
HMGB1 mRNA and protein expression in HMGB1-silenced 
cells was significantly reduced by 80 and 71% for SKOV3 cells, 
73 and 78% for SKOV3-Carb cells, respectively, compared 
with expression in non-silenced control cells (P=0.006 for 
SKOV3 and P=0.007 for SKOV3-Carb, Fig. 3A; P=0.043 for 

Figure 1. Characterization of SKOV3-Carb and SKOV3 cells. (A) Ovarian cancer SKOV3-Carb and SKOV3 cells were maintained in 96-well plates and 
cell proliferation at 24, 48 and 72 h was assessed using an MTT assay. Proliferation curves of the two cells are presented. (B) Cells were incubated in 100 µl 
medium for 24 h, prior to being treated with 0, 10, 30, 60, 120, 240 and 480 µg/ml carboplatin for 72 h. Cell proliferation was evaluated using an MTT assay 
and half-maximal inhibitory concentration values of the two cells were calculated. SKOV3-carb, carboplatin-resistant SKOV3 cells. *P<0.05 vs. SKOV3 cells.
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SKOV3 and P=0.031 for SKOV3-Carb, Fig. 3B). SKOV3-Carb 
and SKOV3 cells were transiently transfected with control and 
HMGB1 siRNA, and were cultured in the presence or absence 
of 50 µg/ml carboplatin for 72 h. Cell proliferation was analyzed 
using an MTT assay. The results demonstrated that the prolif-
erative ability of HMGB1-silenced SKOV3-Carb cells was 
significantly suppressed in response to carboplatin treatment in 
comparison with carboplatin-treated SKOV3-Carb cells trans-
fected with the control siRNA. Additionally, the proliferative 
ability of the SKOV3-Carb cells transfected with siCtrl was 
not markedly affected by carboplatin treatment and revealed 
slightly increased survival cells compared with the SKOV3 cells 
(P=0.038 and P=0.046, respectively; Fig. 3C). However, under 
identical experimental conditions no significant difference was 
observed in the proliferation between HMGB1-silenced and 
non-silenced SKOV3 cells.

HMGB1 silencing promotes the SKOV3‑Carb cell apoptosis 
induced by carboplatin treatment. In order to elucidate the 
mechanism underlying HMGB1 silencing-induced sensiti-
zation of SKOV3-Carb cells to carboplatin, apoptosis was 
evaluated using an Annexin V‑FITC/PI assay. SKOV3‑Carb 
and SKOV3 cells were treated with control and HMGB1 
siRNA, and were exposed to 50 µg/ml carboplatin for 48 h. 
The data indicated that carboplatin treatment induced the 
apoptosis of both siHMGB1- and siCtrl-transfected SKOV3 
cells compared with apoptosis in the corresponding untreated 
control cells (P=0.036 and P=0.029, respectively; Fig. 4A). 
Notably, HMGB1 silencing significantly stimulated the apop-
tosis mediated by carboplatin in SKOV3-Carb cells relative 
to that of siCtrl-transfected SKOV3-Carb cells (P=0.012; 
Fig. 4B). However, carboplatin treatment did not significantly 
induce apoptosis in siCtrl-transfected resistant SKOV3-Carb 
cells compared with the untreated siCtrl-transfected control 
cells. These results suggested that HMGB1 may be associated 
with the resistance of ovarian cancer SKOV3 cells to carbo-
platin and that HMGB1 silencing may increase the sensitivity 
of resistant cells to carboplatin by increasing the apoptosis 
induced by carboplatin treatment.

Discussion

Ovarian cancer is the fifth most common cause of cancer‑ 
associated mortality in women worldwide, and has the highest 
rates of mortality among all gynecological malignancies 
in 2014 (1). Non-metastatic ovarian cancer may be curable 
with surgery, while surgery is insufficient for cancer treat-
ment in cases of invasion and metastasis (33). In these cases, 
chemotherapy is the alternative treatment strategy; however, 
the development of drug resistance during treatment widely 
limits chemotherapeutic effectiveness, leading to a poor 
prognosis (33). Tumor cells treated with drugs may not only 
obtain resistance to the agent originally used, but may also 
exhibit cross resistance to other agents, which may be medi-
ated by numerous molecular mechanisms (34-36). Therefore, 
investigating the underlying mechanism of chemoresistance is 
important for improving cancer treatment.

In the present study, a drug-resistant ovarian cell model 
was constructed using various concentrations of carboplatin, 
which simulated the condition of drug resistance development 
in vivo. The growth of carboplatin-resistant ovarian cancer 
SKOV3 cells, SKOV3-Carb and SKOV3 cells were compared 
to observe the cellular resistance phenotype. It was demon-
strated that the proliferation rate of SKOV3-Carb cells was 
faster and was decreased by carboplatin treatment to a lesser 
extent than that of SKOV3 cells. Additionally, it has been 
reported that elevated HMGB1 expression may be induced 
by numerous chemotherapeutic agents, including cisplatin, 
Adriamycin and methotrexate in lung cancer cells (31). 
Carboplatin, as well as cisplatin, belongs to the group of 
platinum-based antineoplastic agents. Therefore, it is possible 
that HMGB1 expression may also be increased by carboplatin 
treatment. HMGB1 is a cancer-promoting protein, closely 
associated with tumorigenesis and development, by promoting 
cell proliferation and motility. Increased HMGB1 expression 
has been detected in several types of human cancer (20-27). 
HMGB1 was reported to promote cell proliferation and 

Figure 2. Expression of HMGB1 in SKOV3-Carb and SKOV3 cells. 
(A) Cells were cultured to 80% confluence, prior to being collected. Total 
RNA was extracted from cells to evaluate mRNA expression of HMGB1 in 
SKOV3-Carb cells by reverse-transcription-quantitative polymerase chain 
reaction. **P<0.01 vs. SKOV3 cells. (B) Cells were lysed and collected, and 
then total protein was extracted from cells; HMGB1 protein expression levels 
were examined by western blot analysis using an anti-HMGB1 antibody. 
GAPDH was used as an internal reference gene. The protein blots were quan-
tified by densitometry. Data are presented as the mean ± standard error of the 
mean of three independent experiments. *P<0.05 vs. SKOV3 cells. HMGB1, 
high mobility group protein box-1; SKOV3-carb, carboplatin-resistant 
SKOV3 cells.
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Figure 3. HMGB1 silencing sensitizes resistant SKOV3-Carb cells to carboplatin. Cells were transfected with siCtrl or siHMGB1 for 48 h. (A) mRNA and 
(B) protein expression levels of HMGB1 in SKOV3-Carb and SKOV3 cells were analyzed by reverse-transcription-quantitative polymerase chain reaction and 
western blot analysis, respectively. **P<0.01 vs. control. (C) SKOV3-Carb and SKOV3 cells transfected with siCtrl or siHMGB1 for 24 h were incubated with 
fresh medium with or without 50 µg/ml carboplatin for an additional 72 h. Cell proliferation was detected using an MTT assay. *P<0.05. NS, not significant; 
siCtrl, negative control small interfering RNA; siHMGB1, high mobility group protein box-1 small interfering RNA; SKOV3-carb, carboplatin-resistant 
SKOV3 cells.

Figure 4. Effect of HMGB1 silencing on the apoptosis induced by carboplatin treatment in SKOV3-Carb cells. (A) SKOV3 and (B) SKOV3-Carb cells were 
transfected with siCtrl or siHMGB1 for 24 h, prior to being exposed to 50 µg/ml carboplatin for 48 h. Apoptosis of SKOV3 and SKOV3‑Carb cells was 
evaluated using an Annexin V‑fluorescein isothiocyanate/propidium iodide assay. *P<0.05. NS, not significant; siCtrl, negative control small interfering RNA; 
siHMGB1, high mobility group protein box-1 small interfering RNA; SKOV3-carb, carboplatin-resistant SKOV3 cells.
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invasion, and to inhibit cell apoptosis in osteosarcoma MG-63 
cells (28). Additionally, HMGB1 overexpression was reported 
to be associated with the proliferation and metastasis of lung 
adenocarcinoma cells (37). Furthermore, higher HMGB1 
expression was observed in ovarian cancer compared with 
in normal ovarian tissues (29), and high HMGB1 expression 
was reported to be correlated with poor prognosis (30). The 
presented study demonstrated that HMGB1 expression levels 
were increased in resistant SKOV3-Carb cells compared with 
expression in SKOV3 cells, suggesting that HMGB1 may be 
associated with the development of resistance to carboplatin in 
ovarian cancer cells.

It was reported that interference with HMGB1 significantly 
accelerated apoptosis and suppressed cellular motility ability 
in breast cancer MCF-7 cells (38). Absence of HMGB1 inhib-
ited the growth and invasion of colon cancer LoVo cells (39). 
In the present study, to verify the aforementioned hypoth-
esis, the expression of HMGB1 was effectively inhibited 
by employing its corresponding siRNA. The results of the 
present study revealed that HMGB1 silencing enhanced the 
inhibitory effect on proliferation and promoted the apoptosis 
induced by carboplatin treatment in resistant SKOV3 cells 
and thus, restored the carboplatin sensitivity to the cells. This 
suggested that HMGB1 may serve an important role in the 
modulation of carboplatin resistance in ovarian cancer SKOV3 
cells. Therefore, the results of the present study indicated that 
the chemotherapeutic agent, carboplatin, combined with the 
targeted therapy of resistance-associated genes, including 
HMGB1, may serve as a more effective therapy for ovarian 
cancer. However, whether cross resistance of SKOV3-Carb 
cells to other therapeutic drugs is generated or whether other 
factors are involved in the development of resistance is yet to 
be investigated, which may be important in the prognosis and 
treatment of cancer. The present study provided a promising 
clinical therapeutic strategy for ovarian cancer. To verify the 
universality of the therapeutic strategy in ovarian cancer, 
additional ovarian cancer cell lines are required to complete 
this study.
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