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Purpose: Carboplatin is a first-line treatment for ovarian cancer. However, most patients 

develop resistance and undergo disease recurrence. This study aims to explore the relation-

ship between the expression of X-linked inhibitor of apoptosis protein (XIAP) and carboplatin 

sensitivity in ovarian cancer.

Patients and methods: We examined the expression of XIAP in ovarian cancer by immuno-

chemistry. Next, we investigated the role of XIAP in regulating carboplatin sensitivity in ovarian 

cancer ES2 and 3AO cells through Cell Counting Kit-8 cell viability assay and fluorescein 

isothiocyanate-Annexin V/propidium iodide apoptosis assay. Expression of apoptotic effectors 

was measured by Western blot.

Results: The immunochemistry results showed that high XIAP expression levels inversely cor-

related with carboplatin response (P=0.03) and progression-free survival (P=0.0068) in patients 

with ovarian cancer. Knockdown of XIAP repressed the cell viabilities in the carboplatin-treated 

cells and increased carboplatin-induced caspase activation. In summary, our data show that 

XIAP mediates carboplatin sensitivity of ovarian cancer.

Conclusion: In summary, our data show that XIAP mediates carboplatin sensitivity of ovarian 

cancer and XIAP may be a novel target for the treatment of carboplatin-resistant ovarian cancer.

Keywords: XIAP, carboplatin, chemosensitivity, ovarian cancer

Introduction
Ovarian cancer is the most lethal type of malignant tumors of the female reproductive 

system, and the patient’s 5-year survival rate is relatively low and has the highest 

mortality rate. Platinum compounds have been proved to be the most effective drugs 

for the treatment of ovarian carcinoma. Carboplatin has long been established as a 

first-line drug for the treatment of ovarian carcinoma,1 but the resistance of patients to 

platinum compounds is a major challenge in the treatment of ovarian cancer.2 So far, 

there is no very effective solution to this problem.3,4 Therefore, it is important to identify 

markers for predicting response to carboplatin, which may allow for the development 

of therapeutic strategies for overcoming chemoresistance.

Inhibitor of apoptosis protein (IAP) family has been reported to promote tumor 

formation and metastasis.5,6 X-linked inhibitor of apoptosis protein (XIAP) is a member 

of the IAP family. XIAP not only exerts an anti-apoptotic function but also inhibits 

autophagy via XIAP-Mdm2-p53 signaling.7 In addition, XIAP has been involved in 

regulating innate immune responses by mediating NOD signaling through interaction 

with RIP2.8 Also, XIAP confers resistance to some chemotherapeutic drugs in various 

types of cancer including ovarian cancer.9–14 For example, phenoxodiol, Piceatan-

nol, and HtrA1 enhance cisplatin sensitivity in ovarian cancer via the degradation of 
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XIAP.9–11 However, there have been no studies that investi-

gated the role of XIAP in conferring carboplatin sensitivity 

in ovarian cancer.

In the present study, we examined the expression of 

XIAP in clinical ovarian cancer samples (151 cases) and 

analyzed the relationships between XIAP expression and 

clinicopathological features of ovarian cancer. Furthermore, 

we investigated the functional role of XIAP on carboplatin 

sensitivity at the cellular and molecular level.

Materials and methods
Tissue specimens
Tissue samples were collected from 151 patients with ovarian 

serous adenocarcinoma during their initial treatment at the 

Chinese Academy of Medical Sciences Cancer Hospital 

(Beijing, China). All cancer tissues were diagnosed as 

primary ovarian cancer by histopathology. Patients received 

platinum-based adjuvant chemotherapy treatment after the 

first cytoreductive surgery and signed informed consent 

forms for sample collection to participate in this research. 

This study was approved by the Institutional Review Board of 

the Chinese Academy of Medical Sciences Cancer Institute.

immunohistochemistry
An ovarian cancer tissue microarray including primary 

ovarian tumors was constructed with each case represented 

twice. For immunohistochemistry (IHC) staining, the slides 

were deparaffinized, rehydrated, immersed in 3% hydrogen 

peroxide solution for 10 minutes, heated in a microwave in 

citrate buffer (pH 6.0) for 10 minutes, and cooled at room 

temperature. The slides were blocked by 10% normal goat 

serum at 37°C for 30 minutes and then incubated with rabbit 

polyclonal antibody against XIAP at a dilution of 1:500 

overnight at 4°C. IHC was performed using the PV-9000 

Polymer Detection System for Immuno-Histological Staining 

kit (Beijing Golden Bridge Biotechnology Company). 

3,3′-Diaminobenzidine was used to visualize the reaction, 

followed by counterstaining with hematoxylin. Visual 

analysis was performed using ImageScope software (Aperio 

Technologies). The percentage of staining was automatically 

assessed by ImageScope software, and the expression score 

was determined by multiplying the percentage of staining 

by the staining intensity. Based on the median IHC score, 

tumors with scores were classified into the high-expression 

group (marked 1) and the low-expression group (recorded 

as 0). The location and scoring of the tumor were completed 

with two professional clinicopathologists.

cell lines and cell culture
Ovarian carcinoma cell lines (ES2, SKOV3, 3AO) and 

293 T cells were preserved in our laboratory. The ovarian 

cancer cell lines were cultured with RPMI-1640 medium 

containing 10% FBS, 100 U/mL penicillin, and 100 mg/mL 

streptomycin. 293 T cells were maintained with DMEM 

supplemented with 10% FBS, 100 U/mL penicillin, and 

100 mg/mL streptomycin. All cells were cultured at 37°C 

in a humidified atmosphere containing 5% CO
2
.

antibodies
The immunohistochemistry antibody for XIAP (PRS3331) 

and the specific antibody for β-actin (A5316) were purchased 

from Sigma-Aldrich Co (St Louis, MO, USA). The antibody 

against caspase 3 (9662S) and caspase 9 (9502S) were from 

Cell Signaling Technology. Specific antibodies against PARP 

(Sc-7150) and XIAP (Sc-55551) were purchased from Santa 

Cruz Biotechnology Inc. (Dallas, TX, USA).

Packaging of virus and transfection
The shGFP or shXIAP lentiviral and packaging vectors 

were transfected into 293 T cells according to manufac-

turer’s instructions. The shRNA sequences were as follows: 

shXIAP-4: ACACGTACTTGTGCGAATTAT; shXIAP-6: 

GACTCTACTACACAGGTATTG; shGFP: GAGAAGCG 

CGATCACAT. Viral supernatants were collected after 

48 hours and filtered through a 0.45 µm filter. ES2 or 3AO 

cells were seeded in six-well plate (2×105/well) and infected 

with shGFP, shXIAP-4, and shXIAP-6 lentiviral particles, 

and then the cells were selected with puromycin (2 µg/mL). 

The knockdown efficiency of XIAP was confirmed by quan-

titative real-time PCR and Western blot.

ic50 value determination
Ovarian cancer cells were seeded in 96-well plate (1×104/

well) and treated with carboplatin concentrations ranging 

from 40 µg/mg to 360 µg/mg for 24 hours. The cell viability 

was measured by Cell Counting Kit-8 (CCK-8) assay. Half-

maximal inhibitory concentration (IC
50

) value of ovarian 

cancer cells was calculated by GraphPad Prism 6 software.

Quantitative real-time Pcr
Total RNAs were extracted by TRIzol reagent (Thermo 

Fisher Scientific, Waltham, MA, USA). One microgram 

of total RNAs was reverse-transcribed to cDNA by using 

Quantscript RT Kit (Tiangn, Beijing, China). The expres-

sion of XIAP and GAPDH was analyzed by quantitative 
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real-time PCR (RT-qPCR) with Power SYBR Green PCR 

Master Mix (Thermo Fisher Scientific). Primer sequences 

of XIAP and GAPDH were as follows: XIAP forward: 

5′-GGACCCTCCCCTTGGAC-3′ and reverse: 5′-TGAT 

GTCTGCAGGTACACAAGTT-3′; GAPDH forward: 5′-GGT 

GAAGGTCGGAGTCAACG-3′ and reverse 5′-TGGGTGG 

AATCATATTGGAACA-3′.

Western blotting
Cells were lysed with lysis buffer on ice and centrifuged at 

12,000 rpm at 4°C for 20 minutes to collect the supernatant. 

Protein was quantified using bicinchoninic acid protein assay 

reagent. Protein samples were separated by SDS-PAGE and 

transferred to polyvinylidene difluoride membranes. Then, 

the membranes were blocked with 5% milk for 1 hour and 

subsequently incubated with primary antibodies at 4°C over-

night, washed with TBST (Tris-buffered saline containing 

0.05% Tween-20) for three times, followed by incubation 

with secondary antibodies. The membranes were washed 

with TBST for three times. Images were exposed by LAS-

4000 imaging system (Fujifilm, Valhalla, NY, USA).

cell proliferation assay
Cells were seeded in 96-well plate (1×104/well) and treated 

with vehicle control or carboplatin (80 µg/mL or 200 µg/mL). 

Cell proliferation was detected at 0, 24, and 48 hours using 

CCK-8 reagents (Wbsbio, Beijing, China) according to the 

manufacturer’s instructions.

Flow cytometry analysis of apoptosis
Cells were seeded in a six-well plate (2×105/well) and treated 

with carboplatin (200 µg/mL or 400 µg/mL) for 24 hours. 

Then, cells were harvested for analysis of apoptosis using 

Annexin V-propidium iodide apoptosis detection kit (BD 

Biosciences, Franklin Lakes, NJ, USA) according to the 

instructions. The cell apoptotic rate was detected by BD 

LSR II flow cytometry (BD Biosciences).

statistical analysis
SPSS 21.0 and GraphPad Prism 6 were used for statistical 

analysis. Pearson’s chi-squared test was used to detect the 

relationship between XIAP level and clinical parameters. 

Kaplan–Meier survival analysis was used to calculate the 

relationship between various factors and patient’s short 

progression-free survival (PFS). Data were presented as 

mean values with SD. P-value ,0.05 was considered to be 

statistically significant.

Results
high expression of XiaP was associated 
with poor prognosis and chemotherapy 
resistance in ovarian cancer
It has been reported that XIAP is associated with cispla-

tin sensitivity in ovarian cancer;9–11 we therefore investigated 

the relationship between XIAP expression and carboplatin 

sensitivity in ovarian cancer. Immunohistochemistry was 

performed on primary ovarian cancer specimens derived 

from 151 patients. Using the median expression value of 

XIAP as a cutoff point, the cohort was divided into XIAP 

high-expression group and XIAP low-expression group. 

Statistical analysis demonstrated that higher expression of 

XIAP was associated with lower probability of carboplatin 

sensitivity (Figure 1A), and that XIAP expression was also 

associated with primary CA125 levels (Table 1).

Further analysis showed that higher expression of XIAP 

was closely related to the patient’s short PFS (Figure 1B 

and Table 2).

Figure 1 relationship between XiaP expression and chemosensitivity in ovarian cancer.
Notes: (A) scanscope Virtual slide software was used to score the level of XiaP 
expression. expression score at or below median was considered low and above 
median was considered high. (B) Kaplan–Meier plot shows that XiaP expression 
above median is associated with shorter PFs, P=0.0068.
Abbreviations: PFs, progression-free survival; XiaP, X-linked inhibitor of apop-
tosis protein.
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Therefore, we concluded that XIAP expression in ovarian 

cancer is associated with sensitivity to carboplatin in 

patients, thus affecting the prognosis of patients.

establishment of stable XiaP knockdown 
cell lines
To further validate the relationship between XIAP and carbo-

platin sensitivity at the cellular level, we first tested the 

expression levels of XIAP in three ovarian cancer cells, ES2, 

3AO, and SKOV3, at both protein and mRNA levels. The 

expression of XIAP was very high in these cells (Figure 2A). 

We then generated ES2 and 3AO cell lines with stable XIAP 

Table 1 correlation between XiaP expression and clinical 
pathological features in sOc tissue microarray

Clinical variables No of 
patients

XIAP expression
(No of cases)

P-value

Low 
(n=76)

High 
(n=75)

all cases 151

age at diagnosis (years)

$60 45 21 24 0.341

,60 106 55 51

residual tumor size (cm)

$2 24 10 14 0.241

,2 127 66 61

Prime ca125 level (U/ml)

$500 115 63 52 0.038

,500 36 13 23

recurrent type

Platinum-sensitive 87 50 37 0.03

Platinum-resistant 64 26 38

2012 FigO stage

i–ii 7 3 4 0.493

iii–iV 144 73 71

Note: The relationship between XiaP expression level and clinical features was 
analyzed, P,0.05 was considered statistically significant.
Abbreviations: XiaP, X-linked inhibitor of apoptosis protein; sOc, serous ovarian 
cancer; ca, cancer antigen; FigO, the international Federation of gynecology and 
Obstetrics.

Table 2 analyses of factors affecting PFs in patients with sOc 
microarray

Prognostic factors No of 
cases

PFS

P-value

XiaP expression (ihc score)

low (0) 76 0.0068

high (1) 75

age (years)

$60 106 0.1761

,60 24

Tumor size (cm)

$2 24 ,0.0001

,2 127

ca125 level (U/ml)

$500 115 0.03275

,500 36

2012 FigO stage

i–ii 7 0.0065

iii–iV 144

Notes: The relationship between XiaP expression, clinical parameters, and 
progression-free survival (PFs) was analyzed. P,0.05 was considered statistically 
significant.
Abbreviations: PFs, progression-free survival; XiaP, X-linked inhibitor of apop-
tosis protein; ihc, immunohisto chemistry; sOc, serous ovarian cancer; ca, cancer 
antigen; FigO, the international Federation of gynecology and Obstetrics.

Figure 2 establishment of stable knockdown of XiaP in es2 and 3aO cells.
Notes: (A) XiaP expression was examined by rT-qPcr (left panel) and Western 
blot (right panel) in various ovarian cancer cell lines. (B, C) es2 (B) and 3aO (C) 
cells were infected with shgFP and shXiaP-4 and six lentivirus, and then stable cells 
were selected by puromycin (2 µg/ml). cells were harvested, and XiaP expression 
was detected by rT-qPcr and Western blot.
Abbreviations: rT-qPcr, quantitative real-time Pcr; XiaP, X-linked inhibitor of 
apoptosis protein.
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silencing by lentivirus-mediated RNA interference using two 

independent shRNA sequences (shXIAP-4 and shXIAP-6), 

and shGFP was used as control. The knockdown efficiency 

of XIAP was detected by RT-qPCR and Western blot. The 

results showed that XIAP expression was effectively sup-

pressed (Figure 2B and C).

Knockdown of XiaP retards cell 
proliferation
To evaluate the cytotoxicity of carboplatin, we first evaluated 

the viabilities of ES2 and 3AO cells in a gradient carboplatin 

and determined the IC
50

 values of carboplatin in these cells 

(Figure 3A). Next, we investigated the inhibitory effect of 

carboplatin and assessed the role of XIAP in regulating 

carboplatin sensitivity. Based on the IC
50

 value, we treated 

stable XIAP knockdown ES2 and 3AO cells and their corre-

sponding control cells with two concentrations of carboplatin 

(80 µg/mL or 200 µg/mL), and then cell proliferation was 

detected by CCK-8 reagents. As expected, suppression of 

XIAP not only significantly retarded ES2 and 3AO prolif-

eration but also sensitized cells to carboplatin-induced cell 

proliferation inhibition (Figure 3B and C).

Knockdown of XiaP promotes 
carboplatin-induced cell apoptosis
To investigate the effect of XIAP on carboplatin-induced 

apoptosis in ovarian cancer cells, we treated ES2 and 

3AO cells with stable knockdown of XIAP and their cor-

responding control cells with different concentrations of 

carboplatin (200 µg/mL or 400 µg/mL). Flow cytometry 

Figure 3 silencing of XiaP expression inhibits cell proliferation.
Notes: (A): ic50 value of carboplatin was detected in three ovarian cancer cells. The ic50 values of 3aO, es2, and sKOV3 were 134.5, 126.2, and 70.14 µg/ml, respectively. 
(B, C) cells were treated with carboplatin for 0, 24, and 48 hours, and ccK-8 assay was used to detect cell viability (B, es2 cells; C, 3aO cells). *P,0.05, **P,0.01.
Abbreviations: ic50, half-maximal inhibitory concentration; XiaP, X-linked inhibitor of apoptosis protein.
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Figure 4 Knockdown of XiaP promotes cell apoptosis and sensitizes to carboplatin.
Notes: (A, B) cells were treated with carboplatin for 24 hours, and apoptosis was detected using annexin V-Pi detection kit (A, es2 cells; B, 3aO cells). *P,0.05, 
**P,0.01.
Abbreviations: Pi, propidium iodide; XiaP, X-linked inhibitor of apoptosis protein.

was used to determine cell apoptosis. Silencing of XIAP 

alone can significantly induce cell apoptosis in both 

cells. Moreover, suppression of XIAP further increased 

carboplatin-induced cell apoptosis (Figure 4A and B). 

Subsequently, the expression of apoptosis-related pro-

teins (PARP, caspase 3, and caspase 9) was measured by 
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Western blot. The results showed that attenuation of XIAP 

promoted carboplatin-induced cell apoptosis by increasing 

the cleavage of caspase 3, caspase 9, and PARP in ES2 and 

3AO cells (Figure 5A and B). Taken together, these results 

suggest that XIAP is an important regulator of carboplatin 

sensitivity in ovarian cancer.

Discussion
Carboplatin is most commonly used as the front-line chemo-

therapeutic agent in ovarian carcinoma. However, carboplatin 

resistance is the major clinical obstacle for the treatment 

of ovarian cancer and the underlying mechanisms remain 

poorly understood. Therefore, investigating the mechanism 

of carboplatin resistance is undoubtedly important and is 

the basis for exploring novel strategies. In the current study, 

we first revealed that the expression of XIAP in ovarian 

cancer tissues was associated with carboplatin resistance 

and short PFS. We further provide strong evidence that 

XIAP suppression increased carboplatin chemosensitivity 

in ovarian cancer cells.

With recent progress in drug resistance, it has become 

clear that loss of control on cell death and apoptosis may con-

fer chemoresistance.15,16 XIAP, a member of the IAP family, 

prevents apoptosis induced by both extrinsic and intrinsic 

pathways through direct inhibition of effector caspases 

(caspases 3, 6, 7, and 9).17 It has been well-documented 

that XIAP plays a crucial role in tumor maintenance and 

resistance to chemotherapy treatments in many kinds of 

tumors.13,18–20 Cells that lack XIAP are sensitized to apopto-

sis. High expression of XIAP has also been found in ovarian 

Figure 5 (A, B) cells were treated with carboplatin at a concentration of 400 µg/ml for 0, 12, and 24 hours, and then the expression of apoptosis-related markers was 
detected by Western blot (A, es2 cells; B, 3aO cells).
Abbreviation: XiaP, X-linked inhibitor of apoptosis protein.
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cancer cells and implicated as determinant of the chemosensi-

tivity of ovarian cancer.21–24 Increasing evidence has focused 

on XIAP suppression to develop new strategies for cancer 

prevention and treatment.25 Consistent with previous studies, 

we demonstrated the role of XIAP in the protection of ovarian 

cancer cells induced by carboplatin. We also confirmed that 

XIAP inhibited carboplatin-induced apoptosis via suppres-

sion of caspases 3 and 9. In future studies, in vivo experi-

mental evidence needs to be further provided to confirm the 

functional role of XIAP in mediating carboplatin sensitivity. 

Mechanistic investigations have demonstrated that a number 

of signaling pathways are involved in the regulation of XIAP 

expression, including p53, NF-ΚB, c-Jun/AP-1, PI3K, and 

USP11-dependent signaling pathways.5,20,26–28 The precise 

molecular biological mechanism as to how XIAP regulates 

apoptosis of ovarian cancer cell must also be addressed in 

the future.

Conclusion
Our data clearly demonstrate that XIAP suppression enhances 

chemosensitivity of carboplatin and that XIAP can act as a 

predictor of carboplatin sensitivity. Thus, XIAP-targeted 

regulation may markedly contribute to the identification 

of biomarkers of chemotherapy and present a promising 

therapeutic strategy to improve chemotherapeutic efficacy 

in ovarian cancer.
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