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Objective: Ubiquitin-specific protease 7 (USP7) is a common target of herpesviruses and 

is important in the DNA damage response, which is also upregulated in several cancers, 

including prostate, colon, liver, and lung cancers. However, less is known about its expression 

in ovarian cancer tissues. The role of USP7 in epithelial ovarian cancer (EOC) has not yet been 

investigated.

Materials and methods: We recruited 141 patients from Linyi People’s Hospital between 

June 1999 and June 2013, all pathologically diagnosed with primary EOC. Their clinical data 

were collected, and the expression of USP7 in the tumor tissues was determined using immuno-

histochemistry. The correlations between USP7 expression and the clinicopathological variables 

of patients with EOC were assessed using Spearman’s rank correlation test. Kaplan–Meier 

analysis and Cox regression analysis were used to identify the prognosis value of USP7. The 

function of USP7 in the EOC cells was also detected in vitro.

Results: Among the 141 cases, USP7 expression was high in 59 EOC samples (41.8%), and 

was significantly correlated with lymphatic invasion; USP7 can act as independent prognostic 

indicator for the overall survival (OS) of EOC, and its high expression was associated with poor 

OS rate. The RNA inteference and overexpression assays indicated that USP7 can positively 

regulate the ovarian cell vitality and invasion process.

Conclusion: Patients with EOC expressing high level of USP7 have worse OS compared with 

those with low USP7 expression. USP7 may be involved in the proliferation and invasion of 

EOC cells, and USP7 expression can serve as an independent predictor of EOC.
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Introduction
Ovarian cancer (OC) is the most lethal gynecological tumor, constituting the fifth 

common cause of cancer-related death in women.1–3 OC constitutes 90% of malig-

nant ovarian tumors, while epithelial ovarian cancer (EOC) accounts for over 90% of 

primary OCs, which consists of several histologic subtypes, including serous, clear cell, 

endometrioid, and mucinous adenocarcinomas, and the high-grade serous carcinoma 

is the most common one.4 Only ~15% of patients are diagnosed with EOC at an early 

stage.5 The morbidity of EOC is increasing worldwide,6 and the high lethal rate of EOC 

mainly results from its early metastasis and silent symptoms in early stage.7 The later 

symptoms mainly include pelvic pain, bloating, and abdominal swelling, with lung, 

liver, and lymph nodes being the most frequently invaded organs.2 Nowadays, the 

primary methods used to screen for OC are manual pelvic examination, transvaginal 

ultrasound, and cancer antigen (CA)-125 detection, and all have limited specificity 
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and sensitivity.8 Despite current advances in surgery and 

adjuvant chemotherapy, the clinical outcome of patients 

with OC remains uncertain, with the 5-year survival rate 

being ~30% for advanced-stage disease.9 The development 

of EOC is associated with a series of molecular signals, 

so the requirement to identify an effective biomarker for 

early diagnosis and prognosis of EOC has been growing in 

recent years.

The ubiquitin-mediated protein degradation plays impor-

tant roles in controlling the abundance of intracellular 

proteins and is critical in maintaining the normal cellular 

process, including cell cycle and tumor suppression. Nega-

tive regulation of ubiquitin-mediated proteolysis can result 

in the development of various cancers.10 The removal of 

ubiquitin from ubiquitylated proteins is also important in 

determining the ubiquitylation state of various E3-ubiquitin 

ligase substrates, and the de-ubiquitylating enzymes (DUBs) 

have emerged as important regulators in controlling a wide 

variety of different cellular functions, including the response 

to DNA damage.11,12 De-ubiquitylating enzymes act signifi-

cantly as the E3 ligases deregulating the reversible protein 

ubiquitylation process in the cancer development. Several 

DUBs have been identified in the DNA damage response, 

including ubiquitin-specific protease (USP) 1, USP7, and 

USP28.13–15 Among them, the USP7 (herpesvirus-associated 

USP), which was first discovered through its strong and 

specific interaction with the ICP0 protein of HSV-1, has 

received a lot of attention.16 USP7 can deubiquitinate vari-

ous tumor suppressors (p53, PTEN, FOXO, and claspin), E3 

ligases (MDM2/MDMX and viral protein ICP0), as well as 

chromatin-associated proteins (histone H2B, UHRF1, and 

Tip60); therefore, it regulates important cellular processes 

involved in the tumorigenesis.17–24 Consistent with its func-

tions, USP7 is upregulated in many cancers, including 

prostate, colon, liver, and lung cancers.20,23,25

However, the expression of USP7 in EOC has not been 

investigated; there has been no study on the role of USP7 in 

the tumorigenesis, metastasis, and the prognostic significance 

of EOC. In this study, we detected the expression of USP7 

in OC cells and tissues, and then analyzed the correla-

tion between USP7 expression and the clinicopathologic 

parameters and overall survival (OS) rates. Furthermore, 

we identified USP7 as an independent prognostic factor by 

multivariate analysis. To explore the mechanism by which 

USP7 overexpression leads to unfavorable prognosis, 

we further performed in vitro experiments to identify the 

USP7’s function of increasing the viability and invading 

the OC cells.

Materials and methods
Patients and samples
One hundred and forty-one patients who were diagnosed with 

EOC and underwent surgery at Linyi People’s Hospital were 

recruited between June 1999 and June 2013. All diagnoses 

were based on morphological criteria, immunohistochemi-

cal staining, and clinical findings. None of the patients had 

any prior history of chemoradiation, radiation, or hormonal 

therapy before the surgery. The histopathologic subtypes 

of the 141 EOC included 121 serous cystadenocarcinomas, 

16 mucinous cystadenocarcinomas, and four endometrioid 

adenocarcinomas. The histopathologic grading of the 141 

adenocarcinoma patients revealed that 39 patients had 

G1 (stage I), 58 patients had G2, and 44 patients had G3 ade-

nocarcinomas. Tumor-nodes-metastais (TNM) staging was 

determined using the International Federation of Gynecol-

ogy and Obstetrics (FIGO) staging system. According to 

the FIGO system, 17 cases had stage I, 29 had stage II, 71 

had stage III, and 24 had stage IV. Among the 141 patients 

with adenocarcinomas, 77 patients had regional lymph nodes 

metastasis, while 64 had no metastasis. Survival information 

of 141 patients with ovarian adenocarcinomas was obtained 

through letters and phone calls. The postoperative follow-up 

period continued until the date of death or September 2013. 

The study was approved by the Ethics Committee of Linyi 

People’s Hospital. Signed informed consent forms were 

obtained from all subjects who participated in the study. The 

Code of Ethics of the World Medical Association (Declara-

tion of Helsinki) was followed.

cell culture and transfection
The human OC cell lines OVCAR3 and SKOV3 were 

obtained from the Cell Bank of the Chinese Academy of 

Sciences, Shanghai, People’s Republic of China. Ethical 

permission for the use of human cell lines was approved by 

the Ethics Committee of Linyi People’s Hospital. The ovarian 

benign cell line Hs893 was obtained from the American Type 

Culture Collection (Manassas, VA, USA). The cells were 

cultured in Roswell Park Memorial Institute (RPMI) 1640 

medium supplemented with 10% (v/v) fetal bovine serum 

(FBS), 100 U/mL penicillin, and 100 μg/mL streptomycin, 

under 5% CO
2
 in a humidified incubator at 37°C.

pcDNA3.1-USP7 was purchased from Addgene 

(Cambridge, MA, USA). USP7 knockdown was accom-

plished by oligo-small interfering RNA (siRNA) transfection. 

Approximately 2×105 cells/well were seeded in six-well 

plates and cultured in serum-free RPMI 1640 medium to 

40% confluence by the time of transfection. Knockdown 
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and overexpression of USP7 were realized by Lipofectamine 

2000 reagent (Thermo Fisher Scientific, Waltham, MA, USA) 

according to the manufacturer instructions. After 4 hours of 

incubation, the cells were cultured in RPMI 1640 medium with 

10% FBS. The USP7-targeting siRNA and the negative con-

trol siRNA were designed and purchased from Shanghai Gene 

Pharma Co., Ltd. (Shanghai, People’s Republic of China). 

The siRNA sequences used in this study were as follows: USP7 

siRNA: 5′-ACCCUUGGACAAUAUUCCUdTdT-3′26 and  

negative control RNA (ncRNA): 5′-UUCUCCGAACGUGU 

CACGUdTdT-3′.

cell viability assay
The OVCAR3 and SKOV3 cells were seeded at 1×104 cells/

well in 96-well plates 24 hours after transfection. To test the 

cell viability, PrestoBlue Cell Viability Reagent (Thermo 

Fisher Scientific) was used according to the manual, and 

we chose the time points as 8, 12, 24, 48, and 72 hours after 

seeding. The fluorescence was read at a wavelength of 560 

and 590 nm using the microplate reader. Higher fluorescence 

represents greater total metabolic activity.

immunohistochemistry
Briefly, paraffin-embedded specimens were cut into 3–4 μm 

serial sections; the sections were then deparaffinized and 

incubated with peroxidase solution (3% H
2
O

2
) in the dark 

for 10 minutes, followed by incubation at room temperature 

for 30 minutes with nonimmune animal serum. The sections 

were then incubated with USP7 primary antibody (ab4080; 

Abcam, Cambridge, UK) at 4°C overnight, followed by 

second antibody for 30 minutes, and washed with phosphate-

buffered saline. Solution A was added to the sections for 

30 minutes followed by 3,3′-diaminobenzidine staining and 

hematoxylin counter-staining. The slides were then dehy-

drated with alcohol, soaked in xylene for 3×5 minutes, and 

finally mounted with neutral balsam. A 5% FBS was used in 

place of primary antibodies as a negative control.

semiquantitative analysis of 
immunohistochemistry results
The immunohistochemical results were evaluated by two 

pathologists from our hospital and followed the criterions 

of double-blind trials. Twelve visual fields were observed 

in each slide by a light microscope at a high power (×400). 

The staining intensity was scored (score 0, negative staining; 

score 1, pale yellow; score 2, dark yellow; score 3, brown), 

and the percentage of positive cells was also observed 

(score 0, ,25% positive cells/field; score 1, 25%–50% 

positive cells/field; score 2, 50%–75% positive cells/field; 

and score 3, .75% positive cells/field). Based on the product 

of the two scores, the USP7 staining results were classified 

into low expression (,4) and high expression ($4).

Western blotting
Total cell extracts were prepared with NP-40 Buffer (50 mM 

Tris–HCl pH 7.5, 150 mM NaCl, 1% NP-40, 0.5% sodium 

deoxycholate) and protease inhibitor cocktails (1:1,000). 

Approximately 40 μg of each protein sample was subjected 

to sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

and transferred to nitrocellulose. Membranes were blocked 

with 5% skim milk in Tris-buffered saline with 1% Tween 

and then incubated with antibodies against USP7 (ab4080 

from Abcam; 1:2,000 dilution) and actin (sc-1616 from 

Santa Cruz Biotechnology, Dallas, TX, USA; 1:2,000 dilu-

tion). After washing, blots were probed with goat anti-rabbit 

peroxidase (Santa Cruz Biotechnology; 1:5,000 dilution) and 

developed using chemiluminescence reagents (Santa Cruz 

Biotechnology).

Matrigel invasion assay
The ability of tumor invasion was evaluated by Matrigel 

transwell assay with 8 μm pore Matrigel-coated transwells 

(BD Biosciences, San Jose, CA, USA). Briefly, after 

transfection for 24 hours, ~2×105 cells were passaged into 

the Matrigel invasion chambers and cultured for 12 hours. 

Then, cells were fixed with 4% paraformaldehyde for 

30 minutes and stained with 0.05% gentian violet for 

1 hour. Cells on the upper surface were carefully removed 

with a swab, and the cell number on the lower surface was 

counted from ten random fields. The cell number of the 

control group was set as a baseline, and fold change was 

calculated by the ratio to the control group. Each subclone 

was seeded in triplicate, and the analyzed data were from 

three different experiments. Statistical significance was 

evaluated by Student’s t-test.

statistical analysis
Statistical analysis was performed using SPSS software 

(standard version 22.0; SPSS, Chicago, IL, USA). The 

correlation between USP7 expression and the clinico-

pathological variables of the patients was assessed using 

Spearman’s rank correlation test. Univariate survival 

analysis was assessed using the Kaplan–Meier method and 

compared by the log-rank test. The Cox proportional hazard 

regression analysis was employed for multivariate survival 

analysis. During the assays, clinicopathologic parameters 
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were grouped as follows: age: #60 vs .60 years; histo-

logical grade: G1–G2 vs G3; FIGO stage: I–II vs III–IV; 

and CA-125: #900 vs .900 U/mL. A two-sided P-value 

of ,0.05 was considered statistically significant.

Results
Patient characteristics
After exclusion of the unsuitable cases (ie, patients accepted 

the preoperative chemotherapy, pathological samples were 

unrepresentative, etc), 141 cases were included in this 

study, aged from 46 to 75 years (median 54.0 years). The 

distribution of FIGO stages was 17 patients with stage I 

(12.1%), 29 patients with stage II (20.5%), 71 patients with 

stage III (50.4%), and 24 patients with stage IV (17.0%). 

Table 1 summarizes the characteristics of this population.

USP7 expression in EOC tissues and 
its association with clinicopathologic 
features
Immunohistochemistry (IHC) showed that USP7-positive 

(Figure 1) reactions were mainly localized in the nucleus 

of the EOC. According to the IHC score criteria described 

in the “Materials and methods” section, the USP7 expression 

was divided into higher expression and lower expression. 

USP7 was highly expressed in 59 patients (41.8%). The 

associations between the expression of USP7 and variable 

clinicopathologic features are summarized in Table 1. Of the 

77 cases with lymph node metastasis, USP7 was positively 

expressed in 38 cases (49.4%), significantly higher than that 

in the cases with no lymph node metastasis (21 positive in 

64 cases, 32.8%), showing high consistency between the 

USP7 expression and lymph node metastasis (P=0.048). This 

suggests that USP7 may play an essential role in the process 

of lymph node metastasis. No statistical correlations were 

observed between USP7 expression and age (P=0.795), FIGO 

stage (P=0.929), histology type (P=0.250), pathological 

grade (P=0.881), or preoperative CA-125 level (P=0.858).

Os in patients with eOc
Survival information of 141 patients with EOC was 

obtained through letters and phone calls. The 5-year OS 

of the total patients was 62.34%, and the median sur-

vival time was 78 months. The Kaplan–Meier univariate 

survival analysis revealed that the age (P=0.004), FIGO 

stage (P=0.020), histological grade (P=0.037), lymph node 

metastasis (P=0.005), and USP7 expression (P=0.003) 

were significantly associated with the OS time in the EOC 

patients. Patients with low USP7 expression demonstrated 

longer OS compared with those with high USP7 expres-

sion (mean, 83 versus 60 months; P=0.003; Figure 2 and 

Table 2). The 5- and 10-year OS rates of the USP7-negative 

group were 72.01% and 14.95%, respectively, while those 

of the USP7-positive group were only 48.27% and 12.46%, 

respectively.

Table 1 Basic clinicopathologic parameters of patients and the correlation with USP7 expression

Variables Cases (n=141) USP7 expression P-value#

Low (n=82) High (n=59)

Age (years) 0.795
#60 103 61 42 (40.8%)

.60 38 21 17 (44.7%)

FIGO stage 0.929a

i–ii 46 27 19 (41.3%)
iii–iV 95 55 40 (42.1%)
Histology type 0.250
serous 121 68 53 (43.8%)
non-serous 20 14 6 (30.0%)
Pathological grade 0.881b

g1–g2 97 56 41 (42.3%)
g3 44 26 18 (40.9%)
Lymph node metastasis 0.048*
no 64 43 21 (32.8%)
Yes 77 39 38 (49.4%)
Preoperative CA-125 (U/mL) 0.858

#900 73 42 31 (42.5%)

.900 68 40 28 (41.2%)

Notes: #Spearman’s rank correlation test. *Statistically significant. aiii + iV vs i + ii. bg2 + g3 vs g1.
Abbreviations: USP7, ubiquitin-specific protease 7; FIGO, International Federation of Gynecology and Obstetrics; CA, cancer antigen.
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USP7 as an independent prognostic 
factor in eOc
In addition, when the aforementioned parameters were included 

in the Cox regression multivariate analysis, the results indi-

cated that USP7 can act as an independent prognostic 

factor (hazard ratio [HR] =1.733, confidence interval 

[CI] =1.099–2.860, P=0.019). Moreover, older age 

(HR =1.862, CI =1.108–3.132, P=0.019), advanced FIGO 

stages (HR =1.753, CI =1.028–2.987, P=0.039), and lymph 

node metastasis (HR =1.895, CI =1.162–3.090, P=0.010) 

were all negatively correlated with OS. This suggests that 

age, FIGO stage, lymph node metastasis, and USP7 expres-

sion are all risk factors and have a strong impact on prognosis 

of EOC (Table 3).

USP7 could promote the viability and 
invasion of Oc cells
We detected the expression levels of USP7 in various OC 

cell lines to further confirm the results concluded from 

clinical data. Hs832 cells have a relatively low expression 

of USP7 compared with OVCAR3 and SKOV3 cell lines, 

indicating that the USP7 may be associated with the malig-

nant characteristics of cancer cells. Even for the malignant 

cell lines, the USP7 showed different expression levels with 

higher expression in OVCAR3 cells than that in SKOV3 cells 

(Figure 3A and B). So we chose OVCAR3 to knock down 

USP7, while SKOV3 as the USP7 overexpression model. 

Successful knockdown by siRNA and overexpression were 

verified by Western Blot (Figure 3C–F).

The viability of cell lines was then detected by Presto-

Blue Cell Viability Reagent. We used OVCAR3 to compare 

the differences among USP7 siRNA-transfected cells, 

ncRNA-transfected cells, and untreated controls (Figure 4A 

and B). USP7 siRNA-transfected OVCAR3 cells showed 

reduced cell viability by 60%–70% compared with the 

ncRNA-transfected OVCAR3 cells and the untreated 

control after they were seeded to the 96-well plate for 

72 hours. Consequently, when we overexpressed the USP7  

Figure 1 Representative figures of lower (A and B) and higher (C and D) USP7 immunohistochemistry staining in clinical samples of EOC (scale bar: 100 μm).
Abbreviations: USP7, ubiquitin-specific protease 7; EOC, epithelial ovarian cancer.
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Figure 2 Correlation between clinicopathologic parameters, USP7 expression, and prognosis in validation cohort.
Notes: survival curve of the total patients was estimated (A). survival analysis suggests that older age (B), advanced FigO stage (C), higher pathological grade (E), positive 
lymph node metastasis (F), and high USP7 expression level (H) were significantly associated with poorer prognosis, while histology types (D) and ca-125 level (G) showed 
no statistically significant association.
Abbreviations: USP7, ubiquitin-specific protease 7; FIGO, International Federation of Gynecology and Obstetrics; LN, lymph node; CA, cancer antigen.
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in the SKOV3 cells, the cell viability was 1.3-fold higher 

than the control cells (Figure 4C and D). These findings 

demonstrated that USP7 can positively regulate the OC 

cell viability.

Through clinical investigation, we detected that USP7 

was significantly associated with positive lymph node 

metastasis, which indicated that USP7 may promote EOC 

metastasis. Therefore, we performed the transwell invasion 

assay to explore the exact role of USP7 in ovarian cell inva-

sion. According to our detection, knockdown of USP7 could 

decrease the invasion of OVCAR3 cells by 25%, and overex-

pression of USP7 could remarkably increase the invasion of 

SKOV3 cells by ~50%, suggesting the critical role of USP7 

in EOC invasion (Figure 5A and B).

Discussion
EOC is associated with a high incidence of disease recurrence 

and mortality.9 The utility of new biomarkers could promote 

a more consistent method to identify the proliferation poten-

tial of the EOC and a better understanding of its biological 

behavior. Many of the molecules and mechanisms mediating 

the prognosis of EOC have been characterized in recent years, 

and significant progress has been made.27 This study mainly 

investigated the expression of USP7 in EOC. Our aim was 

to investigate whether changes in expression of USP7 could 

influence the behavior or clinical outcomes of EOC.

USP7 was initially identified through its interaction with 

the ICP0 protein of herpes simplex virus.28 Subsequently, 

USP7 was also shown to interact with the EBNA1 protein 

from Epstein–Barr virus, vIRF4 and LANA proteins from 

Kaposi’s sarcoma herpesvirus, UL35 from cytomegalovirus, 

and E1B-55K from adenovirus.29–32 Targeted by various viral 

proteins, USP7 can promote cell survival and viral infection, 

living up to its original name of herpesvirus-associated USP. 

However, USP7 is also a cellular protein that can catalyze 

the deubiquitination of many cellular proteins and promote 

the protein stabilization, and thus involved in DNA damage 

and immune responses, neural stem cell maintenance, and 

tumor suppression.23,33–38 Its involvement in multiple signaling 

pathways including oncogenesis makes it emerge as a new 

potential target for cancer therapy. Recently, Pfoh et al have 

made great progress in the crystal structure of USP7 ubiquitin-

like domains, promoting an advanced understanding of its 

regulation mechanisms.39 Up to now, USP7 has been proved 

to be upregulated in many cancers, including prostate, blad-

der, colon, liver, and lung cancers. However, the expression 

and functions of USP7 in EOC have not been reported.

This study is the first to explore the USP7 expression in 

EOC. By IHC and clinicopathological parameters analysis, 

we detected the expression of USP7 in 141 samples of EOC, 

and identified that the higher USP7 expression rate was 

41.84%. In addition, we found that high USP7 expression 

in EOC tissues was closely correlated with the lymph node 

metastasis using Spearman’s rank correlation test. Further-

more, the cumulative 5-year OS rates of patients with high 

USP7 expression were lower than those with low USP7 

expression, indicating that patients with high USP7 expres-

sion have a poorer prognosis. With Kaplan–Meier univariate 

and Cox multivariate analysis, we demonstrated that USP7 

expression could be identified as an independent prognostic 

factor for EOC.

Table 2 Kaplan–Meier survival analysis (log-rank test) according 
to USP7 expression in patients with EOC

Variables Cases 
(n=141)

Overall survival 
time (months)

P-value#

Mean Median

Age (years) 0.004*
#60 103 83.07 82
.60 38 57.09 60
FIGO stage 0.020*
i–ii 46 91.68 88
iii–iV 95 68.96 68
Histology type 0.483
serous 121 74.90 72
non-serous 20 84.09 82
Pathological grade 0.037*
g1–g2 97 81.80 81
g3 44 64.89 60
Lymph node metastasis 0.005*
no 64 89.45 83
Yes 77 64.48 66
Preoperative CA-125  
(U/mL)

0.795

#900 73 78.20 82
.900 68 74.89 72
USP7 expression 0.003*
low expression 82 85.75 83
high expression 59 62.34 60

Notes: #Log-rank correlation test. *Statistically significant.
Abbreviations: USP7, ubiquitin-specific protease 7; EOC, epithelial ovarian cancer; 
FIGO, International Federation of Gynecology and Obstetrics; CA, cancer antigen.

Table 3 cox multivariate analysis of the clinicopathological 
parameters for overall survival

Variables Hazard ratio 95% confidence 
interval

P-value#

age 1.862 1.108–3.132 0.019*
FigO stage 1.753 1.028–2.987 0.039*
Pathological grade 1.437 0.872–2.366 0.154
lymph node metastasis 1.895 1.162–3.090 0.010*
USP7 expression 1.733 1.099–2.860 0.019*

Notes: #Cox proportional hazards regression. *Statistically significant.
Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; 
USP7, ubiquitin-specific protease 7.
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Since we detected that the higher expression of USP7 

was significantly associated with lymphatic invasion, we 

presumed that USP7 may promote the invasive ability of 

OC cells, and we verified our hypothesis through the in vitro 

study. To illuminate the underlying mechanisms by which 

how USP7 affects the invasion process, we may need more 

fundamental experiments, such as coimmunoprecipitation, 

microarray, confocal immunofluorescence, and in vivo 

experiments. However, our study was mainly focused on 

the clinical significance of USP7 in the prognosis of EOC. 

We hope our finding that USP7 can act as a prognostic 

biomarker in EOC could be helpful in the management of 

the disease.

Conclusion
Our findings demonstrated that patients with EOC expressing 

high level of USP7 have worse OS compared with those with 

low USP7 expression. USP7 may be involved in the prolif-

eration and invasion of OC cells, and USP7 expression can 

be regarded as an independent predictor of EOC. Therefore, 

the USP7 could be a potential drug target, and further studies 

are required to reveal the role of USP7 in EOC.

β

β

β

Figure 3 USP7 expression in different ovarian cell lines.
Notes: USP7 showed different expression patterns among ovarian benign cell line Hs832 and malignant cell lines OVCAR3 and SKOV3 (A and B). The expression level 
of USP7 was detected using immunoblotting after 48 hours after transfection with USP7 siRNA in OVCAR3 cells (C and D) and overexpression of USP7 in SKOV3 cells 
(E and F). *Statistically significant.
Abbreviations: USP7, ubiquitin-specific protease 7; ncRNA, negative control siRNA; siUSP7, siRNA of USP7; si, small interfering.
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Figure 4 USP7 could increase the viability of malignant ovarian cell lines.
Notes: cell viability was detected by the PrestoBlue cell Viability reagent at different time points. The sirna-transfected OVcar3 cells showed decreased cell viability 
compared with blank control and the ncrna-OVcar3 (A and B), while the overexpression of UPS7 can significantly increase the cell viability (C and D). *statistically 
significant.
Abbreviations: USP7, ubiquitin-specific protease 7; ncRNA, negative control siRNA; siUSP7, siRNA of USP7; si, small interfering.

Figure 5 USP7 could promote the invasion of malignant ovarian cells.
Notes: Invasion of OVCAR3 and SKOV3 cells was detected by transwell method after the USP7 was knocked down or overexpressed. Knockdown of USP7 could reduce 
the invasion of the OVcar3 cells to ~25% (A), and the overexpression of USP7 in SKOV3 cells could significantly promote the invasion ability by ~50% compared with 
control cells (B). The statistical significance was calculated by Student’s t-test (comparing the tested group and control group at the same time, such as the siUSP7 vs ncRNA, 
and the vector vs USP7 overexpression). *Statistically significant.
Abbreviations: USP7, ubiquitin-specific protease 7; ncRNA, negative control siRNA; siUSP7, siRNA of USP7; si, small interfering.
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