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Abstract. Ubiquitin specific peptidase 11 (USP11) is a 
deubiquitinating enzyme (DUB) and has been observed to 
promote mammary tumor initiation and progression. Several 
reports have shown that USP11 plays an important role in 
cancer development. Previous research has shown that USP11 
is upregulated in breast cancer, but the function of USP11 in 
ovarian cancer has not been determined to date. In the present 
study, we observed that USP11 was upregulated in ovarian 
cancer tissues and cell lines. To determine the role of USP11 
in ovarian cancer, we performed several functional experi-
ments, including Transwell migration and invasion analysis, 
in vitro and in vivo deubiquitination assays, colony formation 
assays, and CCK-8 assays. Notably, we observed that USP11 
facilitated the epithelial-to-mesenchymal transition (EMT), 
which is an important process in cancer cell invasion and 
metastasis. Furthermore, we observed that USP11 regulated 
EMT through the regulation of Snail. Our results revealed that 
USP11 promoted EMT in ovarian cancer by deubiquitinating 
Snail, and USP11 may be a novel therapeutic target for ovarian 
cancer treatment.

Introduction

Deubiquitinating enzymes (DUBs) play a critical function 
through regulation of protein-protein interactions, protein 
subcellular localization and protein stability (1,2). Many 
DUBs, such as USP11, USP22 and USP37 have been found 
to play important functions in several types of cancers (3-7).

Recently, several reports have found that USP11 plays an 
important role in modulating a number of signaling cascades, 
including NF-κB, TGF-β and Notch signaling pathways, and 
the DNA damage response (5,8-11). USP11 exhibits differ-
ential functions through interacting with multiple substrates, 

such as promyelocytic leukemia protein (PML), BRCA2 
and IκBα (5,8-11). For example, USP11 interacts with and 
deubiquitylates IκB, thereby inhibiting NFκB activation (10). 
A recent study showed that USP11 is upregulated in breast 
cancer, and its abnormal accumulation predicts a poor patient 
prognosis (6). However, the function of USP11 in ovarian 
cancer remains unknown.

Cancer metastasis is one of the important causes of the 
poor outcomes of tumor patients and is a complex, multi-
step process (12). Increasing motility and invasiveness of 
cancer cells results in the initiation of metastasis. To increase 
their invasive abilities, cancer cells undergo physiological 
changes, including an epithelial-to-mesenchymal transition 
(EMT) (13). EMT is a complex process in which epithelial 
cells convert into a mesenchymal phenotype. In addition, 
EMT plays crucial functions in tumor progression and 
metastasis. Several signaling pathways, such as the tyrosine 
kinase receptors, Wnt/β-catenin, TGF-β, PI3K/Akt pathways 
and Notch regulate and induce EMT. One characteristic of 
EMT is the downregulation of E-cadherin and upregulation 
of N-cadherin. Moreover, there are multiple transcription 
factors that have been found to respond to EMT, including 
Slug, Twist and Snail (14-16).

In this study, we verified that USP11 was significantly 
upregulated in ovarian cancer tissues and cell lines. In addi-
tion, high expression of USP11 was closely correlated with 
tumor size, TNM stage, lymph node metastasis, and predicted 
a poor prognosis of ovarian cancer patients. USP11 is a 
deubiquitinase, and we found that it interacted with Snail, a 
key EMT-associated transcription factor, and its deubiquiti-
nase activity was dependent on a stabilized Snail. Our research 
revealed the detailed mechanism of USP11 in ovarian cancer, 
and suggests that it may be a novel molecular therapy target 
for ovarian cancer.

Materials and methods

Tissue specimens. A total of 143 pairs of ovarian cancer 
tissues and adjacent normal tissues were used for RT-qPCR 
and western blotting analysis. These patients included 
143 females aged between 25-84 years, with a mean of 
40.3 years. None of the patients had received chemotherapy 
or radiotherapy before surgery. The specimens were immedi-
ately stored at ‑80˚C before using. The Ethical Committees of 
Linyi Central Hospital approved all human tissue experiments 
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and all patients provided written informed consent prior to 
participation in the study.

Cell culture. Human ovarian cancer cell lines, OVCAR-3 
and SKOV3 and human normal ovarian cell line IOSE80 
were obtained from the National Infrastructure of Cell Line 
Resource (Beijing, China). All cells were cultured in HyClone™ 
Dulbecco's modified Eagle's medium (DMEM; GE Healthcare 
Life Sciences, Logan, UT, USA) supplemented with 100 U/ml 
penicillin, 100 g/ml streptomycin (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) and 10% fetal bovine serum (FBS; 
Thermo Fisher Scientific, Inc.) (17). All cells were cultured at 
37˚C in a humidified atmosphere containing 5% CO2.

Cell transfection. The vector (pcDNA3.1) and pcDNA3.1-USP11 
were purchased from Vigene Biosciences (Shandong, China), 
and small-interfering RNA (siRNA) targeting USP11 and 
scramble siRNA (SCR) were chemically synthesized by 
Shanghai GenePharma Co., Ltd. (Shanghai, China). The cells 
were grown to 70-80% confluence prior to transfection in 
6-well plates. For cell transfection, cells were transfected with 
2.5 µg plasmid or 50 nM siRNA using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. After transfection for 48 h, the 
expression of USP11 was determined by qRT-PCR. USP11 
siRNA-1: 5'-UUA UCU CAU CUU GAA AGA GUG-3'; USP11 
siRNA-2: 5'-UGU UGU UGU UCA UGA CAU GCA-3'; scramble 
siRNA (SCR): 5'-GAA CCG TG TCT TCC TCA GTA TC-3'.

Western blotting. After transfection for 48 h, cells were 
collected and washed with cold-PBS three times, and lysed 
with RIPA buffer (1% NP-40, 50 mM Tris pH 7.4, 0.1% SDS, 
1 mM EDTA, 0.5% DOC and 50 mM NaCl) containing the 
protease inhibitor mixture (Sigma-Aldrich; Merck KGaA, 
Darmstadt, Germany) at 4˚C for 45 min. Lysates were centri-
fuged at 13,000 x g for 15 min at 4˚C, and the supernatants 
were removed to a new tube. The protein concentration was 
measured by the Bradford assay (Thermo Fisher Scientific, 
Inc.). Proteins (40 µg) were separated by 10% SDS-PAGE, and 
then transferred to polyvinylidene fluoride membranes (PVDF; 
GE Healthcare, Marlborough, MA, USA). Subsequently, the 
membranes were blocked with 5% skimmed milk at room 
temperature for 1 h, followed by incubation with specific 
antibodies at 4˚C overnight. The antibodies were as followed: 
USP11 (1:1,000; cat. no. ab109232; Abcam, Cambridge, 
MA, USA), EMT Kit (1:1,000; cat. no. 9782; Cell Signaling 
Technology, Inc., Danvers, MA, USA), β-actin (1:4,000; 
cat. no. ab8226; Abcam). The membranes were washed with 
PBST three times and incubated with HPR-conjugated second 
antibodies (1:5,000; cat. nos. ab6721 and and 97023; Abcam) at 
room temperature for 1 h and washed with PBST three times. 
Finally, the specific blots were detected using ECL Western 
Blotting Detection Reagents (GE Healthcare, Marlborough, 
MA, USA). The densitometry of blots were analysized using 
ImageJ software (version 4.7; National Institutes of Health, 
Bethesda, MD, USA).

Quantitative real‑time PCR (RT‑qPCR). Total mRNA was 
extracted from cells or tissue samples using Invitrogen™ 
TRIzol reagent (Thermo Fisher Scientific, Inc.) according 

to the manufacturer's instructions, and reverse transcription 
reaction was conducted using the TransScript First-Strand 
cDNA Synthesis SuperMix Kit (Transgen Biotech, Co., Ltd., 
Beijing, China). Subsequently, 2 µg cDNA samples were 
used to perform RT-qPCR using TransStart Top Green qPCR 
SuperMix (Transgen Biotech). Primers were designed as 
follows: E-cadherin forward, 5'-AAA CAT CAT TGA TGC AGA 
CC-3' and reverse, 5'-GAT AGA TTC TTG GGT TGG GTC-3'; 
fibronectin forward, 5'‑AAT GTG AAC GAC ACA TTC CA‑3' and 
reverse, 5'-ACC ACT TGA GCT TGG ATA GG-3'; N-cadherin 
forward, 5'-CAA AGC CTG GAA CAT ATG TG-3'; and reverse, 
5'-GTT TGA AAG GCC ATA TGT GG-3'; Slug forward, 5'-ACA 
CAT ACA GTG ATT ATT TCC C-3' and reverse, 5'-ACT GTA 
GTC TTT CCT CTT CAT-3'; Snail forward, 5'-TCT AAT CCA 
GAG TTT ACC TTC CAG-3' and reverse, 5'-TGA AGT AGA 
GGA GAA GGA CGA-3'; Twist forward, 5'-GTA CAT CGA CTT 
CCT CTA CC-3' and reverse, 5'-GAA ACA ATG ACA TCT AGG 
TCT C-3'; GAPDH forward, 5'-ATT TCC TGG TAT GAC AAC 
GA-3' and reverse, 5'-TTGATGGTACATGACAAGGTG-3'. 
GAPDH was used as an internal control. The RT-qPCR condi-
tions were as follows: 4 min at 98˚C, denaturation at 98˚C for 
30 sec, annealing at 56˚C for 30 sec and extension at 72˚C 
for 35 sec, performed for 32 cycles. The relative expression of 
gene was analyzed by the 2-ΔΔC(q) method (18).

Co‑immunoprecipitation (co‑IP) assay. Cells were collected 
and washed with PBS three times, and the cells were 
subsequently lysed using 0.3% IP buffer (1 mM EDTA, 
25 mM Tris-HCl pH 7.5, 150 mM NaCl, 0.3% NP-40) and 
protease inhibitor cocktail at 4˚C for 30 min. Subsequently, 
the cell lysates were centrifuged at 13,000 x g for 30 min 
and the supernatants were collected. Next, 2 µg USP11 
antibody (cat. no. ab109232; Abcam) and 2 µg IgG antibody 
(cat. no. ab190492; Abcam) were added into the cell lysates, 
respectively. After rotation at 4˚C overnight, 50 µl protein A 
beads (Thermo Fisher Scientific, Inc.) was added. After rota-
tion at 4˚C for 3 h, the beads were collected by centrifugation 
at 800 x g for 5 min. The beads were next washed with 0.1% IP 
buffer (1 mM EDTA, 25 mM Tris-HCl pH 7.5, 150 mM NaCl, 
0.1% NP-40) and a protease inhibitor cocktail three times. 
After denaturing at 95˚C for 10 min, the supernatants were 
collected and used for western blot analysis.

Colony formation assay. After transfection for 48 h, ~5,000 
cells were placed in 6-well plates and cultured with serum-free 
media. Cells were incubated at 37˚C in a humidified atmo-
sphere containing 5% CO2 for 10 days. Cells were washed 
with PBS three times and fixed with 10% methanol at room 
temperature for 15 min, and stained with 1% crystal violet at 
room temperature for 10 min, then the cells were washed with 
PBS. Finally, the number of colonies (cells >50) were counted 
under an Olympus CKX41 light microscope (Olympus Corp., 
Tokyo, Japan). Each experiment was repeated three times.

CCK‑8 assay. After transfection for 48 h, ~2,000 cells were 
placed in 96-well plates and cultured with 200 µl media. Every 
12 h, 20 µl CCK-8 regent was added and incubated with cells 
at 37˚C in a humidified atmosphere containing 5% CO2 for 1 h. 
The OD 450 was measured. The value of OD 450 indicated the 
cell viability. Each experiment was repeated three times.
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In vivo deubiquitination analysis. FLAG-Snail and 
HA-ubiquitin were transfected in OVCAR-3/siUSP11 cells. 
After transfection for 48 h, cells were treated with 10 µM 
MG132 for 6 h and then lysed with RIPA buffer. The ubiqui-
tinated status of Snail was detected through western blotting 
analysis with the HA antibody.

In vitro deubiquitination analysis. Briefly, HA‑ubiquitin and 
FLAG-Snail were co-expressed in OVCAR-3 cells. After 
transfection for 48 h, cells were treated with 10 µM MG132 
for 6 h and FLAG antibody was used to isolated ubiquiti-
nated Snail by IP analysis. In a parallel experiment, vector 
or Myc-wt-USP11 or Myc-USP11/C318S were expressed in 
OVCAR‑3 cells, and purified by IP with anti‑Myc Affinity 
Matrix (Roche Diagnostics, Mannheim, Germany). Next, 
Myc-USP11 was eluded with Myc peptide and dialyzed. 
Finally, the purified USP11 was incubated with ubiquitinated 
Snail in a deubiquitination reaction buffer [1 mM ATP, 5 mM 
MgCl2, 50 mM HEPES (pH 7.5), 5% glycerol, 1 mM DTT 
and 100 mM NaCl] at 30˚C for 2 h. The ubiquitinated status 
of Snail was determined by western blot analysis with an 
anti-HA antibody.

Transwell migration and invasion assays. After transfection 
of the SKOV3 cells with the plasmid or siRNA for 48 h, 
~2x105 cells in serum-free medium were placed into a chamber 
with Matrigel (8-µm pore; BD Biosciences, San Diego, CA, 
USA) for invasion analysis or into the chamber without Matrigel 
(8-µm pore; BD Biosciences) for migration analysis. Then the 
chambers were put in the 24-well plates with DMEM/F-12 
supplemented with 10% FBS. The cells were incubated at 37˚C 
with 5% CO2 for 18 h. The cells on the topside were removed 
by a cotton swab and the cells on the underside were fixed with 
10% methanol at room temperature for 15 min, and stained 
with 1% crystal violet at room temperature for 10 min, and then 
washed with water. Finally, the number of cells were counted 
under an Olympus CKX41 light microscope (Olympus Corp.). 
Each experiment was repeated three times.

Statistical analysis. Statistical analyses were performed using 
SPSS software 18.0 (SPSS, Inc., Chicago, IL, USA). All data 
are represented as the mean ± SD. The significant associations 
between the expression of USP11 and clinicopathological 
parameters of ovarian cancer patients were determined by 
two-tailed χ2 tests. Survival curve analysis was assessed using 
the Kaplan-Meier method. Analysis of variance followed 
by Tukey's post hoc test was used to assess the differences 
between multiple groups. The differences between two groups 
were determined using two-tailed Student's t-test. P<0.05 was 
considered to be a statistically significant difference.

Results

Association between USP11 expression and clinicopathological 
variables in the ovarian cancer cases. Previous research has 
found that USP11 is upregulated in breast cancer (6,19). To 
verify the expression of USP11 in ovarian cancer, we first used 
RT-qPCR and western blot analysis to analyze the expression 
of USP11 in 143 pairs of ovarian cancer tissues from patients 
who received tumor resection at the Linyi Central Hospital 

during May 2013 and October 2016, and their paired adjacent 
normal tissues were used as the control group. As shown in 
Fig. 1A, we found that the mRNA and protein levels of USP11 
were clearly higher in tumor tissues than that in adjacent normal 
tissues. Meanwhile, we next analyzed the association between 
the expression of USP11 and the clinico-pathological features 
of the ovarian cancer patients. The results demonstrated that 
higher expression of USP11 was significantly associated with 
tumor size, TNM stage, and the presence of lymph node 
metastasis (Table I). However, no significant associations were 
observed between the USP11 expression level and patient 
age (Table I). Subsequently, we analyzed the correlation 
between the expression of USP11 and the survival curve of the 
ovarian cancer patients. As shown in Fig. 1B, high expression of 
USP11 predicted a poor prognosis of the patients. To investigate 
the function of USP11 in ovarian cancer, we next detected the 
expression of USP11 in ovarian cancer cell lines, including 
OVCAR-3 and SKOV3, and the human normal ovarian cell line 
IOSE80 was used as a control. We found that USP11 was signifi-
cantly upregulated in OVCAR-3 and SKOV3 cells compared to 
that in the IOSE80 cells (Fig. 1C). Together, our findings showed 
that USP11 is upregulated in ovarian cancer.

Table I. Relationship between the expression of USP11 and 
the clinicopathological features of the ovarian cancer cases 
(n=143).

 USP11 protein
 expression
 ----------------------------------
 No. of Low High
Variables cases (n=56) (n=87) P-value

Age (years)    0.367
  <40 68 24 44
  ≥40 75 32 43
Tumor size (cm)    0.002
(diameter)
  Small (≤3) 69 36 33
  Large (≥3) 74 20 54
TNM stage
  I-II 76 36 40 0.032
  III-IV 67 20 47
pT status    0.014
  pT1 71 35 36
  pT2-4 72 21 51
pN status    0.011
  pN0 63 32 31
  pN1-2 80 24 56
Metastasis    0.010
  Yes 65 18 47
  No 78 38 40

The mean value of USP11 mRNA content in tumor cells was set as 
the standard. High expression was more than the mean value, low 
expression was less than the mean value.
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Knockdown of USP11 suppresses the migration and invasion 
of ovarian cancer cell lines. Because high USP11 expression in 
ovarian cancer tissues was associated with lymph node metas-
tasis, we assumed that USP11 may also regulate the migration 
and invasion of ovarian cancer cells. To investigate the effect 
of USP11 on cell migration and invasion in ovarian cancer, 
we first over‑expressed or knocked down USP11 in SKOV3 
cells and RT-qPCR and western blotting were used to deter-
mine the expression of USP11. As shown in Fig. 2A and B, 
USP11 was significantly over‑expressed or knocked down in 
the SKOV3/USP11 group or the SKOV3/siUSP11 cell group, 
respectively. The USP11 siRNA#1 (siUSP11#1) showed 
more silencing efficiency than siRNA#2 (siUSP11#2); thus, 
siUSP11#1 was used for further experiments. Subsequently, 
Transwell migration and invasion analyses were performed to 
determine the effect of USP11 on migration and invasion. The 

results of the Transwell migration assay showed that ectopic 
expression of USP11 increased the number of migrating cells, 
compared with the vector group, whereas knockdown of 
USP11 significantly decreased the number of migrating cells, 
compared with the scramble siRNA (SCR) group (Fig. 2C). 
Similar results were observed for the Transwell invasion assay. 
Ectopic expression of USP11 promoted cell invasion, compared 
with the vector group, whereas knockdown of USP11 signifi-
cantly suppressed cell invasion, compared with the scramble 
siRNA (SCR) group (Fig. 2D). The above experiments suggest 
that USP11 promotes cell migration and invasion in ovarian 
cancer cells.

USP11 induces an epithelial‑to‑mesenchymal transition 
(EMT) in ovarian cancer cells. To further determine whether 
USP11 regulates EMT in ovarian cancer cells, we overexpressed 

Figure 1. Association between USP11 expression and patient survival in ovarian cancer. (A) The relative expression of USP11 in tumor and adjacent normal 
tissues was determined by RT-qPCR and western blotting analysis. *P<0.05, tumor tissues vs. adjacent normal tissues. (B) Kaplan-Meier survival analysis of 
the correlation between USP11 expression and overall survival (OS). (C) The relative expression of USP11 in human ovarian cancer cell lines (SKOV3 and 
OVCAR-3) and human normal epithelial cell line IOSE80 were determined by RT-qPCR and western blotting analysis. *P<0.05, SKOV3 or OVCAR-3 vs. 
IOSE80. USP11, ubiquitin specific peptidase 11.
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or knocked down USP11 in OVCAR-3 cells, and RT-qPCR 
and western blotting were used to determine the expression 

of USP11. As shown in Fig. 3A, USP11 was significantly 
overexpressed or knocked down in the OVCAR-3/USP11 and 

Figure 2. Knockdown of USP11 suppresses the migration and invasion of ovarian cell lines. (A) SKOV3 cells were transfected with empty vector or USP11 
expression plasmid for 48 h, and the mRNA and protein levels of USP11 were examined by RT-qPCR and western blotting. *P<0.05, USP11 vs. Vector. 
(B) SKOV3 cells were transfected with scramble siRNA (SCR) or USP11 siRNA#1 (siUSP11#1) and USP11 siRNA#2 (siUSP11#2) for 48 h, and the mRNA 
and protein levels of USP11 were examined by RT-qPCR and western blotting. *P<0.05, siUSP11 vs. SCR. (C) USP11 was overexpressed or knocked down 
in SKOV3 cells. Representative images showing the migration of SKOV3 cells. The relative number of tumor cells is quantified on the right. Magnification, 
x20; scale bar, 100 µm. *P<0.05, USP11 vs. Vector, siUSP11 vs. SCR. (D) USP11 was overexpressed or knocked down in SKOV3 cells. Representative images 
showing the invasion of SKOV3 cells. The relative number of tumor cells is quantified on the right. Magnification, x20; scale bar, 100 µm. *P<0.05, USP11 vs. 
Vector, siUSP11 vs. SCR. USP11, ubiquitin specific peptidase 11.
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OVCAR-3/siUSP11 group, respectively. Next, we examined the 
expression of epithelial marker, E-cadherin, and the expres-
sion of the mesenchymal markers, N‑cadherin and fibronectin 
in OVCAR-3 cells. As shown in Fig. 3B, E-cadherin expres-
sion was increased, while N‑cadherin and fibronectin were 

decreased in the OVCAR-3/siUSP11 cells compared to that 
of the SCR control cells (Fig. 3B). Meanwhile, E-cadherin 
expression was decreased, while N-cadherin and fibro-
nectin expression were increased in the OVCAR-3/USP11 
cells compared to that of the vector control cells (Fig. 3C). 

Figure 3. USP11 induces an epithelial-to-mesenchymal transition (EMT) in ovarian cancer cells. (A) USP11 was overexpressed or knocked down in OVCAR-3 
cells. After transcription for 48 h, the mRNA and protein levels of USP11 were examined by RT-qPCR and western blotting. *P<0.05, USP11 or USP11/C318S 
vs. Vector, siUSP11 vs. SCR. (B) After downregulating USP11 expression in OVCAR-3 cells, the protein and mRNA levels of EMT-associated protein were 
measured by western blot analysis. *P<0.05, siUSP11 vs. SCR. (C) After overexpressing USP11 or USP11/C318S in OVCAR-3 cells, the protein and mRNA 
levels of EMT-associated proteins were measured by western blotting. *P<0.05, USP11 or USP11/C318S vs. Vector. USP11, ubiquitin specific peptidase 11.
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To investigate whether USP11 regulates EMT through its 
deubiquitinase activity, we overexpressed USP11/C318S 
which has no catalytic activity in OVCAR-3 cells (Fig. 3A). 
Notably, USP11/C318S failed to regulate EMT in OVCAR-3 
cells (Fig. 3C). That indicates that USP11 regulated EMT is 
dependent on its deubiquitinase activity. EMT-associated tran-
scription factors, including the helix-loop-helix transcription 
factor Twist, and the zinc‑finger containing proteins Slug and 
Snail, repress E-cadherin expression and induce EMT (20). 
To further explore the mechanism involving the regulation of 
EMT by USP11, we next assessed whether USP11 also regulates 

these transcription factors. As shown in Fig. 3B and C, the 
protein level of Snail was decreased when USP11 was knocked 
down, whereas ectopic expression of wild-type-USP11 
(USP11) increased the expression of Snail at the protein level 
and USP11/C318S failed to increase the expression of Snail. At 
the mRNA level, both USP11 and USP11/C318S had no effect 
on the expression of Snail (Fig. 3B and C). In addition, Slug 
and Twist showed little change when USP11 was overexpressed 
or knocked down (Fig. 3B and C). The above results indicate 
that USP11 regulates Snail through a post-transcriptional 
mechanism.

Figure 4. USP11 interacts with Snail and stabilizes Snail through its deubiquitinase activity. (A) OVCAR-3 cells were transfected with USP11 or USP11/C318S. 
After transcription for 48 h, the interaction between USP11 or USP11/C318S and Snail was determined by co-immunoprecipitation using anti-USP11 and 
anti-Snail antibodies. (B) Interaction between endogenous Snail and USP11 was determined by co-immunoprecipitation using anti-USP11 and anti-Snail 
antibodies. (C) USP11 was knocked down in MG132-treated OVCAR-3 cells. Extracts were subjected to IP with Snail antibody and the poly-ubiquitination 
(Poly-Ub) of Snail was detected by western blot analysis using anti-HA antibody. Input of USP11 and Snail were detected by western blotting. (D) Ubiquitinated 
Snail was purified from MG132‑treated OVCAR‑3 cells expressing FLAG‑Snail, and then purified Snail1 was incubated with purified Myc‑tagged USP11 
or USP11/C318S from OVCAR-3 cells expressing USP11 or USP11/C318S. The poly-ubiquitinated (Poly-Ub) state of Snail1 was determined by western blot 
analysis using the anti‑HA antibody. USP11, ubiquitin specific peptidase 11.
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USP11 interacts with Snail and stabilizes Snail through its 
deubiquitinase activity. To further decipher the detailed 
mechanism of USP11 on the EMT, we performed co-immuno-
precipitation (co-IP) analysis to assess whether Snail interacted 
with USP11 or USP11/C318S. The results indicated that both 
USP11 and USP11/C318S could interact with Snail (Fig. 4A). 
Meanwhile, reciprocal immunoprecipitation with anti-Snail 
and immunoblotting with anti-USP11 also revealed that Snail 
could interact with USP11 (Fig. 4B). In brief, our research 
suggests USP11 is physically associated with Snail. USP11 
as a deubiquitinase has been found to deubiquitinate promy-
elocytic leukemia protein (PML), BRCA2 and IκBα (5,8-11); 
thus, we hypothesized USP11 may regulate the expression 
of Snail through its deubiquitinase activity. Subsequently, 
we performed in vitro and in vivo deubiquitination assays. 
The results revealed that Snail was deubiquitinated by 
USP11, the ubiquitination of Snail was increased following 
inhibition of USP11; however, ectopic expression of USP11 
decreased the ubiquitination of Snail, and USP11/C318S had 
no effect (Fig. 4C and D). Together, the above results indicate 
that USP11 interacts with Snail and stabilizes Snail through its 
deubiquitinase activity.

USP11 promotes cell proliferation in ovarian cancer cells. 
Since the expression of USP11 was associated with tumor 
size (Table I), we next explored the function of USP11 on 
cell proliferation. Colony formation and CCK-8 assays 
were performed. The results of the colony formation assays 

indicated that inhibition of USP11 significantly reduced the 
number of colonies, compared with the SCR group; however, 
ectopic expression of USP11 significantly increased the 
number of colonies, compared with the vector group (Fig. 5A). 
In addition, the similar results were observed for the CCK-8 
assay. Knockdown of USP11 inhibited cellular proliferation 
and ectopic expression of USP11 facilitated cellular prolifera-
tion (Fig. 5B). In conclusion, USP11 promotes cell proliferation 
in ovarian cancer cells.

Discussion

USP11 has been found to be upregulated in breast cancer, 
and its abnormal accumulation predicts a poor prognosis of 
breast cancer (6). Yet, the expression and function of USP11 in 
ovarian cancer remain unknown.

The results of RT-qPCR and western blotting analyses 
revealed that USP11 was upregulated in ovarian cancer 
tissues and cell lines. This finding was similar with previous 
research about USP11 in breast cancer (6). In addition, we also 
found that high expression of USP11 was closely associated 
with tumor size, TNM stage and lymph node metastasis. The 
present findings indicate that USP11 plays an important role in 
ovarian cancer, thus it is necessary to investigate the detailed 
function of USP11 in ovarian cancer.

The epithelial-to-mesenchymal transition (EMT) is a 
complex process that is closely related to tumor metastasis. One 
characteristic of EMT is the gain of mesenchymal markers, 

Figure 5. USP11 promotes cell proliferation in ovarian cancer cells. (A) USP11 was overexpressed or knocked down in OVCAR-3 cells, and colony formation 
assay was used to determine the effect of UP11 on cell proliferation. Representative images showing the number of colonies. The relative number of colonies 
is quantified on the right. Magnification, x4; scale bar, 1 cm. *P<0.05, USP11 vs. Vector, siUSP11 vs. SCR. (B) USP11 was overexpressed or knocked down in 
OVCAR-3 cells, and CCK-8 assay was used to determine the effect of UP11 on cell proliferation. *P<0.05, USP11 vs. Vector, siUSP11 vs. SCR. USP11, ubiquitin 
specific peptidase 11.
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such as N-cadherin, and the loss of epithelial markers, such as 
E-cadherin. This changes the morphology of the cancer cells 
and improves the invasive and migratory capabilities of cancer 
cells. Several reports have shown that multiple transcription 
factors play key role in EMT, such as Snail (21-25). Abnormal 
expression of Snail is found in different tumor types, and its 
expression correlates with tumor aggressiveness (14,26), and 
facilitates tumor recurrence (25). Here, we found that USP11 
promoted the EMT in ovarian cancer cells through regulation 
of Snail. USP11 as a deubiquitinase has been found to interact 
with many proteins and stabilize them through its deubiquiti-
nase activity. IP analysis showed that USP11 interacted with 
Snail and in vitro and in vivo deubiquitination assays revealed 
that USP11 stabilized Snail by deubiquitinating it. Meanwhile, 
Transwell migration and invasion assays demonstrated that 
USP11 enhanced the invasive and migratory capabilities of 
ovarian cancer cells dependent on its deubiquitinase activity.

Notably, previous research indicated that USP11 suppressed 
cell proliferation through regulation of Mgl-1 protein (27). 
However, we found the expression of USP11 was associated 
with a larger tumor size, and knockdown of USP11 inhibited 
cell proliferation in ovarian cancer cells. This suggests that 
USP11 may play a different role in different tumors through 
interacting with different proteins.

Snail has been found to be strongly regulated at the 
post- translational level, and it may be degraded rapidly after 
its initial synthesis (28). Like some other growth regulatory 
proteins such as cyclin D1, Myc as well as β-catenin, the 
degradation of Snail is associated with phosphorylation and 
poly-ubiquitination (28). Moreover, previous research indicates 
that Snail is acetylated by CREB-binding protein (CBP) (29). 
In particular, poly-ubiquitination can both suppress EMT 
by destabilizing Snail and, at the same time, enhance EMT 
through auto-ubiquitination of the E3 ubiquitin ligase tumor 
necrosis factor receptor-associated factor 6 (TRAF6) (30). 
Here, we found that USP11 could stabilize Snail through its 
deubiquitinase activity.

In conclusion, our research revealed that USP11 promoted 
EMT in ovarian cancer by stabilizing the EMT-associated 
transcription factor Snail, thereby facilitating cancer cell 
migration and invasion. Our results suggest USP11 as a novel 
molecular therapy target for ovarian cancer.
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