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Background: Uterine corpus endometrial carcinoma (UCEC) is a common malignancy 
worldwide developed in the female reproductive system, which can be life-threatening due 
to metastasis and poor prognosis. Deubiquitinating enzymes (DUBs) play key roles in 
ubiquitin–proteasome system. As a member of DUBs, the ubiquitin-specific protease 5 
(USP5) has been found to be an oncogene in several cancers. This study aims to explore 
the function of USP5 in UCEC.
Materials and Methods: Clinical significance of USP5 was assessed from The Cancer 
Genome Atlas (TCGA) UCEC dataset. Knockdown and overexpression were performed by 
transfecting the cells with siRNAs and pCDNA3.1 vectors, respectively. CCK8, colony 
formation, wound healing, transwell, PI, and PI/annexin V staining were conducted to 
check the effect of USP5 on cellular biology function. Western blot assay was used to detect 
protein expression.
Results: USP5 was upregulated in UCEC patients. Its downregulation led to decreased 
migration and proliferation of UCEC cells, and meanwhile, cell cycle arrest and apoptosis 
were induced. By contrast, USP5 overexpression significantly promoted cell migration and 
cell mitosis. Further study revealed that USP5 could cause hyperactivation of mTOR/4EBP1 
pathway and rapamycin treatment could totally reverse the effects of UPS5 overexpression.
Conclusion: Our data demonstrated that USP5 functioned as an oncogene in UCEC, which 
provided new insights into the pathogenesis of UCEC and a promising molecular target for 
UCEC diagnosis and therapy.
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Introduction
Uterine corpus endometrial carcinoma (UCEC) is a common gynecologic malig-
nancy in women which is defined as an epithelial neoplasm originating from the 
endometrium. It is the third most life-threatening cancer in females, after ovarian 
cancer and cervical cancer. Regardless of staging or grading, cancer metastasis and 
recurrence are major risks for poor prognosis.1 For these patients, limited treat-
ments can be applied due to the resistance to chemotherapy and hormone therapy.2 

Therefore, for the purpose of improving the survival rate of patients with endome-
trial cancer, it is of urgent need to identify novel therapeutic targets and prognostic 
biomarkers.

Protein homeostasis is crucial for maintaining normal cellular functions. 
Accumulation of unfolded, misfolded or damaged proteins is extremely toxic to 
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cells and has been found to be associated with many 
human diseases including cancers.3,4 Ubiquitination is an 
important post-translational modification labeling these 
target proteins for degradation through proteasome. 
Deubiquitination is a reverse process to remove ubiquitin 
from proteins, thus keeping a dynamic balance of free 
ubiquitin pool. This process is mediated by deubiquitinat-
ing enzymes (DUBs).5

Ubiquitin-specific proteinase 5 (USP5), also known as 
ubiquitin isopeptidase T (ISOT), is a cysteine deubiquiti-
nating enzyme belonging to the USP family. It is highly 
conserved in humans and mice with an amino acid identity 
of approximately 98%. Unlike other DUBs, USP5 specifi-
cally recognizes unanchored polyubiquitin chains and 
removes proximal ubiquitin.6,7 Increasing evidence has 
demonstrated that USP5 plays an oncogenic role in various 
human cancers. In hepatocellular carcinoma, USP5 is 
highly expressed and positively correlated to malignancy 
degree. It promotes HCC progression via stabilizing 
SLUG and alleviating p14ARF-p53 signaling.8,9 Besides, 
USP5 could activate the Wnt/β-catenin pathway by deubi-
quitinating β-catenin in non-small cell lung cancer.10 

Moreover, USP5 deletion leads to cell cycle arrest and 
apoptosis in pancreatic ductal adenocarcinoma cells.11

In this study, we aimed to reveal the relationship between 
USP5 level and UCEC progression, and provided new knowl-
edge for developing targeted therapy for UCEC patients.

Materials and Methods
Cell Culture and Treatment
Human endometriotic stromal cells (ESCs) were isolated 
from endometriotic tissues as described previously.12 

Human UCEC cells Ishikawa, Hec-1-B and KLE were 
purchased from ATCC. Hec-1-B cells were cultured in 
DMEM, and KLE cells were cultured in F12. Ishikawa 
cells were grown in RPMI-1640. To keep cell status, 10% 
of FBS was added into the medium. To avoid contamina-
tion, 1% antibiotics were added into the medium. The cells 
were grown in a 37°C incubator which contained 5% CO2.

Cell Transfection
siRNA transfection in Hec-1-B and KLE cells was car-
ried out using RNAiMax, following the protocols pro-
vided by Invitrogen. Targeted sequences were as follows: 
siCtrl, UUCUCCGAACGUGUCACGU; siUSP5#1, 
GCCUCAAGCAGUUGGACAA; siUSP5#2, GGAG 
UUCUUCCUUCACCUU.

USP5 Overexpression by Vectors
pcDNA3.1 vectors were used to overexpress USP5 in 
UCEC cells. When efficiently overexpressing USP5, 
Hec-1-B and KLE cells were subjected to Western blot, 
MTT, colony formation, transwell, wound healing, cell 
cycle and apoptosis assay.

Cell Proliferation Assay
Cells were plated in 96-well plate at a density of 2000 
cells/well and cultured in a complete medium for 4 days. 
MTT (JT343, Geneview) was added and incubated for 30 
min. The absorbance of the formazan solution was then 
read spectrophotometrically at 490 nm. All experiments 
were performed in triplicate.

Colony Formation Assay
Cells were seeded in 6-well plate at a density of 500/well 
for Hec-1-B and 1000/well for KLE cells and then incu-
bated for 8 days and stained with 0.1% crystal violet for 20 
min at room temperature. Colonies containing ≥50 cells 
were manually counted under a microscope. Each assay 
was performed in triplicate.

Wound Healing Assay
Cells were plated in 96-well plate and cultured overnight. 
Wounds were made in confluent monolayer cells using 96 
Wounding Replicator (VP Scientific) and cells were cul-
tured in a medium supplemented with 0.5% FBS. Wound 
healing was detected at 0, 24, 48 hours within the scraped 
lines, and representative fields at different time points were 
photographed (at ×100 magnification). Migration area was 
analyzed by Celigo (Nexcelom).

Transwell Migration Assay
Cells were plated in the upper chamber with serum-free 
medium in the transwell with 8-um pore filters (3422, 
Millipore, Billerica, USA), while the lower chambers 
were filled with complete culture medium. After incuba-
tion for 24 hours, cells on the upper membrane surface 
were removed by cotton tips. Then membranes were 
washed with PBS, fixed with 4% PFA, washed twice 
with PBS, and stained with 0.2% crystal violet. The 
invaded cells from nine fields were counted under a light 
microscope (at ×200 magnification). All experiments were 
performed in triplicate.
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Cell Cycle Distribution Analysis
Cells were treated as indicated. About 48 h later, the cells 
were harvested, washed with ice-cold PBS and fixed in 
70% ethanol overnight at −20°C. Subsequently, the fixed 
cells were washed three times with PBS and stained with 
propidium iodide (PI) solution (50 µg/mL PI and 100 µg/ 
mL RNase A in PBS) in the dark for 30 min. DNA content 
was measured on a FACScan flow cytometer (BD 
Biosciences, San Jose, CA, USA) with FlowJo software 
(version 7.6.1, Tree Star, Ashland, OR, USA). 
Experiments were repeated three times.

Cell Apoptosis Analysis
To analyze the apoptosis in UCEC cells, USP5 knockdown 
or overexpressed Hec-1-B and KLE cells were harvested 
by trypsin without EDTA. The cells were then stained with 
PI and annexin V and apoptosis was analyzed by flow 
cytometry, according to the manufacturer's protocols.

Western Blot
Cells were washed once with cold PBS. Proteins were 
extracted with lysis buffer supplemented with proteinase 
inhibitor. Cell lysates were centrifuged at 12000g for 10 
min. The supernatants were collected and protein concen-
trations were quantified by BCA assay (P0010S, 
Beyotime). 35ug proteins with loading buffer were then 
resolved by SDS-PAGE. Western blot was developed 
using anti-mTOR (2983, CST), anti-p-mTOR (2974, 
CST), anti-4EBP1 (9644, CST), anti-p-4EBP1 (2855, 
CST), anti-β-actin (47,778, SantaCruz), mouse anti-rabbit 
IgG (7074, CST), rabbit anti-mouse IgG (7076, CST).

Bioinformatics Analysis
The Cancer Genome Atlas (TCGA) UCEC dataset was 
obtained from the TCGA website. Copy number variation 
rates were analyzed via cBioportal online tools. Gene 
expression levels were analyzed via GEPIA.

Statistical Analysis
Each experiment was performed at least three times inde-
pendently. Data were presented as mean ± s.d. 
Comparisons between two groups were carried out using 
a 2-tailed unpaired t-test. The level of significance was set 
at P < 0.05 (*), P < 0.01 (**), and P < 0.001 (***).

Results
USP5 is Highly Amplified in UCEC 
Patients
First, we analyzed genetic alteration rates of eight USP 
family members using 539 UCEC patient samples with 
copy number data extracted from TCGA database. We 
found USP5 had the highest amplification rate 
(Figure 1A). And USP5 mRNA level was relatively higher 
in tumor tissues than that in nontumor tissues (Figure 1B). 
We then examined the expression of USP5 in human 
normal endometrial cells, ESC and endometrial cancer 
cells, including Ishikawa, HEC-1-B and KLE. We showed 
that USP5 was highly expressed in cancer cells compared 
with normal cells (Figure 1C). These indicated an aberrant 
upregulation of USP5 in UCEC.

USP5 Knockdown Impedes UCEC Cell 
Migration
In order to figure out the biological function of USP5 in 
UCEC, we transiently knocked down USP5 in two UCEC 
cell lines with two different siRNA sequences. As the 
Western blot results indicated, all of them could efficiently 
decrease the protein level of USP5 (Figure 2A and C). In 
Hec-1-B cells, USP5 downregulation inhibited cell trans-
migration significantly accessed by transwell assay (Figure 
2B). Similar results were obtained for KLE cells by wound 
healing assay (Figure 2D). These results suggested that 
USP5 deficiency could impair migration ability of UCEC 
cells.

USP5 Downregulation Impairs UCEC 
Cell Proliferation
USP5 was found to promote cancer cell proliferation.10,11,13 

So next we tried to find out the impact of USP5 on UCEC 
cell proliferation. As shown in Figure 3A, knockdown of 
USP5 with two siRNAs strongly impaired the viability of 
Hec-1-B cells. It was also the case in KLE cells (Figure 3B). 
Besides, the formation of colonies of Hec-1-B and KLE cells 
was also repressed when USP5 was inadequate (Figure 3C 
and D). To confirm the role of USP5, we also knocked down 
USP5 in Ishikawa cells and found that USP5 downregula-
tion suppressed the proliferation of Ishikawa cells 
(Supplementary Figure 1). These results indicated that 
USP5 was required for UCEC cell survival.
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The Decease of USP5 Causes Cell Cycle 
Arrest and Apoptosis of UCEC Cells
USP5 was shown to modulate cell cycle progression in 
pancreatic cancer and ovarian cancer.14,15 To reveal the 
mechanisms underlying the repression of cell proliferation, 
we analyzed cell cycle distribution of UCEC cells after 
USP5 knockdown. We observed significant accumulations 
of Hec-1-B cells in G0/G1-phase transfected with USP5 
siRNAs compared to control cells, and meanwhile obvious 
reductions in S-phase and G2/M-phase (Figure 4A). In 
KLE cells, USP5 knockdown also led to elevated propor-
tions of cells in G0/G1-phase and decreased proportions in 
G2/M-phase (Figure 4B). In addition, the apoptotic cells 
increased apparently after USP5 knockdown in both Hec- 

1-B and KLE cells (Figure 4C and D), suggesting the cell 
cycle arrest and apoptosis contributed a lot to cell prolif-
eration inhibition.

USP5 Overexpression Promotes 
Migration and Proliferation of UCEC 
Cells
The above results showed that USP5 was required for 
UCEC cell function, but whether USP5 expression was 
sufficient to promote UCEC proliferation and migration 
should be determined. We therefore overexpressed USP5 
in Hec-1-B and KLE cells to observe cell migration and 
growth. Western blot assay showed that the protein level 
of USP5 was markedly overexpressed in Hec-1-B and 

Figure 1 USP5 is highly amplified in UCEC patients. (A) Copy number variations of USP family members in UCEC samples were analyzed using TCGA database via 
cBioportal (n=539). (B) USP5 mRNA levels were compared between tumor tissues (T) and nontumor tissues (NT) in UCEC patients using TCGA database via GEPIA. (C) 
USP5 protein levels were detected by Western blot assay in human normal endometrial cells ESC and endometrial cancer cells, including Ishikawa, HEC-1-B and KLE.
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KLE cells (Figure 5A). To our expectation, both Hec- 
1-B and KLE cells transfected with exogenous USP5 
exhibited formed more colonies (Figure 5B and C) and 
enhanced cell viabilities (Figure 5D and E). Besides, Hec- 
1-B cells with USP5 overexpression transmigrated more 
than cells with control vector (Figure 5F). And KLE cells 
with increased USP5 moved much more rapidly than con-
trol cells (Figure 5G).

USP5 Overexpression Promotes Cell 
Mitosis and Suppresses Cell Apoptosis
Next, we moved further to check whether high USP5 
expression level could promote cell division. The pro-
portion of cells in G0/G1-phase showed an obvious 
decline while a rise in G2/M-phase after USP5 over-
expression in Hec-1-B cells (Figure 6A). In USP5- 
overexpressed KLE cells, the S-phase cells also showed 

Figure 2 USP5 knockdown impedes UCEC cell migration. (A) The downregulation efficiency of USP5 by two siRNAs with different sequences was assessed by Western 
blot assay in Hec-1-B cells. (B) The migration capabilities of Hec-1-B cells transfected with control siRNA (siCtrl) or USP5 siRNAs were assessed by transwell migration 
assay. (C) The downregulation efficiency of USP5 by two siRNAs with different sequences was assessed by Western blot assay in KLE cells. (D) The migration capabilities of 
KLE cells transfected with control siRNA (siCtrl) or USP5 siRNAs were evaluated by wound healing assay. Images and quantitation are shown. Data are shown as mean ± s. 
d., unpaired t-test. ***p<0.001, compared to Hec-1-B/siCtrl.
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an accumulation (Figure 6B). These results indicated 
that the division activity of UCEC cells was greatly 
motivated by an elevated expression level of USP5. 
What is more, high USP5 level could hinder cell apop-
tosis, thus protecting cancer cells from death (Figure 6C 
and D).

USP5 Promotes Cell Proliferation by 
Activating mTOR/4EBP1 Pathway
mTOR is a protein kinase regulating cell growth and 
survival and its deregulation has been observed in many 
cancer types.16,17 For the purpose of unraveling the 
molecular mechanisms, we carried on detecting the 

Figure 3 USP5 downregulation impairs UCEC cell proliferation. (A and B) Proliferation curves of Hec-1-B cells (A) and KLE cells (B) were detected by MTT assay at the 
indicated time points after transfection with control siRNA (siCtrl) or USP5 siRNAs. (C and D) Colony formation abilities of Hec-1-B cells (C) and KLE cells (D) were 
detected by crystal violet staining after transfection with control siRNA (siCtrl) or USP5 siRNAs. Images and quantitation are shown. Data are shown as mean ± s.d., 
unpaired t-test. **p<0.01, ***p<0.001, compared to Hec-1-B/siCtrl or KLE/siCtrl.
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status of mTOR pathway. Interestingly, when USP5 was 
silenced, the phosphorylated mTOR was slightly 
declined, as well as the phosphorylation of its down-
stream target 4EBP1 (Figure 7A). In contrast, 

overexpressed USP5 resulted in upregulation of 
p-mTOR and p-4EBP1 (Figure 7B). When Hec- 
1-B cells were treated with rapamycin, an mTOR inhi-
bitor, the hyperproliferation caused by USP5 

Figure 4 USP5 downregulation causes cell cycle arrest and apoptosis of UCEC cells. (A and B) Cell cycle distributions of Hec-1-B (A) and KLE (B) were assessed at 48 
h after siRNA transfection by PI staining and flow cytometry analysis. Representative graphs and statistical analysis of percentages at different cell cycle stages were shown. 
(C and D) Cell apoptosis of Hec-1-B (C) and KLE (D) was assessed at 48 h after siRNA transfection by PI/annexin V staining and flow cytometry analysis. Representative 
graphs and statistical analysis of percentages are shown. **p<0.01, ***p<0.001, compared to Hec-1-B/siCtrl or KLE/siCtrl by unpaired t-test.
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overexpression would be completely reversed (Figure 
7C and D). The colony formations were nearly blocked 
as well (Figure 7E). The above results illustrated that 
USP5 modulated mTOR/4EPB1 activation promote 
UCEC cell survival.

Discussion
Nowadays, with the development of technology and 
expansion of knowledge, novel diagnostic markers and 
efficient targeted therapies have been developed for var-
ious cancer types. For the uterine corpus endometrial 

Figure 5 USP5 overexpression promotes migration and proliferation of UCEC cells. (A) The overexpression efficiency of USP5 was assessed by Western blot assay in Hec- 
1-B and KEL cells. (B and C) Colony formation of Hec-1-B cells (B) and KLE cells (C) overexpressing USP5 were assessed. (D and E) Cell proliferation curves of Hec- 
1-B cells (D) and KLE cells (E) overexpressing USP5 were assessed by MTT assay. (F and G) Migration capabilities of Hec-1-B cells (F) and KLE cells (G) overexpressing 
USP5 were evaluated by transwell assay and wound healing assay respectively. Images and quantitation are shown. Data are shown as mean ± s.d., unpaired t-test. **p<0.01, 
***p<0.001, compared to vector control (Ctrl).
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Figure 6 USP5 overexpression promotes cell mitosis and suppresses cell apoptosis. (A and B) Cell cycle distributions of Hec-1-B (A) and KLE (B) were assessed at 48 
h after USP5 transient overexpression by PI staining and flow cytometry analysis. Representative graphs and statistical analysis of percentages at different cell cycle stages are 
shown. (C and D) Cell apoptosis of Hec-1-B (C) and KLE (D) was assessed at 48 h after USP5 transfection by PI/annexin V staining and flow cytometry analysis. 
Representative graphs and statistical analysis of percentages are shown. **p<0.01, ***p<0.001, compared to vector control by unpaired t-test.
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Figure 7 USP5 promotes cell proliferation by activating mTOR/4EBP1 pathway. (A and B) Western blots were performed to check the expression of mTOR and 4EBP1, and 
their phosphorylation level after USP5 transient knockdown (A) or overexpression (B). (C) Western blots were performed to check the expression of mTOR and their 
phosphorylation level after USP5 overexpression and combined treated with rapamycin. (D) Cell growth curves were analyzed in Hec-1-B cells after USP5 overexpression 
treated with or without rapamycin. (E) Formations of colonies were observed in Hec-1-B cells after USP5 overexpression treated with or without rapamycin. 
Representative graphs and statistical analysis of percentages are shown. **p<0.01, compared to vector control by unpaired t-test.
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carcinoma, the common treatment is surgery combined 
with chemotherapy, which can bring great pain and pity 
to women. By analyzing the TCGA database, we found an 
amplification of USP5 in UCEC patients, which is 
a special DUB in that it only removes the proximal ubi-
quitin. However, other USPs have either lower amplifica-
tion rates or deletions in tumor samples, suggesting 
a unique correlation of USP5 in UCEC progression.

Ubiquitination is a fundamental modification to label 
proteins for degradation. Deregulation of the balance 
formed between the two reversed processes could contri-
bute to tumorigenesis.4,18 Several members of the USP 
family have been shown to facilitate tumor growth or 
metastasis.19–22 For example, USP7 activation of PI3K/ 
AKT signaling cascade promotes hepatocellular carcinoma 
growth.23 USP7 contributes to the progression of esopha-
geal carcinoma by regulating JMJD3/CLU axis.24 

Silencing of USP8 inhibits the proliferation and migration 
of lung cancer cells.25 Oncogenic function of USP8 is also 
observed in gastric cancer, cholangiocarcinoma, and breast 
cancer.26–28 Apart from them, a growing body of evidence 
has demonstrated the tumor-promoting role of USP5 in 
different cancer types.8,10,11,13–15 And in this study, we 
found that it was also the case in UCEC. When USP5 
was knocked down, cell viability was significantly 
impeded accompanied with blockade of cell cycle transi-
tion and induction of apoptosis. However, upregulation of 
USP5 could greatly drive cell mitosis and inhibit cell 
death. On the other hand, insufficiency of USP5 weakened 
cell migration ability which was fully rescued by USP5 
overexpression.

It has been reported that USP5 could protect SLUG and 
β-catenin from being degraded to promote tumor 
progression.8,10 Here we found that USP5 could mediate 
mTOR/4EBP1 activation. The usage of mTOR inhibitor 
rapamycin could absolutely block the hyperproliferation 
caused by high USP5 level. However, based on the immu-
noblotting results, USP5 did not regulate the protein abun-
dance of mTOR and 4EBP1, suggesting that USP5 
activation of mTOR/4EBP1 is not depending on direct 
interaction and ubiquitination manner. Through what 
mechanisms USP5 modulated mTOR activity remained to 
be explored.

Taken together, we uncovered a close relationship 
between USP5 expression level and UCEC progression, 
providing strong evidence for USP5 to become a potential 
therapy target and prognostic molecule.
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