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Hepatocellular carcinoma (HCC) accounts for one of the most prevalent cancer types in the world. The ubiqui-
tin specific protease 7 (USP7), a kind of deubiquitylating enzyme, has been reported to play multifaceted roles
in different tumor types. The aim of this study was to investigate the expression and function of USP7 in HCC.
Immunohistochemical staining and quantitative PCR were performed to explore the expression of USP7 in both
HCC tissues and adjacent normal liver tissues. Chi-square test, univariate analysis, and multivariate analysis
were conducted to statistically evaluate the clinical significance of USP7 in HCC. Proliferation, migration, and
invasion capacities of HCC cells were assessed after overexpressing or silencing USP7.

Both the RNA and protein levels of USP7 were upregulated in HCC tissues compared to normal liver tissues.
High expression of USP7 was correlated with advanced tumor stage and poor overall survival. Moreover, USP7
was identified as a novel independent prognostic factor for HCC patients. Cellular studies showed that USP7
could enhance the proliferation, migration, and invasion capacities of HCC cells, thereby promoting tumor
progression.

High expression of USP7 is frequent in HCC tissues, which promotes tumor proliferation and invasion, and is
correlated with a poor overall survival. Targeting USP7 may be a novel direction for the drug development of
HCC therapy.
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Material and Methods

Liver cancer is the fifth most common malignant cancer world-
wide and the third leading cause of cancer-related death world-
wide [1]. Hepatocellular carcinoma (HCC) accounts for more
than 90% of all liver cancers [2,3]. Although long-term survival
of HCC has been reported in some case reports [4,5], the gen-
eral clinical outcome remains dismal due to early metastasis
and frequency of recurrence [6,7]. Till now, surgery resection
has been the best treatment for HCC, but most patients are di-
agnosed at advanced tumor stages, characterized by multifocal
progression, lymph node metastasis, and portal vein invasion,
therefore most cases are not appropriate for curative RO resec-
tion (resection for cure or complete remission). Development
and progression of HCC is a multistep process which involves
numerous gene and protein dysfunctions. The biological and
clinical behavior of HCC shows great differences, thus pre-
dicting prognosis is not easy for each specific patient. A bet-
ter understanding of the cellular and molecular mechanisms
underlying HCC progression is therefore necessary to identify
novel predictive biomarkers and develop targeted therapies.

Besides protein expression level, protein modification is
attracting more and more attention in molecular studies.
Ubiquitination is one of the most important protein modifica-
tion, which is reversible and has been revealed to participate in
cell differentiation and tissue development [8]. Ubiquitination
balance is reciprocally regulated by ubiquitin ligases and deu-
biquitinases (DUBs), the latter functions by directly hydrolyz-
ing the ubiquitin residues, thereby controlling the signaling
or abundance of certain substrates [9,10]. Ubiquitin specific
proteases (USPs) is the largest subfamily of DUBs, and several
USPs have been reported to participate in tumor progression.
For example, high USP4 can improve the prognosis of esoph-
ageal cancer by inhibiting cell migration [11,12]. Low USP-11
expression was independently correlated with a better surviv-
al of breast cancer patients [13]. USP33 can also inhibit tumor
progression of colorectal cancer by targeting Slit-Robo signal-
ing pathway or B-arrestin signaling [14,15]. However, not all
USPs are anti-tumor proteins, for example USP22 can promote
human colorectal cancer progression and predict therapy fail-
ure [16]. Another known tumor-promoting USPs is USP7, which
has been reported to be upregulated in ovarian cancer [17],
breast cancer [18], and lung cancer [19]. However, the clinical
role of USP7 in HCC has not been well established.

In this study, we explored the RNA and protein expression levels
of USP7 in HCC tissues and adjacent normal liver tissues, which
revealed an elevated expression in tumor tissues. Chi-square test
and univariate and multivariate analyses were performed to de-
termine clinical significance. Furthermore, our cellular experiments
showed that USP7 can directly enhance the proliferation and in-
vasion of HCC cells, demonstrating its potential as a drug target.

Patients and samples

This study was approved by the Ethics Committee of East
Hospital Affiliated to Tongji University in Shanghai; it was per-
formed in accordance with Declaration of Helsinki. Written in-
formed consent was obtained from all patients. A total of 119
HCC patients diagnosed and surgical treated in our hospital
were enrolled in this study. All diagnoses were based on path-
ological examination. None of the patients received any cancer
treatment therapy before surgery resection. During the follow-
up, we obtained patients’ information included gender, age, tu-
mor number, tumor size, and TNM stage. An additional 27 pairs
of HCC tissues and adjacent liver samples were frozen in liquid
nitrogen immediately after resection until experimental use.

RNA extraction, reverse transcription and real-time
quantitative PCR (RT-qPCR) analysis

Total RNA was extracted from clinical resected tissues us-
ing Total RNA mini kit (Qiagen, Valencia, CA, USA) according
to the manufacturer’s protocol. The concentration and puri-
ty of total RNA was measured by Nanodrop spectrophotom-
etry. RNA was then reverse transcribe into ¢cDNA using High
Capacity cDNA Reverse Transcription kit (Applied Biosystems,
Foster City, CA, USA). Quantitative-PCR was performed using
a quantitative RT-PCR Detection Kit (GeneCopoeia, Rockville,
MD) according to the manufacturer’s instructions. The prim-
ers were listed below:

USP7 (F): 5’-ATGTGGCAGTAGAACAGCTC-3’

USP7 (R): 5-GCAAGCGAGGAGTTCTTCAA-3’ [20];

GAPDH (F): 5’-GAGTCAACGGATTTGGTCGT-3’,

GAPDH (R): 5’-GACAAGCTTCCCGTTCTCAG-3’ [21].

Immunohistochemical (IHC) staining

Immunohistochemical (IHC) staining was performed for paraf-
fin-embedded tissue samples [22]. Briefly, tissues were cut into
4-um sections and then mounted onto glass slides. After dried
and dewaxed in xylol, the slides were rehydrated with an al-
cohol gradient. Then the endogenous peroxidase was blocked
by treated with 3% hydrogen peroxide. Antigen retrieval was
performed by incubating in 10 mM citrate buffer. After blocked
with goat serum for 30 min, slides were incubated with prima-
ry USP7 antibody (ab4080, Abcam, USA) at 4 C overnight. PBS
was used as a negative control. Slides were then incubated
with secondary antibody for 30 min, and the immunoreactiv-
ity was finally detected by 3,3’-diaminobenzidine tetrahydro-
chloride (DAB) staining and counterstained with hematoxylin.
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IHC evaluation

The expression of USP7 in tissue samples were assessed
based on both the staining intensity and percentage of posi-
tive stained cells. For the staining intensity, we scored as fol-
lowed: 1 (negative staining), 2 (lightly yellow), 3 (deep yellow),
and 4 (yellow brown). For the percentage of positive stained
cells, we classified as score 1 (0-25% positive tumor cells), 2
(25-50% positive tumor cells), 3 (50-75% positive tumor cells),
and 4 (75-100% positive tumor cells). The final IHC score was
calculated by multiplying the two scores above (ranging 1-16).
All the results were analyzed by 2 independent pathologists.

Cell and transfection

Human HCC cell lines Hep3B and Huh7 were obtained from the
American Type Culture Collection (Shanghai, China). All cells
were maintained in DMEM media supplemented with 10% fe-
tal bovine serum (FBS, Thermo Fisher Scientific, Inc.) and cul-
tured in a 37°C incubator with 5% CO,. Both cell lines were
transfected with USP7 construct or USP7 siRNA. The USP7 DNA
construct was purchased from Addgene (https://www.addgene.
0rg/16655/). And USP7 siRNA was obtained from Sigma with
the following sequence: 5’-ACCCUUGGACAAUAUUCCU-3 [23].

Transfection was conducted using Lipofectamine (Invitrogen;
Thermo Fisher Scientific) according to the manufacturer’s in-
structions. After 24 hours, transfected cells were expanded
and subjected to functional assays

Cell proliferation assay

MTT assay were conducted to assess cell proliferation [24].
Briefly, 1000 cells in 200 pL FBS-containing DMEM were seed-
ed into each well of 96-well plates and cultured for several
days. Three wells from each group were measured every day.
For the proliferation measurement, 100 pL fresh medium con-
taining MTT (5 mg/mL) was added into each well and incu-
bated at 37°C for 4 hours, the medium was then replaced by
150 pL DMSO and shaken at room temperature for 10 mins
to resolve crystals. The absorbance was measured at 490 nm
wavelength. Each experiment was repeated 3 times, and re-
sults were presented as means +SD.

Wound healing assay

Transfected cells were cultured to full confluence in 6-well plates
and subsequently scratched using 200 pL sterilized pipette tips.
After scratching, wells were carefully washed with DMEM to re-
move detached cell. At designated time points, scratched cells
were photographed under an inverted microscope. Migration
ability of transfected cells was evaluated by measuring the width
of the scratched area from three independent experiments.
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Invasion assay

Invasion assays were performed by using Transwells with 8.0
pm membrane coated with Matrigel. Transfected Hep3B and
Huh7 cells were seeded in a separate culture well and allowed
for invasion in 37°C incubator for 48 hours. The cells were cul-
tured in 10% FBS in the upper chamber, while the lower was
supplied with DMEM containing 20% FBS. After 48-hour cul-
ture, cells in the lower surface of membrane were fixed and
stained with crystal violate. For each well, 10 random fields
were counted, and the average number of cells was determined.
The invasion results were normalized by the total cell numbers
to minimize the effect of proliferation/viability. Each experi-
ment was performed in triplicate and repeated at least 3 times.

Statistics

Overall survival (0S) was defined as the time from diagno-
sis of HCC to the death of the patient or last date of follow-
up. The SPSS software package (version 16.0, IBM, USA) and
GraphPad Prism (version 5.0, GraphPad Software Inc, USA)
were used for the statistical analysis. The associations between
USP7 expression and clinicopathologic parameters were eval-
uated by chi-square tests.

Kaplan-Meier method was used to generate survival curves,
and the differences were compared by log-rank test. A Cox
multivariate proportional hazard regression model was intro-
duced to determine the independent effect on OS. Data for
the cellular experiments were presented with mean +SD, and
differences between groups were determined by Student’s t-
test or one-way ANOVA test. Differences were considered sta-
tistically significant with P<0.05.

Results

Patient information

This retrospective study included 119 HCC patients that under-
went curative resections in East Hospital Affiliated to Tongji
University (Shanghai, China). The mean age at the time of di-
agnosis is 51.0 years old. Most of the patients were male (92
out of 119, 77.3%), only 27 were females. Seventy-five pa-
tients (63.0%) had single tumor lesions, and the other 44 pa-
tients (37.0%) had multiple HCC lesions. Patients were also
grouped into 2 subgroups according to the tumor size, 50 pa-
tients (42.0%) with the largest tumor diameter less than 5.0
cm, and the other 69 patients (58.0%) with the largest tumor
diameter greater than 5.0 cm (Table 1).
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Table 1. Clinical characteristics of enrolled HCC patients.

Variable

CLINICAL RESEARCH

USP7 protein level

Age (years)

<51.0 67
""""""" s 52
""""" Gender
""""""" Female 27
""""""" Mae e

<5.0 50
""""""" 50 e
""""" TNMstage
""""""" e s
""""""" v 73

High (n=64)

Low (n=55)

0.720
""""""" A
""""""" 2
""""""""""""""""""""""""""""""""""""""""" 0504
It
""""""" st o4
""""""""""""""""""""""""""""""""""""""""" 0001*
""""""" 2 s
""""""" 2 12
""""""""""""""""""""""""""""""""""""""""" 0001*
Dt 2
""""""" 6 23
""""""""""""""""""""""""""""""""""""""""" 0o01*
T o
""""""" 48 25

* Indicates P<0.05 by Chi-square test.
USP7 is highly expressed in HCC tissues

We first tested the RNA levels of USP7 in 27 pairs of HCC tis-
sues and adjacent normal liver tissues. TNM stages of the 27
patients included stage | (4 cases), stage Il (12 cases), stage Il
(8 cases), and stage IV (3 cases). By normalizing with the ad-
jacent tissues, we found that the RNA levels of USP7 showed
an elevated prevalence as the stage increased (Figure 1A). The
protein expression and localization of USP7 was later iden-
tified by IHC strategy. Adjacent liver tissues showed nega-
tive staining or slight positive staining (Figure 1B), while the
HCC cells possessed a large amount of USP7 proteins locat-
ed predominantly in the nucleus (Figure 1C). Consistent with
the RT-PCR results, statistical analyses of the IHC scores indi-
cated that USP7 protein was significantly upregulated in HCC
tissues (Figure 1D).

Correlations between USP7 and clinicopathological
characteristics

Although USP7 showed a generally increased level in HCC tis-
sue, we classified patients into a low-USP7 group and a high-
USP7 group based on the IHC scores to better investigate its
clinical effects (Table 1). According to the chi-square tests,
high USP7 level was associated with multiple tumor lesions
(P=0.001), larger tumor size (P=0.001), and advanced TNM
stage (P=0.001). The correlations between high USP7 level

with unfavorable clinicopathological characteristics indicated
that USP7 may promote tumor progression of HCC.

Prognostic effect of USP7 for HCC patients

We next plotted the survival curves using Kaplan-Meier meth-
ods based on different variables (Figure 2, Table 2). The overall
survival of HCC patients was not statistically correlated with
patients’ age (Figure 2A, P=0.337), gender (Figure 2B, P=0.708),
or tumor number (Figure 2C, P=0.447). Patients with larger
tumor size or advanced TNM stages showed poorer overall
survival (Figure 2D, 2E; P=0.011 and P=0.021, respectively).
Importantly, high USP7 level was correlated with unfavorable
clinical outcomes of HCC patients (Figure 2F). The mean over-
all survival time of patients in low-USP7 group was 49.40+4.10
months, while only 38.28+3.55 months in the patients with
higher USP7 levels (Table 2, P=0.030).

Multivariate analysis was performed to further identify inde-
pendent prognostic factors of HCC. The tumor size showed no
significantly independent effect (Table 3, P=0.072). However,
advanced TNM stages were independently correlated with a
poor overall survival (HR=3.667, 95% Cl 1.768-7.594, P=0.016).
Furthermore, low USP7 expression was an independent pro-
tective factor for the clinical outcomes (HR=0.442, 95% Cl
0.210-0.883, P=0.037).
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Figure 1. USP7 is upregulated in HCC tumor tissues. (A) RT-PCR results showed that the RNA level of USP7 was increased in HCC tumor
tissues than that in adjacent normal liver tissues, and was positively correlated with the TNM stage. (B) Representative IHC
result showed the negative protein expression of USP7 in normal liver tissues. (C) Representative IHC result showed the high
protein level of USP7 in HCC tissues, which predominately located in the nucleus. (D) Statistical analysis of IHC scores in
normal liver tissues and HCC tissues showed a significantly higher USP7 protein level in tumor tissues. Magnification: x400.
Data was presented as mean +SD. * P<0.05 by Student’s t-test.

USP7 enhances tumor phonotype of HCC cells

We also conducted cellular experiments using 2 human HCC
cell lines, the Hep3B cells and Huh7 cells. HCC cells showed
an elevated proliferation capacity upon USP7 overexpression
(Figure 3A, 3B), which was consistent with the clinical finding
that high USP7 level was associated with larger tumor size. In
contrast, silencing USP7 significantly inhibit the cell prolifera-
tion process. The migration capacity of HCC cells was also test-
ed by wound-healing assay, revealing that USP7 can promote
tumor cell migration (Figure 3C, 3D). Similarly, overexpression
USP7 enhanced the invasion ability of HCC cells as showed by
the Matrigel-Transwell assay, while USP7-knockdown attenu-
ated the invasion process (Figure 3E, 3F). The effects of USP7
on HCC migration and invasion can at least partially explained

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

why USP7 was clinically correlated with multiple tumor loca-
tions and advanced TNM stages.

Discussion

Ubiquitination modifications can regulate almost all physi-
ological or pathological processes. Deubiquitylating enzyme
USP7, also known as herpes virus-associated ubiquitin-spe-
cific protease (HAUSP), has been reported to regulate DNA
damage repair [25], DNA replication [26], cell mitosis [27], vi-
rus infection [28], and immune response [29] by targeting dif-
ferent protein substrates. Dysregulation of USP7 is correlated
with certain pathological changes including inflammation [30]
and neurodegenerative diseases [31]. Recently, USP7 was also
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Figure 2. Kaplan-Meir survival curves of HCC patients. Overall survival analyses were conducted by Kaplan-Meir method and compared
by log-rank test according to patients’ age (A), gender (B), tumor number (C), tumor size (D), TNM stage (E), and USP7

protein level (F). * P<0.05 by log-rank test.

reported to be involved in tumor progression. Here we initiat-
ed to investigate the expression and function of USP7 in HCC.

One of the most well-known substrate of USP7 is p53, and deu-
biquitination of p53 by USP7 is critical for its stabilization [32],
indicating its function in regulating tumor development. Another
important substrate of USP7 is the PTEN (Phosphatase and
tensin homolog) tumor suppressor [33], whose deubiquitina-
tion will prevent protein degradation [34]. However, the clini-
cal significance of USP7 seems distinct among various tumor
types. For example, high expression of USP7 was correlated

with a poor prognosis in lung squamous cell carcinoma and
large cell carcinoma [35]. Database analysis of neuroblasto-
ma patients showed that high expression of USP7 predicted
poor outcomes [36]. Studies on ovarian cancer patients also
indicated the role of USP7 as an oncoprotein [17]. On the oth-
er hand, a lower expression of USP7 was observed in colon
cancer tissues [37]. Similarly, upregulation of USP7 can inhib-
it the proliferation of esophagus cancer cells, indicating its tu-
mor-suppressing roles [38]. Therefore, the specific function of
USP7 seems to depend on its downstream substrates, which
may be expressed distinctively in different tissues. Besides its
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Table 2. Kaplan-Meier overall survival of enrolled HCC patients.

0S (months)
Mean #S.D.

Cases

(n=119) P value

Variable

5-year OS

Age (years) 0.337
""""""" <0 e aloes37é 2%
""""""" 5.0 sy aisesa3t a08%

Gender 0.708
""""""" Female 27 3oass12 e
""""""" Male e aaeas317  30%
""""" Tumornumber . oay
""""""" Singe 75 asgimer  400%
""""""" Mutiple a4 ssass7  o7s%
""""" Tumor diameter . oo
""""""" <o o saoisas1  so1%
""""""" 0 e 3eos318  2a8%
""""" TNMstage . oo
""""""" W 4 si3w420  a7e%
""""""" w73 3eem2se  268%
O USPexpresson 003"
""""""" Wgh e 3sassass  208%
""""""" low s aga0sai0  a17%

* Indicates P<0.05 by log-rank test.

Table 3. Cox multivariate analysis of enrolled HCC patients.

95% Cl
P value

Variable

Tumor diameter (vs. <5.0cm) 0.072 1.440 0.949 3.395
TNM stage (vs. I-I1) 0.016* 3.667 1.768 7.594
USP7 expression (vs. high) 0.037* 0.442 0.210 0.883

* Indicates P<0.05 by Cox regression test. HR — hazard ratio; 95% Cl — 95% confidence interval.

downstream effectors, USP7 has been reported to be mod-
ulated by its upstream molecule microRNA-205, which also
showed tumor regulating potential [39]. However, the role of
USP7 on HCC remains elusive.

Our study showed that USP7 was upregulated in HCC tumor
tissues compared normal liver tissues. The high expression of
USP7 was associated with tumor growth and tumor metastasis
according to clinical data. Moreover, univariate and multivariate

analyses identified USP7 as an independent prognostic factor
in HCC. Accordingly, we conducted cellular experiments using
2 human HCC cell lines; both showed that high expression of
USP7 can promote tumor cell proliferation and invasion. In
contrast, USP7 knockdown significantly inhibited tumor pro-
gression, revealing its potential as an anti-tumor drug tar-
get. In fact, several inhibitors of USP7 have been reported to
suppress tumor phenotypes. For example, the USP7 inhibitor
P22077 can inhibit neuroblastoma growth [36]. P5091, another
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Figure 3. USP7 enhances tumor cell proliferation, migration, and invasion. The proliferation curves of HCC cells were plotted by MTT
assays, which showed that USP7 can enhance the cell viability in both Hep3B (A) and Huh7 (B) cells. Wound-healing assays
were performed to evaluate the migration capacity of HCC cells, indicating a promoting role of USP7 on cell migration (C, D). The
invasion process of tumor cells was monitored by Matrigel-transwell assay, demonstrating that USP7-overexpression enhanced cell
invasion, while USP7-knockdown suppressed tumor invasion (E, F). Data was presented as mean #SD. * P<0.05 by Student’s t-test.

small molecule inhibitor targeting USP7, can induce apoptosis
in multiple myeloma cells [40]. Selective dual inhibitors target-
ing both USP7 and USP47 have also been reported, showing
remarkable potential in cancer treatment [41]. Since our data
provided evidence that USP7 plays a role in promoting HCC, it
is worthwhile conducting future studies to test whether USP7
inhibitors can suppress HCC progression.
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Conclusions

USP7 is upregulated in HCC tissues, which can serve as an in-
dependent prognostic predictor. USP7 promotes HCC progres-
sion by directly enhance tumor cell proliferation and invasion.
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