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Background: Ubiquitin-specific protease 7 (USP7) is a deubiquitinating enzyme that can affect or regulate
a variety of cellular activities. The purpose of this study was to investigate therapeutic and immunologic
effects of USP7 in hepatocellular carcinoma (HCC), and as well to evaluate potential mechanisms of action.
Methods: USP7-related gene expression and clinical data were obtained from The Cancer Genome
Atlas (TCGA) dataset, International Cancer Genome Consortium (ICGC) dataset, and Gene Expression
Omnibus (GEO) dataset. Pathways associated with USP7 were determined by gene set enrichment analysis
(GSEA). The relationships among USP7, immunity, and drug therapy were also investigated and potential
mechanisms of action were explored.

Results: TCGA database results demonstrated USP7 mRNA expression levels to be upregulated
in HCC tissues. Results were validated with UALCAN, ICGC, and GSE10143 datasets, as well as
immunohistochemistry and reverse transcription-polymerase chain reaction (RT-PCR) experiments and
were consistent with TCGA database findings (all P<0.05). GSEA analysis demonstrated increased USP7
levels to be associated with CHEMOKINE, Janus kinase/signal transducer and activator of transcription
(JAK-STAT), mitogen-activated protein kinase (MAPK), P53, vascular endothelial growth factor (VEGF),
and wingless (WN'T) signaling pathways. Based on immune correlation analysis, USP7 was dramatically
associated with immune cells and immune checkpoint molecules. In terms of drug therapy, USP7 expression
levels were significantly related to HCC sensitivity to ciclosporin, talazoparib, dabrafenib, trametinib,
paclitaxel, sorafenib, bortezomib, sunitinib, and crizotinib. Based on these results, we mechanistically
propose an association between USP7 and these four drug targets: B-Raf proto-oncogene serine/threonine
protein kinase (BRAF), mitogen-activated extracellular signal-regulated kinase (MEK), DNA topoisomerase
I (TOPOI), and poly ADP-ribose polymerase (PARP).

Conclusions: USP7 plays a therapeutic and immunological role in HCC. The four drug targets BRAEF,
MEK, TOPOI, and PARP are implicated in the USP7 mechanism of action.
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Introduction

Liver cancer is a common human tumor of the digestive
system, cancer of the liver a serious global health issue
(1,2). Liver cancer is the sixth most frequently diagnosed
form of cancer worldwide and the fourth-leading cause
of cancer deaths globally (3). It is well known that
primary hepatocellular carcinoma (HCC), intrahepatic
cholangiocarcinoma (ICC) and mixed type (HCC-ICC)
are the three most histologically heterogeneous malignant
diseases. Among them, HCC is the most common primary
hepatic carcinoma, representing approximately 90%
of all liver cancers (4,5). Currently, hepatectomy with
liver transplantation are the main treatment modalities.
However, only 20-30% of patients have the chance for
surgical resection, because a large proportion of patients
have intermediate or advanced stage at diagnosis or have
Child-Pugh grade C, and the postoperative recurrence
rate is high, with short overall survival and poor quality of
life (6). China is a high-risk area for HCC, with a higher
incidence of HCC than other countries and a relatively
poor 5-year survival rate (7). In order to reduce the burden
of HCC, effective measures for diagnosis, treatment, and
prognosis of HCC are needed (8). Biomarkers that can
aid in diagnosis, guide treatment, and assess prognosis are
under investigation, with a continued need for adjuvant
therapy that prevents recurrence (9). Numerous studies
have demonstrated immune cell infiltration of tumors to
have the capacity to kill cancer cells (10-13). However,
malignant cancer cells can evade the immune system (14).
Analysis of immune cells infiltrating liver cell carcinoma
may offer novel therapeutic approaches for the treatment of
HCC (15).

Deubiquitinating enzymes (DUBs) regulate the stability,
interaction, and localization of most cellular proteins by
removal of ubiquitin modifications. Ubiquitin-specific
protease 7 (USP7) is a member of the deubiquitinyla
sefamily of enzymes that removes ubiquitin from proteins
and prevents substrate degradation. USP7 is involved
in cancer development and is a promising target for
cancer therapy (16,17). HCC tissues expressing high
levels of USP7 undergo tumor growth, invasion, and are
associated with poor HCC overall survival rates (18).
These observations suggest that USP7 may be a possible
diagnostic and therapeutic target for the management of
malignant neoplasms of the liver. This study will evaluate
this possibility (19,20). We present this article in accordance
with the STREGA reporting checklist (available at https://
teramegroups.com/article/view/10.21037/ter-23-153/rc).
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Methods
Data collection

USP7 gene expression data and clinically relevant
information for HCC patients were downloaded in April
2022 from The Cancer Genome Atlas (TCGA; http://
cancergenome.nih.gov/), the Gene Expression Omnibus
(GEQO) database (GSE10143; https://www.ncbi.nlm.
nih.gov/geo/) and the International Cancer Genome
Consortium database (ICGC; https://icgc.org/). HCC and
paraneoplastic tissues from primary liver cancer inpatients
at Affiliated Hospital of Nantong University from June
to November 2022 were collected for external validation
by immunohistochemistry and reverse transcription-
polymerase chain reaction (RT-PCR) experiments. Inclusion
criteria: (I) age >18 years; (II) meeting the diagnostic
criteria of liver cancer, confirmed by liver function two-
to-one, ultrasound and imaging; (III) complete clinical
data; (IV) informed consent of patients. Exclusion criteria:
(I) mental abnormalities, coagulation abnormalities or
autoimmune system diseases; (II) combination of other
malignant tumours; (III) cognitive impairment, recent
radiotherapy and bioimmunotherapy; (IV) patients with
incomplete clinical information. This study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by Ethics Committee of
the Affiliated Hospital of Nantong University (No. 2023-
L038). Informed consent was taken from all the patients.

Data processing and statistical analysis

Our data downloaded from TCGA, GEO, and ICGC were
analysed using R software (https://www.r-project.org/).
Immunohistochemistry and RT-PCR experimental methods
of liver cancer patient tissue was used for external validation,
which was analysed using SPSS AU. The UALCAN website
(http://ualcan.path.uab.edu/analysis-prot.html) was also
used to assess the correlation of USP7 expression levels
with USP7 expression levels in HCC and tumour-adjacent
tissues.

Functional pathway enrichment of USP7 in HCC by
GSEA, GO, and KEGG analysis

Relevant pathways were explored by performing USP7
gene enrichment analysis using gene set enrichment analysis
(GSEA) and the gene set “c2.cp.kegg.v7.4.symbols.gmt” of
the Kyoto Encyclopedia of Genes and Genomes (KEGG).
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Pathways with a Inormalized enrichment score (NES)I
>1.5 and a nominal P<0.05 were selected for analysis. Gene
Ontology (GO) analysis was used (c5.go.v7.4.symbols.gmt)
to identify possible USP7 function and processes in HCC.
Results suggest that USP7-related pathways may be related
to the mechanism of HCC development and progression.

Correlation analysis of USP7 and immune function

We used single-gene pan-cancer analysis tools to evaluate
the relationships among USP7 expression and differentially
methylated probes-based (DMPss), epigenetically
regulated DNA methylation-based (EREG-METHss),
DNA methylation-based (DNAss), enhancer elements/
DNAmethylation-based (ENHss), epigenetically regulated
RNA expression-based (EREG.EXPss), RNA expression-
based (RNAss), homologous recombination deficiency
(HRD), and loss of heterozygosity (LOH) using the
Sangerbox website (http://www.sangerbox.com/tool)
by the Pearson method. We explored the relationship
between USP7 expression levels and immune cells with
the R language, while exploring the relationship between
USP7 expression levels and immune checkpoint molecules.
The relationship between USP7 expression and the level
of immune cell infiltration was assessed using the Timer
website. The effect of USP7 expression and immune cell
infiltration on patient survival was investigated.

Relationship of drug sensitivity with USP7

We analyzed relationships of USP7 gene expression with
the half inhibitory drug concentration (IC50) by use of the
Genomics of Drug Sensitivity in Cancer (GDSC) database.
The effect of USP7 expression was evaluated with regard
to drug treatment regimen, USP7 inhibitor treatment,
and in combination with other drugs. We assessed the
relationship between sensitivity to nine common drugs and
USP7 expression levels. At the same time, we mapped the
mechanism of action of these nine drugs, combined with the
effect of USP7 on drug sensitivity, and suggested possible
targets of action of USP7.

Results
USP7 expression and diagnostic value for HCC

USP7 gene expression levels in TCGA tumor tissue and
adjacent non-tumor tissue were evaluated and found to be
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markedly different (Figure 14). The bar chart demonstrates
USP7 expression to be observably higher in HCC tumors
than in normal tissues (P<0.001; Figure 1B). The two box
plots demonstrate USP7 mRNA expression to be generally
elevated in tumor tissue compared to normal tissue (P<0.001;
Figure 1C). USP7 mRNA expression was validated with
ICGC and GSE10143 datasets and results were found to
be similar to TCGA, with USP7 mRNA expression up-
regulated in HCC tumor tissues (all P<0.001; Figure 1D-1F).
We assessed the HCC diagnostic value of USP7 by receiver
operating characteristic (ROC) analysis. Area under the
curve (AUC) values for 1, 3, and 5 years were 0.660, 0.680,
and 0.577, respectively. These results indicate that USP7
has a moderate diagnostic value (Figure 1G). In summary,
USP?7 is highly expressed in HCC and has a moderate
diagnostic value for HCC, suggesting that the gene likely
contributes to HCC development.

External verification of HCC associated USP7 protein and
relationship of USP7 expression with clinico-pathology

We validated HCC USP7 protein with the UALCAN
website by Clinical Proteomic Tumor Analysis Consortium
(CPTAC) analysis and found total USP7 protein to be
greater in primary HCC than in adjacent non-tumor
hepatic tissue (P<0.001; Figure 2A). Figure 2B-2D identifies
USP7 protein levels based on gender, age, and subtype 2.
Immunohistochemistry and RT-PCR were performed to
verify these results in cancer and adjacent tissues of HCC
patients (Figure 2E-2G). The results demonstrate USP7
protein levels to be consistent with mRNA expression, and
to be greater in tumor than in surrounding non-tumor
liver tissue. We used R language to assess the relationships
among USP7 mRNA expression and clinico-pathological
features of HCC patients. USP7 mRINA expression was
related to N and T stages (all P<0.05; Figure 2H-27). Poor-
expression of USP7 was related to stages 1 and T'1. As such,
HCC USP7 expression was greater during the later stages
of the disease.

Construction of protein interaction networks

To explore the relationships among USP7 protein and
the other proteins, we used R language to derive protein-
protein interactive (PPI) networks for USP7 protein
(Figure 34-3F) as a means which assess the role of USP7
in the development of HCC. Eleven most important
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Figure 1 The USP7 mRNA expression levels in HCC. (A) The mRINA expression levels of USP7 in pan-cancer from T'CGA datasets. The
yellow box is to highlight the difference in expression of USP7 mRINA in liver hepatocellular carcinoma tissue versus normal tissue. Define
abbreviated web pages: https://shengxin.ren/article/154; (B) boxplot of the USP7 mRNA expression (FPKM) in TCGA HCC dataset;
(C) pairwise boxplot of the USP7 mRNA expression (FPKM) in TCGA HCC dataset; (D) boxplot of the USP7 mRNA expression (counts)
in the ICGC dataset; (E) pairwise boxplot of the USP7 mRNA expression (counts) in ICGC HCC dataset; (F) boxplot of the USP7 mRNA
expression in GSE10143 HCC dataset; (G) ROC curves associated with 1-, 3-; and 5-year AUC values of USP7 in GSE10143 HCC
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proteins were identified including: CREBBP, GLYRI,
GSPT1, Cl6orf72, CEP20, EEF2K, ETFP, ATPSMPL,
MRPL54, HSCB, and ITIH4. Among them, CREBBP is

a transcriptional activator that plays a significant role in
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physiological processes such as embryonic development
and growth control (21). EEF2K proteins regulate
tumorigenesis and are up-regulated in different cancers,
associated with patient prognosis, and are potential new
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tumor targets (22). The impact of these protein interactions
with USP7 deserves further investigation.

USP7-related signaling pathways identified by GSEA

We divided USP7 mRNA expression into increased
and decreased expression groups by GSEA to identify
USP7-associated signaling pathways. We identified seven
signaling pathways differentially enriched for high USP-
7 expression; JAK-STAT, MAPK, P53, VEGF, WNT,
CHEMOKINE, and CANCER signaling pathways
(Figure 44-4H). The JAK-STAT signaling pathway is
involved in numerous biological processes. It is associated
with many diseases, and is involved in malignant tumors
and autoimmune disease (23,24). Many JAK inhibitors
have been used in clinical practice with good curative
results. The P53 signaling pathway is involved in tumor
inhibition, immunological responses, and modulation of
ferroptosis (25). Aberrant regulation of the WN'T signaling
pathway is linked to cancer biology. Inhibition of WN'T
signaling can hinder cancer cell growth and even kill cancer
cells (26). VEGF plays a key role in tumor angiogenesis,
influencing tumor cell growth (27). The MAPK/ERK
signaling pathway regulates a variety of cellular processes,
and it is frequently activated in human HCC cases (28,29).
These pathways are associated with various physiological
processes such as cell growth, differentiation, and
apoptosis. Identification of signaling pathways associated
with the USP7 gene in HCC provides new insight into the
pathogenesis of HCC.

GO and KEGG analysis

We explored the potential role of USP7 in HCC by
performing GO and KEGG analysis of USP7 co-expressed
genes. Results found USP7 co-expressed genes to be
primarily involved in ion channel regulation and cell
signaling transduction pathways (Figure 5A-5E). Signal
transduction and ion transport pathways of cells are related
to; cell proliferation, differentiation, growth, senescence,
death, metabolism, nerve conduction, immunity, and other
basic life activities. The ID for GO: 0007188 access is
the adenylate cyclase (AC) regulated G protein coupled
receptor signaling pathway. AC is an integral membrane
protein that converts ATP into cAMP as a form of cell
signaling. AC is also an effector of the G protein coupling
system. G protein-coupled receptors (GPCRs) participate
in a number of physiological processes such as regulation

© Translational Cancer Research. All rights reserved.
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of the autonomic nervous system, cell density, maintenance
of the steady state, and are therapeutic target families (30).
Indeed, the development of multiple cancers has been
related to a functional lack of GPCRs (31). Therefore,
GPCRs are expected to become tumor therapeutic targets
and to occupy an increasingly important position in cancer
research.

USP7 gene expression and immunity

Results have shown USP7 to be significantly associated
with neuropilin-1 (NRP1) in HCC (Figure 64,6B).
Immune checkpoint inhibitors are powerful cancer immune
therapeutic (32). NRP1 is known to limit CD8+T cell-
mediated antitumor immune responses during anti-PD1
immunotherapy (33). Further, USP7 inhibitors have been
shown to target NRP1 immune checkpoint molecules,
killing tumor cells. We assessed the relationship between
USP7 and the HCC tumor microenvironment using
the cell infiltration algorithms; EPIC, QUANTISEQ,
MCPcounter, CIBERSORT, Xcell, and TIMER. We found
CD4+ T cells, natural-killer (NK) cells, regulatory T (Tregs)
cells, T-helper 1 (Thl) cells, macrophages, macrophage
M2 cells, neutrophils, basophils, mesenchymal stem cells,
smooth muscle cells, and dendritic cells to be significantly
related to USP7 expression (Figure 6C-6H). Further,
different levels of immune cell infiltration combined with
USP7 expression levels were associated with HCC patient
survival (Figure 7).

We used Sangerbox to calculate six tumor dryness
indices, mRNA expression, and methylation signature to
assess the relationships among dryness and gene expression
by tumor cells (Figure §). A higher score indicates more
stem cells and a lower score indicates tumor differentiation.
We found USP7 gene expression to be positively related
to hepatoma; DMPss, DNAss, ENHss, and EREG-methss
and negatively related to Ereg, EXPss, and RNAss. As such,
USP?7 expression was positively related to DNA methylation
based stemness scores, and negatively related to RNA based
stemness scores.

By analysis of the relationships among genomic
heterogeneity and gene expression, we found USP7 gene
expression to be positively related to HRD and LOH in
HCC. HRD status is a key indicator for various tumor
treatment options and prognosis, as well as highly associated
with platinum-based chemotherapeutic drugs and poly
ADP-ribose polymerase (PARP) inhibitor sensitivity. LOH
is a chromosomal event capable of causing the loss of entire
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Figure 6 Associations between USP7 and TME, immune checkpoint molecules, immune cells. (A) Associations between USP7 and

TME; (B) associations between USP7 and immune checkpoint molecules; (C) relationship between USP7 and multiple immune cell

infiltration levels based on Estimate; (D) relationship between USP7 and multiple immune cell infiltration levels based on CIBERSORT;

(E) relationship between USP7 and multiple immune cell infiltration levels based on EPIP; (F) relationship between USP7 and multiple

immune cell infiltration levels based on MCPcounter; (G) relationship between USP7 and multiple immune cell infiltration levels based on
QUANTISEQ; (H) relationship between USP7 and multiple immune cell infiltration levels based on Xcell. *, P<0.05. USP7, ubiquitin-

specific protease 7; TME, tumor microenvironment.

genes and their nearby chromosomal regions. LOH has

been implicated in malignant tumorigenesis.

Therapeutic value of the USP7 gene for HCC

We investigated the relationships among USP7 gene

© Translational Cancer Research. All rights reserved.

expression and the IC50 using the GDSC database
(Figure 9). It is well known that IC50 is an indicator of
the antitumor activity of a particular drug (34), indicating
approximately one half of a drug amount necessary
to inhibit for example; enzymes, cell receptors, or
microorganisms. IC50 can be used to assess the ability of a
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Figure 7 Associations between USP7 and immune cells. (A) Relationship between USP7 and multiple immune cell infiltration levels based

on TIMER; (B-I) relationship between USP7 expression level, immune cells level and patient survival. USP7, ubiquitin-specific protease 7.
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Figure 8 Associations between USP7 and genomic heterogeneity, tumor cell stemness. (A) Associations between USP7 and DMPss; (B)
associations between USP7 and DNAss; (C) associations between USP7 and ENHss; (D) associations between USP7 and EREG-METHss;
(E) associations between USP7 and EREG.EXPss; (F) associations between USP7 and RNAss; (G) associations between USP7 and HRD; (H)
associations between USP7 and LOH. USP7, ubiquitin-specific protease 7; DMPss, differentially methylated probes-based; DNAss, DNA
methylation-based; ENHss, enhancer elements/DNAmethylation-based; EREG-METHss, epigenetically regulated DNA methylation-
based; EREG.EXPss, epigenetically regulated RINA expression-based; RINAss, RINA expression-based; HRD, homologous recombination
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drug to induce apoptosis, with the greater the drug’s ability
to induce apoptosis, the lower the value. The figure below
shows that the greater the IC50, the higher the expression
resistance. HCC patients with high USP7 gene expression
were resistant to; camptothecin, talazoparib, dabrafenib,
and trametinib. Paclitaxel, sorafenib, bortezomib, sunitinib,
and crizotinib patients were more sensitive to greater USP7
gene expression. We assessed the mechanism of action
of nine drugs (Figure 10) and found that high levels of
USP7 expression attenuated drug effects for; BRAF, MEK,
TOPOI, and PARP. USP7 inhibitors are known to induce
tumor cell apoptosis. Therefore, tumor cell apoptosis
resulting from USP7 inhibitor administration may be
related to; B-Raf proto-oncogene serine/threonine protein
kinase (BRAF), mitogen-activated extracellular signal-
regulated kinase (MEK), DNA topoisomerase I (TOPOI),

© Translational Cancer Research. All rights reserved.

and PARP inhibitors. These observations require further
experimental verification. In summary: (I) USP7 may act
directly or indirectly on these four drug targets. (II) USP7
inhibitors can enhance the antitumor effects of these four
drugs, suggesting that inhibition of these four targets in
combination with USP7 inhibitors may have more powerful
antitumor effects than monotherapy.

Discussion

Liver cancer is a common tumor of the human digestive
system and a global health challenge (35). HCC has a poor
prognosis, is highly invasive, and a leading cause of cancer-
related deaths worldwide (36). HCC is currently the fourth
most common cause of cancer death (37). Abnormal gene
expression is associated with the development of HCC,

Transi Cancer Res 2023;12(11):3016-3033 | https://dx.doi.org/10.21037/tcr-23-153
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Figure 9 Associations between USP7 and drugs. (A) Associations between USP7 and camptothecin; (B) associations between USP7 and
talazoparib; (C) associations between USP7 and dabrafenib; (D) associations between USP7 and trametinib; (E) associations between USP7

and paclitaxel; (F) associations between USP7 and sorafenib; (G) associations between USP7 and bortezomib; (H) associations between

USP7 and sunitinib; (I) associations between USP7 and crizotinib. USP7, ubiquitin-specific protease 7.

affecting diagnosis, treatment, and prognosis (38). With the
increasing burden of liver cancer disease, new biomarkers
are urgently needed to provide for earlier diagnosis,
improved treatment, and better prognosis. The treatments
for early-stage liver cancer are local ablation, surgical
resection, and liver transplantation (39). Immune checkpoint
inhibitors are currently certified as an effective treatment

© Translational Cancer Research. All rights reserved.

option for patients with advanced cancer (40). Liver cancer
monitoring increases the possibility of early detection and
treatment. HCC accounts for 90% of liver cancer and is the
most common primary hepatic carcinoma (41,42). USP7
expression in liver cell carcinoma is substantially higher
than in adjacent normal tissue, so exploration of its use as
a biomarker for HCC diagnosis, therapy, and prognosis is
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appropriate (43-45).

It is well known that ubiquitination is involved in the
regulation of protein quantity and quality, regulating a
variety of physiological activities, such as cell proliferation,
differentiation, apoptosis, the immune response, and
inflammation. Further, ubiquitination and deubiquitination
enzymes are involved in the development of malignant
tumors. USP7, also known as herpes virus-related
ubiquitin-specific protease (HAUSP), has been found to
be associated with many diseases. Therefore, we explored
the expression level of USP7 in HCC, evaluating its
therapeutic and immune value, as well as its mechanism
of action. Our findings demonstrate USP7 expression to
be significantly higher in primary carcinoma of the liver
than in non-tumor tissue. USP7 expression was validated
with the ICGC dataset, the GSE10143 dataset, and by
immunohistochemistry. USP7 expression was significantly
related to the N and T stages of disease. GSEA identified
signaling pathways related to USP7 including: JAK-
STAT, MAPK, P53, VEGEF, and WN'T. Furthermore, we
found USP7 expression to be primarily associated with
immune cells, immune checkpoint molecules, genomic
heterogeneity, and tumor stemness. We found HCC patient
expression levels of USP7 to predict survival as well as
infiltration of immune cell populations.

Previously, the USP7 gene was shown to be closely
associated with tumor-related proteins and proteins of
the immune system including: phosphatase and tensin
homologue (PTEN), forkhead box (FOXO4), NOTCHI1,
and DNMT1. PTEN is a tumor suppressor associated
with tumor aggressiveness, wherein deubiquitination of
PTEN by USP7 plays a pivotal role in PTEN localization
and function. There is a direct relationship between USP7
level and nuclear rejection of PTEN, such that USP7
affects tumor aggressiveness and is associated with advanced
cancer. USP7 is closely associated with ovarian cancer,
chronic lymphocytic leukemia, myeloma, breast cancer,
and prostate cancer. USP7 has been shown to induce
prostate cancer cell migration and invasion by stabilizing
the Enhancer of Zeste homolog 2 (EZH2) gene. Inhibition
of USP7 reduces oncogene function, augments tumor
suppression, and sensitizes tumors to DNA damaging
agents. Abnormal activation or over expression of USP7
facilitates tumor development, suggesting the importance of
timely therapeutic intervention.

In agreement with a previous publication, our results
demonstrate USP7 expression to be greater in HCC than
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in normal tissue, and that USP7 expression modulates
immune cells. By GSEA, we identified seven signaling
pathways associated with USP7 including: JAK-STAT,
MAPK, P53, VEGE, WNT, CHEMOKINE and CANCER
pathways. It has been reported that JAK-STAT, MAPK, and
P53 signaling pathways are closely associated with many
important biological processes including cellular activity
as well as immune regulation (28,29). VEGF receptors
can promote the formation of tumor neovascularization,
enabling tumors to obtain sufficient nutrients for tumor
growth. The WN'T signaling pathway is a complex network
of proteins and plays a significant role in tumor progression
and development (27,46).

Overall, USP7 expression was found to be significantly
associated with immune cells and immune checkpoint
molecules. Immune cells play an important role in
tumor protection and their infiltration can predict tumor
immunotherapy outcomes. Moreover, immune checkpoint
suppression has become a key focus for cancer therapy,
aimed at assisting the immune system in the identification
and attack of cancer cells. Compared with conventional
therapies, immune checkpoint suppression therapy can
provide rapid and durable treatment effects for those
patients with cancer, especially those with advanced
metastatic cancer.

High levels of USP7 expression were found in tumor
tissues by TCGA database analysis. This result was
validated with the ICGC dataset, GSE10143 dataset,
and immunohistochemistry. USP7 expression is not only
relevant to immunity but is also associated with partial
drug sensitivity, which may assist drug treatment selection.
The mechanism of USP7 inhibitor-induced apoptosis of
tumor cells may be related to targets, such as BRAF, MEK,
TOPOI and PARP.

There are limitations to this study. First, patient
treatment information was not considered. Second, we
confirmed the importance of only a few cancer-related
signaling pathways by GSEA; JAK-STAT, MAPK, P53,
VEGF, and WN'T pathways. These pathways were
enriched for patients with high levels of USP7. Indeed,
the results only indicate a USP7 connection with these
pathways. Further investigations are necessary to confirm
these results. Third, the relationship of high USP7
gene expression and therapeutic drug sensitivity was
demonstrated for four drug targets; BRAF, MEK, TOPOI
and PARP. The role of each of these and USP7 in HCC
requires further investigation. Future investigations should
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explore the relationship of USP7 mRNA with tissues and
immune-related genes.

Conclusions

In conclusion, this study identifies an oncogenic role for
USP7 in HCC. GSEA identified USP7-related pathways
including: JAK-STAT, MAPK, P53, VEGEF, and WNT.
USP7 was found to be significantly related to immunity
and to partial drug sensitivity. The mechanism of tumor
cell apoptosis induced by USP7 inhibitors was found to
be related to; BRAF, MEK, TOPOI and PARP. Finally,
USP7 inhibitors were shown to enhance antitumor effects
against these four targets, although further experimental
verification is necessary.
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