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Abstract. Ubiquitin‑specific protease 13 (USP13) is one of the 
most important deubiquitinases involved in various diseases. 
As deubiquitinases are components of the deubiquitination 
process, a significant post‑translational modification, they 
are potential treatment targets for different diseases. With 
recent technological developments, the structure of USP13 
and its pathological and physiological functions have been 
investigated. However, USP13 expression and function differ 
in various diseases, especially in tumors, and the associated 
mechanisms are complex and remain to be fully investigated. 
The present review summarized the recent discoveries and the 
current understanding of the USP13 function in tumors.
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1. Introduction

Ubiquitination is the reversible modification process of 
the binding of an ubiquitin protein or ubiquitin chain to 
target proteins; ubiquitin‑proteasome ultimately degrades 
target proteins (1). Ubiquitination is one of the most impor-
tant post‑translational modifications that regulate the 
structure, location, activity and degradation of substrates (1), 
and is associated with several cellular processes, such as 
protein degradation, DNA damage repair, cell cycle, signal 
transduction, cell division and immune reactions (2,3).

Ubiquitination involves E1 ubiquitin‑activating enzymes, 
E2 ubiquitin‑conjugating enzymes and E3 ubiquitin ligases (4). 
To catalyze the process of ubiquitination, ubiquitin forms a 
covalent linkage through its glycine with the lysine residues 
of the substrate protein (1). Ubiquitin also binds with other 
molecules, such as the N‑terminal residue of p21, serine and 
threonine of the major histocompatibility complex‑Ⅰ heavy 
chain and phospholipids, leading to the degradation of these 
proteins  (5‑7). K48‑ and K63‑linked polyubiquitin chains 
are the main polyubiquitin chains. The K48‑linked ubiquitin 
chains mainly function in the ubiquitin‑proteasome degrada-
tion of target proteins, while the K63‑linked polyubiquitin 
chains mainly function in lysosomal degradation and regula-
tion of DNA repair and immune response by increasing the 
recruitment of repair factors through the interactions between 
K63‑linked polyubiquitin chains and the Ile44 patch in ubiq-
uitin and acting as docking sites for signaling molecules in 
the immune response  (8,9). By contrast, deubiquitination 
refers to the removal of ubiquitin from a target protein by 
deubiquitinases (DUBs) (10). DUBs regulate the process of 
deubiquitination in several ways, such as handling the ubiq-
uitin precursor, shearing the ubiquitin chain and removing 
ubiquitin chains from the target protein. DUBs not only 
directly deubiquitinate target proteins, but also regulate E3 
ubiquitin ligases. For instance, ubiquitin‑specific protease 13 
(USP13) stabilizes the expression of the ubiquitin ligase Siah2 
via binding to Siah2 through its ubiquitin‑associated (UBA) 
domains (11). To date, ≥100 DUBs have been identified, which 
are divided into two major families, the cysteine proteases and 
the metalloproteases (4,12). DUBs can be further divided into 
seven families according to their structure, namely ubiquitin 
C‑terminal hydrolase, ubiquitin‑specific protease, ovarian 
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tumor proteases, Machado‑Josephin domain superfamily, 
motif interacting with ubiquitin‑containing novel DUB family, 
zinc finger with UFM1‑specific peptidase domain protease and 
JAB1/MPN/MOV34 metalloenzyme (13). JAMMs are metal-
loproteases, while the rest of the aforementioned families of 
DUBs are cysteine proteases.

The USP family contains various members that play an 
important role in the regulation of ubiquitin‑proteasome and 
stabilize the expression of their substrates, such as USP5 and 
17. USP5 is a core fitness protein in the inhibition of the accu-
mulation of free ubiquitin chains, while USP17 is essential for 
the proliferation of different tumor cells such as osteosarcoma 
and prostate cancer cells (14). USP13, also called isopeptidase 
T‑3, belongs to the USP family and was first identified by 
Timms et al (15) in 1998. The USP13 gene is located in the 
‘OncCassette’ locus present at 3q26.2‑3q26.3  (13,16). The 
USP13 protein consists of 863 amino acids with a molecular 
mass of 97,327 Da, and is widely expressed in various types of 
cells such as immune cells. As a protein enriched in immune 
cells, especially in T cells, USP13 plays a notable  role  in 
regulating the immune response via interactions with various 
proteins, such as STING, and is positively associated with the 
infiltration levels of type 2 T helper cells and central memory 
CD4+ T cells in prostate cancer (17). USP13 has a complicated 
role in cell proliferation and apoptosis by regulating cell circle, 
autophagy and signal transduction in both normal and tumor 
cells (18,19). It is also closely associated with several diseases 
such as inflammation and tumors, in which it regulates cell 
functions through ubiquitin‑proteasome‑dependent or ‑inde-
pendent pathways (20). USP13 plays a marked regulatory role 
in the occurrence and development of diseases, and research 
is on the increase. In the present review, the focus was on 
recent advances in understanding the physiological functions 
of USP13 and its role in tumor development. As an important 
enzyme in post‑translational modification, USP13 is a poten-
tial therapeutic target.

2. Domain architectures of USP13

USP13 contains a USP domain and a ZnF ubiquitin binding 
domain. Cys‑ and His‑box are lobes of the catalytic domain. 
The USP domain contains two UBA domains (Fig. 1). The zinc 
core in the ZnF domain coordinates with the peptide chain 
in a C3H pattern. Overall, the solution structure of USP13 
contains a β‑sheet of five strands flanked by two α‑helices, 
forming an α/β sandwich fold (21). USP13 cannot hydrolyze 
free polyubiquitin chains; however, it stabilizes the expression 
of specific substrates such as phosphatase and tensin homolog 
(PTEN) (21). K48‑linked ubiquitin chains mainly function in 
ubiquitin‑proteasome degradation by providing signals for 
proteolysis by the 26S proteasome, whereas the K63‑linked 
ubiquitin chains are closely associated with DNA repair, endo-
cytosis, immune response and lysosomal degradation (2,22). 
K63‑linked ubiquitin chains are involved in lysosomal degra-
dation via engagement with the Endosomal Sorting Complex 
Required for Transport (ESCRT) machinery. Components of 
the ESCRT pathway prevent the binding of K63‑ubiquitinated 
proteins to the 26S proteasome subunit, thus targeting them 
to the lysosomal pathway. USP13 mainly catalyzes the 
hydrolysis of K63‑linked ubiquitin chains attached to target 

proteins, thereby regulating cell function. The UBA domain 
of USP13 promotes substrate and enzyme binding, while the 
ZnF domain facilitates enzyme hydrolysis (8). The tandem 
UBA domain interacts with ubiquitin and acts as the receptor 
for its catalytic activity (2). At present, proteomics approaches 
with high sensitivity and accuracy such as two‑dimensional 
fluorescence difference gel electrophoresis (2D‑DIGE) have 
been applied to identify novel substrates of proteins and to 
investigate their function. For instance, vinculin was identi-
fied as a substrate of USP13 using 2D‑DIGE in 293T cells. 
This finding suggests that, as one of the major constituents 
contributing to intercellular communication, the expression of 
vinculin may be regulated by deubiquitination (21). Owing to 
the complexity of the structure, the functions of the different 
domains of USP13 warrant further investigations.

3. USP13 in normal physiology

Regulation of the cell cycle
Stabilizing the mitotic kinase Aurora B. Aurora kinase, a 
major regulator of the cell cycle, belongs to a family composed 
of three serine/threonine kinases. Among them, Aurora B, a 
mitotic kinase, is necessary for chromosome segregation and 
cytokinesis. It influences mitosis and ensures correct segrega-
tion of chromosomes, and its expression is associated with 
genome stability (23,24). Abnormal expression of Aurora B 
is related to the generation and progression of cancer, and 
therefore can potentially be explored for the treatment of 
cancer (25,26).

The expression of Aurora B is regulated by ubiquitina-
tion and deubiquitination, thus affecting the cell cycle (27). 
USP13 and the ubiquitin recognition factor in endoplasmic 
reticulum (ER)‑associated degradation 1, which is essential 
in the degradation of ubiquitylated substrates via interaction 
with valosin‑containing protein, stabilize the expression of 
Skp2, an important molecular which promotes the destruction 
of numerous tumor suppressor proteins, thereby influencing 
cell cycle and ER‑associated degradation (ERAD). USP13 
interacts with Aurora B and stabilizes its expression, mainly 
in the G2‑M transition of the cell cycle, thus allowing an 
enzymatically independent increase in Aurora B levels (28). 
Aurora B also phosphorylates USP13 at Ser114 to promote 
the interaction between them and stabilizes the expression of 
Aurora B (29).

Taking part in DNA replication repair. Topoisomerase 
Ⅱβ‑binding protein 1 (TopBP1) is a DNA replication repair 
protein that binds to the essential DNA replication protein 
Treslin and takes part in the initiation of DNA replication. 
The expression of TopBP1 is upregulated in the G1/S transi-
tion and is regulated by post‑translational modifications such 
as acetylation and ubiquitination (30‑32). USP13 regulates the 
stability of TopBP1 through the ubiquitin‑proteasome pathway 
and stabilizes the expression of TopBP1. TopBP1 activates the 
ATR signaling pathway to initiate the replication checkpoint 
during the replication stress response (33).

Cohesin is a protein that regulates DNA replication and 
repair, thereby affecting the cell cycle. Cohesin is up or down-
regulated by its post‑translational modifications, which include 
the extensively studied acetylation of its core subunit SMC3, 
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and ubiquitination. USP13 and cohesin interact especially 
during DNA replication, and USP13 regulates the ubiquitina-
tion/deubiquitination of the interacting subunit of cohesion 
through its UBA1/2 domain (34).

Promoting the ERAD process. The ER is important for main-
taining cell stability. ERAD is activated by protein kinase‑like 
ER kinase, the type II transmembrane glycoprotein ATF6 and 
other ER‑stress sensors. Dysfunction of this process is associ-
ated with numerous pathologies, including inflammation and 
tumor formation  (35,36). USP13 participates in ERAD by 
interacting with gp78, an E3 ligase homologous to Hrd1p, 
and plays an important role in promoting ERAD. USP13 
antagonizes gp78 by removing ubiquitin. The second UBA 
domain of USP13 is involved in this interaction. Furthermore, 
gp78 and USP13 form a complex with the nucleocytoplasmic 
shuttling protein Bcl‑2‑associated athanogen‑6 (Bag6) to 
promote its interaction with small glutamine‑rich tetratrico-
peptide repeat‑containing protein α, modulating the ERAD 
process (37). USP13 also downregulates the ubiquitination of 
Bag6 cofactor ubiquitin‑like protein 4A via gp78 to downregu-
late Bag6 clipping, a proteolytic process, thus maintaining the 
function of Bag6 and promoting the ERAD process (37).

Regulation of autophagy. Autophagy promotes the degrada-
tion of damaged cellular organelles, maintains the stability 
of the cellular environment, and is closely associated with 
cell functions (38,39). NEDD4, an E3 ubiquitin ligase, stabi-
lizes phosphatidylinositol 3‑kinase catalytic subunit type 3 
(PIK3C3) through the ubiquitin‑proteasome pathway. NEDD4 
undergoes auto‑ubiquitination at K1279 and recruits USP13 to 
form a deubiquitination complex that regulates the ubiquitina-
tion of PIK3C3. In this process, the K48‑linked polyubiquitin 
chains added to K419 lead to proteasomal degradation of 
PIK3C3 and promote autophagy. USP13 also promotes the 
expression of autophagy‑related proteins by interacting with 
the Vps34 complex (37,40,41).

4. Regulation of USP13 signaling

In general, the regulatory mechanisms involving DUBs 
include post‑translational modifications, and substrate‑ and 
inhibitor‑induced changes. DUBs play various roles by 
regulating the catalytic activity, number and location of their 
substrates (42).

Aurora B and ataxia telangiectasia mutated (ATM) regu-
late the expression of USP13 via phosphorylation of USP13 at 
Ser114 and Thr196 to promote the interaction between them, 
respectively, while the CDC‑like kinase 3 (CLK3)‑Q607R 

mutation induces the phosphorylation of USP13 at Tyr708 and 
promotes its association with c‑Myc (43). USP13 stabilizes 
its substrate, and at the same time, the activity of USP13 is 
upregulated by CLK3 via promoting phosphorylation of 
USP13 at Tyr708, which increases its deubiquitinating enzyme 
activity. In conclusion, the expression USP13 is regulated by 
its substrates through their interaction to regulate downstream 
signal transduction.

5. Role of USP13 in tumors

Dysregulation of USP13 in tumors. The expression and func-
tion of USP13 varies in different tumors. For instance, in 
breast cancer, high USP13 expression is associated with better 
prognosis, while the opposite is the case for gastric carcinoma 
(GC) and ovarian cancer (17). In lung cancer, the relationship 
between USP13 expression and prognosis is associated with its 
pathological type. USP13 promotes the proliferation of small 
cell lung cancer (SCLC) (44). Epigenetic alterations in the 
USP13 gene have been identified in certain cancers, such as 
hypermethylation in embryonal carcinomas of the testis (45). 
Several novel drugs such as JS‑K have also been developed 
to target the epigenetic alterations of USP13 and benefit 
patients (46). USP13 is involved in the development of cancer 
by participating in several important signaling pathways, stabi-
lizing the expression of specific proteins, regulating the repair 
of DNA damage, inhibiting glycolysis, activating glutamine 
catabolism and mediating chemoresistance to anti‑cancer 
drugs (Fig. 2). Considering that USP13 functions differently 
in various cancers, its role remains to be further investigated 
in diverse tumors.

USP13 as a prognostic marker. USP13 is dysregulated in 
various tumors and can therefore be a good prognostic marker 
in tumors. USP13 has been shown to upregulate fatty acid 
synthase (FASN) to promote the proliferation of SCLC cells 
and Twist‑related protein 1 (Twist1) to promote the migration 
and invasion of breast cancer cells, while it inhibits cell prolif-
eration via downregulation of glycolysis in oral squamous cell 
carcinoma (47,48).

The regulatory role of USP13 in tumors is gradually 
being elucidated by current related research. Evidence has 
shown that USP13 primarily functions by interacting with 
various proteins and influencing the development of tumors. 
In different tumors, the expression of USP13 predicts different 
outcomes. For instance, in ovarian (49) and cervical cancer, 
high expression of USP13 predicts poor outcomes, while in 
oral squamous cell carcinoma, high expression of USP13 
predicts good prognosis. The different roles of USP13 in 
the prognosis of tumors are listed in Table I. Owing to the 
complexity of its regulatory mechanism, the role of USP13 in 
making prognosis assessments in different cancers warrants 
further investigation (50).

USP13 signaling in cell proliferation and apoptosis
Targeting of AKT/MAPK signaling. USP13 promotes the 
proliferation of squamous cell lung carcinoma cells through 
AKT/MAPK signaling. Several studies have reported that the 
expression of PTEN and that of the apoptosis‑inducing protein 
p53 is positively associated with USP13 (50‑52). However, 

Figure 1. Domain architectures of USP13. ZnF, zinc finger; UBP, ubiquitin-
specific processing protease; USP, ubiquitin‑specific protease; UBA, 
ubiquitin associated.
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Wu et al (53) drew different conclusions, showing the expres-
sion of PTEN and p53 was independent of USP13.

Interaction with FASN. USP13 promotes the growth of 
SCLC cells by maintaining the expression of FASN through 
the ubiquitin‑proteasome pathway. This process could be 
rescued by FASN inhibition (47).

Interaction with ATP citrate lyase (ACLY) and 2‑oxoglu‑
tarate dehydrogenase (OGDH). There is a synergy between 
inhibiting the expression of USP13 and PI3K/AKT signaling in 
the treatment of ovarian cancer. ACLY and OGDH are closely 
related to acetyl‑CoA formation, involved in the mitochondrial 
tricarboxylic acid cycle (54‑56) and induction of cancer cell 
proliferation. ACLY and OGDH are substrates of USP13, 
and their expression decreases with USP13 knockdown. The 
USP domain of USP13 is essential for interaction with these 
substrates (49).

Regulation of glutamine catabolism. Glutamine catabo-
lism is positively associated with the prognosis of various 
cancers (57,58). A total of 1/3 of patients with ovarian cancer 
show USP13 amplification. As it was aforementioned, USP13 
deubiquitinates OGDH and ACLY. A USP13 deficiency there-
fore downregulates the expression of OGDH, thus, lactic acid 
accumulates and cell growth is inhibited. This process inhibits 
glutamine metabolism. ACLY participates in acetyl‑CoA 
formation; therefore, USP13 depletion also inhibits glutamine 
catabolism and induces mitochondrial dysfunction, enhancing 
the sensitivity of ovarian cancer cells to AKT inhibitors (59).

Interaction with myeloid cell leukemia‑1 (MCL1). 
MCL1 belongs to the BCL‑2 family and is involved in the 

anti‑apoptotic process by inducing the cell cycle (60). There 
is a positive association between the expression of USP13 and 
MCL1 in cancer. USP13 interacts with MCL1 and stabilizes 
its expression by deubiquitinating MCL1. The N‑terminal of 
USP13 and MCL1 are necessary for this interaction, which is 
independent of the MCL1 ubiquitination. USP13 deficiency 
inhibits tumor cell growth; therefore the pharmacological 
targeting of USP13 is a potential treatment against tumors (61).

For instance, MCL‑1 is expressed at high levels in cervical 
cancer and the expression of USP13 is independent of human 
papillomavirus infection  (13). ABT‑263, a small‑molecule 
antagonist that inhibits the activity of the anti‑apoptotic 
protein BCL‑2 and BCL‑XL, has no inhibitory effect on 
MCL‑1. Therefore, the tumor cells expressing high levels of 
MCL‑1 showed a reduced sensitivity to ABT‑263 (62). USP13 
knockdown downregulates the expression of MCL‑1 and 
enhances the sensitivity of tumor cells to ABT‑263. USP13 is 
also downregulated by the autophagy inducer C‑JUN/AP‑1, 
and inhibition of apoptosis‑related MAPK/JNK signaling 
effectively downregulates the expression of USP13. Inhibition 
of USP13 renders cervical cancer cells sensitive to ABT‑263 
and benefits patients with high expression of MCL‑1 (13).

Interaction with F‑box and leucine‑rich repeat protein 
14 (FBXL14). FBLX14, an E3 ubiquitin ligase that belongs 
to the RING family, contains 11 leucine‑rich repeats and an 
F‑box motif, is involved in cancer progression, and functions 
as a cancer suppressor. FBLX14 stabilizes the expression of 
c‑Myc, an important transcription factor (TF) involved in the 
regulation of the cell cycle, aging and differentiation  (63). 

Figure 2. Role of USP13 in tumor progression. USP13, ubiquitin‑specific protease 13; FASN, fatty acid synthase; ACLY, ATP citrate lyase; OGDH, 2‑oxoglu-
tarate dehydrogenase; MCL1, myeloid cell leukemia‑1; FBXL14, F‑box and leucine‑rich repeat protein 14; MITF, microphthalmia‑associated TF; CLK3, 
CDC‑like kinase 3; ZHX2, zinc fingers and homeoboxes 2; Twist1, Twist‑related protein 1; PTEN, phosphatase and tensin homolog; TLR, toll‑like receptor; 
AXL, Anexelekto.
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High expression of c‑Myc has been identified in numerous 
types of cancers and is associated with poor prognosis. As 
a proto‑oncogene, c‑Myc is important in cell growth and 
apoptosis. Post‑translational modifications, especially ubiq-
uitination and deubiquitination, play an important role in 
the regulation of c‑Myc. Fang et al (64) reported that USP13 
is a potential marker of glioma stem cells. USP13, FBXL14 
and c‑Myc can interact with each other; USP13 inhibits the 
degradation of c‑Myc, hence inhibition of USP13 promotes 
the apoptosis of glioma stem cells. By contrast, overexpres-
sion of FBLX14 induces the differentiation of glioma cells 
and inhibits their growth. USP13 and FBXL14 regulate the 
expression of c‑Myc via ubiquitination and deubiquitination 
respectively, influencing the fate of glioma cells.

Interaction with microphthalmia‑associated TF (MITF) 
and MITF‑M. MITF is a member of the helix‑loop‑helix‑leucine 
zipper TF family that induces the proliferation of cells and 
is a key factor in the development of melanocytoma. MITF 
induces cell‑cycle arrest and upregulates the transcription of 

major pigmentation enzymes such as tyrosinase in the devel-
opment of melanocytoma. USP13 binds to MITF and cleaves 
the ubiquitin chain (65).

MITF‑M is an isoform of MITF. MITF‑M is activated by 
Wnt signaling and promotes melanocyte proliferation. USP13 
interacts with MITF‑M and stabilizes its expression, thereby 
notably influencing the generation of melanocytoma (66).

Interaction with CLK3. CLK3 is a nuclear dual‑specificity 
kinase that takes part in RNA splicing by phosphorylating 
serine/arginine‑rich proteins. CLK3 interacts with USP13, 
phosphorylates it at the Tyr708 residue and inhibits the 
ubiquitination of c‑Myc to activate c‑Myc‑mediated purine 
biosynthesis, thus promoting the progression of bile duct cell 
carcinoma (67).

Interaction with zinc fingers and homeoboxes 2 (ZHX2). 
USP13 influences the deubiquitination of transcriptional 
repressor ZHX2 to maintain its stability. ZHX2 inhibits the 
expression of multiple genes and acts as a tumor suppressor 
in various tumors such as gastric cancer. As a result, NF‑κB 

Table I. USP13 as a prognostic marker in tumor.

First 		  USP13 				  
author/s, year	 Tumor	 expression	 Target	 Mechanism	 Prognosis	 (Refs.)

Wu et al, 2019	 Squamous cell	 Upregulated	 AKT/MAPK	 Promoting cell proliferation	 Poor	 (53)
	 lung carcinoma
Wang et al, 2022 	 Small cell lung	 Upregulated	 FASN	 Promoting cell proliferation	 Poor	 (47)
	 cancer
Han et al, 2016 	 Ovarian cancer	 Upregulated	 ACLY and	 Promoting cell proliferation	 Poor	 (49)
			   OGDH
Han et al, 2018	 Ovarian cancer	 Upregulated	 Glutamine	 Promoting cell proliferation	 Poor	 (59)
			   catabolism
Zhang et al, 2018	 Cervical cancer	 Upregulated	 MCL1	 Inhibiting cell apoptosis	 Poor	 (61)
Fang et al, 2017	 Glioblastoma	 Upregulated	 FBXL14	 Inhibiting cell apoptosis	 Poor	 (64)
Hu et al, 2021	 Melanocytoma	 Upregulated	 MITF and	 Promoting cell proliferation	 Poor	 (66)
			   MITF‑M
Zhou et al, 2020	 Gastrointestinal	 Upregulated	 CLK3	 Reprogramming purine	 Poor	 (67)
	 cancer			   metabolism
Xie et al, 2022	 Clear cell renal	 Upregulated	 ZHX2	 Promoting cell proliferation	 Poor	 (68)
	 cell carcinoma			 
Zhao et al, 2023	 Breast cancer	 Upregulated	 Twist1	 Promoting migration and	 Poor	 (79)
				    invasion
Zhang et al, 2022	 Gastric cancer	 Upregulated	 Snail	 Promoting migration and	 Poor	 (80)
				    invasion
Gao et al, 2020	 Hepatocellular	 Upregulated	 TLR4/	 Promoting migration and	 Poor	 (81)
	 carcinoma		  MYD88	 invasion
Man et al, 2019	 Bladder cancer	 Downregulated	 NF‑κB	 Inhibiting migration and	 Well	 (84)
				    invasion
Zhang et al, 2013	 Breast tumor	 Downregulated	 PTEN	 Inhibiting cell proliferation	 Well	 (51)
Qu et al, 2019	 Oral squamous	 Downregulated	 Glycolysis	 Inhibiting cell proliferation	 Well	 (50)
	 cell carcinoma

USP13, ubiquitin‑specific protease 13; FASN, fatty acid synthase; ACLY, ATP citrate lyase; OGDH, 2‑oxoglutarate dehydrogenase; MCL1, 
myeloid cell leukemia‑1; FBXL14, F‑box and leucine‑rich repeat protein 14; MITF, microphthalmia‑associated TF; CLK3, CDC‑like kinase 
3; ZHX2, zinc fingers and homeoboxes 2; Twist1, Twist‑related protein 1; PTEN, phosphatase and tensin homolog; TLR, toll‑like receptor.
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signaling is activated, which in turn induces the development 
of clear cell renal cell carcinoma (ccRCC). Thus, the depletion 
of USP13 decreases ZHX2 and inhibits the proliferation of 
ccRCC (68).

Interaction with Vps34 complex. Defects in autophagy in 
tumor cells affect the stability and survival of tumor cells. 
Vps34, a unique member of the class III phosphoinositide 
3‑kinase, is an autophagy‑associated protein that controls 
autophagosome generation, and its ubiquitination is down-
regulated by the NEDD4‑USP13 complex. NEDD4‑1 recruits 
USP13 to form a NEDD4‑USP13 complex, thereby increasing 
the interaction between USP13 and Vps34 and inhibiting 
K48‑linked ubiquitination of Vps34 on K419. This interaction 
stabilizes the expression of Vps34 and positively regulates 
autophagy (69).

Beclin 1 is a part of the Vps34 complex (70,71). USP13 
interacts with Beclin 1 and stabilizes its expression, further 
regulating the expression of the Vps34 complex and p53.

The Vps34 complexes can upregulate their expression by 
stabilizing the interaction between USP13 and Beclin 1, which 
in turn upregulates the expression of Beclin 1 by deubiquitina-
tion. The regulation of deubiquitination of Beclin 1 is sufficient 
to maintain the level of Vps34 complexes. The C‑terminus of 
Beclin1 is necessary for this interaction (52).

Interaction with PTEN. PTEN negatively modulates 
PI3K signaling and acts as a tumor suppressor (72). PTEN 
is downregulated in a number of tumors such as non‑SCLC, 
and its expression is regulated by the ubiquitin‑proteasome 
system (73,74). E3 ubiquitin ligase WW domain‑containing E3 
Ub‑protein ligase 2, carboxyl‑terminal of Hsp70‑interacting 
protein and NEDD4‑1 target PTEN for degradation.

USP13 interacts with PTEN, stabilizes its expression 
through deubiquitination and further downregulates AKT 
signaling to inhibit the proliferation of tumor cells. The 
phosphatase domain of PTEN is required for this interaction, 
which is a post‑translational modification; thus, the expression 
of PTEN at the mRNA level and its location are not changed 
by USP13 (51,75).

Regulation of glycolysis. Energy is mainly provided 
through glycolysis in tumor cells under sufficient oxygen and 
this known as the Warburg effect (76). Changes in glycolysis 
are a hallmark of tumorigenesis and are associated with cancer 
prognosis (77).

USP13 deficiency promotes glucose uptake and glycol-
ysis  (51). microRNA (miR)‑135B downregulates USP13 to 
regulate PTEN levels via post‑translational modification, 
and promote glycolysis and cell proliferation in colorectal 
cancer (78).

In addition, the expression of USP13 is decreased in oral 
squamous cell carcinoma, while its overexpression effectively 
inhibits the proliferation of tumor cells and the Warburg effect 
through PTEN/AKT signaling (50).

USP13 signaling in tumor metastasis
Interaction with Twist1. Twist1 is an important TF involved in 
the epithelial‑to‑mesenchymal transition (EMT) process. In 
this process, tumor cells gain the ability to invade and migrate. 
High expression of Twist1 is closely associated with the invasion 
and migration of tumors (48). While the expression of Twist1 
could be regulated by USP13, USP13 interacts with Twist1 and 

stabilizes its expression via the ubiquitin‑proteasome pathway. 
High expression of USP13 promotes the migration and inva-
sion of tumors such as breast cancer through Twist1 (79).

Maintaining the stability of Snail. Snail directly inhibits the 
transcription process of E‑cadherin, a tumor invasion suppress 
related molecular, and acts as a critical driver of EMT and 
metastasis of GC. USP13 promotes migration and invasion of 
GC cells by maintaining the stability of Snail. High expres-
sion of USP13 is associated with poor differentiation and high 
aggression, which predicts poor prognosis of GC (80).

Targeting toll‑like receptor (TLR)4/MYD88 signaling. 
USP13 stabilizes the expression of genes downstream of 
TLR4/MYD88 signaling and is associated with an unfavorable 
prognosis in hepatocellular carcinoma (HCC). USP13 knock-
down increases TLR4 ubiquitination, leading to its decreased 
expression, which results in the decreased expression of 
MYD88, phosphorylated‑NF‑κB and p65, thus inhibiting the 
proliferation and invasion of HCC cells. By contrast, USP13 
expression induced by hypoxia activates TLR4/MYD88/NF‑κB 
signaling and promotes cell proliferation (81).

Targeting NF‑κB pathway. NF‑κB upregulates the 
expression of the oncogene miR‑130b, which acts directly on 
USP13, decreasing its expression and thereby regulating the 
proliferation, invasion and migration of tumor cells. Therefore, 
it is a potential target for cancer therapeutics  (82,83). 
miR‑130b/miR‑301b binds to USP13 via the 3'‑UTR. In 
bladder cancer, the expression of miR‑130b is negatively asso-
ciated with the expression of USP13. Restoring USP13 levels 
partially inhibits the invasion and migration of tumor cells by 
stabilizing the expression of PTEN (84).

Taking part in the miRNA‑539‑3P/USP13/MITF/AXL 
axis. The androgen receptor is important for the regulation of 
the miRNA‑539‑3P/USP13/MITF/AXL axis and induces the 
degradation of MITF via the ubiquitin‑proteasome pathway, 
further increasing the expression of receptor tyrosine kinase 
AXL to promote melanoma metastasis. USP13 plays an 
important role in regulating MITF degradation. The 3'UTR of 
USP13 can be directly targeted by miRNA‑539‑3P. Androgen 
receptors decrease the expression of USP13 by upregulating 
miRNA‑539‑3P, thus increasing the degradation of MITF 
protein by ubiquitination and promoting melanoma metas-
tasis (85,86).

USP13 signaling in chemoresistance
Mediating afatinib resistance. Epidermal growth factor 
receptor (EGFR) is a transmembrane tyrosine kinase receptor 
that regulates cellular proliferation and is a potential target 
for cancer therapies. EGFR inhibitors have shown a beneficial 
effect on lung and colorectal cancer, among other cancers 
such as glioblastoma. However, resistance to EGFR inhibitors 
remains a major challenge (87,88). A total of 1/3 of patients 
with non‑SCLC have mutations in the EGFR kinase domain. 
The ΔE746‑A750 and L858R mutations of EGFR are associ-
ated with the sensitivity to EGFR inhibitors, such as afatinib, 
and upregulate kinase activity. USP13 binds more tightly to 
the mutant EGFR than to wild‑type EGFR. USP13 inhibits 
the degradation of mutant EGFR via deubiquitination, binds 
to mutant EGFR via its UBA domains, and inhibits EGFR 
endosomal sorting and lysosomal degradation. The E3 
ubiquitin ligase c‑cbl is important in this regulatory process. 
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USP13 knockdown enhances the sensitivity of tumor cells to 
afatinib (89).

Inducing imatinib resistance. Imatinib resistance 
remains a major challenge in the treatment of gastrointestinal 
stromal tumors (GIST) and one of the reasons is protective 
autophagy (90). As a notable marker of autophagy, USP13 
interacts and downregulates the polyubiquitylation of 
autophagy‑related protein 5 to induce resistance to imatinib 
in GIST. The serine/threonine protein kinase p21‑activated 
kinase 1 promotes this interaction process. USP13 can be 
modified by methyltransferase‑like 3 to maintain its stability 
by enhancing m6A methylation (91).

Regulating DNA repair. BRCA1 mainly functions in main-
taining genome stability and regulates DNA damage response 
by promoting homologous recombination. Numerous factors 
are involved in the process of DNA repair. Histones and other 
proteins in the damage site are ubiquitinated, the K63 linked 
polyubiquitin chain acts as an anchor site for the key DNA 
damage response regulator receptor‑associated protein 80 to 
recruit BRCA1, and the complex further facilitates the DNA 
damage response. USP13 regulates DNA damage response 
by interacting with RAP80 to deubiquitinate it and promote 
the formation of the RAP80‑BRCA1 complex. K75, K90, and 
K112 residues of RAP80 are the main deubiquitination sites. 
The interaction between RAP80 and the K63‑linked polyu-
biquitin chain is increased when RAP80 is deubiquitinated by 
USP13, which is crucial for its recruitment to DNA damage 
sites and the formation of the RAP80‑BRCA1 complex. The 
generation of the RAP80‑BRCA1 complex decreases with 
USP13 knockdown. Additionally, ATM phosphorylates USP13 
at Thr196, which is important for the recruitment of USP13 
to double‑strand breaks and the induction of DNA damage. 
Via the regulation of the formation of the RAP80‑BRCA1 
complex, USP13 takes part in DNA damage response and 
induces resistance to chemotherapy in ovarian cancer (92).

USP13 inhibitor in cancer therapy. Spautin‑1 is an inhibitor of 
autophagy that inhibits USP13 and 10 expression, and has been 
used in the treatment of chronic myeloid leukemia, and ovarian 
and lung cancer (93). In addition, Spautin‑1 is also effective in 
the F508 deletion mutant of the ATP‑bound transmembrane 
protein cystic fibrosis transmembrane conductance regulator. 
It mainly influences the expression of cell cycle arrest related 
protein growth arrest and DNA‑damage‑inducible protein 45 
α/β and G2/M cell cycle checkpoint regulator STRATIFIN, 
thereby affecting the cell cycle and inducing apoptosis. 
Spautin‑1 upregulates reactive oxygen species (ROS)‑mediated 
DNA damage and induces G2/M cell cycle arrest and 
apoptosis. USP13 is upregulated in melanoma; Spautin‑1 
inhibits the growth of melanoma cells in vitro without visible 
toxicity to normal cells. The combination of Spautin‑1 with 
platinum‑based drugs such as cisplatin has shown a synergistic 
effect in melanoma treatment (93).

Novel inhibitors of USP13, such as BK50118, are also under 
investigation. These drugs show distinct advantages; some of 
them for examples can cross the blood‑brain barrier to reach 
the cerebrum, thus benefiting patients with neurodegeneration 
via reduction of neurotoxic protein by attenuating the deubiq-
uitination of neurotoxic proteins (94).

In conclusion, USP13 either promotes or inhibits the 
development of different tumors. Its expression is associated 
with the prognosis of patients. Targeting USP13 for cancer 
treatment is of interest because of its involvement in regulating 
tumor suppressors or oncoproteins in a post‑translational 
manner. Therefore, it is necessary to study its function in 
different tumors and different groups of people to draw accu-
rate conclusions.

The difference in the expression of USP13 in various 
tumors can be used in treatment. USP13 inhibitors such as 
spautin‑1 and BK50118 are also potential candidates in the 
treatment of cancer.

6. Conclusions

USP13 is widely expressed in different cancer cells, such as 
lung, ovarian and breast cancer cells, and influences tumor 
progression in an enzymatically dependent or independent 
manner  (43). As a notable post‑translational modification, 
the role of deubiquitination in physiological and pathological 
processes has been explored  (95). USP13 is involved in 
different diseases such as inflammation and tumor by partici-
pating in important cellular signal transduction pathways and 
by downregulating the degradation of target proteins. Thus, it 
has become a research hotspot in pathophysiology including 
inflammation and tumor formation  (96,97). However, the 
role of USP13 in the formation and progression of tumors is 
complex. USP13 participates in various physiological processes 
in tumor cells, such as glycolysis and glutamine catabolism, 
and in the growth and metastasis of tumors by regulating the 
stability of various proteins. Owing to the complexity and 
variety of the proteins involved in the regulation process, 
USP13 plays different roles in various diseases, especially in 
cancer. Though most evidence showed that USP13 promoted 
the development of cancer, it has also been reported to inhibit 
some tumors, such as oral squamous cell carcinoma; however, 
the underlying mechanism warrants further exploration. These 
discrepancies may be attributed to ethnicity differences, small 
sample size and different detection methods. Furthermore, 
whether the function of USP13 in tumors is associated with its 
enzymatic activity remains to be determined. USP13 regulates 
DNA repair, senescence and proteasomal degradation via 
interactions with RAP80‑BRCA1 complex, cell senescence 
related E3 ubiquitin ligase murine double minute 2 (MDM2) 
and inflammation regulation‑associated protease inactive 
rhomboid protein 2 (IRHOM2), respectively, and via hydro-
lyzation of K63‑linked ubiquitin chains (67,92). USP13 is also 
involved in the cleavage of K48‑linked polyubiquitin chains 
in some cases, such as the upregulation of Twist1 (79). The 
regulatory function of USP13 in hydrolyzing different types 
of ubiquitin chains is complex and it may affect the tumor 
progression. Though its deubiquitination activity is limited, it 
has been reported that the effects of USP13 in tumors depend 
on its interaction with proteins such as PTEN and Twist1. 
Specific inhibitors of USP13 are also under investigation. 
Spautin‑1 inhibits USP13 expression, but the effect is not 
specific; its role in the treatment of diseases deserves further 
investigation. Understanding the role of USP13 in various 
diseases will help to facilitate the development of therapeutic 
interventions.



TAO et al:  AN IMPORTANT DEUBIQUITINASE IN TUMORS8

Acknowledgements

Not applicable.

Funding

The present study was supported by the Nantong Science and 
Technology Project (grant no. HS2015003).

Availability of data and materials

Not applicable.

Authors' contributions

XM and SH contributed to the conceptualization of the current 
study and gave constructive guidance. YT and XX collected 
the relevant studies and wrote the manuscript. RS participated 
in the design of the present review. Data authentication is not 
applicable. All authors read and approved the final manuscript.

Ethics approval and consent to participate

Not applicable.

Patient consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References

  1.	 Akutsu M, Dikic I and Bremm A: Ubiquitin chain diversity at a 
glance. J Cell Sci 129: 875‑880, 2016.

  2.	Zhang YH, Zhou CJ, Zhou ZR, Song AX and Hu HY: Domain 
analysis reveals that a deubiquitinating enzyme USP13 performs 
non‑activating catalysis for Lys63‑linked polyubiquitin. PLoS 
One 6: e29362, 2011.

  3.	Talreja  J, Bauerfeld  C, Wang  X, Hafner  M, Liu  Y and 
Samavati L: MKP‑1 modulates ubiquitination/phosphory-
lation of TLR signaling. Life Sci Alliance 4: e202101137, 
2021.

  4.	Liu  X and Moussa  C: Regulatory role of ubiquitin specific 
protease‑13 (USP13) in misfolded protein clearance in neurode-
generative diseases. Neuroscience 460: 161‑166, 2021.

  5.	Loix M, Zelcer N, Bogie JFJ and Hendriks JJA: The ubiqui-
tous role of ubiquitination in lipid metabolism. Trends Cell 
Biol S0962‑8924(23)00192‑7, 2023.

  6.	Ciechanover A and Ben‑Saadon R: N‑terminal ubiquitination: 
More protein substrates join in. Trends Cell Biol 14: 103‑106, 
2004.

  7.	 Wang  X, Herr  RA, Chua  WJ, Lybarger  L, Wiertz  EJ and 
Hansen TH: Ubiquitination of serine, threonine, or lysine resi-
dues on the cytoplasmic tail can induce ERAD of MHC‑I by 
viral E3 ligase mK3. J Cell Biol 177: 613‑624, 2007.

  8.	Nathan JA, Kim HT, Ting L, Gygi SP and Goldberg AL: Why 
do cellular proteins linked to K63‑polyubiquitin chains not asso-
ciate with proteasomes? EMBO J 32: 552‑565, 2013.

  9.	 Liu  P, Gan  W, Su  S, Hauenstein  AV, Fu  TM, Brasher  B, 
Schwerdtfeger  C, Liang AC, Xu  M and Wei  W: K63‑linked 
polyubiquitin chains bind to DNA to facilitate DNA damage 
repair. Sci Signal 11: eaar8133, 2018.

10.	 Wing SS: Deubiquitinating enzymes‑the importance of driving 
in reverse along the ubiquitin‑proteasome pathway. Int J Biochem 
Cell Biol 35: 590‑605, 2003.

11.	 Scortegagna M, Subtil T, Qi  J, Kim H, Zhao W, Gu W and 
Kluger H and Ronai ZA: USP13 enzyme regulates Siah2 ligase 
stability and activity via noncatalytic ubiquitin‑binding domains. 
J Biol Chem 286: 27333‑27341, 2011.

12.	Clague  MJ, Urbe  S and Komander  D: Breaking the chains: 
Deubiquitylating enzyme specificity begets function. Nat Rev 
Mol Cell Biol 20: 338‑352, 2019.

13.	 Morgan  EL, Patterson  MR, Barba‑Moreno  D, Scarth  JA, 
Wilson A and Macdonald A: The deubiquitinase (DUB) USP13 
promotes Mcl‑1 stabilisation in cervical cancer. Oncogene 40: 
2112‑2129, 2021.

14.	 Zeng Q, Li Z, Zhao X, Guo L, Yu C, Qin J, Zhang S, Zhang Y and 
Yang X: Ubiquitin‑specific protease 7 promotes osteosarcoma 
cell metastasis by inducing epithelial‑mesenchymal transition. 
Oncol Rep 41: 543‑551, 2019.

15.	 Timms  KM, Ansari‑Lari  MA, Morris  W, Brown  SN and 
Gibbs  RA: The genomic organization of isopeptidase 
T‑3(ISOT‑3), a new member of the ubiquitin specific protease 
family (UBP). Gene 217: 101‑106, 1998.

16.	 Ren  H, Mu  W and Xu  Q: miR‑19a‑3p inhibition alleviates 
sepsis‑induced lung injury via enhancing USP13 expression. 
Acta Biochim Pol 68: 201‑206, 2021.

17.	 Biterge Sut B: Molecular profiling of immune cell‑enriched Severe 
Acute Respiratory Syndrome Coronavirus 2 (SARS‑CoV‑2) 
interacting protein USP13. Life Sci 258: 118170, 2020.

18.	 Yu  F, Li  Y, Ye  Q, Miao  J, Taleb  SJ, Zhao  Y and Zhao  J: 
Lipopolysaccharide reduces USP13 stability through c‑Jun 
N‑terminal kinase activation in Kupffer cells. J Cell Physiol 236: 
4360‑4368, 2021.

19.	 Darling  S, Fielding  AB, Sabat‑Pospiech  D, Prior  IA and 
Coulson JM: Regulation of the cell cycle and centrosome biology 
by deubiquitylases. Biochem Soc Trans 45: 1125‑1136, 2017.

20.	Sun H, Zhang Q, Jing YY, Zhang M, Wang HY, Cai Z, Liuyu T, 
Zhang ZD, Xiong TC, Wu Y, et al: USP13 negatively regulates 
antiviral responses by deubiquitinating STING. Nat Commun 8: 
15534, 2017.

21.	 Wang J, Liu Y, Tang L, Qi S, Mi Y, Liu D and Tian Q: Identification 
of candidate substrates of ubiquitin‑specific protease 13 using 
2D‑DIGE. Int J Mol Med 40: 47‑56, 2017.

22.	Xie  X, Matsumoto  S, Endo  A, Fukushima  T, Kawahara  H, 
Saeki Y and Komada M: Deubiquitinases USP5 and USP13 are 
recruited to and regulate heat‑induced stress granules by deubiq-
uitinating activities. J Cell Sci 131: jcs210856, 2018.

23.	Zhang Y, Jiang C, Li H, Lv F, Li X, Qian X, Fu L, Xu B and 
Guo X: Elevated Aurora B expression contributes to chemo-
resistance and poor prognosis in breast cancer. Int J Clin Exp 
Pathol 8: 751‑757, 2015.

24.	Antao AM, Kaushal K, Das S, Singh V, Suresh B, Kim KS 
and Ramakrishna S: USP48 governs cell cycle progression by 
regulating the protein level of Aurora B. Int J Mol Sci 22: 8508, 
2021.

25.	Borah NA and Reddy MM: Aurora Kinase B Inhibition: A 
potential therapeutic strategy for cancer. Molecules 26: 1981, 
2021.

26.	Punt S, Malu S, McKenzie JA, Manrique SZ, Doorduijn EM, 
Mbofung  RM, Williams  L, Silverman  DA, Ashkin  EL, 
Dominguez AL, et al: Aurora kinase inhibition sensitizes mela-
noma cells to T‑cell‑mediated cytotoxicity. Cancer Immunol 
Immunother 70: 1101‑1113, 2021.

27.	 Gonzalez‑Loyola  A, Fernandez‑Miranda  G, Trakala  M, 
Partida D, Samejima K, Ogawa H, Cañamero M, de Martino A, 
Martínez‑Ramírez Á, de Cárcer G, et al: Aurora B overexpres-
sion causes aneuploidy and p21Cip1 repression during tumor 
development. Mol Cell Biol 35: 3566‑3578, 2015.

28.	Chen M, Gutierrez GJ and Ronai ZA: Ubiquitin‑recognition 
protein Ufd1 couples the endoplasmic reticulum (ER) stress 
response to cell cycle control. Proc Natl Acad Sci USA 108: 
9119‑9124, 2011.

29.	 Esposito M, Akman HB, Giron P, Ceregido MA, Schepers R, 
Ramos  Paez  LC, La  Monaca  E, De  Greve  J, Coux  O, 
De  Trez  C,  et  al: USP13 controls the stability of Aurora B 
impacting progression through the cell cycle. Oncogene 39: 
6009‑6023, 2020.

30.	Bigot  N, Day  M, Baldock  RA, Watts  FZ, Oliver  AW and 
Pearl LH: Phosphorylation‑mediated interactions with TOPBP1 
couple 53BP1 and 9‑1‑1 to control the G1 DNA damage check-
point. Elife 8: e44353, 2019.

31.	 Liu  K, Graves  JD, Lee  YJ, Lin  FT and Lin  WC: Cell 
Cycle‑Dependent Switch of TopBP1 Functions by Cdk2 and Akt. 
Mol Cell Biol 40: e00599, 2020.



ONCOLOGY LETTERS  27:  58,  2024 9

32.	Kanginakudru  S, DeSmet  M, Thomas  Y, Morgan  IM and 
Androphy EJ: Levels of the E2 interacting protein TopBP1 modu-
late papillomavirus maintenance stage replication. Virology 478: 
129‑135, 2015.

33.	 Kim W, Zhao F, Gao H, Qin S, Hou J, Deng M, Kloeber JA, 
Huang J, Zhou Q, Guo G, et al: USP13 regulates the replica-
tion stress response by deubiquitinating TopBP1. DNA Repair 
(Amst) 100: 103063, 2021.

34.	He X, Kim JS, Diaz‑Martinez LA, Han C, Lane WS, Budnik B 
and Waldman T: USP13 interacts with cohesin and regulates its 
ubiquitination in human cells. J Biol Chem 296: 100194, 2021.

35.	 Liu Q, Yang X, Long G, Hu Y, Gu Z, Boisclair YR and Long Q: 
ERAD deficiency promotes mitochondrial dysfunction and tran-
scriptional rewiring in human hepatic cells. J Biol Chem 295: 
16743‑16753, 2020.

36.	Byun H, Gou Y, Zook A, Lozano MM and Dudley JP: ERAD 
and how viruses exploit it. Front Microbiol 5: 330, 2014.

37.	 Liu Y, Soetandyo N, Lee JG, Liu L, Xu Y, Clemons WM Jr and 
Ye Y: USP13 antagonizes gp78 to maintain functionality of a 
chaperone in ER‑associated degradation. Elife 3: e01369, 2014.

38.	Devis‑Jauregui  L, Eritja  N, Davis  ML, Matias‑Guiu  X and 
Llobet‑Navas D: Autophagy in the physiological endometrium 
and cancer. Autophagy 17: 1077‑1095, 2021.

39.	 Yang G, Song W, Postoak JL, Chen J, Martinez J, Zhang J, Wu L 
and Van Kaer L: Autophagy‑related protein PIK3C3/VPS34 
controls T cell metabolism and function. Autophagy  17: 
1193‑1204, 2021.

40.	Liu H, Zhao Z, Wu T, Zhang Q, Lu F, Gu J, Jiang T and Xue J: 
Inhibition of autophagy‑dependent pyroptosis attenuates cerebral 
ischaemia/reperfusion injury. J Cell Mol Med 25: 5060‑5069, 
2021.

41.	 Xie W, Jin S and Cui J: The NEDD4‑USP13 axis facilitates 
autophagy via deubiquitinating PIK3C3. Autophagy  16: 
1150‑1151, 2020.

42.	Snyder NA and Silva GM: Deubiquitinating enzymes (DUBs): 
Regulation, homeostasis, and oxidative stress response. J Biol 
Chem 297: 101077, 2021.

43.	 Wang  Y and Wang  F: Post‑Translational modifications of 
deubiquitinating enzymes: Expanding the ubiquitin code. Front 
Pharmacol 12: 685011, 2021.

44.	Elsocht M, Giron P, Maes L, Versees W, Gutierrez GJ, De Greve J 
and Ballet S: Structure‑Activity Relationship (SAR) Study of 
Spautin‑1 to Entail the Discovery of Novel NEK4 Inhibitors. Int 
J Mol Sci 22: 635, 2021.

45.	 Cheung  HH, Yang  Y, Lee  TL, Rennert  O and Chan  WY: 
Hypermethylation of genes in testicular embryonal carcinomas. 
Br J Cancer 114: 230‑236, 2016.

46.	Liu  Z, Xu  Y, Zhang  W, Gao  X, Luo  G, Song  H, Liu  J and 
Wang H: Identification of targets of JS‑K against HBV‑positive 
human hepatocellular carcinoma HepG2.2.15 cells with iTRAQ 
proteomics. Sci Rep 11: 10381, 2021.

47.	 Wang J, Lin W, Li R, Cheng H, Sun S, Shao F, Yang Y, Zhang L, 
Feng X, Gao S, et al: The Deubiquitinase USP13 maintains 
cancer cell stemness by promoting FASN stability in small cell 
lung cancer. Front Oncol 12: 899987, 2022.

48.	Forghanifard MM, Azaraz S, Ardalan Khales S, Morshedi Rad D 
and Abbaszadegan MR: MAML1 promotes ESCC aggressive-
ness through upregulation of EMT marker TWIST1. Mol Biol 
Rep 47: 2659‑2668, 2020.

49.	 Han C, Yang L, Choi HH, Baddour J, Achreja A, Liu Y, Li Y, Li J, 
Wan G, Huang C, et al: Amplification of USP13 drives ovarian 
cancer metabolism. Nat Commun 7: 13525, 2016.

50.	Qu Z, Zhang R, Su M and Liu W: UsP13 serves as a tumor 
suppressor via the PTEN/AKT pathway in oral squamous cell 
carcinoma. Cancer Manag Res 11: 9175‑9183, 2019.

51.	 Zhang J, Zhang P, Wei Y, Piao HL, Wang W, Maddika S, Wang M, 
Chen D, Sun Y, Hung MC, et al: Deubiquitylation and stabiliza-
tion of PTEN by USP13. Nat Cell Biol 15: 1486‑1494, 2013.

52.	Liu J, Xia H, Kim M, Xu L, Li Y, Zhang L, Cai Y, Norberg HV, 
Zhang T, Furuya T, et al: Beclin1 controls the levels of p53 by 
regulating the deubiquitination activity of USP10 and USP13. 
Cell 147: 223‑234, 2011.

53.	 Wu Y, Zhang Y, Liu C, Zhang Y, Wang D, Wang S, Wu Y, Liu F, 
Li Q, Liu X, et al: Amplification of USP13 drives non‑small cell 
lung cancer progression mediated by AKT/MAPK signaling. 
Biomed Pharmacother 114: 108831, 2019.

54.	Meng LB, Hu GF, Shan MJ, Zhang YM, Yu ZM, Liu YQ, Xu HX, 
Wang L, Gong T and Liu DP: Citrate Synthase and OGDH as 
potential biomarkers of atherosclerosis under chronic stress. 
Oxid Med Cell Longev 2021: 9957908, 2021.

55.	 Wang J, Ye W, Yan X, Guo Q, Ma Q, Lin F, Huang J and Jin J: 
Low expression of ACLY associates with favorable prognosis in 
acute myeloid leukemia. J Transl Med 17: 149, 2019.

56.	Wei X, Shi J, Lin Q, Ma X, Pang Y, Mao H, Li R, Lu W, Wang Y 
and Liu  P: Targeting ACLY Attenuates Tumor Growth and 
Acquired Cisplatin Resistance in Ovarian Cancer by Inhibiting 
the PI3K‑AKT Pathway and Activating the AMPK‑ROS Pathway. 
Front Oncol 11: 642229, 2021.

57.	 Zhou Q, Zhan H, Lin F, Liu Y, Yang K, Gao Q, Ding M, Liu Y, 
Huang  W and Cai  Z: LincRNA‑p21 suppresses glutamine 
catabolism and bladder cancer cell growth through inhibiting 
glutaminase expression. Biosci Rep 39: BSR20182372, 2019.

58.	Zhou  X, Liu  K, Cui  J, Xiong  J, Wu  H, Peng  T and Guo  Y: 
Circ‑MBOAT2 knockdown represses tumor progression and 
glutamine catabolism by miR‑433‑3p/GOT1 axis in pancreatic 
cancer. J Exp Clin Cancer Res 40: 124, 2021.

59.	 Han C, Lu X and Nagrath D: Regulation of protein metabolism in 
cancer. Mol Cell Oncol 5: e1285384, 2018.

60.	De Blasio A, Vento R and Di Fiore R: Mcl‑1 targeting could 
be an intriguing perspective to cure cancer. J Cell Physiol 233: 
8482‑8498, 2018.

61.	 Zhang S, Zhang M, Jing Y, Yin X, Ma P, Zhang Z, Wang X, Di W 
and Zhuang G: Deubiquitinase USP13 dictates MCL1 stability 
and sensitivity to BH3 mimetic inhibitors. Nat Commun 9: 215, 
2018.

62.	Abdul Rahman SF, Muniandy K, Soo YK, Tiew EYH, Tan KX, 
Bates TE and Mohana‑Kumaran N: Co‑inhibition of BCL‑XL 
and MCL‑1 with selective BCL‑2 family inhibitors enhances 
cytotoxicity of cervical cancer cell lines. Biochem Biophys 
Rep 22: 100756, 2022.

63.	 Chen Y, Sun XX, Sears RC and Dai MS: Writing and erasing 
MYC ubiquitination and SUMOylation. Genes Dis 6: 359‑371, 
2019.

64.	Fang X, Zhou W, Wu Q, Huang Z, Shi Y, Yang K, Chen C, Xie Q, 
Mack  SC, Wang  X,  et  al: Deubiquitinase USP13 maintains 
glioblastoma stem cells by antagonizing FBXL14‑mediated Myc 
ubiquitination. J Exp Med 214: 245‑267, 2017.

65.	 Zhao X, Fiske B, Kawakami A, Li J and Fisher DE: Regulation 
of MITF stability by the USP13 deubiquitinase. Nat Commun 2: 
414, 2011.

66.	Hu S, Bai S, Dai Y, Yang N, Li J, Zhang X, Wang F, Zhao B, 
Bao  G, Chen  Y and Wu  X: Deubiquitination of MITF‑M 
regulates melanocytes proliferation and apoptosis. Front Mol 
Biosci 8: 692724, 2021.

67.	 Zhou Q, Lin M, Feng X, Ma F, Zhu Y, Liu X, Qu C, Sui H, Sun B, 
Zhu A, et al: Targeting CLK3 inhibits the progression of cholan-
giocarcinoma by reprogramming nucleotide metabolism. J Exp 
Med 217: e20191779, 2020.

68.	Xie H, Zhou J, Liu X, Xu Y, Hepperla AJ, Simon JM, Wang T, 
Yao H, Liao C, Baldwin AS, et al: USP13 promotes deubiquiti-
nation of ZHX2 and tumorigenesis in kidney cancer. Proc Natl 
Acad Sci USA 119: e2119854119, 2022.

69.	 Xie W, Jin S, Wu Y, Xian H, Tian S, Liu DA, Guo Z and Cui J: 
Auto‑ubiquitination of NEDD4‑1 Recruits USP13 to facilitate 
autophagy through deubiquitinating VPS34. Cell Rep  30: 
2807‑2819 e4, 2020.

70.	Wijshake T, Zou Z, Chen B, Zhong L, Xiao G, Xie Y, Doench JG, 
Bennett L and Levine B: Tumor‑suppressor function of Beclin 1 
in breast cancer cells requires E‑cadherin. Proc Natl Acad Sci 
USA 118: e2020478118, 2021.

71.	 Matthew‑Onabanjo AN, Janusis J, Mercado‑Matos J, Carlisle AE, 
Kim D, Levine F, Cruz‑Gordillo P, Richards R, Lee MJ and 
Shaw LM: Beclin 1 promotes endosome recruitment of hepato-
cyte growth factor tyrosine kinase substrate to suppress tumor 
proliferation. Cancer Res 80: 249‑262, 2020.

72.	Huang J, Ye Z, Wang J, Chen Q, Huang D and Liu H: USP13 
mediates PTEN to ameliorate osteoarthritis by restraining 
oxidative stress, apoptosis and inflammation via AKT‑dependent 
manner. Biomed Pharmacother 133: 111089, 2021.

73.	 He Y, Jiang S, Mao C, Zheng H, Cao B, Zhang Z, Zhao J, Zeng Y 
and Mao X: The deubiquitinase USP10 restores PTEN activity 
and inhibits non‑small cell lung cancer cell proliferation. J Biol 
Chem 297: 101088, 2021.

74.	 Wang Y, Wang Z, Lu J and Zhang H: Circular RNA circ‑PTEN 
elevates PTEN inhibiting the proliferation of non‑small cell lung 
cancer cells. Hum Cell 34: 1174‑1184, 2021.

75.	 Geng J, Huang X, Li Y, Xu X, Li S, Jiang D, Liang J, Jiang D, 
Wang  C and Dai  H: Down‑regulation of USP13 mediates 
phenotype transformation of fibroblasts in idiopathic pulmonary 
fibrosis. Respir Res 16: 124, 2015.



TAO et al:  AN IMPORTANT DEUBIQUITINASE IN TUMORS10

76.	Che K, Han W, Li D, Cui S, Zhang M, Yang X and Niu H: 
Correlations between glycolysis with clinical traits and immune 
function in bladder urothelial carcinoma. Biosci Rep  41: 
BSR20203982, 2021.

77.	 Li W, Xu M, Li Y, Huang Z, Zhou J, Zhao Q, Le K, Dong F, 
Wan C and Yi P: Comprehensive analysis of the association 
between tumor glycolysis and immune/inflammation function in 
breast cancer. J Transl Med 18: 92, 2020.

78.	Xiang S, Fang J, Wang S, Deng B and Zhu L: MicroRNA135b 
regulates the stability of PTEN and promotes glycolysis by 
targeting USP13 in human colorectal cancers. Oncol Rep 33: 
1342‑1348, 2015.

79.	 Zhao B, Huo W, Yu X, Shi X, Lv L, Yang Y, Kang J, Li S and 
Wu  H: USP13 promotes breast cancer metastasis through 
FBXL14‑induced Twist1 ubiquitination. Cell Oncol (Dordr) 46: 
717‑733, 2023.

80.	Zhang T, Zheng J, Qiao L and Zhao W: Deubiquitinase USP13 
promotes the epithelial‑mesenchymal transition and metastasis 
in gastric cancer by maintaining Snail protein. Pathol Res 
Pract 229: 153705, 2022.

81.	Gao S, Chen T, Li L, Liu X, Liu Y, Zhao J, Lu Q, Zeng Z, 
Xu  Q, Huang  D and Tu  K: Hypoxia‑Inducible ubiquitin 
specific peptidase 13 contributes to tumor growth and 
metastasis via enhancing the toll‑like receptor 4/Myeloid 
differentiation primary response gene 88/Nuclear Factor‑κB 
pathway in hepatocellular carcinoma. Front Cell Dev Biol 8: 
587389, 2020.

82.	Eluard B, Thieblemont C and Baud V: NF‑κB in the New Era of 
cancer therapy. Trends Cancer 6: 677‑687, 2020.

83.	Hiramatsu  T, Yoshizawa  J, Miyaguni  K, Sugihara  T, 
Harada  A, Kaji  S, Uchida  G, Kanamor i  D, Baba  Y, 
Ashizuka S and Ohki T: Thalidomide potentiates etopo-
side‑induced apoptosis in murine neuroblastoma through 
suppression of NF‑κB activation. Pediatr Surg Int  34: 
443‑450, 2018.

84.	Man X, Piao C, Lin X, Kong C, Cui X and Jiang Y: USP13 func-
tions as a tumor suppressor by blocking the NF‑kB‑mediated 
PTEN downregulation in human bladder cancer. J Exp Clin 
Cancer Res 38: 259, 2019.

85.	 Wang Y, Ou Z, Sun Y, Yeh S, Wang X, Long J and Chang C: 
Androgen receptor promotes melanoma metastasis via altering 
the miRNA‑539‑3p/USP13/MITF/AXL signals. Oncogene 36: 
1644‑1654, 2017.

86.	Lim Y and Lee DY: Identification of genetic mutations related 
to invasion and metastasis of acral melanoma via whole‑exome 
sequencing. J Dermatol 48: 999‑1006, 2021.

87.	 P a r a g ‑ S h a r m a   K ,  Ta s o u l a s   J ,  M u s i c a n t   A M, 
do  Nascimento‑Filho  CHV, Zhu  Z, Twomey  C, Liu  P, 
Castilho RM and Amelio AL: Synergistic efficacy of combined 
EGFR and HDAC inhibitors overcomes tolerance to EGFR 
monotherapy in salivary mucoepidermoid carcinoma. Oral 
Oncol 115: 105166, 2021.

88.	Tang W, Li X, Xie X, Sun X, Liu J, Zhang J, Wang C, Yu J 
and Xie P: EGFR inhibitors as adjuvant therapy for resected 
non‑small cell lung cancer harboring EGFR mutations. Lung 
Cancer 136 :6‑14, 2019.

89.	 Giron P, Eggermont C, Noeparast A, Vandenplas H, Teugels E, 
Forsyth  R, De  Wever  O, Aza‑Blanc  P, Gutierrez  GJ and 
De Grève J: Targeting USP13‑mediated drug tolerance increases 
the efficacy of EGFR inhibition of mutant EGFR in non‑small 
cell lung cancer. Int J Cancer 148: 2579‑2593, 2021.

90.	Zheng S, Shu Y, Lu Y and Sun Y: Chloroquine combined with 
imatinib overcomes imatinib resistance in gastrointestinal 
stromal tumors by inhibiting autophagy via the MAPK/ERK 
Pathway. Onco Targets Ther 13: 6433‑6441, 2020.

91.	 Gao Z, Li C, Sun H, Bian Y, Cui Z, Wang N, Wang Z, Yang Y, 
Liu Z, He Z, et al: N6‑methyladenosine‑modified USP13 induces 
pro‑survival autophagy and imatinib resistance via regulating 
the stabilization of autophagy‑related protein 5 in gastrointes-
tinal stromal tumors. Cell Death Differ 30: 544‑559, 2023.

92.	Li  Y, Luo  K, Yin  Y, Wu  C, Deng  M, Li  L, Li  L, Chen  Y, 
Nowsheen  S, Lou  Z and Yuan  J: USP13 regulates the 
RAP80‑BRCA1 complex dependent DNA damage response. Nat 
Commun 8: 15752, 2017.

93.	Guo J, Zhang J, Liang L, Liu N, Qi M, Zhao S, Su J, Liu  J, 
Peng  C, Chen  X and Liu  H: Potent USP10/13 antagonist 
spautin‑1 suppresses melanoma growth via ROS‑mediated DNA 
damage and exhibits synergy with cisplatin. J Cell Mol Med 24: 
4324‑4340, 2020.

94.	Liu  X, Balaraman  K, Lynch  CC, Hebron  M, Wolf  C and 
Moussa C: Novel ubiquitin specific protease‑13 inhibitors alle-
viate neurodegenerative pathology. Metabolites 11: 622, 2021.

95.	 Jacomin AC, Taillebourg E and Fauvarque MO: Deubiquitinating 
enzymes related to autophagy: New therapeutic opportunities? 
Cells 7: 112, 2018.

96.	Liu J, Shaik S, Dai X, Wu Q, Zhou X, Wang Z and Wei W: 
Targeting the ubiquitin pathway for cancer treatment. Biochim 
Biophys Acta 1855: 50‑60, 2015.

97.	 Kaushal  K, Antao  AM, Kim  KS and Ramakrishna  S: 
Deubiquitinating enzymes in cancer stem cells: Functions and 
targeted inhibition for cancer therapy. Drug Discov Today 23: 
1974‑1982, 2018.

Copyright © 2023 Tao et al. This work is licensed under 
a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0) 
License.


