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Abstract: The ubiquitin-specific protease 5 (USP5), a deubiquitinating enzyme, has been identified as a tumor pro-
moter in several types of human cancer. However, the role of USP5 in non-small lung cancer (NSCLC) has not yet 
been elucidated. In this study, we found that USP5 was upregulated in NSCLC tissues compared with normal tis-
sues. High expression of USP5 was correlated with large primary tumor size, poor differentiation and advanced 
TNM stage, and led to a significantly shorter overall survival (OS). USP5 overexpression enhanced, whereas USP5 
silencing impaired the cell proliferation and colony formation of NSCLC cells in vitro. Moreover, knockdown of USP5 
in H1299 cells inhibited tumor growth in vivo. Mechanistically, we found that USP5 deubiquitinated β-catenin, pre-
vented ubiquitination mediated β-catenin degradation and promoted β-catenin nuclear accumulation, leading to the 
activation of Wnt/β-catenin signal pathway in NSCLC cells. Taken together, these findings suggest that USP5 func-
tions as an oncogene in NSCLC and its oncogenic activity involves in part through Wnt/β-catenin signal pathway.
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Introduction

Lung cancer is the leading cause of cancer-
related death worldwide and the incidence of 
non-small cell lung cancer (NSCLC), the primary 
histologic type, is noticeably increasing [1, 2]. 
While we have witnessed great improvement in 
diagnosis and synthetic therapy, the average 
survival time of NSCLC patients with advanced 
stage remains pessimistic [3]. Thus, intensive 
investigation of the molecular mechanism that 
is responsible for the tumorigenesis and devel-
opment of NSCLC is of great significance and 
could help to identify novel tumor biomarkers 
for early detection and intervention.

There is considerable evidence suggesting that 
the canonical Wnt/β-catenin signaling path- 
way plays critical roles in the tumorigenesis 
and metastasis of lung cancer [4]. Several com-
ponents of the Wnt/β-catenin pathway and 
β-catenin target genes including cyclin D1, 
c-Myc, survivin, and MMP7 are overexpressed 
in NSCLC [5]. Cytoplasmic β-catenin, main-
tained at low level through ubiquitin-mediated 

degradation, is a core component of this path-
way. In the absence of activated Wnt signals, 
cytoplasmic β-catenin is rapidly phosphorylat- 
ed by the APC/Axin/GSK-3 complex. Phosph- 
orylated β-catenin then is recognized by specif-
ic E3 ligases, ubiquitinated, and degraded by 
the proteasome system. In addition to ubiquiti-
nation, deubiquitination also plays an impor-
tant role in the regulation of β-catenin. Deu- 
biquitinating enzymes (DUBs) deconjugate ubi- 
quitin from target proteins and negatively re- 
gulate ubiquitination. Recently, several DUBs 
such as USP14 [6], USP9X [7], USP4 [8] and 
USP7 [9] have been implicated in regulation of 
β-catenin by deubiquitination. 

The ubiquitin-specific protease 5 (USP5) is a 
member of DUBs family [10-12]. Recently, accu-
mulating evidence has shown that USP5 func-
tion as an oncoprotein in diverse human can-
cers. For instance, USP5 is overexpressed in 
pancreatic cancer tissues and promotes pan-
creatic cancer cell proliferation [13]. In multiple 
myeloma, USP5 regulates c-Maf stability and 
myeloma cell survival [14]. USP5 promotes 
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tumorigenesis and drug resistance through 
inhibiting p14ARF-p53 signaling pathway in he- 
patocellular carcinoma [15]. However, the pre-
cise role of USP5 in NSCLC and the underlying 
mechanism have not been explored.

In the current study, we investigated the clini- 
cal significance of USP5 in NSCLC and found  
its usefulness as a prognostic marker for the 
first time. Furthermore, we found that USP5 
promoted tumor growth by deubiquitylation of 
β-catenin, inducing of its nuclear translocation. 
Our findings provided a novel insight into the 
tumorigenesis of NSCLC.

Materials and methods

Tissue specimens

The fresh NSCLC tissues and their correspond-
ing normal lung tissues were collected from  
56 patients between July 12 2017 and January 
24 2018 at the First Affiliated Hospital of 
Jiaxing University. All patients provided written 
informed consent before enrollment and the 
Ethic Committee of the First Affiliated Hospital 
of Jiaxing University approved the study proto-
col. A tissue microarray (TMA), containing 136 
NSCLC tissues and their corresponding normal 
lung tissues, was purchased from Shanghai 
Xinchao Biotechnology (Shanghai, China). Fo- 
llow-up information was obtained by reviewing 
patient medical records.

To explore of USP5 transcripts in NSCLC micro-
array studies, the Kaplan-Meier Plotter (www.
kmplot.com) was used to generate a Kaplan-
Meier curve for overall survival (OS). Hazard 
Ratio (with 95% confidence interval) and lo- 
grank P value were calculated and presented 
on the graph.

Immunohistochemical staining (IHC) 

Tissue chips were incubated with the anti-USP5 
primary antibody (1:100; Abcam, USA) at 4°C 
overnight. The slides were then incubated with 
HRP-conjugated secondary antibody (1:500; 
Santa Cruz, USA) and visualized by a Dako 
EnVision Detection Kit (Dako, USA). The expres-
sion status of each tissue sample was assessed 
according to the previous report [16].

Plasmid construction

The plasmids for expressing USP5 and its 
active-site mutant (USP5-C335A) were gener-

ated by inserting the cDNA into a pCMV-Flag 
vector. USP5 shRNA and scrambled shRNA 
were purchased from Genepharma, China. The 
catalytic residue mutant (USP5-C335A) were 
generated using PCR mutagenesis by a site-
directed mutagenesis kit (QuikChange kit; 
Stratagene, Agilent, Stockport, UK), The Myc-β-
catenin expression plasmid was generated by 
inserting the cDNA into a pcDNA3.1 plasmid.

Cell culture and transfection

The normal human bronchial epithelial cell line 
BEAS-2B and NSCLC cell lines (H460, A549, 
H1299, H1944, HCC827 and H1650) were pur-
chased from the American Type Culture Col- 
lection (ATCC) and cultured under conditions 
recommended by the ATCC.

Cell proliferation and colony formation assay

Cell proliferation assays were performed by 
CCK-8 assay. Cells (2 × 103/well) were seeded 
into 96-well plates. Then, 10 µl CCK-8 solution 
were added and incubated for an additional 4 
hours. Then, the absorbance at 450 nm was 
measured using a Microplate Absorbance 
Reader (Bio-Rad, USA).

As to colony formation assay, tumor cells (1 × 
103/well) were plated into 6-well plates and 
incubated for 14 days. Cell colonies were fixed 
with 4% formaldehyde for 30 min and later 
stained with 0.1% crystal violet dye for 5 min.

RNA extraction and qRT-PCR

Total RNA was extracted from NSCLC tissues or 
cells using TRIzol reagent (Invitrogen, USA), and 
cDNA was then synthesized with PrimeScript 
RT Reagent Kit (TaKaRa, Japan) according to 
the manufacturer’s protocol. Quantitative RT- 
PCR (qRT-PCR) was conducted with SYBR Green 
(TaKaRa, Japan). The relative mRNA expression 
was calculated after normalization to GAPDH. 
Primers were designed and purchased from 
Sangon Biotech (Shanghai, China).

Immunoprecipitaion and immunoblotting 
analysis

Cells were lysed and the extracts were incubat-
ed with 2 μg corresponding antibodies with 
gentle rotation overnight at 4°C. After blend- 
ed with Protein A/G agarose beads for 4 h,  
the immunocomplexes was resuspended and 
boiled with 2 × sample loading. The protocol of 
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immunoblotting was adapted from our previous 
report [17]. The primary antibodies used were: 
USP5 (1:1000; CST, USA), cyclin D1 (1:1000; 
CST, USA), c-Myc (1:1000, CST, USA), β-catenin 
(1:1000; CST, USA), ubiquitin (1:1000, Abcam, 
USA) and GAPDH (1:1000; CST, USA). 

Ubiquitination and protein stability assay

For ubiquitination assay, cell lysates were im- 
munoprecipitated with β-catenin antibodies, 
and then subjected to immunoblotting analysis 
with ubiquitin antibodies. To detect β-catenin 

protein stability, transfected cells were treat- 
ed with 80 μg/ml cycloheximide (Sigma, USA) 
and harvested at the indicated time points.  
The levels of β-catenin were detected by 
immunoblotting. 

GST pull-down and in vitro ubiquitination assay

The GST-USP5 were expressed in E. coli BL21 
and captured by glutathione-Sepharose 4B (GE 
Healthcare Biosciences) according to the man-
ufacturer’s instructions. To perform direct pro-
tein-binding assay, His-β-catenin was expressed 

Figure 1. USP5 expression in NSCLC tissues and cell lines. (A) By qRT-PCR analysis, the expression of USP5 mRNA 
was up-regulated in 56 clinical NSCLC tissues as compared to the corresponding normal lung tissues (P < 0.001). 
(B) Analysis using the online Kaplan-Meier Plotter (www.kmplot.com) showed that high USP5 mRNA levels are sig-
nificantly associated with shorter overall survival (P < 0.001). USP5 expression in NSCLC cell lines was examined 
by Western blotting (C) and qRT-PCR (D). (E) Representative images of the immunohistochemical staining for USP5 
in NSCLC tissues and normal lung tissues. (F) NSCLC patients with high expression of USP5 protein showed worse 
overall survival compared to that with low expression of USP5 protein. (Data were presented with mean ± SD of 
three independent experiments, *P < 0.05, **P < 0.01).
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in E. coli BL21, purified by Ni-NTA agarose 
(Qiagen, Hilden, Germany), and incubated with 
purified GST or GST-USP5 baits in ice-cold lysis 
buffer. The protein complexes were captured  
by glutathione-Sepharose 4B and analyzed by 
western blot. As to in vitro ubiquitination as- 
say, GST-tagged β-catenin, USP5, and USP5 
(C335A) protein were expressed in E. coli BL21 
and affinity-purified with glutathione-Sepha-
rose 4B (GE Healthcare Biosciences), and then 
the GST tag was removed by cleavage with 
PreScission protease (GE Healthcare Biosci- 
ences). β-catenin protein was incubated with  
or without USP5 protein for 0.5 h in a 20 μL 
ubiquitination mixture supplemented with 50 
mmol/L Tris-HCl (pH 8.3), 5 mmol/L MgCl2, 2 
mmol/L DTT, 10 mmol/L phosphocreatinine, 
0.2 units/mL phosphocreatinine kinase, 5 
mmol/L adenosine-5’-triphosphate, 2 μL GST-
ubiquitin, 50 μg/mL ubiquitin aldehyde, and 
MG132 (10 μM). After incubation, the reactants 
were subjected to western blot with anti-β-
catenin antibody.

OS of NSCLC patients. P < 0.05 was considered 
statistically significant.

Results 

USP5 is overexpressed in NSCLC tissues and 
associated with poor prognosis

Initially, we examined the expression of USP5 in 
56 pairs of NSCLC tissues and paired normal 
lung tissues. As shown in Figure 1A, USP5 was 
significantly increased in tumor tissues in com-
parison to normal tissues (P < 0.001). Intere- 
stingly, the web-based Kaplan-Meier Plotter 
analysis tool revealed that NSCLC patients with 
high USP5 transcript levels had worse OS 
(Figure 1B). Then, we measured USP5 expres-
sion level in 6 human NSCLC cell lines (A549, 
H1299, H460, H1944, H1650 and HCC827) 
and cultured human lung epithelial cells (BEAS-
2B). The results showed that USP5 was gener-
ally elevated in NSCLC cell lines relative to that 
in BEAS-2B cells (Figure 1C and 1D).

Table 1. Association between USP5 protein levels and 
clinicopathologic characteristics in NSCLC patients

Characteristics Cases
USP5 expression

P-value
High Low

Tumor 116 85 31 < 0.001
No-tumor 116 42 74
Age (years)
    ≤ 60 39 27 12 0.484
    > 60 77 58 19
Gender
    Male 64 50 14 0.198
    Female 52 35 17
Differentiation
    Well and moderate 76 51 25 0.038
    Poor 40 34 6
Smoking status
    No 42 29 13 0.438
    Yes 74 56 18
N stage
    N0 68 52 16 0.355
    N1~3 48 33 15
Tumor size (cm)
    ≤ 3 73 47 26 0.005
    > 3 43 38 5
TNM stage
    I+II 79 53 26 0.028
    III 37 32 5
The bold represents that a P value < 0.05 and is significant.

Xenograft transplantation

The protocol for the animal experiments 
was approved by the Animal Experiment- 
al Ethics Committee of the First Affiliated 
Hospital of Jiaxing University. Thirty BALB/c 
nude mice (4 weeks old, male) were main-
tained under specific pathogen-free con- 
ditions and randomly divided into six 
groups (five mice per group). Approxima- 
tely 1 × 106 cells from stable transfected 
lines H1299/shUSP5 and H1299/shNC 
were suspended into 100 μl PBS and in- 
jected subcutaneously into the hind lim- 
bs of nude mice. After 35 days, the mice 
were sacrificed, and the tumor grafts  
were excised, weighted and examined by 
immunohistochemistry.

Statistical analysis

All experiments were repeated in triplicate, 
and all data were presented as the mean ± 
stand deviation (SD). All statistical analy-
ses were performed using the SPSS 25.0 
software. The significances of differences 
between two groups were analyzed by 
Student’s t test. The chi-square test was 
used to evaluate the relationship between 
the expression level of USP5 and clinico-
pathogical features. Kaplan-Meier cures 
and logrank test were used to analyze the 



USP5 promotes tumorigenesis in NSCLC by stabilization of β-catenin

2288 Am J Cancer Res 2018;8(11):2284-2295

Figure 2. USP5 promotes NSCLC cells growth in vitro. A, B. USP5 protein levels in H1299 and A549 cells transfected 
with USP5 shRNA or USP5 expression plasmid were determined by western blot and qRT-PCR analysis. C, D. The 
effect of USP5 knockdown and overexpression on the proliferation of H1299 and A549 cells was assessed by CCK8 
assay respectively. E, F. Knockdown of USP5 impaired the formation of colonies, while overexpression of USP5 
promoted the formation of colonies. (Data were presented with mean ± SD of three independent experiments, *P < 
0.05, **P < 0.01).
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To gain more insights into USP5 expression 
within lung cancer, we performed immunohisto-
chemistry (IHC) staining of NSCLC tissue micro-
arrays. High expression of USP5 protein was 
detected in 85/116 NSCLC samples and 
42/116 normal tissues (P < 0.001) (Figure 1E). 
Correlation regression analysis revealed that 
high expression of USP5 protein was signifi-
cantly associated with large primary tumor size 
(P = 0.005), poor differentiation (P = 0.038) 

and advanced TNM stage (P = 0.028) (Table 1). 
NSCLC patients with high USP5 had a worse OS 
compared with patients showing low expres-
sion (Figure 1F). Thus USP5 was likely to be 
involved in the tumorigenesis of NSCLC.

USP5 promotes NSCLC cells growth in vitro

We confirmed that the level of USP5 was 
increased in A549 cells via transfection with 

Figure 3. USP5 regulated the expression of β-catenin by controlling 
its protein stability. (A) Overexpression of USP5 in A549 cells elevated 
the protein level of β-catenin, and knockdown of USP5 in H1299 cells 
decrease the protein level of β-catenin. (B) However, USP5 did not af-
fect the expression of β-catenin mRNA. After treated with MG132 (10 
μM), the endogenous association of USP5 and β-catenin was detect-
ed by immunoprecipitation with indicated antibodies (C). Knockdown 
of USP5 promoted the ubiquitination and proteasomal degradation of 
β-catenin (D). Knockdown of USP5 in A549 cells significantly acceler-
ated the degradation of β-catenin (E, F). 
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USP5 overexpression plasmids, while reduced 
in H1299 cells via transfection with USP5 
shRNA plasmids (Figure 2A and 2B). The CCK-8 
assay showed that overexpression of USP5  
in A549 cells dramatically increased the pro- 
liferation (Figure 2C), whereas knockdown of 
USP5 in H1299 cells significantly impaired the 
proliferation (Figure 2D). Plate clone formation 
assay revealed that A549/USP5 cells formed 
more colonies than that of A549/Vector cells 
(Figure 2E). Opposite results by USP5 loss-of-
function assay showed that H1299/sh-USP5 
cells formed fewer colonies than that of H1299/
sh-NC control cells (Figure 3F). These results 
suggested that USP5 promoted NSCLC cell 
growth in vitro

USP5 enhances the stability of β-catenin via 
deubiqutination

The canonical Wnt/β-catenin signaling pathway 
is essential for tumorigenesis of lung cancer. 
The key component of this pathway, β-catenin, 
is regulated by the ubiquitin-proteasome sys-
tem. Previous studies reported that DUBs 
USP14, USP9X, USP4 and USP7 could control 
the stability of β-catenin by deubiqutination. 
Thus, we hypothesized that USP5 might regu-
late the stability of β-catenin via deubiquitina-

ably decreased the ubiquitination of β-catenin 
(Figure 3D). 

To investigate the effect of USP5 on β-catenin 
protein stability, H1299-shRNA cells and H12- 
99-shNC cells were treatment with 80 µg/ml 
cycloheximide to block protein synthesis, and 
the cells were harvested at the indicated time 
points. The protein level of β-catenin decreased 
overtime in cychoheximide-treated cells, and 
the cellular degradation of β-catenin was dra-
matically faster in H1299-shRNA cells (Figure 
3E and 3F). These findings suggested that 
USP5 deubiquitinated β-catenin and prevent- 
ed ubiquitination mediated β-catenin degrada-
tion in NSCLC cells.

We then evaluated whether USP5 overexpres-
sion promoted β-catenin deubiquitination. As 
shown in Figure 4A, co-transfection of wild ty- 
pe USP5 and β-catenin significantly promoted 
β-catenin deubiquitination. A lot of studies had 
proved that C335 is the key catalytic residue  
of USP5 [18-23]. In our study, the ubiquitina- 
tion of β-catenin were virtually unaffected by 
C335A USP5 (Figure 4A), suggesting that USP5 
enzyme activity is critical for its function.

Based on the in vivo results, we then conduct-
ed in vitro experiments using purified USP5  

Figure 4. USP5 can interact with β-catenin and deubiquitinate ubiquitinated-
β-catenin. A. Overexpression of wild type (WT) USP5 inhibited the ubiquitina-
tion and proteasomal degradation of β-catenin. B. Bacterially expressed GST 
fusion USP5 protein bound to glutathione-Sepharose beads and incubated 
with recombinant His-β-catenin. Bound His-β-catenin was detected by west-
ern blot. C. USP5 directly deubiquitinates β-catenin in vitro. Recombinant 
β-catenin was incubated with or without recombinant USP5 and GST-ubiqui-
tin in the in vitro ubiquitination mixture as described in materials and meth-
ods. After the ubiquitination reaction, the samples were analyzed by western 
blot with anti-β-catenin antibody.

tion in NSCLC. To this end, we 
first evaluated whether USP5 
could regulate β-catenin ex- 
pression. We observed that 
overexpression of USP5 ele-
vated the protein level of 
β-catenin, while knockdown 
of USP5 decreased the pro-
tein level of β-catenin (Figure 
3A). However, the results of 
qRT-PCR showed that neith- 
er USP5 overexpression nor 
knockdown affected β-caten- 
in mRNA levels (Figure 3B). 
Additionally, reciprocal immu-
noprecipitation analyses sh- 
owed that USP5 could bind to 
β-catenin (Figure 3C). To 
examine the effect of USP5 
silencing on the ubiquitination  
of β-catenin, H1299-shRNA 
and H1299-shNC cells were 
treated with M132 for 4 h. 
The results showed that 
knockdown of USP5 notice-
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Figure 5. USP5 induces the nuclear translocation of 
β-catenin. Overexpression of USP5 in A549 cells el-
evated the level of total β-catenin, nuclear β-catenin, 
cyclin D1 and c-Myc, and knockdown of USP5 in 
H1299 cells decreased the levels of total β-catenin, 
nuclear β-catenin, cyclin D1 and c-Myc.

and β-catenin proteins to demonstrate that  
the two proteins are able to bind to each oth- 
er directly and that USP5 can deubiquitinate 
ubiquitinated-β-catenin. In the GST pull-down 
assay, GST-USP5, but not GST, interacted with 
β-catenin (Figure 4B). In the in vitro ubiquitina-
tion assay, USP5 mediated deubiquitination of 
β-catenin was observed only with all of the 
reaction components and depended on the 
C335 of USP5 (Figure 4C). Taken together, 
USP5 promotes deubiquitination of β-catenin 
in vivo, as well as in vitro, and that β-catenin is 
a direct substrate for USP5.

Furthermore, we observed that USP5 increased 
the level of total β-catenin, nuclear β-catenin, 
c-Myc and cyclin D1 (Figure 5). These data sug-
gested that USP5 enhanced the nuclear trans-
duction of β-catenin, subsequently activated 
the Wnt-target-gene cyclin D1 and c-Myc.

The function of USP5 is mediated by β-catenin 
in NSCLC cells

Given the fact that USP5 promoted the in vitro 
proliferation of NSCLC cells, and that USP5 can 
deubiquitinate ubiquitinated-β-catenin, it is 
assumed that β-catenin mediated the func- 
tion of USP5. Indeed, co-transfection of USP5 
and si-β-catenin in A549 cells significantly de- 
creased the level of β-catenin compared with 
the control group (Figure 6A). Meanwhile, co-

transfection of USP5 and si-β-catenin also 
decreased the proliferation (Figure 6B) and 
colony formation (Figure 6C) of A549 cells  
compared with the control group. These results 
were also confirmed in H1299 cells. Re-ex- 
pressing β-catenin in H1299/shUSP5 cells pro-
moted the protein level of β-catenin (Figure 6D) 
as well as the cell proliferation (Figure 6E) and 
colony formation (Figure 6F) ability. These data 
indicated that β-catenin indeed mediates the 
function of USP5 in NSCLC cells.

USP5 enhances NSCLC cells growth in vitro

In order to confirm the effect of USP5 on tumor-
igenesis in vivo, H1299/sh-USP5 cells and 
H1299/sh-NC cells were subcutaneously in- 
jected into mice. As presented in Figure 7A,  
we observed that tumors derived from H1299 
shRNA cells grew significantly slower than 
those derived from control cells. The average 
tumor weight derived from H1299/sh-USP5 
cells was remarkably lighter than the control 
group (Figure 7B). In addition, the expression of 
USP5, β-catenin, Ki-67, cyclin D1 and c-Myc in 
tumors was examined by IHC staining (Figure 
7C). The tumors derived from H1299/sh-USP5 
cells showed significantly lower expression of 
USP5, β-catenin, Ki-67, cyclin D1 and c-Myc 
compared to that of tumors derived from 
H1299/sh-NC cells (Figure 7D). Thus, USP5 
had capability to promote tumor growth in vivo.

Discussion

NSCLC remains one of the most lethal cancers 
worldwide. NSCLC patients have high malignan-
cy and poor prognosis, especially those with 
advanced stage. Thus, there is an urgent need 
to identify new diagnostic and prognostic mark-
er for this disease. 

USP5 has been reported to be involved in 
tumorgenesis in various types of human can-
cers, including pancreatic cancer, liver can- 
cer and multiple myeloma [13, 15, 24, 25]. 
However, the relationship between USP5 and 
NSCLC remains largely unknown. In this con-
text, we found that USP5 is significantly upregu-
lated in NSCLC tumor tissues compared to nor-
mal tissues, and high expression of USP5 is 
significantly associated with adverse clinico-
pathological characteristics and poor progno-
sis. Hence, we can postulate that USP5 also 
plays a critical role in tumorigenesis in NSCLC. 
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Figure 6. The function of USP5 is mediated by β-catenin. A. USP5 expressing plasmid was co-transfected with si-NC or si-β-catenin into A549 cells. Then, the pro-
tein levels of β-catenin and USP5 were evaluated by western blot. B. The proliferation ability of A549/vector, A549/USP5+si-NC and A549/USP5+β-catenin cells 
were evaluated by CCK8 assay. C. The colony formation ability of A549/vector, A549/USP5+si-NC and A549/USP5+β-catenin cells were evaluated. D. β-catenin 
expressing plasmid or the empty vector was transfected into H1299/sh-USP5 cells and the protein levels of β-catenin and USP5 were detected by western blot. 
E. The proliferation ability of H1299/sh-NC, H1299/sh-USP5+vector and H1299/sh-USP5+β-catenin cells were evaluated by CCK8 assay. F. The colony formation 
ability of H1299/sh-NC, H1299/sh-USP5+vector and H1299/sh-USP5+β-catenin cells were evaluated. (Data were presented with mean ± SD of three independent 
experiments, *P < 0.05, **P < 0.01).
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To explore the functions of USP5 in NSCLC, 
USP5 was overexpressed or knocked down in 
the gain/low-of-function analysis. Consistent 
with its role in other kinds of cancers, USP5 
promotes cell proliferation, colony formation in 
vitro and tumor growth in vivo. These results 
demonstrate that USP5 function as a tumor 
promoter in NSCLC cells. Overexpression of 
USP5 augments its simulative role on cell pro- 
liferation, leading to unrestricted cell growth 
and tumorigenesis in NSCLC.

The canonical Wnt/β-catenin signaling path- 
way has been demonstrated to be involved in 

various kinds of human cancers including 
NSCLC. The key component of this signaling, 
β-catenin, is overexpressed in many cancer 
such as gastric cancer [26], liver cancer [27] 
and lung cancer [28]. Nuclear translocation of 
β-catenin activates the Wnt-target-genes, such 
as c-Myc and cyclin D1, leading to incontrolla-
ble cancer proliferation. In the context, we iden-
tified USP5 as a regulator of β-catenin protein 
stability by deubiquitylation assay in vitro and 
in vivo. Knockdown of USP5 enhanced ubiquiti-
nation mediated β-catenin degradation, while 
USP5 overexpression promoted β-catenin deu-
biquitination. Subsequently, USP5 induced ac- 

Figure 7. Knockdown of USP5 impaired the tumorigenesis of NSCLC cells in vivo. H1299-shUSP5 and H1299-shNC 
cells were injected subcutaneously into the hind limbs of nude mice. A. After 5 weeks, the tumor nodules were re-
moved and photographed. B. Average weight of tumors in nude mice. C, D. Immunohistochemical analysis of USP5, 
b-catenin, c-Myc, cyclin D1 and Ki-67 in tumor nodules and comparison of expression was shown below. (Data were 
presented with mean ± SD of three independent experiments, *P < 0.05, **P < 0.01).
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cumulation of nuclear β-catenin and upreuglat-
ed the levels of Wnt-target genes cyclin D1 and 
c-Myc, prompting NSCLC cell growth.

Taken together, these findings suggest that 
USP5 can promote cell growth of NSCLC cells 
by stabilizing β-catenin by deubiquitination, 
may play an essential role in NSCLC progres-
sion. Thus, USP5 has potential prognostic value 
as a tumor biomarker and may be a promising 
therapeutic target for NSCLC.
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