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Abstract. Ubiquitin‑specific protease 10 (USP10) is involved 
in a number of biological processes by stabilizing several 
proteins, which have been implicated in multiple stages of 
tumorigenesis and progression. Previous studies have indi-
cated that USP10 stabilizes and deubiquitinates MutS homolog 
2 (MSH2) in in  vitro and in vivo models. The level of MSH2 
protein has been positively correlated with that of the USP10 
protein in a panel of lung cancer cell lines. Furthermore, 
depletion of USP10 in lung cancer cells causes decreased 
apoptosis and increased cell survival upon treatment with 
DNA‑damaging agents. However, the expression and clinical 
implication of USP10 protein in lung cancer tissues is not 
clear. Additionally, whether the level of MSH2 protein is posi-
tively correlated with that of the USP10 protein in lung cancer 
tissues also remains unresolved. Therefore, USP10 protein 
expression was detected in 148 human non‑small cell lung 
cancer (NSCLC) and 139 non‑cancerous lung tissues using 
immunohistochemistry, whereas mRNA was investigated by 
Gene Expression Omnibus dataset and The Cancer Genome 
Atlas database analyses. It was identified that USP10 protein 
expression was significantly downregulated in NSCLC tissues 
compared with in normal lung tissues (P<0.05). However, no 
significant difference in USP10 mRNA expression between 
the two tissues was identified. In addition, a positive correla-
tion was observed between the USP10 and MSH2 proteins in 
NSCLC tissues (P<0.05). However, the clinicopathological 
features and survival analysis indicated that the USP10 and 
MSH2 proteins were not associated with clinical features, 

including age, sex, tumor size, Tumor‑Node‑Metastasis stage 
and tumor cell differentiation, along with the prognosis of 
NSCLC. Collectively, these results suggest that downregula-
tion of USP10 protein serves an important function in the 
tumorigenesis of NSCLC, and the level of USP10 protein is 
positively correlated with that of MSH2 protein in NSCLC 
tissues, which may indicate that USP10 also stabilizes the 
MSH2 protein in patients with lung cancer.

Introduction

The ubiquitination pathway is an important way to regulate 
protein levels in eukaryotic cells and serves an important func-
tion in the post‑translational modification of proteins (1,2). It 
is well‑documented that the ubiquitination of a number of 
proteins can be reversed by deubiquitinases (DUBs), thereby 
affecting cell viability, signal transduction, and a number of 
physiological and pathological processes (3). In total, ~100 
DUBs of five associated classes have been identified in the 
human genome (4). The human ubiquitin‑specific protease 10 
(USP10), also known as UBPO and located on chromosome 
16q24.1, belongs to the DUB family (5). An increasing number 
of studies into the USP10 protein and its tumor‑associated 
molecular mechanism have been performed. It has been 
identified that USP10 is associated with the deubiquitination 
of certain proteins, including tumor protein p53, T‑box protein 
21, proliferating‑cell nuclear antigen (PCNA), Beclin1, sirtuin 
6 (SIRT6) and inhibitor of nuclear factor κB kinase subunit γ 
proteins (6‑10), thus participating in cell proliferation, differ-
entiation and autophagy.

It has been identified that USP10 protein expression was 
significantly decreased in human gastric cancer tissues and 
cell lines compared with that in the normal gastric mucosa and 
immortalized epithelial cell lines, which indicated that USP10 
is a tumor suppressor gene involved in the tumorigenesis 
of gastric cancer (11). Furthermore, USP10 protein expres-
sion was negatively associated with the depth of invasion, 
lymph node metastasis and Tumor‑Node‑Metastasis (TNM) 
staging (12) of gastric carcinoma. Survival analysis demon-
strated that USP10 may serve as a novel prognostic indicator 
predicting the outcome of gastric carcinoma (11). It has been 
reported that knockdown of USP10 in lung cancer cells causes 
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increased cell survival and decreased apoptosis upon treat-
ment with a DNA‑methylating and antimetabolite agent (13). 
Thereafter, the aforementioned phenotypes may be rescued 
by ectopic expression of MutS homolog 2 (MSH2). A recent 
study demonstrated that 50% (9/18) of patients with non‑small 
cell lung cancer (NSCLC) exhibited decreased expression of 
USP10 in tumor tissues compared with that in the respective 
adjacent normal lung tissues (14). However, the clinical sample 
size was not large and the functional role of USP10 in NSCLC 
remains unresolved. Therefore, it is necessary to use a large 
cohort of patients with NSCLC to validate whether USP10 
serves critical functions in the tumorigenesis and progression 
of NSCLC.

MSH2, a crucial element of the highly conserved DNA 
mismatch repair system, maintains genetic integrity by 
correcting DNA replication errors (15). The function of MSH2 
is to recognize DNA mismatches and then assist in recruiting 
DNA repair proteins to the mismatched site. A previous study 
indicated that MSH2 is a promising marker of the benefit 
of adjuvant cisplatin‑based chemotherapy for NSCLC (16). 
Inhibition of protein kinase B activity and MSH2 expression 
increased the tamoxifen‑mediated cytotoxicity in lung cancer 
A549 and H1703 cells (17). A previous study indicated that 
USP10 interacts with MSH2, and the major region of MSH2 
responsible for the interaction with USP10 is located in the 
N‑terminal region, whereas for USP10, the major region is a 
C‑terminal hydrolase domain, which interacts with MSH2 (13). 
Further study indicated that USP10‑mediated deubiquitina-
tion of MSH2 may partially account for MSH2 stability. 
Furthermore, the researchers identified that the protein level 
of MSH2 is positively associated with the USP10 protein level 
in a panel of lung cancer cell lines (17). However, whether the 
protein level of MSH2 is positively correlated with the USP10 
protein level in lung cancer tissue samples also requires 
clarification. Therefore, the aim of the present study was to 
investigate the potential correlation between the USP10 and 
MSH2 proteins in NSCLC tissues. In addition, USP10 expres-
sion levels in NSCLC and normal tissues were investigated to 
determine whether USP10 is associated with tumorigenesis 
and progression of NSCLC. Furthermore, the association 
between USP10 or MSH2 expression and clinicopathological 
features as well as prognosis was also evaluated in patients 
with NSCLC.

Materials and methods

Tissue sample and data collection. A total of 148 patients 
with NSCLC (101 men and 47 women; age range, 40‑76 years; 
mean age, 60.0±8.2 years) were included in the present study. 
All cases were identified through chest surgery and the 
Pathology Department (Remin Hospital of Wuhan University, 
Wuhan, China), as well as through cancer registries at Renmin 
Hospital of Wuhan University, between August 2013 and 
September 2014. Following provision of written informed 
consent, demographic and clinicopathological data (including 
age, sex, tumor size, tumor differentiation and TNM stage) 
were collected at the Renmin Hospital of Wuhan University, 
using a standard interviewer‑administered questionnaire 
and/or medical records. In the present study, the TNM stage 
was confirmed according to the Union for International Cancer 

Control (UICC) classification (8th edition) (12). A total of 
148 formalin‑fixed paraffin‑embedded NSCLC tumor tissues 
(54 cases of squamous cell carcinoma, 82 cases of adeno-
carcinoma, 4 cases of adenosquamous carcinoma, 3 cases of 
sarcomatoid carcinoma and 5 cases of large cell carcinoma) 
and 139 non‑cancerous tissues (45 cases of bronchial epithe-
lium and 94 cases of alveolar epithelium) were selected. The 
tissue microarrays were prepared by Wuhan Iwill Biological 
Technology Co., Ltd. (Wuhan, China).

For the survival analysis, a total of 56  patients, who 
received the same surgical therapy excluding preoperative 
chemotherapy or radiotherapy, were followed up. There were 
26 cases of squamous cell carcinoma, 27 cases of adenocarci-
noma, 2 cases of adenosquamous carcinoma and 1 case of large 
cell carcinoma. The last follow‑up day was set for March 2018, 
and the survival status was confirmed by means of clinical 
records and patient or family contact. The duration of overall 
survival was defined as extending from the date of surgical 
treatment to the date of mortality or last known date alive. 
The present study was approved by the Ethics Committee of 
Renmin Hospital of Wuhan University.

Immunohistochemistry (IHC). IHC staining was performed on 
formalin‑fixed paraffin‑embedded sections (4 µm) according 
to a standard protocol. Briefly, sections were deparaffinized 
with xylene twice for 10  min and rehydrated with 100% 
ethanol twice for 5 min, 95% ethanol twice for 2 min and 85% 
ethanol for 2 min, then washed in deionized H2O for 1 min 
at room temperature with stirring. Subsequently, sections 
were treated with 3% H2O2 at room temperature for 10 min 
and subjected to antigen retrieval by citrate buffer (pH 6.0) at 
98˚C for 15 min. Following blocking with 5% bovine serum 
albumin for 20 min at room temperature, the sections were 
incubated at 4˚C overnight with anti‑USP10 (1:250; cat. 
no.  ab109219; Abcam, Cambridge, UK) and anti‑MSH2, 
(cat. no.  ZA‑0622; ready‑to‑use; OriGene Technologies, 
Inc., Beijing, China) primary antibodies. The sections were 
incubated with biotinylated antibodies and horseradish perox-
idase‑labeled streptavidin [Ready‑to‑use; UltraSensitiveTM SP 
(Mouse/Rabbit) IHC kit‑9710; Fuzhou Maixin Biotech Co., 
Ltd., China] for 15 min each at room temperature. The reac-
tion products were visualized with 3,3'‑diaminobenzidine as 
a chromogen followed by counterstaining with hematoxylin 
at room temperature for 1 min. The sections without primary 
antibody served as a negative control (18).

Evaluation of IHC staining. The IHC staining results of USP10 
and MSH2 in all sections were evaluated by two pathologists 
(Dr Zhi Zeng and Dr Yabing Huang, Department of Pathology, 
Renmin Hospital of Wuhan University) unaware of the disease 
outcome. Expression levels were ascertained according to the 
average score of the two observers' evaluations. If the differ-
ence of score was ≥2, the final score was determined by a third 
pathologist (Dr Jingping Yuan; Department of Pathology, 
Renmin Hospital of Wuhan University). USP10 in the tumor 
cells was mainly located in the cytoplasm and was present at 
a different staining intensity; therefore, the USP10 expression 
information in the tumor cells, scored by staining intensity 
was analyzed according to a four‑tier grading system (scored 
as 0, absent; 1, weak; 2, moderate; and 3, strong staining 
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intensity), as in a previous study  (11). The MSH2 protein 
was located in the cell nucleus, therefore the percentages of 
nucleus‑stain‑positive cells were analyzed in the tumor tissues 
as the IHC score, and were divided into four groups according 
to the percentage of positive cells: 0 group, <10%; 1+ group, 
10‑25%; 2+ group, 26‑50%; and 3+ group, >50%. For the 
analysis, USP10 and MSH2 expression levels were divided 
into two groups: Negative group (score, ≤1 or 1+) and positive 
group (score, >1 or 1+).

Analysis of publicly available data. Datasets of patients with 
lung cancer and corresponding clinical data were downloaded 
from the publicly available Gene Expression Omnibus (GEO) 
datasets (www.ncbi.nlm.nih.gov/gds). The data were retrieved 
from different GEO Series (GSE) and GEO Platform (GPL) 
datasets. A total of nine independent datasets from GSE 
(GSE36471, GSE44077, GSE32867, GSE31210, GSE46539, 
GSE67061, GSE33479, GSE19804 and GSE43458) were used 
to analyze the expression level of USP10 mRNA in lung cancer. 
The log2 intensity of different probes was first transformed 
into original data used to represent the expression level of 
USP10, and the y‑axis of the figures of different GSE datasets 
represents the unlogged data of the gene expression intensity. 
P<0.05 was considered to indicate a statistically significant 
difference, as presented in Table I. Furthermore, UALCAN 
(ualcan.path.uab.edu), an interactive web portal for performing 
in‑depth analyses of The Cancer Genome Atlas (TCGA) gene 
expression data, was utilized to mine USP10 mRNA expression 
between NSCLC and normal lung tissues. Kaplan‑Meier plots 
presenting the association of USP10/MSH2 mRNA expression 
and patient survival were also obtained from TCGA database.

Statistical analysis. All experimental data were analyzed 
using SPSS statistical software (version 15.0; SPSS, Inc., 
Chicago, IL, USA). χ2 and Fisher's exact tests were used to 
analyze the statistical significance of the association between 
USP10 expression and the clinicopathological features. 
Student's t‑test was used to compare patients' age or tumor 
diameter between two groups. The correlation between USP10 
and MSH2 expression was analyzed using Spearman's rank 
correlation analysis. For the survival analysis, survival curves 

were obtained with the Kaplan‑Meier method and compared 
using the log‑rank test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Expression of USP10 protein between NSCLC tissues and 
non‑cancerous lung tissues. A total of 148 human NSCLC 
tissue samples were analyzed, including 54 cases of squa-
mous cell carcinoma, 82 cases of adenocarcinoma, 4 cases of 
adenosquamous carcinoma, 3 cases of sarcomatoid carcinoma 
and 5 cases of large cell carcinoma, and a corresponding 139 
non‑cancerous lung tissues containing 45 cases of bronchial 
epithelium and 94  cases of alveolar epithelium were also 
analyzed. Representative IHC staining for USP10 protein 
expression in different types of the aforementioned tissues are 
presented in Fig. 1A‑H. The positive rate of USP10 protein 
in different tissues, including bronchial epithelium, alveolar 
epithelium, squamous cell carcinoma, adenocarcinoma, 
adenosquamous carcinoma, sarcomatoid carcinoma and 
large cell carcinoma was 97.78, 95.74, 35.18, 45.76, 0, 66.67 
and 80%, respectively (Fig. 1I). USP10 protein expression 
was significantly decreased in the NSCLC tumor tissues, 
including lung squamous cell carcinoma (P<0.001), lung 
adenocarcinoma (P<0.001) and adenosquamous carcinoma 
(P<0.001), compared with USP10 expression in normal lung 
tissues (Fig. 1I).

Expression of USP10 mRNA between NSCLC tissues and 
non‑cancerous lung tissues. USP10 mRNA expression was 
investigated using bioinformatics analysis of the GEO datasets 
and TCGA database. A total of nine independent GSE datasets 
was selected (Fig. 2A‑I). In total, six of the GSE datasets indi-
cated that there was no significant difference in USP10 mRNA 
expression between NSCLC and normal lung tissues. Of the 
GSE datasets, two indicated significantly increased expression 
of USP10 in NSCLC tissues (P<0.05; Fig. 2B and Fig. 2D), and 
one indicated significantly decreased expression in NSCLC 
tissues (P<0.05; Fig. 2F); however, the increase or decrease 
was <1.5‑fold in these three GSE datasets. The different 
probes and GPL used for the corresponding GSE are presented 

Table I. USP10 mRNA expression in normal compared with cancer tissues of different Gene Expression Omnibus datasets from 
different gene expression platforms.

GSE	 Normal cases	 Cancer cases	 P‑value	 GPL	 Probe

36471	 29	 89	 0.581	 3720	 SNP A‑1828377
44077	 65	 57	 4.43x10‑7	 6244	 7997633
32867	 86	 86	 0.66	 8490	 cg00200063
31210	 20	 226	 0.001	 570	 209136_s_at
46539	 92	 92	 0.41	 6883	 ILMN_1721116
67061	 8	 69	 0.0028	 6480	 A_23_P100196
33479	 13	 14	 0.082	 6480	 A_23_P100196
19804	 60	 59	 0.5	 570	 209136_s_at
43458	 30	 80	 0.7	 6244	 7997633

USP10, ubiquitin‑specific protease 10; GSE, Gene Expression Omnibus Series; GPL, Gene Expression Omnibus Platform.
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in Table I. Furthermore, the P‑values and scatter plots between 
normal and NSCLC groups and the total cases in each group 
are presented in Table I and Fig. 2A‑I, respectively. There was 
no significant difference in USP10 mRNA expression between 
the lung squamous cell carcinoma or adenocarcinoma NSCLC 
subtypes and normal lung tissues from TCGA database 
(Fig. 2J and K). Collectively, bioinformatics analysis did not 
reveal a significant difference in USP10 mRNA expression 
between NSCLC tissues and normal lung tissues.

Correlation between USP10 and MSH2 protein expression. 
From the IHC staining of NSCLC cells, positive expression 
of USP10 was observed primarily in the cytoplasm, whereas 

the MSH2 protein was present primarily in the nucleus. 
Representative IHC staining specimens for different scores of 
USP10 or MSH2 protein expression are presented in Fig. 3, 
of which IHC staining specimens in Fig. 3A and E, B and F, 
C and G, D and H, I and M, J and N, K and O, and L and P were 
in the same field from the same slice. As presented in Fig. 4, 
the expression of MSH2 was positively correlated with the 
expression of USP10 (r=0.25, P=0.004). The positive expres-
sion rate of MSH2 in NSCLC was 61.90, 76.32, 93.33 and 
100% with a USP10 protein score of 0, 1 2 and 3, respectively, 
whereas the positive expression rate of USP10 in NSCLC was 
0, 8.67, 50.00 and 49.02% with an MSH2 protein score of 0, 1+, 
2+ to 3+ (Fig. 4A and B). Similarly, further systematic analysis 

Figure 1. Positive expression of USP10 protein in representative normal and NSCLC tissues: (A) Bronchial epithelium, (B) alveolar epithelium (C) squa-
mous cell carcinoma, (D) adenocarcinoma, (E) adenosquamous carcinoma, (F) sarcomatoid carcinoma, (G) large cell carcinoma and (H) negative control. 
3,3'‑Diaminobenzidene staining (brown), nuclear counterstaining (hematoxylin). Original magnification, x100. (I) Positive rate of USP10 protein between 
normal and lung cancer tissues. Statistical analysis was performed by χ2 test. **P<0.01. NSCLC, non‑small cell lung cancer; USP10, ubiquitin‑specific 
protease 10.
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of the association between USP10 and MSH2 revealed the 
same trend in squamous cell carcinoma and adenocarcinoma, 
respectively (Fig. 4C‑F). In lung adenocarcinoma, the positive 
expression rate of MSH2 was 41.67, 68.00, 92.86 and 100% 
with a USP10 protein score of 0, 1, 2 and 3, whereas the positive 
expression rate of USP10 was 0, 7.14, 61.11 and 77.42% with 
an MSH2 protein score of 0, 1+, 2+ and 3+ (Fig. 4C and D). In 
lung squamous cell carcinoma, the positive expression rate of 
MSH2 was 73.91, 100.00, 90.91 and 100.00% with a USP10 
protein score of 0, 1, 2 and 3, whereas the positive expression 
rate of USP10 was 0, 20.00, 21.05 and 50.00% with an MSH2 
protein score of 0, 1+, 2+ and 3+ (Fig. 4E and F).

Association of the USP10 or MSH2 proteins in tumor cells 
with clinicopathological features of NSCLC. The association 
between USP10 protein cytoplasmic staining in tumor cells 
and the traditional clinicopathological features for the 148 

NSCLC samples was analyzed further, as presented in 
Table II. There was no significant association of USP10 protein 
expression with the clinicopathological features, including 
age, sex, tumor size, TNM stage and tumor cell differentia-
tion (P>0.05; Table II). Previous studies indicated that MSH2 
was positively associated with the expression of USP10 (13); 
thus, the association between MSH2 protein nuclear staining 
in tumor cells and the traditional clinicopathological features 
for the 148 NSCLC samples was statistically analyzed further 
(Table II). Additionally, there was no significant association 
of MSH2 protein expression with the clinicopathological 
features, including age, sex, tumor size, TNM stage and tumor 
cell differentiation (P>0.05; Table II).

Correlation between USP10 or MSH2 protein expression 
and survival of patients with NSCLC. The prognostic value 
of USP10 or MSH2 protein for NSCLC in 56 patients was 

Figure 2. USP10 mRNA expression in normal and NSCLC tissues of (A) GSE36471, (B) GSE44077, (C) GSE32867, (D) GSE31210, (E) GSE46539, (F) 
GSE67061, (G) GSE33479, (H) GSE19804 and (I) GSE43458 datasets from the GEO database. Relative expression of USP10 between normal lung tissue 
and (J) lung squamous cell carcinoma or (K) lung adenocarcinoma from The Cancer Genome Atlas database. NSCLC, non‑small cell lung cancer; USP10, 
ubiquitin‑specific protease 10; GEO, Gene Expression Omnibus; GSE, GEO Series.
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assessed using a postoperative follow‑up. Kaplan‑Meier 
analysis and log‑rank testing revealed no significant 
difference between the USP10 or MSH2 protein negative 
expression group and the positive expression group (P>0.05; 
Fig. 5A and B). Furthermore, survival analysis from TCGA 
database also indicated that USP10 and MSH2 mRNA expres-
sion was not associated with survival of patients with lung 
squamous cell carcinoma and adenocarcinoma (Fig. 5C‑F). 
Therefore, the survival analysis indicated that expression 
of USP10 and MSH2 may not serve as a biomarker for the 
tumor progression of NSCLC.

Discussion

Lung cancer is a common malignant disease and the leading 
cause of cancer‑associated mortality globally (19). NSCLC is 
the primary type of lung cancer, accounting for between 80 and 
85% of cases (20), and is the leading cause of mortality caused 
by lung cancer encompassing lung adenocarcinomas, squa-
mous cell lung carcinomas, large cell carcinomas, sarcomatoid 
carcinoma and adenosquamous carcinoma  (21). Surgical 
treatment is generally considered curative for early‑stage 

NSCLC, however, most patients present with advanced stages 
at diagnosis (22). Furthermore, the 5‑year survival rate is only 
16%, and patients have a high incidence of recurrence (23). 
Therefore, it is important to identify novel biomarkers for the 
early stages of NSCLC.

USP10 is involved in a number of biological processes 
by stabilizing several proteins  (6,7) that serve direct or 
indirect functions in tumorigenesis and in the progression 
of several tumors. Yuan et al (3) reported that USP10, as a 
novel regulator of p53, provides an alternative mechanism of 
p53 inhibition in cancer. A number of studies also suggested 
increased USP10 expression in certain types of breast 
cancer  (24) and glioblastoma (25). Lin et al  (9) identified 
that the protein expression levels of two interacting proteins 
(USP10 and SIRT6) were downregulated in human colon 
cancer, which also indicated that gene‑dysregulated USP10 
function promotes tumorigenesis through SIRT6 degradation. 
Yang et al (8) reported that PCNA stability was regulated by 
USP10 and promoted cell viability by upregulating melanoma 
antigen family D1 in esophageal tumor tissues. A previous 
study indicated that a positive USP10 immunoreaction may 
be useful in distinguishing adrenal cortical tumors from 

Figure 3. Immunohistochemical staining of USP10 and MSH2 proteins in representative lung squamous cell carcinoma and lung adenocarcinoma tissue speci-
mens. (A‑D) The expression of USP10 in representative tumor cells of lung squamous cell carcinoma. (A) Score=3. (B) Score=2. (C) Score=1. (D) Score=0. 
(E‑H) The expression of MSH2 in representative tumor cells of lung squamous cell carcinoma. (E) Score=3+. (F) Score=2+. (G) Score=1+. (H) Score=0. 
(I‑L) The expression of USP10 in representative tumor cells of lung adenocarcinoma. (I) Score=3. (J) Score=2. (K) Score=1. (L) Score=0. (M‑P) The expression 
of MSH2 in representative tumor cells of lung adenocarcinoma (M) Score=3+. (N) Score=2+. (O) Score=1+. (P) Score=0. 3,3'‑Diaminobenzidine staining 
(brown); nuclear counterstaining (hematoxylin). Original magnification, x100. Score ≤1 or 1+ was defined as negative expression of USP10 or MSH2, score >1 
or 1+ was defined as positive expression of USP10 or MSH2. MSH2, MutS homolog 2; USP10, ubiquitin‑specific protease 10.
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pheochromocytomas (18). It was further demonstrated that 
USP10 could be used as an independent prognostic predictor 
for patients with gastric carcinoma (11). However, there is 
limited information about the functions of USP10 in human 
patients with NSCLC. Therefore, the aim of the present study 
was to clarify whether USP10 is involved in the tumorigenesis 
and progression of NSCLC.

The majority of lung squamous cell carcinoma originates 
from the bronchial epithelium, whereas type II alveolar cells 
and Clara cells are regarded as the possible origin of lung 
adenocarcinoma (26‑28). Therefore, bronchial epithelium and 
alveolar epithelium samples were used in the present study as 
well‑directed normal lung tissue controls.

In 2004, the World Health Organization published a 
new classification of lung tumors, of which the incidence of 
the four main types of lung cancer are as follows: 31.5% for 

lung adenocarcinoma, 29.4% for lung squamous carcinoma, 
17.8% for small cell lung cancer, and 9.2% for large‑cell lung 
cancer (29). Therefore, the clinical NSCLC samples enrolled in 
the present study were predominantly from lung adenocarci-
noma and lung squamous cell carcinoma, and only these types 
of NSCLC sample were analyzed to determine the significant 
differences between NSCLC and non‑cancerous lung tissues. 
In the IHC staining, USP10 was localized primarily to the 
cytoplasm in NSCLC tissues as well as in gastric carcinoma 
tissues (11). In the 148 patients with NSCLC enrolled in the 
present study, the positive rate of USP10 was 35.18 and 45.76% 
in squamous cell carcinoma and adenocarcinoma, respec-
tively. By contrast, USP10 was highly expressed in bronchial 
epithelium and alveolar epithelium, with a positive rate of 
97.78 and 95.74% (P<0.01), indicating that the expression of 
USP10 protein is significantly downregulated in the majority 

Figure 4. Correlation between USP10 and MSH2 protein expression in (A and B) lung cancer, (C and D) lung adenocarcinoma and (E and F) lung squamous cell 
carcinoma tissues. The x‑axis represents the score of USP10 or MSH2, and the y‑axis represents the corresponding positive rate of MSH2 or USP10. MSH2, 
MutS homolog 2; USP10, ubiquitin‑specific protease 10.
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of NSCLC tumor tissues compared with non‑cancerous lung 
tissues. This result was consistent with that of a recent study 
performed by Cao et al (14), which demonstrated that 50% 
(9/18) of patients have decreased expression of USP10 in 
NSCLC tumor tissue compared with that in the respective 
adjacent normal lung tissue. Several differences between the 
present study and the study of Cao et al (14) must be empha-
sized. First, an IHC assay was utilized in the present study to 
detect the USP10 protein expression, whereas a western blot 
assay was used in the study of Cao et al (14). In the present 
study, the protein expression level could be determined and 
the protein localization was also identified. Secondly, in 
the present study, the clinical sample size was enlarged to 
analyze the USP10 expression in NSCLC tissues. A total of 
148 human NSCLC tissue samples and 139 non‑cancerous 
lung tissues were analyzed in the present study, whereas 
only 18 cases were analyzed in the study of Cao et al (14). 
Finally, the present study emphasized elucidating the critical 
roles of USP10 in NSCLC; however, Cao et al (14) focused 

on the roles of eukaryotic translation initiation factor 4γ 1 
(EIF4G1) in NSCLC, and identified that USP10 could act as 
a negative regulator of EIF4G1. Therefore, combining the two 
investigations, it is more convincing to conclude that USP10 
is downregulated in NSCLC clinical tissue samples and may 
participate in the tumorigenesis of NSCLC.

To explore whether the mRNA level of USP10 is down-
regulated in human NSCLC tissues, the expression of USP10 
mRNA was further analyzed in human normal lung and 
NSCLC tissues using bioinformatics analysis in the GEO 
datasets and TCGA database. A total of nine independent 
GSE datasets with different numbers of clinical samples and 
supplied by different investigators were selected to evaluate 
the difference in USP10 mRNA expression between normal 
lung tissues and NSCLC tissues. Different GPLs and the 
corresponding probe substrates were selected for the USP10 
gene, which guaranteed the accuracy of the comprehensive 
results. Generally, the result of bioinformatics analysis in the 
GEO datasets and TCGA database revealed no significant 

Table II. Correlation between USP10/MSH2 expression and clinicopathological features of NSCLC.

	 USP10 protein expression	 MSH2 protein expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Clinicopathological feature	 Negative, n	 Positive, n (%)	 P‑valuea	 Negative, n	 Positive, n (%)	 P‑valuea

Sex						    
  Male	 58	 43 (42.57)	 0.81	 13	 77 (85.56)	 0.085
  Female	 26	 21 (44.68)		  12	 33 (73.33)	
T stage						    
  T1	 31	 29 (48.33)	 0.601	 9	 43 (82.69)	 0.553
  T2	 35	 23 (39.66)		  15	 39 (72.22)	
  T3	 9	 4 (30.77)		  2	 9 (81.82)	
  T4	 9	 8 (47.06)		  3	 15 (83.33)	
N stage						    
  N0	 58	 45 (43.69)	 0.868	 17	 79 (82.29)	 0.974
  N1/N2/N3	 26	 19 (42.22)		  7	 32 (82.05)	
M stage						    
  M0	 82	 64 (43.84)	 ‑	 29	 103 (78.03)	 ‑
  M1/M2/M3	 2	 0 (0)		  0	 3 (100)	
TNM						    
  I	 47	 35 (42.68)	 0.394	 14	 62 (81.58)	 0.186
  II	 13	 15 (53.57)		  3	 18 (85.71)	
  III/IV	 24	 14 (36.84)		  12	 26 (68.42)	
Differentiationb	 					   
  Well	 18	 13 (41.94)	 0.739	 8	 19 (70.37)	 0.287
  Moderate	 35	 30 (46.15)		  11	 48 (81.36)	
  Poor	 24	 15 (46.15)		  5	 31 (86.11)	
  Age, years	 59.76±8.34	 60.22±8.04	 0.738c	 58.59±8.2	 59.86±8.06	 0.454c

  Diameter, cm	 4.47±2.03	 4.09±2.32	 0.29c	 4.38±1.93	 4.44±2.35	 0.895c

aχ2 or Fisher's exact test. bFor USP10 protein, there were 31 well‑differentiated cases, 65 cases of moderate differentiation, 39 cases of poor 
differentiation, and 13 other cases among the 148 patients with NSCLC. For MSH2 protein, there were 27 well‑differentiated cases, 59 cases 
of moderate differentiation, 36 cases of poor differentiation, and 13 other cases among 135 cases of patients with NSCLC. cStudent's t‑test. 
MSH2, MutS homolog 2; USP10, ubiquitin‑specific protease 10; NSCLC, non‑small cell lung cancer; TCGA, The Cancer Genome Atlas; 
TNM, Tumor‑Node‑Metastasis.
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difference in USP10 mRNA expression between normal 
lung tissues and NSCLC tissues. However, 3/9 GSE results 
exhibited a significant difference. Nevertheless, the increase 
and decrease were <1.5‑fold in these GSE datasets. Therefore, 
bioinformatics analysis did not identify a significant difference 
in USP10 mRNA expression between normal lung tissues 
and NSCLC tissues, which indicated that the mechanism of 
downregulation of USP10 protein in the NSCLC tissues may 
occur at the post‑transcriptional level, not at the transcriptional 
level. It is speculated that microRNA (miR) is involved in this 
process, as it was reported that miR‑191 may inhibit protein 
levels of USP10 in pancreatic cancer (30). Additionally, it was 
further verified that H19‑derived miR‑675 is targeted at the 

3'‑untranslated region (UTR) of USP10 in C‑kit(+) cardiac 
progenitor cells (31). Thus, the expression of USP10 protein 
will be downregulated if one of the microRNAs targets the 
3'‑UTR of USP10 mRNA, which requires investigation in a 
future study.

Previous research indicated that USP10 stabilizes and 
deubiquitinates MSH2 in vitro and  in vivo  (13). Similarly, 
Lin  et  al  (9) also reported that USP10, as one of the 
SIRT6‑interacting proteins, suppresses SIRT6 ubiquitination to 
protect SIRT6 from proteasomal degradation. Guturi et al (32) 
demonstrated that USP10 functions as a DUB that negatively 
regulates DNA topoisomerase II α ubiquitylation and limits 
its chromatin association in human breast cancer cell lines. 

Figure 5. Kaplan‑Meier survival analysis of USP10 and MSH2 protein and mRNA expression in tumor cells of NSCLC (log‑rank test). (A) Association 
between USP10 protein expression in NSCLC and overall survival (P>0.05). USP10 negative expression (n=27); USP10 positive expression (n=29). 
(B) Association between MSH2 protein expression in NSCLC and overall survival (P>0.05). MSH2 negative expression (n=10), MSH2 positive expression 
(n=46). (C) Association between USP10 mRNA expression in lung squamous cell carcinoma and overall survival, from TCGA database (P>0.05). USP10 
negative expression (n=369); USP10 positive expression (n=125). (D) Association between MSH2 mRNA expression in lung squamous cell carcinoma and 
overall survival, from TCGA database (P>0.05). MSH2 negative expression (n=370); MSH2 positive expression (n=124). (E) Association between USP10 
mRNA expression in lung adenocarcinoma and overall survival, from TCGA database (P>0.05). USP10 negative expression (n=376); USP10 positive expres-
sion (n=126). (F) Association between MSH2 mRNA expression in lung adenocarcinoma and overall survival (P>0.05), from TCGA database. MSH2 negative 
expression (n=375); MSH2 positive expression (n=127). MSH2, MutS homolog 2; USP10, ubiquitin‑specific protease 10; NSCLC, non‑small cell lung cancer; 
TCGA, The Cancer Genome Atlas.
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A positive correlation was previously identified between 
S100A12 and USP10 protein in gastric carcinoma (33). In the 
present study, on the basis of previous research of the under-
lying molecular mechanism of interaction between USP10 and 
MSH2 in NSCLC cell lines (13), human clinical NSCLC tissue 
samples were investigated to clarify the association of these 
two proteins. A cohort of human NSCLC tissue samples was 
assessed to clarify whether there was a positive correlation 
between USP10 and MSH2 by evaluating the positive staining 
of USP10 and MSH2 in human NSCLC tissue samples utilizing 
IHC assays, which was consistent with the previous in vitro 
results (13). This result may indicate that USP10 stabilizes 
MSH2 in lung cancer tissues.

USP10 serves crucial functions in the tumor biological 
process, which is critically involved in the control of cell 
viability, differentiation and apoptosis (3,13). Increased USP10 
expression has been detected in certain breast cancer (24) and 
glioblastoma (25) samples, and USP10 overexpression has been 
identified to be associated with a poor prognosis in patients 
with glioblastoma. However, USP10 has been identified to 
be underexpressed in a number of types of cancer, including 
gastric carcinoma (11). Furthermore, it was also demonstrated 
that the downregulated expression of USP10 indicates a worse 
outcome and decreased survival time in patients with gastric 
carcinoma, which may be used as an independent predictor 
of the prognosis of gastric carcinoma (11). Therefore, whether 
USP10 is irregularly expressed in the development and 
progression of NSCLC was the primary focus of the present 
study. The results of the present study failed to validate the 
clinical outcome and prognostic value of USP10 in the patients 
with NSCLC. No correlation was identified between USP10 
protein expression and clinicopathological features, including 
age, sex, tumor size, TNM stage and tumor cell differentia-
tion, indicating that USP10 may not participate in the tumor 
progression of NSCLC.

Multiple DNA repair pathways have previously been 
confirmed to be associated with tumor prognosis, drug efficacy 
or chemotherapeutic resistance. MSH2 in the mismatch repair 
pathway is associated with DNA repair following platinum 
insult. However, this protein was not identified to be associated 
with clinicopathological features of lung cancer, including 
smoking history, sex, age and TNM stage (34). A previous 
study failed to identify a correlation between MSH2 expres-
sion and prognosis in either lung squamous cell carcinoma 
or adenocarcinoma, which may be attributed to the limited 
number of clinical samples analyzed (34). Consistent with 
this study, the present study also failed to reveal a correlation 
between NSCLC prognostic value and MSH2 protein expres-
sion. Notably, a recent study indicated that MSH2/breast cancer 
early onset 1 (BRCA1) expression may act as a DNA‑repair 
signature predicting survival in patients with early‑stage lung 
cancer (35). The difference from that study is that the patients 
enrolled were all post‑chemotherapy and in early Stage I and 
II. Furthermore, the two proteins were used together to predict 
the outcome, and only high BRCA1 and low MSH2 expression 
significantly predicted an improved overall survival time (35). 
In summary, more data are needed to support the use of MSH2 
to predict NSCLC prognoses.

In conclusion, USP10 protein expression was down-
regulated in clinical NSCLC tissue samples compared with 

non‑cancerous lung tissues, whereas USP10 mRNA exhibited 
no significant difference between normal lung tissues and 
NSCLC tissues. It was identified that USP10 protein expres-
sion was positively correlated with MSH2 in a large cohort of 
clinical NSCLC tissue samples. However, USP10 and MSH2 
were not associated with clinicopathological features of 
NSCLC, including age, sex, tumor size, TNM stage and tumor 
cell differentiation. Furthermore, USP10 and MSH2 mRNA 
and protein expression were not associated with the prognosis 
of NSCLC. Thus, the detection of USP10 may be used as a 
biomarker to distinguish the tumorigenesis of NSCLC.
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