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Abstract

Ubiquitin-specific protease 22 (USP22), a
novel ubiquitin hydrolase, has been implicated
in oncogenesis and cancer progression in var-
ious types of human cancer. However, the clin-
ical significance of USP22 expression in non-
small cell lung cancer (NSCLC) has not been
determined. In the present study, USP22 mes-
senger RNA (mRNA) and protein levels were
analyzed by quantitative real-time polymerase
chain reaction (PCR) and western blot analy-
sis in 30 cases of NSCLC and in corresponding
non-tumor tissue samples. Furthermore,
immunohistochemistry was performed to
detect USP22 protein expression in 86 primary
tumor tissues derived from clinically annotat-
ed NSCLC cases at stage I-II. In our analysis we
found that both USP22 mRNA and protein lev-
els in NSCLC tissues were significantly higher
than those in corresponding non-tumor tis-
sues and that there was a significant correla-
tion between the expression of USP22 mRNA
and protein (P=0.000, κ=0.732). In addition, a
high-level of USP22 expression was observed
in 53.3% (39 out of 86) cases and it was corre-
lated with large tumor size (P=0.029) and
lymph node metastasis (P=0.026). Patients
with tumors displaying a high-level of USP22
expression showed significantly shorter sur-
vival (P=0.006, log-rank test). Importantly,
multivariate analysis showed that high USP22
protein expression was an independent prog-
nostic factor for NSCLC patients (P=0.003). In
sum, our data suggest that USP22 plays an
important role in NSCLC progression at the
early stage, and that overexpression of USP22
in tumor tissues could be used as a potential
prognostic marker for patients with early clin-
ical stage of NSCLC.

Introduction

Lung cancer is the most frequently diag-
nosed cancer and the leading cause of cancer-
related mortality worldwide, accounting for an
estimated 1.6 million new cases and 1.4 mil-
lion deaths in 2008.1 Non-small cell lung can-
cer (NSCLC) comprises approximately 80-85%
of all lung cancers, with squamous cell carci-
noma (SCC) and adenocarcinoma (AC) repre-
senting the majority of them.2 Currently, com-
plete surgical resection remains the optimal
treatment option for early-stage NSCLC, but
even in stage I, approximately one third of
patients will relapse after the initial surgery
and die of metastatic recurrence within five
years.3,4 According to many randomized clinical
trials, adjuvant chemotherapy is now consid-
ered the unequivocal standard treatment for
resected early-stage NSCLC patients, with an
estimated 4-15% survival advantage at 5
years.5-9 This survival advantage clearly indi-
cates that only a proportion of patients benefit
from adjuvant chemotherapy, while others may
receive potentially toxic chemotherapy unnec-
essarily. Thus, it is imperative to identify novel
prognostic biomarkers that can precisely pre-
dict survival in patients with early-stage
NSCLC. Such advances would be helpful to
stratify patients with resected NSCLC and
select high-risk patients who should receive
aggressive adjuvant chemotherapy.

Ubiquitin-specific protease 22 (USP22) is a
novel ubiquitin hydrolase that catalyzes the
deubiquitination of both histones H2A and
H2B, thereby acting as a co-activator. USP22
was initially identified by Glinsky et al. in a
microarray-based study comparing gene
expression profiles in metastatic lesions and
primary tumors of prostate cancer.10

Subsequent sequence analysis revealed that
USP22 is a dedicated subunit of the human
Spt-Ada-Gcn5 acetyltransferase (SAGA) co-
activator complex and that it functions as an
activator for nuclear receptor-mediated trans-
activation.11 Furthermore, USP22 has been
shown to regulate proliferation and oncogenic
transformation through the modulation of the
transcription factors BMI, c-myc, p38 mitogen-
activated protein kinase (MAPK) and others.12-

15 USP22 is moderately expressed in a variety
of normal human tissues, such as heart and
skeletal muscle, but weakly expressed in lung
and liver.16 Recently, overexpression of USP22
has been reported in several epithelial cancer
types and demonstrated to be associated with
poor survival.17-20 Zhang and colleagues have
demonstrated that ectopic overexpression of
USP22 promotes cell proliferation and that
suppression of USP22 expression by small
hairpin RNA induces cell cycle arrest in human
lung cancer cells.21 To our knowledge, however,

no reports have been published on the rela-
tionship between USP22 expression and clini-
copathological features and prognosis of lung
cancer patients.

In the present study, we detected and com-
pared USP22 expression in primary cancer tis-
sues and adjacent normal tissues derived from
early-stage NSCLC patients. Furthermore, we
also sought to determine whether there is a
correlation between USP22 expression and
clinicopathological parameters of NSCLC
patients and their survival.

Materials and Methods

Patients and tissue specimens
Between January 2006 and December 2006, a

total of 86 primary lung cancer samples and 30
matched normal lung tissues were collected
from early-stage NSCLC patients who under-
went complete resection at the Department of
Thoracic Surgery in the Third Affiliated Hospital
of Harbin Medical University (Harbin, China).
None of these patients received preoperative
chemotherapy or radiotherapy, and all of them
were treated with routine chemotherapy after
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the operation. The study population consisted of
57 men and 29 women (mean age: 58.8 years;
age range: 38-80 years). The histological type
and grade of cell differentiation were evaluated
using hematoxylin-eosin stained sections
according to the criteria of the World Health
Organization (WHO).22 Pathological staging
was determined by the latest tumor-node-
metastasis (TNM) classification system.23

Detailed information about demography, clini-
cal manifestation and histopathology was col-
lected retrospectively for all patients. Follow-up
lasted until December 2011, with a median fol-
low-up period of 51.9 months for living patients
(range: 26-67 months). Informed consent was
obtained from all patients prior to the surgical
operations. This study was reviewed and
approved by the Ethics Committee of Harbin
Medical University (Harbin, China). Surgically
excised tumors and matched non-cancerous tis-
sues used for quantitative real-time polymerase
chain reaction (PCR) and Western blot analysis
were immediately immersed in liquid nitrogen
and stored at -80°C until needed.

RNA isolation, complementary
DNA synthesis and quantitative
real-time polymerase chain reaction

Total RNA was isolated from frozen tissue
samples using the RNA simple total-RNA kit
(Tiangen Biotech, Beijing, China) according to
the manufacturer’s instructions. Reverse tran-
scription was performed with 1�g of total RNA
from each sample using the TIANScript RT kit
(Tiangen Biotech). Quantitative real-time RT-
PCR was carried out using SYBR Green
(Tiangen Biotech) on an Exicycler™ 96 real-
time quantitative thermal block (Bioneer
Corporation, Daejeon, Republic of South
Korea). The PCR primer sequences were
designed according to the human USP22 and
b-actin gene sequences reported in GenBank
and were chemically synthesized as follows: 
- USP22: forward, 5’-ATATATCTCGAGTTATG-

GTGTCCCGGCCAGAGC-3’ and reverse, 5’-
TGTGTGGAATTCTCGTATTCCAGGAACT-
GTTTG-3’;

- bactin: forward, 5’-ACGTTGACATCCGTAAA-
GAC-3’ and reverse, 5’-GAAGGTGGACAGT-
GAGGC-3’. 
A melting curve was generated at the end of

every run to ensure product uniformity. b-actin
served as the constitutive control. PCR reac-
tions of each sample were conducted in tripli-
cate. Data were analyzed through the compar-
ative threshold cycle (CT) method.24 The rela-
tive USP22 mRNA expression was calculated
by the 2–ΔC

T method (ΔCT=CT of USP22 - CT of b-
actin). The fold change of USP22 expression in
each tissue was defined as the ratio of relative
USP22 mRNA expression in tumor tissue to
that in corresponding normal tissues.

Immunohistochemical staining
Formalin-fixed and paraffin-embedded spec-

imens were cut into 5µm thick sections and
mounted on glass slides. After dewaxing in
xylene and rehydrating stepwise in ethanol,
the sections were subjected to heat-induced
antigen retrieval. Subsequently, endogenous
peroxidase activity and non-specific protein
binding were blocked with 3% hydrogen perox-
ide and 10% normal goat serum, respectively.
The sections were then incubated at 4°C
overnight with a rabbit anti-USP22 polyclonal
antibody (dilution 1:50; Abcam plc.,
Cambridge, MA, USA). After being thoroughly
washed with 0.01 mol/L phosphate-buffered
saline (PBS) solution, the corresponding sec-
ondary antibody was applied and incubated at
room temperature for 30 min. Immunolabeled
sections were visualized by using 3,3’-
diaminobenzidine (DAB), then counterstained
with hematoxylin, dehydrated, and mounted.
Sections were stained in parallel without pri-
mary antibody to provide a negative control.

Evaluation of immunohistochemical
staining

Two pathologists independently evaluated
all the sections in a blind manner. In the occa-
sional case of discrepancy, the sections were
re-evaluated until consensus was obtained.
The scoring approach used in the assessment
of immunostaining was in accordance with a
relatively simple and reproducible protocol.
Scores representing the percentage of tumor
cells stained positive were as follows: 0, 0%; 1,
1%~10%; 2, 11%~50%; and 3, >50%. Intensity
was estimated in comparison to the control
and scored as follows: 0, negative staining; 1,
weak staining; 2, moderate staining; and 3,
strong staining. The sum of the intensity and
extent score was used as the final staining
score. According to the final scores, the tumor
tissues were then divided into two groups:
low-level USP22 expression (with a score ≤2)
and high-level USP22 expression (with a
score ≥3).

Western blot analysis
Total proteins were isolated from frozen

lung cancer tissues using radioimmunoprecip-
itation assay buffer (Beyotime Institute of
Biotechnology, Haimen, China), and protein
concentrations were quantified using the
Bradford method. Equal amounts of protein
lysates were resolved on sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-
PAGE) gel, electrotransferred to polyvinylidene
fluoride (PVDF) membranes (Millipore,
Bedford, MA, USA), and blocked with 5%
skimmed milk at room temperature for 2 h.
Membranes were immunoblotted overnight at
4°C with anti-USP22 polyclonal antibody (dilu-

tion 1:1000; Abcam plc.) or anti-b-actin (dilu-
tion 1:5000; Sigma-Aldrich, St. Louis, MO,
USA), followed by their respective horseradish
peroxidase-conjugated secondary antibodies.
After extensive washing, the band detection
was revealed by an ECL plus chemilumines-
cence kit (Millipore). b-actin was used as an
internal reference for relative quantification.
Densitometric analysis of the immunoblots
was done using the Gel pro 3.0 software.

Statistical analysis
The χ2-test was used for comparison

between categorical variables and Student’s t-
test for parametric continuous variables. The
Kappa test was used to assess the coincidence
of USP22 mRNA and protein expression in
NSCLC tissues. Survival curves were plotted by
the Kaplan-Meier method and compared using
the log-rank test. Survival data were evaluated
using univariate and multivariate Cox regres-
sion analysis. All statistical analyses were per-
formed using SPSS version 16.0 (SPSS Inc.,
Chicago, IL, USA) for Microsoft Windows.
Probability values less than 0.05 were consid-
ered to be statistically significant.

Results

Ubiquitin-specific protease 22 
is frequently overexpressed 
in primary non-small cell lung 
cancer tissues

We first quantitatively examined the expres-
sion of USP22 mRNA levels in 30 pairs of pri-
mary NSCLC tissues and their corresponding
non-tumor samples by using quantitative real-
time PCR. Our results showed that 14 out of 30
patients (46.7%) showed a higher expression
level of USP22 mRNA in NSCLC specimens
than in non-cancerous tissue specimens (at
least 2-fold change). In addition, the relative
expression of USP22 mRNA in the NSCLC
specimens was significantly higher than that
in the corresponding normal tissues
(0.000207±0.000292 vs 0.000301±0.000428,
P=0.043, paired Student’s t-test; Figure 1 A).

To investigate whether the difference in
USP22 expression between tumor and non-
neoplastic samples also occurs at the protein-
expression level, we detected the expression of
USP22 protein in the 30 paired samples by
Western blot analysis. As expected, changes in
26 paired tissues (26/30, 86.7%) observed by
Western blot analysis were in accordance with
the findings in the quantitative real-time RT-
PCR study, including up-regulated in 12 tumor
tissues and down-regulated in 14 non-cancer-
ous tissues. Representative blots are shown in
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Figure 1 B. The Kappa test revealed a signifi-
cant correlation between the expression of
USP22 mRNA and protein (P=0.000, �=0.732;
Table 1). Taken together, not only do these
observations indicate that overexpression of
USP22 plays an important role in the develop-
ment of lung cancer, but they also suggest that
USP22 gene expression may cause the differ-
ing levels of USP22 protein expression in
NSCLC specimens.

Correlation of ubiquitin-specific
protease 22 expression with clini-
copathological parameters

To further investigate whether USP22 pro-
tein up-regulation is linked to the clinico-
pathological parameters of NSCLC patients, 86
paraffin-embedded, archived NSCLC tissues
were examined by immunohistochemical
staining with an antibody against human
USP22. As shown in Figure 2, the immunos-
taining of USP22 was mostly found in the cyto-
plasm of tumor cells in NSCLC tissues. In addi-
tion, USP22 staining was observed in primary
NSCLC tissues, and the intensity of staining
varied from tumor to tumor and/or from one
area to another within the same tumor.
According to the USP22 immunoreactive
intensity, 47 (54.7%) patients were classified
as low USP22 group and 39 (45.3%) patients
were classified as high USP22 group. We then
evaluated the association between USP22
expression and the clinicopathological data of
the patients. As summarized in Table 2, we
observed that the expression of USP22 protein
was significantly associated with large tumor
size (P=0.029) and lymph node metastasis
(P=0.026). Nevertheless, there were no signif-
icant correlation between USP22 protein

Original Paper

Table 1. Coincidence of ubiquitin-specific protease 22 messenger RNA and protein
expression in non-small cell lung cancer tissues.

USP22 mRNA P value �κ
High Low or unchanged

USP22 protein High 12 2 0.000 0.732
Low or unchanged 2 14

USP22, ubiquitin-specific protease 22; mRNA, messenger RNA.

Table 2. Association between ubiquitin-specific protease 22 expression and various clin-
icopathological factors of patients with non-small cell lung cancer.

Variables Categories Cases USP22 protein expression P value
(n=86) Low (n=47) High (n=39)

Age <60 44 27 (61.4%) 17 (38.6%) NS
≥60 42 20 (47.6%) 22 (52.4%)

Gender Male 57 31 (54.4%) 26 (45.6%) NS
Female 29 16 (55.2%) 13 (44.8%)

Smoking history Non-smoker 29 15 (51.7%) 14 (48.3%) NS
Smoker 57 32 (56.1%) 25 (43.9%)

Histological type Scc 31 18 (58.1%) 13 (41.9%) NS
Ac 49 25 (51.0%) 24 (49.0%)
Others 6 4 (66.7%) 2 (33.3%)

Tumor differentiation Well 6 1 (16.7%) 5 (83.3%) NS
Moderate 47 24 (51.1%) 23 (48.9%)
Poor 33 22 (66.7%) 11 (33.3%)

TNM stage I 55 32 (58.2%) 23 (41.8%) NS
II 31 15 (48.4%) 16 (51.6%)

Tumor size ≤3 cm 42 28 (66.7%) 14 (33.3%) 0.029
>3 cm 44 19 (43.2%) 25 (56.8%)

Lymph node metastasis Absent 57 36 (63.2%) 21 (36.8%) 0.026
Present 29 11 (37.9%) 18 (62.1%)

USP22, ubiquitin-specific protease 22; NS, not significant; SCC, squamous cell carcinomas; AC, adenocarcinomas; TNM, tumor-nodes-
metastasis.

Figure 1. USP22 mRNA and protein expression primary lung
cancer and paired adjacent normal tissues examined by quantita-
tive real-time PCR (A) and western blot analysis (B), respectively.
In (A) data were normalized to expression of b-actin. Bars repre-
sent the means of USP22 relative expression in cancer tissues and
normal tissues. In (B) representative blots of three independent
experiments are shown, and the protein size is expressed in kDa.
In both (A) and (B) T represents tumor specimens, while N repre-
sents non-tumor specimens.
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expression and other clinicopathological fac-
tors including age, gender, smoking history,
histological type, tumor differentiation and
TNM stage.

Association of ubiquitin-specific
protease 22 expression with prog-
nosis of patients with non-small
cell lung cancer

After surgery, all patients were followed-up
for overall survival, and the mean duration of
the follow-up period for 35 survivors was 51.9
months (range: 26-67 months). The Kaplan-

Meier method was used to further analyze the
association of USP22 expression with progno-
sis of NSCLC patients. We found that the sur-
vival of patients with high USP22 protein
expression was significantly shorter than that
of patients with low USP22 protein expression
(P=0.006; Figure 3).

To evaluate the possibility of USP22 used as
an independent risk factor for poor prognosis,
conventional clinicopathological factors and
USP22 protein levels were assessed by Cox’s
univariate and multivariate hazard regression
model (Table 3). Univariate analysis indicated
that histological type, tumor differentiation,

TNM stage, tumor size, and USP22 protein
expression were significantly associated with
overall survival of NSCLC patients (P=0.001,
0.014, 0.007, 0.011 and 0.008, respectively). By
multivariate analysis, we showed that histolog-
ical type, tumor differentiation, tumor size,
and USP22 protein expression were independ-
ent prognostic factors for overall survival of
NSCLC patients (P=0.000, 0.013, 0.016 and
0.003, respectively).

Discussion

In the present study, we reported for the first
time that the relative level of USP22 mRNA
expression in primary NSCLC tissues is signif-
icantly higher than that in corresponding non-
tumor lung tissues. High-level USP22 protein
expression was also observed in 39 out of 86
early-stage NSCLC patients, suggesting that
elevated expression of USP22 may contribute
to the development and progression of NSCLC.
By analyzing the correlation between clinico-
pathological factors of patients and USP22 pro-
tein expression, we showed that high level of
USP22 protein was significantly associated
with large tumor size and lymph node metasta-
sis, but not with other factors of early-stage
NSCLC patients, including age, gender, smok-
ing history, histological type, tumor differenti-
ation and TNM stage. Furthermore, statistical
analysis also indicated that patients with high-
er USP22 expression had a shorter overall sur-
vival time, whereas patients with lower USP22

Original Paper

Figure 2. Immunohistochemical staining of USP22 protein in
NSCLC tissue samples. Tissue sections were immunohistochemi-
cally stained with an anti-USP22 antibody and scored as 0 (A), 1+
(B), 2+ (C) and 3+ (D). Positive USP22 immunostaining was
mainly localized in the cytoplasm of tumor cells. Scale bars=50
µm. Original magnifications=400×.

Table 3. Univariate and multivariate analysis of prognostic factors in 86 patients with
non-small cell lung cancer.

Variables Categories Univariate analysis Multivariate analysis
HR (95%CI) P value HR (95% CI) P value

Age <60/≥60 1.02 (0.98-1.06) 0.333 1.00 (0.97-1.04) 0.874
Gender Male/female 1.11 (0.63-1.98) 0.716 0.95 (0.45-2.01) 0.891
Smoking history Non-smoker/smoker 1.04 (0.58-1.84) 0.904 1.39 (0.68-2.83) 0.370
Histological type SCC/AC/others 2.21 (1.42-3.44) 0.001 2.81 (1.62-4.85) 0.000
Tumor differentiation Well/moderate/poor 1.84 (1.13-2.98) 0.014 2.10 (1.17-3.75) 0.013
TNM stage I/II 2.15 (1.24-3.73) 0.007 1.16 (0.61-2.20) 0.644
Tumor size ≤3 cm/>3 cm 2.07 (1.18-3.62) 0.011 2.41 (1.18-4.93) 0.016
Lymph node metastasis Absent/present 1.03 (0.58-1.83) 0.920 1.18 (0.61-2.28) 0.628
USP22 protein expression Low/high 2.16 (1.23-3.80) 0.008 2.91 (1.42-5.97) 0.003

HR, hazard ratio; CI, confidence interval; SCC, squamous cell carcinomas; AC, adenocarcinomas; TNM, tumor-nodes-metastasis;
USP22, ubiquitin-specific protease 22.

Figure 3. Kaplan-Meier analysis of overall survival rate of NSCLC
patients with high USP22 expression (n=39) and low USP22
expression (n=47), respectively. The overall survival rate between
the two groups showed significantly different (P=0.006, log-rank
test).
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expression had a better survival. Taken togeth-
er, our results suggest that overexpression of
USP22 is associated with poorer prognosis and
is an independent prognostic factor for sur-
vival in patients with early-stage NSCLC.

Several previous reports have documented
that USP22 is frequently overexpressed in sev-
eral epithelial cancer types, such as colorectal
cancer,17,18 breast cancer19 and gastric cancer.20

These observations suggest that USP22 may
have important implications in carcinogene-
sis. To the best of our knowledge, however, the
expression of USP22 in NSCLC tissues and its
correlation to clinicopathological features have
not yet been determined. To address these
issues, we first detected its mRNA and protein
levels in 30 paired NSCLC tissues by quantita-
tive real-time PCR and western blot analysis,
respectively. Furthermore, we assessed the
USP22 protein in 86 NSCLC tumor specimens
by immunohistochemistry and analyzed its
correlation to clinicopathological features. The
results showed that both USP22 mRNA and
protein levels were significantly higher in
tumor tissues than in corresponding non-
tumor tissues, which are reminiscent of previ-
ous reports in other malignancies.17-20 Our
findings also suggest that up-regulation of
USP22 may be an important event in the devel-
opment and progression of NSCLC. In addition,
USP22 positively correlates with large tumor
size and lymph node metastasis in these
NSCLC patients. These findings agree with the
fact that a number of studies have indicated a
possible link between USP22 expression and
malignant behavior of cancer cells. For exam-
ple, Liu et al. have demonstrated that USP22
acts as an oncogene in colorectal cancer by the
activation of the BMI-1-mediated INK4a/ARF
pathway and the Akt pathway.15 In addition, it
is also reported that aberrant expression of
USP22 is associated with liver metastasis in
colorectal cancer.18 Our results may also sup-
port this notion as we showed that overexpres-
sion of USP22 occurred in 45% of the NSCLC
tissues, and USP22 protein expression was
significantly correlated with large tumor size
and lymph node metastasis of NSCLC patients.
Our data suggest that USP22 is up-regulated in
NSCLC tissues and positively participates in
NSCLC progression.

In this study, univariate and multivariate
analyses indicated that USP22 expression was
recognized as an independent prognostic fac-
tor for the outcome of patients with early-stage
NSCLC. Not only do our findings suggest a
potentially promising use of USP22 as a valu-
able prognostic indicator, but they also imply a
possible link between the biological function of
USP22 and the pathogenesis of NSCLC. This
could lead to the development of a novel anti-
lung cancer strategy. Nevertheless, further
studies are needed to elucidate the molecular

mechanisms by which USP22 participates in
the development and progression of lung can-
cer and to address whether USP22 could be
used as a target for novel therapeutic
approaches.

Nevertheless, this study has several limita-
tions. First, the relatively small number of ana-
lyzed patients may reduce the power to detect
statistical associations and significantly
affects survival analyses. Second, beyond
cause of mortality, data on cancer recurrences
were not available in these cohorts. Third, all
patients did not receive the same chemothera-
py regimen both in term of schedule and in
term of associated drug. Thus, our findings
need to be further confirmed in a large number
of patients with a uniform treatment protocol.

In conclusion, the data from the current
study have demonstrated that USP22 is over-
expressed in NSCLC and correlated with large
tumor size and lymph node metastasis as well
as unfavorable prognosis of NSCLC patients
with early clinical stage. Our study revealed
that overexpression of USP22 is a potential
prognostic predictor in early-stage NSCLC
patients and may provide a valuable tool in
selecting patients for adjuvant treatment.
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