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Introduction: The expression of USP22 has been demonstrated to play a pivotal role in solid
tumors. However, the prognostic value of USP22 still remains unknown.

Materials and methods: A systematic meta-analysis was performed to assess the prognostic
value of USP22 in cancers. A literature collection was conducted from inception to June 8,
2017 by searching PubMed, Cochrane Library, Embase, Ovid and Web of Science databases.
The pooled hazard ratio (HR) and odds ratio (OR) were used to correlate high expression of
USP22 with overall survival (OS) and clinicopathological features.

Results: The results, pooled by 19 studies with 2,876 cases, indicated that high expression of
USP22 predicted poor OS (HR=2.48, 95% CI: 2.11-2.84, p<<0.001) and disease-free survival
(DFS; HR=2.55, 95% CI: 2.05-3.05, p<0.001) of cancer patients. Furthermore, high expres-
sion of USP22 was also significantly associated with advanced clinicopathological parameters,
including tumor stage, tumor differentiation, metastasis, nodal status and tumor size.
Conclusion: Our finding revealed that USP22 might be an indicator of poor prognosis and
advanced clinicopathological features of solid tumors and could be served as a novel biomarker.
Keywords: carcinoma, USP22, prognosis, biomarker, meta-analysis

Introduction
Carcinoma is a group of diseases involving uncontrolled cell growth with complex
mechanism and unfavorable prognosis, spreading and invading other parts of the
body." As one of the most common causes of death in the world, cancers account for
approximately 13% of deaths.? Due to inefficient diagnosis and limited treatment, the
outcome of cancers tends to be poor. Thus, it is very urgent to find better prediction
biomarkers to fulfill the utility and precision of diagnostic tools of carcinoma.
Deubiquitinating enzymes (DUBS), which primarily belong to the cysteine pro-
tease family, regulate several cellular mechanisms including cell cycle progression,
signal transduction, growth and differentiation by catalyzing the deconjugation of
ubiquitin-tagged substrates.>* USP22 is a subunit of DUBs with specific targets of
therapeutic importance.’ As a novel deubiquitinating enzyme, USP22 plays a piv-
otal role in multiple physiological and pathological processes. USP22 can function
as a histone-deubiquitinating component of the transcriptional regulatory histone
acetylation (HAT) complex Spt-Ada-GenS-acetyl-transferase (SAGA).® It removes
ubiquitin efficiently from the core histones such as H2A and H2B in vitro, thereby
alters the transcriptional activation and epigenetic regulation.” Moreover, a conserved
BMI-1-driven 11-gene death-from-cancer signature has been identified as a key
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regulator of “stemness” in cancer stem cells in recent experi-
mental observations.®® Cancer stem cells characterized by the
11-gene signature are associated with metastasis, enabling
anoikis resistance and aberrant cell cycle control.'® USP22
is one of the genes comprising the 11-gene polycomb/cancer
stem cell signature. Besides, USP22 has been reported to
be a key regulator of c-myc and p53.'""'> More importantly,
depletion of USP22 results in a G1 phase cell cycle arrest in
human cancer cells.'

Until now, numerous efforts have focused on the poten-
tial roles of the USP22 in various cancers. A recent study
suggested that USP22 could increase TGF-P expression and
promote the epithelial-mesenchymal transition (EMT)."
In addition, another study demonstrated that silencing USP22
could inhibit proliferation and induce cell cycle arrest in
bladder cancer cells."s Furthermore, USP22 was also reported
with high expression level in different malignancies, such
as breast cancer'® and colorectal cancer.'” Thus, these lines
of evidence strongly suggested that the oncogenic role of
the USP22 might contribute to progression and predict
the prognosis and become an attractive therapeutic target
in cancers.

However, there is no large sample report to investigate
the high expression level of USP22 and prognostic value in
cancers. In this study, we conducted this meta-analysis to
comprehensively illustrate the prognostic role of USP22 in
cancers by systematically reviewing the published evidence.
We also analyzed the correlation between the expression
levels of USP22 and clinicopathological features.

Materials and methods
Search strategy

The current meta-analysis was performed based on the
guidelines of the preferred reporting items for systematic
reviews and meta-analysis.'® A comprehensive electronic
search including PubMed, Cochrane Library, Embase,
Ovid and Web of Science databases was conducted to iden-
tify studies focused on the expression of USP22 in cancer
patients from inception to June 8, 2017. The keywords such
as “ubiquitin-specific protease 22,” “USP22” combined
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with “cancer,” “carcinoma,” “tumor,” “malignancy” and
“neoplasm” were used to conduct our retrieval process. We
also searched the references from all potential articles for any
additional eligible studies. We also sent emails to the corre-
sponding authors for missing data from articles if necessary.
Other sources such as Oncomine and the Cancer Genome

Altas were also searched to complete our study.

Selection criteria

The studies were enrolled in our meta-analysis if they met
the following criteria: 1) studies focused on the relationship
between USP22-positive expression and patients with any
type of carcinoma; 2) overall survival (OS) and disease-free
survival (DFS) were regarded as the end points; 3) definite
testing methods were used to detect the expression level of
USP22; 4) studies provided sufficient data to extract the
odds ratio (OR) or hazard ratio (HR) and the corresponding
95% CI; 5) a cohort design with enough patients (not less
than 40). The studies were excluded when they met the fol-
lowing criteria: 1) reviews, conference abstracts, editorials
or case reports; 2) studies were conducted on nonhumans;
3) studies without sufficient data to calculate the HR or OR
and the corresponding 95% CI; 4) studies with no information
on survival outcomes. The most recent study was enrolled if
multiple studies focused on the same population.

Data extraction

Data were carefully and independently extracted by two authors
(XY and HZ) using a standard form based on the aforementioned
selection criteria. The following information was extracted from
every study: first author, publication year, ethnicity, country,
sample size, age, types of tumor, median follow-up time, sur-
vival condition, testing methods, cutoff value, HR estimation
and corresponding 95% CI, tumor size, TNM stage, tumor
nodal metastasis, histological stage and differentiation degree.
We extracted HR from multivariate analysis if both univariate
and multivariate analyses were provided. Any discrepancies
were resolved by consensus of all authors. We also used soft-
ware Engauge Digitizer 4.1 (https:/markummitchell.github.io/

engauge-digitizer/) to extract data if a Kaplan—-Meier curve was
provided only to describe the outcome of cancer patients.

Quality assessment

The Newcastle—Ottawa Scale recommended by the Cochrane
was used to assess the quality of each study enrolled in our
meta-analysis." A star system based on selection (four stars),
comparability (two stars) and outcome (three stars) was used to
calculate scores. The total score ranged from 0 to 9, and studies
were considered as high quality if they got 6 or more stars.

Statistical analyses

All the statistical analyses were conducted by STATA soft-
ware version 12.0 (StataCorp LP, College Station, TX, USA).
As for the studies focused on the prognostic value of USP22 in
cancer patients, the combined HRs and the corresponding 95%
ClIs were used to evaluate the potential association between
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high expression of USP22 and OS. An HR >1 indicated poor
outcome of patients with high expression of USP22. As for
the pooled analysis of the association between high expression
of USP22 and the clinicopathological parameters, including
age, tumor stage, tumor differentiation, nodal metastasis and
tumor size, the ORs with the corresponding 95% CI were used
to evaluate the effects. Z-test was used to examine the pooled
HRs, and the values with p<<0.05 were considered statisti-
cally significant. Q-statistic test and /7 statistic test were used
to measure the heterogeneity between studies. Fixed-effects
model or random-effects model was performed according to
the results of heterogeneity test. The random-effects model
was used when the heterogeneity was considered statistically
significant. Otherwise, the fixed-effects model was conducted.
To estimate the accuracy when investigating the potential
association between high expression of USP22 and clinical
stage, we conducted a bootstrap resampling procedure to
generate 1,000 resampling test to get a robust result.

Sensitivity analysis and publication bias

By omitting each study one by one, we carried out sensitivity
analysis to assess the influence of every single study on the
overall effect. The potential publication bias was estimated
by the Begg’s funnel plot and Egger’s linear regression, with
visually assessed funnel plots.

Results

Eligible studies and basic characteristics

A flowchart of the processes of identifying and selecting
studies is shown in Figure 1. After a comprehensive study
through the electronic database, a total of 110 studies were
potentially identified for inclusion. By scanning the title and
abstracts, 83 studies were excluded. Then, eight studies were
excluded after full-text reading for the following reasons: four
studies were reviews; two studies were nonhuman studies;
one study could not provide sufficient data to extract HR
and 95% CI and one study provided clinical data without

c
'% Potential articles identified through Additional publications
g PubMed, Cochrane Library, Embase, identified through other sources
= Ovid and Web of Science databases (n=85) (n=25)
s
A A
Records after duplicates exclusion
(n=110)
N
Articles excluded for
Records screened R ) .
_ irrelevant studies
(n=35) (n=8)
A Articles excluded after
Full-text articles full-text reading (n=8):
> evaluated for eligibility » Review (n=4)
= (n=27) Insufficient data to extract
2 HR and 95% CI (n=1)
o Nonhuman studies (n=2)
\ Basic study without
Studies included in the clinical data (n=1)
current meta-analysis
(n=19)
! ' }
Studies for OS Studies for DFS
(n=15) (n=10)

Figure | Flowchart of the study selection process.
Abbreviations: DFS, disease-free survival; HR, hazard ratio; OS, overall survival.
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survival analysis. Ultimately, 19 studies'***~7 were enrolled
in our meta-analysis.

The basic characteristics of the identified articles are
listed in Table 1. The total sample size of all enrolled studies
was 2,876 ranging from 44 to 319. All the studies were prin-
cipally originated from China published from 2010 to 2016.
As for the prognostic value of USP22 in various cancers,
nine studies reported OS, four studies reported DFS and six
studies focused on both OS and DFS. Cancer types of the
patients included gastric carcinoma, esophageal squamous
cell carcinoma, salivary duct carcinoma, colorectal cancer,
lung adenocarcinoma, breast cancer, glioma, hepatocellular
carcinoma, cervical cancer and others listed in Table 1.

Quality assessment of studies

The Newcastle—Ottawa Quality Assessment scale (NOS)
was used to assess the quality of each study enrolled in our
meta-analysis by two authors (YL and JW) independently.
The scores of 19 enrolled studies ranged from 6 to 9, accord-
ing to the evaluation criteria, which were considered as high
quality. The detailed information is listed in Table S1.

Overall analysis

As for the relationship between high expression of USP22
and OS, 15 studies with 2,314 cases were enrolled in the
analysis. A random-effects model was employed to evaluate
the pooled HR, and the corresponding 95% CI for the hetero-
geneity was found between studies (/7=89.2%, p<<0.001). The
results of pooled analysis indicated that high expression of
USP22 significantly predicted a worse OS in cancer patients
(HR=2.48, 95% CI: 2.11-2.84, p<<0.001; Figure 2). As for
the studies evaluating DFS, 10 studies with 1,484 cases
were enrolled in the analysis. The pooled result was calcu-
lated from the random-effects model for the existence of
heterogeneity (/>=91.3%, p<<0.001) and suggested that the
elevated expression of USP22 was associated with poor DFS
(HR=2.55, 95% CI: 2.05-3.05, p<<0.001; Figure 3).

Meta-regression analysis

Because of the significant heterogeneity that existed between
the enrolled studies, we conducted a meta-regression analy-
sis to investigate the potential reason. We found that the
publication years (t=0.42, p=0.684), sample size (t=0.10,
p=0.922), median follow-up time (t=2.02, p=0.074) and
biological system (t=0.56, p=0.586) could only account for
minor heterogeneity for OS analysis. In addition, mean age
(t=2.43, p=0.025) could account for more heterogeneity.
Moreover, the results indicated that publication years

(t=0.79, p=0.475), sample size (t=0.29, p=0.784), median
follow-up time (t=09, p=0.934), mean age (t=0.65, p=0.553)
and biological system (t=0.32, p=0.763) could explain minor
heterogeneity for DFS analysis.

Subgroup analysis

We conducted subgroup analysis based on all possible factors
(age, sample size, publication year, follow-up time and bio-
logical system) for evaluating both OS and DFS. When evalu-
ating OS (as shown in Figure S1), subgroup analysis based
on the age of cancer patients indicated that high expression of
USP22 was significantly associated with much worse OS for
patients older than 55 years (HR=2.48, 95% CI: 2.31-2.65,
p<0.001) compared to the patients younger than 55 years
(HR=1.82, 95% CI: 1.67-1.98, p<<0.001; Figure S1A).
Stratified by sample size, the data indicated a significant
relationship between high expression of USP22 and cancer
patients in the two groups based on sample size<<150 group
(HR=2.53, 95% CI: 2.35-2.73, p<<0.001) and the sample
size=150 group (HR=1.92, 95% CI: 1.78-2.07, p<0.001;
Figure S1B). Subgroup analysis based on the follow-up
time suggested that the overexpression of USP22 predicted
poor OS for both the =60-month group (HR=3.38, 95%
CI: 2.25-4.51, p<0.001) and <60-month group (HR=2.19,
95% CI: 1.86-2.52, p<<0.001; Figure S1D). As for the
studies based on publication year, the results indicated that
high expression of USP22 predicted poor prognosis in stud-
ies published before 2014 (HR=2.55, 95% CI: 2.06-3.04,
»<0.001) and after 2014 (HR=2.41, 95% CI: 1.84-2.97,
p<0.001; Figure S1C). When grouped according to different
systems that the carcinoma affected, patients with carcinomas
of the alimentary system had worse OS (HR=2.46, 95% CI:
2.13-2.79, p<0.001) compared to other systems (HR=2.48,
95% CI: 1.72-3.23, p<<0.001; Figure S1E).

When evaluating DFS (as shown in Figure S2), subgroup
analysis based on the age indicated that high expression of
USP22 was significantly associated with worse DFS for
patients older than 55 years (HR=2.77, 95% CI: 2.57-2.97,
p<0.001) and patients younger than 55 years (HR=2.05, 95%
CI: 1.82-2.28, p<<0.001; Figure S2A). Being grouped accord-
ing to sample size, cancer patients in the sample size <150
group (HR=2.51, 95% CI: 1.95-3.06, p<<0.001) and the sam-
ple size =150 group (HR=2.60, 95% CI: 158-3.63, p<<0.001)
the data in the two groups have similar results (Figure S2B).
When stratified by median follow-up time, significant results
were also found in both the =60-month group (HR=2.98, 95%
CI: 1.554.41, p<0.001) and <60-month group (HR=2.29,
95% CI: 1.79-2.80, p<<0.001; Figure S2D). When grouped
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Piao et al (2013)* - 245(2.17,2.73) 7.69
Yang et al (2011)% -.-i 1.86 (1.48,2.24) 7.40
Hu et al (2015)* —.—:- 2.06 (1.49,2.63) 6.75
1
Yang et al (2014)%* : —— 470 (3.91,5.49) 5388
1
Zhang et al (2011)% —.I— 2.35(1.54,3.16) 5.80
Liang et al (2014)® —:.— 2.53(1.711,3.35) 5.73
Wang et al (2013)% —— : 1.67 (1.17,2.17) 7.00
1
Ning et al (2012)% B 2.91(2.19,3.63) 6.16
Ning et al (2014)' i—o— 3.23(2.57,3.88) 6.40
Tang et al (2015)* —.-:— 2.21(1.52,2.90) 6.28
1
Tang et al (2015) T 2.08 (1.51,2.65) 6.73
1
Zhao et al (2016)* - : 1.39(1.16,1.62) 7.80
Liang et al (2014)%® —.-:- 2.21(1.73,2.69) 7.08
1
Piao et al (2012)% - 2.41(2.13,2.69) 7.68
1
Dai et al (2014)¥ | —— 3.94 (3.08,4.80) 5.60
Overall (/>=89.2%, p=0.000) 2.48 (2.11,2.84) 100
I
H
| |
-5.49 0 5.49
Figure 2 Association between high expression of USP22 and the OS of cancer patients.
Note: Weights are from random-effects analysis.
Abbreviations: HR, hazard ratio; OS, overall survival.
%
Study ID HR (95% CI) weight
1
Li et al (2012)%° —— i 1.53(1.12,1.94) 10.75
1
Piao et al (2013) +0- 2.74 (2.45,3.03) 11.15
1
Liu et al (2010)™ —— E 1.63(1.23,2.03) 10.78
1
Hu et al (2015)% —.—: 1.99 (1.561,2.47) 10.48
1
Wang et al (2015)% 'i—.— 3.45(2.44,4.46) 7.90
1
Yang et al (2014)% H —— 4.70 (3.94,5.46) 9.16
1
1
Zhang et al (2011)* —.—:— 2.07 (1.37,2.77) 9.45
1
Liu et al (2010) —— 1.65(1.17,2.13)  10.47
1
1
Piao et al (2012)% ‘I'.- 2.74 (2.45,3.03) 11.15
Dai et al (2014)* 3.62(2.78,4.46) 8.72
Overall (/>=91.3%, p=0.000) 2.55 (2.05, 3.05) 100

|
-5.46

Figure 3 Association between high expression of USP22 and DFS of cancer patients.

Note: Weights are from random-effects analysis.

Abbreviations: DFS, disease-free survival; HR, hazard ratio.
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according to publication year (Figure S2C) and biological
system (Figure S2D), no obvious changes occurred between
groups. The studies enrolled in our analysis also contained
many cancers and did not focus on any specific carcinoma.
Thus, it is difficult to extend the analysis on different types of
cancer. Still, we have conducted the subgroup analysis based
on cancer types. We found that the overexpression of USP22
predicted worse OS in cancer patients particularly in salivary
cancer (HR=3.14, 95% CI: 1.69-4.59, p=0.001), lung cancer
(HR=2.46, 95% CI: 1.62-3.29, p<<0.001), pancreatic cancer
(HR=2.69, 95% CI: 1.70-3.69, p<<0.001) and hepatocellular
cancer (HR=2.13,95% CI: 1.69-2.57, p<<0.001; Figure S3A).
Moreover, the results also indicated that high expression of
USP22 predicted worse DFS in cancer patients particularly in
salivary cancer (HR=3.09, 95% CI: 2.24-3.93, p<<0.001) and
colorectal cancer (HR=1.64, 95% CI: 1.33-1.95, p<<0.001;
Figure S3B). Furthermore, we conducted subgroup analysis
based on different USP22 cutoffs. Because the detection
methods when evaluating the expression of USP22 were
different, the definition of high expression was also differ-
ent. Thus, we redefined the high USP22 cutoffs as follows:
immunohistochemistry (IHC) staining score =3, positive
staining =10% and immunoreactive score=5. The results
indicated that the overexpression of USP22 predicted worse

OS in cancer patients in both the high USP22 cutoff group
(HR=2.52,95% CI: 2.08-2.96, p<<0.001) and the low USP22
cutoff group (HR=2.34, 95% CI: 1.99-2.68, p<<0.001;
Figure S4A). A similar result was also found when evaluating
the association between the high level of USP22 and the DFS
of cancer patients in the high USP22 cutoff group (HR=2.98,
95% CI: 2.13-3.82, p<<0.001) and the low USP22 cutoff
group (HR=2.02,95% CI: 1.41-2.62, p<<0.001; Figure S4B).
In addition, no obvious publication bias exists because of the
definition of cutoffs.
All the detailed information is summarized in Table 2.

Correlation of high expression of USP22

with clinicopathological features

To evaluate the association between high expression of
USP22 and clinicopathological parameters, 15 studies were
enrolled for the analysis. All the detailed data are summa-
rized in Table 3. A fixed-effects model was used to conduct
the analysis according to the heterogeneity test. The results
indicated that high expression of USP22 was significantly
associated with advanced tumor stage (OR=1.82, 95% CI:
1.54-2.15, p<0.001; Figure 4). We also conducted analysis
assessing the clinicopathological features and expression of
USP22 from tumor differentiation, metastasis, nodal status

Table 2 Overall and subgroup analysis evaluating the relationship between the expression of USP22 and the outcome of breast cancer

patients

Subtype Categories Cohorts HR 95% ClI z p-value I* (%) p-value Effect model

(ON 15 2.48 2.11-2.84 13.16 <0.001 89.2 <0.001 Random-effects

Age* (years) =55 5 248 2.31-2.65 18.67 <0.001 49.1 <0.001 Fixed-effects
<55 9 1.82 1.67—1.98 8.63 <0.001 89.0 <0.001

Sample size =150 7 1.92 1.78-2.72 14.43 <0.001 92.7 <0.001 Random-effects
<150 8 2.53 2.35-2.72 7.75 <0.001 66.1 <0.001

Publication year After 2014 8 241 1.84-2.97 10.18 <0.001 88.7 <0.001 Random-effects
Before 2014 7 2.55 2.06-3.04 8.37 <0.001 88.1 <0.001

Follow-up time =60 4 3.38 225451 13.05 <0.001 86.8 <0.001 Random-effects

(months) <60 I 2.19 1.86-2.52 5.88 <0.001 85.4 <0.001

Biological system Alimentary system 8 2.46 2.13-2.79 14.82 <0.001 753 <0.001 Random-effects
Other system 7 2.48 1.72-3.23 6.42 <0.001 92.5 <0.001

DFS 10 2.55 2.05-3.05 12.82 <0.001 91.3 <0.001 Random-effects

Age =55 3 2.77 2.57-2.97 27.24 <0.001 0 <0.001 Fixed-effects
<55 5 2.05 1.82-2.28 5.30 <0.001 92.6 <0.001

Sample size =150 4 2.60 1.58-3.63 4.99 <0.001 95.8 <0.001 Random-effects
<150 6 2.51 1.95-3.06 8.86 <0.001 83.6 <0.001

Publication year After 2014 3 297 1.78-4.15 7.83 <0.001 86.3 <0.001 Random-effects
Before 2014 7 2.40 1.80-3.00 491 <0.001 93.2 <0.001

Follow-up time =60 4 2.98 1.55—4.41 8.89 <0.001 94.9 <0.001 Random-effects
<60 6 2.29 1.79-2.80 4.09 <0.001 88.8 <0.001

Biological system Alimentary system 6 2.55 2.00-3.10 4.26 <0.001 89.1 <0.001 Random-effects
Other system 4 2.54 1.37-3.71 9.15 <0.001 94.3 <0.001

Note: *Age does not add to total cohort number for OS and DFS as age was missing from one study.

Abbreviations: DFS, disease-free survival; HR, hazard ratio; OS, overall survival.
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Table 3 Summarized data assessing the relationship between USP22 and clinicopathological parameters

Categories Cohorts OR 95% ClI p-value I (%) p-value Effect model
Tumor stage (T3, T4/TI, T2) 14 1.82 1.54-2.15 <0.001 0.0 0.844 Fixed-effects
Differentiation (poor/well+moderate) 15 1.54 1.33-1.79 <0.001 0.0 0.502 Fixed-effects
Metastasis (positive/negative) 10 1.54 1.27-1.86 <0.001 0.0 0.979 Fixed-effects
Nodal status (positive/negative) 14 1.56 1.34-1.82 <0.001 0.0 0.454 Fixed-effects
Tumor size (5 cm/<<5 cm) 13 1.25 1.07—1.45 <0.001 0.0 0.947 Fixed-effects

Abbreviation: OR, odds ratio.

and tumor size. Pooled analysis of 15 studies suggested that
the overexpression of USP22 was significantly related to
tumor differentiation (poor/well+moderate; OR=1.54, 95%
CI: 1.33-1.79, p<0.001; Figure S5A). Besides, 10 studies
focused on the association of the expression of USP22 with
cancer metastasis and suggested that high expression of
USP22 was significantly associated with tumor metastasis
(OR=1.54, 95% CI: 1.27-1.86, p<<0.001; Figure S5B).
Moreover, the results demonstrated that the overexpression of
USP22 indicated a positive nodal status (OR=1.56, 95% CI:
1.34-1.82, p<<0.001; Figure S5C). Furthermore, the pooled
analysis showed that high expression of USP22 was signifi-
cantly associated with larger tumor size (>5 cm; OR=1.25,
95% CI: 1.07-1.45, p<0.001; Figure S5D).

Sensitivity analysis

By omitting one study each time, we conducted the sensitivity
analysis between high expression of USP22 and survival of
cancer patients to assess the stability of the results. When
focused on OS, the results indicated that the impact of Zhao
et al study might be more dramatic (Figure 5). However, no
essential alteration was found, indicating that the results were
relatively steady. Besides, when focused on DFS, the results
suggested that no individual study significantly changed the
pooled HRs (Figure S6).

Publication bias
The funnel plots used to examine publication bias of the
studies on the summary of OS and DFS were relatively
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Figure 4 Association between the overexpression of USP22 and tumor stage.
Abbreviation: OR, odds ratio.
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Figure 5 Sensitivity analysis among studies enrolled based on the OS of cancer patients.

Abbreviations: OR, odds ratio; OS, overall survival.

symmetrical, indicating that no obvious publication bias
exists (OS: Figure 6; DFS: Figure S7). The results of the
Egger’s test and Begg’s test also provided statistical evidence
to demonstrate that no obvious publication bias was found
for OS and DFS (Figures S8 and S9).

Resampling statistics
We applied a bootstrap resampling procedure to generate
1,000 resampling groups to evaluate the accuracy of the

0
0.1
% 0.2 ‘ B
3 s
= °
0 0.3 R
(/2] :OO
0.4 % O
;7 o}
0.5 . ‘ -
0.01 0.1 1 10 100

HR

Figure 6 Funnel plot analysis exploring the publication bias between high expression
of USP22 and OS of cancer patients.
Abbreviations: HR, hazard ratio; SE, standard error; OS, overall survival.

association between the expression of USP22 and tumor
stage and obtain robust results in the current meta-analysis.
Overall, ORs were analyzed for resampling statistics. The
results (pooled OR=2.53, 95% CI: 2.47-2.59) indicated
that our result was relatively robust, which is presented in
Supplementary Excel file.

Discussion
Despite significant advances in supervision and clinical treat-
ment strategies in recent decades, the overall prognosis of
cancers still remains dismal.*® The existing TNM stage might
be the main method to predict the outcome of cancer patients;
however, it is not timely enough to begin initiate interven-
tion for treatment.® It has to be solved urgently to classify
the patients with a high possibility of tumor recurrence and
determine the probable outcome. Thus, it is an essential step
to identify effective biomarkers associated with metastasis
and survival to improve the prognosis of cancer patients.
Recently, cancer epigenetics is one of the main fields of
many of the most significant and exciting advances in cancer
study.* Glinsky® proposed that 11-gene polycomb/cancer
stem cell signature could be used as an effective predictor to
assess the therapeutic outcome of individual cancer patients.
As one pivotal role of this signature, USP22 has been demon-
strated to function as a highly promising diagnostic marker in
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the pathological process of epithelial malignancies and other
solid tumors.?*#! The targeted deubiquitylation of histones
is predominantly associated with transcriptional activation
and cancer progression.* USP22, as part of the mammalian
SAGA (Spt-Ada-Gen5) complex, edits the histone code by
deubiquitinating H2A and H2B.* Within the past few years,
numerous studies have explored the potential relationship
between the expression of USP22 and the survival outcome of
cancer patients.'?* However, the results still remain ambigu-
ous. In the current study, we conducted a comprehensive
meta-analysis to explore the exact role of USP22 in cancers.
This might be the first meta-analysis evaluating the associa-
tion between USP22 and the prognosis and clinicopathologi-
cal parameters of cancers.

Our data indicated that the overexpression of USP22
was significantly associated with the survival of cancer
patients. High expression of USP22 could predict poor OS
and DFS for cancers (p<<0.001 and p<<0.001, respectively).
Because of the high heterogeneity existing in pooled effects,
we conducted a meta-regression analysis to investigate the
potential reason. The results indicated that publication year,
sample size, median follow-up time, mean age and biological
system could explain minor heterogeneity for OS and DFS
analysis. Despite that, we still performed subgroup analysis
based on publication year, sample size, median follow-up
time, mean age and biological system. The results suggested
that high expression of USP22 predicted worse OS for older
patients (=55, HR=2.48, 95% CI: 2.31-2.65, p<<0.001)
compared to relatively younger patients. In patients with
cancer belonging to alimentary system compared to other
system, the high expression of USP22 predicted worse OS
(HR=2.48, 95% CI: 1.72-3.23, p<<0.001). In addition, no
obvious alteration occurred when stratified by publication
year, follow-up time and sample size.

There are some clues that might help to explain why
USP22 could predict the overall survival of cancer patients.
Some scholars presented that deubiquitylation of USP22
could regulate transcriptional activation.* As a critical
fraction of malignant transformation in mammalian cells,
the Myc-driven transcription depends on hSAGA recruit-
ment, which contains USP22.* What is more is that Myc
oncoprotein could recruit USP22 to specific target gene
loci and other sequence-specific activators.® In addition, it
is reported that USP22 recruitment could transcriptionally
activate certain essential cell cycle genes, which resulted in
a G1 phase cell cycle arrest.*

To further assess the prognostic role of USP22, we also
linked it to clinicopathological features of cancers. The data

indicated that high expression of USP22 was significantly
associated with advanced tumor stage (OR=1.82,95% CI: 1.54—
2.15,p<<0.001). The overexpression of USP22 was also sig-
nificantly associated with poor tumor differentiation, distant
tumor metastasis, positive nodal status and larger tumor size
(>5 cm). All the results showed that USP22 predicted worse
clinicopathological features, which was consistent with the
OS analysis.

However, some limitations still exist in our analysis. First,
the determination of high expression of USP22 might differ
in the studies for the different cutoff values, which may cause
potential bias. Second, the calculation errors were unavoid-
able because Engage Digitizer 4.1 was used to estimate the
data when only Kaplan—Meier curve was provided. Third,
the sample size enrolled in our analysis was relatively small.
Fourth, large heterogeneity still exists in our study despite
the random-effects model being used to conduct the analysis.
Finally, the literature was limited to English, which might
exclude potential studies published in other languages.

Conclusion

The current meta-analysis demonstrated that the overexpres-
sion of USP22 was significantly associated with poor OS
and DFS of cancer patients. Furthermore, the high level of
expression of USP22 was highly correlated with advanced
clinicopathological features. The investigation of USP22
might be a reasonable approach to predict cancer patient
prognosis and restrain cancer progression. Due to the limi-
tation of the study, further high-quality studies with a large
sample are encouraged to fulfill our results.
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