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Abstract Recent experimental evidence support the
model in which the simultaneous induction of BMI-1 and
USP22 is critical during cancer progression. Whether this
model may affect gastric cancer (GC) progression is wor-
thy of additional study. In this study, we examined the
significance of the USP22 and BMI-1 expression in GC
(n = 219), non-cancerous mucosa (n = 37), and lymph
node metastasis (n = 37). The protein expression level of
USP22 and BMI-1 were concomitantly up-regulated from
non-cancerous mucosa to primary carcinoma and from
carcinomas to lymph node metastasis (P < 0.001). A sta-
tistical correlation was observed between USP22 and
BMI-1 expression in GC tissues (n = 219, r = 0.634, P <
0.001) and in lymph node metastasis (n = 37, r = 0.689,
P < 0.001). The incidence of positive expression was
57.08% for USP22, 49.32% for BMI-1, and 45.21%
for USP22/BMI-1 in 219 GC tissues, respectively.
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Co-positive of USP22/BMI-1 was significantly correlated
with gross features (x2 = 14.256, P < 0.001), differentia-
tion (x> =5.872, P =0.015), pT classification (x* =
18.486, P < 0.001), pN classification (x* = 9.604, P =
0.002), pM classification (x2 = 32.766, P < 0.001), and
AJCC stage (x* = 58.278, P < 0.001). Notably, high
USP22/BMI-1 expression was significantly associated with
shorter disease-specific survival (P < 0.001). By Cox
regression analysis, co-positive of USP22/BMI-1 was
found to be an independent prognostic factor (P = 0.002).
Our results indicated the simultaneous activation of USP22
and BMI-1 may associate with GC progression and therapy
failure.
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Introduction

Recently, Glinsky GV and colleagues apply a mouse/human
comparative translational genomics approach to identify an
11-gene Polycomb/cancer stem cell signature by the anal-
ysis of metastases and primary tumors from a transgenic
mouse model of prostate cancer and cancer patients, which
could powerfully predict the therapeutic outcome of indi-
vidual cancer patients [1-4]. Cancer cells manifesting this
signature would manifest aneuploid, anoikis-resistant,
metastasis-enabling phenotype with altered cell cycle con-
trol [5]. Moreover, recent experimental and clinical obser-
vations identify the BMI-1 oncogene-driven pathway
including 11-gene signature as one of the key regulatory
mechanisms of “stemness” functions in both normal and
cancer stem cells which are essential for tumor progression
and metastases of epithelial malignancies [6-9].
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This 11-gene signature contains Polycomb genes such as
BMI-1 and RNF2/Ringlb and also a number of genes that
are coregulated with BMI-1, potentially by the elevation of
BMI-1 itself. In fact, increased expression of the BMI-1
oncogene is one of the key regulatory factors determining a
cellular phenotype captured by the expression of death-
from-cancer signature in a broad spectrum of therapy-
resistant clinically lethal malignancies [1, 2, 5]. Recent
observations indicate that an oncogenic role of the BMI-1
activation is a common event, which may contribute to
progression of many types of the epithelial malignancies
and other solid tumors [10].

Unlike the other genes in this signature, no direct
mechanistic link to human gastric cancer (GC) has been
described to USP22. Sequence analysis reveals that USP22,
a novel deubiquitinating enzyme gene, belongs to a large
family of proteins with ubiquitin hydrolase activity [11].
Moreover, USP22 as one subunit of the human SAGA
complex, can function as activator for nuclear receptor-
mediated transactivation [12]. More recently, two inde-
pendent studies provide compelling evidence that USP22
can deubiquitinate H2Aubl or H2Bubl1 in vitro, which is
intimately linked to transcription activation, epigenetic
regulation, and cancer progression [13—15].

Until now, many observations show the biological
function of USP22 and BMI-1 are largely overlapping.
For example, USP22 and BMI-1 are overexpressed in
aggressive tumors which all target G1 phase [13, 16]. The
PRCI1 subunit BMI-1 and the hSAGA subunit USP22 are
required for appropriate transit through the cell cycle by
regulating the same genes such as CDK2NA [13, 17].
USP22 is required for MYC function [13] and BMI-1 is
originally discovered as an oncogene capable of cooper-
ating with MYC during transformation [18]. Interestingly,
whereas BMI-1 and RNF2/Ringlb form the E3 ligase that
directs H2A ubiquitylation to repress global transcription
[19], USP22 can remove this same modification from
H2A [12]. Then, some authors propose a model in which
the simultaneous induction of Polycomb ubiquitin ligases,
such as BMI-1 and the ubiquitin hydrolase USP22, is
critical during cancer progression because USP22 can
recruit to allow certain essential cell cycle genes to be
transcriptionally activated in the face of the global tran-
scriptional repression catalyzed by the PRC1 complex
[13].

Based on this idea, the essential role of USP22 and
BMI-1 in GC progression should be documented. Here, we
tested the validity of this concept with respect to primary
GC and demonstrated that the USP22 and BMI-1 were
activated in a majority of clinical samples of GC and
co-expression of USP22 and BMI-1 was essential for
cancer progression and poor prognosis of human GC.
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Materials and Methods
Tumor Samples

The 293 formalin-fixed paraffin embedded specimens used
to IHC were collected from 219 GC patients undergoing
surgery between January 2004 and December 2005, and
were grouped as non-cancerous mucosa (n = 37), primary
carcinoma (n =219), and lymph nodal metastasis
(n = 37). The matching normal and lymph nodal metastasis
was available for 37 of the primary carcinomas. Primary
cancers were evaluated in accordance with the American
Joint Committee on Cancer, 7th ed., staging system. All
patients were followed-up to August 2010 or until death.
Median follow-up time for survivors was 29.57 months
(range 1.90-78.10 months). No patient received preopera-
tive chemotherapy or radiotherapy.

All cases representing a spectrum of GC were retrieved
from the Affiliated Tumor Hospital of Harbin Medical
University. The Hospital Ethics Committee granted
permission for the study.

Immunohistochemistry

Immunophenotype analysis of USP22 and BMI-1 was done
as previously described [20, 21]. In brief, the formalin-
fixed, paraffin-embedded sections (4 pwm) were deparaffi-
nized in xylene and rehydrated in a graded series of ethanol
solutions. The sections were subsequently submerged in
EDTA (pH 8) and autoclave at 121°C for 5 min to retrieve
the antigenicity. Endogenous peroxidase was quenched
with 3% H,0, for 15 min. After washing with PBS, the
sections were incubated with USP22 antibody (Abcam,
ab4812, diluted at 1:400) and BMI-1 antibody (LifeSpan
Biosciences, LS-C98480, diluted at 1:60) overnight at 4°C.
The sections were incubated with peroxidase-conjugated
streptavidin for 30 min and the reaction products were
visualized with diaminobenzidine as a chromogen and
counterstained with commercial hematoxylin. Negative
controls were obtained by omitting the primary antibodies.
Positive cases exhibited cytoplasmic signal associated to
nuclear staining, whereas negative cases exhibited an
unspecific cytoplasmic staining. USP22 and BMI-1 was
considered positive in tissue samples exhibiting nuclear
staining in >20% of gastric endothelial cells. The results of
staining were evaluated by two independent pathologists
who were blinded to the clinical data.

Date Analysis

Statistical analyses were performed by using the SPSS
software package version 13.0. Correlation between
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expression levels was studied using the Pearson coefficient.
The chi-square test was used for comparison between
groups. The disease-specific survival (DSS) was defined as
that from the date of the operation to the date of death due
to cancer. Survival curves were plotted by the Kaplan—
Meier method and assessed using log-rank test. To evaluate
the increment statistical power of the individual covariates
as predictor of unfavorable prognosis, we performed Cox
regression analyses. P < 0.05 was considered statistically
significant.

Results

Analysis of Correlation of USP22 and BMI-1
Expression in Primary GC

Increased expression of oncogenes is often associated with
gene amplification. In agreement with the proposed onco-
genic role of the USP22 and BMI-1, we evaluated the
protein expression level of USP22 and BMI-1 in primary
GCs (n = 219), the paired non-cancerous mucosa tissues
(n = 37), and lymph node metastasis tissues (n = 37). We
found USP22 staining and BMI-1 staining were localized
within the nuclei of gastric epithelial cells as well as some
scattered infiltrated lymphocytes (Fig. 1). The USP22
expression increased significantly from non-cancerous
mucosa to carcinomas (P < 0.001) and from carcinomas to
lymph node metastasis (P < 0.001) (Fig. 2). Meanwhile,
The BMI-1 expression also increased significantly from
non-cancerous mucosa to carcinomas (P < 0.001) and
from carcinomas to lymph node metastasis (P < 0.001)
(Fig. 2). A statistical correlation was observed between
USP22 and BMI-1 expression in GC tissues (n = 219,
r = 0.634, P < 0.001; Fig. 1) and in lymph node metas-
tasis (n = 37, r = 0.689, P < 0.001; Fig. 1). Among the
219 GC samples, the positive frequency was 57.08% for
USP22, 49.32.3% for BMI-1, and 45.21% for USP22/BMI-1,
respectively.

Analysis of Correlation of USP22 and BMI-1
with Clinicopathologic Findings

The correlation between the protein expression of USP22
and BMI-1 and clinicopathologic variables of GC were
shown in Table 1. USP22 expression was significantly
correlated with gross features (x* = 16.157, P < 0.001),
differentiation (x2 = 6.817, P = 0.009), pT classification
(x* = 27.871, P < 0.001), pN classification (x* = 11.959,
P =0.001), pM classification (x2 = 21.550, P < 0.001),
and AJCC stage (x> = 58.111, P < 0.001). BMI-1 expres-
sion was significantly correlated with gross features

(x> = 14.824, P <0.001), differentiation (x*> = 4.948,
P = 0.026), pT classification (x* = 22319, P < 0.001), pN
classification (x2 = 11.118, P = 0.001), pM classification
(x* = 26.894, P < 0.001), and AJCC stage (x* = 58.397,
P < 0.001). Moreover, co-positive USP22/BMI-1 was sig-
nificantly correlated with gross features (x* = 14.256,
P < 0.001), differentiation ()c2 = 5.872, P = 0.015), pT
classification (x2 = 18.486, P < 0.001), pN classification
(x* = 9.604, P = 0.002), pM classification (x* = 32.766,
P < 0.001), and AJCC stage (x* = 58.278, P < 0.001).

Analysis of Correlation of USP22 and BMI-1
with Therapy Outcome

We evaluated the prognostic value of USP22 and BMI-1 on
disease-specific survival (DSS) in all patients. Kaplan—
Meier analysis demonstrated that GC patients with USP22,
BMI-1, and USP22/BMI-1 positive expression in GC had
a significantly wore DSS compared to the patients with
negative expression (58.8 £ 3.2 vs. 26.2 + 2.2 months,
P < 0.001; 48.4 & 3.0 vs. 26.9 =+ 2.4 months, P < 0.001;
482 +£29 wvs. 257 +24, P <0.001; respectively)
(Fig. 3). Of note, co-positive of USP22/BMI-1 remained a
statistically significant prognostic marker in the Cox
regression analysis (P = 0.002; Table 2). These results
indicated that increased USP22/BMI-1 expression was
associated with high likelihood of therapy failure in GC
patients.

Discussion

Recent experimental observations have identified a con-
served BMI-1-driven Polycomb signature as a key regu-
lator of “stemness” in both tissue stem cells and cancer
stem cells [22]; cancer stem cells are considered essential
for tumor progression and metastases of epithelial malig-
nancies. 11-gene Polycomb/cancer stem cell signature, one
of conserved BMI-1-driven pathway, has been identified
that a stem cell-like expression profile of this signature in
primary tumors is a consistent powerful predictor of a short
interval to disease recurrence, distant metastasis, and death
after therapy in cancer patients diagnosed with 11 distinct
types of cancer [2]. USP22, a novel deubiquitinating
enzyme gene, posses the functions such as transcription
activation, epigenetic regulation, and cancer progression
[13-15]. Take together with the results of this study, these
data support a model in which the simultaneous induction
of BMI-1 and USP22, is critical during cancer progression
[13]. Here, we concluded our results of experimental
analyses and attempted to shed light into the -clinic
significance of USP22 and BMI-1 in GC.
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Fig. 1 Immunohistochemistry for USP22 and BMI-1 in the speci-
mens. Strong USP22 and BMI-1 immunoreactivity was observed in

the nuclear of tumor cells, as well as in some scattered infiltrated
lymphocytes. A statistical correlation was observed between USP22

Cancer cell with an activated 11-gene signature would
be expected to exhibit a concomitantly high expression of
USP22 and BMI-1. In this study, we experimentally tested
the relevance of this concept for GC. We applied immu-
nohistochemistry analysis to measure the expression of
both genes. We demonstrated that the protein expression
level of USP22 and BMI-1 was concomitantly upregulated
from non-cancerous mucosa to primary carcinoma and
from carcinomas to lymph node metastasis (P < 0.001).
A statistical correlation was observed between USP22 and

@ Springer

20.0 4ol_u aol.o 80.0
BMI-1 expression (%)
LN metastasis
and BMI-1 expression in GC tissues (n = 219, r = 0.634, P < 0.001)

and in lymph node metastasis (n = 37, r = 0.689, P < 0.001).
Magnification: x200

BMI-1 expression in GC tissues and in lymph node
metastasis. The incidence of positive expression was
57.08% for USP22, 49.32% for BMI-1, and 45.21% for
USP22/BMI-1 in 219 GC tissues, respectively. Co-positive
expression of both genes was associated with certain
clinical-pathologic variables such as gross features, dif-
ferentiation, pT classification, pN classification, pM clas-
sification, and AJCC stage. Those results confirmed that an
oncogenic role of USP22 and BMI-1 activation may
contribute to progression of GC.
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Fig. 2 Increase of USP22 and
BMI-1 staining in GC
progression. The protein
expression level of USP22 and
BMI-1 were concomitantly
up-regulated from non-
cancerous mucosa to primary
carcinoma and from carcinomas
to lymph node metastasis
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To further validate the potential clinical utility of USP22
and BMI-1, we evaluated the therapy outcome-predictive
power. Kaplan—Meier analysis demonstrated that GC
patients with USP22, BMI-1, and USP22/BMI-1 positive

expression in GC had a significantly wore DSS compared to
the patients with negative expression. Of note, co-positive
of USP22/BMI-1 remained a statistically significant prog-
nostic marker in the Cox regression analysis. These results
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Table 1 Correlation between BMI-1 and USP22 protein expression level and clinicopathological variables

Variables No. USP22 2, P BMI-1 2, P USP22 + BMI-1 X% P
Negative Positive Negative Positive Negative Positive
Gender 1.931, 0.165 0.339, 0.560 1.001, 0.317
Male 162 74 88 84 78 92 70
Female 57 20 37 27 30 28 29
Age (years) 0.010, 0.920 0.002, 0.964 0.054, 0.816
<60 97 42 55 49 48 54 43
>60 122 52 70 62 60 66 56
Tumor size (cm) 1.154, 0.283 0.566, 0.452 0.449, 0.503
<5 105 49 56 56 49 60 45
>5 114 45 69 55 59 60 54
Gross features 16.157, <0.001 14.824, <0.001 14.256, <0.001
Noninfiltrating 30 23 7 25 5 26 4
Infiltrating 189 71 118 86 103 94 95
Differentiation 6.817, 0.009 4.948,0.026 5.872, 0.015
Well/moderate 81 44 37 49 32 53 28
Poor/mucinous 138 50 88 62 76 67 71
pT classification 27.871, <0.001 22.319, <0.001 18.486, <0.001
T1/2 60 43 17 46 14 47 13
T 3/4 159 51 108 65 94 73 86
pN classification 11.959,0.001 11.118,0.001 9.604, 0.002
NO 42 28 14 31 11 32 10
N1-N3 177 66 111 80 97 88 89
pM classification 21.550, <0.001 26.894, <0.001 32.766, <0.001
MO 186 92 94 108 78 117 69
MI 33 2 31 3 30 3 30
AJCC stage 58.111, <0.001 58.397, <0.001 58.278, <0.001
I 34 30 4 32 2 33 1
I 48 29 19 33 15 35 13
I 104 33 71 43 61 48 56
v 33 2 31 3 30 4 29
P value is considered significant if <0.05
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Fig. 3 Classification of GC patients into subgroups with distinct
therapy outcome based on the level of proteins expression. Kaplan—

Meier analysis revealed the patients with positive of USP22, BMI-1,

@ Springer

and USP22 + BMI-1 had a significantly wore DSS after surgery than
those with negative expression of corresponding proteins
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Table 2 Univariate and multivariate Cox regression analyses for
disease-specific survival in 219 GC patients

Variable Univariate Multivariate

P value Risk ratio  95% CI P value
Gender 0.729
Age 0.111
Tumor size <0.001 2.069 1.402-3.053 <0.001
Gross features <0.001
Differentiation 0.002
pT classification ~ <0.001 1.475 1.042-2.088 0.028
pN classification ~ <0.001 1.556 1.194-2.028 0.001
pM classification  <0.001
AJCC stage <0.001 1.494 1.063-2.152 0.014
USP22 <0.001
BMI-1 <0.001
USP22/BMI-1 <0.001 1.857 1.260-2.738  0.002

P value is significant if <0.05

indicated that increased USP22/BMI-1 expression was
associated with high likelihood of therapy failure in GC
patients, which was consisted with the results provided by
11-gene signature [5].

Since increased expression of the BMI-1 oncogene is one
of the key regulatory factors determining a cellular pheno-
type captured by the expression of a death-from-cancer
signature [4], our results support this hypothesis that cancer
cells expressing USP22 may activate BMI1 oncogene-
driven pathway signature which manifest a stem cell-like
characteristics such as therapy-resistant and metastasis-
enabling phenotypes. In fact, USP22 is required for Myc
function and BMI-1 was originally discovered as an onco-
gene capable of cooperating with Myc during transforma-
tion [6, 13]. A possible mechanism for this collaboration is
suggested by studies demonstrating that the ubiquitination/
deubiquitination cycle of histones H2A and H2B is impor-
tant in regulating chromatin dynamics and transcription
mediated, in part, via “cross-talk” between histone ubiqui-
tination and methylation [23], and this crosstalk could
depend on the interplay between the Polycomb group,
SAGA, and MLL3 (KMT2C)/MLL4(KMT2D) histone-
modifying complexes [15]. The BMI-1 PcG protein is a
component human Polycomb repressive complex 1-like
complex, which is recently identified as the E3 ubiquitin
ligase complex that is specific for histone H2A and plays a
key role in Polycomb silencing [24]. USP22 as a subunit of
the hSAGA coactivator complex can hydrolyze ubiquitin
that has been conjugated to either histone H2A or H2B in
vivo [12-14]. Taken together our results, we are tempting
to speculate that the coordinate expression of USP22 and
BMI-1 may target deubiquitylation of histones which is
intimately linked to transcription activation, epigenetic

regulation, and cancer progression. Future studies will be
focused on determining how the H2Aubl and H2Bubl
marks are linked with the global regulatory networks that are
established by USP22 and BMI-1?
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