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Overexpression of PSMA7 predicts poor prognosis
in patients with gastric cancer

SHUJING XIA', QI TANG*, XUDONG WANG®, LILI ZHANG?, LIZHOU JIA!, DUO WU®, PINGXIANG XU°®,
XIUMEI ZHANG’, GENXIONG TANG!, TINGTING YANG', ZHENQING FENG'*®® and LUNGEN LU’

lDepartment of Pathology, Nanjing Medical University, Nanjing, Jiangsu 211166; 2Department of Gastroenterology,

Affiliated Xinghua People's Hospital of Yangzhou University Medical College, Xinghua, Jiangsu 225700;

3Department of Gastroenterology, Shanghai General Hospital, Nanjing Medical University, Shanghai 200080;

4Key Laboratory of Antibody Technique of Ministry of Health, Nanjing Medical University, Nanjing, Jiangsu
211166; >The Clinical Bio-Bank, Affiliated Hospital of Nantong University, Nantong, Jiangsu 226019;
6Department of Gastrointestinal Surgery; 7Department of Pathology, Affiliated Xinghua People's Hospital of

Yangzhou University Medical College, Xinghua, Jiangsu 225700; 8 iangsu Collaborative Innovation Center for

Cancer Personalized Medicine; 9Key Laboratory of Cancer Biomarkers, Prevention and Treatment,

Cancer Center, Nanjing Medical University, Nanjing, Jiangsu 210029, P.R. China

Received March 1,2018; Accepted July 19, 2019

DOI: 10.3892/01.2019.10879

Abstract. Gastric cancer (GC) is the fourth most common
tumor and the second most common cause of cancer-associated
mortality worldwide. Current tumor biomarkers for GC,
such as serum carcinoembryonic antigen and carbohydrate
antigen 19-9, are not ideal due to their limited role as prog-
nostic indicators for GC. Proteasome subunit a7 (PSMA7)
is a multifunctional protein, which has been revealed to be
involved in the development and progression of various types
of malignancy. However, little is known about the role of
PSMAT7 in GC. In the present study, PSMA7 was identified
to be overexpressed at the mRNA and protein levels in GC
tissues, compared with in non-tumor tissues, using reverse
transcription-quantitative PCR and immunohistochemistry.
Furthermore, PSMA7 expression is associated with tumor
invasion, lymph node metastasis, distant metastasis, and
Tumor-Node-Metastasis stage. Univariate and multivariate
Cox regression analysis identified that PSM A7 expression is an
independent prognostic factor for poor survival. Kaplan-Meier
survival curves revealed that high PSMA7 expression is
associated with a poor prognosis in patients with GC. Overall,
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the results of the present study suggested that PSMA7 may
be a promising biomarker for the prognosis of GC, and may
represent a new diagnostic marker and molecular therapeutic
target for GC.

Introduction

Gastric cancer (GC) is one of the most malignant tumors
worldwide, and for those diagnosed, the prognosis is still
poor (1). GC has recently been ranked globally as the fourth
most common malignancy, accounting for >700,000 deaths
each year (2), thus making it the second leading cause of
cancer-associated mortality worldwide. Due to the non-specific
symptoms of early-stage GC, the majority of patients are only
diagnosed at an advanced stage (3). Current tumor biomarkers
for GC, such as serum carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA199), are not ideal due to their
relatively low sensitivity and specificity when regarding diag-
nosis and prognosis (4,5). Therefore, it is necessary to identify
novel sensitive and specific biological markers for GC that can
assist in early diagnosis, and subsequently, determine a target
therapy for prolonging the life of patients with GC (6,7).

The pathogenesis of GC is complex and only partially
known. Previous studies primarily concentrated on the
following factors: Likelihood of Helicobacter pylori infec-
tion, genetics, lifestyle and diet (8,9). However, major medical
advances in molecular technologies over the past two decades
have led to a deeper understanding of the pathogenesis of
GC. Identifying the biomarkers that are associated with the
development and metastasis of GC may assist clinicians in
tailoring therapies by identifying those patients who are at
a high risk of GC and thus, propose novel molecular targets
for its treatment (10). Previous studies have investigated
specific genes and proteins, as well as their roles in GC in
a search for reliable prognostic markers (8-11). Studying
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novel molecular prognostic markers may contribute to the
elucidation of the molecular mechanisms that underlie GC.
Nowadays, tumor targeted therapy is the focus of current
research; in addition, the identification of prognostic tumor
markers could be used to develop new and effective targeted
treatment strategies for GC.

The gene for proteasome subunit a7 (PSMA7), also
known as XAPC7 in mammals, is located on the chromo-
somal anomaly 20q13.33. It has been demonstrated that the
20q region is amplified in numerous types of tumor (11,12).
PSMA7 is an a-type subunit of the 20S proteasome core
complex and participates in the degradation of proteins
throughthe ubiquitin-proteasome pathway ineukaryoticcells.
The protein complex has a molecular mass of ~2,000 kDa and
is comprised of an associated 20S proteolytic core and one
or two 195 regulatory complexes (13,14). The core particle
consists of two a- and two B-rings, which form a cylindrical,
four-layered afpa structure (15,16). The a-ring is composed
of seven homologous but distinct subunits, al-7 (17,18), and
the B-ring is also composed of seven homologous and distinct
[ subunits, p1-7 (19-22). Previous studies have demonstrated
that PSMA7 serves a role in the retrogradation of a series
of proteins essential for the replication of Hepatitis B virus
(HBV) (23,24), Hepatitis C virus (25), and human immu-
nodeficiency virus (26). More studies have demonstrated
that PSM A7 interacts with a number of proteins implicated
in tumorigenesis, such as hypoxia-inducible factor-la (27),
endothelial monocyte-activating polypeptide-1I (28), HBV
X protein (23,24), c-Abl and Arg tyrosine kinases (29),
which are important for the regulation of mammalian genes
that are involved in angiogenesis, glucose metabolism and
apoptosis.

Previously,downregulation of PSM A7 was detected in K-ras
transformed AsPC-1 pancreatic cancer cells compared with
untransformed AsPC-1 cells (30), while Richardson et al (31)
revealed that PSMA7 expression is elevated in testicular
and breast cancer. Romanuik er al (32) observed that high
or increased PSMA7 expression is also observed in castra-
tion-recurrent prostate cancer. Shi et al (33) detected the
overexpression of PSM A7 in liver cancer. Scotto et al (34) and
Hu et al (13) reported the overexpression of PSM A7 in cervical
cancer and colorectal cancer, respectively. Hu et al (35)
revealed that the overexpression of PSMA7 correlated with
certain clinical pathological parameters of colorectal cancer
and liver metastasis. Honma et al (36) demonstrated that
PSMAY7 is a potential target for RNA interference-based thera-
peutics for colorectal cancer. However, little is known about
the expression and function of PSMA7 in the development or
metastasis of GC. In the present study, the expression profile
of PSMA7 was investigated in GC tissue samples, as well as
the association between PSMA7 expression and survival rate
among patients with GC.

Materials and methods

Human GC tissue samples and clinical information. Tissue
microarrays (TMA) were prepared using paraffin-embedded
blocks of malignant and benign gastric tissue samples from
735 patients (age range, 19-84 years) and a tissue array sample
obtained from The Affiliated Hospital of Nantong University
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(Nantong, China) between January 2003 and December 2010.
The tissue samples included 410 cancer and 212 matched
pericarcinomatous tissues: 24 high-grade intraepithelial
neoplasia, 27 low-grade intraepithelial neoplasia, 28 intestinal
metaplasia and 34 chronic gastritis. The clinical information
obtained included sex, age, histological type, differentiation
grade, tumor invasion, lymph node metastasis, distant metas-
tasis, Tumor-Node-Metastasis (TNM) stage (37), preoperative
serum CA19-9 levels and CEA levels. The 7th edition of the
TNM staging in malignant tumors criteria was used to deter-
mine tumor stage (37). None of the patients received any form
of treatment, including radiotherapy, chemotherapy or immu-
notherapy, prior to surgical resection. In addition, 60 paired
and freshly frozen GC and matching peritumoral tissues were
obtained from The Affiliated Xinghua People's Hospital of
Yangzhou University Medical College (Xinghua, China). The
Ethics Committee of Nanjing Medical University approved
the study, and all the following experiments were performed
according to the relevant guidelines and regulations. All
participants provided written informed consent.

Reverse transcription-quantitative (RT-q) PCR. Total RNA
was isolated from freshly frozen GC tissues and matching
peritumoral tissues using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol, and cDNA was synthesized using the PrimeScript
RT reagent kit (Takara Biotechnology Co., Ltd.). RT-qPCR
was performed using the Applied Biosystems StepOne
and StepOnePlus Real-Time PCR systems (Thermo Fisher
Scientific, Inc.). GAPDH was used for monitoring internal
standards. Primers were purchased from GenScript. Relative
PSMA7 expression was analyzed using the 222 method (38).
PCR primers were designed with Primer Express Software
(version 2.0), and were as follows: PSMA7 forward, 5'-AGT
GCGGAAGATCTGTGCTT-3" and reverse, 5-TCCGTACGC
GTTGTTGTAAT-3"; GAPDH forward, 5'-GGAGCGAGA
TCCCTCCAAAAT-3' and reverse, 5-GGCTGTTGTCAT
ACTTCTCATGG-3". The reaction system (20 pl) contained
2 ul of cDNA template, each primer 20 M (0.4 ul), 7.2 ul of
2X SYBR®-Green PCR Master Mix (High Rox Plus; Applied
Biosystems; Thermo Fisher Scientific, Inc.) and 10 ul aseptic
ultra-pure water. The following conditions were used for
RT-qPCR: Initial denaturation at 95°C for 5 min, followed by
40 cycles of denaturation at 95°C for 10 sec, annealing and
extension at 60°C for 30 sec, and dissolution curve at 95°C
for 15 sec, 60°C for 1 min and 95°C for 15 sec. The Cg-value
for each sample was calculated with the AACq method and
relative results were analyzed using 224°4(38). All results were
normalized to GAPDH expression and each experiment was
repeated three times.

TMA construction and immunohistochemical (IHC) evalua-
tion. Core tissue biopsies of 2 mm in diameter were obtained
from individual samples fixed with 10% formalin overnight
at 37°C and paraffin-embedded. IHC analysis of TMA slides
was applied to assess the expression of PSMA7, containing
735 gastric tissues. Using the TMA System Quick Ray
(UTO06; UNITMA Co., Ltd.), manual gastric TMAs were
generated at the Affiliated Hospital of Nantong University
(Nantong, China).
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IHC staining was performed using the Envision tech-
nique (39). Briefly, TMA sections (4 ym thick) were dewaxed
in xylene and rehydrated in graded alcohol, and then the
sections were boiled in citrate solution (0.01 M; pH 6.0) using
a microwave for antigen retrieval. Endogenous peroxidase
activity was then blocked with 3% H,O, for 10 min at room
temperature, and sections were blocked in 5% bovine serum
albumin (Sigma-Aldrich; Merck KGaA) for 10 min at 37°C.
Sections were then incubated with a mouse anti-human PSMA7
monoclonal antibody (1:50; catalog no. LS-C114781; LifeSpan
Biosciences, Inc.) overnight at 4°C, and with an Envision
horseradish peroxidase-conjugated goat anti-mouse-IgG
monoclonal antibody at room temperature for 30 min (1:100;
catalog no. $35962; Dako; Agilent Technologies, Inc.). Diluted
PBS replaced the primary antibody for the negative control. All
sections were processed at the same time and under the same
conditions. Representative images were captured and analyzed
using a light microscope (Carl Zeiss AG). PSMA7 expression
was assessed using the semi-quantitative H-score method,
which takes both the staining intensity and the percentage of
cells with that intensity into account (40). Staining intensity
was scored using 4 grades, as follows; i) 0, no staining; ii) 1+,
weak staining; iii) 2+, moderate staining; and iv) 3+, intense
staining. For each case, the total score was calculated by
multiplying the percentage of positive cells by the staining
intensity score. The scores were computed, ranging from O to
300; the minimum final staining score was 0 (no staining) and
the maximum score was 300 (100% of cells with 3+ staining
intensity). All scoring was evaluated by two experienced
pathologists, who were blinded to the experimental procedure.

Statistical analysis. All data were analyzed using SPSS
(version 20.0; IBM Corp.) and STATA (version 12.0;
StataCorp) statistical software applications. Continuous
PSMAT expression data from IHC were initially converted
into dichotic data (low vs. high) using specific cut-off values.
The cut-off values were selected to be significant when taking
into account overall survival (OS) using the X-Tile software
program (version 3.6.1) for TMA data analysis (Rimm Lab,
Yale University) (41,42). A score of 0-130 was considered to
indicate no or low expression, while 131-300 was considered
to indicate high expression. For subsequent analyses, PSMA7
protein expression levels were considered as either ‘No or
Low’ or ‘High’ using these cut-off points prior to analysis.
Associations between clinical parameters and the expression
of PSMA7 were assessed using y” tests. Kaplan-Meier analysis
was used to evaluate the associations between the 5-year
survival of patients with GC that were exhibiting PSMA7
expression. The significance of the differences between curves
was analyzed using a log-rank test. The Cox proportional
hazards regression model was used to perform univariate and
multivariate analyses. A paired-samples Student's t-test was
also used. Each experiment was repeated three times. P<0.05
was considered to indicate a statistically significant difference,
and 95% confidence intervals (CI) were used throughout.

Results

Expression of PSMA7 mRNA in GC tissues. The PSMA7
expression at the mRNA level was evaluated using RT-qPCR in
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Figure 1. Expression of PSMA7 mRNA in 60 paired gastric tissues. The
relative level of PSMA7 mRNA expression in gastric carcinoma tissues
was significantly increased compared with that in the matching peritumoral
tissues (P<0.001). PSMA?7, proteasome subunit a7.

60 paired GC and matching peritumoral tissues. The analysis
demonstrated that PSMA7 mRNA expression in gastric carci-
noma tissues was significantly increased compared with in the
matching peritumoral tissues (P<0.001; Fig. 1).

Expression of PSMA7 protein in gastric tissues. IHC was
used to examine PSMA?7 protein expression in GC tissues,
benign gastric disease tissues and matching peritumoral
tissues. PSMA7 protein expression was mostly present in the
cytoplasm and nucleus (Fig. 2). The PSMA7 THC data were
scored using the semi-quantitative H-score method, taking
into account the staining intensity and the percentage of
cells at that intensity ranging from 0-300 (40). The cut-off
point of PSM A7 expression was ascertained using the X-tiles
software program (41,42) for clinical data analysis according
to OS among patients with GC. PSMA?7 protein expression
in GC tissues was higher compared with in chronic gastritis,
intestinal metaplasia, low-grade intraepithelial neoplasia,
high-grade intraepithelial neoplasia and matching peritumoral
tissues (all P<0.05; Table I).

Association of PSMA7 expression with clinicopathological
characteristics in patients with GC. The associations between
PSMAT expression and the clinicopathological parameters of
GC are presented as the following (Table II): High PSMA7
positive staining within the cytoplasm and nucleus was
significantly associated with tumor invasion (P=0.012), lymph
node metastasis (P=0.006), distant metastasis (P=0.006) and
TNM stage (P<0.001). PSMAT7 expression was not associ-
ated with any other clinical parameters, including sex, age,
histological type, differentiation and serum levels of CEA
and CA199.

Upregulation of PSMA7 protein is associated with poor
prognosis of GC. Univariate and multivariate analyses were
used to investigate the prognostic value of PSMA7 expres-
sion in GC. Univariate Cox regression analysis suggested that
high PSMA7 expression [hazard ratio (HR), 1.005; 95% ClI,
1.003-1.007; P<0.001], age (HR, 3.135; 95% CI, 2.209-4.450;
P<0.001), histological differentiation (HR, 1.393; 95% ClI,
1.131-1.715; P=0.002), tumor invasion (HR, 2.059; 95% CI,
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Table I. PSMAT7 expression in gastric tissues.
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PSMAT expression, n (%)

Characteristic Total, n No or Low High X2 P-value
Gastric cancer 410 159 (38.78) 251 (61.22) 75.3782 <0.001
Peritumoral tissue 212 154 (72.64) 58 (27.36) 64.0925 <0.001
High-grade intraepithelial neoplasia 24 15 (62.50) 9 (37.50) 5.3110 0.021
Low-grade intraepithelial neoplasia 27 18 (66.67) 9 (33.33) 8.1745 0.004
Intestinal metaplasia 28 17 (60.71) 11 (39.29) 5.2460 0.022
Chronic gastritis 34 25 (73.53) 9 (26.47) 15.6220 <0.001

PSMA7, proteasome subunit a7.

Figure 2. Representative images of PSMA7 protein expression in gastric tissue TMA sections. Rows 1 and 3 use PSMA7 staining with x40 magnification
(scale bar, 500 ym), and rows 2 and 4 use PSMA?7 staining with x400 magnification (scale bar, 50 ym). (A) Moderately differentiated GC with high PSMA7
expression. (B) Poorly differentiated GC with high PSMA7 expression. (C) Signet ring cell GC with high PSM A7 expression. (D) Peritumoral tissues with low
PSMAT expression. (E) High-grade intraepithelial neoplasia with low PSMA7 expression. (F) Low-grade intraepithelial neoplasia with low PSM A7 expression.
(G) Intestinal metaplasia with low PSMA7 expression. (H) Chronic gastritis with no PSMA7 expression. GC, gastric cancer; PSM A7, proteasome subunit o7.

1.714-2 411; P<0.001), lymph node metastasis (HR, 1.773;
95% CI, 1.576-1.995; P<0.001), distant metastasis (HR,
3.316; 95% CI, 2.063-5.330; P<0.001) and TNM stage
(HR, 2.059; 95% CI, 1.764-2.402; P<0.001) are positive
prognostic factors (Table III). Multivariate Cox regression
analysis confirmed PSMA7 expression (HR, 0.995; 95% CI,
0.993-0.998; P<0.001), lymph node metastasis (HR, 1.592;
95% CI, 1.305-1.941; P<0.001) and TNM stage (HR, 1.592;
95% CI, 1.219-2.079; P<0.001) to be independent prognostic

factors (Table III). Kaplan-Meier survival analysis revealed
that patients with higher PSMA7 expression levels showed
poor OS and disease-free survival rates compared with those
with lower PSM A7 expression levels (P<0.001; Fig. 3A and B).
In addition, patients with deep tumor invasion, lymph node
metastasis, distant metastasis and poor TNM stage had signifi-
cantly lower OS compared with patients with shallow tumor
invasion, no lymph node metastasis or distant metastasis and
good TNM stage (P<0.001; Fig. 3C-F).
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PSMAT expression

Characteristic Total, n No or low (%) High (%) ¥ P-value
Total 410 159 (38.78) 251 (61.22)
Sex 2.0689 0.150
Male 301 123 (40.86) 178 (59.14)
Female 109 36 (33.03) 73 (66.97)
Age, years 0.0070 0.934
<60 148 57 (38.51) 91 (61.49)
>60 262 102 (38.93) 160 (61.07)
Histological type 5.7666 0.217
Tubular 322 116 (36.02) 206 (63.98)
Mucinous 29 13 (44.83) 16 (55.17)
Mixed (tubular and mucinous) 10 6 (60.00) 4 (40.00)
Signet ring cell 31 16 (51.61) 15 (48.39)
Others® 18 8 (44.44) 10 (55.56)
Differentiation 6.6376 0.084
Well 21 11 (52.38) 10 (47.62)
Moderate 98 38 (38.78) 60 (61.22)
Poor 252 89 (35.32) 163 (64.68)
Others® 39 21 (53.85) 18 (46.15)
Tumor invasion 12.7703 0.012
Tis 30 18 (60.00) 12 (40.00)
T1 53 27 (50.94) 26 (49.06)
T2 70 29 (41.43) 41 (58.57)
T3 222 74 (33.33) 148 (66.67)
T4 35 11 (3143) 24 (68.57)
Lymph node metastasis 124718 0.006
NO 163 80 (49.08) 83 (50.92)
N1 81 28 (34.57) 53 (65.43)
N2 89 28 (31.46) 61 (68.54)
N3 77 23 (29.87) 54 (70.13)
Distant metastasis 74160 0.006
MO 386 156 (40.41) 230 (59.59)
M1 24 3 (12.50) 21 (87.50)
TNM stage 24.1716 <0.001
0 30 19 (63.33) 11 (36.67)
I 73 40 (54.79) 33 (45.21)
II 141 54 (38.30) 87 (61.70)
III 142 40 (28.17) 102 (71.83)
v 24 6 (25.00) 18 (75.00)
Preoperative CEA, ng/ml 5.1842 0.075
<5 177 62 (35.03) 115 (64.97)
>5 44 13 (29.55) 31 (70.45)
Unknown 189 84 (44 44) 105 (55.56)
Preoperative CA199, ng/ml 1.0034 0.605
<37 191 79 (41.36) 112 (58.64)
>37 30 11 (36.67) 19 (63.33)
Unknown 189 69 (36.51) 120 (63.49)

“Papillary adenocarcinoma, 9 cases; adeno squamous carcinoma, 3 cases; squamous cell carcinoma, 4 cases; neuroendocrine carcinoma, 2 cases.
*Including undifferentiated and unknown. CA199, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; M0, metastasis-negative;
M1, metastasis-positive; NO, node-negative; N1, 1-2 nodes; N2, 3-6 nodes; N3, >6 nodes; PSMA7, proteasome subunit o7; T1, lamina propria;
T2, muscularis propria; T3, subserosa; T4, adjacent structures; Tis, carcinoma in situ; TNM, Tumor-Node-Metastasis.
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Table III. Univariate and multivariate analysis of prognostic factors for overall survival in gastric cancer.

Univariate analysis

Multivariate analysis

HR P-value 95% C1 HR P-value 95% CI

PSMA7 expression

High vs. low or no 1005 <0.001 1.003-1.007 0.995 0.001  0.993-0.998
Age, years

<60 vs.>60 3.135 <0.001 2.209-4.450
Sex

Male vs. female 1.109 0.903  0.747-1.390
Histological type, tubular vs. mucinous vs. mixed 1.015 0.802 0.901-1.145
(tubular and mucinous) vs. signet ring cell vs. others®
Differentiation, well vs. moderate vs. poor vs. others® 1.393 0.002 1.131-1.715
Tumor invasion, Tis vs. T1 vs. T2 vs. T3 vs. T4 2.059 <0.001 1.714-2.411
Lymph node metastasis, NO vs. N1 vs. N2 vs. N3 1773 <0001 1.576-1.995 1592 <0.001 1.305-1.941
Distant metastasis, MO vs. M1 3316 <0.001 2.063-5.330
TNM stage, 0 vs. I vs. Il vs. IIl vs. IV 2059 <0001 1.764-2402 1592 <0.001 1.219-2.709
CEA, <5 vs.>5 1.151 0.053 0.998-1.328
CA199, <37 vs. >37 1.133 0.081 0.985-1.303

*Papillary adenocarcinoma, 9 cases; adeno squamous carcinoma, 3 cases; squamous cell carcinoma, 4 cases; neuroendocrine carcinoma,
2 cases. °Including undifferentiated and unknown. CA199, carbohydrate antigen 19-9; CEA, carcinoembrynoc antigen; CI, confidence
interval; HR, hazard ratio; MO, metastasis-negative; M1, metastasis-positive; NO, node-negative; N1, 1-2 nodes; N2, 3-6 nodes; N3, >6 nodes;
PMSA7, proteomic subunit a7; T1, lamina propria; T2, muscularis propria; T3, subserosa; T4, adjacent structures; Tis, carcinoma in situ;

TNM, Tumor-Node-Metastasis.

Discussion

The majority of GC cases are characterized by late clinical
presentation, rapid progression and poor survival. Considering
the high morbidity and mortality rates of GC, a number of
studies have been dedicated to identifying available and new
prognostic markers. Several studies have demonstrated that
PSMAT7 serves a key role in the development of tumors (12,13).
However, other studies have indicated that PSM A7 expression
is a poor prognostic factor (14,35). Hu et al (13) highlighted
the associations between PSMA7 expression and the clinico-
pathological characteristics of colorectal cancer and suggested
that PSMA7 may be a molecular target for colorectal cancer
therapy. PSMA7 protein and mRNA levels in GC tissues were
measured by TMA, IHC and RT-qPCR in the present study.
The results of the present study indicated that the expression of
PSMA7 protein and mRNA is higher in GC tissues compared
with in benign tissues. These experimental results preliminarily
demonstrate that PSM A7 is a tumor-associated antigen, which
coincides with the findings of Shi et al (33). D'Errico et al (43)
revealed that PSMA7 expression was upregulated in gastric
intestinal type adenocarcinoma and gastric mixed adenocar-
cinoma compared with gastric mucosa samples. Li er al (44)
revealed that PSMA7 was overexpressed in GC compared
with normal tissues; however, only the PSMA7 expression at
the mRNA level was investigated. The results of the present
study confirmed that overexpression of PSM A7 predicted poor
prognosis at the mRNA and the protein level.

Based on the association between the PSMA7 protein
expression levels and the clinicopathological values in patients

with GC, data analysis indicated that high expression of
PSMA7 in GC was associated with tumor invasion, lymph
node metastasis, distant metastasis and TNM stage in the
present study. These results indicated that PSMA7 may be a
potential biomarker for prognosis of GC, which coincides with
previous studies (13,35). However, Tan ef al (12) verified that
PSMA7 inhibits the proliferation, tumorigenicity and invasion
of A549 cells in vitro and in vivo. This may be associated with
the tissue specificity of PSMA7 expression in different types
of tumor cell (45). For patients with GC, CEA and CA199 are
the most commonly used serum tumor markers. However, in
the present study, high PSMA7 expression was not signifi-
cantly associated with the serum levels of CEA and CA199;
this may be due to its relatively low sensitivity and specificity
for diagnosis and prognosis (4,5).

Univariate analyses indicated that PSMA7 expression and
six other factors (age, differentiation, tumor invasion, lymph
node metastasis, distant metastasis and TNM stage) have statis-
tically significant associations with OS. All seven factors were
included in the multivariate Cox proportional hazards model
to adjust for the effects of the covariates. Multivariate analysis
demonstrated that PSMA7 expression, lymph node metastasis
and TNM stage were independent risk factors in the prognosis
of patients with GC. Kaplan-Meier survival analysis indicated
that elevated expression of PSM A7 was closely associated with
reduced OS and DFS in patients with GCs as opposed to in
those with low expression levels. Hu et al (35) revealed that the
knockdown of PSMA7 by short hairpin RNA in the RKO cell
line inhibited their anchorage-independent growth, as well as
migration and invasion. Furthermore, PSM A7 depletion was
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Figure 3. Survival curves of gastric carcinoma generated by the Kaplan-Meier method and the log-rank test. (A) OS curves comparing PSMA7 expres-
sion levels. (B) Disease-free survival curves comparing PSMA7 expression levels. (C) OS curves comparing levels of tumor invasion. (D) OS curves
comparing lymph node metastasis status. (E) OS curves comparing distant metastasis status. (F) OS curves comparing TNM stage. M0, metastasis-negative;
M1, metastasis-positive; NO, node-negative; N1, 1-2 nodes; N2, 3-6 nodes; N3, >6 nodes; OS, overall survival; PSMA7, proteasome subunit a7; T1, lamina
propria, submucosa; T2, muscularis propria; T3, subserosa; T4, adjacent structures; Tis, carcinoma in situ; TNM, Tumor-Node-Metastasis.

able to strongly suppress the tumorigenic ability of the RKO
cells in vivo. These results indicated that PSM A7 may serve
as a novel predictor of prognosis in patients with GC (35).
However, Li ef al (44) found that high mRNA expression of
PSMA7 was associated with improved OS, which is different

from the results of the present study. The sample size for
biostatistics should be expanded in future studies. There were
some limitations to the present study; although the expression
and prognostic significance of PSMA7 in GC have each been
evaluated, the specific functions and molecular mechanisms
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of PSMA7 in GC remain to be further investigated in vivo
and in vitro. In subsequent studies the authors hope to iden-
tify the possible signaling mechanisms involved in PSMA7
expression-triggered proliferation, differentiation, invasion
and metastasis in GC.

It is well known that a single gene cannot be responsible
for or directly connected with each step in the occurrence
and progression of GC. It has been reported previously that
certain factors are associated with PSMA7 in the colon
carcinoma cell line HCT116 and murine models, including
nucleotide-binding oligomerization domain-containing
protein 1 (NODI) (46), nuclear factor-kappa B (NF-kB) (46),
CD44 (13) and c-Abl (27,47), among others. Yang et al (46)
verified that PSMA7 regulates the tumorigenesis of colorectal
cancer through the inhibition of NOD1-mediated apoptosis and
NF-«B activation. Hu et al (13) revealed that CD44 may be a
downstream element via PSM A7 depletion in colorectal cancer
cell tumorigenicity and metastasis. Future studies are required
in order to investigate these factors and their associations with
PSMAT7 in GC, and to improve the current understanding of
the molecular mechanism underlying the role of PSMA7 in
GC. In conclusion, to the best of our knowledge, the present
study proves for the first time that PSMA7 is overexpressed
at the mRNA and the protein level in GC and that it is an
independent prognostic factor for GC. PSMA7 may, therefore,
be a potential candidate for the diagnosis and targeted therapy
of patients with GC.
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