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Abstract. P53‑induced gene  11 (PIG11) is an early 
transcription‑related target of p53 that is involved in cell 
apoptosis and tumor development. However, its biological 
function in gastric cancer  (GC) tissues and relationship 
with the prognosis of patients with GC have remained 
elusive. In the present retrospective study, 60  fresh and 
790 paraffin‑embedded samples of GC were obtained from 
the Affiliated Hospital of Nantong University (Nantong, 
China) with complete clinical data from all patients. Reverse 
transcription‑quantitative PCR and tissue microarray‑immu‑
nohistochemical analysis were used to determine the 
expression of PIG11 in the respective GC tissues. A receiver 
operating characteristic (ROC) curve was plotted to determine 
the diagnostic utility of PIG11 expression in GC. Furthermore, 
three online databases, including Gene Expression Profiling 
Interactive Analysis (GEPIA), Oncomine and Kaplan‑Meier 
plotter, were used for bioinformatics analysis of PIG11. PIG11 
expression in GC tissues was high, which was positively 
correlated with invasive depth (P<0.001), lymph node metas‑
tasis (P<0.001), distant metastasis (P=0.019), TNM staging 
(P<0.001) and carcinoembryonic antigen in serum (P<0.001), 
and negatively associated with the overall survival of patients 
with GC. The ROC curve analysis suggested that based on 
PIG11 expression, it was possible to distinguish GC tissues 
from adjacent normal tissues (P<0.0001) with a sensitivity 

and specificity of 81.67 and 76.67%, respectively. In addition, 
Cox logistic regression analysis demonstrated that high PIG11 
expression is a novel biomarker for unfavorable prognosis of 
patients with GC. Furthermore, the results obtained from the 
GEPIA database indicated that PIG11 expression is correlated 
with TNF, carcinoembryonic antigen related cell adhesion 
molecule 5, phosphatidylinositol‑4, 5‑bisphosphate 3‑kinase 
catalytic subunit alpha, VEGFA and kinase insert domain 
receptor. Therefore, PIG11 expression may be associated with 
the malignancy of GC and may serve as a potential diagnostic 
and prognostic biomarker for GC.

Introduction

Gastric cancer (GC) is a common malignant tumor type of 
the digestive tract with high morbidity and mortality (1). The 
5‑year survival probability of a patient with GC is <20% (2). 
The risk factors for this cancer type are diverse, including 
genetics, gastroesophageal reflux disease, Helicobacter pylori 
infection, dietary factors and obesity (3). Although research 
on GC, particularly molecular research, has been increasing in 
recent years, the major methods of treatment are still conven‑
tional surgery, radiotherapy and chemotherapy (4). In addition, 
GC remains the fifth most frequently diagnosed neoplasm and 
the third most deadly tumor in the world (5). Due to in‑depth 
research and rapid development of molecular biology to imple‑
ment the use of novel treatments, including immunotherapy 
and targeted drugs, the current survival rate of patients with 
GC has improved (6), but these methods still have certain limi‑
tations, such as heterogeneity as well as poor sensitivity and 
specificity. Therefore, it is important to discover and optimize 
novel biomarkers for GC with high specificity and sensitivity.

The P53‑induced gene  11  (PIG11), also known as 
tumor protein p53 induced protein 11 (TP53I11), is a target 
gene downstream of p53 located at human chromosome 
11p11.2 (7,8). In 1997, Polyak et al (9) first identified that high 
expression of p53 significantly induced PIGs when studying 
the mechanism of p53‑dependent apoptosis in human colon 
cancer cells using Serial Analysis of Gene Expression tech‑
nology. The genes were named as PIG1‑13 and PIG11 is one 
of them (9). In the PIG11 protein, a p53 DNA‑binding site was 
detected, but no homologous proteins and conserved domains 
were evident, indicating that the protein may be novel (10,11). 
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In addition, the PIG11 gene, as a downstream target gene 
of p53, is closely related to p53‑mediated apoptosis. In the 
human hepatic stellate cell line LX‑1, the T antigen may cause 
p53 inactivation and reduce the expression of PIG11, which 
indicates that the expression of PIG11 protein is related to 
the p53 gene (12). Relevant studies suggested that the PIG11 
protein is primarily distributed in the mammary gland, liver, 
gastrointestinal and other epithelial tissues and expressed 
in the corresponding cancer tissues  (13,14). Furthermore, 
PIG11 has a certain relationship with the occurrence and 
development of tumors, including non‑small cell lung (15), 
breast  (16) and liver cancer  (14). However, the function of 
PIG11 in the process of GC and its impact on prognosis still 
require to be explored. In the present retrospective study 
reverse transcription‑quantitative PCR (RT‑qPCR) and tissue 
microarray‑immunohistochemistry  (TMA‑IHC) were used 
to analyze PIG11 expression in GC tissues and determine the 
roles and clinical utility of PIG11 protein in patients with GC. 
Furthermore, online databases were used for bioinformatic 
analysis on PIG11 in GC.

Materials and methods

Patients. Freshly frozen GC tissues (n=60) and matched 
adjacent normal tissues (n=60) were obtained from the 
Department of Pathology of the Affiliated Hospital of Nantong 
University (Nantong, China). Clinicopathological data are 
presented in Table SI. They were randomly selected and from 
patients (41 males and 19 females; age range, 32‑76 years; 
median age, 59.42 years) who had undergone GC resection 
at the Affiliated Hospital of Nantong University (Nantong, 
China) from January  2016 to June  2016. Furthermore, 
a total of 790  formalin‑fixed (~24  h after isolation) and 
paraffin‑embedded samples from patients with GC (age range, 
19‑84  years; median age, 60.39  years) obtained between 
January 2004 and June 2009 stored at the Department of 
Pathology of the Affiliated Hospital of Nantong University 
(Nantong, China) were randomly collected. These samples 
included GC samples (n=480) and non-cancerous samples 
(corresponding normal surgical margin samples selected from 
the 480 paraffin‑embedded samples from patients with GC, 
n=60; 42 males and 18  females, 35‑82 years, median age, 
63.15  years, high‑grade intraepithelial neoplasia samples, 
n=72; 51 males and 21  females, 41‑81 years, median age, 
60.76  years, low‑grade intraepithelial neoplasia samples, 
n=56, 46 males and 10  females, 38‑79 years, median age, 
59.84 years; chronic gastritis samples, n=42, 28 males and 
14  females, 29‑74  years, median age, 52.48  years; intes‑
tinal metaplasia samples, n=80, 60 males and 20  females, 
25‑82 years, median age, 56.43 years) that were used as control 
groups. Clinicopathological data are presented in Table SII. 
The cases included in the present study had a follow‑up rate 
of 100% and clinicopathological information, including sex, 
age, body mass index (BMI), histological type, differentiation, 
invasive depth (T‑stage), lymph node metastasis (N‑stage), 
distant metastasis (M‑stage), TNM stage, carcinoembryonic 
antigen (CEA), carbohydrate antigen 19‑9 (CA19‑9), human 
epidermal growth factor receptor 2 (HER‑2) and Laurén clas‑
sification. All diagnoses were confirmed by two independent 
pathologists at the Department of Pathology of the Affiliated 

Hospital of Nantong University (Nantong, China) according 
to the most recent World Health Organization classification 
criteria (17) and the 8th edition of the TNM Classification of 
Malignant Tumors (18). Overall survival (OS) was assessed, 
with survival defined as the duration from the time of surgical 
resection to death or the end of the follow‑up period. None of 
the patients enrolled received any radiation, chemotherapy or 
immunotherapy prior to surgery. A written informed consent 
form was signed by each patient prior to the use of their sample 
for scientific research. The present study was approved by the 
Human Research Ethics Committee at the Affiliated Hospital 
of Nantong University (Nantong, China). All experimental 
methods and related protocols were performed according to 
the regulations of the Affiliated Hospital of Nantong University 
(Nantong, China).

Gene expression profiling interactive analysis (GEPIA) and 
oncomine database online analysis. GEPIA and Oncomine 
were used to analyze the expression of PIG11 mRNA in 
GC. GEPIA (http://gepia.cancer‑pku.cn/) is able to analyze 
the RNA sequencing expression data of 9,736  tumors and 
8,587 normal samples with a standard processing pipeline (19), 
in addition to providing differential expression models for 
tumors and normal tissues. In this database, the expression of 
PIG11 in GC was analyzed. The terms ‘PIG11’, ‘mRNA’, ‘GC’ 
and ‘Cancer vs. Normal Analysis’ were selected to query the 
Oncomine database (http://www.oncomine.org) and obtain 
the mRNA expression data for PIG11 in GC. The Oncomine 
database is a large tumor gene chip database, covering 65 gene 
chip data sets, 4,700 chips and 480 million gene expression 
data. In this database, gene expression differences may be 
analyzed, co‑expressed genes may be predicted and possible 
molecular markers and therapeutic targets may be determined 
in analyses based on known gene‑drug interactions.

RT‑qPCR analysis. Total RNA from the 60 pairs of fresh GC 
tissues and matched adjacent normal tissues was extracted with 
TRIzol (cat. no. 79306; Gibco; Thermo Fisher Scientific, Inc.). 
cDNA was synthesized using commercial kits (PrimeScript 
RT Reagent Kit with gDNA Eraser; cat. no. RR047A; Takara 
Biotechnology Co., Ltd.) according to the manufacturer's 
protocol. RT‑qPCR analysis was performed using an ABI 
7500 system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) with the SYBRR® Premix ExTaqkit (Takara Bio, Inc.) 
in 96‑well plates. The total reaction volume was 20 µl. The 
specific primer sequences for PIG11 were as follows: Upstream 
primer, 5'‑GCG​AAT​TCC​AAC​ACC​GAT​GCA​CAC​A‑3' and 
downstream, 5'‑CGC​GGA​TCC​TAG​GCA​GCT​CTT​TAG​G‑3'. 
β‑actin was used as an internal control in this analysis, for 
which the upstream primer was 5'‑TAA​TCT​TCG​CCT​TAA​
TAC​TT‑3' and the downstream primer was 5'‑AGC​CTT​CAT​
ACA​TCT​CAA‑3'. The reaction conditions were as follows: 
10 min at 95˚C, followed by 40 cycles of 95˚C for 10 sec and 
45 sec at 60˚C. Relative expression levels were calculated 
using the 2‑ΔΔCq method (20). All experiments were repeated 
in triplicate.

TMA‑IHC analysis. TMAs were constructed as previously 
described  (21). Samples (2  mm in diameter) were sliced 
into 4‑µm sections for IHC analysis. The sections were 
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deparaffinized with xylene and rehydrated in an ethanol 
gradient, followed by washing with PBS (0.01 M, pH 7.0), 
boiling under pressure in citrate buffer (0.01 M, pH 6.0) for 
antigen retrieval and incubation in PBS with 5% goat serum 
(cat. no. SL039; Beijing Solarbio Science & Technology Co., 
Ltd.) for 30 min at 37˚C to block non‑specific binding. Next, 
the sections were stained with polyclonal rabbit anti‑PIG11 
antibody (dilution, 1:200; cat.  no.  PA5‑51336; Invitrogen; 
Thermo Fisher Scientific, Inc.) at 4˚C overnight and then with 
HRP‑labeled goat anti‑rabbit IgG (1:2,500; cat. no. ZDR‑5306; 
OriGene Technologies, Inc.) secondary antibody for 30 min at 
room temperature. The sections were subsequently incubated 
with diaminobenzidine (grant no. DA1010; Beijing Solarbio 
Science & Technology Co., Ltd.) for 8 min at room tempera‑
ture and finally counterstained with hematoxylin. A total of 
two pathologists (SZ and YW) under blinded experimental 
conditions assessed the expression of PIG11 across the entire 
surface of the slide on every chip. The rating standard for the 
staining intensity was as follows: 0, negative; 1, weakly posi‑
tive; 2, medium positive; and 3, strongly positive. The positive 
rate score was assigned as follows: 0, lowest; to 100, highest. 
The final score was the product of the two above‑mentioned 
scores, which ranged from 0 to 300. X‑tile (Rimm laboratory 
at Yale University; http://www.tissuearray.org/rimmlab) (22) 
software, a new bioinformatics tool for biomarker assessment 
and outcome‑based cut‑point optimization, was used to set the 
final cutoff value for the PIG11 expression data. The cutoff 
value was determined based on the maximum χ2 value and 
estimated by log‑rank χ2 statistics according to OS. Finally, 
140 was selected as the cut‑off point to stratify samples: 0‑140, 
low or no expression; and 141‑300, high expression.

Bioinformatics analysis. Kaplan‑Meier plotter and GEPIA 
were used for bioinformatics analysis of PIG11 in GC. 
Kaplan‑Meier plotter (http://kmplot.com/analysis/) (23) was 
utilized to assess the prognostic role of PIG11 expression in 
patients with GC. The Kaplan‑Meier plotter is able to assess 

the effect of 54,000 genes (mRNAs, miRNAs, proteins) 
on survival in 21 cancer types, including breast (n=6,234), 
ovarian (n=2,190) and lung cancer (n=3,452), as well as GC 
(n=1,440), which is used for meta‑analysis‑based discovery 
and validation of survival biomarkers. In the GEPIA database, 
the relationships between PIG11 expression in tumors and 
the OS of patients were analyzed. In addition, the correla‑
tions of PIG11/TP53I11 with TNF, CEA‑related cell adhesion 
molecule 5 (CEACAM5), phosphatidylinositol‑4,5‑bisphos‑
phate 3‑kinase catalytic subunit alpha (PIK3CA), VEGFA and 
kinase insert domain receptor (KDR; also known as VEGF 
receptor‑2) which may be related to the development of GC 
and molecular typing (24) in GC were further assessed in this 
database. ‘Pearson’ was selected for ‘Correlation Coefficient’ 
and ‘Stomach adenocarcinoma (STAD) Tumor’ was selected 
as ‘Used Expression Datasets’.

Statistical analysis. SPSS 22.0 (IBM Corp.) and GraphPad 5.0 
(GraphPad Software, Inc.) were used for statistical analysis. 
Wilcoxon's signed‑rank non‑parametric test was utilized to 
analyze the results obtained by RT‑qPCR. The diagnostic 
value of PIG11 expression in GC was estimated using receiver 
operating characteristic  (ROC) curve analysis. MedCalc 
software was used for ROC curve analysis. The χ2 test was 
used to determine the relationship between PIG11 expres‑
sion and clinicopathological parameters. The Kaplan‑Meier 
method and the log‑rank test were utilized to generate survival 
curves. The factors of prognostic significance in the univariate 
analysis were further assessed using the multivariate Cox 
regression model. For all of the above‑mentioned tests, P<0.05 
was considered to indicate statistical significance.

Results

Expression of PIG11mRNA in GC tissues from online 
databases. The results obtained from GEPIA (GC tissues, 
n=408; normal tissues, n=211), together with analyses of 

Figure 1. PIG11 mRNA expression in GC and normal tissues obtained from online databases. (A) PIG11 mRNA expression obtained from the Gene Expression 
Profiling Interactive Analysis database in GC tissues (red, n=408) and normal tissues (black, n=211). (B) PIG11 mRNA analyzed by Cho et al (25) (gastric 
adenocarcinoma, n=65; surrounding normal tissues, n=19; gastrointestinal stromal tumor samples, n=6) and Ooi et al (26) (GCs, n=31) provided by the 
Oncomine database. PIG11/TP53I11, P53‑induced gene 11/tumor protein p53 induced protein 11; GC, gastric cancer.
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data from Cho  et  al  (25) (gastric adenocarcinoma, n=65; 
surrounding normal tissues, n=19; gastrointestinal stromal 
tumor samples, n=6) and Ooi et al (26) (GCs, n=31) provided 
by Oncomine both indicated that PIG11 mRNA expression in 
cancerous tissues was higher than that in normal tissues (both 
P<0.05; Fig. 1A and B).

Expression and diagnostic value of PIG11mRNA in GC. 
RT‑qPCR analysis of the freshly frozen tissues from the 
60  patients with GC indicated that the relative mRNA 
expression of PIG11 in cancerous tissues was higher 
(2.28±0.82) than that in adjacent normal tissues (1.36±0.55; 
P<0.05; Fig. 2A). ROC curve analysis was adopted to esti‑
mate the diagnostic value of PIG11 in GC. As presented 

in Fig. 2B, PIG11 expression was able to distinguish GC 
tissues from adjacent normal tissues, with an area under the 
curve of 0.83 (95% CI, 0.7504‑0.9023) at a cut‑off value of 
1.635. The corresponding sensitivity and specificity were 
81.67 and 76.67%, respectively.

PIG11 protein expression in GC and correlation with the 
clinical characteristics of GC. According to the TMA‑IHC 
analysis (representative images provide in Fig.  3), the 
percentage of samples with PIG11 expression observed in the 
cytoplasm was greater among GC tissues (340/480, 70.8%) 
compared with that among chronic gastritis (11/42, 26.2%), 
intestinal metaplasia (22/80, 27.5%), low‑grade intraepithelial 
neoplasia (18/56, 32.1%), high‑grade intraepithelial neoplasia 

Figure 2. Expression pattern and diagnostic value of PIG11 in fresh GC tissues assessed by reverse transcription‑quantitative PCR in the present study. 
(A) PIG11 mRNA was significantly higher in GC tissues (n=60, 2.28±0.82) than that in adjacent normal tissues (n=60, 1.36±0.55; P<0.05). (B) ROC curve 
analysis demonstrated that PIG11 was able to distinguish GC tissues from adjacent normal tissues. The cut‑off value for the AUC was 1.635. ROC, receiver 
operating characteristic; AUC, area under the ROC curve; PIG11, P53‑induced gene 11; GC, gastric cancer.

Figure 3. Immunohistochemical images for the detection of PIG11 protein expression in GC and non-cancerous tissues in the present study. (A) In chronic 
gastritis tissues (n=42), (B) intestinal metaplasia tissues (n=80), (C) surgical margin tissues (n=60) and (D) low‑grade intraepithelial neoplasia (n=56), weak 
expression was observed. (E) In high‑grade intraepithelial neoplasia (n=72) and (F) GC tissues (n=480), positive expression was observed. PIG11 protein was 
high in cancerous tissues. Original magnifications of x400 (scale bar, 50 µm) and x40 (scale bar, 500 µm). PIG11, P53‑induced gene 11; GC, gastric cancer.
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(36/72, 50%) and surgical margin tissues (16/60, 26.7%), 
indicating that PIG11 expression in GC was elevated(Pearson 
χ2=119.363, P<0.001; Table  I). As presented in Table  II, 
PIG11 expression was positively correlated with infiltration 
depth (T‑stage, P<0.001), lymph node involvement (N‑stage, 
P<0.001), metastasis (M‑stage, P=0.019), TNM stage (P<0.001) 
and CEA in bloodserum (P<0.001), but not with sex, age, 
BMI, histological type, tumor differentiation, CA19‑9 levels 
in blood serum, HER‑2 and Laurén classification.

Association between high PIG11 expression and prognosis 
of patients with GC. The results of the univariate analyses 
suggested that high PIG11 expression [hazard ratio (HR)=3.919; 
P<0.001], tumor differentiation (HR=1.421; P<0.001), T‑stage 
(HR=1.675; P<0.001), N‑stage (HR=1.470; P<0.001), M‑stage 
(HR=1.944; P=0.007) and TNM stage (HR=2.115; P<0.001) 
were associated with poor OS of patients with GC (Table III). 
Further multivariate analysis indicated that high PIG11 
expression (HR=2.926; P<0.001) and TNM stage (HR=1.578; 
P=0.021) were independent prognostic factors for GC 
(Table III).

Kaplan‑Meier curve analysis for the present cohort 
(patients with GC whose samples were subjected to IHC anal‑
ysis, cutoff value=140) suggested that high PIG11 expression 
and advanced TNM stage were associated with poor prognosis 
of GC (both P<0.001; Fig. 4). Furthermore, the results obtained 

from the Kaplan‑Meier plotter database (n=875) indicated that 
high PIG11 expression was associated with poor prognosis of 
GC (P<0.001; Fig. 5), using the median as the cutoff value to 
divide patients into a low‑ and a high‑expression group.

Survival analysis for PIG11 in different tumor types. Based on 
the data analyzed on GEPIA, high PIG11 expression was asso‑
ciated with an unfavorable survival prognosis of patients with 
breast invasive carcinoma [n=1,070, log-rank P=0.00017, HR 
(high)=1.90], kidney renal papillary cell carcinoma [n=282, log 
rank P=0.031, HR (high)=2.00], mesothelioma [n=82, log-rank 
P=0.04, HR (high)=1.70], uveal melanoma [n=78, log-rank 
P=0.014, HR (high)=3.10], adopting the ‘median’ as the cutoff 
value to divide patients into a low‑ and a high‑expression group 
(Fig. 6). Correlation analysis of PIG11 with TNF, CEACAM5, 
PIK3CA, VEGFA and KDR demonstrated that in GC tissues 
(n=408), PIG11 expression was significantly correlated with 
TNF (P=0.0011, R=0.16), CEACAM5 (P=7.9x10‑5, R=0.19), 
PIK3CA (P=0.028, R=0.11), VEGFA (P=0.004, R=0.14) and 
KDR (P=1.7x10‑5, R=0.21), as presented in Fig. 7.

Discussion

GC is a common upper gastrointestinal tumor type (27). Given 
the atypicality of clinical symptoms, numerous patients are 
already in the stage of advanced metastasis at the time of clear 

Table I. Expression of P53‑induced gene 11 determined by immunohistochemistry in GC and gastric non‑cancerous tissues a 
cohort of the present study (n=790).

Tissue type	 N	 Low or no expression 	 High expression	 Pearson χ2	 P‑value

Chronic gastritis	 42	 31 (73.8)	 11 (26.2)	 119.363	 <0.001
Intestinal metaplasia	 80	 58 (72.5)	 22 (27.5)
Low‑grade intraepithelial neoplasia	 56	 38 (67.9)	 18 (32.1)
High‑grade intraepithelial neoplasia	 72	 36 (50.0)	 36 (50.0)
GC	 480	 140 (29.2)	 340 (70.8)
Surgical margin (GC patients)	 60	 44 (73.3)	 16 (26.7)

Values are expressed as n (%). GC, gastric cancer.

Figure 4. Survival analysis of patients with GC from the present cohort (patients with GC subjected to immunohistochemical analysis). (A) Patients with GC 
and high PIG11 expression (green line, n=340) had worse overall survival than the patients with low PIG11 expression (blue line, n=140). (B) Patients with 
advanced TNM stage had a relatively shorter survival time (0+1, n=123; 2, n=154; 3+4, n=203). Censored datapoints indicate patients who were still alive until 
the end of follow‑up. PIG11, P53‑induced gene 11; GC, gastric cancer; Cum, cumulative.
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Table II. Association of P53‑induced gene 11 expression determined by tissue microarray‑immunohistochemistry with clinical 
characteristics in patients with gastric cancer in a cohort of the present study.

Characteristics	 n	 Low or no expression	 High expression	 Pearson χ2	 P‑value

Total	 480	 140 (29.2)	 340 (70.8)
Sex				    0.454	 0.501
  Male	 353	 100 (28.3)	 253 (71.7)
  Female	 127	 40 (31.5)	 87 (68.5)
Age (years)				    0.819	 0.366
  ≤60	 228	 71 (31.1)	 157 (68.9)
  >60	 252	 69 (27.4)	 183 (72.6)
BMI (kg/m2)				    0.063	 0.082
  ≤24	 181	 54 (29.8)	 127 (70.2)
  >24	 299	 86 (28.8)	 213 (71.2)
Histological type				    5.131	 0.162
  Tubular	 409	 125 (30.6)	 284 (69.4)
  Mucinous	 21	 2 (9.5)	 19 (90.5)
  Mixed (tubular and mucinous)	 20	 4 (20.0)	 16 (80.0)
  Signet ring cell	 30	 9 (30.0)	 21 (70.0)
Differentiation				    4.471	 0.107
  Well	 62	 22 (35.5)	 40 (64.5)
  Intermediate	 281	 87 (31.0)	 194 (69.0)
  Poor	 137	 31 (22.6)	 106 (77.4)
T‑stage				    71.189	 <0.001
  1 (Tis+T1)	 86	 55 (64.0)	 31 (36.0)
  2	 86	 28 (32.6)	 58 (67.4)
  3	 264	 54 (20.5)	 210 (79.5)
  4	 44	 3 (6.8)	 41 (93.2)
N‑stage				    31.838	 <0.001
  0	 201	 84 (41.8)	 117 (58.2)
  1	 70	 21 (30.0)	 49 (70.0)
  2	 115	 22 (19.1)	 93 (80.9)
  3	 94	 13 (13.8)	 81 (86.2)
M‑stage				    5.471	 0.019
  0	 461	 139 (30.2)	 322 (69.8)
  1	 19	 1 (5.3)	 18 (94.7)
TNM stage				    65.348	 <0.001
  0+1	 123	 68 (55.3)	 55 (44.7)
  2	 154	 45 (29.2)	 109 (70.8)
  3+4	 203	 27 (13.3)	 176 (86.7)
CEA (ng/ml)				    21.404	 <0.001
  ≤5	 241	 83 (34.4)	 158 (65.6)
  >5	 198	 37 (18.7)	 161 (81.3)
  Unknown	 41	 20 (48.8)	 21 (51.2)
CA19‑9 (U/ml)				    1.179	 0.555
  ≤37	 197	 62 (31.5)	 135 (68.5)
  >37	 245	 69 (28.2)	 176 (71.8)
  Unknown	 38	 9 (23.7)	 29 (76.3)
HER‑2				    0.008	 0.931
  0‑2	 388	 113 (29.1)	 275 (70.9)
  3	 92	 27 (29.3)	 65 (70.7)
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diagnosis and metastatic GC is closely related to poor prog‑
nosis (28). An effective treatment plan for GC is necessary. 
At present, with the emergence of various biomarkers for GC, 
such as VEGFR2 (29), VEGF (30,31), EGFR (32), MET (33), 
PIK3CA (34) and mTOR (35), the corresponding targeted 
drugs have brought new hope regarding the OS of patients. 
Successful biomarkers require to be cost‑effective and repro‑
ducible, but to date, challenges in identifying suitable predictive 
biomarkers have hampered the success of numerous targeted 
therapies for GC (28). Therefore, it is necessary to discover 
novel biomarkers that may accurately predict patient outcomes 
and allow for better treatment and follow‑up decisions.

PIG11 is a downstream target gene in the p53‑mediated 
apoptotic pathway. The expression of PIG11 is closely related 
to the high expression of p53 in colon cancer and cell apoptosis 
is involved (9). The PIG11 gene is located on the human chro‑
mosome 11p11.2 (7) and the encoded protein is located in the 
cytoplasm, which contains 121 amino acids. Its isoelectric 
point is PI 8.24 and its molecular weight is 12.904 kDa. As 
indicated in a PATCH software analysis, PIG11 exists in 
the DNA‑binding sites of the gene p53, while a Basic Local 
Alignment Search Tool (https://blast.ncbi.nlm.nih.gov/Blast.

cgi) search indicated that there are no records for PIG11 
protein in this database. It has been illustrated in studies that 
PIG11 is mainly expressed in normal and tumor epithelial cells 
and may be involved in the occurrence and development of 
tumors because of its role in apoptosis (15).

GC is divided into four molecular subgroups, namely 
Epstein‑Barr virus‑positive, microsatellite instability, chromo‑
somal instability (CIN) and genomic stable, according to The 
Cancer Genome Atlas (TCGA) (36). At present, the latter two 
subgroups cannot be identified in the presence or absence of 
extensive somatic copy number changes in TCGA (37). CIN, 
as the driving force of intratumoral heterogeneity, is closely 
related to cancer drug resistance (38). Therefore, GC with CIN 
must be identified. According to TCGA, TP53 mutation and 
the loss of its protein pathway are among the key features of 
CIN GC (37). PIG11, which is regarded as a TP53‑induced 
protein, may be an important diagnostic tool for this group.

P53 is associated with high proliferation of tumor 
cells (39). Cell apoptosis induced by p53 is carried out in a 
complex multi‑step process. The activation of p53 induced 
by redox‑related genes, production of reactive oxygen species 
and mitochondrial oxidative damage are involved in the 
process (40,41). Studies have indicated that numerous proteins 
encoded by PIGs are able to generateor regulate oxidative 
stress. PIG1 encodes galactin‑7 and stimulates the produc‑
tion of superoxide (42). PIG6 is involved in the prolongation 
of oxidative stress (43). PIG8 induced by p53 is considered to 
be a tumor‑suppressor gene (44). All of the above‑mentioned 
PIG species are closely related to the intracellular redox 
status, thereby indicating that PIG11 may be related to oxida‑
tive reduction and mitochondrial component damage during 
apoptosis. As reported in another study, overexpression of 
PIG11 may change metabolic pathways and metabolites of 
redox processes, such as the changes of NADPH oxidase in 
the membrane (45).

Apoptosis of epithelial cells depends on the attachment 
of integrin‑mediated extracellular matrix (ECM)  (46). Its 
neoplastic transformation is associated with loss of neurode‑
generation and increased ECM‑dependent survival, which is 
widely regarded as a sign of oncogenic epithelial‑mesenchymal 
transition (EMT) necessary for epithelial cancer stem cells and 
tumor metastasis (47). Cell death induced by ECM deprivation 
involves intrinsic and extrinsic apoptosis and autophagy (48). 
Furthermore, PIG11 is related to EMT, cell migration and 
invasion in MCF10A cells (49).

In the present study, PIG11 expression in GC tissues was 
significantly higher than that in the non‑cancerous tissues. 

Table II. Continued.

Characteristics	 n	 Low or no expression	 High expression	 Pearson χ2	 P‑value

Laurén classification				    4.465	 0.107
  Intestinal type	 263	 87 (33.1)	 176 (66.9)
  Mixed type	 83	 19 (22.9)	 64 (77.1)
  Diffuse type	 134	 34 (25.4)	 100 (74.6)

Values are expressed as n (%). HER‑2, human epidermal growth factor receptor 2; BMI, body mass index.

Figure 5. Survival analysis of patients with GC using the Kaplan‑Meier plotter 
online database. The overall survival of patients with GC and high PIG11 
expression (red line, n=437) was significantly lower than that of patients with 
GC and low PIG11 expression (black line, n=438). Censored datapoints indi‑
cate patients who were still alive until the end of follow‑up, patients who did 
not show up to follow up appointments and patients who died of other causes 
before the end of follow‑up. PIG11, P53‑induced gene 11; GC, gastric cancer; 
HR, hazard ratio (provided with 95% CI); Cum, cumulative.
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Figure 6. Association between the expression of PIG11 and prognosis of patients with different tumor types obtained from the Gene Expression Profiling 
Interactive Analysis online database. The overall survival of patients with BRAC (n=1,070), KIRP (n=282), MESO (n=82) and UVM (n=78) with high PIG11 
expression (red line) was significantly lower than that of patients with low PIG11 expression (blue line). Censored datapoints indicate patients who were still 
alive until the end of follow‑up, patients who did not show up to follow up appointments and patients who died of other causes before the end of follow‑up. 
Dotted lines indicate the 95% CI. BRAC, breast invasive carcinoma; KIRP, kidney renal papillary cell carcinoma; MESO, mesothelioma; UVM, uveal 
melanoma; PIG11, P53‑induced gene 11; HR, hazard ratio; Cum, cumulative.

Table III. Univariate and multivariate analysis of prognostic factors influencing 5‑year survival of patients with gastric cancer 
who donated IHC samples in a cohort of the present study.

	 Univariate analysis	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor	 HR	 P‑value	 95% CI	 HR	 P‑value	 95% CI

PIG11 expression (high vs. low and none)	 3.919	 <0.001	 2.633‑5.833	 2.926	 <0.001	 1.941‑4.410
Age (≤60 vs. >60 years)	 1.193	 0.150	 0.938‑1.516
Sex (male vs. female)	 1.104	 0.472	 0.843‑1.446
BMI (≤24 vs. >24 kg/m2)	 1.213	 0.133	 0.943‑1.560
Histological type [tubular vs. mucinous vs. mixed	 1.038	 0.621	 0.894‑1.206
(tubular and mucinous) vs. signet ring cells]
Differentiation (well vs. intermediate vs. poor)	 1.421	 <0.001	 1.178‑1.714	 1.065	 0.680	 0.791‑1.434
TNM stage (0 +1 vs. 2 vs. 3+4)	 2.115	 <0.001	 1.771‑2.526	 1.578	 0.021	 1.071‑2.327
T‑stage (1 vs. 2 vs. 3 vs. 4)	 1.675	 <0.001	 1.433‑1.956	 1.014	 0.913	 0.794‑1.294
N‑stage (0 vs. 1 vs. 2 vs. 3)	 1.470	 <0.001	 1.329‑1.626	 1.121	 0.197	 0.942‑1.335
M‑stage (0 vs. 1)	 1.944	 0.007	 1.204‑3.139	 1.163	 0.559	 0.701‑1.926
CEA level (ng/ml) (≤5 vs. >5)	 0.962	 0.686	 0.800‑1.159
CA19‑9 level (U/ml) (≤37 vs. >37)	 1.051	 0.603	 0.872‑1.266
HER‑2 level (0‑2 vs. 3)	 1.081	 0.612	 0.800‑1.461
Laurén classification (intestinal type vs. mixed	 1.275	 <0.001	 1.112‑1.462	 1.179	 0.155	 0.940‑1.479
type vs. diffuse type)

PIG11, P53‑induced gene 11; HER‑2, human epidermal growth factor receptor 2; BMI, body mass index.
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Furthermore, the ROC curve was plotted to evaluate the 
diagnostic value of PIG11 expression for patients with GC. 
The results suggested that PIG11 was able to distinguish GC 
tissues from adjacent tissues, indicating that PIG11 expres‑
sion may act as a biomarker for GC. In addition, the protein 
expression of PIG11 in GC tissues was related to the T‑, N‑, M‑ 
and TNM stage, as well as CEA in blood serum. Furthermore, 
high levels of PIG11 protein expression were related to poor 
OS of patients with GC. Based on previous studies, the depth 
of tumor invasion and metastasis may affect patients in the 
early stages of tumor development, which has been consid‑
ered to be the primary cause of death in cancer patients (50). 
Furthermore, the TNM stage has an important role in 
affecting the prognosis of patients with GC (51). Therefore, 
high expression of PIG11 may enhance the invasion and metas‑
tasis ability of GC cells and further lead to poor prognosis of 
patients with GC. PIG11 is expected to be an early biomarker 
for diagnosing GC. A bioinformatics analysis in the GEPIA 
database indicated that PIG11 expression is significantly 
correlated with GC‑associated molecular markers, including 
TNF, CEACAM5, PIK3CA, VEGFA and KDR, which are 
related to the molecular typing and targeted drug therapy of 
GC, thereby indicating that highPIG11 expression maybe used 
as an independent molecular biomarker of GC.

Of note, the present study had certain limitations, which 
primarily include the following aspects: First, the present 
study was of a retrospective nature and all of the specimens 
were selected randomly, the size of the cohort was small and 
the quality of the specimens were limited, and the detec‑
tion of the protein expression of PIG11 using IHC may have 
been affected by tumor heterogeneity and subjective scoring 
system analysis. Furthermore, the significant correlations 

among TNF, CEACAM5, PIK3CA, VEGFA, KDR and 
PIG11 based on the data from the GEPIA database require 
further detailed exploration for confirmation in a follow‑up 
study due to the low R‑values. The low R‑values among TNF, 
CEACAM5, PIK3CA, VEGFA, KDR and PIG11 may be 
partly due to the low number of cases included in the GEPIA 
database. Finally, the biological roles of PIG11 in GC, partic‑
ularly its role in apoptosis, remain to be elucidated. Future 
research should focus on the biological mechanisms at the 
cytological level and animal experiments to determine the 
role of PIG11 in GC.

In conclusion, the experimental results of the present 
study indicated that PIG11 is closely related to the invasion 
and metastasis of GC and prognosis of patients with GC, 
which was also confirmed by bioinformatics analysis. IG11 is 
expected to become a novel molecular marker for the clinical 
diagnosis and treatment of GC and a predictive indicator for 
the prognosis of GC patients.
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