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Abstract. The development of gastric cancer is significantly 
associated with chronic inflammation, such as caused by 
Helicobacter  pylori (H. pylori) infection. Caudal‑type 
homeobox 2 (CDX2) is a homeobox protein involved in intes-
tinal differentiation in normal and in aberrant locations, and is 
associated with inflammation. The authors of the present study 
have previously reported that CDX2 may have a suppressive 
role in the progression and carcinogenesis of gastric carci-
noma. In the present study, the authors initially confirmed 
that a decreased expression of CDX2, as detected by immu-
nohistochemistry, is associated with poor cancer‑specific 
survival in 210 gastric cancer cases, which is consistent with 
several previously published studies. To elucidate the potential 
mechanisms underlying this association, the authors investi-
gated the mechanism of CDX2 suppression, which included 
interleukin (IL)‑6/signal transducer and activator of transcrip-
tion 3 (STAT3) and p53 signaling pathways. The present 
study confirmed that CDX2 was suppressed by activation of 
the IL‑6/STAT3 signaling pathway via miR‑181b in vitro. It 
was further revealed that gastric cancer with negative CDX2 
expression is associated with negative p53 staining, and this 
association was particularly significant in undifferentiated 
gastric cancer. The activation of the IL‑6/STAT3 signaling 
pathway suppressed miR‑34a, which is induced by p53. This 
suggests that the activation of the IL‑6/STAT3 signaling 
pathway inflammation signaling pathway suppresses the p53 
signaling pathway in tumors without TP53 mutation, which 
results in poor prognostic outcomes. In conclusion, CDX2 

may be a useful prognostic biomarker for gastric cancer and is 
associated with p53 inactivation.

Introduction

Gastric cancer is responsible for 10% of total mortalities 
worldwide every year, and the rate of the disease is particu-
larly high in in males and developing countries (1). While the 
precise underlying tumorigenesis mechanism of gastric cancer 
has not been fully understood, a number of risk factors have 
been reported, including a low intake of vegetables, an excess 
intake of salty food and smoking (2). Another major factor 
that is associated with the development of gastric cancer is 
chronic inflammation, which is caused by Helicobacter pylori 
(H. pylori) infection (3). In addition to H, pylori, recent studies 
have also revealed various intrinsic mediators that are involved 
in inflammation‑associated carcinogenesis (4).

Caudal‑type homeobox 2 (CDX2) is a caudal‑related 
homeobox transcription factor, which is involved in intes-
tinal differentiation in normal and in aberrant locations. 
The authors of the present study and others have previously 
reported that CDX2 may exert a suppressive role in progres-
sion and carcinogenesis of gastric carcinoma (5,6). Consistent 
with these results, four reports have demonstrated that nega-
tive CDX2 expression was associated with poor survival in 
gastric cancer patients (7‑10). However, other studies reveled 
that CDX2, which is ectopically observed in intestinal 
metaplasia in the stomach, may increase the risk of gastric 
cancer development (11,12). Therefore, further studies will be 
required to elucidate the functional role of CDX2 in inflamma-
tion‑associated gastric carcinogenesis and investigate the uses 
of prognostic biomarkers.

MicroRNAs (miRNAs/miRs) are short noncoding RNAs 
that specifically regulate the translation of target genes (13). 
Through this function, miRNAs affect a variety of cellular 
functions, including proliferation, differentiation, and 
apoptosis and have a causal role in tumorigenesis including 
inflammation‑associated carcinogenesis. Signal transducer 
and activator of transcription 3 (STAT3) is a downstream 
of interleukin (IL)‑6 and form an inflammatory positive 
feedback loop with nuclear factor κB, Lin28B, miR‑181b and 
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miR‑21 (14). Because CDX2 is one of the targets of miR‑181b, 
the regulation of CDX2 may be involved in the IL‑6/STAT3 
signaling pathway via miR‑181b  (15). Furthermore, the 
IL‑6/STAT3 signaling pathway also forms a feedback loop 
with miR‑34a that is induced by p53 (16).

The present study collected 210 patients with gastric cancer 
and focused exclusively on inflammation‑associated carcino-
genesis. Based on a previous report by the present authors (5), 
the present study first confirmed that negative CDX2 expres-
sion was associated with cancer‑specific survival in patients 
with gastric cancer. Subsequently, in order to elucidate the 
functional role of CDX2 suppression in inflammation‑associ-
ated carcinogenesis, the interactions between the IL‑6/STAT3 
signaling pathway, miR‑181b, miR‑34a, and p53 expression 
were investigated experimentally.

Materials and methods

Tissue samples. Primary gastric adenocarcinoma specimens 
were procured from patients undergoing surgical resections. 
In a total of 210 cases, 78 cases were recruited from Ohta 
Nishinouchi Hospital (Fukushima, Japan) from January 2001 
to December 2003. A total of 132 cases were recruited from 
Fukushima Medical University (Fukushima, Japan) from 
January 1991 to December 2004. The cases from Fukushima 
Medical University were included in a previous study by 
the authors (5). All patients were Japanese, and no patients 
received chemotherapy or radiotherapy prior to surgery. 
Data including age, gender, tumor‑node‑metastasis (TNM) 
stage  (17,18) and pathological diagnosis, (lymphatic and 
venous invasion), were retrospectively collected. As with the 
previous study by the authors (5), the cases were divided into 
two types, differentiated and undifferentiated. The differen-
tiated type was defined as patients with well and moderately 
differentiated tubular or papillary adenocarcinomas, and the 
undifferentiated type included patients with poorly differ-
entiated adenocarcinomas and signet‑ring cell carcinomas. 
The average overall 5‑year survival rate was 68.8%. The 
present study was approved by the Ethics Committee of the 
Fukushima Medical University. Written informed consent 
was obtained from all patients.

Immunohistochemistry (IHC). HC was performed as previously 
described (5). Briefly, histological sections (thickness, 4 µm) 
were fixed in 10% buffered formalin using a polymer peroxi-
dase method (Envision+/HRP; Dako; Agilent Technologies, 
Inc., Santa Clara, CA, USA) (19). Following deparaffiniza-
tion with xylene and rehydration using a descending alcohol 
series, the tissue sections were treated with 0.3% hydrogen 
peroxide in methanol for 30 min at room temperature to block 
endogenous peroxidase activity. Following rinsing in PBS, the 
sections were incubated with anti‑CDX2 antibody (1:1,000; 
cat. no. MU392A‑UC; clone CDX2‑88, Biogenex, San Ramon, 
CA, USA) and anti‑p53 (1:1,000; cat. no.  M7000101‑2; 
DO‑7, Dako; Agilent Technologies, Inc.) at 4˚C overnight. 
An additional wash in PBS was followed by treatment with 
ready‑to‑use peroxidase‑labeled polymer conjugated to goat 
anti‑rabbit immunoglobulins (cat. no.  SM801; ENvision 
+ kit; Dako; Agilent Technologies, Inc.) as the secondary 
antibody for 30 min at room temperature. The staining was 

visualized using diaminobenzidine at room temperature for 
5 min, followed by counterstaining with hematoxylin at room 
temperature for 30 sec.

Expression of these proteins was evaluated using optical 
microscopy (BX43; Olympus Corporation, Tokyo, Japan) and 
was positive when the nucleus of the cancerous tissue was 
stained. The staining of each tissue sample was evaluated 
at x40 or x400 magnification by two investigators, M.S. and 
K.S. (Fukushima Medical University School of Medicine, 
Fukushima, Japan), who were blinded to the sample name 
and the clinical outcomes. The rate of positive stained cancer 
cells was evaluated in three randomly selected areas (size, 
200x200  µm) from the tumor tissue samples. When the 
average positive tumor rate was >10%, the tumor was defined 
as being positively stained.

Cell culture and transfection. Human gastric carcinoma 
cell lines AGS, KATOIII, MKN1, MKN45, MKN74, 
NUGC3, NUGC4 and Okajima used in the present study 
were originally obtained from the American Type Culture 
Collection (Manassas, VA, USA). All cells were maintained 
according to recommended protocols (20) and media with 
10% fetal bovine serum (Thermo Fisher Scientific, Inc.). 
The monolayer cells were maintained in a 37˚C incubator 
with 5% CO2, observed regularly under a light microscope 
(magnification, x40) and subcultured when they reached 
80‑90% confluency. KATOIII and MKN74 cells were trans-
fected with pre‑miR‑181b (ID, PM12442) and miR Mimic 
negative control#1 (Ambion; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA, ) using Lipofectamine (RNAiMAX; 
Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. One day prior to transfection, a 
gastric cancer cell line was seeded at 5x105 cells per well 
on a 6‑cm plate. Transfection with a final concentration of 
40 nM pre‑miR‑181b and control was performed when the 
cell density was 30‑50% on the plates, and the plates were 
then incubated for 48 h at 37˚C. Total RNA was extracted 
48  h following transfection using TRIZOL (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufac-
turer's instructions. Recombinant human IL‑6 (Peprotech, 
Rocky hill, NJ, USA) was used at 40 ng/ml for transfection 
of KATOIII and MKN74 cells.

Reverse transcription polymerase chain reaction (RT‑PCR). 
Total RNA was isolated from cultured cell lines using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions and was 
quantified by NanoDrop (Thermo Fisher Scientific, Inc.). 
Subsequently, 5 µg total RNA was used for cDNA synthesis 
using the SuperScript III First Strand cDNA Synthesis kit 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. Conventional PCR was performed 
using Takara ExTaq DNA polymerase (Takara Bio, Inc., 
Otsu, Japan). CDX2 and β‑actin mRNA transcripts were 
amplified using the following primers: CDX2 forward, 
5'‑CGG​CTG​GAG​CTG​GAG​AAG​G‑3' and reverse, 5'‑TCA​
GCC​TGG​AAT​TGC​TCT​GC‑3'; β‑actin forward, 5'‑GCT​
CGT​CGT​CGA​CAA​CGG​CTC‑3' and reverse, 5'‑CAA​ACA​
TGA​TCT​GGG​TCA​TCT​TCT​C‑3'. The amplification was 
performed at 94˚C for 5 min with 30 cycles (25 cycles for 
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β‑actin) of 94˚C for 1 min, 60˚C for 30 sec (55˚C for β‑actin) 
and 72˚C for 1 min.

Quantitative reverse transcription polymerase chain reaction 
(RT‑qPCR). RT‑qPCR for mRNA and mature microRNA 
was performed using TaqMan MicroRNA assays (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) according to 
manufacturer's instructions with the 7900 HT Fast Real‑Time 
PCR system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) at 94˚C for initial denaturation for 5 min, followed by 
35 cycles at 94˚C for 1 min, 55‑60˚C for 45 sec and 72˚C for 
45 sec (21,22). All assays were performed in triplicate and 
investigators were blinded to the experiment. The TaqMan 
probes [hsa‑miR‑181b (ID, 001098), hsa‑miR‑34a (ID, 00425), 
CDX2 (ID, Hs01078080_m1), STAT3 (ID, Hs01047580_m1), 

RNU66 (ID 001002) and GAPDH (ID, Hs99999905_ml)] 
were purchased from Applied Biosystems (Thermo Fisher 
Scientific, Inc.). Relative miRNA or mRNA expression was 
determined using RNU66 or GAPDH, which were used as a 
normalization controls, respectively, using the 2‑ΔΔCq method, 
according to the supplier's protocol (Thermo Fisher Scientific, 
Inc.) (23).

MicroRNA prediction. A publically available compre-
hensive database, miRWalk (zmf.umm.uni‑heidelberg.
de/apps/zmf/mirwalk) was used to identify the miRNAs with 
the potential to directly suppress CDX2 expression (24). This 
database provides information on miRNA predicted as well 
as validated miRNA binding site information on miRNAs 
for human.

Table I. Characteristics of patients with gastric cancer in the study.

	 CDX2 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	 Total, n	 Positive, n (%) 	 Negative, n (%) 	 P‑valuea

n	 210	 101	 109	
Age, year				    0.111
  Mean (range)	 64.0 (29‑87)	 65.5 (33‑87)	 62.6 (29‑87)	
Gender 				    0.006
  Male 	 149	 81 (80)	 68 (62)	
  Female	 61	 20 (20)	 41 (38)	
Histological type 				    0.002
  Differentiated	 112	 65 (64)	 47 (43)	
  Undifferentiated	 98	 36 (36)	 62 (57)	
Depth of invasion 				    <0.001
  T1	 79	 48 (48)	 31 (28)	
  T2	 84	 43 (43)	 41 (38)	
  T3	 46	 9 (9)	 37 (34)	
  T4	 1	 1 (1)	 0	
Lymphatic invasion 				    0.857
  Present	 173	 84 (83)	 89 (82)	
  Absent	 37	 17 (17)	 20 (18)	
Venous invasion 				    0.065
  Present	 152	 67 (66)	 85 (78)	
  Absent	 58	 34 (34)	 24 (22)	
LN metastasis 				    0.383
  Positive 	 138	 63 (62)	 75 (69)	
  Negative	 72	 38 (38)	 34 (31)	
TNM stage 				    <0.001
  I	 111	 68 (67)	 43 (39)	
  II  	 40	 16 (16)	 24 (22)	
  III	 59	 17 (17)	 42 (39)	
p53 expression 				    0.097
  Positive	 104	 56 (55)	 48 (44)	
  Negative	 106	 44 (45)	 62 (56)

aP‑values from Mann‑Whitney U test or Fisher's exact test. CDX2, caudal‑type homeobox protein 2; LN, lymph node; TNM, tumor, node, 
metastasis.
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Statistical analysis. The patients were divided into high or 
low expression groups based on the intensity of immunos-
taining for CDX2 and p53, according to previously described 
criteria (5). Univariate and multivariate Cox regression was 
used to evaluate the associations between clinical factors and 
cancer‑specific survival and overall survival in JMP 10 (www 
.jmp.com; SAS Institute, NC, USA). For all analyses, age was 
treated as a categorical variable as >65 or <65 years. Histology 
was categorized as undifferentiated vs. differentiated. TNM 
staging  (17,18) was categorized as stage  I vs. stage  II/III. 
For multivariable Cox regression models, all variables were 
included with cancer‑specific survival. Kaplan‑Meier analysis 
was performed using Graphpad Prism (v.5.0; GraphPad 
Software, Inc., La Jolla, CA, USA). Quantitation of relative 
expression of microRNA was calculated with RQ manager 
1.2 (Applied Biosystems; Thermo Fisher Scientific, Inc.). 

Differences in mRNA and microRNA expression between 
control cells and treated cells were analyzed by unpaired 
t‑test (GraphPad Software, Inc.). All data are expressed as the 
mean ± standard deviation. P<0.05 was considered to indicate 
a statistically significant difference.

Results

CDX2 expression is associated with clinicopathological 
factors. The authors of the present study evaluated CDX2 and 
p53 expression in 210 gastric cancer tumor samples by IHC 
(Fig. 1). Characteristics of these patients subjected to CDX2 
expression are summarized in Table I. CDX2 expression was 
positive in 101 cases (48.1%), whereas negative in 109 cases 
(51.9%). The percentage of negative CDX2 expression was 
significantly higher in females compared with males (P=0.006) 
and in undifferentiated histological type compared with differ-
entiated type (P=0.002). In addition, there was a statistically 
significant inverse association between CDX2 expression and 
depth of invasion (P<0.001) or stage (P<0.001), respectively.

CDX2 is associated with poor prognosis in gastric cancer. 
In order to investigate whether CDX2 is a potential 

Table II. Univariate and multivariate Cox regression analysis 
of CDX2 expression and other parameters for cancer‑specific 
survival. 

A, Univariate analysis

Variable	 HR (95% CI)	 P‑value

CDX2 expression
  Negative vs. positive	 2.60 (1.37‑5.27)	 0.003
Age, years
  >65 vs. ≤65	 1.48 (0.81‑2.75)	 0.206
Gender
  Male vs. female	 0.95 (0.51‑1.89)	 0.888
Histological type		
  Undifferentiated 
  vs. differentiated	 1.07 (0.59‑1.96)	 0.814
Stage		
  III vs. I & II	 6.50 (3.52‑12.50)	 <0.001

B, Multivariate analysis

Variable	 HR (95% CI)	 P‑value

CDX2 expression
  Negative vs. positive	 2.10 (1.05‑4.41)	 0.035
Age, years
  >65 vs. ≤65	 2.11 (1.14‑4.00)	 0.018
Gender		
  Male vs. female	 0.99 (0.50‑2.02)	 0.967
Histological type
  Undifferentiated vs. 
  differentiated	 0.69 (0.36‑1.32)	 0.266
Stage
  III vs. I and II	 7.10 (3.72‑14.08)	 <0.001

CDX2, caudal‑type homeobox protein 2; HR, hazard ratio; CI, confi-
dence interval.

Figure 1. Representative images of immunohistochemical staining of CDX2 
and p53 in gastric cancer tissues. (A) Positive and (B) negative CDX2 staining 
in differentiated gastric cancer tissues. (C) Positive and (D) negative p53 
staining in differentiated gastric cancer tissues. (E) Positive and (F) negative 
CDX2 staining in undifferentiated gastric cancer tissues. (G) Positive and 
(H) negative p53 staining in undifferentiated gastric cancer tissues. Scale bar, 
100 µm. CDX2, caudal‑type homeobox protein 2.
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prognostic biomarker, Cox regression analysis was performed. 
Cancer‑specific survival and overall survival times were used 
as an endpoint for the present cohort. Negative expression of 
CDX2 was significantly associated with poor cancer‑specific 
survival (hazard ratio [HR]=2.60, 95% confidence interval 
[CI]=1.37‑5.2; Table II) but not overall survival (HR=1.47, 95% 
CI=0.92‑2.40; Table III). Multivariate Cox regression analysis 
demonstrated that CDX2 expression was associated with poor 
cancer‑specific survival in the present cohort independent of 
staging (HR=2.10, 95% CI=1.05‑4.41; Table II).

Kaplan‑Meier analysis further demonstrated that patients 
with decreased CDX2 expression had significantly poorer 
cancer‑specific survival outcome (P=0.004) but not overall 
survival (P=0.109) in the present cohort (Fig. 2). The significant 
associations between CDX2 expression and cancer‑specific 
survival suggest that CDX2 expression may be a useful prog-
nostic biomarker for gastric cancer.

CDX2 expression is dependent on p53 expression and histo‑
logical differentiation. The rate of positive p53 expression 
of was less frequent in gastric cancer tissues with negative 
CDX2 expression compared with tissues with positive CDX2 
expression (P=0.097; Table I). When the authors focused on 
CDX2‑negative gastric cancer tissues, it was identified that 
cases with p53 positive expression were significantly less 
frequent in undifferentiated type compared with differenti-
ated type (P=0.021; Table IV). These results indicated that 
the TP53 gene was less frequently mutated in undifferentiated 
gastric cancer with negative CDX2 expression compared with 
differentiated gastric cancer.

CDX2 is suppressed during inflammation‑associated carcino‑
genesis. Recent studies have revealed that gene expression can 
be specifically controlled by miRNAs. Therefore, the authors 
of the present study have investigated to find out which miRNA 
has the potential to directly suppress CDX2 expression. Based 
on the published data (15) and miRwalk (24), which consists 

of 8 established miRNA‑target prediction programs, the 
authors of the present study selected miR‑181b, which is part 
of the IL‑6/STAT3 signaling pathway. To examine whether 
miR‑181b may directly suppress CDX2 expression, the authors 
examined the level of CDX2 expression in gastric cancer cell 
lines and selected KATOIII (p53‑null) and MKN74 (p53‑wild 
type) cells for further experiments (Fig. 3A). Overexpression 
of mature miR‑181b by pre‑miR‑181b transfection suppressed 
CDX2 mRNA expression in KATOIII and MKN74 gastric 
cancer cell lines (Fig. 3B). Compared with the control cells, 
CDX2 was 0.5‑ and 0.6‑fold lower in both cell lines that over-
express miR‑181b, respectively, suggesting that miR‑181b may 
directly suppress CDX2 expression in vitro.

Next, overexpression of IL‑6 by transfection of recombi-
nant IL‑6 induced STAT3 mRNA expression in KATOIII and 
MKN74 cancer cell lines (Fig. 3C). However, while induction 
of miR‑181b and suppression of miR‑34b expression by over-
expression of IL‑6 were observed in p53 wild‑type MKN74 
cells, those were not observed in p53 deleted KATOIII 
cells (Fig. 3D). These results suggest that activation of the 
IL‑6/STAT3 signaling pathway suppresses CDX2 expression 
by inducing miR‑181b and also may suppress p53 and miR‑34a 
expression in tumor with wild‑type p53 (Fig. 3E).

Discussion

In the present study, the authors have demonstrated that the 
association of decreased CDX2 expression with poorer gastric 
cancer prognosis was significant. According to a previous 
meta‑analysis of CDX2 expression in gastric cancer, which 
analyzed a combination of 4 different cohorts containing 
475 patients, CDX2 was identified as a prognostic factor in 
gastric cancer (25). Although whether CDX2 may be associ-
ated with patient outcome remains controversial, to the best 

Table III. Univariate analysis of CDX2 expression and 
parameters for overall survival.

Variable	 HR (95% CI)	 P‑value

CDX2 expression
  Negative vs. positive	 1.47 (0.92‑2.40)	 0.107
Age, year
  >65 vs. ≤65	 1.91 (1.18‑3.13)	 0.008
Gender
  Male vs. female	 1.43 (0.84‑2.59)	 0.191
Histological type
  Undifferentiated vs. 
  differentiated	 0.92 (0.57‑1.47)	 0.731
Stage
  III vs. I and II	 3.20 (2.00‑5.12)	 <0.001

CDX2, caudal‑type homeobox protein 2; HR, hazard ratio; CI, confi-
dence interval.

Table IV. Evaluation of IHC for CDX2 and p53 in differentiated 
and undifferentiated gastric cancer.

A, Negative CDX2 expression

Expression	 Differentiated	 Undifferentiated	 P‑valuea

Positive p53 	 27	 21	 0.021
expression
Negative p53 	 21	 41
expression 

B, Positive CDX2 expression

Expression	 Differentiated	 Undifferentiated	 P‑valuea

Positive p53 	 37	 19	 0.678
expression
Negative p53 	 27	 17
expression

aP value from Fisher's exact test. CDX2, caudal‑type homeobox 
protein 2.
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our knowledge the present study is the largest study to date 
with 210 cases, which provides additional evidence that CDX2 
is an important prognostic biomarker for gastric cancer.

A previous report demonstrated that nuclear staining of 
CDX2 in IHC examination was a robust biomarker for predicting 
prognosis in gastric cancer, whereas cytoplasmic staining of 
CDX2 was not (5). Although the clinical significance of nuclear 
and cytoplasmic staining has not fully understood, previous 
studies by the authors  (5) and the present study also used 
nuclear staining of CDX2 for analysis and confirmed positive 
association with patient outcome but not cytoplasmic staining 
(data not shown). Consistent with previous reports (5,25), in 
the present study decreased CDX2 expression was associated 
with a higher proportion of cases with poorly differentiated 
histological type. The authors also performed IHC analysis 
of p53 and revealed that there was a significant low frequency 
of positive p53 expression in gastric cancer tissues that are 
negative for CDX2 expression and undifferentiated. This result 
suggests that gastric cancer with negative CDX2 expression 
occurs when there is a low frequency of TP53 mutation or high 
frequency of p53 inactivation.

STAT3 is a downstream effector of IL‑6 and form an 
inflammatory positive feedback loop with miR‑181b (14). The 
miR‑181 family exhibits cancer‑specific expression patterns, 
and miR‑181b is upregulated in various malignant neoplasms, 
including breast, pancreas, prostate, esophagus and gastric 
cancer  (15,26‑29). In gastric cancer cell lines, miR‑181b 
significantly increased cell proliferation, migration and inva-
sion (30). The present study revealed that miR‑181b directly 
regulates CDX2 expression in vitro and thus that miR‑181b 
has a central role in inflammation‑associated carcinogenesis. 
It was also found that miR‑34a is suppressed by activation of 
the IL‑6/STAT3 signaling pathway. Since miR‑34a is induced 
by activation of p53, suppression of miR‑34a may frequently 
occur in tumor with wild‑type p53. Notably, a previous report 
demonstrated that the IL‑6/STAT3 signaling pathway was also 
able to downregulate p53 expression (31). Considering the IHC 
results in the present study, the activation of the IL‑6/STAT3 
signaling pathway may contribute to gastric carcinogenesis via 
suppression of CDX2 and inactivation of p53, resulting in a 
poor prognostic outcome.

Figure 2. Kaplan‑Meier survival analysis of cancer specific and overall survival with all cases stratified by CDX2 tumor expression. (A) Patients with negative 
CDX2 expression had the poorest outcome for cancer specific survival. P=0.004. (B) However, the association between negative CDX2 expression and overall 
survival time was not significant. P=0.109. CDX2, caudal‑type homeobox protein 2; CSS, cancer‑specific survival; OS, overall survival.

Figure 3. Functional relationship between IL‑6/STAT3 and p53 signaling 
pathways including a mechanism for miRNA‑mediated CDX2 suppression. 
(A) RT‑qPCR analysis of CDX2 expression in 8 gastric cancer cell lines. 
(B) RT‑qPCR analysis of CDX2 mRNA expression. CDX2 was suppressed 
by pre‑miR‑181b transfection in KATOIII and MKN74 cells. *P<0.05. 
(C) RT‑qPCR analysis of STAT3 mRNA expression. STAT3 expression 
was increased by IL‑6 recombinant transfection in KATOIII and MKN74 
cells. *P<0.05. (D) RT‑qPCR analysis of miR‑181b and miR‑34a expression. 
miR‑181b expression was increased, and miR‑34a expression was suppressed 
by IL‑6 recombinant transfection in MKN74 cells. *P<0.05. (E) Schematic 
representation of CDX2 suppression and proposed IL‑6/STAT3 and p53 
signaling pathways including miR‑181b and miR‑34a. CDX2, caudal‑type 
homeobox protein 2; IL, interleukin; miR, microRNA; RT‑qPCR, quan-
titative reverse transcription polymerase chain reaction; STAT3, signal 
transducer and activator of transcription 3; WT, wild‑type.
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The present study has several limitations. While the 
present study has attempted to elucidate a functional rela-
tionship between inflammation and gastric carcinogenesis 
in vitro, further studies to investigate the interactions between 
IL‑6/STAT3 and p53 signaling pathways are required. The 
present study has only suggested that CDX2 expression is 
associated with p53 inactivation. Additionally, it was not 
possible to collect patient history of H. pylori infection. 
H. pylori infection is a sign for chronic inflammation status, 
which is the main risk factor for gastric cancer development. 
Therefore, this risk factor was not examined. Previously, it was 
shown that STAT3 can be activated by H. pylori infection (32), 
therefore further studies that take this factor into account are 
required.
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