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Here we investigated CD44 protein expression and its polymorphisms in patients with chronic gastritis, precancerous gastric
lesions, and gastric cancer; and we evaluated our result with the risk of CD44 protein expression and clinicopathological
characteristics. Our results obtained by analyzing 162 gastric cancer patients, 125 chronic gastritis, and 165 precancerous gastric
lesions from three study centers in Thailand showed that CD44 expression was significantly higher in patients with precancerous
gastric lesions and gastric cancer while patients with chronic gastritis were negative for CD44 staining (𝑝 = 0.036). We further
observed the significant association of variant genotype; gastric cancer patients carrying AG or GG of CD44 rs187116 had more
increased risk of CD44 expression than wild-type (WT) carriers (AG: odds ratio (OR) = 5.67; 95% CI = 1.57–7.23; 𝑝 = 0.024 and
GG:OR= 8.32; 95%CI = 2.94–11.42;𝑝 = 0.016), but no significant difference in the risk of CD44 expression due to polymorphism in
patients with precancerous gastric lesions. Our results suggested that CD44 expression could be used as a marker for the prediction
of gastric cancer development, particularly in patients with precancerous gastric lesions carrying AG or GG, who were selected to
surveillance follow-up for gastric cancer prevention.

1. Introduction

Gastric cancer is the fifth most common human cancer and
the third leading cause of cancer-related death worldwide [1].

In Thailand, the incidence of gastric cancer is 5–7 in 100,000
people and it occurs predominantly in people aged between
60 and 70 years [2]. Currently, it is well established that H.
pylori infection is the main etiological risk factor for gastric
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cancer, which progresses through amultiple processes, devel-
oping from gastritis, gastric atrophy, intestinal metaplasia,
dysplasia, and finally to carcinoma [3]. Other factors, such
as diets high in salt, a low intake of fruits and vegetables,
tobacco smoking, and family history of stomach cancer,
may therefore synergistically trigger gastric carcinogenesis.
Moreover, the etiologic factors include multiple genetic and
epigenetic alterations are implicated in the multiprocess
of the development and spread of gastric cancer [4]. The
prognosis of advanced gastric cancer remains poor while
early gastric cancer is associated with excellent long-term
survival [5]. Therefore, efforts to identify marker that could
be used to detect early stage of gastric cancer or premalignant
gastric lesions are of great clinical importance.

Cancer stem cells (CSCs) are a newly proposed theory
for tumor development and form the basis for tumor pro-
liferation and metastasis. CSCs are a subgroup of tumor
cells that have the capacity of self-renewal and multilineage
differentiation [6]. It has been reported to be involved in
the carcinogenesis of a variety of malignancies [7]. Several
studies have shown that CSCs could play a crucial role in
the initiation and progression of gastric cancer, as in other
gastrointestinal tumors [8–11]. Cluster of differentiation 44
(CD44) is a cell surface glycoprotein that plays an important
role in many cellular processes, including regulation of
cell division, adhesion, migration, and survival through the
binding of its major ligand, hyaluronic acid [12]. CD44 has
been identified as one of the cell surface markers associated
with cancer stem-like cells in various solid tumors [13–15].
CD44 expression has also been reported in gastric cancer and
has been suggested as a useful predictive marker in patients
with gastric cancer [16–18].

Single nucleotide polymorphisms (SNPs) are the most
common type of DNA sequence variation, and the expression
of certain genes may be affected by their genetic varia-
tions. The effect of CD44 polymorphisms on human cancer
susceptibility and clinical outcome has been described in
various human cancer studies [19–21].There aremany studies
to test the effects of several CD44 gene polymorphisms
on cancer risk [22–24]. Among them, the rs187116 A>G
polymorphism, located in intron 1 of CD44 gene, is the
most frequently studied [19, 25]. Moreover, CD44 rs187116
genotype has been suggested for use as identifying and
predicting the clinical outcome of gastric cancer patients
[19, 23]. Despite there being many studies of the expression
of CD44 in gastric cancer worldwide, it is unknown which
CSCsmarker could bemore effective to predict gastric cancer
development. Furthermore, there is lack of information about
the corresponding of CD44 expression and the progression of
gastric cancer in precancerous gastric lesions. Based on the
implications of these previous studies, we hypothesized that
CD44 expressionmay be related to the development of gastric
cancer and genetic polymorphisms in CD44 may affect their
expression; it may be associated with risk of developing can-
cer. Therefore, this study aimed to investigate the expression
of CD44 protein and its polymorphisms in patients with
chronic gastritis, precancerous gastric lesions, and gastric
cancer; we evaluated our results with the risk of CD44 protein
expression and clinicopathological characteristics of gastric

cancer such as location of tumor, tumor size, histologic type,
lymphatic invasion, vascular invasion, pathological T stage,
pathological TNM stage, residual tumor, CEA, and 5-year
survival. The findings may help to select patients at high risk
for tumor development who might benefit from surveillance
follow-up for gastric cancer prevention.

2. Materials and Methods

2.1. Patients and Specimens. Samples were obtained from
patients with chronic gastritis, precancerous gastric lesions,
and gastric cancer who underwent esophagogastroduo-
denoscopy (EGD) or surgical resection at Suranaree Uni-
versity of Technology Hospital, Buriram Hospital Medical
Center, and Surin Hospital Medical Center from Northeast
Thailand during January 2011 to December 2015. Written
informed consent was obtained from all patients, and the
study protocol was approved by the Ethics Committee for
Research Involving Human Subjects, Suranaree University of
Technology (EC-59-45 and EC 16-2560). The methods were
carried out in accordance with good clinical practice and the
guidelines of the Declaration of Helsinki.

2.2. Biopsy Specimens. The esophagogastroduodenoscopy
(EGD) procedures were performed using an upper GI video
endoscope (Olympus EVIS EXERA III, CV-190). The whole
stomach was examined first with conventional endoscopy
and then biopsies were performed by using “Site Specific
Biopsy” technique [26]. Gastric tissue specimens for histo-
logical analysis were sent to the pathologist.The hematoxylin
and eosin stain and Giemsa stain were used for identification
of H. pylori. During histological examination, the presence
of chronic gastritis, gastric atrophy, and intestinal metaplasia
was assessed and graded by using 5 pathologists.

2.3. DNA Extraction. Genomic DNAwas extracted from for-
malin-fixed, paraffin-embedded (FFPE) tissue of 300 gastric
patients by using the QIAamp DNA FFPE tissue kit (Qia-
gen, Duesseldorf, Germany) according to the manufacturer’s
instructions. Briefly, the paraffin-embedded tissues were
deparaffinized in xylene, hydrated in 100% ethanol, and
digested by lysis buffer and proteinase K. Genomic DNA was
purified from the tissue lysate using theQIAamp spin column
and eluted.The isolated nucleic acid concentration and purity
were determined in a DS-11+ spectrophotometer (Denovix,
Wilmington, Delaware, USA) and stored at −20∘C.

2.4. CD44 Genotyping. In order to characterize CD44
rs187116 (A>G) gene polymorphism, predesigned Custom
TaqMan SNP Genotyping Assay was performed. They were
selected according to the SNPdatabase of theNational Center
for Biotechnology Information. The genotype of CD44 poly-
morphismswas determined byTaqMan allelic discrimination
using predesigned Custom TaqMan SNP Genotyping Assay
by real-time PCR. Forward and reverse primers were used
along with wild-type probe VIC and probes FAM used for
variant allele. Primers and probes were supplied by Applied
Biosystems. Real-time PCR was performed using LightCy-
cler� 480 II instrument (Roche diagnostics, Neuilly sur Seine,
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Table 1: Patient’s demographics data among gastric mucosal pathology.

Patient’s demographics data
Gastric mucosal pathology

𝑝 valueChronic gastritis (𝑛 = 125) Precancerous (𝑛 = 113) Gastric cancer (𝑛 = 162)
Age (year ± SD) 55.03 ± 12.92 54.32 ± 15.83 61.38 ± 12.39 0.169
Sex (male (%)) 35.5 39.3 72.5 0.057
Underlying condition (%)

(i) HT 9.67 7.14 10.25 0.861
(ii) DM 12.90 10.71 12.82 0.732
(iii) Hyperlipidemia 6.45 3.57 5.12 0.463
(iv) Smoking 16.12 14.28 15.38 0.548
(v) Alcohol 12.90 7.14 15.38 0.169
(vi) Family history of gastric cancer 3.22 3.57 5.15 0.663

CD44 polymorphism (%)
(i) AA 12.90 17.90 2.50 0.024∗

(ii) AG 45.20 39.30 42.50 0.683
(iii) GG 41.90 42.90 55.0 0.425

CD44 protein staining (positive (𝑛) (%)) - 21.40 65.0 0.036∗

Comparison between the groups was done by using ANOVA. ∗Significance is set at 𝑝 < 0.05.

France) according to the manufacturer’s instructions. Briefly,
the PCR conditions were as follows: 95∘C for 10min, 55
cycles of 95∘C for 15 s, and 60∘C for 1min. The success
rate of genotyping was more than 94%. Negative controls
and duplicate samples were used to check the accuracy
of genotyping and initially analyzed with LightCycler 480
Software 1.5 (Roche diagnostics, Neuilly sur Seine, France).

2.5. Immunohistochemistry. Immunohistochemical staining
was performed by using 4𝜇m sections of formalin-fixed,
paraffin-embedded tissue samples. The avidin-biotin com-
plex method (ABC; Thermo Fisher, Illinois, USA) was used
for immunohistochemical detection of CD44. Briefly, sec-
tions were deparaffinized in xylene and rehydrated in a
graded alcohol. After washing in distilled water, the sections
were microwaved in 10mm citrate buffer (pH 6.0) for
antigen retrieval. The tissue sections were then incubated
in 1.5% normal blocking serum, followed by incubated
with monoclonal mouse HCAM antibody (dilution 1 : 100,
clone DF1485; Santa Cruz Biotechnology, Santa Cruz, CA)
overnight at 4∘C. Subsequently, the tissue sections were
rinsed and incubated with the biotinylated goat anti-mouse
secondary antibody (1𝜇g/ml) for 30min at room tempera-
ture, followed by incubation with HRP-conjugated avidin-
biotin-complex (Thermo Fisher, Illinois, USA) for 30min
at room temperature. The specific bindings of antibodies
within the tissue sectionswere visualizedwith the aminoethyl
carbazole substrate solution (Life technologies Corporation,
Carlsbad, California, USA), followed by counterstaining with
Mayer’s hematoxylin, dehydrating, and coverslipping.

2.6. Immunohistochemistry Evaluation. The immunohisto-
chemical staining results were evaluated by two independent
pathologists, who were blinded to the clinicopathological
details of the patients. The assessment of CD44 stainings
(score) was based on the percentage of positive cells: lack of
staining was scored as negative and 1–50% were classified as

“1+”, >10 and ≤50% as “2+” and >50% as “3+”. The cases
classified as 0 were considered negative, whereas 1+, 2+, and
3+ were established as positive cases.

2.7. Statistical Analysis. All statistical analyses were carried
out using the SPSS used for Windows (version 20.0; SPSS,
Chicago, IL, USA). Comparison between the groups was
done by using ANOVA for patient’s demographic data. The
statistical significance of any associations between CD44
polymorphism and CD44 protein immunohistochemical
staining and clinicopathological factors of gastric cancer such
as location of tumor, tumor size, histologic type, lymphatic
invasion, vascular invasion, pathological T stage, pathological
TNM stage, residual tumor, CEA, and 5-year survival was
evaluated using the 𝜒2 and Fisher’s tests. To assess prognostic
index, we first performed by using univariate Cox regression
model analysis. Significant parameters from the univariate
analysis were then assessed in the final by using multivariate
analysis using Cox proportional hazards regressionmodeling
with step-wise forward selection, 𝑝 < 0.05 considered as
statistically significant.

3. Results

3.1. Patient Characteristics. The patient characteristics are
summarized in Table 1. In total, 125 chronic gastritis cases
(35.5% males and 64.5% females), 113 precancerous gastric
lesion cases (39.3%males and 60.7% females), and 162 gastric
cancer cases (72.5%males and 27.5% females) were recruited.
The median age of chronic, precancerous, and gastric cancer
was 55.03 ± 12.92, 54.32 ± 15.83, and 61.38 ± 12.39 years,
respectively. There were no significant differences between
chronic gastritis and precancerous lesions for gender, age, or
underlying conditions (Table 1).

3.2. Genotype Patterns of CD44 Polymorphism in Gastric
Mucosal Pathology. The patterns of CD44 polymorphism are
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Figure 1: The patterns of CD44 polymorphism from real-time PCR.

(a) (b) (c)

Figure 2: Representative photomicrograph of immunohistochemistry CD44 expression in gastritis tissue. CD44 staining in chronic gastritis
(a), precancerous gastric lesions (b), and gastric cancer (c) (magnification, ×200).

shown in Figure 1. The frequency of genotypes AA, AG,
and GG in precancerous gastric lesion patients were 17.9%,
39.3%, and 42.8%, respectively, while that in the gastric cancer
were 2.5%, 42.5%, and 55%, respectively.TheAAhomozygous
showed significant difference between chronic, precancerous
gastric lesion,s and gastric cancer groups (𝑝 = 0.024) while
the distribution of variant genotypes (AG and GG) was
not statistically significant difference between three groups
(Table 1).

3.3. Immunohistochemical Analysis for CD44 Expression in
Gastric Mucosal Pathology. We analyzed the expression lev-
els of the CD44 protein using immunohistochemistry of
300 patients with chronic gastritis, precancerous gastric
lesions, and gastric cancer. CD44 was stained mainly in
the membrane and cytoplasm of gastric cells (Figure 2).

The expression of CD44 protein was present in patients
with precancerous gastric lesions (21.4%) and gastric cancer
(65%) but no patients with chronic gastritis were positive for
CD44 staining.There are also significant differences in CD44
expression between three groups (𝑝 = 0.036) (Table 1).

3.4. Association between CD44 Genotypes and Protein Expres-
sion in Gastric Mucosal Pathology. In order to assess whether
CD44 protein expressionwas due to alteration inCD44 geno-
types, we further analyzed the association of genotype pat-
terns and protein expression of CD44 in patients with chronic
gastritis, precancerous gastric lesions and gastric cancer. In
gastric cancer, 69 cases of positive CD44 protein expression
carried AG genotype (35.89%) and 89 cases carried GG
genotype (43.58%) whereas 4 cases carried AA genotype
(2.56%). There were associations between CD44 genotype
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Table 2: The distribution of the gastric mucosal pathology related to expression of CD44 and polymorphisms.

Polymorphism of gastric mucosal pathology Expression of CD44 protein (%) OR (95% CI) 𝑝 value
Negative Positive

Precancerous (𝑛 = 113)a

(i) AA 10.71 7.14 0.68 (0.47–0.96) 0.693
(ii) AG 35.71 14.28 0.91 (0.87–1.86) 0.058
(iii) GG 28.57 - - -

Gastric cancer (𝑛 = 162)a

(i) AA - 2.56 - -
(ii) AG 7.69 35.89 5.67 (1.54–7.23) 0.024∗

(iii) GG 10.25 43.58 8.32 (2.94–11.42) 0.016∗

Gastric cancer (𝑛 = 162)b

(i) AG 7.69 35.89 3.28 (2.47–5.63) 0.036∗

(ii) GG 10.25 43.58 4.14 (1.84–7.32) 0.046∗
aUnivariate Cox regression model analysis used to analyze the data. bMultivariate Cox proportional hazards regression model analysis was used to analyze the
data. OR, odds ratio; CI, confidence interval. ∗Significance is set at 𝑝 < 0.05.

and positive of CD44 staining, AG and GG genotype showed
significant associated with risk of positive for CD44 staining
(𝑝 = 0.024 and 𝑝 = 0.016, resp.). The OR of carrying AG
and GG genotype in gastric cancer patient groups were 5.67
(95% CI = 1.54 to 7.23) and 8.32 (95% CI = 2.94 to 11.41)
by using univariate Cox regression model analysis and 3.28
(95% CI = 2.47 to 5.63) and 4.14 (95% CI = 1.84 to 7.32),
respectively, by using multivariate Cox proportional hazards
regression model analysis. In contrast, the distribution of
three genotypes and CD44 protein expression in chronic
gastritis and precancerous gastric lesionswere not statistically
significant (Table 2).

3.5. Prognostic Role of CD44 Protein Expression and Clinico-
pathological Characteristics of Gastric Cancer. All tissue slides
were re-reviewed by five pathologists. Positive expression
rates were 65% for gastric cancer tissues. Clinicopathological
relevance of background factors in gastric cancer patients is
summarized in Tables 3 and 4. Location of tumor, tumor
size, histologic type, lymphatic invasion, vascular invasion,
pathological T stage, pathological TNMstage, residual tumor,
and 5-year survival were significantly associated with risk
of positive for CD44 staining (Table 3). Then multivariate
Cox proportional hazard regressionmodel was used to adjust
incorporating all of the relevant factors, such as age, gender,
underlying disease, and family history of gastric cancer. The
results found that location of tumor (lower) [𝑝 = 0.018, OR =
3.82 (1.31–5.84)], tumor size (≥70mm) [𝑝 = 0.023, OR = 5.24
(3.28–8.18)], undifferentiated histologic type [𝑝 = 0.037, OR
= 4.19 (4.18–10.29)], absent lymphatic invasion [𝑝 = 0.018,
OR = 4.12 (1.08–6.34)], T3 and T4 pathological stage [𝑝 =
0.041, OR = 2.09 (1.02–3.07)], high pathological stage (stages
III and IV) [𝑝 = 0.026, OR = 3.46 (1.82–5.24) and 𝑝 = 0.019,
OR = 4.33 (3.47–8.89)], residual tumors [𝑝 = 0.022, OR
= 3.29 (1.87–4.39)], and 5-year survival rate [𝑝 = 0.038,
OR = 2.26 (2.01–4.89)] were all found to be significantly
related to CD44 protein expression (Table 4). On the other
hand, no significant differences in any clinicopathological
characteristicswere observed betweenCD44protein-positive

and negative groups. During the study period, 13 (10.31%)
patients were lost to follow-up and 45 (30.20%) patients died.
Of these, 41 (91.11%) patients died from recurrent gastric
cancer and 4 (8.88%) patients died from another disease
without recurrence of gastric cancer.

4. Discussion

According to CSC theory, CSCs can drive tumorigenic
processes including cancer initiation, progression,metastasis,
and disease recurrence [27]. Stem cells become cancerous
after having acquired genetic mutations and seem to be
responsible of recurrence andmetastasis [28]. CD44 has been
suggested to represent an important prognostic marker for
various cancer types including gastric cancer with its elevated
expression [16, 20, 22, 29, 30]. Several studies have demon-
strated that overexpression of CD44 protein was associated
with poor prognosis in colorectal carcinoma [30], breast
cancer [22], and gastric cancer [16]. Based on the above, it
is reasonable to predict that changes in the expression of
CD44 will play an important role in the development and
progression of gastric cancer. In addition, these CSCs are
used as a marker for identifying and predicting gastric cancer
development; they should be validated in several populations
because of racial differences. This is the first report to
evaluate CD44 protein expression and polymorphism in
Thai gastritis patients. Our results obtained by analyzing
162 gastric cancer patients and 125 chronic gastritis and 165
precancerous gastric lesions from three study centers showed
that CD44 protein staining was positive in patients with
precancerous (21.4%) and gastric cancer (65%) and negative
with chronic gastritis. There was significant difference in
CD44 protein expression among groups of patients (𝑝 =
0.036). This result indicated the association between CD44
protein expression and development of pathological changes
(Table 1). It might be suggested that CD44 expression could
be used as a marker for the prediction of gastric cancer
development, especially in patients with premalignant gastric
lesions carrying AG or GG, who was selected to surveillance
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Table 3: Clinicopathological characteristics of gastric cancer associated with CD44 expression (univariate Cox regression model analysis).

Clinicopathological characteristics of gastric cancer (𝑛 = 62) Expression of CD 44 protein (%) OR (95% CI) 𝑝 value
Negative Positive

Location of tumor (%)
(i) Upper 5.12 10.25 0.62 (0.48–0.87) 0.724
(ii) Middle 10.25 15.38 0.87 (0.64–1.09) 0.953
(iii) Lower 7.69 58.84 4.69 (2.01–6.48) 0.014∗

Tumor size (%)
(i) ≥70mm 7.69 48.71 5.74 (3.18–8.29) 0.019∗

(ii) ≤70mm 20.51 23.07 0.54 (0.42–0.76) 0.834
Histologic type (%)

(i) Differentiated 23.07 17.94 0.73 (0.59–0.92) 0.524
(ii) Undifferentiated 5.12 53.84 8.29 (6.38–12.19) 0.014∗

Lymphatic invasion (%)
(i) Absent 41.02 7.69 4.21 (1.29–7.74) 0.028∗

(ii) Present 12.82 38.46 3.39 (1.69–5.58) 0.032∗

Vascular invasion (%)
(i) Absent 30.76 20.51 0.79 (0.62–1.38) 0.497
(ii) Present 25.64 23.07 0.59 (0.42–1.18) 0.326

Pathological T stage (%)
(i) T1-T2 30.76 28.20 0.82 (0.63–1.13) 0.284
(ii) T3-T4 20.51 46.15 2.19 (1.02–6.29) 0.039∗

Pathological TNM stage (%)
(i) I 7.69 5.12 0.92 (0.76–1.32) 0.562
(ii) II 17.97 12.82 0.72 (0.51–1.15) 0.481
(iii) III 5.12 28.02 4.49 (1.12–7.84) 0.010∗

(iv) IV 2.56 20.51 3.32 (1.45–5.890) 0.029∗

Residual tumor [𝑛 = 29] (%)
(i) No 58.97 15.38 2.89 (1.07–4.69) 0.039∗

(ii) Microscopic 2.56 10.25 1.54 (1.01–4.43) 0.041∗

(iii) Gross (unresectable) 5.12 7.69 0.74 (0.53–0.91) 0.624
CEA (%)

(i) <5.0 (ng/ml) 28.02 33.33 0.69 (0.58–1.42) 0.573
(ii) ≥5.0 (ng/ml) 17.94 20.51 0.98 (0.75–1.54) 0.782

5 years survival (available 𝑛 = 149) (%) 55.03 14.76 2.83 (1.98–5.62) 0.028∗

Univariate Cox regression model analysis used to analyze the data. OR, odds ratio; CI, confidence interval. ∗Significance is set at 𝑝 < 0.05.

follow-up for gastric cancer prevention. Consistently, Damm-
rich et al. [31] reported that CD44 (v6 isomer) was expressed
in the chronic atrophic gastritis and intestinal metaplasia
with dysplastic change which are precancerous lesions of
gastric carcinoma. Thus, the expression of stem cell markers
can represent the epigenetic changes supporting the role
of stem cells in gastric cancer. This study could therefore
evaluate the association between CD44 protein expression
and CD44 polymorphism and compare the risk of CD44
protein expression in precancerous gastric lesions and gastric
cancer.

Several studies have suggested the potential importance
of CD44 polymorphisms as a risk factor and poor prognostic
marker in various cancers, including gastric cancer [19, 21,
29, 32]. Recently, a number of studies have conducted the
association between CD44 rs187116 polymorphisms and risk
of cancer; however, the results were conflicting. In this study,

AA homozygous genotype showed a significant difference
between chronic gastritis and both precancerous gastric
lesions and gastric cancer (𝑝 = 0.024). This result indicated
that patients with chronic or precancerous carried more
AA homozygous genotype than gastric cancer patients. This
might suggest that polymorphism contribute to the enhanced
carcinogenesis as compared with wild-type. Particularly, the
AG and GG genotypes of gastric cancer patients were found
to increase by 17 and 22 times, respectively (Table 1). These
findings correspond to the study of Suenaga et al. [23]; they
reported that the most frequently genotypes in Japanese gas-
tric cancer patients are AG and GG genotypes. Moreover, we
observed that the significant association of variant genotype
AG or GG of CD44 rs187116 had a higher risk of CD44
protein expression in gastric cancer compared with those
with the WT genotype (AA). Although the G allele appeared
to be associated with the risk of CD44 expression in gastric
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Table 4: The distribution of the clinicopathological characteristics of gastric cancer related to expression of CD44 and polymorphisms
(multivariate Cox proportional hazards regression model analysis).

Clinicopathological characteristics of gastric cancer (𝑛 = 162) Expression of CD 44 protein (%) OR (95% CI) 𝑝 value
Negative Positive

Location of tumor (%)
(i) Lower 7.69 58.84 3.82 (1.31–5.84) 0.018∗

Tumor size (%)
(i) ≥70 mm 7.69 48.71 5.24 (3.28–8.18) 0.023∗

Histologic type (%)
(i) Undifferentiated 5.12 53.84 4.19 (4.18–10.29) 0.037∗

Lymphatic invasion (%)
(i) Absent 41.02 7.69 4.12 (1.08–6.34) 0.018∗

(ii) Present 12.82 38.46 1.09 (1.19–2.47) 0.061
Pathological T stage (%)

(i) T3-T4 20.51 46.15 2.09 (1.02–3.07) 0.041∗

Pathological TNM stage (%)
(i) III 5.12 28.02 3.46 (1.82–5.24) 0.026∗

(ii) IV 2.56 20.51 4.33 (3.47–8.89) 0.019∗

Residual tumor [𝑛 = 29] (%)
(i) No 58.97 15.38 3.29 (1.87–4.39) 0.022∗

(ii) Microscopic 2.56 10.25 0.94 (1.31–3.83) 0.057
5-year survival (available 𝑛 = 118) (%) 55.08 18.64 2.26 (2.01–4.89) 0.038∗

Multivariate Cox proportional hazards regression model analysis was used to analyze the data. OR, odds ratio; CI, confidence interval. ∗Adjustments were
performed by incorporating all of the relevant factors, such as age, gender, underlying disease, and family history of gastric cancer into the analysis. ∗Significance
is set at 𝑝 < 0.05.

cancer, however no statistically significant was observed
in precancerous gastric lesions; the results might reflect
statistical fluctuation due to the small number of patients
in each group. Therefore, the association between CD44
rs187116 polymorphism and the expression of CD44 protein
in gastritis patients is inconclusive from the present study.
Another explanation for this observation is that the CD44
protein expression may not result from CD44 mutation of
rs187116 but mutations in genes that regulate carcinogenesis
could result in uncontrolled CD44 expression and gastric
cancer. In this study, CD44 rs187116 evaluated the effect of
CD44 gene. Therefore, other variants should be evaluated
for further study of gastric cancer carcinogenesis. Although
this study was the multicenter providing subject from the
three hospital centers, however, a large number of patients
are needed.Moreover, selection bias was present in this study,
mostly gastric cancer tissues showing locally advance and
advanced gastric cancer, because specific amounts of gastric
cancer tissues were collected from surgical resection from
three medical centers.

5. Conclusions

To date no reliable CSCs marker is found to predict gastric
cancer development. Our study indicate that expression of
CD44 could be used as a marker for the prediction of gastric
cancer development, especially in patients with precancerous
gastric lesions, who were selected to surveillance follow-up
for gastric cancer prevention. Larger multicenter studies are
needed to test this hypothesis.
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