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Abstract

Purpose (1) To investigate associations between single
nucleotide polymorphisms (SNPs) in osteopontin (OPN)
and its receptor—cluster of differentiation 44 (CD44)
genes and gastric cancer susceptibility. (2) To explore
the correlation of OPN and CD44 expression of gastric
cancer.

Methods We detected 26 SNPs of the genes in gas-
tric cancer patients from the Chinese Han population by
Sequenom technique and performed expression of OPN
in combination with CD44 in 243 tissues samples of the
cases by tissue microarray and immunohistochemistry
(IHC).
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Results We found that the minor alleles of OPN
rs4754C>T and OPN rs9138C>A remained strongly asso-
ciated with decreased gastric cancer risk (P = 1.53 x 1074,
odds ratio (OR) 0.642, 95 % confidence interval (CI)
0.511-0.808 and P = 1.59 x 107* OR 0.642, 95 %CI
0.510-0.809). OPN variant rs1126772A>G and CD44 vari-
ant rs353639A>C significantly contributed to elevated risk
of gastric cancer (P = 0.042, OR 1.279, 95 % CI 1.008—
1.622 and P = 0.047, OR 1.334, 95 % CI 1.003-1.772).
Haplotypes of OPN and CD44 variants significantly influ-
enced risk of gastric cancer. Clinical data indicated that
rs4754 and rs9138 of OPN were significantly associated
with smoking (P = 0.029, OR 0.343, 95 % CI 0.127-0.926
and P = 0.029, OR 0.343, 95 %CI 0.127-0.926) and OPN
rs1126772 revealed associations with tumor—node—metas-
tasis (TNM) stage (P = 0.025, OR 1.765, 95 % CI 1.073-
2.905) and tumor differentiation (P = 0.031, OR 1.722,
95 % CI 1.049-2.825). OPN expression was observed in
133 of the 243 cases (54.7 %) by IHC and was correlated
with serosa invasion (P = 0.013), TNM stage (P = 0.003)
and lymph node metastasis (P = 0.002). CD44 expres-
sion was found in 92 of the 243 cases (37.9 %) and was
associated with tumor size (P = 0.005) and lymph node
metastasis (P = 0.023), respectively. The OPN expression
displayed a positive association with CD44 (P = 0.01,
re=0.164).

Conclusions We found that the polymorphisms rs4754,
rs9138 and rs1126772 of OPN gene and rs353639 of CD44
gene were significantly associated with gastric cancer. Our
IHC data indicated that interaction of OPN and CD44 pro-
tein would promote progression and metastasis of gastric
cancer.

Keywords OPN - CD44 - Gastric cancer - Single
nucleotide polymorphism - Immunohistochemistry
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Introduction

Gastric cancer is a leading cause of cancer morbidity and
mortality worldwide (Catalano et al. 2009). The occur-
rence and development of gastric cancer is involved in a
complicated process and is influenced by integrated effects
of genetic and environmental factors (Samson et al. 2002).
The precise mechanisms of gastric cancer carcinogenesis
remain yet unknown. Some investigations demonstrated
associations of cytokines and cell adhesion molecules with
susceptibility to gastric cancer (Ando et al. 2009; Xia et al.
2012).

Osteopontin (OPN), also known as secreted phosphopro-
tein 1 (SPP1), early T lymphocyte activation 1 (Eta-1) and
bone sialoprotein I (BSPI), is a member of cytokines and
belongs to the small integrin-binding ligand N-liked gly-
coprotein gene family (Fisher et al. 2004). The OPN gene
is located on chromosome 4q24—q25 and consists of seven
exons encoding a multifunctional protein that contains a
Arg-Gly—-Asp (RGD) domain (Young et al. 1990). OPN
is involved in multifarious physiological and pathological
processes, including inflammatory reaction, wound healing,
angiogenesis and immune response (Denhardt et al. 2001;
Jansson et al. 2002; Wang et al. 2011). OPN is expressed
in a variety of tumor cells, such as stomach (Imano et al.
2009), lung (Jin et al. 2012), colorectum (Likui et al. 2010),
esophagus (Wu et al. 2008) and liver (Lin et al. 2011). Pre-
vious studies illustrated that OPN signaling could activate
anti-apoptosis, survival and invasion of cancer cells via
phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt)
and nuclear factor kappa B (NF-kB) signaling pathway
(Fong et al. 2009), degrade extracellular matrix (ECM)
by regulating the activity of matrix metalloproteinases
(MMPs) and urokinase-type plasminogen activator (uPA)
(Chen et al. 2011), and modulate angiogenesis by vascu-
lar endothelial growth factor (VEGF) (Tang et al. 2008),
leading to tumor growth and metastasis. Clinical investiga-
tions displayed that OPN mRNA expression was associated
with tumor—-node—metastasis (TNM) stage in esophageal
carcinoma (Wu et al. 2008) and lymph node metastasis
and TNM stage in colorectal cancer (Likui et al. 2010).
Higashiyama et al. (2007) found that expression of OPN
mRNA and protein increased in gastric cancer by semi-
quantitative reverse transcription polymerase chain reac-
tion (RT-PCR) and Western blot analysis. Dai et al. (2007)
revealed that gastric cancer patients with OPN-positive
expression held poorer survivals, later TNM stage, invasion
and positive lymph node metastasis. Furthermore, elevated
plasma OPN level was significantly in association with pro-
gressive stage, serosa invasion, lymph node metastasis and
liver metastasis in gastric cancer; therefore, plasma OPN
level might be of value as diagnostic and prognostic factor
in gastric cancer (Wu et al. 2007).
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Cluster of differentiation 44 (CD44) is a crucial trans-
membrane receptor for OPN, which is a member of cell
surface adhesion molecule family and exists in various
organs and tissues. The CD44 gene is located on chro-
mosome 11p13 and contains 20 exons, 10 of which are
expressed in the standard form (CD44s). The remaining
10 exons are expressed in an exceedingly large number of
splice variant isoforms of the protein (CD44v) (Tolg et al.
1993). CD44 plays a vital role in cell migration, adhesion,
regulation of lymphocyte activation and homing (Ponta
et al. 2003). CD44 promotes tumor metastasis by enhanc-
ing tumor cell migration and motility (Bourguignon et al.
1999). Increased expression of CD44 was found in gastro-
intestinal tumors and was associated with tumor invasion,
lymph node metastasis and patients’ survival (Bendardaf
et al. 2006; Doventas et al. 2012). It was demonstrated
that CD44 showed ligand-receptor association and was
functionally in concurrent conjunction with OPN in tumor
growth and progression (Weber et al. 1996, 1997), promo-
tion of cell proliferation and anti-apoptosis (Lin and Yang-
Yen 2001). The C-terminal fragment of OPN contains
a heparin-binding domain for variant isoforms of CD44
binding (Weber et al. 1996). Interaction between OPN and
CD44 is a way of tumor cells anchoring specific sites of
metastasis formation (Weber et al. 1997).

In recent researches, the functions of the mutated genes
of OPN and CD44 were investigated. For example, Hep-
3B (hepatocelluar carcinoma cell line) transfected with
OPN 3’-untranslated regions (UTR) mutation would mod-
ify OPN expression (Bhattacharya et al. 2010). Polymor-
phisms in the OPN promoter region could affect its tran-
scriptional activity (Giacopelli et al. 2004). Knockout of
CD44 gene could prevent tumor metastasis in the mice
model (Weber et al. 2002). CD44 rs13347C>T polymor-
phism might influence nasopharyngeal carcinoma devel-
opment by increasing CD44 expression (Xiao et al. 2013).
In addition, genetic analyses on CD44 and OPN with
regard to susceptibility in gastrointestinal tumors were
described. Winder et al. found that in gastric adenocarci-
noma, CD44 rs187116 (AG, GG vs. AA) was associated
with shorter time to tumor recurrence (TTR), rs7116432
(AG, AA vs. GG) correlated with shorter TTR and over-
all survival (OS); patients harboring CD44 rs187115T-
rs187116A haplotype were at the lowest risk of developing
tumor recurrence (Winder et al. 2011). Gerger et al. (2011)
demonstrated the wild-type genotype CC of CD44 rs8193
led to a shorter TTR in colon cancer. Also, polymorphisms
in the OPN promoter region were associated with gastric
carcinoma risk (Lee et al. 2013; Zhao et al. 2012). Zhao
et al. (2012) detected that nucleotide —443 (T — C) vari-
ants of OPN increased metastasis and subsequent death of
gastric carcinoma. Lee et al. (2013) confirmed —443 CC
and —616 TT were significantly associated with gastric
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cancer susceptibility. Single nucleotide polymorphisms
(SNPs) of OPN and CD44 might become of predictive for
high expression levels of the proteins in gastric cancer pro-
gression. However, association study of genetic polymor-
phisms in the OPN coding and 3’-UTR with susceptibility
to gastric cancer remains yet absent.

We aimed at evaluation of whether genetic variants of
OPN and CD44 in the coding and untranslated regions
were associated with gastric cancer susceptibility. We per-
formed a genetic analysis in a case—control study by Seque-
nom technique and analyzed potential associations of these
genetic polymorphisms as well as expression of OPN and
CD44 in gastric cancer tissue with clinicopathological
characteristics of gastric cancer.

Materials and methods
Study population

Three hundred and eleven cases with advanced gastric car-
cinoma and 425 cancer-free controls were investigated in
this study. Patients with gastric carcinoma were collected
from the First Affiliated Hospital of Anhui Medical Univer-
sity between March 2008 and July 2009 and received no
chemotherapy or radiotherapy before surgical gastrectomy.
The patients were comprised 246 men and 65 women with
an average age of 60.4 + 10.4 years (ranging from 24 to
83 years). Of which, two hundred and forty-three cases
with full clinical pathological data were used for IHC anal-
ysis, including 187 men and 56 women with an average age
of 60.3 + 10.2 years (ranging from 24 to 83 years). Addi-
tional 24 samples of normal gastric mucosal tissues were
used as IHC controls. In addition, a total of 336 men and
89 women control subjects were matched with an aver-
age age of 60.6 & 8.4 years (ranging from 30 to 86 years).
These control subjects without a history of cancers were
recruited from patients who visited hospital for a conven-
tional cancer-screening program. Information on demo-
graphic characteristics, such as gender, age, smoking hab-
its, alcohol consumption and family history of cancer were
obtained from a personal interview administered by trained
personnel. Smoking habit was defined as non-smoker and
smoker. Individuals who smoked one cigarette per day for
over 1 year were defined as smokers. Alcohol consumption
was defined as non-drinker and drinker. Individuals who
consumed more than 200 mL alcohol per day were defined
as drinker. The intake of salted food was defined as no or
occasional and yes. Individuals who took salt in diet over
6 g per day were defined as high salt. Clinical diagnosis and
staging of gastric carcinoma were assessed by two patholo-
gists according to the World Health Organization classifi-
cations and TNM classifications issued in 2006. Informed

consents were obtained from all the participants. This study
was approved by the ethics committee for genome research
of the Anhui Medical University of China.

Extraction of peripheral blood DNA

Total blood sample was collected from each subject before
treatment and stored at —80 °C until analysis. Genomic
DNA was extracted from peripheral blood using QIAamp
DNA Blood Midi Kit (Qiagen Inc., Germany) according to
the manufacturer’s protocol. The quantitative concentration
of DNA was measured by the Nanodrop Spectrophotom-
eter (ND-1000, USA) of full wavelength and standardized
to 50 ng/l.

SNP selection and sequenom assay

Based on the Hapmap Chinese Han population database, we
checked SNPs of OPN and CD44 genes by Haploview soft-
ware. We preferentially chose tag SNPs and potentially sig-
nificant SNPs which located in the exon or 3’-UTR. Thus,
a panel of 26 SNPs were selected with the minor allele fre-
quency (MAF) >0.05 and were in Hardy—Weinberg equilib-
rium (HWE). They included (1) OPN SNPs: rs11728697,
rs4754, rs1126772 and rs9138 and (2) CD44 SNPs:
rs2785172, 182553808, 15353619, rs187115, rs353644,
rs353639, 13353630, 15353647, rs7937602, rs4756195,
1s3794107, rs1071695, 1516927042, rs996076, rs16927061,
rs11033021, rs7110737, rs12577007, rs8193, rs11821102,
rs10836347 and rs13347. Genotyping analysis of the SNPs
for fast-track validation analysis was performed using the
Sequenom Mass Array system. Fifteen ng of genomic DNA
was standardized for genotyping of each sample. Locus-
specific PCR and detection primers were designed using
the Mass ARRAY Assay Design 3.0 software (Sequenom,
San Diego, California, USA) following the manufacturer’s
instructions. The DNA samples were amplified by multiplex
PCRs. The PCR products were then used for locus-specific
single-base extension reactions. The resulting products were
desalted and transferred to a 384-element SpectroCHIP
array. Allele detection was performed using MALDI-TOF
MS. The mass spectrograms were analyzed by the Mass
ARRAY Typer software (Sequenom).

Tissue microarray block preparation and IHC

Typical areas of cancers on HE-stained section slides
were selected under microscope. Circles were drawn on
the slides around the representative areas of the section.
Using the slides as guides, core samples (0.6 mm in diam-
eter) were punched out from each corresponding paraffin-
embedded block using a tissue microarray (TMA) sam-
pling tool. Duplicated cores were applied in order to avoid
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shedding. Fifty-four cores were embedded in a TMA block
with 8 x 7 alignments. Thus, a total of nine TMA blocks
were produced creating a panel of TMAs for the 243 tumor
samples. In addition, we selected 24 cases of normal gastric
mucosal tissues as the controls.

Histological sections (4 um) from the nine TMA blocks
were used for the study. The TMA sections were deparaffi-
nized in xylene and rehydrated through descending con-
centrations of ethanol. After washing twice in phosphate-
buffered saline (PBS) for 5 min, the slides were exposed to
3 %H,0, at room temperature for 10 min. Antigen retrieval
was achieved by microwave treatment in 0.01 mol/L cit-
rate buffer (pH 6.0) for 2 min, followed by cooling for 2 h.
After washing in PBS and exposure to normal goat serum
to reduce non-specific binding, the slides were incubated
with rabbit monoclonal antibody against human of OPN
and CD44 (abcam, USA) at a diluted solution of 1:200 at
4 °C for 20 h and then with secondary antibody and SABC
agent at 37 °C for 20 min, respectively. After further PBS
washing, slides were then incubated with substrate diamin-
obenzidine and hydrogen peroxide for 10 min. Finally, sec-
tions were counterstained with hematoxylin. All reagents
were purchased from Zhongshan Biotechnology Co., Ltd.
(Beijing, P.R. China).

Evaluation IHC staining

Immunoreactivity of tumor TMA was evaluated according to
both of the proportion of stained cells and/or ECM as well as
their intensities. Area of stained cells and/or ECM was semi-
quantitatively scored as follows: O = negative, 1 = 1-25 %,
2 =26-50 %, 3 = 51-75 % and 4 = 76-100 %. Staining
intensity was scored as 0 = negative, 1 = weak, 2 = medium
and 3 = strong. The sum of the intensity and extent score
was used as the final staining score. A score of >4 was con-
sidered as a positive expression.

Data analysis

We used a logistic regression model with age and gender
adjustment to analyze the association of SNPs with risk of
gastric cancer. HWE proportion was tested in control sam-
ples to ensure genotyping quality. The differences in fre-
quency distributions of the genotypes between the cases and
the controls and the stratified association analysis between
the clinicopathological parameters and the SNPs and protein
expression of OPN and CD44 were tested using chi-squared
test, while if there was the number of genotype <5, Fishers’
exact test was used. When the number of one mutant gen-
otype (Dd or DD) was 0 in one of the clinicopathological
parameters, we combined two mutant genotypes and ana-
lyzed as dominant model (DD plus Dd vs. dd). All analyses
for P values were two-sided. The statistical software Plink
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v1.07  (http://pngu.mgh.harvard.edu/purcell/plink/)  and
Stata/SE version 10 were used for statistical analyses (Stata-
Corp LP, College Station, TX). The Haploview 4.2 was used
to calculate the linkage disequilibrium (LD) and the haplo-
type analysis. Those haplotypes with the frequency of <0.05
were ignored in the analysis.

Results
Association analysis of 26 SNPs of OPN and CD44

Minor alleles, P values, estimated odds ratios (ORs) and
95 % confidence intervals (CIs) of the 26 SNPs of OPN and
CD44 genes between the cases and the controls are summa-
rized in Table 1. We found that three of four SNPs (rs4754,
rs1126772 and rs9138) of OPN tested were associated
with the risk of gastric cancer. Of which, the minor alleles
of rs4754C>T and rs9138C>A remained strongly associ-
ated with decreased gastric cancer risk (P = 1.53 x 1074,
OR 0.642, 95 % CI 0.511-0.808; P = 1.59 x 107, OR
0.642, 95 % CI 0.510-0.809), while the minor allele of
1s1126772A>G significantly presented increased gastric
cancer risk (P = 0.042, OR 1.279, 95 % CI 1.008-1.622).
One individual SNP (rs353639A>C) of 22 CD44 variants
detected was identified to increase the risk of gastric can-
cer (P = 0.047, OR 1.334, 95 % CI 1.003-1.772). We fur-
ther analyzed the four SNPs using alternative models, such
as codominant, dominant and recessive models. As shown
in Table 2, in the codominant model, heterozygous geno-
types TC (rs4754) and CA (rs9138) and the homozygous
genotypes TT (rs4754) and AA (1s9138) of OPN were
significantly of higher proportion in the controls and had
the benefit of decreased risk of gastric cancer compared to
the wild-type genotype CC (P = 0.000, OR 0.547, 95 %
CI 0.400-0.746; P = 0.000, OR 0.547, 95 % CI 0.400—
0.747; P = 0.014, OR 0.503, 95 % CI 0.289-0.876; and
P = 0.014, OR 0.503, 95 % CI 0.289-0.876), respec-
tively. OPN heterozygous genotype AG of rs1126772 bore
increased risk of gastric cancer (P = 0.040, OR 1.381,
95 % CI 1.015-1.879). In the dominant model, TC + TT
(rs4754) and CA + AA (rs9138) showed significantly
reduced risk of gastric cancer compared to the CC geno-
type (P = 0.000, OR 0.539, 95 % CI 0.401-0.725; and
P = 0.000, OR 0.539, 95 % CI 0.400-0.726, respectively),
while the genotype AG + GG of rs1126772 elevated
the risk of gastric cancer compared to the wild-type AA
(P =0.030, OR 1.386, 95 % CI 1.032-1.863).

The LD and haplotypes analysis

We performed a LD analysis. The results were shown
in Fig. 1. The SNPs of CD44 (1#-22#) were separately
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Table 1 Analysis of OPN and CD44 polymorphisms and the risk of gastric cancer

SNP no. SNP ID Alleles Locations HWE MAF P value OR (95 % CI)
Controls Cases Controls Cases
OPN
24 rs4754 C—>T Exon 0.131 0.551 0.346 0.254 1.53 x 10~* 0.642 (0.511-0.808)
26 rs9138 C—>A 3’ UTR 0.159 0.549 0.347 0.254 1.59 x 10~* 0.642 (0.510-0.809)
25 rs1126772 A—>G 3’ UTR 0.891 0.480 0.232 0.278 0.042 1.279 (1.008-1.622)
23 rs11728697 C—>T Exon 1.000 0.714 0.367 0.368 0.966 1.005 (0.810-1.246)
CD44
6 rs353639 A—C Intron 1.000 0.847 0.139 0.177 0.047 1.334 (1.003-1.772)
12 rs1071695 C—>T Exon 0.602 1.000 0.106 0.098 0.611 0.914 (0.645-1.294)
21 rs10836347 C—>T 3’ UTR 0.716 0.612 0.074 0.060 0.283 0.794 (0.521-1.210)
16 rs11033021 T—C Intron 0.585 0.784 0.339 0.293 0.059 0.805 (0.643-1.008)
20 rs11821102 G—A 3’ UTR 0.485 0.701 0.074 0.077 0.820 1.047 (0.707-1.549)
18 rs12577007 G—A Intron 0.514 0.876 0.250 0.238 0.596 0.937 (0.735-1.193)
22 rs13347 C—>T 3’ UTR 0.285 0.802 0.360 0.349 0.660 0.952 (0.765-1.185)
13 rs16927042 G—>C Intron 0.234 0.379 0.092 0.068 0.095 0.718 (0.485-1.061)
15 rs16927061 G—A Intron 0.515 1.000 0.084 0.095 0.451 1.150 (0.800-1.653)
4 rs187115 A—>G Intron 0.509 0.267 0.243 0.233 0.649 0.945 (0.740-1.206)
2 rs2553808 A—G Intron 0.442 1.000 0.198 0.219 0.338 1.133 (0.878-1.462)
1 rs2785172 T—C Intron 0.824 0.447 0.325 0.338 0.612 1.059 (0.849-1.319)
3 rs353619 C—>T Intron 0.498 1.000 0.124 0.121 0.840 0.968 (0.705-1.328)
7 rs353630 C—>T Intron 1.000 0.296 0.055 0.060 0.683 1.097 (0.703-1.714)
5 rs353644 A—>G Intron 0.910 0.307 0.312 0.334 0.384 1.103 (0.884-1.377)
8 1rs353647 G—>C Intron 0.595 0.038 0.241 0.233 0.725 0.957 (0.750-1.222)
11 rs3794107 A—>T Intron 1.000 0.711 0.086 0.085 0.973 0.994 (0.686—1.440)
10 rs4756195 G—>A Intron 0.332 0.819 0.149 0.145 0.861 0.974 (0.726-1.306)
17 rs7110737 A—>T Intron 1.000 0.077 0.423 0.405 0.483 0.927 (0.751-1.145)
9 rs7937602 C—A Intron 1.000 0.711 0.088 0.085 0.836 0.962 (0.665-1.391)
19 rs8193 C—>T 3’ UTR 0.320 0.357 0.439 0.452 0.615 1.055 (0.855-1.302)
14 rs996076 T—C Intron 1.000 1.000 0.175 0.165 0.612 0.930 (0.704-1.230)

The ORs (95 % CI) and P values were derived from an age- and gender-adjusted logistic regression. P values under 0.05 were indicated in bold

font

located in Block 1-Block 5. Block 6 contained 3 SNPs
(rs4754, rs1126772 and rs9138) of OPN. We performed
a haplotype analysis further (Table 3) and found that
haplotypes TAA (rs4754, rs1126772 and rs9138) and
CTAA (rs11728697, rs4754, rs1126772 and rs9138) of
OPN significantly conferred reduced risk of gastric can-
cer (P = 1.0 x 107% OR 0.640, 95 % CI 0.509-0.805;
P =0.003, OR 0.685, 95 % CI 0.535-0.877), respectively,
while haplotypes CGC (rs4754, rs1126772 and rs9138)
and CCAC (rs11728697, rs4754, rs1126772 and rs9138)
of OPN endued elevated risk of gastric cancer (P = 0.044,
OR 1.279, 95 % CI 1.008-1.622; P = 0.013, OR 1.306,
95 % CI 1.056-1.617). Also, the haplotype GCC of CD44
consisting of rs353644, rs353639 and rs353630 (Block
3) endued elevated risk of gastric cancer (P = 0.044, OR
1.436, 95 % CI 1.015-2.031).

Association analysis of SNPs and clinicopathological
characteristics of gastric cancer

We conducted a stratified genetic association analysis with
regard to the 26 SNPs and clinicopathological characteris-
tics, such as gender, age, tumor location, tumor size, his-
tological type, grade of tumor differentiation, serosa inva-
sion, lymph node metastasis, TNM stage, smoking, alcohol
drinking, family history and salted food. There were sig-
nificant correlations of the genotype TT of rs8193 to tumor
size (P = 0.029, OR 0.438, 95 % CI 0.204-0.925) and ser-
osa invasion (P = 0.019, OR 0.394, 95 % CI 0.180-0.865),
rs4756195 AA to serosa invasion (P = 0.028, OR 0.099,
95 % CI = 0.011-0.904), rs1071695 CT + TT to serosa
invasion (P = 0.033, OR 2.371, 95 % CI 1.054-5.331) and
TNM stage (P = 0.022, OR 2.121, 95 % CI 1.103-4.080),
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Table 2 Genotype distributions in the cases and the controls

Genes SNPID Genotype Frequency Codominant model Dominant model Recessive model
Controls Cases OR (95 % CI) P OR (95 % CI) P OR (95 % CTI) P
OPN 154754 CcC 172 175 1 1 1
TC 205 114 0.547 (0.400-0.746) 0.000 0.539 (0.401-0.725) 0.000
TT 43 22 0.503(0.289-0.876) 0.014 0.667 (0.390-1.141) 0.137
rs9138 CcC 171 174 1 1 1
CA 203 113 0.547 (0.400-0.747) 0.000 0.539 (0.400-0.726) 0.000
AA 43 22 0.503 (0.289-0.876) 0.014 0.667 (0.390-1.140) 0.136
rs1126772 AA 248 159 1 1 1
AG 148 131 1.381 (1.015-1.879) 0.040 1.386 (1.032-1.863) 0.030
GG 23 21 1.424 (0.763-2.658) 0.265 1.247 (0.677-2.296) 0.478
CD44 15353639 AA 310 211 1 1 1
CA 100 90 1.322 (0.947-1.847) 0.101 1.360 (0.984-1.880) 0.062
CC 8 10 1.836 (0.713-4.730)  0.202 1.703 (0.664-4.365) 0.263

The ORs (95 % CI) and P values were derived from an age- and gender-adjusted logistic regression. P values under 0.05 were indicated in bold
font. Codominant model meant DD versus Dd versus dd. Dominant model meant (DD, Dd) versus dd. Recessive model meant DD versus (Dd,

dd). D was the minor allele and d was the major allele
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rs1126772 AG to TNM stage (P = 0.025, OR 1.765, 95 %
CI 1.073-2.905) and differentiation (P = 0.031, OR 1.722,
95 % CI 1.049-2.825), rs353644 GG (P = 0.029, OR
3.061, 95 % CI 1.082-8.661) and rs3794107 AT + TT to
histological type (P = 0.000, OR 4.086, 95 % CI 1.852-
9.012), rs16927042 CG to histological type (P = 0.003, OR
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3.370, 95 % CI 1.452-7.822) and salted food (P = 0.034,
OR 2.057, 95 % CI 1.045-4.050), rs16927061 GA + AA
to gender (P = 0.023, OR 0.479, 95 % CI 0.252-0.912),
rs4754 TT, rs 9138 AA and rs11821102 AG + AA to
smoking (P = 0.029, OR 0.343, 95 % CI 0.127-0.926;
P = 0.029, OR 0.343, 95 % CI 0.127-0.926; P = 0.014,
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Table 3 Frequency

N Genes Haplotype Frequency P OR (95 % CI)

distributions of haplotypes of

CD44 and OPN variants and Controls Cases

their associations with risk of

gastric cancer CD44 Block 3
GCC 0.084 0.116 0.044 1.436 (1.015-2.031)
AAC 0.690 0.667 0.348 0.902 (0.722-1.126)
GAC 0.171 0.157 0.451 0.890 (0.672-1.180)
GCT 0.055 0.061 0.605 1.120 (0.720-1.744)

OPN Block 6

TAA 0.347 0.254 1.0 x 10~* 0.640 (0.509-0.805)
CGC 0.232 0.278 0.044 1.279 (1.008-1.622)
CAC 0.421 0.468 0.073 1.208 (0.980-1.488)
The whole combination of the 4 SNPs of OPN

The ORs (95 % CT) and CTAA 0.274 0.205 0.003 0.685 (0.535-0.877)

¢ ORs (95 % C1) an CCAC 0.354 0.417 0.013 1.306 (1.056-1.617)

corresponding P values were

derived from an age- and TCGC 0.225 0.269 0.055 1.260 (0.991-1.603)

gender-adjusted logistic TTAA 0.073 0.049 0.058 0.645 (0.412-1.012)

regression. P values under 0.05 TCAC 0.067 0.051 0.198 0.757 (0.484-1.185)

were indicated in bold font

OR 0.438, 95 % CI 0.224-0.856), rs353619 TC + TT to Discussion

family history (P = 0.007, OR 2.932, 95 % CI 1.311-
6.557) and tumor location (P = 0.029, OR 2.117, 95 % CI
1.074-14.171), respectively (Table 4). In addition, genetic
changes of the four SNPs in OPN and CD44 genes did
not affect expression of OPN and CD44 in tumor tissues
(Table 5).

Correlation of OPN and CD44 expression
with clinicopathological characteristics of gastric cancer

We detected expression of OPN and CD44 in gastric car-
cinoma by means of TMA and IHC. The specific immu-
nostaining of OPN and CD44 proteins was cytoplasmic
and/or membranous. None of OPN and CD44 expression
was found in normal mucosa and gastric glands (Fig. 2a, b).
We found OPN-positive expression in 133 of the 243 cases
(54.7 %) and CD44 expression in 92 of the cases (37.9 %),
respectively. Stronger immunoreactivities of both OPN
and CD44 were found in adenocarcinomas (Fig. 2c, d) and
invasive adenocarcinoma cells in the serosa (Fig. 2e).

We performed a case-only logistic regression asso-
ciation analysis and found protein expression significantly
correlated with serosa invasion (P = 0.013), TNM stage
(P = 0.003) and lymph node metastasis (P = 0.002) in OPN
and with tumor size (P = 0.005) and lymph node metas-
tasis (P = 0.023) in CD44, respectively (Table 6). OPN+/
CD44+ were 60 cases (24.7 %), OPN+/CD44— were 73
cases (30.0 %), OPN—/CD44— were 78 cases (32.1 %) and
OPN—/CD44+ were 32 cases (13.2 %). OPN in tumor tis-
sues was significantly expressed with a positive correlation
of CD44 (P = 0.01) with an acceptable r, of 0.164.

In this study, we detected 26 SNPs of OPN and CD44
genes with regard to evaluating gastric cancer susceptibil-
ity. We found that the polymorphisms rs4754, rs9138 and
rs1126772 of OPN gene and rs353639 of CD44 gene were
significantly associated with gastric cancer in the Chinese
population. To our knowledge, these four genetic variants
were never reported in relation to susceptibility of gastric
cancer.

Our study revealed that OPN rs4754 with the minor allele
T and rs9138 with the minor allele A were significantly asso-
ciated with reduced gastric cancer risk (P = 1.53 x 1074,
OR 0.642, 95 % CI 0.511-0.808; P = 1.59 x 107, OR
0.642, 95 % CI 0.510-0.809, respectively). Previous inves-
tigation demonstrated a statistical difference in the synony-
mous SNP rs4754 (4282C/T, Asp80Asp) with CC homozy-
gotes in the sarcoidosis patients in Slovenian (Maver et al.
2009). Presumably, C to T transition at the SNP rs4754
might be harmful to OPN pre-mRNA alternative splicing
via modifying exonic splicing enhancer or exonic splic-
ing silencer binding to the polymorphic region of the gene
(Cartegni et al. 2002). The SNP rs9138 (+1239C/A) located
in the 3’-UTR region of OPN gene and might affect tran-
scribed mRNAs stability and translational activity (Conne
et al. 2000). It was reported that OPN mRNA expression
in the individuals carrying the C allele of rs9138 was 4.4-
fold higher than in those carrying the A allele (D’ Alfonso
et al. 2005). Functional data revealed that the A allele of
rs9138 might promote OPN mRNA degradation, thus con-
tributing to decreasing gastric cancer risk (Castelli et al.
2009). In addition, we found that genotypes TT of rs4754
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Table 4 Association analysis of

e Genes Genotypes Clinicopathological parameters P OR (95 % CI)
the SNPs by clinical subgroups
Tumor size
CD44 rs8193(C/T) <5 cm >5cm
CcC 29 40 1
CT 63 74 0.590 0.852 (0.475-1.527)
TT 30 18 0.029 0.438 (0.204-0.925)
Serosa invasion
CD44 rs8193(C/T) No Yes
CcC 16 58 1
CT 38 104 0.408 0.755 (0.388-1.470)
TT 21 30 0.019 0.394 (0.180-0.865)
CD44 rs4756195(G/A)
GG 57 144 1
AG 17 49 0.682 1.141 (0.607-2.145)
AA 4 1 0.028 0.099 (0.011-0.904)
CD44 rs1071695(C/T)
CC 68 147 1
CT+TT 8 41 0.033 2.371 (1.054-5.331)
TNM stage
CD44 rs1071695(C/T) I+1I ar+1v
CC 109 106 1
CT+TT 16 33 0.022 2.121 (1.103-4.080)
OPN rs1126772(A/G)
AA 74 62 1
AG 48 71 0.025 1.765 (1.073-2.905)
GG 6 12 0.093 2.387 (0.847-6.730)
Differentiation
OPN rs1126772(A/G) Well + intermediate Poorly
AA 84 53 1
AG 58 63 0.031 1.722 (1.049-2.825)
GG 8 11 0.111 2.179 (0.823-5.769)
Histological type
CD44 rs353644(A/G) Tubular or papillary Others
AA 108 13 1
AG 116 12 0.719 0.859 (0.376-1.965)
GG 19 7 0.029 3.061 (1.082-8.661)
CD44 rs3794107(A/T)
AA 209 19 1
AT +TT 35 13 0.000 4.086 (1.852-9.012)
CD44 1$16927042(G/C)
GG 215 22 1
CG 29 10 0.003 3.370 (1.452-7.822)
Salted food
No or occasional Yes
GG 136 119 1
CG 15 27 0.034 2.057 (1.045-4.050)
Gender
CD44 rs16927061(G/A) Female Male
GG 46 208 1
GA + AA 18 39 0.023 0.479 (0.252-0.912)
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Table 4 continued

Genes Genotypes Clinicopathological parameters P OR (95 % CI)
OPN rs4754(C/T) Smoking
No or occasional Yes
CcC 78 91 1
TC 52 55 0.692 0.907 (0.558-1.472)
TT 15 6 0.029 0.343 (0.127-0.926)
OPN rs9138(C/A)
CcC 78 91 1
CA 51 55 0.751 0.924 (0.568-1.504)
AA 15 6 0.029 0.343 (0.127-0.926)
CD44 rs11821102(G/A)
GG 116 137 1
AG + AA 29 15 0.014 0.438 (0.224-0.856)
Family history
CD44 rs353619(C/T) No Yes
CC 215 16 1
TC+TT 55 12 0.007 2.932 (1.311-6.557)
CD44 1rs353619(C/T)
CC TC+TT
The ORs (95 % CI) and P .
values were derived from I
an age- and gender-adjusted Cardia 104 23 1
logistic regression. P values Antrum 47 22 0.029 2.117 (1.074-4.171)
under 0.05 were indicated in Corpus 50 5 0.178 0452 (0.162-1.259)

bold font

and AA of rs9138 in OPN were significantly associated
with smoking (P = 0.029, OR 0.343, 95 % CI 0.127-0.926
and P = 0.029, OR 0.343, 95 % CI 0.127-0.926, respec-
tively). It was reported that smoking might initiate inflam-
matory response to facilitate development of gastric carci-
noma (Ladeiras-Lopes et al. 2008). OPN might be involved
in pathogenesis of inflammation of gastric mucosa through
other proinflammatory cytokines (Hamajima et al. 2006). So
we deduced that the two genetic variants and smoking could
play synergetic roles in gastric cancer. We supposed that the
Chinese population harboring at least one T allele of OPN
rs4754 and/or at least one A allele of OPN rs9138 benefited
protective effects on gastric carcinogenesis.

Intriguingly, OPN rs1126772 with the minor allele G was
also associated with the risk of gastric cancer (P = 0.042,
OR 1.279, 95 % CI 1.008-1.622). The SNP rs1126772
(+1083A/G) located in the 3’-UTR region. By means of
the database of polymorphic microRNA target site (Pol-
ymiRTS) (Ziebarth et al. 2012), we predicted the A to G
transition of rs1126772 of OPN interrupted a non-conserva-
tive microRNA binding site in the 3’-UTR of the OPN gene.
MicroRNAs restrained proteins expression at the transla-
tion levels and affected their target mRNAs stability (Baek
et al. 2008); thus, OPN expression was deregulated. Our
clinical data also indicated that heterozygous genotype AG
of rs1126772 revealed associations with TNM (III 4 IV)
stage (P = 0.025) and poorly differentiation (P = 0.031),

suggesting this genetic polymorphism played an essential
role in progression of gastric cancer. Further analysis of
OPN gene rs1126772 would be a valuable indicator for pre-
dicting occurrence and development of gastric cancer.

In our study, we found that the TAA haplotype of OPN
containing the minor alleles of rs4754 and rs9138 and the
major allele of rs1126772 significantly reduced risk of
gastric cancer (P = 1.0 x 10, OR 0.640, 95 %CI 0.509—
0.805), while the CGC haplotype of the three variants con-
ferred increased risk of gastric cancer (P = 0.044, OR 1.279,
95 % CI 1.008-1.622). These results demonstrated the three
SNPs felt into a strong linkage in combination to affect sus-
ceptibility to gastric cancer. The SNP rs11728697 locating in
the exon 3 region exhibited strong linkage with rs1126772
(5.2 kb to rs11728697, D’ = 0.951, * = 0.525, data not
shown). Also, when we combined rs11728697, rs4754,
rs9138 and rs1126772 to analyze the combination effect
of haplotypes, we found that the haplotypes of CTAA and
CCAC of the four SNPs were significantly associated with
gastric cancer risk (P = 0.003 and P = 0.013, respectively).
The force of the unfavorable C allele at rs4754 as well as
rs9138 was stronger far beyond the protective A allele at
rs1126772; thus, the overall effect of this haplotype was
prone to elevating gastric cancer risk (P = 0.013, OR 1.306,
95 % CI 1.056-1.617). Haplotype analysis might provide
more valuable evidence to explore genetic association of
these polymorphic sites with gastric cancer.
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Table 5 Comparison of

. Genes Genotypes P OR (95 % CI)
genotypes of the 4 susceptible
SNPs in OPN and CD44 and CDA44 expression 0.281
tg};esltrrizr‘c’;‘;’:;ef"press")“ of CD44 15353639(A/C) Negative Positive
AA 109 61 1
CA 40 27 0.526 1.206 (0.675-2.154)
CC 2 4 0.195 3.574 (0.636-20.079)
OPN expression 0.171
OPN rs1126772(A/G) Negative Positive
AA 62 59 1
AG 41 62 0.087 1.589 (0.934-2.704)
GG 7 12 0.243 1.801 (0.664-4.887)
1s4754(C/T) 0.337
CC 57 79 1
TC 44 48 0.378 0.787 (0.462-1.340)
TT 9 6 0.180 0.481 (0.162-1.427)
rs9138(C/A) 0.320
The ORs (95 % CI) and P cc 57 79 1
values were derived from CA 44 47 0.339 0.771 (0.452-1.315)
an age- and gender-adjusted AA 9 6 0.180  0.481 (0.162-1.427)

logistic regression

CD44 belongs to cell surface adhesion molecule family
and is a crucial receptor for OPN. Our study displayed the
SNP 15353639 minor allele C of CD44 was associated with
elevated risk of gastric cancer (P = 0.047, OR 1.334, 95 %
CI 1.003-1.772). The SNP rs353639 locates in the intron
region, which is close to the transcriptional start position of
CD44. According to the F-SNP database, this variant was
predicted to regulate transcriptional level of CD44 (Lee and
Shatkay 2008). We hypothesized that the A to C variation
of rs353639 might change transcriptional factor binding
to the polymorphic region of the CD44 gene. Haplotype
analysis of rs353644-G, rs353639-C and rs353630-C fur-
ther verified that the C allele of rs353639 would increase
the risk of gastric cancer (P = 0.044, OR 1.436, 95 % CI
1.015-2.031). It would be helpful to discover which tran-
scriptional factor binding site was affected as a result of
change of this polymorphism.

Previous investigation showed the wild-type genotype
CC of CD44 rs8193 was correlated with a shorter TTR
in colon cancer (Gerger et al. 2011). Likewise, our study
revealed patients carrying the mutant homozygous geno-
type TT of the SNP rs8193 were associated with smaller
tumor size and no serosa invasion compared to the CC
genotype carriers (P = 0.029 and P = 0.019, respec-
tively). We speculated that the wild type of rs8§193 might
be a potential indicator for tumor growth and progression.
A recent study in the Chinese population suggested the
GG and AG genotype of CD44 rs4756195 increased the
risk of breast cancer, and patients carrying the GG geno-
type might hold poor prognosis (Zhou and Wu 2012), in
accordance with our data that the AA genotype of the SNP

@ Springer

1s4756195 carriers was correlated with no serosa invasion
compared to the GG genotype (P = 0.028). These data
provided such a evidence that rs4756195 polymorphism
was closely associated with tumor development, at least
in the Chinese Han population. Besides, we found corre-
lations between other CD44 polymorphisms and clinico-
pathological subgroups, including rs1071695 CT + TT
to serosa invasion (P = 0.033) and TNM (III + IV) stage
(P = 0.022), rs353644 GG and rs3794107 AT + TT
to histological type (P = 0.029 and P = 0.000, sepa-
rately), rs16927042 CG to histological type (P = 0.003)
and salted food (P = 0.034), rs16927061 GA + AA to
female (P = 0.023), rs11821102 AG + AA to no smok-
ing (P = 0.014), rs353619 TC + TT to family history
(P = 0.007) and tumor location (P = 0.029), separately,
indicating that these SNPs of the CD44 gene might lead to
development of gastric cancer and were significantly asso-
ciated with risk factors for gastric cancer. Hence, func-
tional and biological significance of these SNPs should be
elucidated under future consideration.

Numerous studies identified the biological significances
of OPN and its interaction with CD44 in normal cellular
activities, including adhesion, migration and proliferation
(Raheja et al. 2008; Weber et al. 1996; Zohar et al. 2000).
The interaction of OPN and CD44 contributed to malig-
nant phenotypes, such as tumorigenesis, tumor progression,
invasiveness and metastasis (Lee et al. 2007; Teramoto
et al. 2005). In this study, we observed gastric mucosal
tissues showed negative immunoreactivity of OPN and
CD44. Positive expression of OPN was significantly cor-
related with serosa invasion of tumor cells (P = 0.013)
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Fig. 2 OPN and CD44 IHC staining. a Normal gastric glands were
OPN negative, x400; b normal gastric glands were CD44 negative,
%x400; ¢ positive immunoreactivity of OPN was observed in tubular

and advanced TNM stage of gastric cancer (P = 0.003).
The possible mechanisms that OPN correlated with inva-
sion and progression of gastric cancer might be involved
in that: (1) ECM degradation and migration through up-
regulating MMPs and uPA (Chen et al. 2011); (2) NF-kB
and/or PI3K/Akt signal pathways activated, inhibiting
tumor cell apoptosis and promoting cell proliferation (Fong

adenocarcinoma cells, x200; d positive immunoreactivity of CD44
was located in tubular adenocarcinoma cells, x400; e invasive adeno-
carcinoma cells in the serosa were OPN positive, x200

et al. 2009); and (3) OPN induced VEGF to facilitate tumor
angiogenesis (Tang et al. 2008). The activations described
above took place via binding of OPN to integrin and/or
CD44. In view of our study, there was a significant correla-
tion of CD44 expression with larger size of tumor growth
(P = 0.005). We also detected that predominant expres-
sion of OPN and CD44 simultaneously associated with
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Table 6 Correlation between

o ! Parameters Cases  OPN expression CD44 expression
clinicopathologic parameters of
gastric cancer and expression of Positive Negative P Positive Negative P
OPN and CD44
n (%) n (%) n (%) n (%)
Gender 0.614 0.802
Female 56 29 (51.8) 27 (48.2) 22 (39.3) 34 (60.7)
Male 187 104 (55.6) 83 (44.4) 70 (37.4) 117 (62.6)
Age 0.270 0.437
<55 54 26 (48.1) 28 (51.9) 18 (33.3) 36 (66.7)
>55 189 107 (56.6) 82 (43.4) 74 (39.2) 115 (60.8)
Tumor location 0.513 0.515
Cardia 122 72 (59.0) 50 (41.0) 41 (33.6) 81 (66.4)
Corpus 51 26 (50.9) 25 (49.1) 22 (43.1) 29 (56.9)
Antrum 60 31 (51.6) 29 (48.4) 24 (40.0) 36 (60.0)
Whole stomach 10 4 (40.0) 6 (60.0) 5 (50.0) 5 (50.0)
Tumor size 0.808 0.005
<5cm 115 62 (53.9) 53 (46.1) 33 (28.7) 82 (71.3)
>5cm 128 71 (55.4) 57 (44.6) 59 (46.1) 69 (53.9)
Histological type 0.312 0.288
Tubular and papillary 213 114 (53.5) 99 (46.5) 78 (36.6)  135(63.4)
Others 30 19 (63.3) 11 (36.7) 14 (46.7) 16 (53.3)
Differentiation 0.112 0.263
Well + intermediate 130 65 (50.0) 65 (50.0) 45 (34.6) 85 (65.4)
Poorly 113 68 ((60.2)  45(39.8) 47 (41.6) 66 (58.4)
Serosa invasion 0.013 0.797
No 63 26 (41.3) 37 (58.7) 23 (36.5) 40 (63.5)
Yes 180 107 (59.4) 73 (40.6) 69 (38.3) 111 (61.7)
TNM stage 0.003 0.690
I+10 929 43 (43.4) 56 (56.6) 36 (36.4) 63 (63.6)
o +1v 144 90 (62.5) 54 (37.5) 56 (38.9) 88 (61.1)
Lymph node metastasis 0.002 0.023
No 85 35 (41.2) 50 (58.8) 24 (28.2) 61 (71.8)
Yes 158 98 (62.0) 60 (38.0) 68 (43.0) 90 (57.0)
Smoking 0.119 0.732
No or occasionally 117 58 (49.6) 59 (50.4) 43 (36.8) 74 (63.2)
Yes 126 75 (59.5) 51 (40.5) 49 (38.9) 77 (61.1)
Alcohol drinking 0.249 0.691
No or occasionally 136 70 (51.5) 66 (48.5) 50 (36.8) 86 (63.2)
Yes 107 63 (58.9) 44 (41.1) 42 (39.3) 65 (60.7)
Family history 0.461 0.947
No 217 117 (53.9) 100 (46.1) 82 (37.8) 135(62.2)
Yes 26 16 (61.5) 10 (38.5) 10 (38.5) 16 (61.5)
Salted food 0.130 0.802
Chi-square test was used No or occasionally 124 62(50.0) 62 (50.0) 46 (37.1)  78(62.9)
P values under 0.05 were Yes 119 71(59.7) 48 (40.3) 46(387)  73(61.3)

indicated in bold font

lymph node metastasis in gastric cancer (P = 0.002 and
P = 0.023, respectively). Taking into consideration of the
results that OPN expression was significantly correlated
with CD44 (P = 0.01), we supposed that OPN, via its inter-
action with CD44 and subsequent downstream signaling,
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conduced to tumor cell migration and metastasis in gastric
cancer. One previous study revealed OPN could contribute
enhancement of survival and proliferation in gastric carci-
noma cells through the interaction with CD44 variant iso-
forms (Lee et al. 2007). The fundamental mechanism of



J Cancer Res Clin Oncol (2014) 140:2143-2156

2155

this effect was via Src kinase signaling pathway upon OPN
binding to CD44, followed by inside out integrin activation.
Another investigation demonstrated that OPN existed as an
integral component of CD44—erzin/radixin/moesin (ERM)
complex involved in metastatic cells (Zohar et al. 2000).
Besides, Teramoto et al. (2005) showed that OPN, in inter-
action with CD44, motivated tumorigenesis in transformed
fibroblast cells. In accordance with these investigations, our
data might suggest that strong effects of OPN and CD44
interaction would aggravate the malignant phenotypes and
aggressiveness in gastric cancer cells.

In this study, we demonstrated that gastric cancer
expressed OPN and CD44. However, we failed to find sta-
tistically significant effect of OPN and CD44 variants on
protein expressions in the gastric cancer cells. OPN was
expressed in a variety of immune cells, including mac-
rophages, dendritic cells and T lymphocytes, and modulated
both innate and adaptive immune responses (Wang and Den-
hardt 2008). Polarization of Th cells to the Th2 phenotypes,
a critical aspect of cell-mediated immunity, was influenced
by production of OPN (Ashkar et al. 2000). OPN inter-
acted with CD44 to inhibit Th2 cytokine IL-10 expression
(Ashkar et al. 2000) and probably participated in chronic
inflammatory reaction, such as autoimmune atrophic gastri-
tis which was a potential risk factor for gastric carcinogen-
esis (Neumann et al. 2013). In addition, previous investiga-
tions indicated that increased serum OPN and CD44 levels
were, respectively, associated with progression of non-small
cell lung cancer (Rud et al. 2013) and gastric carcinoma
(Saito et al. 1998). Therefore, we supposed that the poly-
morphisms in OPN and CD44 genes might induce potential
gastric carcinogenesis via altering the protein expression in
immune cells, rather than in epithelial cells. The aforemen-
tioned hypotheses remained to be investigated.

In conclusion, our investigation indicated that variations
of OPN and CD44 exhibited significant associations with
susceptibility, progression and metastasis in advanced gastric
cancer. Expression of OPN might contribute to aggressive and
malignant phenotypes of gastric cancer cells in interaction
with CD44. Our data provided new insight into clinical impli-
cations in treatment and prognosis of gastric cancer. Blocking
OPN and CD44 expression might become potential therapeu-
tic strategies for gastric cancer in the Chinese Han population.
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