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Abstract

AIM: To investigate the association between single nu-
cleotide polymorphisms (SNPs) in intercellular adhesion
molecule-1 (ICAM-1) and the risk, biological behavior and
prognosis of gastric cancer (GC) in Chinese population.

METHODS: The study group consisted of 332 GC
patients and 380 healthy controls. Genotyping was
performed using polymerase chain reaction and the
results were confirmed by sequencing. The associa-
tion of ICAM-1 K469E polymorphisms and the risk of
GC were studied, and the correlation of ICAM-1 K469E
polymorphisms with the clinicopathological parameters
and prognosis of the patients with complete clinical and
follow-up data was analyzed.
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RESULTS: Carriers of AA genotype had a significantly
increased risk of GC compared with carriers of AG and
GG genotypes [odds ratios: 1.36; 95% confidence in-
terval (CI): 1.01-1.84; P = 0.041]. GC patients with AA
genotype were more prone to distant metastasis than
those carrying AG and GG genotypes (18.9% vs 7.0%,
respectively; £ = 0.002). In addition, patients at stage
IV had significantly more carriers of AA genotype than
those of AG and GG genotype (27.4% vs 16.9%, re-
spectively; P = 0.046). Follow-up study showed that the
overall cumulative survival rate was 23.7% in AA geno-
type group and 42.9% in AG and GG genotypes group.
In univariate analysis, AA genotype was correlated with
the overall cumulative survival (P = 0.034). But in multi-
variate analysis, ICAM-1 polymorphism was not an inde-
pendent prognostic factor for the overall survival (relative
risk, 1.145; 95% CI: 0.851-1.540; P = 0.370).

CONCLUSION: Polymorphisms of ICAM-1 K469E can
be a useful biomarker for identifying individuals with
higher risk of GC, predicting disease progression, and
guiding individualized treatment.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer (GC) is the fourth most common cancer
in the world and has the second highest mortality rate!’,
GC is a biologically and genetically heterogenous tumor
and develops as a result of the interplay among genetic
and environmental factors. Genetic polymorphism plays
a role in determining how hosts respond to various envi-
ronmental factors” ™,

As a risk factor for GC, Helicobacter pylori (H. pylori)
infection is closely correlated with the occurrence of GC.
A number of studies have confirmed that many polymor-
phisms of inflammation-related genes are significantly
associated with the risk of GC". Intercellular adhesion
molecule-1 ICAM-1) is a cell adhesion molecule belong-
ing to the immunoglobulin superfamily and is the ligand
of B2 integrin (LFA-1 and Mac—l)m. H. pylori infection
can induce increased expression of ICAM-1, possibly
due to the stimulation of local mucosal inflammation and
inflammatory cytokines. ICAM-1 is expressed in various
cell types, including leukocytes, epithelial and endothelial
cells, fibroblasts and keratinocytes™". ICAM-1 plays an
important role in cell-to-cell, cell-to-extracellular ma-
trix interaction and cell signaling, Two single-nucleotide
polymorphisms (SNPs) in the ICAM1 gene have been
recognized, the first at position +241 (+241G/A or
G241R) located in exon 4 (GGG—AGG; Gly—Arg),
and the second one at position +469 (+469 A/G or
K469E) located in exon 6 and coding the Ig-like domain
5 (AAG—GAG; Lys—Glu)'". Some studies have shown
that ICAM-1 plays an important role in the development
and progression of human cancers. Overexpression of
ICAM-1 in melanoma and renal cell carcinoma has been
reported“z’m. There is also a slightly increased expression
of ICAM-1 in other tumors, such as gastric, breast, and
colorectal cancers"*"". The soluble form of ICAM-1,
sICAM-1, is partially detectable in the serum of healthy
subjects, but its level is elevated in malignancies. It has
been observed that sSICAM-1 serum level was positively
correlated with tumor size, lymph node and distant
metastasis of cancers, such as breast cancer, pancreatic
cancer, gastric cancer, lung cancer and hepatocellular car-
cinoma' "™, The SNP in ICAM1 gene was also found as-
sociated with the risk of cancers, including breast cancer,
colorectal cancer and melanoma™ ",

There has been no report on the relationship be-
tween ICAM1 gene polymorphisms and GC risk. The
polymorphism of G241R is rare in Chinese popula-
tions”**”. In this study, we aimed to examine the frequen-
cy of the ICAM-1 K469E polymorphism in the Chinese
population and its correlation with the risk of GC using
a large case-control cohort from our hospital. We also
analyzed the relationship between K469E polymorphism
and the clinicopathological parameters and prognosis of
GC patients with complete clinical and follow-up data.

MATERIALS AND METHODS

Patients and specimens
In this hospital-based case-control study, histologically
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normal tissue specimens of 332 patients (124 females
and 208 males, median age 59 years, range 29-91 years)
who underwent radical gastrectomy for GC without any
adjuvant therapy prior to surgery in the Beijing Cancer
Hospital from May 1999 to June 2004 were collected pro-
spectively. Various clinicopathological data were evaluated
or collected from patient files by a pathologist. Cancer
staging followed the 7th edition of the TNM classifica-
tion of the International Union Against Cancer uIce)™.
Of the 332 patients, 301 patients had complete follow-up
records. The sutrvival time was counted in months from
the time of surgery to the date of death.

A total of 380 subjects (186 females and 194 males,
median age 57 years, range 25-84 years) who received
endoscopy in the Beijing Cancer Hospital from 2002 to
2005 with a pathological diagnosis of superficial gastritis
served as controls. All patients and controls were of Chi-
nese Han descent and lived in and around Beijing.

A total of 102 serum samples were provided by the
Beijing Cancer Hospital tissue bank. H. pylori infection
was detected by immunohistochemistry.

Experimental methods

Histologically normal tissues from patients and biopsied
tissues from controls, fixed in formalin and embedded
in paraffin, were used for extraction of genomic DNA.
Tissues were dewaxed using xylene and ethanol and then
dried. After addition of 1 mL lysis buffer and 10 yL
proteinase K solution (20 mg/ml), the tissues were incu-
bated at 37 C overnight. The solution was extracted with
equal volumes of saturated phenol, phenol : chloroform
(1:1), and chloroform : isoamyl alcohol (24:1). After ad-
dition to the supernatant of 1/10 volume of NaOAc (3
mol/L) and 2.5 times the volume of ice-cold ethanol, the
solution was precipitated at -20 ‘C overnight. The pre-
cipitate was washed with 70% ethanol to remove the salt.
After the precipitate was dissolved in 1 X TE solution (pH
7.6), the DNA was stored at -20 C.

According to GenBank full-length sequence of hu-
man ICAM1 gene, we applied Primer 5.0 software to
design 469K/E locus-specific primers. The primers
used were 5’-GCTCAAGTGTCTAAAGGATGGC-3’
(forward) and 5-CTCACAGAGCACATTCACGG-3’
(reverse). The annealing temperature was 60 C and the
length of polymerase chain reaction (PCR) products
was 148 bp. The PCR products were sequenced using an
ABI377 automatic sequencer (Applied Biosystems, Foster
City, CA, United States).

sICAM-1 was measured using an enzyme linked im-
munosotrbent assay (ELISA) kit. ICAM-1 expression in
GC tissues was detected by immunohistochemistry using
an ICAM-1 mouse monoclonal antibody (1:100, Santa
Cruz Biotechnology, Santa Cruz, CA, United States). As a
membrane protein, the positive staining for ICAM-1 was
located in the cytoplasm and at the cell membrane. If >
10% cells were positively stained in each slice, the tissue
was considered ICAM-1 positivem. H. pylori infection
was detected by immunohistochemistry using an H. pylori
rabbit monoclonal antibody (1:200; Zeta Corporation,
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Variables Patients Controls P value
(n = 332) (%) (n = 380) (%)
Age (y1)
mean + SE 57.37 +0.68 56.92 + 0.66 0.638
Gender
Male 208 (62.7) 194 (51.1) 0.002
Female 124 (37.3) 185 (48.9)
Helicobacter pylori
infection
Yes 138 (41.6) 156 (41.1) 0.89
No 194 (58.4) 224 (58.9)
Tobacco smoking
Yes 86 (25.9) 82 (21.6) 0.175
No 246 (74.1) 298 (78.4)
Alcohol consumption
Yes 63 (19.0) 73 (19.2) 0.937
No 269 (81.0) 307 (80.8)
Patients Controls P value®
(n = 332) (%) (n = 380) (%)
Genotype
AA 190 (57.2) 187 (49.2) 0.032°
AG 116 (34.9) 169 (42.4)
GG 26 (7.8) 24 (8.4)
Allele
A 496 (74.7) 543 (71.4) 0.070
© 168 (25.3) 217 (28.6)

a: Pearson ZZ test; b: AA vs AG + GG. ICAM-1: Intercellular adhesion mol-
ecule-1.

Sierra Madre, CA, United States).

Statistical analysis

All analyses were performed using SPSS statistical analy-
sis software, version 10.0 (SPSS, Chicago, IL, United
States). Differences in age, sex, H. pylori infection, tobac-
co smoking, alcohol consumption, and the distribution
of the genetic polymorphism between cases and controls
were calculated using Pearson’s ;(2 test. It was also deter-
mined if the genotype distribution was consistent with
Hardy-Weinberg equilibrium. P < 0.05 (both sides) was
considered statistically significant.

The correlation between the polymorphism and clini-
copathologic patameters of GC was also examined by
Pearson’s Zz test, and P < 0.05 (both sides) was consid-
ered statistically significant. The Kaplan-Meier method
and log-rank test were used to evaluate the correlation
between the polymorphism and patient survival. Odds
ratios (OR) and confidence intervals (CI) (95%) were cal-
culated by Cox regression model to examine the impact
of the polymorphism on prognosis. P value < 0.05 was
considered statistically significant.

RESULTS

Characteristics of GC patients and controls
Baseline characteristics of the 332 GC patients and 380
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Figure 1 Helicobacter pylori infection was detected by immunohisto-
chemistry.

control subjects are summarized in Table 1. There were
more males among the patients with GC (62.7%) com-
pared with the control group (51.1%, P = 0.002). How-
ever, no significant difference was observed between
the cases and controls in age, H. pylori infection, tobacco
smoking, and alcohol consumption (Figure 1).

ICAM-1 +469 A/G polymorphism and its relationship with
GC risk

As is shown in Table 2, the frequency of the AA geno-
type was 57.2% and 49.2% in patients and controls,
whereas the frequency of the AG genotype was 34.9%
and 42.4% in patients and controls, respectively. On the
other hand, the frequency of GG genotype was 7.8%
and 8.4% in patients »s controls, respectively. The most
common genotype was AA followed by AG. Significantly
more AA carriers were found among the patients with
GC compared with the controls (P = 0.032, Figure 2).
It is noticeable that both patients and controls were in
Hardy-Weinberg equilibrium.

Considering the low frequency of the GG genotype,
we combined the GG and AG genotypes for use as the
reference. After adjustment for age, sex, H. pylori infec-
tion, smoking, and alcohol consumption, subjects with
AA genotype had a 1.36-fold increase in GC risk com-
pared with those with AG + GG genotypes (OR = 1.36,
95% CI = 1.01-1.84, P = 0.041).

Association between ICAM-1 +469 A/G polymorphism
and clinicopathological parameters of GC

The potential associations of the ICAM-1 +469 A/G
polymorphism with tumor characteristics are presented in
Table 3. Among the 332 patients with GC, the frequen-
cies of the three genotypes were 57.2% (AA, 190/332),
34.9% (AG, 116/332), and 7.8% (GG, 26/332), respec-
tively. No correlation was found between +469 A/G
genotypes and tumor size, differentiation, presence of
lymph node metastases and vascular invasion, or age and
gender at diagnosis. However, AA genotype cartiers had
distant metastasis more frequently than AG and GG
carriers (18.9% »s 7.0%, P = 0.002). In addition, there
were more stage IV patients carrying the AA genotype
compared with patients with the AG and GG genotypes
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Figure 3 Kaplan-Meier survival analyses of gastric cancer patients.

(27.4% vs 16.9%, P = 0.0406).

ICAM-1+469 A/G polymorphism and GC prognosis

To evaluate whether the ICAM-1 +469 A/G polymot-
phism in GC correlates with a worse prognosis, Kaplan-
Meier survival curves were constructed using overall
cumulative survival to compare the patients with AA
genotype to those with AG and GG genotypes. Our data
revealed that AA genotype was correlated with overall
cumulative survival (P = 0.034, log-rank test; Figure 3).
The overall cumulative survival rate was 23.7% in AA
genotype group and 42.9% in AG and GG genotypes
group. In addition, we performed a multivariate analysis
including ICAM-1 polymorphism, age, sex, tumor size,
differentiation, depth of invasion, lymph node metasta-
sis, distant metastasis, and TNM stage for GC, and found
that ICAM-1 polymorphism is not an independent prog-
nostic factor for the overall survival (relative risk, 1.145;

95% CI, 0.851-1.540; P = 0.370).
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Variables Total ICAM-1 +469 A/G genotype P value
(n = 332) AA AG + GG
(n = 190) (%) (7 = 142) (%)
Age (yr) 0.733
mean + SE 57.17 £ 0.94 57.64 £0.99
Gender 0.355
Male 208 115 (60.5) 93 (65.5)
Female 124 75 (39.5) 49 (34.5)
Tumor size 0.154
< 5cm 174 106 (55.8) 68 (47.9)
> 5cm 158 84 (44.2) 74 (52.1)
Differentiation 0.760
Well 120 70 (36.8) 50 (35.2)
Poor 212 120 (63.2) 92 (34.8)
Lymph node 0.928
metastasis
Negative 102 58 (30.5) 44 (31.0)
Positive 230 132 (69.5) 98 (69.0)
Vascular 0.408
invasion
Negative 176 97 (51.1) 79 (55.6)
Positive 156 93 (48.9) 63 (44.4)
Distant 0.002
metastasis
Negative 286 154 (81.1) 132 (93.0)
Positive 46 36 (18.9) 10 (7.0)
TNM stages 0.046"
I 62 35 (18.4) 27 (19.0)
I 60 35 (18.4) 25 (17.6)
I 134 68 (35.8) 66 (46.5)
\Y 76 52 (27.4) 24 (16.9)

a:Vos I+ I + II. ICAM-1: Intercellular adhesion molecule-1.

ICAM-1+469 A/G polymorphism and sICAM-1 and
ICAM-1 expression in GC

Among the 332 patients with GC, 102 had available se-
rum samples. The serum sICAM-1 levels in these patients
were measured using an ELISA kit. ICAM-1 immunobhis-
tochemical staining of paraffin sections from these pa-
tients showed that ICAM-1 was mainly expressed in the
invasive front cells (Figure 4). Pearson’s y° test showed
that the ICAM-1 +469 A/G polymorphism was not
significantly associated with sSICAM-1 or ICAM-1 expres-
sion in GC (Table 4).

DISCUSSION

In the present case-control study, we found that ICAM-1
K469E polymorphisms were associated with significantly
increased risk of GC. Consistent with our results, The-
odoropoulos ¢z @/’ reported that this SNP in ICAM1
gene was associated with increased risk of colorectal
carcinoma. Gastrointestinal carcinomas might largely be
secondary to inflammation and immune response. Gastric
carcinogenesis is closely related to chronic inflammatory
lesion in gastric mucosa mainly caused by H. pojyri infec-
tion. ICAM-1 plays a pivotal role in leucocyte migration
across endothelial cells and facilitates leukocyte recruit-
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Figure 4 Intercellular adhesion molecule-1 expression in gastric cancer. Intercellular adhesion molecule-1 (ICAM-1) was mainly expressed in the invasive front

cells.
Characteristics Total Genotype P value
(n = 102) AA AG + GG

Serum sICAM-1 0.990
mean + SE 176.00 £7.72 175.85 +9.40

ICAM-1 expression 0.197
Positive 29 13 (44.8) 16 (55.2)
Negative 73 43 (58.9) 30 (41.1)

ICAM-1: Intercellular adhesion molecule-1; SICAM-1: The soluble form of
ICAM-1.

ment into inflammatory sites. K469E amino acid changes
in the ICAM1 gene may influence its functional role, as it
is located at the Mac-1 binding domain and the immuno-
globin-like domain 5. The ICAM-1 K469E polymorphism
may result in the functional alteration of the gene product
that facilitates the inflammation and immune response.
The mixture of cytokine produced in inflammation and
immune response contributes to the establishment of on-
cogenic microenvironment that plays a key role in initia-
tion of gastric carcinogenesis by stimulating angiogenesis,
damaging DNA and epithelial cell proliferation and sub-
sequent malignant transformation®™, For example, the
pro-inflammatory and acid inhibiting properties of TNFq
seem to enhance H. pylori oncogenic or other effects on
gastric mucosa. In another study, we found that ICAM-1
K469E polymorphism was strongly associated with the
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progression of gastric lesions from gastritis to dysplasia
(data not shown).

Since ICAM-1 K469E polymorphism could lead to
the functional alteration of the gene product, it may in-
fluence its role in pathogenesis as well as in the progres-
sion and subsequent prognosis. This study revealed that
K469E polymorphism was strongly associated with dis-
tant metastasis and advanced staging (stage [V) of GC.
In addition, this polymorphism was correlated with poor
survival of the patients, although there was no correlation
between polymorphism and expression and soluble level
of ICAM-1. Our results showed that ICAM-1 was mainly
expressed in the invasive front cells. These findings are in
agreement with previous reports on the involvement of
ICAM-1 in tumor progressionmﬂ. The possible mecha-
nism of this phenomenon is that tumor cells with high
ICAM-1 expression could bind to infiltrating lymphocytes
through an ICAM-1/LFA-1 interaction. As a result, can-
cer cells could become detached from the tumor mass
and migrate into the blood circulation. Additionally, cells
would not be damaged when transiting through the blood
vessels and could easily adhere to the capillaries or lym-
phatic sinus, leading to metastasis.

Our data analysis relied on extracted genomic DNA
from tissue samples preserved in paraffin blocks. Rae e# a™
reported that the fixation process used for making paraf-
fin blocks did not affect genotype detection. They found
that the results of genotype detection with genomic DNA
from paraffin blocks were consistent with the results of
genotype detection using genomic DNA from peripheral
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blood and suggested that accurate and reliable genotyping
results with paraffin samples could be achieved.

To the best of our knowledge, this is the first evi-
dence to indicate that individuals carrying the AA geno-
type of the ICAM-1 K469E polymorphism might be
more susceptible to GC. In addition, patients with the
AA genotype were more likely to develop distant metas-
tasis and have a higher risk of death compared with other
patients. These results suggested that the ICAM-1 K469E
polymorphism could be used as a new molecular marker
to screen for individuals with higher risk of GC, predict
disease progression, and guide individualized treatment.
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