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Abstract

Background: Intercellular adhesion molecule-1 (ICAM-1) Lys469Glu (K469E) polymorphism and Gly 241Arg
(G241R) polymorphism might play important roles in cancer development and progression. However, the results of
previous studies are inconsistent. The aim of this study was to evaluate the association between ICAM-1 K469E and
G241R polymorphisms and the risk of cancer by meta-analysis.

Methods: A comprehensive literature search (last search updated in November 2013) was conducted to identify case-
control studies that investigated the association between ICAM-1 K469E and G241R polymorphisms and cancer risk.
Results: A total of 18 case-control studies for ICAM-1 polymorphisms were included in the meta-analysis, including
4,844 cancer cases and 5,618 healthy controls. For K469E polymorphism, no significant association was found be-
tween K469E polymorphism and cancer risk. However, subgroup analysis by ethnicity revealed one genetic compati-
son (GG vs. AA) presented the relationship with cancer risk in Asian subgroup, and two genetic models (GG+GA vs.
AA and GA vs. AA) in European subgroup, respectively. For G241R polymorphism, G241R polymorphism was sig-
nificantly association with cancer risk in overall analysis. The subgroup analysis by ethnicity showed that G241R poly-
morphism was significantly associated with cancer risk in European subgroup.

Conclusion: ICAM-1 G241R polymorphism might be associated with cancer risk, especially in European populations,

but the results doesn’t support ICAM-1 K469E polymorphism as a risk factor for cancer.
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Introduction

The term “adhesion molecules” refers to those
cell surface structures that allow cells to adhere to
each other and the extracellular matrix. Cell adhe-
sion molecules (CAMs) enable cancer-related bio-
logical processes like survival, detachment, migra-
tion, extravasation, and metastasis, and thus play a
crucial role in tumorigenesis, tumor progression,
and metastasis (1, 2). Apart from regulating cell-
cell and cell-matrix interactions, CAMs also influ-
ence cell motility, signalling, and differentiation,
apoptosis, and gene transcription (3). Five families
of cell adhesion molecules (CAMs) have been

615

identified, which include cadherins, integrins, im-
munoglobulin superfamily, selectins, and CD44
(4). To date, reduced, absent, or disorganized ex-
pression of CAMs has been observed in a variety
of human tumor, including breast, lung, gastric,
bladder, prostate, head and neck, and colorectal
cancer (5, 6).

ICAM-1 is a transmembrane glycoprotein belong-
ing to the immunoglobulin superfamily of CAMs
(7). ICAM-1 is normally expressed on the surface
of various types of cells: leukocytes, endothelial
cells, and fibroblasts (8, 9). There is mounting evi-
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dence demonstrating that ICAM-1 is also ex-
pressed on the surface of many cancer cell types
(10-13). It has also been proposed that ICAM-1
may be involved in the process of cancer metasta-
ses, facilitating the spread of metastatic cancer
cells to secondary sites (9). Moreover, increased
ICAM-1 expression enhances tumor growth,
while altered ICAM-1 expression could be caused
by genetic variation (14).

The ICAM-1 gene, located in chromosome 19p13,

has at least two functional biallelic polymorphisms.

These two single nucleotide polymorphisms
(SNPs), previously described in ICAM-7 gene at
codons 241(glycine to arginine substitution; G to
A; 1rs1799969) in exon 4 and 469 (a lysine to glu-
tamic acid substitution; A to G; rs5498) in exon 0,
were also shown to modulate the susceptibility for
several types of cancers including prostate (15),
colorectal (16) and breast cancers (17). Recent ge-
nome-wide association study has demonstrated a
strong correlation between K469E polymorphism
and ICAM-1 levels (18). ICAM-1 G241R poly-
morphism has been demonstrated to be of im-
portance in binding to the Mac-1 form of leuco-
cyte integrin (19), and therefore affect the adhe-
sive function of ICAM-1.

A growing number of studies have studied the
relationship between [CAM-7 gene polymor-
phisms and tumor susceptibility, but their results
remain inconsistent. This lack of consistency
might be attributable to the presence of genetic
heterogeneity across ethnic populations, small
sample size limitations, and publication bias.
Therefore, to confirm the role of the ICAM-1
K469E and G241R polymorphisms in tumorigene-
sis, we conducted a comprehensive meta-analysis
on eligible case-control studies published to date.
To the best of our knowledge, this is the most
comprehensive  meta-analysis  regarding  the
ICAM-1 K469E and G241R polymorphisms and
their association with cancer risk.

Materials and Methods
Search Strategy

A comprehensive literature search of PubMed,
Embase, Web of Science, Science Direct, Spring-
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erLink, EBSCO, Wanfang, and Chinese National
Knowledge Infrastructure databases (last search
updated in November 2013) was conducted to
identify case-control studies that investigated the
association between ICAM-1 K469E and G241R
polymorphisms and cancer risk. The search terms
were as follows: “cancer or carcinoma or neo-
plasm or tumor” in combination with “ICAM-1
or CD54” in combination with “polymorphism or
variant or mutation.” There was no restriction on
period, sample size, population, language, or type
of report for minimizing potential publication bias.
We evaluated potentially relevant genetic associa-
tion studies by examining their titles and abstracts,
and all published studies matching with the eligi-
ble criteria were retrieved.

Inclusion and exclusion criteria

Studies included in the meta-analysis were re-
quired to meet the following criteria: 1) Case-con-
trol studies which evaluated the association be-
tween [CAM-1 K469E and/or G241R polymot-
phisms and cancer risk; 2) study design: either ret-
rospective or nested case-control design; 3) any
diagnoses of patients with cancer had to be con-
firmed by pathological examinations; and 4) inde-
pendent variables: the genotype and/or allele
counts of I[CAM-1 K469E polymorphism or
G241R polymorphism. The exclusion criteria of
the meta-analysis were: 1) case-control studies not
focusing on the correlation between [CAM-7
K469E and G2471R polymorphisms and cancer
risk; 2) studies with duplicate data; 3) studies
based on incomplete data; and 4) meta-analyses,
letters, reviews and editorial articles. When an in-
dividual author published several articles obtained
from the same patient population, only the newest
or most complete article was included in the anal-
ysis.

Data extraction

The data from the published studies were ex-
tracted independently by two reviewers (D Cheng
and B Liang). The following information was col-
lected from each study: first author’s name, year
of publication, country of origin, ethnicity, cancer
type, genotyping method, source of controls,
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number of cases and controls, genotype frequency
in cases and controls, and Hardy-Winberg equilib-
rium (HWE). In case of discrepancies, a consen-
sus on each item was reached among the authors.

Statistical analysis

Crude odds ratios (ORs) together with their corre-
sponding 95% CIs were used to assess the
strength of association between ICAM-1 K469E or
G241R polymorphisms and the risk of cancer. Al-
lele model (mutation (M) allele versus wild (W)
allele), dominant model (WM+MM versus WW),
recessive model (MM versus WM+WW), homo-
zygote comparison (MM versus WW), and hetero-
zygote comparison (WM versus WW) were evalu-
ated, respectively. Subgroup analyses were done
by ethnicity (Asian, European, and America).
Between-study heterogeneity was assessed by cal-
culating Q-statistic (Heterogeneity was considered
statistically significant if P < 0.10)(20) and quanti-
fied using the I value (I'< 25% represents no het-
erogeneity, = 25-50% represents moderate het-
erogeneity, I’= 50—-75% represents large heteroge-
neity, and I’ >75% represents extreme heteroge-
neity) (21). If results were not heterogeneous, the
pooled ORs were calculated by a fixed-effect
model; otherwise, a random-effect model was
used. The significance of the combined ORs was
determined by the Z-test, in which P<0.05 was
considered significant. Moreover, relative influ-
ence of each study on the pooled estimate was
assessed by excluding a single study each time for
sensitivity analysis. Begg’s funnel plots (22) and
Egger’s linear regression test (23) were used to
evaluate publication bias. All statistical analyses
were performed using STATA version 12.0
(STATA Corporation, College Station, TX).

Results

Characteristics of Eligible Studies

The flow chart that displays the study selection
process was shown in Fig. 1. In accordance with
the inclusion criteria, 16 articles containing 18
case-control studies were included in the meta-
analysis, including 4,844 cancer cases and 5,618
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healthy controls. There were 18 case-control stud-
ies concerning ICAM-1 K469E polymorphism
(15-17, 24-35), and 6 case-control studies concern-
ing ICAM-1 G241R (24, 27-30, 33). For ICAM-1
K469E polymorphism, seven studies were con-
ducted in European populations, six in Asian
populations, four in America populations, and one
in Oceania populations. Moreover, there were
four studies of European populations (28-30, 33),
one study of Asian populations (24), and one
study of America populations (27) for ICAM-1
G241R polymorphism. The genotype distribu-
tions among the controls of all studies were in
agreement with HWE except for two studies for
K469E (27, 31) and one study for G241R (33). The
detailed characteristics of the eligible studies includ-
ed in this meta-analysis were shown in Table 1.

Potentially relevant studies identified through six
English databases (PubMed, Embase, Web of
Science, Science Direct, SpringerLink and
EBSCO)and two Chinese databases (Wanfang
and Chinese National Knowledge Infrastructure
databases) (updated to Nov, 2013) (N=489)

456 studies were excluded for
title and abstract

33 articles for further evaluation

17 articles were excluded for
[ *| insufficient genotype data for

extraction

16 articles were included in the meta-analysis (15
English articles, 1 Chinese article)

Fig. 1: Flow chart showing study selection procedure

Quantitative data synthesis

Results of this meta-analysis were shown in Ta-
ble 2.

ICAM-1 K469E polymorphism

In the overall analysis, we did not find any signifi-
cant association between ICAM-1 K469E poly-
morphism and the risk of cancers in all
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Decreased risk  Increased risk
Test far subaroun differances: Chi' = 5.58. df = 3P = 0130 P = 46. 3%

Fig. 2: Meta-analysis with a random-effects model for the
association between the risk of cancer and ICAM-1 K469E
polymorphism (dominant model: GG + GA vs. AA)

comparison models (G allele vs. A allele: OR=
1.03, 95% CI=0.89-1.19, P=0.66; GG+GA vs.
AA: OR= 0.98, 95% CI= 0.83-1.17, P=0.86; GG
vs. GA+AA: OR= 1.09, 95% CI=0.87-1.37,
P=0.44; GG vs. AA: OR= 1.15, 95% CI=0.84-
1.56, P=0.38; GA vs. AA: OR= 0.95, 95%
CI=0.82-1.11, P=0.53) (Fig.2). The results sug-
gested that the ICAM-1 K469E polymorphism
may be not associated with overall cancer risk.

As shown in Table 2, in the subgroup analysis by
ethnicity, we found a significant association under
homozygous comparison (GG vs. AA: OR=1.53,
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95 % CI=1.03-2.27, P=0.03) in Asian subgroup.
Moreover, there was significant association under
dominant model (GG+GA vs. AA: OR=0.77,
95 % CI=0.62-0.96, P=0.02) and heterozygous
comparison (GA vs. AA: OR=0.77, 95 %
CI=0.64-0.93, P<0.01) in European subgroup. No
significant associations were found in the other
models in Asian subgroup and European sub-
group. There was no significant association be-
tween ICAM-1 K469E polymorphism and cancer
risk under all models in America subgroup (all
P>0.05). In addition, there was a tendency that
the GG genotype was associated with a higher risk
for cancer in Asian subgroup and America sub-
group (OR>1.0 under all comparison models);
however, G-containing genotypes, GG/GA, were
associated with decreased risk for cancer in Euro-
pean subgroup (OR<1.0 under all comparison
models).

ICAM-1 G241R polymorphism

A total of 921 cases and 955 controls from 6 case-
control studies on the correlation of ICAM-1
G241R polymorphism and cancer risk were in-
cluded for data synthesis. In general, the overall
analysis revealed ICAM-1 G241R polymorphism
seemed to be associated with cancer risk (A allele
vs. G allele: OR= 221, 95% CI=1.31-3.74,
P<0.01; AA+AG vs. GG: OR= 2.16, 95% CI=
1.37-3.43, P<0.01; AA vs. GG: OR= 2.45, 95%
CI=1.12-5.35, P=0.02; AG vs. GG: OR= 2.03,
95% CI=1.54-2.67, P<0.01) (Fig. 3).

Subgroup analysis by ethnicity showed that
ICAM-1 G241R polymorphism was associated
with the risk of cancer in European populations
(A allele vs. G allele: OR= 2.46, 95% CI=1.06-
5.69, P=0.04; AA+GA vs. GG: OR= 2.38, 95%
CI= 1.12-5.08, P=0.02; GA vs. GG: OR= 1.95,
95% CI=1.41-2.70, P<0.01).

Sensitivity analysis

In order to assess the stability of the results of the
meta-analysis, sensitivity analysis was performed
by sequentially excluding each study. Statistically
similar results were obtained after sequentially ex-
cluding each study, suggesting the stability of this
meta-analysis.
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Table 1: Baseline characteristics of the 18 eligible studies for the analysis of ICAM-1 K469E and G241R polymorphisms

Reference Year Country Ethnicity Cancer type Source of Sample size SNP studied Genotyping method HWE
controls

(24) 2008 Iran Asian Breast HB 276/235 K469E PCR-RFLP 0.556
G241R 0.613

(25) 2013 China Asian Ovarian HB 408/520 K469E MassARRAY 0.651
(15) 2006 USA America Prostate HB 286/391 K469E PCR-RFLP 0.290
(26) 2006 USA America Breast HB 104/102 K469E PCR-sequencing 0.978
27) 2007 Brazil America Leukemia HB 127/249 K469E Nested-PCR 0.002
G241R 0.726

(16) 2009 China Asian Colorectal HB 87/102 K469E PCR-SSP 0.499
(28) 2006 Greece European Colorectal HB 222/200 K469E PCR-sequecing 0.261
G241R 0.762

(29) 2013 Turkey European Brain HB 92/92 K469E PCR-RFLP 0.246
G241R 0.958

(30) 2006 Italy European Melanoma PB 59/59 K469E PCR-RFLP 0.068
G241R 0.838

(17) 2004 German European Breast HB 242/265 K469E MassEXTEND 0.822
(17) 2004 German Buropean Breast HB 178/142 K469E MassEXTEND 0.511
(17) 2004 Australia Oceania Breast PB 167/170 K469E MassEXTEND 0.234
(31) 2009 Brazil America Astrocytomas HB 158/162 K469E PCR-RFLP 0.010
(32) 2012 Greece European Lung HB 203/175 K469E PCR-RFLP 0.854
(33) 2005 UK European Melanoma PB 151/224 K469E PCR-sequencing 0.768
G241R <0.001

(34) 2013 Taiwan Asian Oral HB 595/561 K469E PCR-sequencing 0.403
(35) 2012 China Asian Gastric HB 332/380 K469E PCR-sequencing 0.079
(36) 2009 China Asian Oral HB 112/98 K469E PCR-RFLP 0.602

PB, population-based controls, HB, hospital-based controls. HWE, Hardy—Weinberg equilibrium. PCR, polymerase chain reaction; SSP, sequence-

specific primers; RFLP, restriction fragment length polymorphism

Table 2: ICAM-1 K469E and G241R polymorphisms and cancer risk

Allele model Dominant model Recessive model Homozygous comparison Heterozygous comparison
OR (95% CI) r OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) r

K469E G allele vs. A allele GG+GA vs. AA GG vs. AA+GA GG vs. AA GA vs. AA

Overall 1.03 (0.89-1.19) 0.66 0.98 (0.83-1.17) 0.86 1.09 (0.87-1.37) 0.44 1.15 (0.84-1.56) 0.38 0.95 (0.82-1.11) 0.53

Asian 1.16 (0.91-1.47) 0.22 1.12 (0.82-1.55) 0.47 1.20 (0.92-1.57) 0.18 1.53 (1.03-2.27) 0.03 1.04 (0.76-1.42) 0.81
European 0.87 (0.73-1.03) 0.11 0.77 (0.62-0.96) 0.02 0.91 (0.70-1.18) 0.49 0.79 (0.56-1.12) 0.19 0.77 (0.64-0.93) <0.01
America 1.19 (0.78-1.81) 0.41 1.19 (0.79-1.77) 0.41 1.38 (0.51-3.78) 0.53 1.52 (0.47-4.90) 0.49 1.09 (0.82-1.44) 0.55

G241R A allele vs. G allele AA+AG vs. GG AA vs. GG+AG AA vs. GG AGvs. GG

Overall 2.21 (1.31-3.74) <0.01 2.16 (1.37-3.43) <0.01 2.22 (1.02-4.86) 0.05 2.45 (1.12-5.35) 0.02 2.03 (1.54-2.67) <0.01
European 2.46 (1.06-5.69) 0.04 2.38 (1.12-5.08) 0.02 2.06 (0.91-4.65) 0.08 2.28 (1.01-5.15) 0.05 1.95 (1.41-2.70) <0.01
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Total events

Heterogeneity: Tau = 0.34; Chi*= 10.02, of = 3 (P = 0.02); = 70%
Testfor overal effect =224 (P=002)

6.2.3 America subgroup

Dore Al 2007 14.2% 208[081,5.3] ™
Subtotal (35% Cl) 142% 2.08[0.81,5.36] >
Total events

Heterogeneity: Not applicable

Testfor overal eflect 2=1.52(P=0.13)

Total (95% CI) 100.0% 216137, 343 ¢
Total events

Heterogenelty Tau? =0.15; Chit = 10,7, cf =5 (P=0.06) P= 3% t—
Testioroverlefct 2= 330 P =0.010 L
it Gl et (P=00010) Decreased risk  Increased rsk
Test for subaraun differences: Chi?=0.07. df =2 (P= 0971 F=0%

Fig.3: Meta-analysis with a random-effects model
for the association between the risk of cancer and
ICAM-1 G241R polymorphism (dominant model:
AA + AG vs. GG)

Publication bias
In this meta-analysis, we performed Begg’s funnel

plot and Egger’s test to access the publication bias.

The shape of the funnel plots did not reveal any
evidence of obvious asymmetry under all contrast
models for ICAM-1 K469E and G241R (Fig.4).
In addition, the P value of Egger’s test was 0.633
for ICAM-1 K469E polymorphism, and 0.704 for
ICAM-1 G241R polymorphism under the allele
model, respectively, providing statistical evidence
of funnel plot’s symmetry. Therefore, the results
revealed that publication bias was not significant
in this meta-analysis.
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(a) Begg's funnel plot with pseudo 95% confidence limits.

logor
o=
1

s.e of: logor

(b
(2) Begg's funnel plot with pseudo 85% confidence limits

logor

4
s.a. of: logor

Fig. 4: Begg's funnel plot for publication bias test.
Each point represents an independent study for the
indicated association under the allele model. (a) ICAM-
1 K469E polymorphism, (b) ICAM-1 G241R poly-
morphism

Discussion

To the best of our knowledge, our meta-analysis
represents the most comprehensive investigation
on the association between ICAM-1 K469E and
G241R polymorphisms and cancer risk. The re-
sults suggested that ICAM-1 K469E polymor-
phism was not associated with cancer susceptibil-
ity. Since demographic characteristics influence
genotype frequencies, different races have differ-
ent gene-environment interaction models. There-
fore, we conducted a subgroup analysis according
to ethnic differences, and the results indicated that
there was a significant association between K469E
polymorphism and decreased cancer risk in Euro-
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pean populations, while there were not significant
associations in Asian populations and America
population. Moreover, ICAM-1 G241R polymor-
phism displayed significant association with can-
cer risk, especially in European populations.

Recent studies demonstrated that ICAM-1 possi-
bly contributes to tumorigenesis and metastasis
(12, 36, 37). The potential involvement of ICAM-
1 expression in cancer invasion and metastasis was
reported in melanomas, pancreatic, lung, and oral
cancers (34). Conversely, some studies indicated
that increased ICAM-1 expression was correlated
with a more favorable prognosis in gastric, breast,
and colorectal cancers under the influence of the
host immunosurveillance system (38-40). The pro-
gression of most cancers is resulted from the in-
teraction of environmental and genetic factors. It
is well known that genetic variants in the pathway
of the pathogenesis of cancer may alter protein
function and individual’s susceptibility to cancer.
Thus, polymorphism within the ICAM-1 gene
likely played a significant role in the susceptibility
to and development of cancer. While several ge-
netic polymorphisms have been indentified in
ICAM-1, the frequently investigated two polymor-
phisms in several types of cancer involve the
K469E and G242R polymorphisms, due to their
functional implications in the ICAM-1 protein.
ICAM-1 K469E polymorphism is located three
bases upstream of ICAM-1 mRNA splicing site
that influence RNA splicing patterns (31). This
region seems to be particularly important for the
dimerization of ICAM-1. Compared to ICAM-1
monomers, ICAM-1 dimers exhibit enhanced
binding to lymphocyte function-associated pro-
tein-1 Therefore, the amino acid exchange might
diminish ICAM-1 dimerization and in turn lead to
decreased integrin receptor binding, thus affecting
ICAM-1 function (41). G241R polymorphism is
located in exon 4, which has been shown to be of
importance in binding to the Mac-1 form of the
leukocyte integrin. The interaction between Mac-1
and ICAM-1 makes an important contribution to
leukocyte adhesion in the execution of immuno-
logical and inflammatory functions and may play a
role in regulating localization of leukocytes (42).
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G241R polymorphism can modify the functional
activity of the ICAM-1 molecule leading to a dif-
ferent recruitment and activation of the inflamma-
tory cells (43). In our study, ICAM-1 G241R pol-
ymorphism, but not K469E, was significantly as-
sociated with cancer risk. Given the difference, it
is reasonable to speculate that the substitution (G
to A) in G241R site could have functional signifi-
cance in the progression of cancer by affecting the
adhesive function of ICAM-1.

The result in the subgroup analysis demonstrated
that ICAM-1 G241R polymorphism was associ-
ated with cancer risk in European populations. As
for ICAM-1 K469E, the results indicated that GG
genotype was associated with a higher risk of can-
cer in Asian subgroup; however, G-containing
genotypes, GG/GA, were associated with de-
creased risk for cancer in European subgroup.
The differences may be explained by genetic di-
versities, different risk factors in life styles, and the
exposure to different environmental factors (44).
The identification of susceptibility genes in cancer
patients of different ethnicities provides an oppor-
tunity to explore new mechanisms of disease that
are specific in different populations.

On the other hand, limitation of this meta-analysis
should also be noted. First, heterogeneity can in-
terfere with the interpretation of the results of a
meta-analysis, which was unavoidable when
combing many studies. Variation in the environ-
mental and genetic background of study partici-
pants may contribute to the heterogeneity. Second,
small number of included studies may decrease
statistical power and even may produce a fluctuat-
ed risk estimate. Therefore, this relationship needs
to be further confirmed in larger size, well-
designed prospective studies. Third, the interac-
tion of different susceptibility genes and environ-
ment factors leaded to the disease, but our study
could not assess gene-gene and gene-environment
interactions due to the limited information of in-
cluded studies. Forth, only studies published were
included in the meta-analysis, and non-significant
or negative findings may be unpublished. Hence,
some inevitable publication biases might exist in
the results.
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Conclusion

This meta-analysis suggested that ICAM-1 G241R polymor-
phism might be a genetic risk factor for the devel-
opment of cancer, especially in European popula-
tions. In addition, ICAM-1 K469F. polymorphism might
not act as a cancer risk factor among all subjects. However,
subgroup analysis revealed one genetic model
(GG vs. AA) presented the relationship with can-
cer risk in Asian subgroup, and two genetic mod-
els (GG+GA vs. AA and GA vs. AA) in Europe-
an subgroup, respectively. Further studies with
large sample size, standardized unbiased genotyp-
ing methods, homogeneous cancer patients, well-
matched controls and multiethnic groups would
be warranted.

Ethical considerations

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Acknowledgements

This work has been supported by Grants from the
National Natural Science Foundation of China
(Nos. 81301835). The authors declare that there is
no conflict of interests.

References

1. Ohene-Abuakwa Y,Pignatelli M (2000). Adhesion
Molecules as Diagnostic Tools in Tumor
Pathology. 1t | Surg Pathol, 8:191-200.

2. Jung WC, Jang Y], Kim JH, Park SS, Park SH,
Kim §J, Mok YJ,Kim CS (2012). Expression
of intercellular adhesion molecule-1 and e-
selectin in gastric cancer and their clinical
significance. | Gastric Cancer, 12:140-8.

3. Nair KS, Naidoo R,Chetty R (2005). Expression
of cell adhesion molecules in oesophageal
carcinoma and its prognostic value. | Clin
Pathol, 58:343-51.

4. Dianzani UMalavasi F (1995). Lymphocyte
adhesion to endothelium. Criz Rev Immmunol,

Available at:  http://ijph.tums.ac.ir

10.

11.

12.

13.

14.

15:167-200.

Gogali A, Charalabopoulos K, Zampira I
Konstantinidis ~ AK, Tachmazoglou F,
Daskalopoulos G, Constantopoulos SH,
Dalavanga Y (2010). Soluble adhesion
molecules E-cadherin, intercellular adhesion
molecule-1, and E-selectin as lung cancer
biomarkers. Chest, 138:1173-9.

Gogali A, Charalabopoulos K,Constantopoulos S
(2004). Integrin receptors in primary lung
cancet. Fixp Oncol, 26:106-10.

Robledo O, Papaioannou A, Ochietti B,
Beauchemin C, Legault D, Cantin A, King
PD, Daniel C, Alakhov VY, Potworowski
EFSt-Pietre Y (2003). ICAM-1 isoforms:
specific activity and sensitivity to cleavage by
leukocyte elastase and cathepsin G. Eur |
Limminnol, 33:1351-60.

Yang L, Froio RM, Sciuto TE, Dvorak AM, Alon
R,Luscinskas FW (2005). ICAM-1 regulates
neutrophil  adhesion and  transcellular
migration of TNF-alpha-activated vascular
endothelium under flow. Blood, 106:584-92.

Hayes SH,Seigel GM (2009). Immunoreactivity of
ICAM-1 in human tumots, metastases and
normal tissues. Inz | Clin Exp Pathol, 2:553-60.

Dymicka-Piekarska V,Kemona H (2009). Does
colorectal cancer clinical advancement affect
adhesion molecules (sP-selectin, sE-selectin
and ICAM-1) concentration? Thromb Res,
124:80-3.

Choi YL, Xuan YH, Shin YK, Chae SW, Kook
MC, Sung RH, Youn §J, Choi JW,Kim SH
(2004). An immunohistochemical study of the
expression of adhesion molecules in
gallbladder  lesions. | Histochens  Cytochen,
52:591-601.

Lin YC, Shun CT, Wu MS,Chen CC (2006). A
novel anticancer effect of thalidomide:
inhibition of intercellular adhesion molecule-1-
mediated cell invasion and metastasis through
suppression of nuclear factor-kappaB. Ciin
Cancer Res, 12:7165-73.

Tempia-Caliera AA, Horvath LZ, Zimmermann
A, Tihanyi TT, Korc M, Friess H,Buchler MW
(2002). Adhesion molecules in human
pancreatic cancet. | Surg Oncol, 79:93-100.

Register TC, Burdon KP, Lenchik L, Bowden
DW, Hawkins GA, Nicklas BJ, Lohman K,
Hsu FC, Langefeld CD,Carr ] (2004).
Variability of serum soluble intercellular

622



623

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Iran J Public Health, Vol. 44, No.5, May 2015, pp.615-624

adhesion molecule-1 measurements
attributable to a common polymorphism. Clin
Chem, 50:2185-7.

Chen H, Hernandez W, Shriver MD, Ahaghotu
CAKittles RA (2006). ICAM gene cluster
SNPs and prostate cancer risk in African
Americans. Hum Genet, 120:69-76.

Wang QL, Li BH, Liu B, Liu YB, Liu YP, Miao
SB, Han Y, Wen JKHan M (2009).
Polymorphisms of the ICAM-1 exon 6
(E469K) are associated with differentiation of
colorectal cancer. | Exp Clin Cancer Res, 28:139.

Kammerer S, Roth RB, Reneland R, Marnellos G,
Hoyal CR, Markward NJ, Ebner F, Kiechle M,
Schwarz-Boeger U, Griffiths LR, Ulbrich C,
Chrobok K, Forster G, Praetorius GM, Meyer
P, Rehbock J, Cantor CR, Nelson MR,Braun
A (2004). Large-scale association —study
identifies ICAM gene region as breast and
prostate cancer susceptibility locus. Cancer Res,
64:8906-10.

Pare G, Ridker PM, Rose L, Barbalic M, Dupuis
J, Dehghan A, Bis JC, Benjamin EJ, Shiffman
D, Parker AN,Chasman DI (2011). Genome-
wide association analysis of soluble ICAM-1
concentration reveals novel associations at the
NFKBIK, PNPLA3, RELA, and SH2B3 loci.
PLoS Genet, 7:1001374.

Diamond MS, Staunton DE, Marlin SD,Springer
TA (1991). Binding of the integrin Mac-1
(CD11b/CD18) to the third immunoglobulin-
like domain of ICAM-1 (CD54) and its
regulation by glycosylation. Ce/, 65:961-71.

Davey Smith G,Egger M (1997). Meta-analyses of
randomised controlled trials. Lancet, 350:1182.

Higgins JP, Thompson SG, Deeks JJ,Altman DG
(2003). Measuring inconsistency in meta-
analyses. BM], 327:557-60.

Begg CBMazumdar M (1994). Operating
characteristics of a rank correlation test for
publication bias. Brosmsetrics, 50:1088-101.

Egger M, Davey Smith G, Schneider M,Minder C
(1997). Bias in meta-analysis detected by a
simple, graphical test. BMJ, 315:629-34.

Arandi N, Talei A, Erfani N,Ghaderi A (2008).
Intercellular  adhesion molecule-1  genetic
markers (+241G/A and +469A/G) in Iranian
women with breast cancer. Camer Genet
Cytogenet, 183:9-13.

Cai G, Ma X, Zou W, Huang Y, Zhang |, Wang
D,Chen B (2013). Predicton value of

26.

27.

28.

29.

30.

31.

32.

33.

intercellular  adhesion  molecule-1  gene
polymorphisms for epithelial ovarian cancer
risk, clinical features, and prognosis. Geze.

Cox DG, Hankinson SE,Hunter DJ (2000).
Polymorphisms in the ICAM gene locus are
not associated with breast cancer Risk. Camcer
Ebpidenriol Biomarkers Prev, 15:178-9.

Dore Al, Santana-Lemos BA, Coser VM, Santos
FL, Dalmazzo LF, Lima AS, Jacomo RH,
Elias ], Jr., Falcao RP, Pereira WV ,Rego EM
(2007). The association of ICAM-1 Exon 6
(E469K) but not of ICAM-1 Exon 4 (G241R)
and PECAM-1 Exon 3  (L125V)
polymorphisms with the development of
differentiation syndrome in acute
promyelocytic leukemia. | Lenkoc Brol, 82:1340-
3

Theodoropoulos G,  Papaconstantinou 1,
Felekouras E, Nikiteas N, Karakitsos P,
Panoussopoulos D, Lazaris A, Patsouris E,
Bramis J,Gazouli M (2006). Relation between
common polymorphisms in genes related to
inflammatory response and colorectal cancer.
World ] Gastroenterol, 12:5037-43.

Yilmaz U, Zeybek U, Kahraman OT, Kafadar
AM, Toptas B, Yamak N, Celik F,Yaylim I
(2013). Investigation of ICAM-1 and beta3
integrin gene variations in patients with brain
tumors. Asian Pac | Cancer Prev, 14:5929-34.

Vinceti M, Pellacani G, Casali B, Malagoli C,
Nicoli D, Farnetti E, Bassissi S, Bergomi
M,Seidenari S (2006). High risk of cutaneous
melanoma amongst cartiers of the intercellular
adhesion molecule-1 R241 allele. Melanoma Res,
16:93-6.

Burim RV, Teixeira SA, Colli BO, Peria FM,
Tirapelli LF, Marie SK, Malheiros SM, Oba-
Shinjo SM, Gabbai AA, Lotufo PA,Carlotti-
Junior CG (2009). ICAM-1 (Lys469Glu) and
PECAM-1 (Leul25Val) polymorphisms in
diffuse astrocytomas. Clin Eixp Med, 9:157-63.

Thanopoulou E, Kotzamanis G, Pateras IS, Ziras
N, Papalambros A, Mariolis-Sapsakos T, Sigala
F, Johnson E, Kotsinas A, Scorilas
A,Gorgoulis VG (2012). The single nucleotide
polymorphism g.1548A >G (K469E) of the
ICAM-1 gene is associated with worse
prognosis in non-small cell lung cancer. Tumonr
Biol, 33:1429-36.

Howell WM, Rose-Zerilli M]J, Theaker
JM,Bateman AC (2005). ICAM-1

Available at: http://ijph.tums.ac.ir



34.

35.

36.

37.

38.

Available at:

Cheng & Liang.: Intercellular Adhesion Molecule-1 (ICAM-1) Polymorphisms ...

development  of
melanoma. Int |

polymorphisms ~ and
cutancous  malignant
Dmmnnogenet, 32:367-73.

Lin CW, Chuang CY, Tang CH, Chang JL, Lee
LM, Lee W], Chow JM, Yang SF,Chien MH
(2013). Combined effects of icam-1 single-
nucleotide polymorphisms and environmental
carcinogens on oral cancer susceptibility and
clinicopathologic  development. PloS O,
8:¢72940.

Tian MM, Sun Y, Li ZW, Wu Y, Zhao ALLi JY
(2012). Polymorphisms of ICAM-1 are
associated with gastric cancer risk and
prognosis. World | Gastroenterol, 18:368-74.

Roland CL, Harken AH, Sarr MG,Barnett CC, Jr.
(2007). ICAM-1 expression determines
malignant potential of cancer. Surgery, 141:705-
7.

Brooks KJ, Coleman EJ,Vitetta ES (2008). The
antitumor activity of an anti-CD54 antibody in
SCID mice xenografted with human breast,
prostate, non-small cell lung, and pancreatic
tumor cell lines. Inz | Cancer, 123:2438-45.

Fujihara T, Yashiro M, Inoue T, Sawada T, Kato
Y, Ohira M, Nishiguchi Y, Ishikawa T, Sowa
M,Chung KH (1999). Decrease in ICAM-1
expression on gastric cancer cells is correlated
with lymph node metastasis. Gastric Cancer,
2:221-225.

http://ijph.tums.ac.ir

39.

41.

42.

43,

Tachimori A, Yamada N, Sakate Y, Yashiro M,
Maeda K, Ohira M, Nishino H,Hirakawa K
(2005). Up regulation of ICAM-1 gene
expression inhibits tumour growth and liver
metastasis in colorectal carcinoma. Ewr |
Cancer, 41:1802-10.

Johnson JP, Stade BG, Holzmann B, Schwable
W,Riethmuller G (1989). De novo expression
of intercellular-adhesion molecule 1 in
melanoma correlates with increased risk of
metastasis. Proc Nat! Acad Sci U S A, 86:641-4.

Reilly PL, Woska JR, Jr., Jeanfavre DD, McNally
E, Rothlein R,Bormann BJ (1995). The native
structure of intercellular adhesion molecule-1
(ICAM-1) is a dimer. Correlation with binding
to LEA-1. | Immmnol, 155:529-32.

van de Stolpe Ayvan der Saag PT (1990).
Intercellular adhesion molecule-1. | Mo/ Med
(Berl), 74:13-33.

Vora DK, Rosenbloom CI, Beaudet
ALCottingham RW (1994). Polymorphisms
and linkage analysis for ICAM-1 and the
selectin gene cluster. Genomics, 21:473-7.

. Voronov E, Dotan S, Krelin Y, Song X, Elkabets

M, Carmi Y, Rider P, Idan C, Romzova M,
Kaplanov LApte RN (2013). Unique Versus
Redundant Functions of IL-lalpha and IL-
1beta in the Tumor Microenvironment. Front
LIimmnmol, 4:177.

624



