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Abstract

AIM: To investigate the association between common
single nucleotide polymorphisms (SNPs) in inflammatory
response-related genes such as interleukin (IL)-6,
IL-8, tumor necrosis factor oo (TNFa), peroxisome
proliferators-activated receptor y (PPARy), intercellular
adhesion molecule-1 (ICAM-1) and the risk of colorectal
cancer (CRC) in a group of Greek patients.

METHODS: The study group consisted of 222 CRC
patients and 200 healthy controls. Genotyping was
performed using allele-specific PCR of PRC-RFLP and the
results were confirmed by sequencing. We studied the
association of SNPs in the IL-6 (-174G > C), IL-8 (-251T
> A), TNFa (-308G > A), ICAM-1 (R241G and K469E),
and PPARy (Pro12Ala) genes and the risk of CRC.

RESULTS: The IL-6 -174G, R241 and K469 alleles of
ICAM-1 were associated with increased risk of CRC (OR =
1.77, 95% CI: 1.34-2.34; OR = 1.83, 95% CI: 1.23-2.72;
and OR = 1.35, 95% CI: 1.03-1.77 respectively). The
IL-8 and TNFo polymorphisms had no effect. Whereas
the PPARy Pro12 genotype was associated with increased
risk of disease (OR = 1.78, 95% CI: 1.25-2.49).

CONCLUSION: The association between common
SNPs in immunologic response-related genes and CRC
is reported in the present study. Apart from shedding
light on the mechanisms of malignancy initiation and

progression, SNPs may improve appropriate screening
for sub-populations at risk.
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INTRODUCTION

Colorectal cancer (CRC), whether sporadic or hereditary, is
caused by a defined set of molecular events'’. A wealth of
knowledge has been acquired about the precise molecular
events driving CRC formation. Germline mutations in
tumor-suppressor adenomatous polyposis coli (APC)
genes and DNA mismatch repair (MMR) genes lead to the
recognized familial adenomatous polyposis (FAP)-related
CRC and the hereditary non-polyposis colorectal cancer
(HNPCCO), respectivelym. These inherited cases account
for about 5%-10% of CRC". Hereditary factors may then
contribute to an estimated further 20% of CRC, especially
in patients with a strong family history of CRC". So,
up to a quarter of all CRC may occur due to some form
of inherited susceptibility to CRC, either in the context
of the recognized clinical syndrome or due to germline
variants which may carry an increased risk of CRC”. Even
without a family history of CRC, 1 in 21 of the population
develops the disease, usually later in life”. Sporadic cases
of CRC result from somatic hits to the aforementioned
genesm. Germline mutation detection is not capable of
predicting and screening for sporadic CRC. In other
words, excluding inherited types of CRC, the susceptibility
of a certain individual to development of sporadic CRC
remains largely undetermined.

Since most CRCs arise sporadically, environmental
and host immunological factors could significantly
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contribute to the initiation and even the progression of
this malignancy"”. Indeed, colonic cells respond to various
malignancies-contributing environmental factors based
on the genotype of DNA loci associated with metabolic
pathways that relate to various dietary constituents"
Genetic polymorphisms are thought to play a role in
determining how individuals respond at the cellular level
to various environmental factors".

Immune response undoubtedly has a significant impact
on the potential for malignancy, which is highlighted by the
clear association between chronic inflammatory conditions
and subsequent malignant transformation in the inflamed
tissue!. Inflammation favors tumorigenesis by stimulating
angiogenesis, damaging DNA and chronically stimulat-
ing cell proliferation™”. The mixture of cytokines that is
produced in the tumor microenvironment plays an impoz-
tant role in cancer pathogenesis'®. Cancer cells can also
respond to host-derived cytokines that promote growth,
attenuate apoptosis and facilitate invasion and metastasis'”.
Importantly, cytokine genetic polymorphisms have recently
emerged as determinants of gastrointestinal malignant dis-
ease susceptibility and severity”. Although rather limited,
evidence already exists linking common polymorphisms in
immunologic parameters to CRC tumorigenesis” .

Bacterial flora keeps the normal colon mucosa in a
continuous state of low-grade inflammation, stimulating
release of vatious pro-inflammatory cytokines by the im-
mune cells™. Cytokines activate the NF-kB transcription
factor signal pathway in epithelial and immune cells, lead-
ing to up-regulation of interleukin-6 (IL-6) and 1L.-8",
IL-6 and IL-8 have pro-inflammatory activity in the intes-
tine via the STAT3 intracellular signal pathway"”. I1.-6 also
acts as a potent stimulator of metastasis by up-regulating
the expression of adhesion receptors on endothelial cells,
such as the intercellular adhesion molecule-1 (ICAM-1)"",
The status of a common functional single G > C base
exchange in the human IL-6 gene promoter (chromosome
7p21) increases 11.-6 levels' "', Tt has been found that the
A-allele of the -251 T > A SNP in the 1L-8 gene is related
to higher 7z vitro 1L-8 levels after stimulation with lipopoly-
saccharide and respiratory syncytial bronchiolitis in chil-
dren™.

Tumor necrosis factor oo (TNFay) is a pro-inflammatory
cytokine whose role has been established in the pathogen-
esis of rheumatoid arthritis and inflammatory bowel dis-
ecase (IBD)". Tts binding to two specific receptors sets up
signal transduction mechanisms leading to cell apoptosis
and gene regulation, via the MAPKinase and NFkB path-
ways' . The TNFo pro-cancerous effect has recently been
established"”. A SNP within the TNFq locus (-308) has
been identified in lymphoma patients'”. The presence of
TNFq -308A allele involved in gene transcription is associ-
ated with higher levels of TNFq, related to chemotherapy
failure and worse overall prognosis!”

ICAM-1 is expressed on vascular endothelium and
plays a key role in the transendothelial migration of neu-
trophils and T-cell activation"*"”. Tt functions as a ligand
for B2 integrin molecules present on leukocytes (LFA-1)"7,
The human ICAM-1 gene is a single-copy gene and con-
tains two polymorphic sites in codons 241 (G/R241;
Gly/Arg; exon 4) and 469 (K/E469; Lys/Glu; exon 6)",
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Several immunologic disorders, including inflammatory
bowel disease are associated with distinct polymorphisms
of ICAM-1"",

Peroxisome proliferators-activated receptor y (PPARy)
is a ligand-activated nuclear transcription factor, which
plays a central role in orchestrating gene expression in
response to exogenous ligands like other PPARs, such as
non-steroidal anti-inflammatory agents (NSAIDs)"*,
Its implication in immunologic mechanisms and carcino-
genesis has been strongly speculated. Natural ligands and
drug agonists of PPARy reduce intestinal inflammation
in IBD patients via inhibition of the NF-kB and STAT3
pathways'™, while inactivating PPARy mutations have been
found in sporadic CRC*". PPARy has a polymorphism in
the coding region 34C > G that results in the aminoacid
change of Pro12Ala™.

This study focused on the investigation of the afore-
mentioned SNPs as host risk factors for sporadic CRC,
using a Greek population cohort.

MATERIALS AND METHODS
Subjects

Two hundred and twenty-two consecutive Greek patients
with CRC without previous diagnosis of IBD or any of
the known hereditary cancer syndromes (128 males, mean
age at diagnosis 66.21 £ 10.67 years and 94 females, mean
age at diagnosis 63.12 £ 11.52 years) and 200 healthy sex
and age matched controls (120 males, mean age 64.73 £
15.32 years and 80 females, mean age 60.58 £ 12.35 years)
were genotyped. The vast majority of the studied group
consisted of truly sporadic cases (198 patients, 89.2%),
while 24 patients (10.8%) reported CRC occurtrence in at
least one first degree relative. Overall, 35.1% of CRC pa-
tients had a family history of malignancy.

Genotypic analysis
DNA was extracted from peripheral blood using the
QIAamp blood kit (Qiagen, Germany). To confirm the
integrity of DNA, a 430-bp sequence in the human
glyceraldehyde-3-phosphatate dehydrogenase (GAPDH)
gene was amplified.

The IL-6 polymorphism at position 174 was analyzed
by allele specific PCR as previously described”. Brietly,
we used primers framing a 347-bp region surrounding
the G-174C allele to amplify the genomic DNA isolated
from patients and controls by PCR (sense, 5-"TTGTCA
AGACATGCCAAGTGC-3'"; anti-sense, 5'-CAGAATG
AGCCTCAGAGACATCTCC-3". In addition, each PCR
reaction contained two additional primers designed to
detect the G-174G allele (anti-sense, 5-GCAATGACGT
CCTTTAGCATCG-3") and another primer designed to
detect the G-174C allele (sense, 5'-CCCCCTAGTTGTG
TCTTGCCA-3"). We performed multiplex PCR with all
the four primers in one tube. PCR products were isolated
on 3% agarose gels and visualized with ethidium bromide
staining. Individuals with the IL-6-174 C/C genotype were
considered low producers and those with the IL-6 -174
G/C or G/G genotype were considered high producersm.
Single nucleotide polymorphism-251 T > A in the 1L-8
gene was determined using allele specific PCR". The
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allele specific primers were 5'-CCACAATTTGGTGAA
TTATCAAT-3" (-251A) or 5'-CCACAATTTGGTGAA
TTATCAAA-3' (-251T). The consensus primer was 5'-
TGCCCCTTCACTCTGTTAAC-3', giving a PCR product
of 336 bp. PCR products were isolated on 2% agarose gels
and visualized with ethidium bromide staining.

The A-allele of a single nucleotide polymorphism in
the promoter region of the TNFa gene (-308G > A) was
determined by PCR-RFLP. The primer sequences used
were: forward 5'-"AGGCAATAGGTTTTGAGGGCCA
T-3' and reverse 5'-TCCTCCCTGCTCCGATTCCG-3',
which could amplify a 107 bp sequence. PCR products
with a G at position -308 were digested by Neo 1 to give
two fragments of 87 bp and 20 bp. Those with an A-allele
at position -308 were not digested by New I as previously
described™.

Single base polymorphism at codon 241 (R241G)
in exon 4 was determined using allele specific PCR as
previously described™. We used the primers (5-GTGG
TCTGTTCCCTGGACG-3" and 5-GTGGTCTGTTCC
CTGGACA-3") with the last nucleotide complementaty
to the allelic variant substitution base on the point
mutation in question of the gene ICAM-1, and a common
prtimer (5'-GCGGTCACACTGACTGAGGCCT-3").
The amplified PCR products of 137 bp were analyzed
by 2% agarose gel electrophoresis followed by ethidium
bromide staining and ultraviolet visualization. The
second amino acid polymorphism at codon 469 (K469E)
in exon 6 was detected as described by Matsuzawa
et al™. The K469E polymorphism was amplified using
primers 5'-CCARCGGGGAATCAGTG-3' and 5'-ACA
GAGCACATTCACGGTC-3". The PCR products were
identified by enzyme digestion with Bsz UI which cuts the
E469 allele but not the K469 allele.

Exon 2 of PPARy was amplified using PCR and the
primers G2F (5'-CTGATGTCTTGACTCATGGG-3")
and G2R (5'-GGAAGACAAACTACAAGAGC-3") as
previously described”". The 295 bp PCR product was
digested overnight with Hga I, which cleaves the Ala allele
to generate DNA fragments 178 and 117 bp in size. The
DNA fragments wete separated on 3% agarose gel.

In all cases, the mutations were confirmed by
sequencing analysis using a dye terminator cycle
sequencing ready reaction kit (Applied Biosystems), and
an ABI 377 automated sequencer. As negative control of
the PCR amplifications, we used distilled water instead of
genomic DNA and confirmed the fidelity of the reactions.

Statistical analysis

Frequency and susceptibilities of mutations among CRC
patients and controls were compared with the chi-square
(x”) distribution test. Odds ratios (OR) for association
were estimated using logistical regression accounting
for possible covariates: age, sex and for influence by the
remaining genotype loci. Hardy-Weinberg equilibrium for
the genotypes was tested using the ” distribution test for
the difference in the observed and expected frequencies.
All tests were 2-tailed and P < 0.05 was considered
statistically significant. Inference was aided by SPSS (version
11.0.1, SPSS Inc., Chicago, IL).

Parameters Patients ()

Tumor location

Rectum 70
Left colon 104
Right colon 48
Tumor size
<3cm 69
>3 cm 153
Growth pattern
Ulcerative 89
Protruding 133
Differentiation
Good 43
Moderate 147
Poor 32
TNM stage
I 32
i 96
il 68
I\% 26
RESULTS

Tumor characteristics are depicted in Table 1. Among the
CRC patients, the distribution of the 11.-6 genotypes was
as follows: GG in 111 patients (50%), CG in 76 patients
(34.23%) and CC in 35 patients (15.76%). The distribution
of genotypes differed significantly from that in the healthy
individuals (Table 2). Additionally, the allele IL-6 -174G
was associated with increased risk of CRC, since it was
found to be overrepresented among CRC patients (67.1%
v5 53.5%, P < 0.0001, x* = 16.35, OR = 1.77, 95% CI:
1.34-2.34).

Concerning the A allele and AA genotype frequen-
cies of IL-8 at position -251, no significant differences
were observed between CRC patients and healthy controls
(Table 2). Similarly, no effect of the TNFo (-308G > A)
polymorphism was found (Table 2).

Table 2 also summarizes the allelic frequencies and
genotypes of the ICAM-1 gene in CRC patient group
and controls. No significant differences were observed
in the RR (for the R241G) or in the KK (for the K469E)
genotype frequencies between CRC patients and controls.
Nevertheless, the allelic frequency of both R241 and K469
was significantly higher in CRC patients than in controls (P
= 0.002, y* = 9.24, OR = 1.83, 95% CI: 1.23-2.72; and P
= 0.031, y*= 4.62, OR = 1.35, 95% CI: 1.03-1.77, respec-
tively).

As also indicated in Table 2, the C allele (Pro12) of
PPARy was significantly associated with an increased risk
of CRC since it was found to be overrepresented among
CRC patients compared to controls (84.7% vs 76.5%
respectively; P = 0.001, X2 = 9.08, OR = 1.78, 95% CI:
1.25-2.49). Consequently, the CC genotype appeared as the
major risk genotype for CRC (P < 0.001, y° = 16.43, OR
= 2.01, 95% CI: 1.32-3.09).

When co-carriage rates of the offending alleles (IL-6
-174G, ICAM-1 R241, ICAM-1 K469) were compared
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Alleles Genotypes

IL-6

C G G allele frequencies (%) P; OR (95% CI) CC CG GG GG genotype frequencies (%)  P; OR (95% CI)
CRC 146 298 67.1 <0.0001;1.77 (1.34-2.34) 35 76 111 50 <0.0005; 2.10 (1.40-3.16)
Controls 186 214 53.5 50 86 64 32
1L-8

A T T allele frequencies (%) P; OR (95% CI) AA AT TT  TT genotype frequencies (%)  P; OR (95% CI)
CRC 186 258 58.11 0.467;1.10 40 106 76 34.23 0.256; 0.77
Controls 174 218 54.5 (0.84-1.45) 42 90 64 32 (0.49-1.20)
TNFo

G A Aallele frequencies (%) P; OR (95% CI) GG GA  AA AA genotype frequencies (%) P; OR (95% CI)
CRC 360 84 18.92 0.265;1.18 152 56 14 6.31 0.586; 1.28
Controls 336 64 16 (0.83-1.68) 146 44 10 ® (0.53-3.1)
ICAM-1R241G

G R R allele frequencies (%) P; OR (95% CI) GG GR RR  RR genotype frequencies (%)  P; OR (95% CI)
CRC 362 82 18.47 0.002; 1.83 144 74 4 1.8 0.652; 1.50
Controls 356 44 11 (1.23-2.72) 158 40 2 1 (0.26-8.7)
ICAM-1 K469E

E K K allele frequencies (%) P; OR (95% CI) EE EK KK KK genotype frequencies (%)  P; OR (95% CI)
CRC 236 208 46.85 0.031;1.35 70 9% 56 2522 0.221;1.33
Controls 242 158 39.5 (1.03-1.77) 77 88 35 17.5 (0.83-2.12)
PPARy

C G C allele frequencies (%) P; OR (95% CI) CC CG GG CCgenotype frequencies (%)  P; OR (95% CI)
CRC 376 68 84.7 0.001; 1.78 164 48 10 73.8 <0.001; 2.01
Controls 306 94 76.5 (1.25-2.49) 118 70 12 59 (1.32-3.09)

between CRC patients and controls, no statistical differ-
ences were found. The distribution of genotypes was con-
sistent with Hardy-Weinberg equilibrium only in 1L-8 and
ICAM-1 cases (P > 0.05). Deviation was observed in IL-6,
TNFa, and PPARy cases (P < 0.05).

No allele frequency difference was observed when sex
and age of either patients or controls were taken into ac-
count in the statistical analysis. In addition, stratification
of cases by site, tumor stage and the rest of the examined
histopathological parameters did not reveal any significant
association with the studied polymorphisms.

DISCUSSION

The most compelling evidence for the role of inflamma-
tion in gastrointestinal (GI) malignancy comes from stud-
ies showing that pro-inflammatory cytokine gene SNPs
increase the risk of cancer and its precursors. A number of
pro-inflaimmatory genotypes related to known cytokines
(IL-1B, TNFq, I1.-10) increase the risk of H pylori-induced
gastric atrophy and gastric cancer”™, At present, relatively
limited information exists on the relationship between
colorectal malignancies and cytokine polymorphisrns[s’7’34].
Polymorphisms in the IL-6 gene promoter and the R241
and K469 ICAM-1 polymorphic sites were associated with
a significantly increased risk of CRC, whereas the PPARy
CC genotype and C allele were both related to reduced risk
in the present study.

Our results contrast with the findings of Landi e# al™ in
terms of the influence of IL.-6 SNPs on CRC predisposi-
tion, but parallel their results as far as the potential protec-
tive role of the PPARy Alal2 variant. The researchers con-
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cluded that the I1.-6-174 C genotype confers an increased
tisk of CRC", but in our study, a similar outcome was re-
lated to the presence of the G allele in the respective gene.
The biological role of the substitution 174G > C has not
been fully elucidated by functional studies. Although the
C-174 allele is associated with both lower and higher levels
of 1L-6 expression in various conditions™"] one study"”!
has been conducted to evaluate the effect of -174G > C
SNP on IL-6 serum levels in CRC patients, and found that
the GG genotype and absence of the C allele are related
to significantly increased levels of I1.-6, particularly in the
presence of hepatic metastasis. Accordingly, 7 vitro, mac-
rophages from C-negative subjects produce higher I1.-6
levels than those from C-positive subjectsBS]. Moreover,
the fact that high levels of circulating IL.-6 are observed
in patients with different tumor types and the finding of
different levels of IL-6 expression in relation to genetic
variants suggest that this cytokine is mainly produced by
host cells rather than by cancer cells””. We could speculate
that the IL-6 G allelic variant might influence the increased
cytokine production by immune cells, which in turn in-
duces its stimulatory effect in tumorigenesis. Interestingly
as well, Landi ¢z al” reported that the C genotype is associ-
ated with an increased risk of CRC only in those subjects
who do not habitually take NSAIDs"., A possible cause for
the conflicts and mismatches, like those observed here and
the earlier study in allele and genotype distributions, may
be the differences in ethnic backgrounds. The IL-8 A-251
allele’s protective role against CRC, as having been demon-
strated by Landi ¢# a/”' could not be replicated in our study.
It is true that the function of this polymorphism and the
role of IL-8 in intestinal inflammation have not yet been
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adequately studied”’,

Previous reports support that there is no significant as-
sociation between the TNFq -308A allele and CRC devel-
opment like in our study[S’”J. The latter possibly precludes
any hypothetical involvement of TNFa-308A in CRC
tumorigenesis. In contrast to the aforementioned lack of
relevance, the examined TNFq SNP has been found to
participate in a genetic profile associated with a high risk
for gastric cancer™*. The pro-inflammatory and acid in-
hibiting properties of TNFa, seem to enhance H pylori on-
cogenic or other effects on gastric mucosa™*’. Although
a similar extrapolation regarding certain large bowel—colo-
nizing bacteria could be made, such a hypothesis would
not be supported based at least on our results. Recent
studies on SNPs at the TNFq-308 locus have not found
any difference between prostate and breast cancer patients
ot controls*. In contrast and at least for breast cancer,
assays for germline SNPs in TNFf instead of TNFa may
prove useful, since at least for breast cancer, the TNFB G/
G genotype increases the risk of tumorigenesis, while the
A allele inhibits that risk*”.

The present study is the first study investigating
ICAM-1 SNPs in CRC and reporting the increased al-
lelic frequency of R241 and K469 polymorphisms in this
cancet. Previous studies also reported that both R and K
allelic variants are associated with IBD"*" which adds
to the mounting molecular evidence about the similari-
ties between IBD-associated cancer and sporadic cancer'™.
Based on ample data concerning the molecular mecha-
nisms involved in colonic mucosal inflammation effects, it
is reasonable to speculate that even sporadic cancer might
be largely secondary to inflammation". The normal colon
could be viewed as being in a perpetual state of inflamma-
tion, where cytokine profiles, glycosylation changes, other
inflammatory molecule (i.e. prostaglandins) regulation and
mucosa-associated bacteria play a central role"™. Adhesion
molecule activity may also have a serious impact on im-
munologic response. R241 and K469 amino acid changes
in the ICAM-1 gene may influence its functional role, as
both atre located on the Mac-1 binding domain and in the
immunoglobin-like domain 5, respectively. The relevance
of these specific SNPs could be explained by the function-
al alteration of the gene product[w]. Some of the inhibitors
of HMG-CoA reductase (statins) have also been shown
to bind to the ICAM-1 binding domain of LFA-1". The
regulation of interaction mediated by adhesion molecules
may provide a new target for controlling inflammatory and
immune responses.

In keeping with Landi e a/”, the PPARy Alal2 vari-
ant is associated with reduced CRC risk. In our study, the
PPARy CC genotype (Pro12) had the strongest relative risk
for CRC among the examined genes. The protective effect
of the Alal2 variant of PPARy gene has been recently con-
firmed by Gong e a/* in sporadic colorectal adenomas.
Similarly the polymorphic allele Alal2 is significantly over-
represented in glioblastoma multiform patients, but such
an association could not be verified in prostate cancer™*,
The PPARy Alal2 is associated with increased tissue sen-
sitivity to insulin, a decrease in insulin plasma level and
reduced release of free fatty acids by adipocytes, which in
turn are associated with reduced CRC risk™*". Other plau-

sible mechanisms accounting for this protective effect may
lie in PPARy involvement in regulation and interactions
with other colonic cell functions. Activation of PPARy by
ligands inhibits the NF-kB and STAT3 pathways attenuat-
ing IBD and related conditions, induces differentiation and
apoptosis of CRC cells and decreases DNA synthesis in
CRC cell lines™*™. The recently investigated transcrip-
tional regulation of the tumor suppressor PTEN gene via
PPARy may provide a mechanism for phosphatidylinositol
3-kinase (PI-3kinase)-mediated signaling cascades”". Dis-
ruption of PPARy expression seems to prevent the up-
regulation of PTEN leading to resistance of tumor cells (i.e.
pancreatic cancer cells) and macrophages to apoptosis'
The latter may open a new dimension in fully understand-
ing the complex mechanisms involved in the interaction of
PPARy and various tumorigenesis elements.

PPARy activation can lead to altered expression of
COX-2, while NSAIDs have been reported to be capable
of activating PPARy"”". NSAIDs can also alter synthesis of
eicosanoids that may bind to and act as ligands for PPARy
through their effects on COX activity”™*. Acetylsalicylic
acid causes an approximate halving of risk for sporadic
CRC™, In an era of ongoing attempts to identify suitable
target population groups for chemoprevention with anti-
inflammatory agents, such SNP analysis and mapping of
suitable loci may prove invaluable.

It is noteworthy that other immunology-unrelated
genes may also carry an increased risk of developing
CRC. It was reported that the Harvey ras-1 variable num-
ber tandem repeat (HRAS1-VNTR) polymorphism, the
methylenetetrahydrofolate reductase (MTHFR) valine/va-
line polymorphism and missense mutations in CDH1 (E-
cadherin) gene all are associated with an increased risk of
CRC tumorigenesis”. Apart from shedding light on the
mechanisms of sporadic malignancy initiation and pro-
gression, SNPs may provide appropriate screening recom-
mendations in intermediate-risk patients, such as those
with family history. Only a limited subset of our cohort
consisted of such patients and no significant differences
were derived in our analysis. Although rather difficult and
possibly imprecise during the process of similar studies,
taking relevant dietary and lifestyle habits into account is
of paramount importance. Simultaneous genotyping and
combined analysis of different SNPs in large numbers of
patients and controls, stratified by ethnicity, gender and
tumor location may make it possible to describe the exact
relations between polymorphisms and CRC susceptibility
with higher power and may open the way for population-
wide genetic screening in the future.
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