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Abstract

Inflammation appears to play a key role in the development of colorectal cancer (CRC). In this study
we examine factors involved in the regulation of inflammation and risk of CRC. Data from a multi-
center case—control study of colon (N = 1579 cases and N = 1977 controls) and rectal (N = 794 cases
and N = 1005 controls) cancer were used to evaluate the association between the rs1800795 and
rs1800796 IL6 polymorphisms and CRC. We evaluated the joint effects of L6 single nucleotide
polymorphisms and regular use of aspirin/NSAIDs and vitamin D receptor (VDR) genotype. Having
a C allele of the rs1800796 IL6 polymorphisms and the GG genotype of the rs1800795 IL6
polymorphisms was associated with a statistically significantly reduced the risk of colon (OR 0.76
95% C10.57, 1.00), but not rectal (OR 1.49 95% CI 1.02,2.16) cancer. Both IL6 polymorphisms were
associated with significant interaction with current use of aspirin/NSAIDs to alter risk of colon
cancer: individuals with a C allele in either polymorphism who were current users of aspirin/NSAIDs
had the lowest colon cancer risk. CRC risk also was associated with an interaction between VDR and
IL6 genotypes that was modified by current use of aspirin/NSAIDs. This study provides further
support for inflammation-related factors in the etiology of CRC. Other studies are needed to explore
other genes in this and other inflammation-related pathways.
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Introduction

Support for inflammation involvement in the etiology of colorectal cancer (CRC) has stemmed
from many sources. People with chronic inflammation of the large bowel as seen in ulcerative
colitis have a greater likelihood of developing colon cancer [1,2]. People who use aspirin/
NSAIDs, a possible indicator of lower levels of inflammation, have consistently been shown
to have reduced risk of CRC [3-5].
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The inflammatory process is initiated by the synthesis and secretion of pro-inflammatory
cytokines such as IL-6 in response to an inflammatory insult. Elevated serum IL-6 has been
shown to be associated with incidence or clinical outcome in several cancers, including
prostate, bladder, colon, and breast cancer [6-8]. IL-6 has been shown to stimulate secretion
of C-reactive protein (CRP), an important biomarker for pro-inflammatory status in several
diseases; CRP has been associated with a two- to three-fold increased risk of CRC with
associations stronger for colon than for rectal cancer in several prospective studies [9-11],
although these findings are not universal [12,13].

Associations between CRC and genetic variation in genes involved in inflammation-related
pathways also may lend support to the growing body of data that suggest inflammation-related
factors are important in the etiology of CRC. Of potential etiologic importance are genes such
as IL6, which may be a critical regulator of inflammation signaling. Polymorphisms in the
IL6 gene promoter have been reported to be related to levels of circulating C-reactive protein
[14], to be associated with different profiles of plasma IL6 response to immunization [15], and
to modify the association between high BMI and incident type 2 diabetes [16]. The —174
polymorphism (rs1800795) of the IL6 gene has been one of the most commonly studied
polymorphisms and has been shown to be in linkage disequilibrium with other commonly
studied markers (rs1800797 and rs2069832) [17]. It has been reported that the —174
polymorphism influences transcription, with the GG genotype having higher levels of IL-6
[18]. From a breast cancer study, it appears that the C allele of —174 is associated with lower
risk of obesity and breast cancer [17]. A study by Theodoropoulos and colleagues observed
that the C allele of the —174 variant reduced risk of colorectal cancer [19], while a study by
Landi and colleagues showed an increased colorectal cancer risk among individuals with the
C allele [20]. Another IL6 variant, =572 (G > C) rs1800796, also has been examined previously
and has been associated with body size, with individuals with the G allele having smaller waist-
to-hip ratios [17].

The vitamin D receptor (VDR) gene is involved in multiple pathways that include both
inflammation and insulin [21]. Data have shown that VDR signaling is essential for regulation
of inflammation in the gastrointestinal tract [22]. Polymorphisms of the VDR gene have been
studied in conjunction with colorectal cancer and adenomas [23-28]. It has been reported that
the “less active” VDR f, t, B, and S alleles are capable of facilitating a stronger cell-mediated
immune response, as demonstrated by T lymphocyte response and human fibroblast cell lines
[21,29,30]. Higher vitamin D hormone activity with the F allele than with the f allele of the
Fok1 polymorphism also has been shown [29].

In this study we examine two commonly studied SNPs of the IL6 gene (rs1800795 and
rs1800796) with risk of colon and rectal cancer because of their representing different regions
of the IL6 gene and because of previously reported associations with these SNPs. We used data
collected as part of a large case—control study of colorectal cancer conducted in Northern
California, Minnesota (colon cancer study only), and Utah. Beginning to take into account
multiple variables along an inflammation-related pathway, we evaluated how polymorphisms
in VDR interact with IL6 polymorphisms and determined whether use of aspirin/NSAIDs
importantly modify associations with IL6.

Data for the study come from two case—control studies that used identical methods to recruit
and interview study participants. Cases of first primary colon cancer (ICD-O 2nd edition codes
18.0, 18.2-18.9) diagnosed between 1 October, 1991 and 30 September, 1994 conducted in
the Northern California Kaiser Permanent Medical Care Program (KPMCP), the Wasatch Front
area of Utah, and the Twin Cities Metropolitan area of Minnesota were included in the first
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study. A subsequent study included cases that were diagnosed with a first primary tumor in
the rectosigmoid junction or rectum and were identified between May 1997 and May 2001;
this study was restricted to cases and controls from Utah and KPMCP. Case eligibility was
determined by the Surveillance Epidemiology and End Results [31] Cancer Registries in
Northern California and in Utah and the Minnesota Cancer Surveillance System (colon cancer
cases only). Eligibility included being between 30 and 79 years of age at the time of diagnosis,
English speaking, mentally competent to complete the interview, no previous history of
colorectal cancer [32], and no known (as indicated on the pathology report for reason for
colonoscopy or previous medical history) familial adenomatous polyposis, ulcerative colitis,
or Crohn’s disease. Of cases contacted, 83% participated at KPMCP, 76% in Utah, and 67%
in Minnesota. For the rectal cancer study, the participation rates were 75.4% of cases from
KPCMP and 69.7% of cases from Utah. The study was approved by the University of Utah
Institutional Review Board as well as Institutional Review Boards at the Kaiser Permanente
Medical Care Program of Northern California (KPMCP) and the University of Minnesota.

Controls were frequency matched to cases by sex and by 5-year age groups. At the KPMCP,
controls were randomly selected from membership lists. In Utah, controls 65 years and older
were randomly selected from lists provided by the Centers for Medicare and Medicaid Services
(formerly HCFA) and controls younger than 65 were randomly selected from driver’s license
lists. In Minnesota, controls were randomly selected from driver’s license lists. Of controls
contacted for the colon cancer study, 73% participated at KPMCP, 53% participated from
Minnesota and 69% participated from Utah. For the rectal cancer study, participation rates
were 69.9% for KPMCP and 67.2% for Utah.

Data Collection

Genotyping

Trained and certified interviewers collected diet and lifestyle data [33,34]. The referent year
for the study was the calendar year approximately 2 years prior to date of diagnosis (cases) or
selection (controls). Information was collected on demographic factors such as age, sex, and
study center; diet, physical activity, aspirin and non-steroidal drug use, body size, and other
lifestyle factors including medical, family, and reproductive history.

DNA was extracted from blood drawn from study participants. Of the 1993 cases and 2410
controls interviewed as part of the colon cancer study, 1579 cases and 1977 controls had DNA
for analyses. For the rectal cancer study, 952 cases and 1205 controls were interviewed, of
which 794 cases and 1005 controls had DNA extracted and genotype analysis complete. Sample
sizes varied slightly because of available DNA for testing and dropouts.

IL6 SNPs were genotyped using TagMan-based assays

For SNP rs1800795 (—174G > C), assays were performed according to Watanabe et al. [35]
using primers IL6-174F 5-TAGCCTCAATGACGACCTAAGCT-3' and IL6-174R 5'-
GGGCTGATTGGAAACCTTATTAAG-3', and probes IL6-174G 5-VIC-TGTCTTGC(G)
ATGCTA-MGB-3' and IL6-174C 5'-6FAM-TGTCTTGC(C)ATGCTA-MGB-3'. For SNP
rs1800796 (-572 G > C, also known as —634 C > G) complete assay kits were purchased from
Applied Biosystems (Foster City, CA). Briefly, each 5 pl PCR reaction contained 20 ng
genomic DNA, 900 nM of each primer, 125 nM of each TagMan probe, and 2.5 pl Tag-Man
Universal PCR Master Mix (contains AmpErase UNG and AmpliTaq Gold enzymes, dNTPs,
and reaction buffer). PCR was carried out under the following conditions: 50°C for 2 min to
activate UNG, 95°C for 10 min, followed by 40 cycles of 92°C for 15 s, and 60°C for 1 min
using a 384 well dual block ABI 9700. Fluorescence endpoint of the TagMan reaction was
measured using an ABI 7900HT real time PCR instrument. Control samples representing all
three possible genotypes were included at four positions each in every 384-well tray. In
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addition, internal replicates representing > 1% of the sample set were blinded and included
with 99% concordance in genotypes. Any discrepancies were checked and re-run if necessary.
The call rate was 99.6% for rs1800795, 99.7% for rs1800796, 99.2% for rs1800797, and 99.3%
for rs1800796.

The intron 8 Bsm | (rs154410) and Fok1 (rs10735810) VDR polymorphisms were amplified
from genomic DNA and digested as described previously [26,36]. Presence of the restriction
site was scored as allele “b,” and absence of the restriction site was scored as allele “B.”
Presence of the restriction site was scored as allele “f,” absence of the restriction site was scored
as allele “F.”

Statistical Methods

Results

The SAS statistical package, version 9.1 was used to conduct the analyses. We evaluated the
distribution of the IL6 genotypes, the independent associations of genetic polymorphisms with
colon and rectal cancer. When evaluated by race and study, the IL6 SNPs were in Hardy—
Weinberg equilibrium among controls for both the colon and rectal cancer studies with the
exception of rs1800796 within the few non-Hispanic white rectal study controls. The r-squared
correlation coefficients for the two SNPs in controls ranged between 0.005 and 0.12 by race
and study. Since associations were similar for the heterozygote and homozygote variant 1L6
polymorphisms, the dominant model was used in assessment of interaction to maximize power.
Odds ratios (OR) and 95% confidence intervals (CI) are used to report associations obtained
from multiple logistic regression models. Associations were evaluated for men and women
separately, for proximal and distal colon tumors, and by age; however, because associations
were similar across these various groups, data are presented for the entire population for colon
and rectal cancer separately. Associations were adjusted for age, sex, and race. Other factors
such as body mass index [37], physical activity, and family history of colorectal cancer,
cigarette smoking, and dietary composition did not alter associations and are not included as
covariates in the final logistic regression models. We report the joint effect of IL6 genotypes
and aspirin/NSAIDs and Bsm1l and Fok1 VDR polymorphisms. For joint effects, multivariate
logistic regression models were used to calculate odds ratios for each category of exposure and
each genotype. Effect modification between genotypes and exposure variables was evaluated
by the likelihood-ratio test for a multiplicative interaction term in the logistic regression model.

A description of the population is shown in Table 1. The majority of study participants are non-
Hispanic white and from the KPMCP in California. Controls were more likely to report using
aspirin/NSAIDs. As in other populations, the C allele was the minor allele for both the
rs1800796 and rs1800795 IL6 markers in both the colon and rectal cancer studies.

A slight statistically non-significant reduction in colon cancer risk was observed for both IL6
polymorphisms, however, having a C allele of the rs1800796 IL6 polymorphisms and the GG
genotype of the rs1800795 polymorphism was associated with a reduction in colon cancer risk
(Table 2). The same IL6 genotype combination was associated with a statistical significant
increased risk of rectal cancer (OR = 1.49; 95% CI 1.02, 2.16).

Notwithstanding the differences in direction in the main-effect associations between colon and
rectal cancer, the pattern of interactions between the 1L6 polymorphisms and use of aspirin/
NSAIDs within 2 years prior to diagnosis (Table 3) was similar for the two cancer sites:
individuals with the variant C allele were at a much reduced risk if they currently used aspirin/
NSAIDs compared with the GG genotype among those who did not use aspirin/NSAIDs. For
rectal cancer, the interaction between current aspirin/NSAID use and IL6 genotypes was
statistically significant only for the rs1800795 (—174G > C) polymorphism. For colon cancer,
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those with the greatest reduction in risk were individuals who currently used aspirin/NSAIDs
and had a C allele of either IL6 polymorphism.

The association between VDR and IL6 polymorphisms and colon and rectal cancer showed
significant reduced risk of colon cancer for those with an f allele of the Fok1 VDR
polymorphisms if they also had a C allele of either IL6 polymorphisms, however the interaction
term for VDR and IL6 did not reach statistical significance (Table 4). Assessment of the
interaction between IL6 and VDR by aspirin/NSAID use showed that among current aspirin
users, the rs1800796 IL6 polymorphism interacted with the Fok1 VDR polymorphism: those
with an f VDR allele were at reduced risk of colon cancer if they also had a C IL6 allele (OR
=0.47; 95% C1 0.27,0.80; p interaction 0.05) (Table 5). Among current aspirin/NSAID users,
the Bsm1 VDR and IL6 rs1800795 interacted to alter risk of rectal cancer (p interaction 0.01):
those with a bb VDR genotype and CC genotype for the IL6 polymorphism had a statistically
significantly lower risk of rectal cancer (OR = 0.49; 95% CI 0.29,0.83). The rs1800795 IL6
polymorphism interacted with Bsm1 VDR polymorphism to alter risk of colon cancer among
non-aspirin/NSAID users (p interaction 0.01).

Discussion

Our data suggest that IL6 genotype may influence risk of colorectal cancer. Individuals with
the C allele of the rs1800796 —572G > C SNP and the GG genotype for the rs1800795 (—174G
> C) IL6 polymorphism were at a slightly reduced risk of colon cancer, but possibly at a slightly
increased risk of rectal cancer. Associations were similar for men and women and for all age
groups and appeared to be modified by use of aspirin/NSAIDs: particularly, for colon cancer,
users had a greater reduction in risk if they also had a C allele in either IL6 polymorphism.
Interaction between VDR genotype and IL6 also was influenced by use of aspirin/NSAIDs.

Inflammation is increasingly implicated in the etiology of colorectal cancer. Regular use of
aspirin/NSAIDs, in addition to independently reducing risk of colon and rectal cancer, has been
shown to modify CRC risk associated with other diet, lifestyle, and genetic factors [38-41].
Regular aspirin/NSAID use reduces inflammation. High doses of aspirin and salicylates have
been shown to inhibit nuclear factor kappa B (NF-«xB) and its upstream activator the I« kinase
B (IKBKB) that regulate immune cell differentiation and survival [42]. Salicylates may work
via multiple pathways as they also have been shown to have a hypoglycemic effect [43-47]
and high doses of salicylates have been shown to reverse hyperglycemia, hyperinsulinemia,
and dyslipidemia by sensitizing insulin signaling [42]. Furthermore, in patients with type 2
diabetes, aspirin treatment has been shown to reduce fasting plasma glucose, total cholesterol,
CRP, triglycerides, and insulin clearance; aspirin reduced hepatic glucose production and
improved insulin-stimulated peripheral glucose uptake by 20% [48]. In our previous analyses
we have shown that aspirin/NSAIDs modify the association between the Bsm1 VDR
polymorphism and CRC risk [39]; data presented here suggest associations between IL6
genotypes and CRC risk are modified by aspirin/NSAIDs.

Previous studies have examined IL6 and colorectal cancer and adenomas. A study using
hospital-based controls [20] evaluated the association between IL6 and CRC and observed a
70% increased risk of colon cancer associated with the C allele of IL6 (—174), although a study
of CRC adenomas by the same group did not observe an association with IL6. [49]. Another
study of 222 colorectal cancer cases in Greece reported a reduced risk of CRC associated with
the CC genotype [19]. We observed a reduced risk of colon cancer for the C allele although a
possibly increased risk of rectal cancer associated with the same allele. However, in our data,
the greatest reduced risk for IL6 was among those with the C allele of the rs1800796
polymorphism and the G allele of the rs1800795 (—174G > C) polymorphism, an expected
finding, based on the literature cited above. Associations of IL6 polymorphisms with risk of
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colon cancer differed according to NSAID use. Given our observation of differences in
association for colon and rectal cancer and the modifying effect of aspirin/NSAIDs on these
associations, it is possible that some of the discrepancies in the literature could stem from the
proportion of cases who were colon versus rectal cancer in other study population as well as
the underlying characteristics of the populations being studied. It is also of interest that
associations differed for colon and rectal cancer in our data. It is possible that these findings
are chance or that there is a biological basis for the observed associations. Since the
inflammation pathway is very complex and interacts with insulin and hormone-related
pathways, it is possible that the differences observed are the result of other modifying factors
within the inflammation-related pathway. At this time we can only speculate why these
differences are observed.

Polymorphisms of the VDR gene also have been studied in conjunction with colorectal cancer
and adenomas because VDR may play a key role in vitamin D signaling, cell proliferation, and
differentiation [23-28,50]. The VDR appears to be an important link in CRC etiology, possibly
because it plays a role in both insulin and inflammation-related pathways and is at a point of
convergence of these two important pathways [51-53]. The VDR has been shown to be an
important immune system regulator that decreases the production of several cytokines and
increases the production of other cytokines such as IL-2 and I1L-4 [54-56]. Vitamin D
deficiency has been shown to increase the severity of inflammatory bowel disease, which
carries a markedly excess risk of CRC [22,57]. Studies have shown that VDR signaling plays
an essential role in the regulation of inflammation in the gastrointestinal tract [22]. Our data
provide some additional support for VDR’s role in inflammation as it relates to CRC.

We were limited in the markers for both VDR and IL6, although we selected markers that were
not in linkage disequilibrium and those that were evaluated for cancer risk in other studies.
However, other markers may have been associated differently. Likewise, we present data for
only two genes in a very complicated pathway. Although these genes were selected because
we believed, based upon existing literature that they were at important points of pathway
convergence, other genes involved in inflammation may be more critical to the etiology of
CRC. Clearly, to obtain a better understanding of the pathway as it relates to CRC, assessment
of other genes is necessary. Since we did not have funds to collect blood samples at the onset
of the colon study we had to go back and collect blood in some instances over a year after
people were interviewed, even though people usually were interviewed within 6 months of
diagnosis. This could potential lead to selection bias, however we have not observed an
association between IL6 and survival with colon cancer. Given the lack of association with
survival, for these analyses, survival bias may not be operating.

Our findings provide further support for the importance of inflammation in the etiology of

CRC. However, although the data are supportive of genetic involvement in an inflammation-
related pathway, additional work is needed and that will encompass more genes in this pathway
to obtain a better understanding of associations between inflammation and CRC development.
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