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Abstract
PURPOSE—Fat absorption may play a crucial role in colorectal carcinogenesis by determining
intra-colonic exposure to potentially carcinogenic lipid metabolites.

METHODS—We conducted a population-based case-control study that included 1163 cases and
1501 controls to examine whether individuals who carry genetic variants associated with lower
lipid absorption have a higher risk of colorectal cancer. Using Taqman assay, we determined
FABP2 alanine (A)/threonine (T) polymorphism at codon 54 in exon-2 and APOE isoforms.
Multivariable odds ratios (OR) and 95% confidence intervals (CI) were calculated by
unconditional logistic regression models, assuming FABP2 A54 and APO non-E4 as high risk
alleles.

RESULTS—We found no associations with either of the polymorphisms. The OR associated
with FABP2 A54 homozygotes compared with the others was 1.01 (95% CI; 0.86–1.45) and that
for non-ApoE4 carriers compared with carries was 0.95 (95% CI; 0.80–1.13). However, there was
a statistically significant negative interaction between total fat intake and FABP2 AA genotypes
(P=0.025), indicating that the risk of colorectal cancer associated with this polymorphism is higher
in the subjects with lower fat intake.
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CONCLUSIONS—These results suggest that these SNPs may not be useful in predicting
colorectal cancer risk in populations with high fat intake.
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1. Introduction
The association between fat intake and colorectal cancer has been mixed in epidemiologic
studies and intervention trials [1–3], despite unequivocal data in experimental animals
indicating high fat diets increase the occurrence of colorectal tumors [4,5]. These
observations suggest that genetic susceptibilities may modify the effects of a high fat diet
and thus that only a fraction of individuals is in fact susceptible to colorectal cancer when
they consume a high fat diet. One of the mechanistic bases on which dietary fat increases the
risk of colorectal cancer is intracolonic exposure of colorectal epithelial cells to potentially
carcinogenic substances that are generated from lipid and its metabolites with fecal bacterial
activities [6–8]. Accordingly, fat absorption may play a crucial role in colorectal
carcinogenesis by determining luminal lipid concentrations, and thus exposure to such
carcinogenic metabolites.

In this context, it is interesting to note an inverse association between circulating cholesterol
levels and colorectal cancer that have been reported by several prospective cohort studies
[9]. Some of these studies showed that the association was confined to the first few years of
follow-up, suggesting that the association might be due to a consequence of preclinical
cancer. This inverse association was not confirmed for colorectal adenomas [10–11].
Importantly, others with longer follow-up demonstrated a persistent association which was
not explained by other confounding factors [9,12–16]. Collectively, these studies may
suggest that albeit positive correlations between total fat intake and both coronary heart
disease (CHD) and colorectal cancer at the population level, colorectal cancer and CHD
occur in different subsets of the population with high fat intake. Hence a key to these two
pathways is intestinal lipid absorption that points dietary fat either to the systemic
circulation or to the colorectal lumen.

Recent genetic studies have discovered common functional polymorphisms on genes that
play an important role in intestinal lipid absorption. In this population-based case-control
study, we address whether individuals with genetic variants leading to lower lipid absorption
have a higher risk of colorectal cancer. Specifically we focus on the following two
polymorphisms: FABP2 (intestinal fatty acid binding protein) alanine (A)/threonine (T)
substitution at codon 54 in exon-2 [17]; and APOE isoforms (E2, E3 and E4), which are
defined by combinations of amino acid (cysteine/arginine) substitutions at codons 112 and
158 [18]. These have been selected based on their well-characterized phenotypes in lipid
absorption [17,19,23], their adjunct effects on bile acid secretion [21–24], sources of known
colorectal tumor promoters [25], and limited data on cancer to date. Our primary intention to
study these two polymorphisms exclusively was to use them as a potential surrogate for
protein functions rather than as a genetic marker for variability of the entire genomic region,
because these phenotypes are not easy to study in vivo for a large number of human subjects
and are prone to intra-individual variability.
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2. Materials and methods
2.1 Study population

Eligible study subjects were residents in the Metropolitan Detroit Tri-County (Wayne,
Oakland and Macomb) area, between 45 and 80 years of age at time of ascertainment, with a
working telephone and no prior history of any invasive cancer, in-situ colorectal cancer or
colectomy. Eligible colorectal cancer cases were histologically diagnosed between January
1, 2003 and September 30, 2005, and were identified through a rapid case-reporting system
implemented in the Metropolitan Detroit Cancer Surveillance System (MDCSS), a founding
member of the National Cancer Institute=s (NCI) Surveillance, Epidemiology, and End
Results (SEER)-cancer registries, which allowed access to patients within 3–4 months from
their diagnosis. A total of 3 746 potentially eligible cases were identified. Among those,
physician consent was not obtained for 385. Of the remaining, 110 subjects were further
excluded because no subject contact information was available or other administrative
reasons. An additional 47 cases were found to be ineligible before enrollment, leaving a total
of 3 204 subjects. Among these 1 335 consented to the study (41.7%).

Population controls were identified though random digit dialing (RDD). These controls were
frequency matched to the cases by 5-year age group, gender, county of residence and race
(African American (AA) vs non-AA), which were projected based on the data from
preceding years. The RDD telephone numbers were generated by Survey Sampling
(Fairfield, CT) with pre-screening for business and non-working numbers. RDD
interviewers were instructed to call each selected telephone number up to 9 times at different
times of the day and week including evenings and weekends, in order to obtain a household
census to identify potentially eligible study subjects. Each telephone contact was recorded
on electronic files. A total of 36 936 unique RDD telephone numbers were surveyed. 36% of
the numbers were excluded, 33% were screened for household census information, and 31%
were not able to be screened. The excluded numbers were business, public or disconnected
numbers, out of study area, dataline (modem, fax etc.), or from other miscellaneous reasons.
The numbers not screened were due to no answers throughout 9 attempts and refusals to
give any household information and communication problems in either language or hearing
ability. Among the remaining numbers screened for household census, 47% were ineligible
primarily due to ages of household members. Of the eligible households (53%), 75% agreed
to receive a study invitation letter and the rest refused to provide a mailing address. To
balance the age distribution of cases and controls, we selected 2 831 for enrollment and 1
682 completed the study (59.4%). Of the total of 3 017 participants, 135 controls were
considered to be ineligible according to their age and medical history in the questionnaires,
and 130 cases were also considered ineligible because the final MDCSS reports did not
confirm the eligibility or because of previous cancer or colectomy reported in the completed
questionnaires. Thus, a total of 2 752 (1 205 cases and 1 547 controls) study subjects were
included in this study.

2.2 Data and specimen collection
The cases and controls were interviewed over the telephone using structured questionnaires
regarding their usual diet and other risk factors for colorectal cancer for the time- period
preceding cancer diagnosis (approximately 2 years prior to the interview). Dietary intake
was assessed by a validated semi-quantitative food frequency questionnaire (FFQ) [26,27],
Block 98.2 (Block Dietary Data Systems, Berkeley, CA). Energy-adjusted nutrient intake
was calculated by means of the residual method described by Willett and Stampfer [28]. The
study participants provided one of the following types of biospecimens; 1) peripheral blood
through home phlebotomy service, 2) buccal cells collected by commercial mouthwash
liquid and 3) archived (grossly normal) tissue blocks. 71 % of the controls provided blood
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samples while the rest mouthwash samples. The cases chose the phlebotomy option less
often than the controls (66%) and 7% tissue blocks. This study was approved by Wayne
State University Human Investigation Committee and all subjects gave written informed
consent to participate in the study.

2.3. Laboratory analyses
All laboratory assays were performed at the Wayne State University Applied Genomics
Technology Center. DNA was isolated with a Gentra Autopure under standard conditions.
TaqMan genotyping assays were employed to determine the three relevant single nucleotide
polymorphisms (SNP), rs1799883, rs429358 and rs7412, using an Applied Biosystems 7900
(Foster City, CA). For quality control, 10% of the assays were repeated and amplicons for
each of the assays were sequenced. For added sensitivity, DNA isolated from low yield
samples was preamplified in an outer PCR reaction using oligonucleotide primers designed
with Primer Express software (Applied Biosystems). When Hardy-Weinberg equilibrium
was tested for the cases and controls separately (based on a chi square test), all SNPs were
found to be in equilibrium using p=0.05 as the threshold.

2.4. Statistical analysis
Odds ratios (ORs) and 95% confidence intervals (CIs) for colorectal cancer associated with
FABP2 and APOE polymorphisms were estimated using an unconditional logistic regression
model [29], adjusting for selected covariates. The ORs were calculated for high risk (low
absorption) alleles (i.e., FABP2 A54 and APOE2 or E3) according to functional data
available in the literature [17,19–23] using homozygous low risk (i.e., FABP2 T54 and
APOE 4) alleles (dominant model) or homozygous low risk alleles + heterozygotes
(recessive model) as the reference group, as well as for the combinations of these two
polymorphisms based on the sum of the presumed high risk alleles. The gene-dose effect
was also tested with the logit of risk according to the number of presumed high risk alleles.

Covariates were first selected from established risk factors for colorectal cancer in the
literature [1,30,31]. They were tested one at a time in a model that included basic
demographic variables, age, gender and educational levels, and those showing an association
at the 10% level were included to estimate multivariable ORs. As a result, the final
multivariable model included age, gender, educational level, source of DNA, total calcium,
fiber, red meat intake, family history of colorectal cancer, regular (>= 3 times per week for 6
months or longer) non-steroidal anti-inflammatory drug (NSAID) use, body mass index
(body weight (kg)/body height (m)2), and physical activity index in their 30s, which was the
weighted sum of time the subject spent per 24 hours as described previously [32]. The
source of genomic DNA (blood vs. others) was included because it is a potential indicator
for volunteer bias that may not be necessarily captured by other covariates, because DNA
quality is clearly different between blood and other sources, which affects intensities of
signals in Taqman genotyping assays and thus potentially the discrimination of alleles and
because there was a statistically significant difference in the proportion of the subjects who
chose blood between the cases and the controls. Height, history of diabetes, smoking,
number of alcoholic drinks per day, use of postmenopausal hormone replacement therapy
and race were also assessed and were not included in the final model. After exclusion of
subjects with missing covariates, the final analytical samples in this study consisted of 1163
cases ands 1501 controls.

In addition, the ORs were calculated by level of total fat intake dichotomized at the median
in the entire study population (96 g per day) for all cancer cases and for subsites, distal
(from the descending colon to the rectum) and proximal (from the cecum to the splenic
flexure), in view of varied fat concentrations by subsite of the large intestine. The

Kato et al. Page 4

Cancer Epidemiol. Author manuscript; available in PMC 2011 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



interactions between the polymorphisms (in the recessive model) and fat intake (below or
above median) were tested by including their multiplicative interaction terms. All statistical
analyses were performed using SAS version 9.

3. Results
Table 1 presents demographic characteristics of the colorectal cancer cases and the
population controls and the ORs and 95% CI for selected colorectal cancer risk factors. The
matching variables (age, race and county (data not shown)) were well balanced between the
cases and controls except for gender, but there was a significant excess in the proportion of
female controls (P< 0.001). This excess was primarily due to the facts that female controls
had been accrued quicker than male controls and that the target number of the corresponding
cases was reduced in the middle of the study. In addition, the control group had a higher
educational level than the cases (P< 0.001, data not shown). The risk of colorectal cancer
was inversely associated with regular NSAID use, menopausal hormone use and high
physical activity in their 30s and positively associated with history of diabetes, higher body
mass index and family history of colorectal cancer. Among other covariates, dietary calcium
and fiber showed an inverse association and red meat intake yielded a positive association
(data not shown).

FABP2 A54T and APOE genotypes were determined for a total of 2659 and 2661 subjects
respectively and thus their combined genotypes were available for 2656 subjects. Because of
the unbalanced gender matching, we first calculated bi-variable (gender-adjusted) ORs,
instead of univariable ORs. As shown in Table 2, none of the bi-variable ORs (OR1)
associated with FABP2 A54, APO-non-E4 or their combination were significantly different
from unity. Adjustment for other covariates had only modest effects on the risk estimates
(OR2), resulting in a slight reduction in the ORs (OR2), which ranged from 0.90 (non-
ApoE4 carriers compared with E4 homozygotes) to 1.01 (FABP2 AA compared with AT+
TT). There were no significant trends with the number of FABP2 A54 or APO non-E4 alleles
or the sum of those. When apoE2 carriers (N=427) were separated from non-ApoE4 (E2/E2
and E2/E3) carriers and carriers (E2/E4), their multivariable OR compared with non-E2
carriers was also less than unity (0.97, 95%CI: 0.78–1.20) (data not shown). There were no
differences in the main effects of the polymorphisms by subsite (data not shown).

Next we assessed the interactions with fat intake (Table 3). There was a statistically
significant negative interaction between total fat intake and FABP2 AA genotypes (P=0.025),
and a similar non-significant negative interaction with non-APOE4 (P=0.400), indicating
that the risk of colorectal cancer associated with these genotypes is higher in the subjects
with lower fat intake (below median) rather than those with high intake (above median).
These negative interactions were more pronounced for proximal colon cancer for the both
polymorphisms and that for APOE was also statistically significant (P=0.044).

4. Discussion
The present study failed to support our working hypothesis that individuals carrying
common genetic variants that have been associated with lower intestinal lipid absorption
have a higher risk of colorectal cancer. T54 containing FABP2 protein has been shown to
exert 2-fold greater affinity for long chain fatty acids (LCFA) than A54 containing protein
[17] and that Caco-2 cell expressing the T54 form can transport LCFAs and secrete
triglycerides to a 2 fold greater degree than Caco-2 cell expressing the A54 form [19]. The
T54 genotype has been associated with higher plasma levels of triglycerides [20,33,34] and
of free fatty acids [35], a higher postprandial lipemic response [36,37] to an oral fat load and
lower secretion of total fecal bile acid [24]. ApoE polymorphism has been extensively
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studied in relation to blood lipid levels as well as to risk of cardiovascular disease and of
Alzheimer>s disease [38]. Despite the fact that apoE is not synthesized to a significant
extent in the gut, ApoE influences intestinal cholesterol absorption. Cholesterol absorption is
higher in E4 carriers than non carriers, and correspondingly, fecal bile acid output is lower
in E4 carries than non-E4 carriers [21–23]. Others have shown that rare E2 carries absorb
dietary cholesterol more efficiently than E3 homozygotes [39,40]. Overall, Apo ε4 allele
carriers are more responsive to dietary fat modification than non-carriers [41,42].

To our knowledge, there have been no published data on the relationship between FABP2
polymorphism and colorectal cancer risk. ApoE4 allele was associated with lower risk of
proximal colonic adenoma and carcinoma [43] with OR for of 0.36 (95% CI: 0.14–0.89) and
that for cancer of 0.35 (95% CI: 0.14–0.86) compared to non-E4 carriers. A similar, but non-
significant, risk reduction (OR=0.59) was observed among Japanese patients with proximal
adenoma with the E4 allele [44]. Alternatively, increased risk among E2 carriers,
particularly for male colorectal cancer, was reported by Watson et al [45]. These three
studies were all hospital-based and involved a relatively small sample size. A subsequent
much larger population-based case-control study in the US did not confirm these results
[46]. Thus, to date the association between Apo E polymorphism and colorectal cancer has
been very mixed and is not conflicting with our null result. In addition, allele frequencies of
each polymorphism observed in our study were comparable to those previously reported for
Caucasians and African Americans [20,47,48].

We realize that the overall null associations in the present study are possibly due to
insufficient statistical power, as a growing number of pooled or meta-analyses of the
association studied suggest that the main effects of common genetic polymorphism are
generally very modest (~OR 1.10) [49–52]. If this is the case, our study was not adequately
powered. We also acknowledge that it possible that the inclusion of more than 10 covariates
reduced the statistical power. However, given the relative large sample size of the study and
the fact that the sizes of the confident intervals did not differ materially between the
minimally and fully adjusted ORs as presented in Table 2, we estimate that its potential
effects on power was small.

A major limitation of this study is the number of genes analyzed, despite a growing number
of genes and their functions that have recently been delineated in lipid transport/metabolic
pathways. Those include other apolipoproteins such as Apo B48, Apo AI, and Apo AIV, other
fatty acid and cholesterol transporters, such as CD36, NPC1L1, FATP4, FABP1 and other
lipid transfer proteins such as MTP, ACAT2 and SAR1B [53–56]. Furthermore, it is
important to note that unabsorbed lipid is not a sole source of luminal lipid content. Lipids
are excreted back to the intestinal lumen through bile or directly through intestinal epithelial
cells using reverse cholesterol transport mechanism, which is also mediated by several
transporters, e.g., ABCG5, ABCG8, ABCB4 and ABCA1 [53,54]. It has indeed become clear
that direct reverse transport by intestinal epithelial cells exceeds that by the biliary pathway,
resulting in more fecal sterol excretion than the sum of dietary cholesterol intake and biliary
cholesterol secretion [57]. In addition, there is a large redundancy in functions of digestive
enzymes and lipid binding and transfer proteins, leading to the extreme efficiency of lipid
assimilation [55]. Thus, the overall impact of the SNPs examined in this study in
determining luminal lipid content may be much smaller than we originally anticipated.
Combinations of multiple functional SNPs in a number of genes in these pathways ways
may modulate the risk of colorectal cancer, but their population-attributable risks should be
much smaller because of very low frequencies of such combinations expected in the general
population.
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Due to the relative low participation rate, self-selection bias or volunteer bias is a concern
[58]. In fact, higher proportions of college graduates and of those who chose to donate blood
in the control group are indicative of this bias. Thus, we adjusted for these factors and others
in calculating multivariable ORs. However, the associations with other established
colorectal cancer risk factors as described above in the Results were consistent with those
reported by others, which may indicate that the extent of selection bias is not substantial. In
addition, we believe the effect of self-selection bias on genotype distributions of SNPs of
interest is relatively limited, compared with that on environmental risk factors. Furthermore,
selection bias has been demonstrated not to affect the assessment of gene- environmental
interactions [59]. Differential recalls between the cases and controls (recall bias) is also a
concern in any retrospective studies like this study. Cases who are aware of their own
diagnosis may recall past exposures differently from controls. But the use of structured
questionnaires (like our study) has been shown to reduce this bias [60].

On the other hand, the strengths of our study include high quality genotyping data
(demonstrated by only 3 and 5 subjects with undetermined genotypes for the two
polymorphisms of interest, respectively), and the population-based study design where
controls are less likely to have medical conditions that have been associated with these
polymorphisms. In addition, there was a strong rationale supporting functional effects of
these polymorphisms on LCFA and cholesterol absorption, respectively, as summarized
above.

The negative interaction between FABP2 polymorphism and total fat intake was unexpected
and possibly a chance finding due to multiple comparisons in the stratified analyses.
However, Le Marchand and Wilkens point out that studies have more power to detect
interactions than main effects if genetic effects are environment- specific [61]. Because
FABP2 expression in intestinal epithelial cells is enhanced by dietary fat content [55,62],
this negative interaction may imply that the polymorphism (i.e., altered protein
characteristics) exerts its function only when the basal gene expression level is low. In other
words, a sufficient amount of protein expression may override differences in amino acid
composition. If true, it suggests that these polymorphisms have little consequence in western
countries where fat intake and colorectal cancer incidence are high. The main effect of this
polymorphism needs to be re-evaluated in other populations with low fat intake.

In conclusion, the results of the present study do not indicate that these common genetic
polymorphisms can be used in prescribing tailored dietary recommendation to reduce the
risk of colorectal cancer. Thus, at this point it is safe to moderate fat intake regardless of
individuals= genetic background in order to avoid possible consequences of high fat
(energy-dense) diets, in view of the high and rising prevalence of overweight, obesity and its
related morbidities in US adults and children [63].
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