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Background: Previous studies have shown a link between increased dietary intake of arachi-
donic acid (ARA) and colorectal neoplasms. It has been shown that erythrocyte phospholipid
membrane concentrations of ARA are strongly determined by genetic variation. Fatty acid
desaturase (FADS) controls the rate limiting step in ARA production, and FADS variant rs174537
has been shown to be responsible for up to 18.6% of the variation seen. To determine if a causal
association exists between erythrocyte membrane ARA concentrations and colorectal adenomas,
we conducted a Mendelian randomization (MR) analysis using rs174537 as an instrumental
variable (IV). MR analysis was chosen because it is less susceptible to bias and confounding.
Patients and methods: A case-control study was performed using the Tennessee Colorectal
Polyps Study. Patients were matched on age, gender, race, facility site, and year of colonoscopy.
Cases were defined as any colorectal adenoma on colonoscopy (n=909) and controls were polyp
free (n=855). A two-stage logistic regression was conducted using rs174537 as the IV with the
dependent variable being the presence of a colorectal adenoma on colonoscopy.

Results: Cases were older (59 vs 57 years of age, P<0.0001), and more likely to use alcohol
(47.4% vs 19.8%, P=0.001) and to smoke (77.0% vs 66.9%, P<0.0001). There was no statisti-
cally significant difference in: age, sex, alcohol use, body mass index (BMI), or NSAID use
when stratified by the rs174537 alleles. Genotype was strongly associated with erythrocyte
membrane ARA concentrations (P<0.0001). We found no evidence of an association between
our IV (rs174537) and colorectal adenomas (P=0.41).

Conclusion: In our MR study increased erythrocyte ARA concentrations were not associated
with the risk of colorectal adenomas.
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Plain language summary

Studies have looked at what foods may be associated with an increased risk for
colorectal cancer (CRC). However, it has been difficult to interpret these results as
no one can remember exactly what they ate every day for years. Diet studies have
suggested that people who eat food with high Arachidonic acid (ARA) content, such
as red meat, may have an increased risk for CRC. It is known that CRC develops
from small polyps in the colon and that is why colonoscopies are recommended to
remove these polyps. Previous research has found a gene that is responsible for mak-
ing ARA. This gene has different versions and person A may make more than person
B even if they ate the exact same diet. So, we determined what gene a person had,
then looked at whether or not on a colonoscopy they had a polyp. We found that even
in those people that had a gene that creates more ARA there was no increased risk
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of them having a polyp. This potentially means that eating
diets high in ARA may not influence a person’s cancer risk.
More studies with large populations will need to be done
to confirm this result.

Introduction

Colorectal cancer (CRC) is the fourth most common cancer
diagnosis in the United States and the second most common
cause of cancer-related death.! Several dietary studies have
shown an increase in CRC risk with diets that are high in the
n-6 polyunsaturated fatty acid, arachidonic acid (ARA).>* A
possible mechanism linking ARA to CRC is that the pro-
inflammatory eicosanoid prostaglandin (PG) E, is derived
from ARA through the cyclooxygenase pathway and is
often found to be overproduced in colorectal neoplasms.* In
preclinical models, increasing tissue levels of ARA are cor-
related with increase in PGE, production as well as intestinal
tumor numbers.> !’ In human observational studies, high
erythrocyte membrane concentration of ARA has also been
linked to increased risk for colorectal polyps, which seems
to support these preclinical findings.*

Observational studies of self-reported dietary ARA levels
can be prone to bias, confounding, and reverse causation.
Tissue levels of ARA represent both exogenous ARA, from
dietary sources, as well as endogenously produced ARA.'!-12
Endogenously produced ARA is derived from linoleic acid
with the rate limiting enzyme in this conversion being fatty
acid desaturase (FADS).!* Multiple genome-wide asso-
ciation studies (GWAS) have confirmed that FADS activity
influences the amount of circulating ARA.'>*1¢ The single
nucleotide polymorphism (SNP) rs174537 explains up to
18.6% of the additive variance in circulating ARA levels
and shows a dose-dependent increase in ARA levels with
each G allele.'

To determine the role that ARA has in colorectal polyp
risk, we conducted a Mendelian randomization (MR) study
to minimize the issues of confounding, reverse causation,
and reporting bias. MR is founded on the principle that
alleles are randomly assorted at conception and should not
be influenced by environmental and lifestyle factors. Iden-
tification of a genetic factor (rs174537) that is associated
with the risk factor (ARA) can serve as the instrumental
variable (IV) and be a proxy for lifelong exposure.!” We,
therefore, wanted to determine the causal association
between elevated ARA concentrations in erythrocyte
membranes and risk of developing colorectal polyps using
case-control data.

Patients and methods

For this study, we used data collected as part of the Tennes-
see Colorectal Polyp Study for which the methods have been
previously published.!®! In brief, this study was conducted
at the Vanderbilt Gastroenterology Clinic between February
1,2003 and April 1, 2010 and at the Veterans’ Affair Tennes-
see Valley Health System Nashville campus between August
21, 2003 and May 30, 2007. Participants aged 4075 years
undergoing colonoscopy examination were recruited. Patients
were excluded if they had: genetic CRC syndromes, history
of inflammatory bowel disease, prior history of adenomatous
polyps, or any cancer other than nonmelanoma skin cancer.
Of the 12,585 potentially eligible individuals, 7,621 patients
provided written consent. Cases and controls were matched on
age 15 years, race, gender, facility site, and time of colonos-
copy 190 days. Cases were defined as one or more polyps on
colonoscopy confirmed by pathology, and controls were polyp
free on a complete colonoscopy. A trained interviewer con-
ducted a standardized telephone interview after colonoscopy
to obtain information on medication use, demographics, medi-
cal history, family history, reproductive history, and lifestyle.
Patients were designated as current NSAID user if they took
an NSAID at least 3 days a week, every week for the last 2
months. They were defined as regular alcohol consumers if
they had at least five drinks a week for the last 12 months. This
study was approved by the Vanderbilt University Institutional
Review Board, the Veterans’ Affairs Institutional Review
Board, and the Veterans’ Affairs Research and Development
Committee. All patients provided written informed consent
in accordance with the Declaration of Helsinki.

Participants were asked to donate a 15-mL fasting blood
sample. Whole blood was separated into plasma, buffy coats
(white cells), and red blood cells, while viable lymphocytes
were retained (heparin tube). Samples were processed within
6 hours of collection and stored for future analyses in a
—80°C freezer. Erythrocyte membrane phospholipid fatty
acid concentrations were determined by gas chromatography
using the method described by Folch et al.***! Inclusion of
the internal standard, dipentadecanoyl phosphatidylcholine
(C15:0), permitted quantitation of the amount of phospho-
lipid in the sample. ARA concentrations are presented as
percentage of total RBC membrane phospholipid fatty acid
content. Laboratory staff was blinded to case-control status
and any other information on study subjects.

Genomic DNA was extracted from buffy coat fractions
using the QIAamp Blood Kit (Qiagen NV, Venlo, the Nether-
lands) following the manufacturer’s protocol. SNP rs174537
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was genotyped using the iPLEX Sequenom MassArray
platform as part of a large genotype study. Included in each
96-well plate as quality control samples were one negative
control (water), two blinded duplicates, and two HapMap
samples. The concordance rate was 100% for both blinded
duplicates and HapMap samples. The genotype distribution
for rs174537 was in Hardy—Weinberg equilibrium.

Genotypic data and erythrocyte phospholipid membrane
concentrations were available on 1,933 patients, consisting
0f 942 controls and 991 cases. To estimate the causal OR we
used the two-stage approach for MR.? Using this two-stage
approach for a binary outcome, with a total sample size of
1764, a=0.05, K=0.52, expected OR of 1.6, and variance of
0.18, we have 99% power to detect a difference.*!* The IV
was the SNP rs174537 coded as 0, 1, and 2 (0 =TT, 1 =GT,
2 =GQ@). The phenotype was the percentage of erythrocyte
membrane fatty acid content that was composed of ARA, as
a continuous variable. In step one, a linear regression was
performed on the phenotype (ARA level) and IV (rs174537).
From this regression, the residuals were estimated. The second
stage was a logistic regression of the outcome, binary case vs
control, and the residuals from stage one. The goal of the first
step is to minimize any unmeasurable confounding factors.

We also conducted a secondary analysis repeating the
two-stage MR, where the GT and TT allele were combined
into a single reference group, given that the TT alleles are
less common. For comparison of continuous variables, the
Student #-test and ANOVA were used. For categorical variable
comparison the chi-squared test was used. All statistics were
performed using Stata version 14.2.

Results

Cases were older (58.917.2 vs 56.617.1), were more likely
to be smokers (77.0% vs 66.9%), and current alcohol users
(47.4% vs 19.8%) compared to controls (Table 1). Between
the cases and controls there was no statistically significant
difference in gender, race, site of colonoscopy, BMI, or reason
for colonoscopy.

When the cohort was stratified by rs174537 alleles
there was a statistically significant rise in ARA erythrocyte
membrane concentrations with the addition of the G allele
(Table 2). Between the allele groups the only statistically sig-
nificant difference was race, with the TT genotype being less
common in African-Americans compared to whites (Table 3).

The stage one linear regression of ARA levels against
rs174537 SNP, using TT as the reference, gave a coefficient
of 0.74, with an F statistic of 31.49, P<0.0001. The logistic
regression performed used the TT allele as a reference and

Table | Baseline characteristics for patients based on case status

Cases,? Controls,” | P-value
n=909 n=855

Age, years (mean * SD) 58.917.2 | 56.617.1 <0.0001
Sex, % female 25.2 26.0 0.62
Race, %

White 91.9 92.2 0.88

African-American 6.5 6.1

Other 1.7 1.8
Alcohol use, %

Current 474 19.8 0.001

Former 27.7 234

Never 24.6 56.5

Unknown 0.2 0.4
Current smokers, % 77.0 67.0 <0.0001
Facility site, % Vanderbilt 63.3 64.4 0.64
BMI (mean * SD), kg/m? 28.4+5.15 | 28.11£5.28 0.24
Screening reason, %

Yearly screening 58.9 583 0.60

Family history 10.8 12.6

Diagnostic/bleeding/follow-up | 21.9 20.8

Other 85 83

Unknown 0 0
NSAIDS, %

Never 427 383 0.05

Former 6.9 7.6

Current 49.4 53.9

Unknown 1.0 0.2

Notes: *Case is a patient with a pathologically confirmed adenoma on colonoscopy.
*Control has no adenoma on colonoscopy.
Abbreviation: BMI, body mass index.

Table 2 rs174537 allele and erythrocyte ARA concentration

Alleles ARA concentration® (%) P-value
GG 16.71+3.68 <0.0001°
GT 15.95+3.77
TT 15.253.19

Notes: *ARA concentrations are displayed as the mean + SD. The concentration
is the percentage of erythrocyte phospholipid membrane that is made of up ARA.
®ANOVA test.

Abbreviation: ARA, arachidonic acid.

yielded an OR for an increased risk of colorectal adenoma of
1.24 (95% CI: 0.90-1.71) for the GT allele and 1.07 (95% CI:
0.97-1.02) for the GG allele (P=0.41) (Table 4). Combining
the GT and TT alleles into one reference group yielded an
OR 0f 0.99 (95% CI: 0.98-1.03) (P=0.99).

Discussion

In our case-control study we found no statistically significant
association between elevated erythrocyte membrane ARA
concentrations and colorectal polyps. There was a statistically
significant dose increase in the ARA levels with the G allele
of SNP rs1744537, which has been reported in previous
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Table 3 Baseline characteristics stratified by allele

GG n=804 GT n=774 TT n=186 P-value

Age, years (mean * SD) 57.517.02 57.917.46 58.5+7.16 0.221
Sex, % female 27.1 24.4 23.7 0.386
Race, %

White 86.8 96.4 96.2 <0.0001*

African-American 11.2 2.6 0.5

Other 2.0 1.03 32
Alcohol use, %

Current 20.9 239 21.5 0.525

Former 27.5 24.0 24.2

Never 51.2 51.9 53.8

Unknown 0.4 0.1 0.5
BMI (mean £ SD), kg/m? 28.1+5.05 28.41+5.30 28.5+5.58 0.40
NSAIDS, %

Never 42.5 39.0 382 0.623

Former 7.7 6.9 7.0

Current 49.1 53.6 53.8

Unknown 0.6 0.5 1.1

Note: *Indicates a statistically significant P-value.
Abbreviation: BMI, body mass index.

Table 4 OR for colorectal adenoma by allele

Alleles OR (95% CI) P-value
GG 1.07 (0.97-1.02) 0.41°
GT 1.24 (0.9-1.71)

T 1.00 (reference)

Notes: °A two-stage MR analysis was performed to determine the relationship
between the rs174537 allele and colorectal adenomas.
Abbreviation: MR, Mendelian randomization.

studies.!>!*!5 There were no significant differences in the
association between the allele groups and all confounding fac-
tors with the exception of race. As reported by Mathias et al,
African-American patients were more likely to have a G allele
compared to whites and have higher circulating ARA levels.*

Previous studies using diet or direct measurement of
ARA and its relationship to colorectal polyps have shown
conflicting results.*'® We were unable to demonstrate an
association between elevated erythrocyte ARA concentra-
tions and colorectal adenomas using our MR design. Prior
studies have shown that an increase in erythrocyte membrane
percentage of ARA levels was associated with a colorectal
adenoma OR of 1.66 (1.05-2.62).* One possible reason for
the discrepant findings could be secondary to confounding
factors associated with erythrocyte ARA concentrations,
which were better minimized using the MR design. Alterna-
tively our null result may be related to the study power. We
had 85% power to detect an OR as low as 1.4 with our fixed
sample size, while the effect size was reasonable given prior
published work. There could be a smaller association that we
were unable to detect.!*

Our results differ from a previously published MR
analysis conducted by May-Wilson et al who used the
Cohort for Heart and Aging in Genomic Epidemiology
(CHARGE) consortium.? This study used SNP rs174537
as the IV and CRC as the outcome. This paper found a
statistically significant effect of ARA levels on CRC risk,
however, the effect size was small (OR =1.05; 95% CI: 1.02,
1.07) and much weaker than our a priori estimated effect
size. Although different SNPs were used for both studies,
the variants are in almost complete linkage disequilibrium
(R?=0.98). Thus if our hypothesis was correct, our null
findings may be explained by a low effect size of ARA on
colorectal neoplasm risk. Also given that we are looking
at the cancer precursor there is likely some dilution of the
effect of ARA on CRC risk. Further support for the role of
ARA in CRC in humans is provided by a large-scale GWAS
in East Asians that found variants in F4DS to be associated
with CRC risk and with F4DS gene expression in tumors
and other tissues.?

One of the strengths of this study is the use of MR for
analysis, which uniquely allows us to control for reverse
causation, measurement bias, and confounding. It is based
on several underlying assumptions, which we were able to
meet.” First is that the variant rs174537 is robustly associ-
ated with the exposure (ARA), which was confirmed by our
data and multiple studies.'>!'*1¢ Second is that the variant is
not related to confounding factors, which was consistent with
our data. However, race, which is a risk factor for CRC, was
associated with genotype. The strong genotype—phenotype
association between FADS variants and circulating fatty
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acids has allowed this gene to be utilized as an IV in five
MR studies to date.?>%

The study does have several limitations. This study used
a one-time erythrocyte membrane fatty acid concentration to
determine the ARA content. While using erythrocyte mem-
brane, ARA percentage instead of ARA plasma levels would
represent a longer exposure period (3—4 months vs days),
within the context of CRC, this exposure timeframe is still
brief. Each patient underwent a colonoscopy to detect their
polyps, which is the gold standard for detection, but it was
only a one-time exam and not a lifetime risk. This could lead
to dilution of the ARA effect, as those patients who are polyp
free now may have future adenomas. Supplemental n-3 Long
chain polyunsaturated fatty acid (LCPUFAs) and possibly
statin medications might influence RBC membrane ARA
concentrations, and we did not have data on the use of these
medications.*® An additional weakness was that we found
allele frequencies were different based on African-American
race, which is a known confounding variable related to CRC.
This violated one of the fundamental assumptions of MR.
In our sample, race was not associated with case-state, and
only a small percentage of the study population were African-
American. Nevertheless, it is unclear if this finding could
have influenced our results. Finally, our study may have been
underpowered. This study was initially designed using the
effect sizes described within the literature between circulat-
ing ARA and colorectal adenoma risks.* Subsequently, a
recent MR study reports a much weaker effect between the
genetically-determined ARA and CRC risk.?

Conclusion

In conclusion, we found no evidence of an association
between elevated ARA erythrocyte membrane content and
risk of colorectal polyps in this MR study. If ARA is be
associated with colorectal neoplasm risk, this effect is likely
very modest.
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