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Abstract

Background Individuals receiving a standardised daily dose of 2000 mg of the n-3 highly unsaturated fatty acid
(HUFA) eicosapentaenoic acid (EPA) for 12 months in the seAFOod polyp prevention trial demonstrated wide inter-
individual variability in red blood cell (RBC) EPA levels (expressed as % of total measured fatty acids). Eicosapentaenoic
acid can be converted to n-3 docosapentaenoic acid (n-3DPA) by the elongase elongation of very long-chain fatty acids
(ELOVL) 2. We tested whether single nucleotide polymorphisms (SNPs) in ELOVL2 (rs3734398, rs2236212, rs953413,
rs3798713, rs9393903) are associated with differential RBC EPA and n-3DPA levels in seAFOod trial participants at
baseline and while receiving EPA supplementation.

Results Six hundred and three seAFOod trial participants had ELOVL2 genotype and RBC n-3 HUFA data. All five
ELOVL2 SNPs were in strong linkage disequilibrium (R?> 0.95). Therefore, we focussed on rs953413 (genotype
frequency: GG 30.8%, GA 50.1% and AA 19.1%), as the best characterised SNP, which is believed to be functional in
human liver cells. Prior to trial intervention, minor (A) homozygotes displayed higher levels of n-3DPA (P<0.01), but
not EPA (P>0.05), in RBCs than major (G) allele carriers. The trend towards a greater increase in n-3DPA values in AA
homozygotes during EPA treatment compared with GA heterozygotes or GG homozygotes did not reach statistical
significance. There was also no significant difference in the change in RBC EPA or DHA levels during EPA treatment
according to rs953413 genotype.

Conclusions A secondary analysis of the seAFOod trial found that minor (A allele) homozygotes for the ELOVL2
SNP rs953413 have a higher baseline RBC n-3DPA level than G allele carriers. However, rs953413 genotype did not
significantly influence AEPA, An-3DPA, or ADHA levels during 6 or 12 months of high-dose EPA supplementation.
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Therefore, we do not provide evidence that genetic variation in ELOVL2 contributes to the inter-individual variability in
the circulating EPA level associated with high-dose EPA supplementation.

Keywords FEicosapentaenoic acid, Elongase, Omega-3 polyunsaturated fatty acids

Introduction

Genetic variation can influence the metabolic response
to nutritional interventions, including supplementa-
tion with long-chain #-3 highly unsaturated fatty acids
(HUFAs) such as C20:51-3 eicosapentaenoic acid and
C22:6n-3 docosahexaenoic acid (DHA). In the pla-
cebo-controlled 2 x 2 factorial seAFOod polyp preven-
tion trial, there was wide inter-individual variability in
red blood cell (RBC) % EPA levels (expressed as % total
measured fatty acids) during EPA treatment with a stan-
dardised daily dose of 2000 mg 99% pure EPA and/or
aspirin 300 mg for 12 months [1]. While differences in
baseline RBC EPA level, capsule compliance, and EPA
formulation contributed to the variable response to EPA
supplementation [2], metabolism of EPA to other n-3
HUFAs could contribute to the differential response to
EPA supplementation. Levels of C22:51-3 docosapentae-
noic acid (#-3DPA), which is the intermediate product
before desaturation to DHA during conversion of EPA
to DHA, increased in RBCs from seAFOod trial partici-
pants randomised to EPA capsules in a bimodal manner
[2]. However, there was no change in DHA levels during
treatment [2]. This suggests that conversion of EPA to
n-3DPA by the elongase enzyme elongation of very long-
chain fatty acids (ELOVL) 2 may be the key metabolic
step contributing to variable RBC EPA levels in individu-
als receiving an identical dose of EPA. This hypothesis is
supported by several studies that have reported the asso-
ciation between single nucleotide polymorphisms (SNPs)
in the ELOVL2 gene (including rs953413, rs2236212 and
rs3734398) and low circulating DHA levels [3].

We have previously reported genotype-treatment
interactions for polymorphisms in fatty acid desaturase
2 (FADS2) [4] and oxylipin-related genes such as Prosta-
glandin G/H synthase [PTGS, also known as cyclooxygen-
ase]l and PTGS2) in the seAFOod trial [5]. In the latter
study, we characterised 78 SNPs in multiple genes includ-
ing SNP rs953413 (a functional SNP in a liver-specific
enhancer element in the first intron of ELOVL2, which is
the ELOVL2 polymorphism that has been studied most
extensively) [3, 6]. Therefore, we tested the hypothesis
that ELOVL2 SNP genotypes are associated with the
change in RBC EPA level in seAFOod trial participants
receiving EPA supplementation.

Methods

Study approval and registration

This work was performed as part of the STOP-ADE-
NOMA study, which obtained approval from the London

and Surrey Borders Research Ethics Committee (19/
LO/1655) and is registered as ISRCTN05926847 (reg-
istration date 6th May 2011) as a sub-study of the seA-
FOod polyp prevention trial (protocol added 10th May
2022).

Existing seAFOod trial data

Blood sampling during the seAFOod trial has been
described in detail [7]. Blood sampling was scheduled at
trial entry before Investigational Medicinal Product (EPA
or placebo capsules and/or aspirin or placebo tablet) was
started (visit [V] 1), after 6 months treatment (V4) and at
the end of the 12-month intervention period just before
colonoscopy (V6).

A panel of 9 fatty acids, including EPA and n-3DPA,
were quantified using liquid chromatography-tandem
mass spectrometry (LC-MS/MS) [8]. Relative n-3 HUFA
levels in RBCs are expressed as the percentage of total
measured fatty acids.

Single nucleotide polymorphisms in ELOVL2

A secondary genetic analysis of SNPs in genes controlling
oxylipin synthesis and degradation in 647 seAFOod trial
participants has already been published [5]. The micro-
fluidic multiplex SNP analysis also included five SNPs in
ELOVL2 (rs3734398, rs2236212, rs953413, rs3798713,
rs9393903), which all satisfied Hardy-Weinberg equilib-
rium (HWE) in the original trial cohort used for genetic
analysis [5].

Statistical analysis

The percentage n-3 HUFA content of RBCs (EPA, DPA,
and DHA) is presented as the median value and the
interquartile range (IQR). Baseline RBC n-3 HUFA lev-
els were investigated for the rs953413 genotypes (major
homozygous GG, heterozygous GA, minor homozygous
AA) for the whole seAFOod trial population before the
trial intervention with EPA, with or without aspirin. Data
distribution was analysed by the Shapiro-Wilk test and
Q-Q plots, which confirmed that PUFA data were not
normally distributed, although Levene’s test confirmed
that PUFA data variance was equal across rs953413 geno-
types. Therefore, RBC n-3 HUFA levels and the ELOVL2
product (n-3DPA)-to-precursor (EPA) ratio in AA homo-
zygotes were compared with the other genotypes by the
non-parametric univariate Kruskal-Wallis test given
that other co-variates such as age and sex were balanced
between the different genotype subgroups inside the ran-
domised trial. For analysis of differences in the change in
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Fig. 1 The change in RBC n-3DPA level in EPA users during seAFOod trial participation according to ELOVL2 SNP rs953413 genotype. The difference in
RBC DPA level after treatment for 6 months (V4) compared with baseline (V1) is plotted at individual participant-level according to the baseline RBC EPA
value, consistent with previous seAFOod trial analysis [2]. Density curves represent the distribution of data points for participants that were major (G) allele
homozygotes (red), heterozygotes (green) or minor (A) homozygotes (blue). The black dashed density curve represents data from placebo EPA users for
comparison with the data from individuals randomised to active EPA with different ELOVL2 genotypes. Density curves show a more pronounced upward
shift in ADPA values in AA homozygotes (blue) compared with GG homozygotes (red) or heterozygotes (green), which both have more overlap with
the density curve for placebo-users (black). Note that the green density curve for GA heterozygotes is bimodal, unlike those for homozygous individuals

baseline and after either 6 or 12 months of treatment
(An-3 HUFA).

We already reported that participants who received
EPA in the seAFOod trial demonstrated an increase in
RBC levels of EPA and #-3DPA, but not DHA, compared
with those allocated to placebo capsules [2]. Here, we
analysed #-3 HUFA levels only in EPA users stratified for
rs953413 genotype. Figure 1 shows individual An-3DPA
values at 6 months plotted against the respective base-
line RBC EPA value, consistent with our previous report
of RBC An-3HUFA values for the whole seAFOod trial
population during EPA treatment [2]. After 6 months of
EPA treatment, participants who were AA homozygotes
displayed an upward shift in the distribution of An-3DPA
values (blue density curve) compared with placebo users
(black density curve). The increase in n-3DPA values in
AA homozygotes (blue density curve) was higher than
the shift of corresponding density curves for GA het-
erozygotes (green) or GG homozygotes (red) that both
overlapped more with the summary curve peak (black)
for individuals who received placebo capsules only (Fig.
1). However, the differences in An-3DPA values accord-
ing to rs953413 genotype did not reach statistical signifi-
cance (Table 1). There was also no significant difference
between the change in RBC EPA or DHA levels after 12

months of EPA treatment according to rs953413 geno-
type (Table 1).

Discussion

In this secondary analysis of the seAFOod polyp preven-
tion trial, we found that minor (A allele) homozygotes
for the ELOVL2 SNP rs953413 have a higher baseline
RBC #n-3DPA level than G allele carriers, consistent
with increased elongation of EPA by ELOVL2. However,
rs953413 genotype did not significantly influence AEPA,
An-3DPA, or ADHA levels during 6 or 12 months of
high-dose EPA supplementation. We do not provide evi-
dence that genetic variation in ELOVL2 provides a major
contribution to the inter-individual variability in the cir-
culating EPA level associated with EPA supplementation.
The influence of SNP rs953413 was evident for n-3DPA
levels, but not for EPA or DHA levels. This observa-
tion is consistent with multi-step enzymatic synthesis of
EPA and DHA from precursor C18:3x1-3 alpha-linolenic
acid, which involves two fatty acid desaturase genes and
ELOVLS5, in addition to ELOVL2 [9].

Our results align partly with prior studies linking
ELOVL2 polymorphisms to differences in long-chain
n-3 HUFA levels. A scoping review of the relationship
between ELOVL polymorphisms and blood levels of
EPA and DHA in 2024 identified six studies that have
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previously investigated the relationship between ELOVL2
polymorphisms (four studies that included rs953413
genotyping) and blood #-3 HUFA levels [3]. There was
an association between the presence of at least one
minor allele of the ELOVL2 polymorphism and lower
plasma EPA or DHA level in three (50%) of the studies
(two included rs953413) with the remainder revealing no
association with plasma #n-3 HUFA levels [3]. It should
be noted that we reported RBC levels of n-3 HUFAs,
whereas the majority of the previous studies measured
plasma levels of n-3 HUFAs. Variability in genetic asso-
ciation studies related to different n-3 HUFA pools is
highlighted by comparison of #-3 HUFA data from the
InCHIANTI (plasma) and GOLDN (RBC) cohorts,
which reported lower and no difference in EPA levels
according to rs953413 genotype, respectively [10].

The absence of an association between rs953413
genotype and the change in RBC EPA level during EPA
supplementation in our study indicates that other host
factors are more important determinants of tissue EPA
levels during n-3 HUFA supplementation. These include
age, sex, background dietary PUFA intake, and baseline
circulating n-3 PUFA level [2, 11, 12]. The relationship
between genetic variants in other PUFA biosynthetic
genes involved in conversion of EPA to DHA (ELOVLS5
and FADS?2) and response to EPA supplementation has
yet to be addressed [9].

Strengths of this study include the well-characterised
cohort and standardised EPA dosing in the context of a
randomised trial, as well as measurement of RBC HUFA
levels. Limitations of this secondary trial analysis include
the modest size of the study, thereby limiting the number
of AA homozygotes, restriction of genetic variants to five
ELOVL2 SNPs, and reduced generalisability to racially
diverse populations given that the seAFOod trial cohort
was White European [7].

In conclusion, ELOVL2 SNP rs953413 minor homo-
zygosity is associated with higher baseline RBC n-3DPA
levels but does not significantly modify the change in cir-
culating EPA level in response to high-dose EPA supple-
mentation for 12 months.
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