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Letter to the Editor

Genetic Variants in the ELOVL5 but not ELOVL2
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The present study was designed to examine the
contributions of the fatty acid elongase (ELOVL)
gene polymorphisms to the levels of
polyunsaturated fatty acids (PUFAs) in breast milk.
Two hundred and nine healthy Han Chinese
mothers were included in the study. Carriers of
minor alleles of SNPs (rs2397142 and rs9357760) in
ELOVL5 were associated with higher levels of
linoleic acid (LA), dihomo-y-linolenic acid (DGLA),
arachidonic acid (AA), docosatetraenoic acid (DTA),
docosahexenoic acid (DHA), while in rs209512 of
ELOVLS the carriers of minor alleles had lower
levels of DTA compared to major homozygote
alleles (P ranged from 0.004-0.046), and genetically
explained variability ranged from 3.2% for
eicosapentaenoic acid (EPA) to 6.0% for LA. Our
findings demonstrated that common variation in
ELOVL5 gene encoding rate-limiting enzymes in the
metabolism of PUFAs contribute to the PUFAs in
breast milk.

An adequate supply of long-chain
Polyunsaturated fatty acids PUFAs (LC-PUFAs) during
pregnancy is important for brain growth as well as
visual and cognitive development of the fetus'™.
Breast milk is a major source of food for 0-6
month-old-infants, these PUFAs, which are
transferred across the placenta and are present in
human milk, are accumulated in the brain and retina
during fetal and infant development, and insufficient
LC-PUFAs intake may result in visual and cognitive
impairment and disturbances in mental functions
and could be the main reason for the increasing
incidence of different mental disorders in humans'.
ELOVL gene is the elongation of very long chain fatty
acids family genes, ELOVL2 and ELOVL5 encode fatty
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acid elongase-2 and -5 elongases that catalyze the
rate-limiting condensation reaction resulting in the
synthesis of very long chain fatty acids®. The
objective of this study was to investigate the
association between the levels of PUFAs in breast
milk and the common variants of the ELOVL2 and
ELOVLS genes.

A total of 209 healthy participants from
Shirentang House (a Postpartum Care Center, where
mothers and babies were taken care after delivery)
without any obstetrical complications were enrolled
in this study, the age ranged from 22-39 years. They
were non-smokers, with a pre-pregnancy BMI
ranging from 17.60-26.30 kg/m’ and they gained
weight (18.00 + 6.90 kg) during pregnancy. Some
(55.90%) were breastfed exclusively and the others
chose mixed feeding; 68.3% had a caesarean delivery,
gestational age was 39.00 + 1.28 weeks, there are
114 boys and 95 girls, and their average weight was
3.3 kg, and most (56.7%) of the subjects came from
middle-income families. There was no significant
difference (P > 0.05) in the intake of dietary PUFAs
between the carriers of minor alleles, compared to
the major homozygote alleles. The intake data for
each participant were estimated from a 24-h recall
questionnaire (data not shown).

The distributions of genotypes frequencies in
the 209 subjects were in accordance with
Hardy-Weinberg equilibrium. The selected SNPs are
all in introns (Table 1), the prevalence of the minor
alleles was relatively high and ranged from 11%-43%
of the population. Hence, one would expect a
considerable public health relevance of these genetic
variants, which modulate the effects of
environmental exposure on human health. To
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determine whether the ELOVL genotypes were
associated with PUFAs, we evaluated the
associations of the genotype of ten SNPs with eight
levels of PUFAs by covariate ANOVA and the results
are given in Table 2. Significant associations were
observed between SNPs in ELOVL5 and the levels of
PUFAs. Carriers of minor alleles of rs2397142 and
rs9357760 in ELOVL5 had higher levels of linoleic
acid (LA), dihomo-y-linolenic acid (DGLA),
arachidonic acid (AA), docosatetraenoic acid (DTA)
and n-3 product docosahexaenoic acid (DHA)
compared to major homozygote alleles (P changed
from 0.004 to 0.046). However, there is an exception
that the carrier of a minor allele of SNP rs209512 in
ELOVLS was associated significantly (P = 0.023) with
lower levels of DTA in breast milk compared to major
homozygote alleles.

Linear regression analysis was used to investigate
the associations of ELOVL gene polymorphisms with
concentrations of PUFAs. The unadjusted R’ values,
that reflected the variability of PUFA concentrations
explained by the genetic variants, ranged from very
low for eicosapentaenoic acid (EPA) (3.2%) or GLA
(3.4%), to LA (6.0%). The variability of a-linolenic acid
(ALA) amounts explained by the analyzed
polymorphisms reached 7.4% in adjusted analyses,
which included the effect of confounders (maternal
age and pre-pregnancy BMI) (Table 3).

The synthesis of LC-PUFAs from LA involves
enzyme-mediated desaturation and elongation steps.
A6-desaturase (D6D, encoded by the FADS2 gene)
catalyzes the conversion of LA into GLA, which is

then elongated into DGLA by elongase-5 (encoded
by the ELOVLS5 gene). Moreover, DGLA can be
converted into AA by A5-desaturase (D5D, encoded
by the FADS1 gene)(4). In the covariate ANOVA
analyses, genetic variation in the elongase gene
ELOVLS (rs2397142 and rs9357760) was associated
with higher levels of LA, DGLA, AA, DTA, and DHA
compared to major homozygote alleles. Higher
transcription of elongase-5 may increase the
conversion of GLA to DGLA, and accumulated AA,
which is the substrates for DTA. It may contribute to
high efficient synthesis of AA to DTA. This is probably
due to ELOVLS gene variants that increased the
conversion efficiency or contribute to a high enzyme
activity.

The biological effects of LC-PUFAs on brain
function are assumed to be mediated by tissue
contents of LC-PUFAs with > 20 carbon atoms and
more than three double bonds, such as AA, EPA and
DHA®!. AA and DHA have important roles in synaptic
transmission and plasticity during early brain
development[G]. The intake of AA and DHA during
pregnancy and lactation can improve the visual
acuity, psychomotor development and mental
performancem. Although infants are capable of
synthesizing AA and DHA, the accumulation of
LC-PUFAs in utero is predominantly via placental
transfer. Based on the present results, maternal
genetic variants influence levels of LC-PUFAs in
breast milk and, thus, genetic polymorphisms in the
lactating mothers are likely to have important
influence on infant brain development.

Table 1. Characteristics of 10 Polymorphisms in the ELOVL Gene Cluster

Alleles

dbSNP Position Function Genotype HWE* Genotyping
(bp) M/m MM Mm mm Success Rate (%)
ELOVL2
rs2281591 10990260 Intron A/G 136 62 10 0.40 99.52
rs12332786 10998735 Intron C/G 115 81 12 0.65 99.52
rs3798713 11008389 Intron C/G 88 92 23 0.89 97.13
rs3778166 11032931 Intron G/A 60 108 35 0.25 97.13
rs9468304 11041932 Intron A/G 103 90 16 0.55 100.00
ELOVL5
rs2294867 53289156 Intron C/A 72 100 28 0.47 95.69
rs9357760 53325336 Intron A/G 88 91 22 0.83 96.17
rs2397142 53335501 Intron C/G 88 92 20 0.57 95.69
rs209512 53338779 Intron A/G 59 109 39 0.36 99.04
rs12207094 53339377 Intron AT 166 39 4 0.35 100.00

Note. "Position in basepairs was derived from dbSNP Build 126, based on NCBI Human Genome Build 36 of
chromosome 6. TM, major allele; m, minor allele. *HWE, Hardy-Weinberg equilibrium.



64-67

30(1)

]

Biomed Environ Sci, 2017

66

‘a8e pue ||Ag Aq paisn[pe aiam
San|eA 4 ||V ‘'VAONY 318LIeA0D Ag palsal sem Sy4Nd JO SUOLBIIUIIUOD YIm uoneldosse adAjouasd jo mucmuc_cm_m% ‘uoljewJojsuel) 1004 asenbs Agq pazijew.ou
2Jam eiep ayl, ‘aseduo|s pe Anej JA077 ‘TAO07T3 ‘PIIE I10USXBYEBSOI0P ‘YHA ‘PIde dlouseuadesodls ‘Yd3 ‘pIde DIUl|OoUl-B ‘Y ‘PIdE JI0USEI19)eS0I0p
‘V1a ‘ploe dwopiydese ‘yy ‘pioe dlusjoull-A-owoylp ‘y1og ‘proe doull-A ‘v19 poe djoul ‘v ‘wsiydiowAjod spnospnu 3jduls ‘dNS ‘310N

2z5'0 $88'0 €EL'0 T€L0 9660 $65°0 66€0 56'0 d

950°0%LTT0 670°07880'0  990°0F0ST'0  OEO'OFTET'0  9E0°0F6L00  9SO'0FEZTO  890°0FZOTO  ELT'0F69E0 L1+1V

7L0'060Z°0 EE0'0FL800  YBO'OFSYT'O  9VO'0FETT'0  8SO'OF6L00  8LO'OFZZTO  990°0FTETO  EETOFLIED v ¥60£0ZZ1s
2800 S9E'0 SLT0 €200 £90°0 60T°0 S0 €570 d

890°07502°0 ZE0'0T980°0  LLOOFIYT0  OVO'OFSTI'O  OVO'OTSL00  890°0FLTZO  TLOOFLE6T'0  96T'0FSSE0 99+0V

ZLO'0FHTT 0 ZE0'0T0600  L800FLSTO  6VO'0FOYT'O0  6/0°0T0600  [80'0TSEZO 7900660  9LZOFY6ED v 2156075
0500 €920 TET0 ¥10°0 ¥20'0 v€0'0 9UT'0 900 d

vLO'0F6TT0 ZEO'0T6800  PBOOFSSTO  SYO'OFIET'0  €90°0FL800  6LOOFEECO  L90'0FO0T0  TSTOFLE6ED 99+9)

290070020 0E0'0F¥80'0  9LO'0FSET'0  OPO'OFIZI'O  8EO'0FOLO0  [90°0FITTO  S9O0FLBT0  PLT'OFPEED o} TrIL6ETS
ST00 6600 LS00 000 8000 8000 1600 L10°0 d

€L0°0F2TT0 TEO'0FI600  €80'0FLSTO  YYO'OFLET'O  ¥90'0¥680°0  8LO'OFIEC0  LY00FEOTO  6VZ'OFSOVO 99+9V

790°0%86T°0 0S0'0FEBO'0  SLO'OFIET'0  6E0'0FOTT'O  LEO'OFBI0'0  990°0F80T'0  S9O'0FLBT'0  YLI'OFOEE0 v 09/£5€651
0LZ0 ¥9E0 1050 (474 YOE0 8L70 0860 LSEO d

SLO'0FSTZ0 €E0'0T680'0  980°0F0ST'0  9YO'0FZET'0  E90°0TEBO0  6/0°0T8ZZ0  890'0FS6T'0  8YZOFRLED VY40V

190°07¥02'0 TE00TS80'0  €L0°0F¢HT0  6E0°0FPTT’0  8EOTOTSLO0  ¥90°0FITZO  S900FYET'0  9LT'OF8YED 2 L£98Y6TTs! s11013
€950 SS6°0 6€9°0 6€L°0 Z19°0 v19°0 6070 670 d

990°07€TZ0 TE00TL80'0  €L00F6YT0  8EO'OFOET'O  TO'OFI800  L90°0TITZO  €90°0F86T0  TET'OFBLED 9940V

£L0°07802°0 €E0°0TL80'0  880'0FEYPT0  LYO'OF8TT'O  S9O0'0FLLO0  080°0T0ZZO  OLO'OFO6T0  6VZOFSSED v 70€89765
10L0 16€0 000'T 9z1'0 209°0 15€0 £69°0 5980 d

690°00FZTT0  ZEO'0T680°0  T80'0FIYT0  EYO'OFTET'O  6SO'OFTBO0  SLO'OFLZZO  L90'0F96T'0  TETOFTLED YV+OY

10078020 TE00FY80'0  LL0'0F9PT0  TvO'0F9TT'0  TO'OFLLO0  TLOOFOTZO  S90'0FCE6T0  66T'0FSIE0 29 9918LL€s4
€980 vrv'0 9LY'0 689°0 L0L°0 €SL0 90 9150 d

€L0'0FTTZO YED'0F680'0  080'0FZYT'0  9YO'0FEZT'0  E90°0FRLO0  080°0FYTTO  ELO'OTIET'0  BETOFRSEQ 99+9)

590076020 0£0°07S80'0  6L0°0F0ST'0  6E0'0FOET'0  TvO'OFI80'0  [90°0F0TTO  LSO'OFIET'0  86T'0F6LED 2 €T/86LESH
0870 6ES0 8880 LELD S8L0 L1L0 €550 8880 d

ZLOOFHTZ O YED'0F680'0  TBO'OFSYT'O  9YO'OFOET'O  890°0F080'0  6L0°0FSTT'O  TLOOFLETO  E€STOFOLEQ 99+9)

£90°07L0T0 0£0'07980°0  6LO0FLYT'O  OpO'OF8ZT'0  Ty0'0F8LO0  690°0FTZC’0  Z90°0TZ6T0  Y6T'0FSIE0 2 98LTEETTS
96L°0 8Y€'0 8L6'0 €180 859°0 (4440 Sv6'0 €80 d

€90'0¥80Z°0 TEOOFY80'0  SLO'0F9YT0  OVO'0FOET'0  EVO'OFI80'0  [90'0F0ZZ0  T90°0FV6T'0  00Z'OFTLED 99+9Y

ZLO'OFTTZO ZEO'0B80'0  €80°0FSYTO  SVO'OFBTT'O  6SO'OFBLO0  LLOOFYZTO  OLOOFYET'0  EETOFEIED v 165187284 z1N013
VHa vd3 Vv via vy v1oa V19 V1 adAjouan dNs auap

(57X 8 00T/8) DIl 35319 Ul SY4Nd JO S|9AS7 3Y) pue UOIZaY BUSD GIA0TT PUB ZTAOTI BY3 Ul SINS OT 9y Uaamiaq diysuone|ay g alqel



ELOVL gene variant and PUFAs of breast milk

67

Table 3. R*Across the 10 Genetic Variants for Each
Fatty Acid (%)

Fatty Acids Unadjusted Adjusted*
n-3
ALA C18:3 5.5 7.4
EPA C20:5 3.2 6.4
DHA C22:6 4.8 6.4
n-6
LA C18:2 6.0 6.5
GLA C18:3 34 3.8
DGLA C20:3 4.5 5.5
AA C20:4 5.9 6.0
DTA C22:4 5.5 6.5

Note. "All R® were adjusted by BMI and age.

In addition, not all genetic variants were
significantly associated with PUFA synthesis, we find
only one n-3 PUFA (DHA) associated with SNP
rs9357760 in ELOVLS5, and the effect of gene variants
on n-6 fatty acids was more obvious, compared with
n-3 fatty acids, probably due to the low conversion
of ALA to DHA (< 4%)[8]; Otherwise, limited sample
size also affected the power of the findings.

Associations of the ten SNPs and PUFAs were
explained by linear regression. In the initial
unadjusted analysis, the genetically explained
variability of the amounts of fatty acids ranged from
3.2% for EPA to 6.0% for LA. Lattka et al. reported a
genetically explained variability of 28.5% for AA®
and Tanaka et al reported a variability of 18.6%"". In
this study, the variability of the AA amounts
explained by the ten genetic variants analyzed was
5.9%, which might be because the two earlier
studies analyzed fatty acids in serum and plasma,
whereas we analyzed fatty acids in breast milk. Our
results suggest the amounts of fatty acids in breast
milk are less influenced by ELOVL genotypes,
compared to plasma or serum phospholipid fatty
acids, but this is purely speculative. Nevertheless, all
the  associations remained stable despite
adjustments for maternal age and preconception
BMI confounders. By including these covariables into
the analysis, we were able to explain < 7.4% of the
variance in the levels of fatty acids.

Overall, the findings of this study show that the
ELOVL5 gene polymorphisms might affect the levels
of PUFAs in the breast milk, accordingly affecting
children's growth and development in the future,
and it also provides basic data for personalized

nutritional intervention, but the underlying
mechanism needs further investigation among
different ethnic groups and with larger samples.
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