doi 10.18699/bgrs2024-4.1-08

I'enoTunupoBanue ajnjeneii 2, €3, ¢4 rena APOE
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KioueBbie cioBa: anonumnonporend-E; munuaet; ren APOE; rs7412 C>T u rs429358 T>C,; €2, €3, €4,
Gone3Hp AnbLreiiMepa; CepIeyHO-COCYANUCTBIC M OHKOJIOTMYECKUE 3a00JIeBaHMUs; CTapeHHE; KOPEHHbIC
Hapoxsl Cubupu

Momusayus u yenv: AnomunonporenH-E ydacTByer B MeTabonn3Mme JHUIKIOB,
ButamuHa D, B mporeccax crapeHHs, a TakkKe BO MHOTHUX JPYTHX Ba)KHBIX
OHMOIOTMYeCKUX MeXaHu3Max B opranusMe yenoseka [1]. [lomumopdusm B rene APOE
HMMEET OTPOMHOE BIIMSIHUE HA PUCK PAa3BUTHS M TSDKECTh TEUYEHHSI MHOTHX CEPbE3HBIX
3a0oseBaHuil, BKmOYass Oolie3Hb AublreiimMepa, runepnporeunemuto |l Tuna,
WIIEMHUYECKYI0 0O0JIe3Hb CEpAlla, aTepPOCKIIEPO3, OHKOJIOTHYECKHE M MHOTHE ApYIue
3abomeBanusi [2—5]. IloaToMy BaXKHOCTH HCCIIEJOBaHHS 3TOTO MOIMMOphU3Ma B
YeNIOBEYECKUX TMOMYJSIMAX HE BbI3bIBaeT COMHEHHH. ORHAaKO UIS HEKOTOPBIX
KOPEHHBIX TOMYJIALUI TaKue JaHHbIe CKYIHBI MJIH BOBCE OTCYTCTBYIOT. B CBsI3M € 3TUM
LEJBI0  HAIlero HCCICAOBAHUS  SIBUWIOCH HW3Y4YCHHWE  PACIPENENEHUs 4acToT
monuMop(dHBIX BapuaHToB rena APOE rs7412C>T (Argl58Cys) u rs429358T>C
(Cys112Arg), npuBoasiux K 00pa3oBaHMIO TpeX ajuieneit, €2, €3, &4, KOTOpEIE, B CBOO
ouepenp, martT 1ectb APOE-reHoTunoB: £2/e2, 3/e3, edled, €2[e3, €2/c4, e3le4, B
MOIMYJISIIMUAX KOPEHHBIX HAPOJOB, MPOXKMUBAIOIINX Ha TeppuTopusix Boctounoit Cubupu
(sixytoB Hropounckoro (N = 102) u Yerb-Anganckoro (N = 99) yinycoB, BOCTOUHBIX
(N = 132) u 3amagusix (N = 280) 6ypsitoB u pycckux (N = 121)), a Taxke npoBeacHue
MEXITOMYJISIIUOHHBIX CPABHEHUI MEKAY U3yYEHHBIMU HAMH 1 HEKOTOPBIMH MUPOBBIMHU
MO JISIIASIMU.

Memoowt u ancopummut. s Beiaenenns reaomHol JIHK u3 nelikorurapHoii ppakiuu
MPUMEHSIICS CTaHIAPTHBIN METOJ (beHon-x10poPopMHOHA IKCTPaKLHH.
l'eHoTMNIpOBaHUE OJHOHYKJICOTHIHBIX TOIMMOpdu3MOB S7412 wu  rs429358
mpoBorTock MetogoM Real-time TP ¢ ncronp3oBanreM KOHKypupyromux TaqgMan-
30H10B, KOMIUIEMEeHTapHbIX nonumopdubeM yuactkam JHK. CtpykTypy npaiimepoB u
30HJI0B MOAOHpAIN IO MOCIENOBATEIBLHOCTSM, AOCTYNHBIM B 0Oa3e naHHbIXx NCBI
(http://www.ncbi.nlm.nih.gov/), ¢ ucnonszoBanurem nporpamm UGENE (version 1.14,
http://ugene.unipro.ru/) u OligoAnalyzer (version 1.0.3, https:// eu.idtdna.com/pages/
tools/oligoanalyzer). IomyIsIMOHHbIE YaCTOThI MOTUMOP(HBIX BAPHAHTOB BHIYUCIISITA
Ha OCHOBE HaONIOMaeMbIX YacTOT TeHOTHIIOB. COOTBETCTBHE 3MITUPUYECKU
HaOJIOIaeMOT0  pacrpe/iefieHns] 4YacTOT TeHOTHIIOB TEOPETHYECKH OXKHIAEMOMY
pacrpeneneHlio, PaBHOBECHOMY II0 3aKoHy Xapau—BaiinOepra, mnpoBepsumn c
ucroib3oBanueM kputepus Ilupcona (y2; mpu p (H-W) > 0.05 paBHoBecue
BeinostHsieTcst, rae p (H-W) — 3HadeHue BEpOSTHOCTH OTKJIIOHEHHsS OT PAaBHOBECHOT'O
pacnpenenenus Xapau—BaiiHOepra). OLeHKY AOCTOBEpHOCTH pa3iM4Mi B 4acTOTaxX
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MOJIMMOP(HBIX BapUAHTOB MEXAY HCCIEAOBAHHBIMUA BbIOOPKAMH IPOBOAWIN II0
KPUTEPHIO ¥2 ¢ IPUMEHEHHEM TonpaBKy MeliTca Ha HempepbIBHOCTB; pH p < 0.025 (¢
MOMPaBKONH Ha MHOXecTBeHHOCTh cpaBHeHus: 0.025 = 0.05/2) pe3ynbraThl cUUTAIH
CTaTHUCTUYECKH 3HAYUMBIMH.

Peszynomamer: lonyuenusie HaMu 4acToThl APOE-TeHOTUIOB U &2, €3, €4 annenei B
M3YYEeHHBIX BRIOOPKAX KOPEHHBIX HAPOIOB MPUBEACHHI B Ta0N. 1 U 2 COOTBETCTBEHHO.

Tabauua 1. Pactipenenenue yactor APOE-T€HOTUIIOB B UCCIEIOBAHHBIX
MOMYJIAIUOHHBIX BEIOOPKAX

IMonymsiiyn/YacToTsl TeHOTUIIOB, %

I'enotumst SkyTsl, SkyThI, BocTtounsie 3amnagHble P

Hiop6. ynyc | Yers-Ang. yayc OypATHI OYypsITH yeexue
£2/g2 0 1(1) 0 0 0.8 (1)
£2/e3 16.7 (17)* 13.1 (13) 7.6 (10) 3.2(9) 11.6 (14)
£2/ed 0.9 (1) 4 (4) 1.5(2) 1.4 (4) 0.8 (1)
£3/e3 65.7 (67) 63.6 (63) 59.1 (78) 61.4 (172) 62 (75)
£3led 16.7 (17) 16.2 (16) 25 (33) 31.1(87) 23.1(28)
elled 0 2(2) 6.8 (9) 2.9 (8) 1.7 (2)
Bcero yern. 102 99 132 280 121

* KonnaecTBo 4enoBek B BEIOOPKE C COOTBETCTBYIONINM T€HOTHIIOM.

Ta6auua 2. Yacrotsl ameneii €2, €3, ¢4 reHa APOE B nonyasiiusx KOPESHHBIX HAPOAOB
Boctounoii Cubupu

Monymsims Yacrora 2, % Yacrora £3, % Yacrora ¢4, %
SIkytb1, HiopOunckuii yinyc (N=102) 8.8 82.4 8.8
Sxythl, YcTh-Ananckuil yinyc

(N=99) 9.6 78.3 12.1
Bypsitel Boctounbie (N=132) 45 754 20.1
Bypstel 3anagusie (N=280) 2.3 78.6 19.1
Pycckue (N=121) 7.0 79.4 13.6

Hame uccnemoBanue mokasano, 4TO CpPeld MSATH M3YYEHHBIX TMOMYJSIUA 3HAYCHHS
gacToT rosmMop¢HbeIx BapuanToB rera APOE 3amerHo Bapeupyrot mis €2 u ¢4. [lpu
3TOM IO 4YacToTaM &2 3aMETHO pas3JIn4aloTcsl ABE BBIOOPKH SIKYTOB, HMMEIOIINX
HauOOJbIINE 3HAYEHHS CPEIM OCTANBHBIX MOMYJISIIUN, YTO JOCTOBEPHO OTIHYAET
SKYTOB U 3amaHbIX OypsT. YacTOTHI BapuaHTa €4 UMEIOT HAUBBICIINE 3HAYCHHUS CPEIH
BOCTOYHBIX M 3alaJHBIX OypsT, YTO 3HAYMMO OTJIMYAET 3TH BBHIOOpKH OT AKyTOB. Ilo
yacToTaM BapHaHTa &3 HaONoJlaeTCsi HAaUMEHBIIMH pa3dpoc MEeXIy MOMyIISIUSIMH.
OTaenpHO CTOUT CKa3aTh 0 pycckux Boctounoit Cubupu. IlomgydeHHble 4acTOThl Bcex
TpeX M3y4YEeHHBIX MONMUMOPQHBIX BapuaHTa reHa APOE B 3TOH BBIOOpKE CXOXU U HE
UMEIOT JIOCTOBEPHBIX OTIMYMHA OT TAKOBBIX JUIS Jpyrux espomneounoB. Cpean
OCTaNBHBIX HW3y4YEHHBIX BBIOOPOK KOPEHHBIX HApOJOB OT PYCCKUX JOCTOBEPHO
OTIIMYAIOTCA 3amajHble OypsATHl B 4acTOTax BapuaHTa ¢2 WM 3allaJHble U BOCTOYHBIC
OypsaThl B yactotax &4. Ilo €3 3HAUMMBIX pa3Nuuuil MEXAY PYCCKUMH M KOPEHHBIMHU
HapoJlaMH He HAOIIOIaeTCs.

Bvigoovi: Ecnu NpUMEHUTh TOHATHE «HOPMAIBHOTO» W «IUCHYHKIIMOHAIEHOTOY
nonuMophHbeIX BapuantoB APOE rTeHa, TO COBMECTHas paclpoCTPaHEHHOCTb
TUCQYHKIIMOHATILHBIX &4 W &3, WIH, YCIOBHO TOBOpPS, TE€HETUYECKUH Tpy3, B
MPOIIEHTHOM COJIEPKAaHMH JIOBOJNBHO BBICOK BO BCEX IISATH H3YYEHHBIX HAMHU
MOMyJISIIMAX. B CBSA3M ¢ 3TMM MOXHO Mpennosararh, YTO B 3TUX HNOMYJISIIUAX BEPOSTEH
PHUCK pa3BUTHA TeX 3a00JIeBaHMi, C KOTOPBHIM aCCOLMHPOBAH MOJIMMOP(GHU3M B IeHe
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APOE, 0COOGHHO 3TO MOXET KacaThCsl CEpACYHO-COCYAUCTHIX 3a00JICBaHUI
(arepockiieposa, oxupenus, UBC) B ciydae, eciiy KOPEHHBIC HApOJbl «OTXOAST» OT
CBOETO TPUBBIYHOTO YKIJa >XU3HH, OT MPHUBBIYHOTO CHOCO0a MUTAHUS B TOJIB3Y
yHoTpeOIeHns TUIIH, 00TaTol OBICTPBIMU YTIIEBOIAMH H/FTH HACHIIIIEHHBIMU JKUPAMHU.
Ecnu OpaTe BO BHMMaHUE aJJaITUBHOE 3HAYCHUE &4, B TOM ILUIAHE, YTO €r0 HOCUTEIU
Jyd4Ille ycBanBarOT BUTaMHH D w3 mummw [6], TO MOKHO MPEAIIOIOKATE, YTO BBICOKHE
3HAa4YeHHs] YaCTOT ATOTO BapHaHTa CPEIU 3aMaJHBIX U BOCTOYHBIX OYypsT, KUBYIINX B
Bocrounoii Cubupu, 1o CpaBHCHHIO C JPYI'MMH KOPCHHBIMH HapOJaMH HaIlIero
WCCIICJIOBAHUS, TAaKKE WMCIOT QJalTUBHOC 3HAYCHUE IS JaHHBIX MOIYJISALUH,
MIPOXKUBAIOIINX B YCIOBHUAX PE3KO KOHTHHEHTAIBHOTO KITUMaTa. B To yke Bpemst BapuaHT
&4 cBsi3aH ¢ OoJiee BBICOKMM YPOBHEM XOJIECTEpUHA B KPOBU Yy €r0 HOCHUTEJCH, a B
ycnoBusix Bocrounoit Cubupu, korma TpeOyrOTCS BBICOKHE SHEPro3aTpaThl JUIs JIMIIL,
BEIYIINX MPEUMYIIIECTBEHHO CENIbCKUN 00pa3 JKW3HHU, HATMINE TAKOTO BApHaHTa MOXKET
ObITh amanTUBHBIM. OHAKO, YTOOBI TOITBEPIUTH BCE HAIITY TIPEIONIOKEHISI O BIUSHIH
nonumopdusma rena 4APOE Ha u3ydeHHbIE HAMU TOMYJISLUHN, HEO0OXOIUMO YBEIHYUTh
KOJINYECTBO BBIOOPOK KOPEHHBIX JKHUTENCH, JKUBYIMIMX B APYIMX KIMMAaTHUYECKHX
YCIIOBUSIX, & TaKXKe TIPOBECTH PAHJAOMHU3NPOBAHHOE WCCIEAOBAHUE CpEemy TPYII
6OJ'II)HLIX 1 310POBBIX JIMII. Tewm He meHee IMMOJIY4YCHHEBIC Ha I[aHHBIﬁ MOMCHT PE3YyJIbTAThI
BaXHbBI M MOTI'YT HNPUMCHATHCA B HMHTEpPECAX HCpCOHaJ'II/I?,I/IpOBaHHOﬁ MCIHUIIUHBI,
WCCIIEIOBAHNS MCTOPUHU PACCEICHHUS KOPEHHBIX MOMYJSIHi 1o Tepputopuu Cubupwy,
MPOIIECCOB WX aJaNTall{ K CYPOBBIM YCIIOBHUSIM CPEIbI.

Qunancuposanue: ViccienoBaHue BBIIOJIHEHO B paMKax IOCYJapCTBEHHOIO 3aJaHUs
NIul" CO PAH (Ne FWNR-2022-0021).
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Motivation and Aim: Apolipoprotein-E is involved in lipid metabolism, vitamin D
metabolism, aging, and many other important biological mechanisms in the human body
[1]. Polymorphism in the APOE gene has a huge impact on the risk of developing and
severity of the course of many serious diseases, including Alzheimer's disease, type 111
hyperproteinemia, coronary heart disease, atherosclerosis, cancer and many other
diseases [2-5]. Therefore, the importance of investigating this polymorphism in human
populations is unquestionable. However, these data are scarce or absent for some
indigenous populations. Therefore, the aim of our study was to investigate the frequency
distribution of polymorphic variants of the APOE gene rs7412C>T (Arg158Cys) and
rs429358T>C (Cys112Arg) resulting in three alleles, &2, &3, ¢4, which in turn yield six
APOE-genotypes: €2/e2, €3/3, €4/e4, €2/3, €2/e4, €3/¢4, in populations of indigenous
peoples living in the territories of Eastern Siberia (YYakuts of Nyurbinsky (N=102) and
Ust-Aldansky (N=99) Uluses, Eastern (N=132) and Western (N=280) Buryats and
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Russians (N = 121)), as well as interpopulation comparisons between the populations we
studied and some world populations.

Results: The frequencies of APOE-genotypes and &2, &3, ¢4 alleles in the studied
indigenous samples are shown in Tables 1 and 2, respectively.

Table 1. Frequency distribution of APOE genotypes in the studied population samples

Populations/Genotype frequencies, %
Genotypes Yakuts, Yakuts, Ust- Eastern Western Russians
Nyurba Aldan Buryats Buryats

£2lg2 0 1(1) 0 0 0.8 (1)
£2/e3 16.7 (17)* 13.1 (13) 7.6 (10) 3.2(9) 11.6 (14)
§2le4 0.9 (1) 4(4) 1.5(2) 1.4 (4) 0.8 (1)
£3/e3 65.7 (67) 63.6 (63) 59.1 (78) 61.4 (172) 62 (75)
&3led 16.7 (17) 16.2 (16) 25 (33) 31.1 (87) 23.1 (28)
edled 0 2(2) 6.8 (9) 2.9 (8) 1.7 (2)
Total persons 102 99 132 280 121

* Number of people in the sample with the corresponding genotype.

Table 2. Allele frequencies of €2, 3, ¢4 alleles of the APOE gene in the populations
of indigenous peoples of Eastern Siberia

. Frequency of ¢2, Frequency of ¢3, Frequency of ¢4,
Population % % %
Yakuts, Nyurbinsky ulus(N=102) 8.8 82.4 8.8
Yakuts, Ust-Aldansky ulus(N=99) 9.6 78.3 12.1
Eastern Buryats (N=132) 4.5 75.4 20.1
Western Buryats (N=280) 2.3 78.6 19.1
Russians (N=121) 7.0 79.4 13.6

Our study showed that among the 5 populations studied, the frequencies of polymorphic
variants of the APOE gene vary markedly for 2 and ¢4. The frequencies of 2 differ
markedly between the two samples of Yakuts, which have the highest values among the
other populations, which reliably distinguishes Yakuts and Western Buryats. The
frequencies of the &4 variant have the highest values among Eastern and Western
Buryats, which significantly distinguishes these samples from Yakuts. The frequencies
of the 3 variant show the smallest variation between the populations. It is worth
mentioning the Russians of Eastern Siberia separately. The obtained frequencies of all
three studied polymorphic variants of the APOE gene in this sample are similar and have
no significant differences from those of other Caucasians. Among the other studied
samples of indigenous peoples, Western Buryats reliably differ from Russians in the
frequencies of the variant ¢2 and Western and Eastern Buryats in the frequencies of ¢4;
no significant differences between Russians and indigenous peoples are observed for &3.
Conclusion: If we apply the concept of “normal” and “dysfunctional” polymorphic
variants of APOE gene, then the joint prevalence of dysfunctional &4 and &3, or
conditionally speaking, genetic load, in percentage content is rather high in all
5 populations studied by us. In this regard, it can be assumed that in all these populations
there is a probable risk of developing those diseases associated with the polymorphism
in the APOE gene, especially cardiovascular diseases (atherosclerosis, obesity, CHD) if
indigenous peoples “depart” from their usual way of life, from the usual way of eating
in favor of eating food rich in fast carbohydrates and/or saturated fats. If we take into
account the adaptive significance of ¢4, in that its carriers better absorb vitamin D from
food [6], we can assume that the high frequency values of this variant among Western
and Eastern Buryats living in Eastern Siberia, compared to other indigenous peoples of
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our study, also have an adaptive significance for these populations living in a sharply
continental climate. At the same time, the €4 variant is associated with higher blood
cholesterol levels in its carriers, and in the conditions of Eastern Siberia, when high
energy expenditures are required for individuals leading a predominantly rural lifestyle,
the presence of such a variant may be adaptive. However, to confirm all our assumptions
about the influence of the APOE gene polymorphism on the populations we studied, it
is necessary to increase the number of samples of indigenous people living in other
climatic conditions, as well as to conduct a randomized study among groups of sick and
healthy individuals. Nevertheless, the results obtained so far are important and can be
used in the interests of personalized medicine, the study of the history of settlement of
indigenous populations in Siberia, and the processes of their adaptation to harsh
environmental conditions.

Funding: the research was carried out within the framework of a state assignment of
Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia (No. FWNR-2022-
0021).
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