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YKOpOYeHHE TeIOMep 0Ka3ajoch HEe TONBKO MapKepoM KIETOYHOrO CTapeHHs, HO M PsiJa NaTOJIOTHYECKHX MPOLECcCOB
u 3a00J1eBaHUii, B TOM YUCIE CyHIUAAILHOTO MOBEICHUS U PHCKA COBEPILICHHS 3aBEPIIEHHOTO cyunuaa. [{ens pabo-
mul — 00001IeHHe CBEACHUIT 00 accOLMaIy ATMHBI TeJIOMEP ¥ aKTUBHOCTHU TEIOMepa3bl C ICUXWYECKUM HapylIeHH-
SIMH U CKJIOHHOCTBIO K COBEpIUCHHUIO cyuuuaa. Memoowsl. OcyniecTBIEH LeleHaNpaBlIeH bl ouck B 0aze PubMed
MTOJTHOTEKCTOBBIX IyOJUKAIIMA MO0 COYETAHHIO KIFOYEBHIX cioB telomere length sucide, telomeres suicide, lithium
telomeres suicide, depression telomeres suicide, schizophrenia telomeres suicide. Pesyromamul. B pe3ynbrate aHamu-
3a 65 TOJHOTEKCTOBBIX MyONHMKAIMil COOpaHbl yOeIUTEeNbHBIE J0KAa3aTeIbCTBAa HAIMYMSA T'€HETHYCCKHX PasIHYuid
MEXIy OOJNIBHBIMH C MIM30()peHHe, OONbIIMM ACIPECCHBHBIM PACCTPOWCTBOM, OHIIONSAPHBIM PACCTPOMCTBOM, IH-
JITICUEN U MCUXUYECKH 3/I0POBBIMH JIMI[AMU HE CKJIOHHBIMH K COBEPILICHHUIO CYUIMIIOB U JIFOJBMH M3 TE€X K€ KIUHU-
YEeCKUX TPYHIl C CYMIUJAIbHBIM MOBEJICHUEM, B TOM 4HCIIE, 3aKOHYMBIIMMCS 3aBepUIEHHBIM cyuimaoMm. Cieayer
3aMETUTh, YTO 3HAYMTEIHFHOE YKOPOUCHHE TEJIOMEp, BBHI3BAHHOE CHIDKCHHEM aKTMBHOCTH KAaTaJMTHYECKOTO KOMIIO-
HeHTa TenoMepas3Hoil ooparnoit Tpanckpuntassl (hTERT) w/mmu ee PHK-xomnonentom (TERC), mpuBoauT x Hapy-
LIEHHI0O MUTOXOH/IPHAJILHOTO JIBIXaHUsI C yMeHblIeHHeM HapaboTku AT®, akTuBalUy 3aBUCUMBIX OT MHUTOXOHIPHI
MIPOLIECCOB BOCHAJICHUS M MATOJOTMYECKH YCKOPEHHOMY aronTo3y. DTO eIMHCTBEHHBIH MapKep, OTIMYAIOIINH JIUIT C
HApYUICHUSIMU TICHXHKH CO CKJIIOHHOCTBIO K COBEPIICHHIO CYHMIW/A OT ICUXUYECKH OONBbHBIX 0€3 CyMIMIaIbHBIX
HAKJIOHHOCTEH, y KOTOPBIX TEJIOMEPhl UMEIOT JJIMHY, CONOCTAaBUMYIO CO 3I0POBBIMH JIMLIAMH, JIMOO YKOPOUEHBI He-
3HaunTenbHO. Hanbosee 3¢dekTuBHO qnuTenbHOE jedyeHne Li' U B MeHbIIEH CTENeHH APYTUMU AaHTHIICHXOTHYECKH-
MH TIpernaparamMu, MperynpexIalomnMy yKkopouerue teaomep. [Ipuém Li' naxe 4acTHYHO BOCCTAHABIMBAET JJIUHY
TeoMep, B TOM YHCIIE Y 3J0POBBIX JIFOJEH ¢ BO3PACTHBIM YKOPOUECHHEM TeNoMep. 3axmioueHue. Y TCUXUYECKH 00Ib-
HBIX ¥ 370POBBIX JIFOJIEH, CKJIIOHHBIX K COBEPIICHHUIO CYHMIIU/IA, TEIOMEPHI CTATUCTUYECKH 3HAYMMO KOpOYe, YEM y He
CKJIOHHBIX K CyMIIMTy 3/IOPOBBIX JIIOJIEH W MALMEHTOB C IICUXUYECKUMU 3a00s1eBaHIsAMHU. BpoxaénHoe 1 npuoOpeTén-
HOE YKOPOUYCHHE JUTMHBI TeJIOMEP MOXKET HCIIONIb30BAThCs KaK PAaHHUM MapKep IMOTEHIIHAIBHOW CKIOHHOCTH K COBEp-
LICHHIO caMOyOuiicTBa A1 (POPMUPOBAHUS LENEBHIX IPYII € IEIbI0 NPOQHIAKTHKA CYHIUIOB U IOKIMHAYECKOTO
BBISIBJICHUSI JIHI] C TIOTCHIIMAIbHBIM PUCKOM Pa3BUTUS HAPYLIEHUH ncuxuky. JnurenbHblii npuém LiT npexynpexaaer

56 Suicidology (Russia) Vol. 16, Ne 4 (61), 2025


mailto:pooh12@yandex.ru
mailto:golenkovav@inbox.ru

https:/ /cynmmnnoaorus.pd /

HayuHo-npaxmuueckuil HYpHaL

YKOPOYCHHUE TCJIOMEP U YMEHBIIACT PUCK COBCPILICHUA CyUIIMAAa, BOCCTaAHABJIIMBAasA CHUKCHHYIO TCJIIOMEPA3HYyI0 aKTUB-

HOCTB JI0 3HAYCHHH, ONMM3KIX K (PH3HOIOTTIECCKIM.

Kniouegvie cnosa: cynunnanbHOe IOBEJCHUE, CYHIIUA, TEIOMEPHI, TEJIOMEpasa, PO IIaKTHKa CaMOyOHiiCTB

ObnapyxeHne MylIbTH()AKTOPHOTO HACIENo-
BaHus cymnugansHoro nosenenus (CII) m pucka
COBEpIICHHS CaMOYyOHICTBa, aCCOLMUPOBAHHOIO C
MHOXXECTBEHHBIMH ~ MOJMMOPGHBIMH  aJlIeNsIMH
3HAYUTENILHOW TPYMIBI TEHOB, NPHUBEIO K HJEE,
YTO paHHEE BBISIBIICHHE HOCUTEIILCTBA TaKUX aJlle-
JIe MOXKHO HCIIOJIb30BaTh Ul OpraHU3aluu HuQ-
POBOTO peecTpa MOTEHUHANbHBIX CYHLUAECHTOB C
MOCIICAYIONICH OpraHu3aIiuel MeIeBoi Npoghuiak-
TUKA cynnuoB [1]. B cBoro odepens 3TO CTAHOBUT
3aady OOHapy>KEHHs T€HHbIX U TEHOMHBIX MapKe-
poB, ogHO3HA4YHO accouuupyembix ¢ CII u BwIcO-
KHM PHCKOM cOBeplleHHs camoyouiictBa. OCHOB-
HBIM TpeOOBaHWEM K MOAOOHBIM MapKepaM Meu-
LUHCKON MaTOJIOTHH SIBIISIETCS BO3MOXHOCTbH IIPO-
BEJICHUs CKPUHUHIOBBIX HccienoBanuil. M3 gero
CleyeT, 4TO MapKep JOJKEH HMETh BBICOKYIO
MPENEKTUBHOCTb, @ €ro HCIOJIb30BaHUE IOJDKHO
OBITH OTHOCHUTENIFHO ACUIEBBIM U MPOCTHIM. OTHUM
U3 TaKUX MOTECHIHATBHBIX MapKEepPOB MOXET OBITH
WCCIIeIOBaHNE JJIUHBI TeJIOMEp JICHKOLMTOB MepH-
(epruueckoil KpoBH, OCHOBAaHHOE Ha IOJCUETE
yucaa TaHgeMHbelx 1moBTopoB TTAGGG, oOpasy-
IOIUX TEJIOMEpPHI, C TOMOIIBIO KOJUYECTBEHHOU
nosnimMepasHoi nenHoil peakiuu (KIILP) B peans-
HOM MaciuTabe BpeMEHH.

Acconuanusi yKOpOUeHHs! JUIMHBI TEJIOMEpP C
YBEJIMYEHHEM PHCKa COBEPIIEHUS CYWIUAA BIIEp-
BbIe ObUTa onmcana V. Birkenes u coast. B 2001 .
[2], ucciaenoBaBmIUX JTMHY TEJIOMEp JIEHKOIIUTOB
y 248 mnamueHToB C apPEeKTUBHBIMU PaCCTpPOii-
CTBaMH, BKJIFO4as ouronspaele paccrpoicTa (bP)
I tuna (n=159), Il Tuna (n=67), Gonsiioe aermpec-
cuBHoe pacctporictBo (B/IP, n=22), B cpaBHEeHUH C
401 310pOBBIMH JMIAMH KOHTPOJIBHOW TPYIIIBI.
Juarsos, IUIMTENBHOCTh 3a00JEBaHUSI M BO3PACT
Havajia aBTOPHI OLIEHUBAIN C TIOMOIIBIO0 CTPYKTYP-
HOTO KJIMHAYECKOTO0 WHTepBhI0 s DSM-1V
(SCID-I). Konmu4ecTBo MOMBITOK CyWIUIa B Tede-
HUE XU3HHU OIpPENEIsIA Ha OCHOBE CaMOOTYETOB
ManueHToB. B pesynbprare mMpoBEeAEHHOTO HCCie-
JOBaHHA OBLIO YCTAHOBJIIEHO, YTO TEJIOMEPHI y Ta-
LIUEHTOB C ap(EKTHUBHBIMU PaccTpOCTBaMH YKO-
pOYEHBI 0 CPAaBHEHHUIO CO 3/OPOBBIMHU JIFOJABMHU
(p=0,02). YUem Oosee y marMeHTOB OBUTH YKOPOUE-
HBI TEJIOMEPHI, TeM OOJbIIIE B UX aHaMHe3e OBLIO
KOJMYECTBO MOnbITOK cyuiuaa (p<0,001), B Tom
gyrucae ¢ yduyéToM BO3pacTa Hadajia 3a0oJIeBaHUs
(p=0,001). MHoroKpaTHBIE TAPACYUIHUILI OBLTH
CBSI3aHbl C COKpAIllEHUEM IJIMHBI TEJIOMEp, COIO-

CTaBUMBIM C BOCBMIJIETHEW IPOIOIDKUTEIHHO-
CTBIO KHU3HH, C TIONPAaBKOH Ha neMorpaduaeckue u
KIIMHUYECKHe XapakTepuctuku [2]. PedympraT Hc-
cienosauust V. Birken®s u coast. B 2001 r. ka-
KeTCsl TeM OoJiee MapazoKCaIbHBIM, YTO TEIIOME-
PBI, COOCTBEHHO, HUYETO HE KOAMPYIOT U HE SBIISI-
IOTCA PETYISTOPHBIMU 3JIEMEHTaMH, CBS3aHBI C
routd 200 3amUTHEIMU OEITKaMU, OJIOKUPYIOIIIMMU
BO3MOXKHOCTh 00pa30BaHUsI KOJIBIIEBBIX XPOMOCOM
¥ TPAHCIOKAIMIO XPOMOCOM, a TaKke obecredn-
BaOIIMMHU 3aIIUTYy TEIIOMEP OT CUCTEM peTlaparivii,
YHUUTOXKAIONIMX TaHJAEMHBbIC MOBTOPHL [lo3aromy
JaHHOE UCCJEeIOBaHUE TMOCITY)KWIO OTIPaBHOM
TOYKOH IS GoJiee MOAPOOHOTO U3yUEHUS aCCOIIH-
aluu OJIuHBL TenoMep U ux cTpykrypsl ¢ CII u
4acTOTON CyHMUUIOB.

Lenv uccreoosanus — peTpOCICKTHBHBIN aHa-
T3 U3BECTHBIX CBEJIEHUH O CTPYKTYPHBIX H3MEHe-
HUSX TEJIOMEP C PHUCKOM CYHIU/Ia W pPa3BUTHEM
apPEKTUBHBIX IICUXUYECKUX HAPYIICHUH.

Mamepuan u memoosi

OcymecTBI€H TeNeHANPaBICHHBI TIOUCK B
0a3ze PubMed mnomHOTEKCTOBBIX MyONMKANUN IO
COYCTAaHMIO KITIOYeBBIX cJoB telomere length
sucide, telomeres suicide, lithium telomeres sui-
cide, depression telomeres suicide, schizophrenia
telomeres suicide. [Ij1s1 aHamM3a UCHOIB30BAIN KaK
MOJIHOTEKCTOBBIE CTAThU, B KOTOPBIX ObUIMA OIyO-
JIMKOBaHbl MaTepUasibl 00 MCCIIECIOBAHUM CITyYacB
cyunpaa y auil 6e3 ahpeKTUBHBIX PacCTPOMCTB B
aHaMHe3€e, TaK W MaIMeHTax C JeNpeccueil u mu-
30(peHunelt, coBeplIaBIINE CYWIHIbI, a TaKXKe
pe3ylbTaT MeTaaHAIW30B IO Teme. Bcero mpo-
aHaJM3UPOBAHO cTaTel 124, nus aHanw3a v IUTH-
poBaHus O0TOOpaHO 65 MONHOTEKCTOBBIX ITyOJIH-
Kalui.

0630p pe3yrbmamos IumepamypHo20 aHaIu-
3a

Kpamkue 6azosvie ceedenus o menomepax.
TemoMepsl — 3TO HEKOJIUPYIOUINE HYKJICONPOTEH-
HOBBIC CTPYKTYPbI, MapKUPYIOIIME M 3allUIIa0-
[I[U€ €CTECTBCHHBIC KOHIIbI JIMHEHHBIX FyKapUOTH-
YECKUX XPOMOCOM OT CIUTIAHHS U OTIUYAIOIIUE HX
0T 00BIYHBIX citydaiiHbIX pa3peiBoB JJHK. Temome-
pblI YeJI0BEKa COCTOST M3 ThICSAY TAHJAEMHBIX I1O-
BTOpOB TocnenoBarenbHocTH 5 -TTAGGG-3", ux
JutiHa 00bI4HO coctaBiseT om 10 0o 15 nap xuno-
6a3 [3]. Tem He MeHee, JyIMHA TEIOMEP HE TOCTO-
SHHA ¥ MOXKET BapbHPOBATh B IHMPOKHX IMpeaenax
[4]. [Tpn KaxIOM JEICHUH KIETKHA TSIOMEPHI YKO-
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paumBatorcs Ha 50—200 map ocHoBanuii [5]. OOpa-
30BaHME YPE3BHIUANHO KOPOTKHX, AWUCQHYHKIHO-
HAJIBHBIX TEJIOMEp, MPUBOAUT K MOTEPE UX 3allIHT-
HOTO (PyHKIMOHAJIa W COMPOBOXKIAETCS HapyIIe-
HHAEM KJICTOYHOW mposmdeparnuu, mpeodiaaTaHnuio
MPOIIECCOB aroNTOo3a U CTapeHuIo [6].

[IpensTcTBYeT YKOpOUYEHHIO TElnoMep CyOMo-
JIEKYJIAPHBIA KOMIUIEKC C OOpaTHO#M TpaHCKPHII-
Ta3HOM aKTHBHOCTBIO, MOJYYUBIIMM Ha3BaHUE Te-
JoMepasa, KOTOphId 00pa3oBaH KaTaJUTUYECKUM
KOMIIOHEHTOM TeJIOMEpa3Hoil 0oOpaTHOW TpaH-
ckpunrrassl (hTERT), PHK-kommonenTom (TERC)
W HECKONBPKMMH BUAOCHEIU(PUIHBIMA OelKaMu
MOMOIMHUKAMHU [7], TakuMH Kak: JUCKEpPUH
(DKC1), smepnblii Oenmok cemeiicTBa A, ujieH 2
(NHP2), smepubiii Gemok cemeiictBa A, wieH 3
(NOP10), montun / pentun, TCABI1 u spepHbIit
oemok cemeiictBa A, uinen 1 (GARI), ygactByto-
IIMMHU B COOpKe, TPAaHCTIOPTHPOBKE, PEKPYTHPOBa-
HUU WU TOJJICPKaHUU CTaOMIILHOCTU Tesiomep [8].
Takum obpazom, Temomepasza 3T0 puOOHYKICOTIPO-
teuH ¢ cyowsenuuuneit PHK TERC u depmenTta-
TUBHOU cyObenuHHLIEH 00paTHON TPaHCKPUITA3bI
TERT, ynnuHeHue TeloMep TeIoMeEpa3on Ocy-
IIECTBISIETCS CO CTOPOHBI 3-KoHMA [§]. B oTnuunn
or TERT, skcmpeccusi KOTOpOro O4eHb HHM3Ka B
OOJIBIIMHCTBE KJIETOK B3POCIBIX JIIOCH, CyOBhenu-
wuna TERC »skcrmpeccupyercsi B OOJIBIIMHCTBE
HOPMaJIBHBIX KIIETOK denoBeka. [loaromy ObLIO
npeanonoxkeHo, yro 7ERC MOXeT UMETh (yHK-
WY, HE CBS3aHHBIC C yIUHEHHUEM Temomep [9],
Takye Kak MHrHOMpOBaHUE alloNTo3a B UMMYHHBIX
KJIETKaX, 3alIUTy HEWPOHOB OT OKHUCIUTEIHHOTO
CTpecca M YCWICHHE KJIETOYHBIX BOCTIAIUTEILHBIX
peakmwii [10, 11, 12].

Tenmomepasa, TeM He MeHee, BOCCTaAHABIMBAET
JUTMHY TEIOMEpP HE MOJIHOCTBI0 U CO BPEMEHEM HX
JHa Bc€ paBHO ymensbiunaercs [13, 14]. K nacro-
AIEMY BPEMEHH YCTaHOBJICHO 16 reHOB, acCOIUH-
pOBaHHBIX ¢ marosorueil tenomep. HacienoBanue
MOKET OBITh ayTOCOMHO-AOMHHAHTHBIM, ayTOCOM-
HO-PELECCHBHBIM WM  CHEIJICHHBIM ¢ X-
xpoMocomoi penieccuBHBIM [15]. CriekTp 3aborie-
BaHW, CBA3aHHBIX C MOIMMOpP(GU3MAMH ITHX Te-
HOB, MIMPOK (TATOJOTHsS KOXH, 3yOOB, JErKHX,
KpPacHOro0 KOCTHOI'O MO3ra, OHKONATOJOTHSA) U HE
BCEerja 3TO CBS3aHO C YKOpOUeHHeM Tesnomep. B
gactHocTH, TERC perynmupyet renst LIN37 (pery-
JATOp TeHOB KieToyHoro nwukia), TPRGIL (omy-
X0JIeBOH OeloK, perynupyemMblii p63, monoOHbII
oenky 1), TYROBP (0enok, cBs3piBaromui THPO-
3uHkrHa3y) 1 USP16 (yOukBuTHH-crIenindraeckast
nporeasza 16) IEMOHCTPUPYIOT CTUMYJISITHIO aKTH-

Baimu myTH NK-kB (TpaHCKpUIIIMOHHBINA siep-
Heli Qaktop kB, KoHTpomupyromuii OoNbIIyIO
TpyNIy T€HOB, ACCOIMMPOBAHHBIX C MpoIleccaMu
BOCTIAJICHUS, TIpOudepanuy KJISTOK U aromnTo3a).
Mexanuctnaecku TERC cBsi3piBaeTCsS ¢ TIpoMo-
TOPHOH 00JacTei0 3THX TeHOB, oOpasys PHK-
JHK-Tpuruiekcebl, 4To yCHUIMBAeT WX TPAHCKPHII-
muto. In vivo skcmpeccusi TERC m ero reHos-
mumienelr (TYROBP, TPRGIL, USP16) ysenuun-
BaeTcs y MalMeHTOB C 3a00IeBaHUsIMHU, CBS3aHHbI-
MU C BOCIaJIEHHEM, TaKUMH Kak auadet Il Tuma u
paccesiHHBIN ckiepo3 [12].

Hcxons W3 NepeduciIeHHOro BHILIE CIELyeT,
4TO CYOBEIMHHUIBI TEIOMEPas3bl, KOHTPOIUPYIOT
HNIMPOKUN CTIEKTp (U3UOJIOTHYECKUX (DYHKIHUH |
MATOJIOTHYECKUX PEaKIIiA, HanOOJBIINH HWHTEPEC
Cpely KOTOPBIX U CYHLIUIONOTOB IPEACTaBISET
CBSI3b C BOCIIAJICHUEM, [TOCKOJIBKY UMEIOTCS 10CTa-
TOYHO YyOeIUTENbHBIE OCHOBAHHUS IPEIIoNararh,
yro CII peanusyercd Kak HapylIeHHE BBICIINN
(YHKUUH TOJIOBHOTO MO3ra, MHAYLHPOBAaHHOE Bs-
JIOTEKYUIMM XPOHHUYECKUM HEHPOBOCHAJICHHEM
[16].

Jlnuna menomep u nHapywenus ncuxuxu. Y 137
6ompHBIX ¢ B/IP m 118 310poBBIX HOOPOBOIBIICB
1oCJI€ KOPPEKUMH € YYETOM IMOTEHIMAIbHBIX CO-
nytcTBytonmx akropon (p=0,79) mmHa Tenomep
ObLIa CTATHCTHYECKH 3HAYUMO OTPHUIATEIBHO CBS-
3aHa ¢ BospactoMm (B=—0,007, p<0,001). Kpome
TOro, JorapudM KoHUEHTpauuu (Gaxkropa HEKpo3a
omyxonu anbga (PHO-0) ObT JOCTOBEPHO OTpH-
LATeNbHO CBs3aH ¢ JUIMHOM Tenomep (p=0,009) xax
y nammenToB ¢ b/ (p=0,02), rak u y I'K (p=0,05)
[17]. ABTOpBI clenaiyd BBIBOJ, YTO YKOPOUEHHUE
JUTMHBI TEJIOMEpP MOXKET OBITh CBSI3aHO C YPOBHEM
BOCTIAJIUTENIbHBIX ITUTOKWUHOB y MalueHToB ¢ bP,
KOTODPBI XOPOIIO COOTHOCUTCS C pasiessieMoi
HaMHU U PSIOM JPYTHX aBTOPOB TUIIOTE301 O CBSI3H
CII ¢ XpoHHYECKHM BSUIOTEKYIINM HepoBoOcIaie-
HueM [16]. IIpounTupoBaHHas myOIuKamus Xopo-
110 COOTHOCHUTCS C pe3yJbTaTaMH APyroro uccie-
JIoBaHMsI, B KOTOpoM y 36 mauuenTos ¢ BJIP I Tu-
na, 39 ux OpatbeB u cecTép U 44 370pOBBIX YEIO-
BEK KOHTPOJBHOM IpyNIbl ObUTH CpPaBHEHBI CHIBO-
pPOTOYHBIE KOHLEHTPALMU HEHPOTPOPHUECKOTrO
¢axrtopa moszra (bIH®), unrepneiikuna-6 (IL-6),
unTepiaeiikuHa-10 (IL-10), DHO-a, xemoknna CC-
motuB 11 (CCL11), xemoxkmna CC-motmB 24
(CCL24) u 3-HUTpOTUPO3HHA, & TAK)KE AKTHBHOCTD
Ty TaTHOHIIEPOKCUIA3bl, TIyTaTHOHPEIYKTa3bl H
TIyTaTHOH-S-TpaHcdepasbl ¢ UIMHOW TeJoMep,
mMepeHHoit ¢ momorrsio KIILP. ABTOpHI CO00-
LIMJIM, YTO [0 CPABHEHUIO CO 340POBBIMU JIIOJIBMU
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KOHTPOJIBHOM TPYIIIBI TEJIOMEPBI OKa3aJIrCh KOPO-
4ye U y OONBHBIX, U Y WX 370POBBIX OpaTheB U Ce-
ctép (p=0,041). Ho, o cpaBHEHHIO JHIIAMH KOH-
TPOIBHOU TPYMNIBI Y OOMBHBIX OBLIIO OOHAPYIKEHO
yBenuueHue koHrenrpamuii IL-6 (p=0,005) u IL-
610 (p=0,002), a Taxxke 1L-6 (p=0,014) u CCL24
(p=0,016) o cpaBHEHHIO ¢ UX OpaTbSIMH H CECT-
pamu. Konnentparmun CCL11 6puti MOBBIIIEHE! Y
OpaTbeB U cecTEp MO CPaBHEHUIO C JIUIAMH KOH-
TponbHOW rpynmoit (p=0,015), u anHamornuHas
TeHJeHnHsa Obuta oOHapykeHa y 6onpHBIX BJIP 1o
CPaBHEHHIO C KOHTpodbHOW rpymmon (p=0,045).
AKTUBHOCTD TJyTaTHOHMEPOKCUAA3bl ObLIa CHU-
xeHa y 0onpHBIX BJIP 10 cpaBHEHUIO Kak C JuIa-
MU KOHTpOJIbHOH rpymmoi (p=0,006), Tak u Opath-
svua u céctpamu (p=0,025). CratrcTnyecku 3Ha-
qyuMoe ykopoueHue JuHbl Teaomep (p<0,001) mo
CPaBHEHHI0O CO 3JIOPOBBIMH  JOOPOBOJIBLIAMH
(n=95) HaiieHO W y MANMEHTOB C OWMOISPHBIM
pacctpoiicteom (BP, n=85). [lnunHa Temomep He
3aBucena ot moaruna bP [18].

CBsi3p BOCHAICHUS C JJIMHOM TeloMep H
HaJM4gueM Tcuxudeckoro pacctpoiictsa (IIP) Obi-
Jla TaKKe M3y4YeHa B KOTOPTHOM HCCIICAOBaHUH, B
kotopoe Bouutn 40 manuentoB ¢ bP, 41 ¢ mmzo-
¢penneit, 37 ¢ B/IP u 36 310pOBBIX JHII KOH-
TPOJILHOH KOTOPTHI, IO CPaBHEHHUIO C KOTOPOH Te-
JIOMEPbI OKA3aIHUCh YKOPOUCHBI Y OOJIBHBIX IIU30-
¢penueii u BJIP, Torna kak y 6onpHbix ¢ BP Teno-
Mepbl OblTH JuMHHEe. Ha gy Tenomep He ObLIO
HUKAKOTO BJHMSHUS Pa3IMYHBIX KJIACCOB MCHXO-
TPOMHBIX NPENapaToB, HO IJIUTEIHHOCTD JICUCHUS
CTa0MIM3aTOpPaMU HAacTpPOeHUsl ObUIa YMEPEHHO
cBsi3aHa ¢ Oosiee JUTMHHBIME Tesomepamu (1=0,451;
p=0,001). Konunenrparuu C-peakTHBHOIO Oelika
mta3Mbl (CPB) Obutn Bhle y O0npHBIX MH30¢pPe-
HUEH 0O CpPaBHEHHIO CO 3J0POBBIMH JIMLAMH
(p=0,027) u oTpuLaTENBHO CJIA00 KOPPEITHPOBATIU
C IIWHOM TejoMep BO Bceir BeIOOpke (r= —0,180;
p=0,042). Ilo cpaBHEeHUIO C TPyNIOH KOHTPOIS, Y
MAlMEeHTOB C TEPaleBTUYECKU PE3UCTEHTHOM IIH-
30(peHuelt JuiMHa TejoMep Obuia 0ojiee KOPOTKast
(p=0,001), Torma kak y mariuenToB ¢ bJIP Habmo-
nanuch Oonee Bricokne koHueHTpamuun PHOw mo
CPaBHEHHIO C KOHTpOJbHOW rpymnmoii (p=0,028).
ComyTcTByOIIME KapuoMeTadoindeckue 3adoie-
BaHUsI HE BIUSIIM HA CTATUCTUYECKYIO 3HAYUMOCTD
HalJECHHBIX pasnuuuil JumHbl Tenomep, CPb n
®HOw mexay uccienyeMbIMH Koroptamu. ABTO-
pBl TIOCTYJIMPOBAIH BBIBOJ, YTO Yy MAIIMEHTOB C
TsoxéneiMiu [IP HaOmromaeTcss CHIDKEHHUE UIMHBI
TeJIOMEp M aKTUBHUpOBaHO Bocmajenue [19]. B
JIpyroM HCCIEOBaHUH Oblia BBISBIICHA CBSA3b 4e-

TBIPEX OCHOBHBIX (DaKTOPOB, YaCTO BCTPEUAIOIX-
cs y manmueHToB ¢ BJ/IP: Bocmanenme / OKuCIH-
TEJIHBIA CTPECC, HapyLICHWE PEeryJsiluH I'MIIoTa-
JaMO-TUNo(pU3apHO-HAAIOYEYHUKOBOH CHUCTEMBI,
MeTa0oNmMuecKuii  AucOanaHc, BKIIOYas pe3u-
CTCHTHOCTb K HHCYJHMHY, M CHIDKCHHE YpPOBHSA
HEUpOTpohHUIeCKOro (hakTopa TOJIOBHOIO MO3Ta, —
KOTOpPBIE PETYJSIPHO BBIABISIOTCA y MAIMEHTOB C
BJIP u cBszanbl ykopoueHueM Tenomep [20].

B nmonHoreHoMHOM accolMaTUBHOM HCCIIEO-
Baann (GWAS) Ha BEIOOpKE U3 472174 demoBek
€BPOTICHCKOTO MPOUCXOKACHHS, OBLTH 000OIIEHBI
nosyaennsie U3 UK Biobank nmanuble o mimHe
tenomep JneiikonutoB npu bP (7647 cmydaeB u
27303 KOHTPOIBHBIX) C IOMOINBIO MeToa MeH e-
JEBCKOW paHaoMM3anuy (BapHaHT OOpPaTHOTO
B3BCIIMBAHUS JTUCIIEPCHUIi), aHATU3 YyBCTBUTEIb-
HOCTH — MetoAsl MP-Orrepa, MakCUMaiIbHOTO
npaBaonoaoousi, MP-mieiforpornu ¢ BEIOpocaMu
CYMMBI OCTaTkoB M MP-pobacTHOW CKOpPpPEKTHPO-
BAaHHOH OIICHKHM NpOoQuIIs, MOATBEPKICHUE TMpe-
M0JIaraeMoM CBsI3U MEXIy BO3AECHCTBHEM U HCXO-
nom — tect MP-Iltalirepa. B pe3ynbrare npose-
OEHHOIO CTATHCTUYECKOTO aHalW3a BTOPHI Clielia-
JI¥ BBIBOJI, YTO YKOPOUCHHUE JJIMHBI TEJIIOMED SIBIISI-
eTcs MPUYMHHBIM (pakTopoM pricka pasButus BP
[21].

Tem He Menee, He Bce OoabHBIE ¢ BP mMeror
YKOpOUYEHHBIE TEJIOMEpPHI, YTO CBS3aHO C BO3pac-
toM. Tak mpu M3MepeHuH IJIMHBI Tenomep y 542
6osbpHBIX ¢ BP (cpennuii Bospact 33 roxa), B pe-
3yJIbTaTe NPUMEHEHHs KJIaCTEPHOI'O aHalIHu3a CTa-
TUCTUYECKU 3HAYMMOE YKOpOUYEHHUE Teromep Ooree
4yeM B JIBa pa3a ObUIO HaiiIeHO y MAlMeHTOB CO
cpenanM BospactoMm 51,73 roma (n=138) u cpen-
HUM Bo3pacToM 29,64 et (n=265), HO HE y MOJIO-
JbIX MALUEHTOB CO CpeaHUM Bo3pacToM 29,02 roaa
(n=139) [22]. ABTOpPBI yTBEPKAAIOT, YTO MOCTE-
HUE JIBE TPYIBl pazindyainch WHICKCOM MAacChl
tena (25,36£5,12 u 24,9245,19, p=0,019?), uto
BEPOSITHO SIBIISIETCSI OMIMOKOW CTaTUCTUYECKOTO
aHa/IM3a, a TaKkKe KOPPeNsUel UIMHBI TelIoMep
(p=0,003) ¢ mammumem SNP B reme POT1 (ren
OerKa 3alIMTHHKA TEJIOMEp, BXOAALIECTO B ILENTe-
PUHOBBIN KOMILIEKC).

Haubonpiree ykopodueHne TenoMmep y Maiu-
enToB ¢ B/IP (n=10) mo cpaBHEHHIO CO 3/I0POBHI-
mu junamu (n=10) u nmanuentamu ¢ BP (n=10)
Wi mu30aQPEeKTUBHBIMA PAaCcCTPOWCTBAMH JIHY-
Hoctu (n=10) oOHapyXeHO B THIIIOKaMIE Iake
TOCJIe KOPPEKITHH 110 Bo3pacty [23].

Kak sT0 cnenyer u3 psiia MeTaaHaJIM30B, YKO-
pOYeHUE ATUHBI TeJIoMep HaOIroNaeTCs U MPH LIH-
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30(hpeHnH, C 4eM CBS3BIBAIOT YKOPOUEHHUE CpeTHEN
MPOJOJLKUTEIILHOCTH KHU3HA OONBHBIX IIH30(pe-
Hue Ha 14,5 ner [24, 25, 26]. AHamOTUYHBIA pe-
3yJlbTAT MOJYYEeH M MPHU CPAaBHEHHWH JJIUHBI TEJO-
mep y 301 marmenTa ¢ mm3odpenueit mpotus 378
3JI0POBBIX JOOPOBOJBIEE [27]. 3HAYUMOE YKOPO-
YeHUE AJUHBI TeJIoMep y OoNbHBIX mu3odpenneit
[0 CPaBHEHUIO CO 3AOPOBHIMH JUIIAMH OTIPEIEIIs-
eTCsl B BO3pacTHOM amama3zoHe mo 50 jer, mocie
KoToporo paznuuuit HeT [28]. OTcyTcTBUE pasnu-
yuid JUIMHBL TeoMep mocie 50 j1eT MoXeT OBITh
CBSI3aHO C TE€M, YTO y 3/IOPOBBIX JIHI] K 3TOMY BO3-
pacTy IPOM30IIUIO BO3PACTHOE YKOPOUYECHHE TEIo-
Mep, Torna Kak y OOJNBHBIX IIM30(peHHeH, mo-
BUIUMOMY, POXKJAIOIIMXCS C YK€ YKOPOUEHHBIMU
TeJIOMEpaMH, JIMHA TEIOMep MOMIepKIUBAeTCS Ha
HCXOJHOM YPOBHE U NaTbHEUIIeT0 3HAYUTEIHHOTO
YKOPOYEHHS TeIOMep He MPOUCXO/IHT.

W GonbHble mu3odpenueii [29] u nenpeccus-
HbIMH paccTpoiictBaMu [30, 31] co 3HauMTETHHO
YKOPOYEHHBIMHA TEJIOMEpPaMH OKa3alluCh pPe3u-
CTEHTHBIMH K TIPOBOJUMOMY JIEKAPCTBEHHOMY
JIEYEHHIO, B OTJIMYMUU OT MALMEHTOB C HOpMallb-
HOM miuHOM Tenomep. I[lpumeuarenbHO, 4TO Yy
JETIPECCUBHBIX OOTBHBIX, HAXOMSAIIUXCS HA DJIEK-
TpocynopoxxHoi tepanuu (ICT), 3¢ dpexTuBHOCTD
OCT ot anuHBI TeJIOMEp HE 3aBHCENA, XOTA Tello-
Mepbl JIMM(ONIUTOB Y HUX M OBLIM 3HAYUTEIHHO
YKOPOYEHBI, IO CPABHEHUIO C JIUI[AMHU U3 TPYIIITHI
cpaBHenus [31, 32]. B wactHOCTH, 3TO SIBISETCA
KOCBEHHBIM CBHUJETEIBFCTBOM TOTO, YTO aHTHJE-
npeccuBHbIil 3 dexkt DCT He cBs3aH ¢ onocpeo-
BaHHBIM BIIMSHAEM Ha MEIHATOPHBIE CHCTEMBI
Mo3ra.

Tem He MeHee, MeTaaHaIu3 22 UCCIeOBAHNM,
B KOTOPBIX H3ydajach acCOIMalMs IJIUHBI TeJo-
Mep ¢ mu3oppeHnel, BBIABHIA 3HAYUTEIHHYIO
HEOJTHOPOJIHOCTh ATHX pabor. Ha ocHoBaHumM 00-
HapyxeHus (HaKkT HEOJHOPOJHOCTH UCCIIEIOBAHUI
¥ HECMOTPS Ha TO, YTO BO BCEX 22 MCCIICIOBAHUIX
C JAW3allHOM CIIy4ad-KOHTpOJb OBbUTM HalJeHBI
YKOPOYEHHBIE TEJIOMEPHl Y OOJNBHBIX MU30(peHu-
el M0 CPaBHEHUIO CO 3I0POBBIM KOHTPOJIEM, aBTO-
pBI MeTaaHaTW3a CYHUTAIOT PE3yIbTaThl ITHX WC-
CJICAOBAHHI OUTMOKOM CTATUCTUYECKOr0 aHAIN3a U
HAllOMHHAIOT, YTO «IIMU30(peHuss — 3TO TeTepo-
reHHoe 3a00JieBaHHE C HECKOJBKUMH IOJITHIIA-
MI» U OTPHUIAIOT Pa3iuyus JJINHBI TEIOMEDP y
0ONBHBIX MU30(DPEHU MO CPaBHEHHUIO CO 3JI0-
poBeimu nunamu [33]. Kpome Toro, Hanpumep, y
53 0onpHBIX MM30(QPEHUEH IO CPAaBHEHHUIO C UX
31 3m0pOBBIMH POACTBEHHUKAMH U 59 Hepom-
CTBEHHBIMU 3JO0POBBIM JOOPOBOIBIIAMH OBIIIO

00Hapy>X€HO CTATHCTHYECKH 3HAYMMOE CHMXKE-
HHUE aKTMBHOCTHU TEJIOMEPa3bl, XOTS U pa3inyusd
aKTHBHOCTH 3TOr0 ()epMEeHTa 3HAUYUTEIBHO pa3-
JTWYaJIUCh MEXIy OONbHBIMU [34].

Crnemyer 3aMETHUTh, YTO PE3yIbTaTOM OJHOIO
n3 XeIbCUHCKUX KOTOPTHBIX WCCIEJOBAHUN, B
KOTOpPOM H3ydajach 3aBUCUMOCTb JJINHBI TEJIOMEP
ot Hammuus u snedeHus [IP, O6puto oOHapykeHO,
YTO: «...y HAlMEHTOB, FOCHMTAIN3UPOBAHHBIX I10
noBoay kKakux-nmubo IIP wmmu paccTpoicTB, cBs-
3aHHBIX C YMNOTpPEOJICHUEM IICUXOaKTHBHBIX Be-
LIECTB, TEJIOMEPHI ObUIN AJIMHHEE, YEM y HE TOCIIHU-
TaJIM3MPOBAHHBIX YYaCTHUKOB KOHTPOJIBHOM IpyII-
el (p<0,042). Bonee Toro, TOMBKO y MAIIMEHTOB C
mo6biMu [1P, mpUHUMABIIMX TICUXOTPOIIHBIE Tpe-
napaThl, TeIOMepsl ObUTH JUIMHHEE, YeM Y He roc-
MUTAJIU3UPOBAHHBIX  YYAaCTHHUKOB  KOHTPOJIBHOM
rpymmsl (p=0,02)» [35].

[Tpu metaananuze 19 crarteit, OTOOpaHHBIX W3
2133 nyOnukaiuii, ObUIO BBIICHEHO, YTO JJIMHA
TejaoMep Obuta Kopode u 'y 2003 manueHToB C IIH-
3o¢ppenuneir (SMD=0,35, U 95% 0,11-0,60,
p=0,0001), u y 5427 6ompHbIX ¢ BP (SMD=0,18,
I 95% -0,04-0,39, p=0,0001), uem y 225883
3I0POBBIX JIMI KOHTPOJBHOU rpynnbl. JleueHuem
mutuem  (SMD=0,37, AU 95% 0,04-0,69,
p=0,0001) min aHTUNICUXOTHYECKUMHU IpernapaTa-
mu (SMD=0,20, 11 95% 0,02-0,38, p=0,0001) B
KOTOpTax M3 Pa3HbIX MCCIEIOBAHUI HE BIMAJIO Ha
IUTMHY Teaomep [36].

NuTepecHo, uTo y 48 GONBHBIX C ME3UATBHOMN
BHCOYHOM »JMHJeNcCHed (3MWISNTHYECKUA odvar
JIOKAJM30BaH B THUMIOKaMIIE), PE3UCTEHTHON K
(apMakoTepanuy, Takxke HaOII0JaIOCh 3HAYMMOE
YKOpOUEHHE TeJoMep 1o cpaBHEeHMIO ¢ 41 3m0po-
BBIM YEJIOBEKOM KOHTPOJBLHOHM Tpynmsl [37]. DTOT
(hakT MO3BOJIAET cuelaTh 0000IeHNe — HE 3aBU-
CHUMO OT KJIMHHYecKoro Bapuanta 1P ykopouenue
TEJOMEP COMPOBOXKIACTCS PE3UCTEHTHOCTHIO K
¢dapmakorepanuyd. B aHaloOrMyHOM I10 JHM3aMHY
WCCJIEIOBAHNN BIMSIHHUSA BaJbIPOEBOW KHCIOTHI U
JAMOTPUJDKMHA HA JUIMHY TEJIOMEp JEUKOLIUTOB Y
64 GONBHBIX AITMIICTICHEH IO CpaBHEHUIO ¢ 64 370-
POBBIM JTOOpPOBOJIBIIAMH (COMTOCTAaBUMBIE IO BO3-
pacty 18-79 ner, 31 myxxuuHa u 33 >KEHILIHUHBI B
KaXKI0W rpynie) ObU1o 0OHApY)KEHO HapacTarolee
YKOpOYEHHUE TEJIOMEP B PsAAY BaJbIpoeBasi KUCIIO-
Ta > JaMOTPUKUH > BaJIbIIpo€Bas KUCJIOTA + Jia-
MOTpHDKMH. Tarke y OOJIbHBIX SMMJIENcheil 1o
CPaBHEHHIO CO 3JJ0POBBIMH JIUIIAMHU OBIJIO CHHKEHO
YUCIIO Konuit MUTOXOHPHAIBHON JHK
(mtDNAcn), HO 6€3 CBsI3M C TIPOBOAUMOM (hapma-
KoTtepanueit [38].
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TemM He MeHee, MPU aHAIM3E C IOMOIIBIO
MeHaeneBCckoit  paHAOMH3aNKM  OO0BEeTUHEHHOMN
CTaTHCTUKUA TIOJHOTE€HOMHBIX aCCOIMATUBHBIX HC-
cnenoBannii (GWAS) mIMHEI TeJOMEp M DIHJICT-
CUM HE OBLIO MOJIyYCHO CTATUCTUYCCKU 3HAYMMOTO
JIOKa3aTeIbCTBA YKOPOUCHHUS JUIMHBI TEIOMEp Yy
OONMBHBIX ¢ ammrericueid. OmXHAKO, aBTOPHI ATOTO
WICCIIeTIOBAHMS COOOIIIIIN, YTO HE CMOTIIHN MpoaHa-
JIU3UPOBATh JaHHBIC MOATPYIII, MOCKOJIBKY OHHU
WCIIONB30BAIM JTaHHBIE CBOJHON CTaTUCTHKH, a HE
ncxonuabie [39]. CoOTBETCTBEHHO BBHIBOA W3 HX
WCCIIEIOBAHUA MOXET OBITh OIMIHOOYHBIM, TIO-
CKOJIbKY, KaK M3BECTHO, PE3yjibTaT CTaTUCTUYe-
CKOT'O HMCCIIEAOBAHMS 3aBUCUT OT TPYNIIHUPOBOK.
[lo-BumuMoMy, CBSI3b NJIMHBI TEIOMEDP C Pa3BUTH-
€M DMWIETICHH O HACTOSAIIETO BPEMEHU MpPaKTH-
YECKH HE U3y4allach, IMOCKOJIBKY KPOME IPOIUTH-
POBaHHBIX MyOJIMKAIHiA ¢ CBOOOJHOM JIOCTYIIC HaM
YIAI0Ch HAUTH TOJNBKO MPENPUHT €Uié OJHOM cTa-
THH, aBTOPHI KOTOPOW TaKXe MPUMEHWIH CodeTa-
Hue pe3ynbTatoB GWAS 1 u3yueHus JUIMHBI Te-
JIOMEp Y OOJIBHBIX ATHJICTICHEH

[Ipenmonaraercsi, 9To CBsI3aHHOE C BO3PacT-
HOM YCKOPEHHOE YKOPOYEHHE [JIMHBI TEIOMEp U
CTapeHHe KJIETOK CBSI3aHBI C Pa3IMYHBIMH XPOHH-
YeCcKHMHM 3a0o0seBanusaMH, Bkimrodas [1P. Cuuraer-
cs1, uyTo y mamnuentoB ¢ [IP ykopouyenue Temomep
SIBIIIETCSL CJIEJICTBHEM TIEPEKUTON aJuIOCTaTHde-
CKOI Harpy3ku Ha CHCTEMbI OpraHu3Mma, 00yCJIOB-
JIEHHOM JJIMTENHLHBIM BO3JACUCTBHEM TSKEIBIX 3a-
0oJICBaHMI WM XPOHMYECKUX CTPECCOB, BCICI-
CTBHE WCTOIIEHUS CIOCOOHOCTH K aJalTallHy.
BonpmmHCTBO WCcnenoBaHuil JITUHBL TEJIOMEp B
[ICUXUATPUM IIPOBENEHb! y nanueHToB ¢ BJ/IP. Tem
HE MEHee, YKOPOUEHHE TeIOMEp JICHKOITUTOB BbI-
siBeHO U y nauueHToB ¢ BP [40]. B noarBepxne-
HUE 3TOTO HAOFOEHUS MOXHO MPHUBECTH PE3YIlh-
Tat uccienoBanus 579 nammenToB ¢ bP, cpaBHeH-
HBIX ¢ 551 dYemoBeKk KOHTPOJIBHOW TPyHIBL Y
0opHBIX ¢ BP mnuHa Tenmomep ObLIa 3HAYUTEHHO
KOpoue, 4eM Yy JIHI] KOHTPOJbHOU rpymnmbl. bonee
Toro, y Jiun ¢ BP Habnroganack 3aBHCHMOCTD JITH-
HBI TEJIOMEp OT JUTUTEILHOCTH TeUCHUS 3a00jIeBa-
HUA — y nanueHToB ¢ BP Ha mo3gHelt craguu Te-
JIOMEPHI OBLTU 3HAYMTEIBHO KOPOYEe, YeM Y MaIu-
eHToB ¢ bP Ha paHHel cTagmu. ABTOpHI clelaid
BBIBOJI, YTO IIOJIyYEHHBIC MMM PE3yJbTaThl TOJI-
TBEPKJIAIOT TUIOTE3Y 00 YCKOPEHHOM CTapeHUU Y
nauueHToB ¢ bP [41]. [lnuna Tenomep, BO3MOXKHO,
SIBJISIETCSI HacjeayeMbiM (akTopoM. Tak, mpu uc-
CJIEIOBAaHUH JTMHBI TEJIOMEP W COOTHOIIEHUS OJI-
HOKOIMUWHBIX TeHOB (cooTHomieHue T/S) n3MepeH-
Hele ¢ momoripio KIII[P B BRIOOpKE M3 143 pon-

CTBEHHHUKOB U3 22 ceMeH, U3 KoTopsix 60 yenoBek
crpaganu bP, niuHa TenoMep okazaiach CBs3aHa C
cynnuganbHeiMu  MbIcTsiME  (p=0,02). Pacuérnas
HACJIeyeMOCTh JJIMHBI TEIIOMEpP B JTHUX CEMBSX
coctaBmwia 0,68. KoBapuatsl, CBSI3aHHBIC C TsXKe-
CTBIO 3a00JeBaHMs1, OBUIN aCCOLIMUPOBAHEI C Oolee
KOpPOTKUMH TeJloMepaMH y nmauueHtoB ¢ bP. Pas-
JUYMM IMHBL TEJIOMEp MexAy nauueHtamu ¢ bP u
3I0OPOBBIMH POJICTBEHHHUKaMH HE HaOI0Janoch.
ABTOpBI 3TOTO HMCCICIOBAHMS TPUIILTA K BHIBOJY,
9TO CyO()eHOTHIBI, CBSI3aHHBIE CO CTPECCOM, BO3-
MOXXHO, YCKOPSIIOT TIPOIlECC CTapeHHs KIETOK W
KOPPENUPYIOT C TSHKECTHIO 3a00JIeBaHHS U CYHIIU-
JATBHBIME MBICIISIME [42].

Accoyuayus OnuHbl meiomep ¢ Cyuyuoamu y
auy be3 KiuHu4ecku A6HuIX Hapyulenull ncuxuxku. K
HACTOSIIIIEMY BPEMEHHU €CTh JIOCTATOYHO OOJIbIIOE
KOJIMYECTBO HCCIIENOBaHUH, B KOTOPBIX OOHapy-
JKE€Ha acCOIMaIUs JITUHBI TEIIOMEpP C PUCKOM TH-
Oenmu ot camoybuiicTBa. Hammpumep, B mocMepTHBIX
obpasuax 528 cyObEeKTOB C 3aBEpIICHHBIM CyHIIU-
IOM 0e3 TSDKENBIX COMAaTHYECKHX 3a00JIeBaHUit
(508 mepudepuueckoit kporu; 20 00pa3oB Mo3ra)
u 560 00pa3moB, B3SATHIX Y KOHTPOIBHBIX CYOBEK-
ToB (mepudepudeckass KpoBb 535 310pOBBIX IIHO-
Jiei; 25 mocMepTHBIX 00pa3loB MO3ra) JJIMHA Te-
nomep u mtDNAcn ObuM TIpoaHaTU3WPOBaHKI C
nomompto KIIP. B pe3ynpTaTe wucciaenoBaHus
ObUTM 0OHApYKEHBI 3aBUCAIINE OT 1MoJia / BO3pacTa
pasnu4us CYWIUIECHTOB C JIMIIAMU KOHTPOJBHON
IPpyHIbl — y JKCHIIMH M MOJIOJBIX CaMOyOHHIL
HaWJEHO YKOpOUYEHHE TeloMep IUMQOIUTOB, Y
MY>XYUH ¥ TIOXKWIBIX CaMOYOHHI OOHapYKEeHO
0osiee Boicokoe konmuuecTBo MtDNAcn B nepude-
puyeckoii kpoBu. Ilo cpaBHEHMIO C KOHTPOJIBHOM
TPYIIOH, Y JIUIl ¢ 3aBEPIIEHHBIM CYHIIUIOM B TIO-
CMEpTHOUW TpedpOHTAIEHOW KOpe, HaOI0IaNCh
0ojiee KOpOTKasi O0Inas JUIMHA TelnoMmep u Ooliee
Hm3koe koimmaectBo mtDNAcn [43]. Ilpu cpaBHe-
HUM JJIUHBI TeaoMep y 71 cyObekTa ¢ 3aBepIIéH-
HBIM cyuruaoM U 117 310pOBBIX JIML KOHTPOJIb-
HOW TpyNIBI JUTMHA TejoMep Oblia 3HAYUTEIHHO
KOpodYe y morudmux ot camoyouiictBa. boiee To-
ro, JUIMHA TeJloMep ObLia CBsi3aHa CO 3HAYUTEINb-
HBIM CHW)KEHHEM PHUCKA 3aBEPIIEHHOTO CYHUIIHIA Y
mur; B Bo3pacte 29 met n mmamme (OR=0,11, 11
95% 0,03-0,37, p<0,001) u 30—49 ner (OR=0,54,
1 95% 0,34-0,84, p=0,006) [44]. Ham He yna-
JIOCh HalTH B CBOOOJHOM JIOCTYTIE JAPYTHX HCCIIe-
JIOBaHWA, B KOTOPBIX JUIMHA TEIIOMEp HW3ydallach
651 kak Mapkep CII y MCHXudecKu 3J0pOBBIX JIHII.

Accoyuayus onunvl menomep ¢ Cyuyuoamu y
auy ¢ Hapyuwenusmu ncuxuxu. OOCyxnas mexa-
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HU3MBI TeHeTndeckoro kouTpost CII, Mbr HeoqHO-
KpaTHO YTBEPXKIAJH, 4TO Jr00as rpymnma O0JbHBIX
c IIP, paBHO Kak W 370pOBbIE JUI[A, HAXOASIIUECS
B OIMHAKOBBIX T'eOrpauIecKux, OMOTeOXHMHYC-
CKHX, TOJIMTHYECKNX, COLMAIBHBIX, MaTepHallb-
HBIX U KOH()ECCHOHATBHBIX YCIOBHSIX, MOKET OBITH
nojpaszziefiecHa Ha JIMI[ HE CKJIOHHBIX K COBepIlle-
HUIO CaMOyOWICTBA ¥ JIUI, COBEPIIAONINX Mapa-
cynuuas! w/unu cyunun [45]. To ectb, MeXAy 3TH
TpyNIaMH JIOJDKHBI ObITH SIBHBIC TEHOMHBIC OTIIH-
yus. [Toxoxe, 4TO OJHUM U3 TaKUX OTIUYHUH SIBIISI-
eTcsl AnuHa TejaoMep. Hampumep, KOJUIEKTHBOM
aBTOpoB U3 Poccuiickoit denepanunu BIEpBbIE BbI-
siBiieHo, uTo 47 OonbHbIX mu3odppenueid ¢ CII,
oTIMYaiuch otr 47 OONBHBIX HIM30(PpeHucH 0e3
ayTONECTPYKTUBHBIX COCTOSHUHA U 47 M0OpOBOIb-
[IEB TPYNIBI 3I0POBOTO KOHTPOJSI YKOPOUCHHEM
TEJIOMEP W YMEHBIIEHHEM KOJIUYEeCTBA KOMUI MHU-
toxouapuanenoit JJHK (MtJIHK) B nelikonmrax
nepudepudeckoir kpoBu. KommdectBo Ttermomep-
HBIX TIOBTOPOB y MAIMEHTOB C MM30(peHnel u
CYMIUAAJIBHBIMY MONBITKAMHU COCTaBUIIO 225428 .4
nkr/Mkr JJHK (A1 95% 190-250), ¢ mm3odpeHuei
0e3 mombIToK cyunmaa — 243+£21 (AW 95% 228-
260), 3A0pOoBbIE JHIIA KOHTPOIBHOW TPYNIBl —
255£17,9 nkr/mxr JHK (AU 95% 242-266])),
p<0,001 B Tecte momapHOro cpaBHEHHs. AHaIO-
TUYHas TeHJEHIs HaOoaanach M JUlsl Yyucia Ko-
mait MTAHK: 257£101,5 (AU 95% 194-297),
262,3£59,3 (AU 95% 217-312), 272£79,9 (AU
95% 213-304) cOOTBETCTBEHHO, HO 0e€3 cyiie-
CTBEHHBIX pasznuuuii [46]. ABTOPHI 3asBISIOT, YTO
(heHOMEH yKOpOUEHHs TeJIoMep Yy OONBHBIX MIM30-
(peHnell ¢ CynIHMIAIBHBIM PHCKOM UMH OOHapy-
JKEH MEPBLIMHU.

Y moapoctkoB ¢ b/IP B Bo3pacte 16-19 net co
CKJIOHHOCTBIO K COBEpIIeHHI0 camoyOuiicTBa (19
MAIUEHTOB — TIONBITKA CYUIM/IA U CYHIIUAAIBHBIC
MBICTH B aHamHe3e), 14 mamumentoB ¢ BJIP 6e3
CKIIOHHOCTH K COBepIIeHHI0 cynnuaa u 20 3mopo-
BBIX IIOJIPOCTKOB KOHTPOJBHOW TPYIIBl JUIMHA
TeaoMep Oblla 3HAYMTENBHO HInKe, a mtDNAcn
OBUIO 3HAYUTENHHO BhIIIE B rpynme obmero b/IP,
gem B rpymnme CK. [[nmHa Temomep Oblia 3HAYU-
TEeNbHO MeHbIIe, a MtDNAcn ObUIO 3HAYHTEILHO
Oonbuie, yem B KOHTpoJbHOU rpynne CK. B rpyn-
nax ¢ OOJBbIIMM JAEMPECCHBHBIM PaccTPOHCTBOM
JUTMHA TEJIOMEp OTPHUIATENFHO KOppenrpoBajia ¢
TSOHKECTHIO KaK JICTIPECCHUH, TaK U TPEBOXKHOCTH, B
TO BpeMs kKak mtDNAcn nosio)KUTENbHO KOppeu-
pOBAJIO C TSKECTHIO NIEPEHECEHHOTO 3MOLMOHANb-
HOTO Hacwius. ABTOPHI CAENaIX BBIBOJI, YTO KIe-
TOYHOE CTapeHue 0oJjiee BHIPAXKEHO y MOAPOCTKOB

C Jempeccueil ¥ CynIUIIbHBIMU MBICJISIMHU, U YTO
SMOIMOHATFHOE HACUIIME B AETCTBE MOXKET OBITH
4acThIO ATOTO mpoiiecca [47].

ITpy cynumpanbHBIX HAKJIIOHHOCTSIX HaOroaa-
eTcsl CHIKeHHas sKcrpeccus rena TINF2/, smis-
IOLIETOCs] KJIIOYEBBIM KOMITOHEHTOM IIENTEPHUHO-
BOT0 KOMILJIEKCA, YTO MOYKET MPUBOIUTH K YKOPO-
geHuto Tenomep [48]. MTHTEHCUBHOCTD DKCIIPECCHHI
TINF2 mpencka3biBania BBICOKHI YPOBEHBb CYHIIH-
JAIbHOW aKTUBHOCTH Y KCHIIMH B KOTOPTE He3a-
Bucumoro tectuposanns (AUC? 72%, p=0,005) ¢
HCTIOJIb30BaHUEM INPOJOJIBHOro aHanuza. OH Tak-
XKe TpelcKasblBana OyAylliue TOCIUTAIU3ALUU C
CII y xenumuH B TedeHue mepBoro roma (AUC
67%, p=0,03) u ymepeHHO mpeacKa3bIBaga rOCIIH-
TaJIM3alUK Y BCEX KCHIIMH B MOCJIEAYIOIINE TOAbI
(OR=1,2, p=0,005) [49], cHmKeHNe TaMATH U Tal-
monuHarwm [50], 9To yka3pIBaeT Ha HeWporaTo-
JIOTUYECKU KOMIIOHEHT, CBSI3aHHBIA C YKOpoOdYe-
HUEM TeJIOMED.

Jlumuii u onuna menomep. B cBeTe M3NMOXKEH-
HOTO BBILIE BO3HMKAET BOIIPOC — BIIUSET JIM aHTHU-
JIeNIpecCUBHAs Teparus Ha JUIMHY TeaoMmep? AHTH-
JIETPECCaHThl JIEHCTBUTENFHO MPOPHIAKTHPYIOT
ykopoueHnue temomep [51]. Ho, Buammo Oomee
BEIp@XCHHBIN 3QQeKT HaOmromaeTcs y coied Jm-
Tus. CoriacHo aHHBIM MeTaaHalIu3a JTUTepaTypsl
3a mepuof ¢ anpens 1968 r. mo asryct 2014 r. B
0aze manueix PubMed, miurenbHoe Jieuenue Li
CHIDKAeT YHUCIIO MOMBITOK camMoyOuiicTBa mpumep-
HO Ha 10%, a uucio cMepTeit oT camoyOuiicTBa —
npumepHo Ha 20% [52]. Kpome Toro, y OOJbHBIX,
JUINTENIBHO JIEYMBIIMXCSI JIMTUEM, KaK IPaBUIIO,
TeraoMepsl Ha 35% UIMHHEE, 4eM Yy HE IOJIyYaB-
HIUX JIEYeHUE, U IO JJIMHE COMOCTABHMEBI CO 3/10-
poBbiMHU Tr0ABMU [51, 53]. Drot xe 3ddekT auTns
ObUl BBISBJICH M B psiie APYTHMX HCCIEIOBAaHUIL.
PetpocriektBHOE HccienoBaHKue (IU3aiiHOM Ciy-
Jaii-KOHTPOJIb U CIIy4ai-ciydai) IJIUHBI TEIOMEp
meroaoM KIIIIP y 256 maruenToB ¢ bP 1 wmmm 2
TUINa, B Mpouecce aMOyJIaTOpPHOTO JICUSCHHS JIUTHU-
€M I03BOJIMJIO YCTaHOBUTh, YTO MalUeHTHl ¢ bBP,
MOJTyYaBIINe KaK MOHOTEpPANui0 JUTHEM, TaK W
JTUTUH B KOMIDIEKCHON Tepammu, umenn Ha 35%
OoJiee AJIMHHBIE TEIOMEPHI MO CpaBHEHHUIO co 139
300POBBIMU  JIMIAMHA  KOHTPOJBHOH  TPYIIIBI
(p<0,0005). InuHa Teiromep MONOXKUTEIBHO KOp-
penrpoBanga € MPOJOLKUTENBHOCTBIO  JICYEHHUS
nutueM 6onee 30 mecses (p=0,03) u Obuta OTpH-
LaTeJbHO CBS3aHa C YBEJIMYECHHEM YHClia Aerpec-

TAccoupnpoBan ¢ TERF1-B3auMOEHCTBYIOIMM  SIEPHBIM
taxropom 2 (DaxTop CBA3BIBAHKS TEIOMEPHOT0 MOBTOpa 1).
Tlnomans noa kpusoit ROC.
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cuBHBIX 3mm3070B (p<0,007). Ilamumentsr ¢ BP,
XOpOIIO OTBETHBIINE HA JICUCHUE JTUTHEM, UMEIH
0oJiee UTMHHBIE TEJIOMEPHI, YeM Te, ¥ KOT0 3P QeKT
OBIT HE3HAYNUTENBHBIA. ABTOPHI CHCIAA BBIBOJ,
YTO JIUTHIA OKa3bIBACT 3alIUTHOE JCHCTBUC MPOTUB
YKOPOUYCHUS TEIIOMEDP W MPEINOJIOKUIH, YTO JIH-
THAH YBETMYMBAET aKTUBHOCTH TeJoMepassr [51].

[Narmentsr ¢ BP (45 wenoBek), momy4aBmive
JICYCHUE JINTUEM B aHaMHe3e, UMEH OoJiee JITHH-
HBIC TEJIOMEPHI 10 CPABHEHUIO ¢ manueHTamu ¢ bP
(86 yenoBek), HUKOTJa HE MONYYaBIINMHU JICUCHUE
(p = 0,015), n aHAIOTHYHYIO UIHHY TEJIOMEp II0
CPaBHEHHIO C KOHTPOJbHOH rpynmoii (336). V mna-
LIMEHTOB, HUKOTIa HE MMOJIyYaBIIUX JICYCHUES JTUTH-
€M II0 CPAaBHEHUIO C KOHTPOJIBHON IpyHIou Temno-
Mepsl Obun yropoueHs! (p=0,029) [53]. Hekoro-
puie aBTOpbI bP nipsiMo Ha3bIBalOT 0OJIE3HBIO YCKO-
PEHHOTO CTapeHUs, a COJU JIUTHS, UCIOIb3yeMble
Py MaHWAKabHOW (asze — OMONIAKHBAOIIAMHU
(arTHBO3pacTHBIME) cpeicTBamMu [54]. DTO0 MHe-
HUE CBS3aHHO C TEM, YTO MPOAOKHTEILHOCTD
»KM3HM manyeHToB ¢ BP Ha 8,5-9 neT MeHblie, yeM
CpemHsisl TPONOIDKUTEIHHOCTh XKU3HU 3I0POBBIX
ot [55].

Jlumuii pezynupyem axmuenocms menomepa-
36l U PYHKYUU MUMOXOHOPULL. YBEINUCHUE JITMHBI
TEJIOMEpP B pe3yNbTare MpHeMa JUTHS OBUIO TOJ-
TBEPXKJEHO B JKCHEpUMEHTE Ha KpbIcaxX JIHMHHUN
Flinders Sensitive Line, ucmnonb3yeMoil Kak Mo-
JeNb  ienpeccuBHOr0 paccrporictea u  Flinders
Resistant Line, ucmonbs3yeMoii Kak mapHasi MOJEIb
cpaBHeHus [56]. Y kpoic munun Flinders Sensitive
Line, mo cpaBHEHHIO C KOHTPOJIBHBIMH KpbICAMU
Flinders Resistant Line, B HeipoHax TUIIOKamMIia
JUTHHA TesoMep Oblia kopoue, dkcipeccuss TERT u
KOHIIEHTpAIUs HeHpoTpoduieckoro Qaxropa ro-
noBHoro Mo3ra (BDNF), aktuBHOCTE TermoMepassl
ObUIM MOHIKEHBI. JleueHue TUTHEM B TeueHHUe 42
nueit kpoic Flinders Sensitive Line HopManu3oBaio
aKcrpeccuto Tert ¥ aKTHBHOCTH TeJIOMEpasbl U
YBEIIMUMIIO KOJIHMYECTBO P-KATEHHMHA', HO He BIIUS-
70 Ha 3kcupeccuto BDNF [57].

VYBenuueHue JUIMHBI TEIOMEp MOXET TpPOHC-
XOJIUTh EIWHCTBEHHBIM CIOCOOOM — BCIIEACTBHE
YBEJIMYCHHSI aKTUBHOCTU TEJIOMEpa3bl, 4TO OBLIO
BIIEPBBIC YCTAHOBIICHO B JIPYTOM HMCCIICOBAHUN HA
BeIOOpKe n3 200 manmenToB ¢ bP, mmutenpHO e-
YUBIIUXCS JINTHEM, B KOTOPOM Il CPaBHEHUS
croco0O0B M3MEPEHHUs UIMHA TEeJIOMEpP HCCIe0Ba-
Jack AByMsI pasnuaHbiMA MeTtomamu: 1) xIILP, u

B-Karenun — GenoK, yd4acTBYIOIIMH B KJIETOYHOM ajre-
3UU U PETYJIALUUN SKCIIPECCUU TEHOB. Y 4eI0BEKa KOJUPYEeTCs
resom CTNNBI [58].

2) KOJIMYECTBEHHOH (IIyopeclieHTHON rubpuanza-
muu in situ (Q-FISH). beuto ycranoBmeHo, 4To
JUIMHA OTPULATEIBHO KOPPEIHPOBAI C BO3PACTOM
(p=0,0002) u He 3aBuCeNa OT MMOja, AMArHO3a, BO3-
pacta Havana CII, konn4yecTBa 3MU30/J]0B yXy/lle-
HUSI HACTPOEHUS], OTBETA HA JIMTHHA U MCIOJIH30Ba-
HUSl APYTHX IICHXOTPONHBIX mpemnaparoB. [locie
KOPPEKIMU Ha BO3pacT JIMHA TEJIOMEp IOJI0XKHU-
TENbHO KOppeIHpoBallia € MPOJOKUTEIBHOCTHIO
JieYeHHs JTUTHEM Y TAIMEHTOB, MOJIYy4aBIIMX JIe-
yenne Oonee nAByx JeT (p=0,037), Kak mpu UCTIOTb-
3oBaauu KIILP, Tak u Q-FISH (p=0,012). Jleuenune
JUTHEM YBEJIMYUBAJIO 3KCIPECCHIO TEJIOMepasbl
(TERT) B knerkax-npeAlIeCTBEHHUKaX HEHpPOHOB,
X0Ts 3TOT 3 (PeKT He ObUT CTATUCTUYECKU 3HAUH-
MBIM [59].

B koroprax mnpeuMMyIIeCTBEHHO 30pPOBBIX
B3pocibix noaelr obonapyxeH SNP rema TERT
rs2736100, cBs3aHHBIA C YKOPOYEHUEM JJIMHBI
tenomep [60]. Ilpu mccnenoBaHNM BHEKIETOYHON
JHK caronsr y mroneit ¢ menpeccueit w3 JOHTH-
TIOAHOH 1mBeackoi koropTel B3pocibix (PART) B
BO3pacTe 55 JeT W Miajlie, Bo3pacT ObUT 0OpaTHO
CBSI3aH C JUIMHOW TEJIOMEp B KOHTPOJIBHOU Tpymie
(r=—0,11, p=0,031). Kpome Toro, noiaumopdusm
1s2736100 Obu1 TeHOTUIIPOBaH y 436 TAllUEHTOB
¢ BJIP, 1590 uenoBex U3 KOHTPOJBHOU I'pyNIbl U
368 nanuenTos ¢ bP I Tuma. ABTOpHI CUMTAIOT, YTO
MUHOpHBIN aiens 152736100 cBa3an ¢ genpeccu-
eil y JIn1, He TIEpEKUBIINX HEB3TOJIBI B JICTCTBE, U
C KOJIMYECTBOM JIENIPECCUBHBIX IMH30/I0B Yy MallU-
eHtoB ¢ bP I Tuna, xopomo pearupyomux Ha Ju-
™Hit [61].

Jnuna tenomep, s3xcnpeccuss TERT u reno-
TUMHPOBaHWE TPEX OJHOHYKJICOTHIHBIX IIOJIHU-
mopdusmoB (SNP), acconmupoBaHHBIX C AJIMHOM
tenomep: 1) rs7726159, SNP B rene TERT, xonu-
pyrolieM oOpaTHYI0 TPaHCKPHIITa3y TeIOMEpashl;
2) rs1317082, SNP B6musu rena TERC?, komupy-
omero Marpuny PHK  Temomepase, u  3)
152487999, SNP B6musu rena OBFCI’, yuactBy-
rommero B koMimiekce CST, perymsrope temomepa-
361 ObUIH M3y4eHsl y 100 mauuentoB ¢ bP I u 100
3JIOPOBBIX JIML KOHTPOJIBHOW IPYyMITEL. DKCIIPECCHs]
TERT Obu1a 3HaYUTETHHO MOBBIIICHA Y TIAIIEHTOB
¢ bP I, nonyuaBmmx jedeHne JUTHEM U CHUIIBHO
TIOJIOKUTENBHO KOPPETHpPOBaia C MPOJOIKATENb-
HOCTBIO JICUCHHUS JIMTHEM Yy TMAI[MEHTOB, JIEUWB-
muxcs B TeueHue 24 mecsanes wid 0oiee. Tem He

2PHK KOMITOHEHT TeJIOMEPA3hI.

3Benok 1, conepskammii OB-dong (OBFC1), uenoseueckuit
romMoJIor apoxkeBoro Oenka Stnl, accomumpyercs ¢ TPP1
(TpunenTuamI nenTraasa ) ¥ ydacTByeT B pEryJISIUU JUTMHE
Tenomep.
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MEHEEe, 3HAYMMOTO BJIMSIHUS JICUYCHUS JINTUEM Ha
JUIMHY TeJIOMEpP aBTOPHI He OOHAPYKHUITH, B CBA3H C
YeM MPEIIONI0KUIN, YTO TTOJIOKUTEIBHBIH AP PEKT
JUIUTENBHOTO JICYEHUS JINTUEM CBSI3aH C MHIYLH-
POBaHHBIM  JINTHEM  YBEJIWYEHMsI OKCIPECCUU
TERT. B cBoro odepens, yBeIHMUeHHE 00Opa3oBa-
Hus TERT yaydmaeTr ¢GyHKITNIO MUTOXOHIPHN U
CHIKACT OKHCIUTEIRHBIN cTpecc [62].

WntepecHo, uTo Katanutuueckas cyObeIMHuU-
na tenomepassl TERT kpome addexra B BHIC
YAJUHEHUS TEJIOMEp, BBINOJHSET pPs JONOIHH-
TENBbHBIX (YHKUUH B KIETOYHOM sIApe W APYTHX
CYOKJIETOYHBIX CTPYKTYpax, TAKUX KaK ITMTOILIA3-
ma 1 mutoxoHapuu. B yactHoctu, TERT nepeme-
LIACTCSl U3 KJIETOYHOIrO siipa B MUTOXOHAPHUU IMPHU
yBEJIMYEHHE KIJIETOUHOTO OKHCIUTENBHOTO CTpecca
BHIIIIE (PU3HOJIOTHIECKOT0 ypoBHs. Jlokanu3oBaH-
Hasg B MutoxoHapusax TERT ces3bIBaeTCs ¢ MUTO-
xouapuansaoit JIHK, yBenmuumBaer meMOpaHHBIH
MOTEHIIMaJ MUTOXOHAPUM U B3aUMOJEUCTBYET C
MHTOXOHIpHATEHEIMH TPHK, yinyumaer dyHkImio
MUTOXOHJpPHM, MOJABISET I'CHEPALUI0 AKTUBHBIX
¢$bopM KHCIIOpOJa U TOTOMY CHIDKAET OKHUCIIUTEINb-
HBIM CTpecc, ONTHUMHU3HUPYET KHUCIOPOJHOE IbIXa-
HUE, KaK CIEJCTBHE, YMEHBIIAeT TOBPEKICHNE
MuToXoHApuanbHONH U saepHoit AHK u mpenot-
Bpamaer amonTto3 [63]. OTH HEKaHOHUYECKHUE
¢ynkmun TERT MoryT mMeTh KilroueBOe 3HaUYEHUE
JUTST DHEPreTHYeCKOro Merabonm3mMa Mo3ra, a B
KOHEYHOM HTOTe — PEryJIsIiMU MBIIUICHUS U (hop-
MHUPOBaHUS TIOBEJCHMUS.

IIpu onpenenennn skcnpeccun TERT u nou-
Hel Testomep y 100 marmentoB ¢ BP I u 100 310po-
BBIX JIUII KOHTPOJIbHOU rpymibl, 3kcrpeccuss TERT
ObLJIa 3HAYMTENEHO TOBHIIIEHA y anueHToB ¢ bP 1
MOJY4YaBUIUX JICYCHUE JINTUEM U CHUIBHO MOJOXKHU-
TEJIHHO KOPPENHnpoBaia ¢ JUINTEIbHOCTHIO JICUSHHUS
y TalMeHTOB, IMOJYyYaBIIUX TEpPaANUI0 JIUTHEM B
Teuenne 24 Mmecsies win bonee. Tem He Menee, B
OTIIMYME OT JPYTUX HCCIEI0BaHNN He ObUT0 0OHa-
PYKEHO BIIMSHUSA JUTHA HA JUIMHY TeJoMep. ABTO-
PBI IPEATIONIOKHIIH, YTO JUIUTENBHOE JICUEHHUE JIH-
THEM CBSI3aHO C MoBbIeHUeM dkcnpeccun TERT,
KOTOPOE B CBOIO OYEpeah CIIOCOOCTBYET CTaOMIIH-
3allMM HaCTPOEHUS U HEUpPONPOTEKTOPHBIM CBOK-
CTBaM JIUTHS 33 CUET YIY4IICHUS! QYHKIH MHUTO-
XOHJpUWA W CHIDKEHHUS OKHCIHTENBHOTO CTpecca
[62]. Db dekT yBenuueHus: KCIPECCHH TeIoMepa-
36l M JUIMHBI TEJIOMEp B OTYET Ha JieueHue bP mu-
THEM 3aBHCUM OT JJIUTENBHOCTH JieueHus. Tak npu
JIeueHUH nauueHToB ¢ bP nuTtueMm B TeueHue nie-
CTU HENEJb aKTUBHOCTbH TEJIOMEPA3bl JEHUKOIIUTOB
OTPULIATEIBHO KOPPEIHUPOBAIa € KIMHUYECKUM
3G deKTOoM, a U3MEHECHHUsl JUIMHBI TEIOMEep, COOT-

BETCTBEHHO, HE OBLIO 3aperucTpupoBaHo [64]. B
YaCTHOCTH, 3TO MOXKET OBITh pealbHbIM OOBsICHE-
HUEM HEOOXOIUMOCTH JJIUTEIBHOrO JICUCHHS JIU-
THEM U aHTUAETIPECCAHTAaMH JJIs TOIy4YEHHUs CTOM-
KOT'O KJIMHUYECKOTO 3 deKTa.

Kak okazanoch, TUTUH yBEIWYMBAET KaK ak-
TuBHOCTH KomiuiekcoB I, IT u III menu mepeHoca
JJICKTPOHOB B ITIOCMEPTHOM (PpOHTANBHOW KOpe
mun ¢ BJIP [65], Tak u xommuiekca | B nmepudepu-
4yecKux JielikouuTax [66]. Jlutuii unrnbupyer riu-
KOTGHCHHTa3y KuHa3bl 3 0eTa M WHO3UTOIMOHO-
¢docdarasy, 4To yBeTUUMBAET MPOAYKIUIO HEHPO-
Tpodudeckoro (akTopa Mo3ra, aHTHATIOIITOTHYC-
CKMX  OemkOoB W OJNOKHUpYeT  KaJbIHii-
WHAYLHMPOBaHHbIN amonTo3. Emé ogHuM BO3MOX-
HBIM MEXaHU3MOM HEUPOIPOTEKTOPHOIO NEUCTBHS
TUTUS sBJsieTcsl peryisiuust ayrodarum. Kpome
TOTO, MPUEM JINTUS YMEHBIIIAET HAKOIUIEHUE TaKUX
MaTOJIOTUYECKUX OeNKoB Kak (ochopuarpoBaH-
HBII Tay W B-amuioun. [Ipeamomnaraercs, 9ro Ju-
THH yBENWYHNBACT IJIMHY TEJIOMEpP HWHIYIHUPYS aK-
THBHOCTH TEIIOMePa3bl, BO3MOXKHO MyTEM aKTHBa-
uun rena TERT [62].

OTpaxkeHHEM amnomnTo3a M HU30BITOYHOTO pas-
PYLICHUST MUTOXOHJPUH SIBIACTCS YBEIMYCHUE
KOHIIEHTpaIu cBoOoaHO#M BHekieTouHor JJHK B
I1a3Me KpPOBH, KOTOPOE, KakK IPaBUIIO, CBS3aHO
00 C MHIYIIMPOBAHHBIM allONTO30M, BHI3BAHHEI-
MU pa3IUYHBIMH XPOHUYECKHM BOCIIATUTEILHBIMA
mpoleccaMu, JIM0O OHKOMNATOJIOrHel, JU00/U BH-
pycHo# nnu O0aktepuanbHol uHpekiuei [67]. Tak
y 50 6omibHBIX ¢ BJIP mo cpaBHenuto ¢ 55 3mopo-
BBIMU JIUIIAMH OBIJIO OOHAPY)KEHO 3HAYUTEIHHOE
yBEIMYEHHE KOJMYECTBA BHEKIETOYHON MHUTOXOH-
npuansHOi JIHK B xpoBu (p=0,00002), Torma xax
yycno konui muroxonapuansHoi JJHK ne paznu-
yajoch [68].

Mexay MHTOXOHJAPHSIMH, TEJIOMEpaMU |
CyObeIMHNIIAMH TeJIOMepa3bl CYIIECTBYET TecHas
cBsi3b. JIUCOYHKIIMH MHUTOXOHAPUH BBI3BIBAIOT
YKOpPOYEHHE TEJIOMEp, a TOBPEXKJEHUE TEIOMEP
NPUBOIUT K TEPENPOrpaMMUPOBAHUIO MHTOXOH-
JpUAIBHOTO OHOCHHTE3a ¥ MHTOXOHIPHAIBEHBIM
JUCQYHKIMSAM, YTO MMEET BaKHBIC TOCIIEICTBUS
JUTSL CTapeHUs ¥ pa3BUTHS 3a00JeBaHmit [69].

VYBenuueHue KoJIMYecTBa CBOOOJHBIX PpajH-
KaJIOB B Pe3yJIbTaTe IMOBPEXKACHUS MUTOXOHIPUN
NPUBOIUT K TOBPEXKICHUIO M YKOPOUEHHS TeJO-
Mep, uTo akTuBHpyeT 3kcnpeccuro TERT, koropas
B kommuiekce ¢ TERC BoccranaBiuBaeT JUIMHY
teromep. Ho mpu rumepakcnpeccun TERT obpa-
3yercs W moBwimieHHOEe KonmmdecTBo TERC, koto-
pasi MOBPEXAaeT MUTOXOHIPHH U BBI3BIBAET KOM-
TJIEKC BOCHIAIUTENBHBIX PEAKIIHH.
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XoHApHanbHEIN cratyc / Possible relationships between the cell nucleus, mitochondria and the effect of Li+ on

mitochondrial status.

B nenTpanpHON HEPBHOW CHCTEME 3TO MOYKET
MIPUBOJUTHh K aKTUBAIMM HEUPOTIIMH U 3aITyCKOM
BAUIOTCKYHIETO XPOHHUYECKOTO 6eCCI/IMHTOMHOFO
BOCIIAJICHUS, TEUCHHE KOTOPOTrO HapymaeTr 0a3o-
Bble (DYHKITUM TOJOBHOTO MO3Ta C Pa3BUTHEM aji-
JTUKTUBHOTO TIOBEJEHHS, KOTOPOE€ B KOHEYHOM
urore npuBoant kK CII u cyunumy.

3axnouenue

Panee DO. /{ropkreitmom [70] OBIIO BBICKa3aHO
pazzenseMoe HaMHu MPEINoI0KEHHEe, YTO y KaX10-
ro CyMIHJEHTa CYIIECTBYET CBOH BO3PACT JOXKH-
TS 70 COBEPIICHUS CYHIIUAA, YTO OIpeIesieT
pa3nIMuns 9acTOT CYWIIUAOB B BO3PACTHBIX KOTOp-
tax [71]. CBsi3p BETWYMHBI PUCKA COBEPIICHUS
caMOyOMIiCTBA C YKOPOYEHHEM TeJIoMep, JJIMHA
KOTOPBIX MOXET 3HAYUTEIHHO Pa3INyuaThCs eIle
TIPH POXKIECHUH, U TIPEAIOIOKUTENbHAS CBSI3b BO3-
PACTHOTO YKOPOUYEHUS TEIIOMEP C MPOJODKHUTENh-
HOCTBIO KHM3HH XOPOILO MOATBEPKIAET 3TO IMpel-
moJio’keHue. bosee Toro, 3To B CBOIO 04epeb 1Mo3-
BOJISIET CPOPMYIIUPOBATH €IIE OJHO TPEIONI0XKe-
HUE — MOCKOIIbKY JJIMHA TEeJIOMEp, BEPOSITHO, BCE-
TaKM KaK-TO CBfA3aHa C IPOIECCAMH CTapeHUs] H
3amycKa Mpouecca BO3pacTHOM CMEPTH, KOTOPBIi,
HECMOTPSl Ha KaXYIIyIOCS OYEBHUAHOCTH OJHOMO-
MEHTHOCTH, pa3BEPHYT BO BpPEMEHHU, TO 3HAYH-
TEJIhHOE YKOPOYEHHE TeJIOMep 10 JJIWHBI, KOrjaa

JTOJDKHA TIPOU3OUTH BO3pPACTHAS CMEPTh y MPAKTH-
YECKH 3[I0POBOTO OpraHm3Ma 0e3 3HAYMTEIIbHBIX
BO3paCTHBIX N3MEHEHHUH OpraHoB, MOXCT OBITH
peanu3oBaHa TOJbKO Yepe3 cyunua. C 3TOH TOUKH
3peHUs] CyHIH]] SIBIISICTCS OJHUM M3 OMOMEXaHM3-
MOB yMHpaHWUsl, KOTJIa OHO HE MOXET OBITh OCy-
IIECTBJICHO MO0 €CTECTBCHHBIM ITPUYUHAM.

TakuMm oOpa3om, ATMHA TETIOMEp MapKep, a He
MIPUYMHA CYHWIU/IA, TIOCKOJNBKY IMOBPEXKICHUE, Be-
POSATHO, CBA3aHO C HAPYUIEHUEM MUTOXOHIPHUAIIb-
HOTO JIbIXaHUs, OIMOCPEIOBAaHHO 3aBHCHMOrO OT
aKTUBHOCTU TenmoMmepasbl. Ho mapkep — Xoporro
HaOII0aeMBIA CPEICTBAMH COBPEMEHHOM THUArHO-
cruku (k[P m Q-FISH). Ha momenTt co3manwms
Halie MyONUKalMy CTOMMOCTh  OIPECIICHUS
JUIMHBI TEJIOMEp B 3aBUCUMOCTH OT reorpaduun
naboparopun KoseOsiercss B mpenenax ot 7600
pyO. (aHamu3 BEHO3HOW KPOBU, CPOK BEHITIOJHEHHS
8 cyrok, Helix Express, Cankr-llerepOypr) mo
10285 py0. (aHanW3  BEHO3HOM  KpOBH,
«MHBUTPO», MockBa). llosToMmy  BO3MOXEH
CKPUHHUHTOBBIN KOHTPOJIb JJIMHBI TEJIOMEp Yy Hace-
JIeHHusI, OCOOEHHO C JICTIPECCHBHBIMU PAaCCTPOM-
CTBaMH, C IENIbI0 CBOEBPEMEHHOTO BBISBICHHS
MMOTCHIUATBHBIX CYHUIMICHTOB W TPOBEICHUS B
CO3/IaHHBIX IIEJIEBBIX TPYMIAax MPOQPUIAKTHICCKON
paboTHI 1O IPEAYNPEKICHUAIO CYUITHIIOB.
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TELOMERE LENGTH AS A SUICIDE PROBABILITY MARKER

1I.N. Ulyanov Chuvash State University, Cheboksary, Russia
2Postgraduate Doctors' Training Institute, Cheboksary, Russia

V.A. Kozlov!-2, A.V. Golenkouv!2,
E.S. Deomidouv!

Abstract:

Telomere shortening has been shown to be a marker not only of cellular aging but also of a number of pathological pro-
cesses and diseases, including suicidal behavior and the risk of completed suicide. The aim of this study was to summa-
rize the association between telomere length and telomerase activity with mental disorders and suicidal tendencies. Meth-
ods. A targeted search of full-text publications in the PubMed database was carried out using the keyword combination:
telomere length suicide, telomeres suicide, lithium telomeres suicide, depression telomeres suicide, schizophrenia telo-
meres. Results. An analysis of 65 full-text publications yielded compelling evidence of genetic differences between pa-
tients with schizophrenia, major depressive disorder, bipolar disorder, epilepsy, and mentally healthy individuals not
prone to suicide, and individuals from the same clinical groups with suicidal behavior, including those resulting in com-
pleted suicide. It should be noted that significant telomere shortening caused by decreased activity of the catalytic com-
ponent of telomerase reverse transcriptase (W'TERT) and/or its RNA component (TERC) leads to impaired mitochondrial
respiration with reduced ATP production, activation of mitochondria-dependent inflammatory processes, and pathologi-
cally accelerated apoptosis. This is the only marker that distinguishes individuals with mental disorders and suicidal
tendencies from mentally ill individuals without suicidal tendencies, whose telomeres are comparable in length to those
of healthy individuals or are slightly shortened. Long-term treatment with Li" and, to a lesser extent, other antipsychotic
drugs that prevent telomere shortening is most effective. Li* even partially restores telomere length, including in healthy
individuals with age-related telomere shortening. Conclusion. Telomeres in mentally ill individuals and healthy individu-
als prone to suicide are statistically significantly shorter than those in healthy individuals who are not prone to suicide and
in patients with mental illness. Congenital and acquired telomere shortening can be used as an early marker of potential
suicidal tendencies for the formation of target groups for suicide prevention and preclinical identification of individuals at
potential risk for developing mental disorders. Long-term intake of Li* prevents telomere shortening and reduces the risk

of suicide by restoring reduced telomerase activity to values close to physiological ones.
Keywords: suicidal behavior, suicide, telomeres, telomerase, suicide prevention

The discovery of multifactorial inheritance of sui-
cidal behavior (SB) and the risk of suicide associated
with multiple polymorphic alleles of a significant group
of genes has led to the idea that early detection of the
carriage of such alleles can be used to organize a digital
registry of potential suicide attempters with subsequent
targeted suicide prevention [1]. This, in turn, raises the
challenge of identifying genetic and genomic markers
that are clearly associated with SB and a high risk of
suicide. The main requirement for such markers of med-
ical pathology is the possibility of conducting screening
studies. It follows that the marker should have high
predictivity, and its use should be relatively cheap and
simple. One such potential marker could be a study of
the telomere length of peripheral blood leukocytes,
based on counting the number of tandem TTAGGG
repeats that form telomeres, using quantitative polymer-
ase chain reaction (QPCR) in real time.

The association of telomere shortening with an in-
creased risk of suicide was first described by V.
Birkenzs et al. in 2001 [2], who examined the telomere
length of leukocytes in 248 patients with affective dis-
orders, including bipolar disorder (BD) type I (n=159),
type II (n=67), major depressive disorder (MDD, n=22),
in comparison with 401 healthy control individuals. The
authors assessed diagnosis, duration of the disease and
age of onset using the Structured Clinical Interview for
DSM-IV (SCID-I). The number of suicide attempts
during life was determined on the basis of self-reports
by patients. The study found that telomeres in patients
with affective disorders are shortened compared to
healthy individuals (p=0.02). The more shortened telo-

meres were in patients, the greater the number of suicide
attempts in their anamnesis (p< 0.001), including taking
into account the age of onset of the disease (p=0.001).
Multiple parasuicides were associated with a reduction
in telomere length comparable to an eight-year life ex-
pectancy, adjusted for demographic and clinical charac-
teristics [2]. The result of the study by V. Birkenas et
al. in 2001 seems even more paradoxical because telo-
meres, in fact, do not encode anything and are not regu-
latory elements, are associated with almost 200 protec-
tive proteins that block the possibility of forming ring
chromosomes and chromosome translocation, and also
provide protection of telomeres from repair systems that
destroy tandem repeats. Therefore, this study served as a
starting point for a more detailed study of the associa-
tion of telomere length and their structure with SB and
the frequency of suicides.

The aim of the study is a retrospective analysis of
known data on structural changes in telomeres with the
risk of suicide and the development of affective mental
disorders.

Material and methods

A targeted search of full-text publications in the
PubMed database was carried out using the keyword
combination telomere length suicide, telomeres suicide,
lithium telomeres suicide, depression telomeres suicide,
schizophrenia telomeres suicide. The analysis utilized
both full-text articles that published materials on studies
of suicide cases in individuals without a history of af-
fective disorders and in patients with depression and
schizophrenia who had committed suicide, as well as
the results of meta-analyses on the topic. A total of 124
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articles were analyzed, of which 65 full-text publica-
tions were selected for analysis and citation.

Review of the results of literary analysis

A brief overview of telomeres. Telomeres are
noncoding nucleoprotein structures that mark and pro-
tect the natural ends of linear eukaryotic chromosomes
from sticking together and distinguish them from nor-
mal random DNA breaks. Human telomeres consist of
thousands of tandem repeats of the sequence 5°-
TTAGGG-3", typically 10 to 15 kilobase pairs in length
[3]. However, telomere length is not constant and can
vary widely [4]. With each cell division, telomeres
shorten by 50-200 base pairs [5]. The formation of ex-
tremely short, dysfunctional telomeres leads to the loss
of their protective functionality and is accompanied by
impaired cell proliferation, the predominance of apop-
totic processes, and aging [6].

Telomere shortening is prevented by a submolecu-
lar complex with reverse transcriptase activity, called
telomerase, which is formed by the catalytic component
of telomerase reverse transcriptase (hTERT), an RNA
component (TERC) and several species-specific helper
proteins [7], such as dyskerin (DKC-1), nuclear protein
family A member 2 (NHP-2), nuclear protein family A
member 3 (NOP-10), pontin/reptin, TCAB-1 and nucle-
ar protein family A member 1 (GAR-1), which are in-
volved in the assembly, transport, recruitment and
maintenance of telomere stability [8]. Thus, telomerase
is a ribonucleoprotein with an RNA subunit 7ERC and
the enzymatic subunit of reverse transcriptase TERT, in
which telomere lengthening by telomerase is carried out
from the 3-end [8]. Unlike TERT, the expression of
which is very low in most cells of adult humans, the
subunit TERC is expressed in most normal human cells.
Therefore, it has been suggested that TERC may have
functions unrelated to telomere elongation [9], such as
inhibition of apoptosis in immune cells, protection of
neurons from oxidative stress, and enhancement of cel-
lular inflammatory responses [10, 11, 12].

Telomerase, however, does not completely restore
telomere length and their length still decreases over time
[13, 14]. To date, 16 genes associated with telomere
pathology have been identified. Inheritance can be auto-
somal dominant, autosomal recessive or X-linked reces-
sive [15]. The spectrum of diseases associated with
polymorphisms of these genes is wide (pathology of the
skin, teeth, lungs, red bone marrow, oncopathology) and
this is not always associated with telomere shortening.
In particular, TERC regulates the genes LIN37 (regula-
tor of cell cycle genes), TPRGIL (tumor protein, p63-
regulated protein-like protein 1), TYROBP (tyrosine
kinase binding protein) and USP16 (ubiquitin-specific
protease 16) demonstrate stimulation of NK-«kB (nuclear
transcription factor kB, which controls a large group of
genes associated with inflammation, cell proliferation
and apoptosis processes) pathway activation. Mechanis-
tically, TERC binds to the promoter region of these
genes, forming RNA-DNA triplexes, which enhances
their transcription. In vivo, the expression of TERC and
its target genes (TYROBP, TPRGIL, USP16) is in-
creased in patients with inflammation-related diseases,
such as type II diabetes and multiple sclerosis [12].

Based on the above, it follows that telomerase
subunits control a wide range of physiological functions
and pathological reactions, of which the greatest interest
for suicidologists is the connection with inflammation,
since there are sufficiently convincing grounds to as-
sume that SB is realized as a violation of higher func-
tions of the brain, induced by sluggish chronic neuroin-
flammation [16].

Telomere length and mental disorders. In 137 pa-
tients with MDD and 118 healthy volunteers, after ad-
justment for potential confounders (p=0.79), telomere
length was significantly negatively associated with age
(B= —0.007, p<0.001). Furthermore, the logarithm of
tumor necrosis factor-alpha (TNF-0) concentration was
significantly negatively associated with telomere length
(»=0.009) in both patients with DD (p=0.02) and GC
(»=0.05) [17]. The authors concluded that telomere
shortening may be associated with the level of inflam-
matory cytokines in patients with BD, which is con-
sistent with our and other authors' hypothesis about the
association of BD with chronic low-grade neuroinflam-
mation [16]. The cited publication correlates well with
the results of another study in which serum concentra-
tions of brain-derived neurotrophic factor (BDNF), in-
terleukin-6 (IL-6), interleukin-10 (IL-10), TNF-a, CC-
motif chemokine 11 (CCL11), CC-motif chemokine 24
(CCL24), and 3-nitrotyrosine, as well as the activities of
glutathione peroxidase, glutathione reductase, and gluta-
thione S-transferase, were compared with telomere
length measured by qPCR in 36 patients with MDD
type 1, 39 of their siblings, and 44 healthy controls. The
authors reported that, compared with healthy controls,
telomeres were shorter in both patients and their healthy
siblings (p=0.041). However, compared with controls,
patients had increased concentrations of IL-6 (p=0.005)
and IL-610 (p=0.002), as well as IL-6 (p=0.014) and
CCL24 (p=0.016) compared with their siblings. CCL11
concentrations were elevated in siblings compared to
controls (p = 0.015), and a similar trend was found in
patients with MDD compared to controls (p=0.045).
Glutathione peroxidase activity was reduced in patients
with MDD compared to both controls (p=0.006) and
siblings (p=0.025). A statistically significant shortening
of telomere length (p<0.001) compared to healthy vol-
unteers (n=95) was also found in patients with bipolar
disorder (BD, n=85). Telomere length did not depend on
the BD subtype [18].

The association of inflammation with telomere
length and the presence of a mental disorder (MD) was
also examined in a cohort study including 40 patients
with BD, 41 with schizophrenia, 37 with MDD, and 36
healthy controls. Telomeres were shortened in patients
with schizophrenia and MDD, while telomeres were
longer in patients with BD. Telomere length was not
affected by different classes of psychotropic medica-
tions, but the duration of treatment with mood stabi-
lizers was moderately associated with longer telomeres
(r=0.451; p=0.001). Plasma C-reactive protein (CRP)
concentrations were higher in patients with schizophre-
nia compared with healthy controls (p=0.027) and were
weakly negatively correlated with telomere length in the
entire sample (r= —0.180; p=0.042). Compared with the
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control group, patients with treatment-resistant schizo-
phrenia had shorter telomere length (p=0.001), whereas
patients with MDD had higher TNFa concentrations
compared with the control group (p=0.028). Comorbid
cardiometabolic diseases did not affect the statistical
significance of the found differences in telomere length,
CRP and TNFa between the studied cohorts. The au-
thors postulated the conclusion that patients with severe
MD have reduced telomere length and activated in-
flammation [19]. Another study found an association
between four main factors commonly found in patients
with MDD: inflammation/oxidative stress, hypothalam-
ic-pituitary-adrenal axis dysregulation, metabolic im-
balances including insulin resistance, and decreased
brain-derived neurotrophic factor levels, which are
regularly detected in patients with MDD and are associ-
ated with telomere shortening [20].

In a genome-wide association study (GWAS) on a
sample of 472,174 individuals of European descent, data
on leukocyte telomere length in BD (7,647 cases and
27,303 controls) obtained from the UK Biobank were
summarized using the Mendelian randomization method
(inverse variance weighting variant), sensitivity analysis
— the MR-Egger method, maximum likelihood, MR-
pleiotropy with residual sum outliers and MR-robust
adjusted profile estimation methods, confirmation of the
putative association between exposure and outcome — the
MR-Steiger test. As a result of the statistical analysis, the
authors concluded that shortened telomere length is a
causal risk factor for the development of BD [21].

However, not all patients with BD have shortened
telomeres, which is associated with age. Thus, when
measuring telomere length in 542 patients with BD (mean
age 33 years), as a result of applying cluster analysis, a
statistically significant shortening of telomeres by more
than two times was found in patients with a mean age of
51.73 years (n=138) and a mean age of 29.64 years (n =
265), but not in young patients with a mean age of 29.02
years (n=139) [22]. The authors claim that the latter two
groups differed in body mass index (25.36+5.12 and
24.9245.19, p=0.0197?), which is probably an error in the
statistical analysis, as well as a correlation of telomere
length (p=0.003) with the presence of SNP in the POT 1
gene (the gene for the telomere protector protein, which is
part of the shelterin complex).

The greatest telomere shortening in patients with
MDD (n=10) compared with healthy individuals (n =
10) and patients with BD (n=10) or schizoaffective per-
sonality disorders (n=10) was found in the hippocampus
even after age adjustment [23].

As follows from a number of meta-analyses, short-
ening of telomere length is also observed in schizophre-
nia, which is associated with a shortening of the average
life expectancy of patients with schizophrenia by 14.5
years [24, 25, 26]. A similar result was obtained when
comparing telomere length in 301 patients with schizo-
phrenia versus 378 healthy volunteers [27]. A signifi-
cant shortening of telomere length in patients with
schizophrenia compared to healthy individuals is deter-
mined in the age range up to 50 years, after which there
are no differences [28]. The absence of differences in
telomere length after 50 years may be due to the fact

that in healthy individuals, age-related shortening of
telomeres has occurred by this age, whereas in patients
with schizophrenia, apparently born with already short-
ened telomeres, telomere length is maintained at the
initial level and further significant shortening of telo-
meres does not occur.

Both schizophrenia [29] and depressive disorder
[30, 31] patients with significantly shortened telomeres
were resistant to drug treatment, unlike patients with
normal telomere length. It is noteworthy that in depres-
sive patients undergoing electroconvulsive therapy
(ECT), the effectiveness of ECT did not depend on te-
lomere length, although their lymphocyte telomeres
were significantly shortened compared to individuals in
the comparison group [31, 32]. In particular, this is indi-
rect evidence that the antidepressant effect of ECT is
not associated with an indirect effect on the brain's me-
diator systems.

However, a meta-analysis of 22 studies that exam-
ined the association of telomere length with schizophre-
nia revealed significant heterogeneity in these studies.
Based on the discovery of heterogeneity across studies
and despite the fact that all 22 case-control studies
found shortened telomeres in patients with schizophre-
nia compared to healthy controls, the authors of the
meta-analysis consider the results of these studies to be
a statistical error and remind that “schizophrenia is a
heterogeneous disease with several subtypes” and
deny differences in telomere length in patients with
schizophrenia compared to healthy individuals [33].
In addition, for example, a statistically significant
decrease in telomerase activity was found in 53 pa-
tients with schizophrenia compared to their 31
healthy relatives and 59 unrelated healthy volunteers,
although the differences in the activity of this enzyme
varied significantly between patients [34].

It should be noted that the results of one of the
Helsinki cohort studies, which examined the relation-
ship between telomere length and the presence and
treatment of MD, found that: “...in patients hospitalized
for any MD or substance use disorders, telomeres were
longer than in non-hospitalized control participants
(p<0.042). Moreover, only in patients with any MD who
were taking psychotropic medications, telomeres were
longer than in non-hospitalized control participants
(p=0.02)" [35].

In a meta-analysis of 19 articles selected from
2133 publications, it was found that telomere length was
shorter in 2003 patients with schizophrenia (SMD=0.35,
95% CI 0.11-0.60, p=0.0001) and 5427 patients with
BD (SMD=0.18, 95% CI -0.04-0.39, p=0.0001) than in
225883 healthy controls. Treatment with lithium
(SMD=0.37, 95% CI 0.04-0.69, p=0.0001) or antipsy-
chotic drugs (SMD=0.20, 95% CI 0.02-0.38, p=0.0001)
did not affect telomere length in cohorts from different
studies [36].

Interestingly, 48 patients with mesial temporal lobe
epilepsy (the epileptic focus is localized in the hippocam-
pus) resistant to drug therapy also showed significant
telomere shortening compared to 41 healthy individuals
in the control group [37]. This fact allows us to general-
ize: regardless of the clinical variant of MD, telomere
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shortening is accompanied by resistance to drug therapy.
In a similarly designed study of the effect of valproic acid
and lamotrigine on the telomere length of leukocytes in
64 patients with epilepsy compared to 64 healthy volun-
teers (matched for age 18-79 years, 31 men and 33 wom-
en in each group), an increasing shortening of telomeres
was found in the series valproic acid > lamotrigine >
valproic acid + lamotrigine. Also, in patients with epilep-
sy, compared to healthy individuals, the number of copies
of mitochondrial DNA (mtDNAcn) was reduced, but
without any connection with the drug therapy [38].

However, when analyzing the pooled statistics of
genome-wide association studies (GWAS) of telomere
length and epilepsy using Mendelian randomization, no
statistically significant evidence of shorter telomeres
was found in patients with epilepsy. However, the au-
thors of this study reported that they were unable to
analyze the subgroup data because they used pooled
statistics rather than raw data [39]. Accordingly, the
conclusion of their study may be erroneous, since the
result of a statistical study is known to depend on the
groupings. Apparently, the association of telomere
length with the development of epilepsy has not been
studied much to date, since in addition to the cited pub-
licly available publications, we were only able to find a
preprint of one other article, the authors of which also
used a combination of GWAS results and a study of
telomere length in patients with epilepsy

Age-related accelerated shortening of telomeres
and cellular senescence are believed to be associated
with various chronic diseases, including MD. In patients
with MD, telomere shortening is believed to be a conse-
quence of the experienced allostatic load on the body's
systems caused by long-term exposure to severe diseas-
es or chronic stress, due to the depletion of the adaptive
capacity. Most studies of telomere length in psychiatry
have been conducted in patients with MDD. However,
shortening of leukocyte telomeres has also been detect-
ed in patients with BD [40]. This observation is sup-
ported by the results of a study of 579 patients with BD
compared with 551 controls. In patients with BD, telo-
mere length was significantly shorter than in controls.
Moreover, in individuals with BD, a dependence of
telomere length on the duration of the disease was ob-
served: in patients with late-stage BD, telomeres were
significantly shorter than in patients with early-stage
BD. The authors concluded that their results support the
hypothesis of accelerated aging in patients with BD
[41]. Telomere length may be a heritable factor. Thus,
in a study of telomere length and the ratio of single-
copy genes (T/S ratio) measured using qPCR in a sam-
ple of 143 relatives from 22 families, of which 60 peo-
ple suffered from BD, telomere length was associated
with suicidal ideation (p = 0.02). The estimated herita-
bility of telomere length in these families was 0.68.
Covariates associated with disease severity were associ-
ated with shorter telomeres in patients with BD. No
differences in telomere length were observed between
patients with BD and healthy relatives. The authors of
this study concluded that stress-related subphenotypes
may accelerate the cellular aging process and correlate
with disease severity and suicidal ideation [42].

Association of Telomere Length with Suicide in In-
dividuals Without Clinically Obvious Mental Disorders.
A significant number of studies have now found an
association between telomere length and the risk of
death by suicide. For example, telomere length and
mtDNAcn were analyzed using qPCR in postmortem
samples from 528 individuals who completed suicide
without severe somatic diseases (508 peripheral blood;
20 brain samples) and 560 samples taken from control
subjects (peripheral blood from 535 healthy individuals;
25 postmortem brain samples). The study revealed
sex/age-dependent differences between suicide attempt-
ers and controls: women and young suicide attempters
were found to have shortened lymphocyte telomeres,
while men and older suicides were found to have higher
mtDNAcn levels in the peripheral blood. Compared
with controls, completed suicide subjects had shorter
total telomere length and lower mtDNAcn counts in the
postmortem prefrontal cortex [43]. When telomere
length was compared in 71 completed suicide subjects
and 117 healthy controls, telomere length was signifi-
cantly shorter in those who died by suicide. Moreover,
telomere length was associated with a significantly re-
duced risk of completed suicide in subjects aged 29
years and younger (OR=0.11, 95% CI 0.03-0.37,
p<0.001) and 30-49 years (OR=0.54, 95% CI 0.34-
0.84, p=0.006) [44]. We were unable to find other pub-
licly available studies that examined telomere length as
a marker of SB in mentally healthy individuals.

Association of Telomere Length with Suicide in In-
dividuals with Mental Disorders. In discussing the
mechanisms of genetic control of SB, we have repeated-
ly argued that any group of patients with mental disor-
ders, as well as healthy individuals in similar geograph-
ic, biogeochemical, political, social, material, and reli-
gious conditions, can be subdivided into individuals not
prone to suicide and individuals who commit parasui-
cide and/or suicide [45]. That is, there should be clear
genomic differences between these groups. It appears
that one of these differences is telomere length. For
example, a group of authors from the Russian Federa-
tion was the first to find that 47 patients with schizo-
phrenia with SB differed from 47 patients with schizo-
phrenia without self-destructive states and 47 healthy
control volunteers in having shortened telomeres and a
reduced number of mitochondrial DNA (mtDNA) copies
in peripheral blood leukocytes. The number of telomeric
repeats in patients with schizophrenia and suicide at-
tempts was 2254+28.4 pg /ug DNA (CI 95% 190-250),
with schizophrenia without suicide attempts — 243+21 (CI
95% 228-260), healthy individuals in the control group —
255+17.9 pg /ug DNA (CI 95% 242-266), p<0.001 in the
pairwise comparison test. A similar trend was observed
for the number of mtDNA copies: 257+101.5 (CI 95%
194-297), 262.3+59.3 (CI 95% 217-312), 272+79.9 (CI
95% 213-304), respectively, but without significant dif-
ferences [46]. The authors state that they were the first to
discover the phenomenon of telomere shortening in pa-
tients with schizophrenia and suicidal risk.

In adolescents with MDD aged 16—19 with suicid-
al tendencies (19 patients with a history of suicide at-
tempts and suicidal ideation), 14 patients with MDD
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without suicidal tendencies, and 20 healthy adolescents
in the control group, telomere length was significantly
lower and mtDNAcn was significantly higher in the
general MDD group than in the control group. Telomere
length was significantly shorter and mtDNAcn was
significantly higher than in the control group. In the
MDD groups, telomere length was negatively correlated
with the severity of both depression and anxiety, while
mtDNAcn was positively correlated with the severity of
emotional abuse. The authors concluded that cellular
aging is more pronounced in adolescents with depres-
sion and suicidal ideation, and that emotional abuse in
childhood may be part of this process [47].

In suicidal tendencies, decreased expression of the
TINF2 gene’, a key component of the shelterin com-
plex, is observed, which may lead to telomere shorten-
ing [48]. The intensity of TINF2 expression predicted
high levels of suicidal activity in women in an inde-
pendent testing cohort (AUC 272%, p=0.005) using
longitudinal analysis. It also predicted future hospitali-
zations with SB in women during the first year (AUC
67%, p=0.03) and moderately predicted hospitalizations
in all women in subsequent years (OR=1.2, p=0.005)
[49], memory loss and hallucinations [50], suggesting a
neuropathological component associated with telomere
shortening.

Lithium and Telomere Length. In light of the
above, the question arises: does antidepressant therapy
affect telomere length? Antidepressants do prevent te-
lomere shortening [51]. However, lithium salts appar-
ently have a more pronounced effect. According to a
meta-analysis of the literature for the period from April
1968 to August 2014 in the PubMed database, long-
term treatment with Li reduces the number of suicide
attempts by approximately 10% and the number of
deaths from suicide by approximately 20% [52]. In ad-
dition, patients treated with lithium for a long time tend
to have telomeres that are 35% longer than those who
did not receive treatment and are comparable in length
to healthy individuals [51, 53]. The same effect of lithi-
um has been found in a number of other studies. A ret-
rospective study (case-control and case-case design) of
telomere length using qPCR in 256 patients with BD
types 1 or 2 during outpatient lithium treatment revealed
that BD patients receiving both lithium monotherapy
and lithium in combination therapy had 35% longer
telomeres compared with 139 healthy control individu-
als (p<0.0005). Telomere length was positively correlat-
ed with the duration of lithium treatment over 30
months (p=0.03) and was negatively associated with an
increase in the number of depressive episodes (p<
0.007). BD patients who responded well to lithium
treatment had longer telomeres than those who showed
little effect. The authors concluded that lithium exerts a
protective effect against telomere shortening and sug-
gested that lithium increases telomerase activity [51].

Patients with BD (45 individuals) who had re-
ceived lithium treatment in their medical history had

'Associated with TERF1-interacting nuclear factor 2 (Telo-
meric repeat binding factor 1).
2Area under the ROC curve.

longer telomeres compared to patients with BD (86
individuals) who had never received treatment (p =
0.015), and similar telomere length compared to the
control group (336). In patients who had never received
lithium treatment, telomeres were shortened compared
to the control group (p=0.029) [53]. Some authors di-
rectly call BD a disease of accelerated aging, and lithi-
um salts used during the manic phase - rejuvenating
(anti-aging) agents [54]. This opinion is related to the
fact that the life expectancy of patients with BD is 8.5-9
years less than the average life expectancy of healthy
individuals [55].

Lithium regulates telomerase activity and mito-
chondprial function. An increase in telomere length as a
result of lithium administration was confirmed in an
experiment on Flinders rats. Sensitive Line, used as a
model of depressive disorder, and Flinders Resistant
Line, used as a paired comparison model [S6Flinders
rats Sensitive Line, compared with control Flinders rats,
telomere length in hippocampal neurons was shorter,
TERT expression and concentration of brain-derived
neurotrophic factor (BDNF), telomerase activity were
reduced. Lithium treatment for 42 days in Flinders rats
Sensitive Line normalized Tert expression and telomer-
ase activity and increased B-catenin levels®, but did not
affect BDNF expression [57].

The only way that telomere length can increase is
through increased telomerase activity, which was first
established in another study on a sample of 200 patients
with BD who were long-term treated with lithium, in
which, to compare the measurement methods, telomere
length was examined using two different methods: 1)
gPCR, and 2) quantitative fluorescence hybridization in
situ (Q-FISH). Telomere length was found to be nega-
tively correlated with age (p=0.0002) and was inde-
pendent of gender, diagnosis, age of onset of PD, num-
ber of mood episodes, response to lithium, and use of
other psychotropic medications. After adjustment for
age, telomere length was positively correlated with du-
ration of lithium treatment in patients treated for more
than two years (p=0.037), using both qPCR and Q-FISH
(p=0.012). Lithium treatment increased telomerase
(TERT) expression in neuronal progenitor cells, alt-
hough this effect was not statistically significant [59].

In cohorts of predominantly healthy adults, the
TERT gene SNP 152736100, associated with shortened
telomere length, was found [60]. In a study of salivary
cell-free DNA in individuals with depression from the
Swedish Adult Longitudinal Cohort (PART) aged 55
and younger, age was inversely associated with telo-
mere length in the control group (= —0.11, p=0.031). In
addition, the rs2736100 polymorphism was genotyped
in 436 patients with MDD, 1,590 controls, and 368 pa-
tients with BD type 1. The authors suggest that the mi-
nor allele of rs2736100 is associated with depression in
individuals who did not experience childhood adversity
and with the number of depressive episodes in patients
with BD type 1 who respond well to lithium [61].

3B-Catenin is a protein involved in cell adhesion and regula-
tion of gene expression. In humans, it is encoded by the
CTNNB 1 gene [58].
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Telomere length, TERT expression, and genotyp-
ing of three single nucleotide polymorphisms (SNPs)
associated with telomere length: 1) rs7726159, an SNP
in the TERT gene encoding telomerase reverse tran-
scriptase; 2) rs1317082, an SNP near the TERC gene
‘encoding the telomerase RNA template; and 3)
12487999, an SNP near the OBFCI gene *involved in
the CST complex, a telomerase regulator, were studied
in 100 patients with BD I and 100 healthy controls.
TERT expression was significantly elevated in patients
with BD I treated with lithium and was strongly positive-
ly correlated with the duration of lithium treatment in
patients treated for 24 months or more. However, the
authors did not find a significant effect of lithium treat-
ment on telomere length, leading them to suggest that the
beneficial effect of long-term lithium treatment is associ-
ated with lithium-induced increases in TERT expression.
In turn, increased TERT formation improves mitochon-
drial function and reduces oxidative stress [62].

Interestingly, the catalytic subunit of telomerase,
TERT, in addition to its telomere-lengthening effect,
performs a number of additional functions in the cell
nucleus and other subcellular structures, such as the
cytoplasm and mitochondria. Specifically, TERT trans-
locates from the cell nucleus to the mitochondria when
cellular oxidative stress increases above physiological
levels. Mitochondrial-localized TERT binds to mito-
chondrial DNA, increases mitochondrial membrane
potential, and interacts with mitochondrial tRNAs, im-
proving mitochondrial function, suppressing the genera-
tion of reactive oxygen species and thereby reducing
oxidative stress, optimizing oxygen respiration, and
consequently reducing damage to mitochondrial and
nuclear DNA and preventing apoptosis [63]. These non-
canonical functions of TERT may be key to brain ener-
gy metabolism and, ultimately, the regulation of think-
ing and behavior.

When determining TERT expression and telomere
length in 100 patients with BD I and 100 healthy con-
trols, TERT expression was significantly elevated in
patients with BD 1 treated with lithium and strongly
positively correlated with the duration of treatment in
patients receiving lithium therapy for 24 months or
more. However, in contrast to other studies, no effect of
lithium on telomere length was found. The authors sug-
gested that long-term lithium treatment is associated
with increased TERT expression, which in turn contrib-
utes to the mood stabilization and neuroprotective prop-
erties of lithium by improving mitochondrial function
and reducing oxidative stress [62]. The effect of increas-
ing telomerase expression and telomere length in the
report on lithium treatment of BD depends on the dura-
tion of treatment. Thus, when treating patients with BD
with lithium for six weeks, leukocyte telomerase activi-
ty negatively correlated with the clinical effect, and
accordingly, no changes in telomere length were record-

'RNA component of telomerase.

20B - fold- containing protein 1 (OBFC 1), a human homo-
logue of the yeast protein Stn 1, associates with TPP 1 (tripep-
tidyl peptidase 1) and is involved in the regulation of telomere
length.

ed [64]. In particular, this may be a real explanation for
the need for long-term treatment with lithium and anti-
depressants to achieve a lasting clinical effect.

Lithium was found to increase the activity of com-
plexes I, II, and IIT of the electron transport chain in the
postmortem frontal cortex of individuals with MDD
[65], as well as complex I in peripheral leukocytes [66].
Lithium inhibits glycogen synthase kinase 3 beta and
inositol monophosphatase, which increases the produc-
tion of brain-derived neurotrophic factor, anti-apoptotic
proteins, and blocks calcium-induced apoptosis. Anoth-
er possible mechanism of lithium's neuroprotective ef-
fect is the regulation of autophagy. In addition, lithium
administration reduces the accumulation of pathological
proteins such as phosphorylated tau and pB-amyloid. It is
suggested that lithium increases telomere length by
inducing telomerase activity, possibly through activa-
tion of the TERT gene [62].

A reflection of apoptosis and excessive destruction
of mitochondria is an increase in the concentration of
free extracellular DNA in the blood plasma, which is
usually associated with either induced apoptosis caused
by various chronic inflammatory processes, or onco-
pathology, or/and viral or bacterial infection [67]. Thus,
in 50 patients with MDD, compared with 55 healthy
individuals, a significant increase in the amount of ex-
tracellular mitochondrial DNA in the blood was found
(p=0.00002), while the number of mitochondrial DNA
copies did not differ [68].

There is a close relationship between mitochon-
dria, telomeres, and telomerase subunits. Mitochondrial
dysfunction causes telomere shortening, and telomere
damage leads to reprogramming of mitochondrial bio-
synthesis and mitochondrial dysfunction, which has
important implications for aging and disease develop-
ment [69]. (Fig. 1 —pp. 65).

An increase in free radicals as a result of mito-
chondrial damage leads to damage and shortening of
telomeres, which activates the expression of TERT,
which, in combination with TERC, restores telomere
length. However, with overexpression TERT is pro-
duced and increased levels of TERC are produced,
which damage mitochondria and trigger a complex in-
flammatory response. In the central nervous system, this
can lead to neuroglial activation and the initiation of
low-grade, chronic, asymptomatic inflammation, which
disrupts basic brain function and leads to addictive be-
havior, ultimately leading to heart failure and suicide.

Conclusion

Previously, E. Durkheim [70] put forward a hy-
pothesis, which we share, that each suicide attempter
has their own age at which they come to commit sui-
cide, which determines the differences in the frequency
of suicides in age cohorts [71]. The relationship be-
tween the risk of committing suicide and the shortening
of telomeres, the length of which can vary significantly
even at birth, and the supposed relationship between
age-related shortening of telomeres and life expectancy
well confirm this hypothesis. Moreover, this in turn
allows us to formulate another hypothesis: since the
length of telomeres is probably somehow connected
with the processes of aging and the initiation of the
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process of age-related death, which, despite the apparent
obviousness of its simultaneity, is unfolded over time,
then a significant shortening of telomeres to a length at
which age-related death should occur in a practically
healthy organism without significant age-related chang-
es in organs, can only be realized through suicide. From
this point of view, suicide is one of the biomechanisms
of dying when it cannot be carried out for natural rea-
sons.

Thus, telomere length is a marker, not a cause of
suicide, as damage is likely related to impaired mito-
chondrial respiration, which is indirectly dependent on
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