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YcaoBHS TPYAQ Ha IIPEATIPUSITUSX IO IPOU3BOACTBY CBHHIJA, TA€ B BO3AYXe PabOUeil 30HBI MPUCYTCTBYET OOABIIOE KOAHUe-
CTBO BP@AHDIX XFMMUYECKHX BeIeCTB, CPeAU KOTOPBIX BeAYIIMM (PAaKTOPOM PHCKA SBASETCS CBUHEI], OKa3hIBAIOT HETaTHBHOE
BAHMSIHHE Ha 3A0pOBbe pabourx. AaHHBINA KCEHOOHOTHK HApyIIaeT MHOTOYHCAEHHbIe OHOXMMHYECKUEe IPOLIeCChl U BAUSET
Ha MHoOTHe CHcTeMbl opraHusma. Ocobblil HHTepeC IIPeACTaBAseT [IOHUMAHMe ASHCTBHS CBHHIIA HA MOAEKYASPHOM ypOB-
He, TaK KaK IIOMHMO OOIINX MEXaHU3MOB MOBPEXAECHHI MOAEKYA M YABTPACTPYKTYP Yepe3 OKMCAUTEABHBIN CTPeCC, CBHHEL}
crocobeH cBsI3bIBATBHCA € HoAbIOH Hopospkoit AHK. I3MeHeHHe ypOBHS 9KCIIPeCCUU eHOB B OTBET HAa TOKCHYECKOe BO3-
AefICTBHe PACCMATPUBACTCS KAK OAMH M3 6HOMapkepOB 9dpdeKTa i MOKET CAYKUTb AASL PAa3pabOTKH MEPOIPHATHIL IO PaH-
Hell AMarHOCTUKe HapYIIEeHHI 3A0pOBbs y 9KCIIOHUPOBAHHBIX TPYII HACEACHHUS, B TOM YHCAe PabOTAIOLEr0 BO BPEAHBIX
YCAOBHAX.

LTeab nccaepoBaHMS — U3YIUTD dKCIpeccuio reHos penapanun AHK y paboTHiKOB IpOM3BOACTBA IO IIepepaboTKe CBHHIIA
U3 BTOPHYHOTO CHIPbSL.

O6cAepOBaHbI CTAXKHUPOBAHHbIE My)XYHHBI, PAOOTAIOIIE Ha IIPEATIPHSATHH IO IPOM3BOACTBY CBHHIIA M3 BTOPUYHOTO CHIPbS B
npodeccuu NAABUABINKA (1=65) OTAeACHUS PadMHUPOBAHKS, IAABHABIIUKA (11=11) OTACACHHS 4epHOBOTO CBUHLIA, CYIIHAD-
muka (n=10) oTAeAeHHs YePHOBOTO CBUHIA. B rpymmy cpaBHenus Boman Mysxuunbt (n=20), paboTaioimie Ha 3TOM e TIPeA-
IPUATHH U He HMeIOIHe KOHTAKTa C BPEAHBIMH paKTOpPaMH IIPOM3BOACTBA.

Awmmanduranmio uccaesyembix rerios (ATM, CDKNIA 1 MDM) NpOBOAUAH B PesKMe PeaAbHOTO BpeMeHH C HCTIOAb3OBAHH-
em amnaudukaropa QuantStudio 3 (Thermo Fisher Scientific, CILIA).

Br1r0 06HApY>KeHO, 4TO ypoBeHb IKcrpeccuu rena ATM CTaTUCTHYeCKH 3HAMMMO OTAHYAACS Y BCEX TPEX HCCAEAYEMBIX PYIIII OT
rpymmsl cpaBHeHus. JKcnpeccus reda CDKNIA yBeAndHBaAaCh IO CPaBHEHHIO C IPYIION CPaBHEHHUS AMIID Y TIAQBHABIHKOB
OTAeAeHHs paduHIpOBaHUsL. Taxoke IKCIIPECCUSI AAHHOTO I'eHa ObIAQ YBEAMYEHA Y [IAABHADBIIUKOB OTACACHUS padUHUPOBAHISL
IIO CPaBHEHHIO C TIAABHABIJUKAME OTACACHHUS YePHOBOTO CBUHIJA.

B AaHHOM HCCAGAOBAHMH IIPOAEMOHCTPHPOBAHO MoBbImenue ypoBHA akcrpeccun CDKIN1A y IAaBHABIIMKOB OTACACHHA Pa-
($UHIPOBAHIS, YTO BO3MOXKHO ABASETCS AAANTAIIOHHBIM MEXaHI3MOM CHCTeMbI pelapanuu. Taxoke y Bcex IKCIIOHHPOBAHHBIX
rpymm 65IA0 OOHAPYXKEHO CHIDKeHHe YPOBHs oKcrpeccuu rena ATM, BaXHOTO AASI IIOAAEPYKAHHS KAETOYHOTO TOMEOCTa3a.
AaApHelIIe HCCAGAOBAHMS MEXaHU3MOB BAMSHIS CBUHIA Ha SKCIIPECCHIO STUX ABYX I'eHOB Ha SKCIIePHMEHTaABHBIX MOACASIX
TI03BOAST HCTIOAB30BATh YPOBHU SKCIPECCHH B KAUeCTBe PAHHUX 6uomapkepoBs addexta xak obmero Bosseiictsus Pb (ren
ATM), Tax u p0303aBucumoro (rea CDKNIA).

OrpanmyeHHs HCCACAOBAHHSA. B AAHHOM HCCACAOBAaHUH He OIIPEACASIAACH ITHUYECKAS IIPUHAAACKHOCTD.

Aruka. VccaepoBaHus ObIAU IPOBEAEHB! B COOTBETCTBUM THIECKUM IIPUHIIMIIAM, U3A0XKEHHBIMH B XeAbCHHKCKOMN AeKAapa-
LMY BCEMUPHOM MEAULIMHCKOM aCCOLIMALMU U OAOOpeHBI AOKaAbHBIM aTHdeckuM komurerom OBYH EMHIT ITO3PIIII Po-
criorpe6raasopa (mporokoa N¢ 1 ot 26.02.2021 1.).
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Brief report

Working conditions at lead production plants, where a large number of harmful chemicals are present in the air of the work

area, among which lead is the leading risk factor, have a negative impact on the health of workers. This xenobiotic disrupts

numerous biochemical processes and affects many body systems. Of particular interest is the understanding of the action

of lead at the molecular level, since in addition to the general mechanisms of damage to molecules and ultrastructures as a

result of oxidative stress, lead is able to bind to a large DNA groove. A change in the level of gene expression in response to

toxic exposure is considered as one of the biomarkers of the effect and can serve to develop measures for the early diagnosis

of health disorders in exposed populations, including those working in harmful conditions.

The study aims to consider the expression of DNA repair genes in workers of lead processing from secondary raw materials.

The researchers examined the interned men working at the enterprise for the production of lead from secondary raw materials

in the profession of a smelter (n=11) of the rough lead department, a dryer (n=10) of the rough lead department.

The comparison group included men (n=20) who work at the same enterprise and have no contact with harmful factors

of production. We have performed amplification of the studied genes (ATM, CDKNIA and MDM) in real time using the

QuantStudio 3 amplifier (Thermo Fisher Scientific, USA).

It was found that the expression level of the ATM gene was statistically significantly different in all three study groups from

the comparison group. The expression of the CDKINIA gene increased in comparison with the comparison group only in the

smelters of the refining department. Also, the expression of this gene was increased in the smelters of the refining department

compared with the smelters of the rough lead department.

In this study, an increase in the expression level of CDKNIA in smelters of the refining department was demonstrated,

which may be an adaptive mechanism of the repair system. Also, in all exposed groups, the researchers found a decrease

in the expression level of the ATM gene, which is important for maintaining cellular homeostasis. Further studies of the

mechanisms of the influence of lead on the expression of these two genes in experimental models will allow the use of

expre)ssion levels as early biomarkers of the effect of both total Pb exposure (ATM gene) and dose-dependent (CDKNIA
ene).
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BBepenne. YcAoBus TPyAQ Ha MPEATIPUATHSAX IO IPOU3-
BOACTBY CBHIHIIA, TA€ B BO3AYXe pabodeil 30HbI IPUCYTCTBY-
eT HOABIIOE KOAMYECTBO BPEAHDBIX XMMIYECKUX BEINECTB, Ta-
KHUX KaK CBHHeIl, IIHHK, MeAb, KAAMUIA, MBIIIBSK, CypbMa U Ap.,
B BBICOKHX KOHIJeHTPalUsX, a TakoKe Qu3Hdeckue GaKTOpbI
B BHAE BBICOKHX TEMIIEPATYP, a9p030Aell pUOPOreHHOTO Aeii-
CTBHA U QaKTOPBI TPYAOBOTO IPOIIECCa, BO3AEHCTBYIOT OT-
PHUILIATEABHO HA OPTAHU3M PAOOTHUKOB AAHHBIX IPOM3BOACTB.
B pspe uccaepoBanuit HOAYEPKHUBALTCS, YTO BEAYITUM PaKTO-
POM IpodeCcCHOHAABHOTO PHCKA SIBASIETCS a9PO30Ab, OCHOB-
HbIM KOMIIOHEHTOM KOTOPOTO siBAsieTcs cBuHer [ 1, 2].

Ms3BecTHO, YTO IpHU CBHHEI| NONAAAeT B OPTaHU3M IIPH
BABIXaHMH, ITPOTAATHIBAHUM MAHM 4Yepe3 KOXKHbIe IOKPOBDI,
U B IOCAEACTBHHU TPAHCIOPTHPYETCS MO KPOBEHOCHOH CH-
cTeMe B OpPTaHbl U KOCTHYIO TKaHb [3]. Tak xax cBuHer He
BBINOAHSIET QPUIHOAOTMYECKUX QYHKIHIL B OpraHU3Me YeAOBe-
Ka, AQHHBIN KCEHOOMOTHK HApyILIaeT MHOTOYHCAEHHbIE OHO-
XUMHYECKHe IPOLecchl ¥ BAMAET HA MHOTHE CHUCTEeMBI Opra-
Hu3Ma [4]. Ocobenubiit HHTepec IPEACTaBAsIeT IIOHUMAHKe
AEVICTBIIS CBUHIIA HA MOAEKYASPHOM YPOBHE, TaK KaK IIOMUMO
OOIINX MEXaHHU3MOB [OBPEXACHHI MOAEKYA U YABTPACTPYK-
TYP Yepe3 OKHCAUTEABHDII CTPeCC, CBUHEL] CIOCOOEeH CBSA3bI-
BaTbCs ¢ 6oabmoit 6oposaxoit AHK u B3anMopeiicTBoBaTh
C aTOMaMHU KHCAOPOAA $OCaTOB, TAKKe BHI3BIBASI IIOBPEXAL-
uus AHK [S]. B oTBeT Ha AaHHble HapyLIeHHs 3aITycKaeTcs

nponeccs! penaparuu AHK, a Taroxe nsmensercs sxcrpeccus
TeHOB, OTBEYAIOIIHX 32 HUX.

VzmeHneHune ypoBHS 9KCIIPECCHH T€HOB B OTBET Ha TOK-
CHYeCKOe BO3AEHCTBUE PACCMATPHBAETCS KAK OAMH U3 OHO-
MapKepoB 3QPeKTa H MOXKET CAYXHTb AAS Pa3paboOTKH Me-
PONIPUATHI 110 PaHHE! AMATHOCTHKE HAPYIIEHHH 3A0POBbA
¥ 9KCIIOHMPOBAHHBIX IPYIII HACEACHHS, B TOM UKCAe pabora-
IOIIETO BO BPEAHBIX YCAOBHIIX.

IeAb HccaepOBaHMS — M3yUeHUE SKCIIPECCUH TeHOB pe-
mapariuu AHK y paboTHHKOB Ipon3BoacTBa 1o mepepaborke
CBMHIIA U3 BTOPHYHOTO CHIPBSL.

Marepunaast u MeToAbL. O0CACAOBAHbBI CTAXXHPOBAHHBIE
MY>KYMHBI, pa0OTAIOI[}e HA IPEANPUATUHU 10 IPOU3BOACTBY
CBHHIIA U3 BTOPHYHOTO CBHIPbS B MPO(ECCHHU TAABHABIIH-
Ka (n=65) oTaereHus paduHupoBaHus (CpeAHMIl BO3pacT
39,095£6,65 roaa), maasuabmuka (n=11) oTAeAeHHS YepHO-
BOro cBuHua (cpeanuit Bospact 41,7346,61 roaa), cymman-
muka (n=10) OTAeAeHHS YepHOBOTO CBUHILA (CpeAHMil BO3-
pacr 41,4+7,88 roaa). B rpymny cpaBHeHUs BOAM My>KYHHDBI
(n=20), paboTaromue Ha 3TOM Xe MpeAnpusTHU (CpeAHHit
Bospacr 40,1£7,5 A€T) ¥ He HMEIOIIe KOHTAKTA C BPeAHBIMH
dakropamu mpousBoacTBa. Bribopka comocraBuMa O MOAY
U BO3PACTY.

BpeaHble IpOM3BOACTBEHHbIE (AKTOPBI OBIAM ONpepe-
Aesbl o MateprasaM COYT. ¥V NmAQBHABIIUKOB OTACACHUS
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padpHUHUPOBAHUS: KPEMHHUIH AOKCHA aMOPHBIH B BHAE a39PO-
30A4, CBUHEI] M €T0 HeOpraHUYeCcKHe COeAUHEeHNUs, pOPMAAD-
AETHA, TSDKECTb TPYAOBOTO IIPOLieCca, TApaMeTp HarpeBarole-
IO MHKPOKAMMATA (TemAoBOe HM3AyueHHe). Y [AABUABIIUKOB
OTAEAEHHS YePHOBOTO CBHHIJA: CBUHEI] M €T0 HeOpraHUIecKue
COeAUHEHNS], TSDKECTh TPYAOBOIO IIPOLeCCa, BUOPALUS AO-
KaAbHAsl, TAPAMeTP HarpeBaloliero MUKPOKAMMATA (TermAoBoe
u3AydeHHe). Y CyIMABIIUKOB OTAGACHHUS YepHOBOTO CBUHLA:
CBHHeI] U er0 HeOPraHH4eCKUe COSAMHEHHs, KPeMHHUI AMOK-
CHA KPUCTAAAMYECKHH, TDKECTh TPYAOBOTO IIpOIiecca. YpoB-
HU MAaKCHMAABHO Pa3OBBIX/CpeAHeCMEHHbIX KOHIIeHTpALHit
XMMHYECKUX BEWjeCTB ONpeAeAeHsl o pesyasratam KU [1]:
oTaerenue papunupoBarus — 0,113-2,4221 mr/M>, oTaese-
HHe YepHOBOro cBuHna — 0,495 mr/n’.

Mouexysapno-zenemuuecxkue uccaedosanus. ToraabHyio
PHK 13 06pa31joB BeHO3HOM KPOBU BBIACASIAU C HICIIOAB30BA-
uueM pearenTa ExtractRNA, coraacHo nmpoToxoay npousso-
auteast. KornenTpanuio u uncroty Boiaeaensoir PHK ompe-
AGASIAHL C HCIIOAb30BaHHeM crekTpopoTomerpa NanoDrop-
ONE (Thermo Fisher Scientific, CIIIA) mo cooTHOmeHHIO
onTudeckoit morHocTd npu 260 1 280 uM (A 260 / A 280).

O6paTHyI0 TPAHCKPHIIIIHIO IPOBOAUAM C HCTIOAB30BAHHIEM
Habopa peakrusos MMLV-RH («Anasm>», Poccus) B coot-
BETCTBUH C HHCTPYKIIISIMHU IIPOM3BOAUTEAS B aMIIAUPUKATOpE
Bio-Rad T100 (Bio-Rad Laboratories, CIIIA). AMmanduxa-
IIMI0 HCCAEAYEMBIX TeHOB IIPOBOAMAU B PeXHME PEaAbHOTO
BpeMeHH ¢ ucnoab3oBanueM SYBR Green Ha amman¢ukarope
QuantStudio 3 (Thermo Fisher Scientific, CIIIA). Cmech aast
ITLIP Bratouasa B ce6s BuoMacrep HS-qPCR SYBR Blue
(«Buoaabmukc>, Poccus), mpsaMoit 1 06paTHslil npaitmepsl,
KOTOpBIe IPeACTABACHEL B mabiue.

AaHHBIe AaMITAMUKAIIMK AHAAUSUPOBAAU METOAOM 2
cucrioabzoBanreM GAPDH B kadecTBe BHyTpeHHEro KOHTPOASL

Cmamucmuueckuii anaus. HopmaabHOCTD pacnpeseae-
HUS BBIOOPOYHBIX AQHHBIX [IPOBEPSIAU C IPUMEHEHHEM KpU-
tepust Koamoroposa—CmupHOBa. AAS cTaTHCTHYIECKOM 00pa-
6OTKU 9KCIIEPUMEHTAABHDIX AAHHBIX HCIIOAB30BAAM KPUTEPHIL
Kpackeas-Yoaanca v Hemapamerpudeckuit U-kputepuit Man-
Ha—YWTHH AAS CPaBHEHHUS ABYX HE3aBHCHMBIX IPYIII B IPO-
rpamme Statistica (StatSoft). Pesyabratnl cuntasn pocrosep-
HbMu ipu p<0,0S.

PesyapTaThl. B pesyabTaTe mpoBeaEHHOrO MCCAEAOBa-
HUsE OBIAO OOHAPYKEHO, 9TO ypoBeHb IKcrpeccu rena ATM
CTATHCTHYECKH 3HAYMMO OTAMYAACS Y BCEX TPEX HCCAEAYEeMBIX
rpynn ot rpymnst cpasienus (p=0,0004) (puc. 1). Tak, oxc-
Tpeccys AAHHOTO reHa B IleprepHruecKoii KpOBU ObIAA HIDKe
Y pabOTHHKOB, KOHTAKTHPYIOLIUX CO CBHHIIOM, U Pa3AMYHIL
MeXAY THMH TpeMs IPYIIaMK He OBIAO 0OHApYIKeHO.

AACt

Tabaura / Table

ITocaepoBaTeAbHOCTD IpafiMepoOB
Sequence of primers

Kparnocts axcnpeccun

Irc I1P I1C

ATM
I'pymmsr

Puc. 1. KparHocTs m3MeHeHHs skcnpeccun rema ATM
Y paGOTHHKOB NPOM3BOACTBA CBHHIJA U3 BTOPHYHOIO ChI-
ppa

Ipumeyanue: I'C — rpynma cpaaenus, IIP — maaBuAbIMKY OT-
AeseHns papurrpoBanust, [IC — MAaBHABIUKY OTACACHHS YepHO-
Boro cuHIA, C — CyNIMABIIUKH OTAGACHMS YEPHOBOTO CBHHIIA;
¥ — cTarucTHYecKu AocToBepHbIe pasamuns (p<0,05) or I'C.

Fig. 1. Multiplicity of changes in ATM gene expression in
workers producing lead from secondary raw materials

Note: I'C — reference group; ITP — furnace operators in the refining shop;
PC — furnace operators in the crude lead shop; C — dryer operators in
the crude lead shop; * — statistically significant (p<0,05) differences from
the comparison group.

OaHaxo ypoBeHb SKCIIPECCHU APYTHX I'€HOB, OTBETCTBEH-
HBIX 33 Pellapaliiio, AN0O He U3MEHSACS, KaK B CAydae IeHa
MDM, Anb6o MeHsIACS He y BCeX HCCAeAOBAHHBIX rpymr. Kak
BHAHO Ha pucyHke 2, sxcrpeccus reHa CDKINI1A yBeanunsa-
AACh TI0 CPaBHEHHIO C TPYIIION CPAaBHEHHUS AMIIDb Y TIAQBUAD-
muKoB oTAeAeHus paduruposanus (p=0,003). Taxxe oxc-
IPEeCCHs AAHHOTO reHa OBIAQ YBEANYeHA Y [IAQBHABIIHKOB OT-
AeAeHNs paQUHUPOBAHMUS MO CPABHEHHIO C MAABUABIUMKAMHU
oTAeAeHus yepHOBOro ceunna (p=0,001).

O6cyxaenns. e nHrnbuTOpa IMKAMH3ABUCHMON KH-
Hassl 1A (CDKNIA) KOAUPYeT HHTMOUTOP LIUKAMH3ABHCH-
Mot kunassl (CDK), KOTOpBIi y4acTByeT B KOHTPOAE KAe-
TOYHOTO LMKAA MAeKONUTAImuX [6, 7). [ToBbimenue ypos-
Hs okcnpeccuu reHa CDKNIA y IAaBHABITMKOB OTACACHHS
PadUHIPOBAHMS MOXET OBITh AAANTAIIHOHHBIM MEXAHU3MOM,
TaK Kak OBIAO IIOKA3aHO, YTO IIPOAYKT AAHHOTO
reHa CII0COOCTBYeT yMeHbIIEHUIO TOKCHYEeCKUX
a¢dekroB, BoizBaHHbIX PbAc, B KOCTHOM MO3-
re [8], 0AHAKO OCTaéTcs OTKPHITBIM BOMPOC,

Ten Hanpasaenune ITocaepoBaTeapHOCTD §5'— 3’ [o4YeMy OSKCIpeCcCHs AAHHOIO reHa H3MEHHU-

Tpsmoit / Direct | TTIGTTGTCCCTACTATGGAAATTAAG | A8CP TOADKO B 9TOH IPYIIIIE, & Y MAABHAbIIH-

ATM - KOB U CYIIMABIIMKOB OTACACHUS 4epPHOBOTO

O6PaTHbII/I / Reverse AGCGAAATTCTGCTITAAATGAC CBHHIIA OCTaAACh Heu3MeHHOMH. BepOﬂTHO, 3TO

CDKNIA Ipsmoii / Direct TGTCCGTCAGAACCCATGC MOXET OBITH CBS3AHO C PA3AUYHBIM YPOBHEM

O6parnsiit / Reverse AAAGTCGAAGTICCATCGCTC IKCIIOSHITHH: I:IP CBBIMICHHIE CPEAHECEMEHHAIX

KOHIJeHTpalUil CBHHI]A HAa yYacTKe KOPOTKO-

MDM Ipsmoit / Direct TGCCAAGCIICTCTGTGAA GapabaHHbIX mevedl B 9,9 pasa, a Ha y4acTKe

O6parnbii1 / Reverse CGATGATTCCTGCTGATITGA PadMHUPOBOYHDIX KOTAOB A0 48,4 pasa, a Tak-

Ipsmoit / Direct GAAGGTGAAGGTCGGAGTCA | X© € TeM 'TO B OTACACHIN PadHRUPOBAKNS

GAPDH B OCHOBHOM IIpeobAapaeT HaHOPa3MepHbIN
O6parusiit / Reverse GAAGATGGTGATGGGAIITC CBUHeI] [1]
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pps

Ipumeuanue: 'C — rpymnma cpaBHennus, [TP — MAQBHABIIUKE OTAe-
Aenus pa¢punupoBanys, [1C — IAABUABIIUKYI OTACACHHS YEPHOBOTO
cBuHI, C — CYIIMABIINKH OTAGAEHHS YePHOBOTO CBUHI; * — cTa-
THCTHYECKH AOCTOBepHble pasanaus (p<0,05) ot ['C, * — craructu-
qecku pocTosepusie pazamaus (p<0,05) mexay [P u T1C.

Fig. 2. Multiplicity of changes in CDKN1A gene expression in
workers producing lead from secondary raw materials

Note: I'C — reference group; ITP — furnace operators in the refining shop;
IIC — furnace operators in the crude lead shop; C — dryer operators
in the crude lead shop;* — p<0.0S, compared with the reference group;
*— p<0.0S, for comparison between ITP and IIC.

IoaydeHHbIe pe3yABTATBI CBHACTEABCTBYIOT O TOM, UTO Y
PabOTHUKOB, IIOABEPIIIHXCSI BO3ACHCTBHIO CBHHIA, IIPOHC-
XOAUT HHrubupoBaHue nporeccos pernapanuu AHK mocpes-
CTBOM yMeHbIIIeHHs YpoBHA akcrmpeccur resa ATM. ATM
(MyTauus aTakcHyU-TEAeAHTMIKTA3HH) IPEACTAaBASET co6oit
CepUH/TPEOHHUHOBYIO KMHA3y U YIaCTBYeT B IOAACPXKAHUH
KAeTOYHOTro romeocrasa [9]. Mssectro, uto ATM cymectsy-

Brief report

eT BO MHOTHX OPIaHEeAAAX, TAKHX KaK 9HAOIAA3MATHYECKHI
PeTHKYAyM, HepPOKCUCOMBI ¥ MUTOXOHApHH. [uTomaasmaTu-
geckuit ATM oxasbiBaeT CBO€ BAMSHME, CIIOCOOCTBYS ayToda-
ruu, ocobeHHo nepokcodarnu u mutoparuu [9-11]. Panee
OBIAO TOKA3aHO, YTO HoKayT ATM uepes siRNA peaaer xaeT-
K1 60Aee BOCIIPHIMYHMBBIMY K TOKCHYHOCTH Pb: Hapymerne
HPOLIECCOB CAMSHUS M AeACHHS] MUTOXOHAPHI, a TaKKe IOo-
BoimenHas gpparmentanus AHK [12].

Taxum o6pazoM, ATM urpaer 60AbIIYI0 POAb B OTBeTe
KAETOK Ha BoaaelicTBue Pb, a moHIDKeHNe ypoBHS 9KcIIpec-
CHH 9TOTO I'eHa 3HAYUTEABHO YCYIYOASET TOKCHYECKOE AEH-
CTBHE AQHHOTO KCEHOOMOTHKA, TaK KaK IPYIION aBTOPOB ObI-
A0 OOHAPYXXEHO, 9TO CIIOCOOHOCTD K BoccraHoBAeHHI0 AHK
3HAYHTEABHO HIDKE Y pab04KX, MOABEPTIINXCS BO3ACHCTBUIO
ceunna [13].

Hecmorpst Ha TO, 9TO MMeIOTCS AaHHBIE 006 HHIUOHpO-
BaHUM OCHOBHBIX MeXaHu3MoB penaparuu AHK apeficTBrem
CBHMIHI]A U APYTUX MeTaAAoB [ 14, 15], Ha AQaHHDI MOMEHT A0
KOHIJa HeM3BEeCTHBI MEeXAaHHU3Mbl HHIHMOUPOBAHUS CBUHIIOM
axcipeccust ATM — npuHIMI 06paTHOM CBSI3U MAU AAUH-
Has IJelloYKa OCACAOBATEABHbIX PEAKIINH, II09TOMY AAHHBIN
BOIIPOC SIBASIETCS IIPEAMETOM AAAbHEHIIero H3yYeHus.

OrpanndeHns HCCAEAOBAHUS. B AaHHOM nccAepOBaHUK
He OIPeAEASIAACh STHHYECKAs IPUHAAAEKHOCTD.

3axarouenne. B danrom uccaedosanuu 66140 npodemon-
cmpuposaro nosviuierue yposHs akcnpeccuu CDKNIA y naa-
BUALUUKO8 OMOeAeHUS PAPUHUPOBAHUS, UMO BOZMONCHO SBAS-
emcs adanmayuoHHbImM Mexanusmom cucmemst penapayuu. Tax-
JHe Y BCex IKCNOHUPOBAHHDIX 2pynn ObIA0 BbISBAEHO CHUNCEHUE
yposns axcnpeccuu eena ATM, saxcrozo das noddepiarnus xae-
mounozo 2omeocmasa. Hecmomps na noaysennvie 3axoHomep-
Hocmu, nodmeepdump usmeHeHUe IKCNPECCU IMUX 08yX 2eH08
Kak omeem Ha 8030elicmsue CBUHYA HEOOXOOUMO C NOMOUsbIO
dasvHeiiux uccAe008aHUIL HA IKCNEPUMEHMANLHBIX MOOEASX,
MaK Kax smu usMeHeHus mozym 3asucems om dpyzux 8030eii-
cmeylowux Pakmopos usu ycaosuii mpyda. B nocaedcmeuu
noAyHeHHbIE PE3YALIMAMbL MO2YI NO3B80AUMb UCHOABIOBAMD
YPOBHU IKCHpecCUl KAk panHux Ouomapkepos agdexma Kax
06ugezo0 s03deticmeus Pb (z2en ATM), max u d0303asucumozo
(2en CDKN1A).

Crucox anreparypsi (mm. 3-15 cm. References)
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