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AHeynnonaus

AMUTO3

AMNonTo3s

BazanbHas knetka

[ [eHOTOKCKYECKM ahdhekT

[BysinepHas kKnetka (Tpex-,
YeTbipex- 1 nonusaepHas)

3penas (TepMrHansHo aud-
hepeHUrpoBaHHas) KneTka

VHTepdasHaa Knetka

Kapuonmauc
KapronmkHo3
Kapropekcuc

KOoHOEHCMPOBAHHbI
XPOMAaTVH B SiApe

Jlnmcponoas

ntoboe OTKNoOHEHWE OT HOPMAasbHOro AUNIOWAHOIO (MNK ranaoua-
HOrO) 4Mcna XPOMOCOM Ha ofHy M1 Bonee XpOMOCOM, HO He Ha
MOMHbIA HABOP XPOMOCOM (MOAMNAOUAUS)

NpsSIMOe NPOCTOe AeNeHve aapa KNnetTku Hapsoe 6e3 obpasosaHus
BEpETeHa [eneHusl, 4acTO BCTPEYAeTCH B CTapelolnx KeTkax.
I3BECTHbI: PaBHOMEPHBLIA aMUTO3 - 0bpa3oBaHVe ABYX pPaBHbIX
anep; HepaBHOMEPHbIM aMnuTo3 — obpasoBaHMe pasHbiX S0ep;
hparmeHTaums - pacnag sapa Ha MHOXXECTBO MENKUX Saep oavHa-
KOBbIX MMM PasHbiX pasmepoB. HeT To4YHOW MHMOPMaLM O TOM,
npoucxoauT v nepeq ammtosom cuHTes JHK v kak [HK pacnpe-
OenseTcsa Mexxay OoYepHUMU sapamu

FEHETUHECKM 3anporpaMmMmpoBaHHas rmbens HopMasnbHbIX 1 NaTo-
NOrNYECKN M3MEHEHHbIX KNEToK Ha ctaamsx GO nnn G1, xapaktepu-
3yeTcs cepuen 3Tanos, BeayLnx K Ae3vHTerpaumm KNeTok B Mem-
BpaHHO-CBSI3aHHbIE 4acTuLbl, KOTOPbIE 3aTem  3NUMUHUPYHOTCS
harouMTo30M UK BbIBPOCOM

ANUTENNOLMT pasmMepom Ao 1/3 3penoi (TepmuHansHoO angepeH-
LMPOBaHHOW) KNETKM C COXpaHHbIM SOPOM, LMTOMnnasma umeeT
Bonee okpyrnyto (MeHee yrnacTyto) (hopmy, Hem NPOMEXYTOUHbIE W
3penble KNeTKK, WrpuHa obogka umTonnasmel 6avska K guameTpy
sapa

OB TEPMUH, OXBATLIBAKOLLMIA BCE TWMbl nospexaeHuin JHK nnm
XPOMOCOM, BKIKOHaIOLLMIA paspbiBbl, 8A0yKTbl, NEPECTPONKM, MyTa-
UMK, XPOMOCOMHbIE abeppauuy 1 aHeynnouguo. He Bce Tunbl
reHOTOKCUMYECKUX 3(PMEKTOB NPUBOAAT K MyTaumMsiM Unn ctabusnb-
HbIM XPOMOCOMHbIM HapyLUEHUAM

KneTka, copepxxallas 2, 3,4 n bonee saep. Obpasyetcs B pesysb-
TaTe Bnoka uMTokuHes3a. [Ang ngeHTMhmnkaumm BaXKHO, YTO PUCYHOK
LUMTOMNNa3Mbl UCKMOHAET HANOXKEHNE ABYX UM HECKOSIbKIMX KIETOK

SAMUTENNOLMT — camast KpynHas KneTka nonmMroHansHon opmel co
CBET/ION LMTOMNNA3MO 1 CambiM HN3KUM COOTHOLLIEHNEM PasMepoB
aapa v uMTonnasmbl

KNeTka He B Ctagm MUTO3a

SAPO yTpa4nBaeT CnoCOBHOCTL K OKPALLMBaHWIO SAEpHbIMU Kpacu-
TeNsIMn

S0p0 NMAOTHOE, MOMOMEHHO OKpalleHHoe, pa3mepoM Ao 2/3 agpa
TEPMUHANBHO AndepeHUMPOBaHHON XXMBOWM KNETKK

pacnag sgpa Ha OTAenbHble MMbIOKW CUMbHO arpernpoBaHHOro
XpoMaTnHa, U3 KOTOPbIX XOTS Bbl 0aHa HE coeauHeHa ¢ ApYrMm

Hanuune B aape 6onee MHTEHCVMBHO OKPAaLLEHHbIX Y4aCTKOB arperui-
POBaHHOIO XpoMaTHa Ha (hOHE HACTOSBKO NPOCBETNEHHbIX Y4aCT-
KOB, YTO KpaW siapa NpeacTasnseTcs NpepbIBACTbIM

COBOKYMHOCTb MpoueccoB aubdepeHumMpoBKY, nponudepaumn,
hopmmpoBaHUA NUMMOUAHBIX KNETOK, NPUBOAALLMA K 0bpa3osa-
HUO M oUMTOB
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MuKposapo

M4

Mukposigpo Tvna «paldbutoe
ANLO» (NpPOTRY3US Sapa,
saepHas moYKa)

MMC
HMM
HI

[MpomMexxyTo4Has
(NnepexogHas) KneTtka

LinToknHes

LiInToknHeTnyeckmn 6nok

LinToxanasuHbl

OKPYrnoe xpomMatnHoBoe obpaloBaHve anameTpom He Gonee 1/3
CamMoro ManeHbKOro M3 OCHOBHbIX SOep KNeTKW, EXUT OTAENbHO
OT OCHOBHbIX S0P, MMEET HEMPEPLIBHLIA rnagkui Kpawu. Npouc-
xoxaeHne MY CBA3bIBAIOT C  AUEHTPUYECKUMU  (DparmMeHTamu
XPOMOCOM UMK LeMbIMN XPOMOCOMamMM, OTCTaBLLUVMIN B aHa-Tesno-
hase MUTO3a OT BepeTeHa AeneHns U He BolleawnMn B Ao4epHne
sapa. Myvkposgpa MoryT 06pa3oBbiBaTLCA HE TOMBKO B PE3yNbTaTe
MUTO3a, HO U B dhase cuHTesa IHK 13 aaepHbix nodvexk. Mukposnpo
SBNFETCA NATONOMMHYECKON CTPYKTYPOW W MOXET HabnogaTscs B
NHTEpdasHbIX KneTkax noboi TkaHu. MUKposapo B MUTO3E Nepe-
[AETCH OOYEPHUM KIeTKam

MUKPOSIAPO

UMEEeT BUL, MUKPOSPa, COeAUHEHHOrO C SAPOM HyKAeOona3meH-
HbIM MOCTUKOM («pa3buTtoe SnLo») nn ny3blpbKa, BblAaBnnmBasmMoro
13 sapa

MUTOMULMH C
HYK1E0MNAa3MEHHbIM MOCT
HeCTabubHOCTb reHoMa

SNUTENVOLUT B CTaauK CO3peBaHus, MeeT pasmep 1o 2/3 3penoi
XKMBOW KNETKW, hopma umUTonnasmbl NOAUroHasbHas, WHTEHCUB-
HOCTb OKpalUMBaHus UMTONNasMbl MeHblle, 4YemM Yy BazansHow
KNETKU

[eneHue ayKapmoTUHECKON KNeTKK, 0BbIMHO Npomucxogsiies nocne
TOro, Kak KneTka npetepnena gefneHve sapa B X04e MUTO3a Unu
Merosa. B OonblMHCTBE ChydaeB uuTonaa3Ma W OpraHennbl
KNETKWN PacnpeaenstoTcs Mexay A0HEPpHUMN KneTkaMmin npubnmain-
TENbHO NOPOBHY

BNoK pacxoXxaeHus Ao4epHnx saep, 0bpa3oBaBLUMXCS B Pesy bTa-
Te OENEeHUs >XMBOW KNETKM, CMOCOBHOW K nponudepaumn w/wnm
CTUMYIMPOBAHHOA K [OENeHut; NMpu 3TOM HapyllaeTCs TONbKO
UMTOKMHES, HO HE MpealecTByoMe CTagun AeneHus, noaTomy
XVBasi KneTka B cpene ¢ 610KaTopoM LUMTOKMHE3a (Hanpumep,
LMTOXanasnHOM) CTAHOBUTCA ABYAOEPHOW, COXPaHAA MOTEHUMIO K
nanbHenemy aeneHuo

rpynna pPOACTBEHHbIX MO XUMUHECKOW CTPYKTYPE NPOAYKTOB MeTa-
6onMamMa HEKOTOPbIX MNECHEBLIX MPUBOB, CNOCOOHLIX MOHWKATL
CKBO3b KNETOYHYIO MemMObpaHy »MBOW KNETKW, B1oKaTopbl LUTOKM-
Heza. bnokupylowasa akTUBHOCTE 0bycnosneHa obpasoBaHWEM
KOB&/IEHTHOW CBSI3M C ONepeHHbIM (BbICTPO PacTyLLMM) KOHLLOM
aKTUHOBOIO (hunamMeHTa KNEeTKW, YTO NPaKTUHYECKMU NOAHOCTLIO B10-
KUPYET Kak fanbHenWwmin pocT, Tak 1 aerpanauuio dunameHTa Ha
3TOM KOHLUE HUTU. B peaynbTare Bo3HMKaeT ON0OK UMTOKMHESA 3a
cyeT paspylieHns obpasyrouleroca gparmonnacra. BakHo, 4To
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LinToxanasmH B

LIXB

AnepHble Bakyonm

LMTOXanasuHbl paspyLllalT akTUHOBbIE HUTW M NPeaoTBpallaoT
nonumepusaunio rnobynapHoro G-akTuHa, OAHAKO Ha MNpPOoLEece
3NOHraUmMM aKTUHOBOMO hrnameHTa ¢ OCTPOro (MeaneHHo pacTy-
LLIEro) KOHLa 3TN COeauHEHUSI HE BNUSIOT. MOMUMO CBSA3bIBAHUS C
aKTMHOM UMTOXanasuHbl NHIMBUPYIOT TPaHCMopPT MOHOCAaxXapuaos
Yepes nnasMaTnyeckyto MembpaHy, 4YTO MOXET TOPMO3UTb aene-
HME KNETKN

O[NH 13 Hambonee TOKCKMYHbIX NPeacTaBUTeNen knacca uvroxana-
3MHOB, TRPAAWLIMOHHO MCNONb3YEMbIA ONA KYNETUBUPOBAHWSA KNETOK
B YCNOBUSIX LUMTOKMHETUYECKOro 61oKa. MNpucyTCcTBre umMtoxanasu-
Ha B KyJbTypa/lbHOW cpefe ¢ ObICTPO [enAMMUCA KNeTKamu
MOXET NMPUBECTN K 06pasoBaHuio NONUSAEPHBIX KNETOK — coaep-
xawwx 4 1 6onee agep. OgHako 6e3 cneuuanbHbIX MCCNeaoBaHNiA
Henb3a ckagdaTb, O4UHaKoBO N cogepxxaHue [HK Bo BCcex sapax
Takowy NONUAOEPHON KNETKM

uuToxanasvH B

cnabookpalLeHHble 1y 6ecLBETHbIE OKPYTTbIe yHaCTK XpoMaTUHa
pasHOro pa3mepa B siApe KNeTku



B Poccuiackon ®epepaumii KOHTUHIEHT OOMbHbIX
pakom Ha koHel, 2022 r. coctaeun 4 023 446 4eno-
BeK, 47O Ha 8,1% Bbiwe yposHs 2021 1 [1,2]. Cpeaw
3aboneBlnx B 2022 I CENbCKUE XKUTENU COCTaBUIN
20,9%, netu oo 18 net — 0,6%, nauveHTbl TPYOO-
cnocobHoro Bospacta 34,9% (paHHble dopmMbl Ne
12 (hepepanbHOro CTaTtUcTUHECKOro HabmroaeHUs
«CBeaeHns o 4ncne 3abonesaHnii, 3aperncTprpo-
BaHHbIX Y MAUMEHTOB, MNPOXMBAKOLLMX B panoHe
obCcnyxuBaHUs  MeguUMHCKOW opranvsauuv). B
2022 r B cTpaHe ymepnm 34 072 60nbHBIX OHKOMO-
rm4eckMy  3ab0NeBaHUsSMY, He COCTOSBLUMX Ha
YYETE B OHKOMOTUHECKUX yudpexxaeHusax PO, [Mpwu
9TOM NMOKasaTeb BbISBNAEMOCTU 3N10Ka4ECTBEHHbIX
HOBOOOPAa30BaHWA Ha MepBo ctagun B0ne3Hn B
2021 r coctasun 34,4 %, Ha BTOpOW CTagun -
24,9% npotvB 57,9% cymMmapHO Ha nepson W
gTopon crtagusax B 2021 r. Cpean ymeplmx B
TPYOOCNOCOOHOM BO3pacTe [A0NA yMepLmx OoT
3/10Ka4eCTBEHHbIX HOBOOOpA30BaHWin cocTaBuna B
2020r—-13,7%,a82021 r—12,1. lNopobHas cuty-
auys BO MHOrom obycnosneHa Tem, 4YTO Joaw
Mo3aHo 06pallaroTcs 3a MEAULIMHCKOM MOMOLLbIO: Y
Kaxkaoro nNsToro obparmeLierocs 6onesHs obHapy-
YKUBAETCH YXKe B 3anyLleHHoW ctagui. CMepTHOCTb
Ha NepBOM rofy rocne rnocTaHoBKM AvarHosa B
Hallen cTtpaHe goxoguT oo 19,1% [2,3]. MNosTomy

NPEONCITOBUE

OOHMAM N3 OCHOBHbIX TPEBOBAHWA BPEMEHWN B OTHO-
LeHUN CoXpaHeHWs 300poBbsa HaceneHus Poccum
ABNASTCHA CO30aHNE HaLEXXHOW CUCTEMbI PaHHEro
BbISIBNEHVS OHKONOrMYecKux 3abonesaHuii, KOTo-
PYrO MOXHO W CriedyeT WCronb30BaTb B pamkax
aucnaHcepusaumn HaceneHns ¢ Lensio nepsuyHoOn
npothrnakTUKK paka. Takaa cuctemMa aosmkHa bbiTb
OCHOBaHa Ha y4eTe OCHOBHbIX TPUITEPHbIX Mexa-
HN3MOB BO3HWKHOBEHWA 1 PasBUTUS ONyXOS.
MexxayHapoaHble reHeTUKO-3NMAeMUoNornyeckme
WCCNEedoBaHns, OXBaTUMBLUME HECKONMBKO  ThICAY
YenoBek, nokasanu, 4To 4eped 5-10 net nocne
oBHapy>KeHWs NOBLILLEHHOO YPOBHA HECTabUNbHO-
CTW reHoma (COBOKYNMHOCTU ah(eKTOB, aCCOUMNPO-
BaHHbIX C TpaHcthopmaumen ctabuneHoOro reHoma
HOPManbHOW KNETKM B HeCcTabunbHbIA, Xapaktep-
HbIV AN KNETOK Onyx0osi) B KNETKax pasHblx TKaHeN
YenoBeka 4acToTa AuarHosa «OHKOMOrn4eckoe
3aboneBaHve» y aTUX nMrogern Obina CyuecTBEHHO
BbILLIE, YeM B KOropTax cpaBHeHus [4-8].

Takum 0Bpasom, oueHka ahbdhekToB HecTabunbHO-
CTW reHoma sBnseTcsa A(PMEKTUBHBIM 1N HAAEXKHBIM
NMPOrHOCTUHECKUM TECTOM Kak AN PaHHEero BbIsB-
NEeHV OHKOMOMMYecknx 3abonesaHunn, Tak W ans
MEePBUYHOINO CKPUHWHIA MeHOTOKCUYECKMX 3dhdek-
TOB KOMIMIEKca (PakTopOB OKPYXKatoLLIen cpefbl.



LIUTOMHBIN AHANN3 KAK MHCTPYMEHT OLIEHKI
SOPEKTOB HECTABWIBHOCT NEHOMA.

[MoHMMaHME CBA3M 3NOKAYECTBEHHOIO NepepoXae-
HUS KNETOK C FeHEeTUHEecKoW HecTabunbHOCTHIO
(hOpMUMPOBANIOCE HA MPOTSXKEHUA MPAKTUHECKM
BCero pnpaguatoro Beka [9-12]. Yke [OOBOMLHO
[AaBHO sA4epHble aHOManui CTanM paccMmaTpyBaTh
Kak NpuaHak 3noka4ecTseHHoro pocta [13]. Orpom-
HOe 4mcno pPaboT NOCBALWEHO W3YHEHWKO Takmx
nokazartenell reHeTU4ecKo HecTabUNbHOCTM Kak
MuKpoagpa (MA), MexbaaepHble HyKeonnasmveH-
Hble MOCTbI (HIM) 1 ggepHble NoYKX (MPOTPY3NK)
npv OHKonorndeckux 3abonesaHunax [12, 14, 15].
[Mpu aTOM 3HaYUTENBHOE YBENMYEHWEe YacToT saep-
HbIX aHoManuin HabNaaeTCH HEe TONbKO B KNETKax
OnNyxosu, HO 1 B OTAANEHHbIX TKaHsIX, B 4aCTHOCTH,
B numdoumTax nepudepudeckon kpoeu [16] 1 B
CNYLLMBAIOLLMXCS 3NUTENManbHbIX Knetkax [17].
ViccnepoBaHma — mocnegHero  OAeCATUNETMA  C
NCNONb30BaHMEM HOBEWLUMX METOA0B MOSEKyNsp-
HO — reHeTMHECKOro aHanv3a no3BonuAn YCTaHo-
BUTb, YTO NEPECTPONKN MEHETUHECKOro Marepuana
PaKOBbIX KNETOK ABAAOTCA ropas3no bonee rnybo-
KUMW 1 MacCVBHbIMW, YemM NPeacTaBnsanock paHee
[18]. Tak, 6bINO oOnMUCaHO SABNEHWE «MEHOMHOIO
Xaoca» - KaracTpon4eckoro cobbiTus, B Pesysb-
TaTe KOTOPOro opMUPYETCH B BbICOKOW CTEMEHN
N3MEHEHHbIN, «XaOTUYEeCKW» MeHOM, CoAepXaLlmin
KaK MHOXECTBEHHbIE CTPYKTYPHbIE, Tak v Konnde-
cTBeHHble abeppauun [18, 19]. HacTHbIM cnyyaem
MEeHOMHOrO xaoca $BNSeTCA  «XPOMOTPUMNCKUC,
KOrga nepecTporki 3aTparvBaroT NWllb OAHY WK
HECKONbKO xpomocom [21, 22]. Kpowme TOro, K
reHOMHOMY XaoCy OTHOCAT WM npouecc, NpuBoas-
WMt K 06pasoBaHUid  BbICOKO reTepOreHHOW
KNETOYHOM MNonynsaumn, Aaxke ecnn nHanmBupyanb-
Hble KMNETKW B OTOW MONyNsAUMn MMEKOT MEHOMbI C
OrpaHNYeHHbIM  KOIMYECTBOM  MOBPEXOEHHbIX
xpomocom [19].

TonykoM K BO3HWKHOBEHWD TEHOMHOrO xaoca
MOXET CNY>KWUTb KNETOYHBIN KPU3NC (B HaCTHOCTH,
BbI3BAHHbIN  MPUMEHEHUEM  MNPOTUBOOMYXONEBbIX
npenapaToB), Pe3yNLTaTOM KOTOPOro OKasblBaeTcs
MHOXKECTBEHHasa (parMeHTauns XpomMoCcoM. Xpo-
MOCOMHbIE (DparmMeHTbl 3aTemM BOCCOEOMHAKTCSH
cllydarHbiM - obpasoM, opMUPYS  XaoTUYeCKuii
reHom [18]. Hanbonee BbICOKUM YPOBEHL rEHETUYE-
CKOro Xxaoca MMEeeT MEeCTO Ha paHHUX CTaausx
3f0Kka4vecTeeHHon  TpaHcopmaumn,  bBonbluas
YacTb BO3HMKLLMX NPK 3TOM BapWaHTOB OKa3blBagT-
CA  HEXWBHECMNOCOOHOW, OfHaKO  HeKoTopble
reHoOMbl copep»xaT KoMbuHauuK reHoB, obecneyu-
BalOLLME KIETKE CenekTuBHbIE NpevMyllecTsa B

OB30P JINTEPATYPbI

KPUTUHECKMX YCNOBUAX. TakKe KNeTKK B XO4e ailb-
HevLero passuTUsa onyxonn obpasytoT KNoHbI, Npn-
cyTcTByowpme B onyxonu [18]. Beino otmedeHo, 4To
NPOLECC NeHOMHOIO Xaoca MOXXET ObITb UHAYLMPO-
BaH CTpeccaMu pasfnyHbIX TUMOB, B TOM 4UCne
06paboTKON NPOTUBOOMYXONEBLIMX Npenaparamm B
[03ax, COOTBETCTBYIOLMX MPUMEHAEMBIM B KUHN-
ke [22].

Takum 00pa3om, 04eBMOHO, YTO [AOanbHenLee
N3yYeHne reHeTU4ecKom HecTabnnbHOCTY Ha Mofe-
KYNAPHOM YPOBHE MpuBedeT K Bonee rnybokomy
NOHVMAHWIO MEXaHM3MOB W MPUYMH 310Ka4eCTBEH-
HOIro MEPEPOXAEHUA KNETOK U ByaeT umetb 60nb-
LIO€E 3HaYeHWe ANs MeavUMHbI.

OfgHUM M3 OCHOBHBIX BUOMAPKEPOB XPOMOCOMHOM
HecTabunbHOCTK ABNSOTCA KNeTkn ¢ MA. Hdonroe
BpemMs MA cuntanmce nuwb NOBOYHLIMKA NPOOYKTa-
MW HECTabunbHOCTK, YAOOHBIM NHCTPYMEHTOM ANS
ee naydeHus [23], xoTta ceass MY ¢ nynbeepuaayn-
e xpomocom 6bina obHapyxeHa elle B 1968 roay
[24]. OgHako B nocnegHue rogpel bbinv NpoBeaeHs!
rnybokue nccnegoBaHns Kak MoNekynspHO-61oso-
rM4eckmx ocobeHHocTen MY, Tak 1 X 3Ha4eHUsA B
XKUBHN KNETKM M LUenoro opraHmama. PesynsTarthl
3TUX NCCNEAOBaHNIK BO MHOIOM OKa3asncb HEOXM-
JaHHbIMK [25]. Bbino nokazaHo, 4To M3 oTnnyaroT-
CH OT OCHOBHOMO A4pa rno pagy BaKHENLWX napa-
mMeTpoB. Tak, M5 B 6ONBLUMHCTBE Clyyaes UMEKOT
JeekTHYI0 agepHyto 000M04Ky € OBWKPHBIMUA,
HepenapupyembsiMi ranamy B ABOVHON MembpaHe ¢
obnacTaMM, TMLWEHHBIMIA NTaMVHBI X KOHOEHCKMPO-
BAHHOMO XpoMaTtuHa W HW3KUM COOEepKaHUeM
B6enkoB saepHbix nop. B pakosbix knetkax 6onee
60% M4 npeTepnesat0T Konnanc saaepHon 060no4-
K [26]. YMeHbLLEHWE NNOTHOCTU SAEPHBIX NOP NpW-
BOOVT K HapyLeHUO HyKNeo-UMTOnNa3mMeHHoro
TpaHCcnopTa, YTO, B CBOK O4epenp, 3atparnsBacT
npoueccsl Metabonnama OHK. Tak, penapauus
nospexaeHuin JHK B MY npoxoguT vHade, Yem B
OCHOBHOM Siipe, 1 MPUBOAMNT K 06pas3oBaHnio OgHO-
HuTeBbIX CTRYKTYP OHK, noTeHumansHo gectabunn-
3MpytoLWLMX reHomMm Knetku [27 — 29]. Pennnkauus
OHK B M4 HeadhdekTmBHA U NPOUCXOOUT aCWH-
XPOHHO C pennukauuein B sape, npumepHo B 30%
M$A pennukaums npogomkaetca B tasze G2, Npw
atom B JJHK MH B TeueHue nHTepdasbl Hakanmea-
eTcs 60MbLIOE KONMMYECTBO nospexkaeHuin [27, 30].
MeToabl MWKPOCKOMMPOBaHWSA »KMBLIX KNETOK U
MEYeHUs MHaMBUAayanbHeix xpomocom [31-33] panu
BO3MOXHOCTb OTCNEXMBATL MPOUCXOXAEHUE U
cyasby MA B oTAENBHBIX KNETKAX B peanbHOM



BpeMeHW. PeaynbTarbl 3TUX uccnemosaHuin 0606-
LeHbl B moapobHoMm o63ope Guo ¢ coasTopamm
[25]. Tak, BOMpeku rocnoacTBOBaBLLUMM paHee
npeacTaBneHnam okasanocb, 410 M$H BO3HUKaT
He TONbKO B pe3ynbTtaTe HenpaBUbHOW cerperauum
XPOMOCOM B MUTO3€, HO MOTYT ABNATLCS CNeacTsu-
eM LMPOKOro ChnekTpa HapylleHWin, npowsolen-
LUKX B X0e Kakon-nmbo cTagum KNeTo4YHoro Lykna.
CobbiTna nocne obpasoBaHus MSA mMoryT passu-
BaTbCA MO YETbIPEM OCHOBHBLIM HampaBNeHUsM:
paspyLleHre MA nnm knetkn ¢ M4, pemHkopnopa-
uma M4 B OCHOBHOE 5140, 3KCTPY3NA U3 KNETKU W
NepPCUCTEHLMS B UMTONNA3Me B TeYEHWE HECKOSb-
KuX nocneayrowmx mMvto3oB [34]. Haunbonblumin
NHTEpPEeC NpeacTaBnsaeT coxpaHeHne MHA B kneTke B
TevyeHWe ogHoro unu Bonee KNeTo4HbIX NOKONeHWIA
[35]. B kneTkax pasHbix TUNoB oT 60% no 6onee
90% M4 npoxoguT 4epes NepBbIA MUTO3 U MPUCYT-
CTBYET B OHOWN M3 AOHEPHUX KNETOK, 1 B Nocneny-
OLLIMX MOKONEHWSX, 3HAYMTENBHAS YacTb AOYEPHUX
KNeToK npogosmkaeT copepxxatb MA [31, 36]. UHTe-
PECHO, 4YTO XPOMOCOMa, 3akno4veHHad B MHA, B
BonblMHCTBE Ccny4YaeB (popMUPYyET HENOAHOLEH-
HbIl KUHETOXOP, YTO NPENATCTBYET €6 BKAKYEHNIO B
[o4epHee A0po 1 aanbHenlee ctabunbHoOe Hacne-
nosaHne. Ecnn ke B xoOe MUTO3a OHa BCE Xe
BK/IOYAETCH B [0YepHee S0po, TO 3TOT OedeKT,
no-snauMomMy, MpeogonesaeTcs [37]. ABTopsl Npea-
nonaratoT, 4TO 0bpasosBaHne MHA npenctasnsieT
cobol 3alMTHBIA MEXaHW3M KNETKW, WUCKKYato-
LLMIA HacneaoBaHue M3BbITOYHOM XPOMOCOMbI W/1Ni
nospexaeHHon JHK.

[Npucytctere MA B KNeTke NPUBOOUT K YBENUYEHUIO
NPOAC/KUTENBHOCTM  KNETOYHOrO  UMKna  (kak
nHTEepasbl, Tak 1 MUTO3a), a TakKe K YBEeNMHYEHUIO
KNEeTOHYHOM rmbenn 1 4ncna naTonorn4ecknx MmuTo-
30B [36].

CoxpaHeHne M$ B psigy KNETOYHbIX MOKONEHMIA
nogaep>KMBaeT COCTOSHME TeHeTUHeCKOn HecTa-
BUNBHOCTM B KNETOYHOW nonynsauun. OnutensHoe
OAHOCTOPOHHEE HacnenoBaHue MA asnseTca npu-
YMHOM BO3HMKHOBEHVS Kackaga aHeyniougHbIX
KETOK MOcne eavHuU4HOro cobbimusa obpasoBaHus
MA (pucyHok 1). Kpome Toro, HesaseplueHHas
pennukauna OHK M4A moxeT npueecty Kk obpaso-
BaHWIO XPOMaTUHOBbIX (DParMeHTOoB, T.€. MHOYLMPO-
BaTb CTRYKTYRHYHO aHeyrnnonauio B KNeTkax, Cogep-
xawmx MA [25]. B To ke Bpewmsi nokasaHo, 4To
«A30bITOYHasA» XPOMOCOMa B aHeyrniouMaHbIX KNeT-
Kax MOXXET HapyllaTb Cerperauno apyrux xpomo-
coMm [38]. CekeeHvpoBaHne [OHK 0auHOYHBLIX
KNEeToK, cogepxamx MH, BbISBUNO Ypes3BblHaiHO
BbICOKMIA YPOBEHL aHEYrnIonguM B TakWX KNeTkax,
npuyYeM Kak npasuno 310 Obla MHOXEeCTBeHHas
aHeynnovgus. Cnegyet OTMETUTL, HYTO B BOMbLUMH-
ctBe cnydaeB M$ copepxut He 6onee ogHON
XPOMOCOMbI, TaK YTO aHeynnovansa OOMmKHa saTpa-
rBaTb M OCHOBHOE Sapo [25].

MNosiBnsieTcsa BCce BOMblLUE AaHHBIX, YTO eAVHUYHOE
cobbiTne obpasoBaHuss MS MoxXeT noBneyvs 3a
cobol peopraHu3aumlo  reHoma W yBenudeHue
pasHoobpasus KapuoTUNOB B KNIETOYHOW MOMynsi-
umn [25, 39]. B 4acTHOCTU, K TaKOW peopraHm3aumm
MOXKET NPUBECTN PENHKOPNOPAaLMA XPOMOCOMbI U3
MHA, cogeprkallen 3Ha4UTENBHOE YACIO NOBPEXae-
HWI, B aapo podepHen knetku [30]. Bonee Toro,
CYLLIECTBYET TecHas CBA3b mMexay MA n xpomo-
TpUNCcUcom, xotst M4 1 He SBNSIOTCA eaUHCTBEHHOM
NPWHNHOM 3TOro AsneHus [39-41]. cxoma m3 Toro,
YTO MPOLECC XpomMOTpuncuca 0BObIMHO KacaeTcs
OLHOW XPOMOCOMbI, MPEOCTaBIAETCA O4YeBUOHbIM,
YTO BTa XPOMOCOMA A0SIXKHA ObiTb XOTS Obl BDEMEH-
HO M30/IMPOBaHa OT OCTaNIbHOMO reHoMa.
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PucyHok 1 — Mukposinpa kak npudvuHa 1 GuomMapkep aHeynnongunm B OCHOBHOM sape [25).



Xpomocoma, BknoHeHHasa B MY, BrnonHe yooBneT-
BopsAeT aTomy TpebosaHuio [41]. Kak yxe oTmeva-
nocs, pennukauua OHK 8 MA npoucxoaut acuH-
XPOHHO C TaKOBOW B OCHOBHOM Siipe, YTO camo Mo
cebe MOXET NPVBOAVTL K 06pa3oBaHnD OOHO- U
OBYHUTEBbLIX PA3pPbIBOB BCNEACTBME PerniKaTUBHO-
ro ctpecca. Npu BCTYNNeHUN KNETKN B MUTO3
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XxpomMocoma u3 M4 Takxe noaBepraeTcsa NpoLecey
KOHAEHCaUMM, XOTSt OHa (hakTUYECKM eLle HaxoauT-
cA B S-thaze («npexkaeBpeMeHHas KoHaeHcaums
XPOMOCOMBbI») [40]. B peadynsTare HenosHOCTHIO
penMUMpOBaHHas XpoOMOCOMa pacnafaeTca Ha
hparmeHThbl (PUCYHOK 2).
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PucyHok 2 — Mogens XpOMOCOMHLIX MEPECTROSK, MHOYLMPOBAHHLIX XPOMOTRWUNCHUCOM, BOSHUKLLMM B MUKpOaApe [25].
1,2 — chasa G1. MrKpoaapo COAepMuT MHTaKTHYH XPOMOCOMY. [poucxoanT Konnanc saepHoin obonodYku Mrukposapa. 3
— S-thaza. B mukposagpe naet aedexktHan, sameaneqHHas pennukaumsa JHK; penapaunsa noepexxgenvid JHK oteyTeTBYET.

4 — chasa G2. MNpexgeBpemeHHas KOHOeHcaUWs XpOMOCOMbl B MUKPOSAPE Bbi3biBaeT ee thparmeHTaumo. Obonouqxka
MUKPOSOPa paspyLiasTes, hparMeHThl XPOMOCOMb! OKa3LIBAKDTCH B LUMTOMNMa3Me, 5 — MUTO3. XpOMOCOMHbIE (hparMeHThl

nornagaioT B oaHo W oba nodepHnx aapa. 6 — thasa G1. B podepHemM sape parmMeHTsl XpOMOCOMb! aKTUBMPYIOT
penapaumoHHLIE NPOLECCH U BOCCOEANHAKTCH MO MEXaHWN3MY HEMOMONOMMHHOMO coenuHeHns koHUoB (NHEJ) ¢ obpasoea-
HVEM NPOM3BOAHOM XPOMOCOMBI. ECnK YacTs (hparMeHTOB He nonafaeT B Ao4epHee Sapo 1 obpasyeT HOBOE MUKPOSapOo,
OHW Tak M OCTAKOTCA B BUAe (hparmMeHToB. 8 — ecnv B AoHepHee AP0 Nonano He3Ha4MTEeNsLHOE KONMHecTBO (hparMeHToB,
OHIK BOCCOBAWHAKOTCA C 0DPa30BaHNEM 3KCTPaxPOMOCOMHOM KonbLeson [JHK.

B HEKOTOPbIX CNyYasx KONMYECTBO Takux hparmeH-
TOB MOXET npesblwarts 50 [24]. B panbHenwem
(hparMeHTbl BKOYAKTCHA B OQHO 1 06a A0YEpHUX
anpa. Nocne nonagaHus B Hykneonnasmy dpar-
MEHTbI MOMyT BOCCOEANHUTLCS MO MEXaHN3MY Hero-
MOJIOMM4YHOIO COEANHEHNSI KOHLIOB C 0Opa3oBaHneM
NPOM3BOAHON XPOMOCOMSI [42], HenaeecTHO, MOryT
nn B pesynbTate 3Toro npouecca obpasoBaTbes
NOSIHOLEHHBIE XpOMOCOMbI. OgHako y pacTeHuH
Habnoaanuck NoACtHbIE NEPECTPOVKK, CNOCOBHbIE
COXpaHAaTbCA B MOCnemylolmx nokonenusx [43].
OTO NO3BOASET NPEANONOXNUTL, YTO B pesynstare
XpoOMOTpUNCHca MOMyT BO3HWKATb  CTPYKTYpPb
OOCTaTOYHO CTabunbHble 015 UX HacnegoBaHus.

Ecrnm e [podepHaa KreTka BKMOYaeT  Nullb
HECKOJ/IbKO (parMeHToB paspyLUEeHHON XPOMOCO-
Mbl, OHW MOMYT POPMNPOBATE ManeHbKYyo KOJSibLie-
BYIO XPOMOCOMY, KOTOpas CTaHOBUTCHA MepBbiM
aTanoM 06pazoBaHus 3KCTPAXPOMOCOMHOW KOMb-
ueson [HK kak B 300p0BbIX, Tak 1 B PakoBbIX KNeT-
kax [20, 44].

Kak y>xe 0TMe4anoch, XpOMOTPUNCUC TECHO CBA3aH
C KaHLUeporeHe3oM. Tak, B HEKOTOPbIX HEeOXPOMO-
comMax KJEeTOK nmnocapkombl obHapykeHa [OHK
HECKOJIbKX XPOMOCOM W Marofiornveckas amrnm-
ukaumsa (oo 100 konuii) BadKHbIX A5 Pas3BUTUA
PaKoBOW ONyxonu reHoB [44]. ®eHOMEH XpOMOTPWI-
cuca perucTpupyeTcst y 60SbHbIX CO 310Ka4eCTBEH-
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HbIMMA HOBOODPA30BaHUAMN Pa3NuYHbIX reHesa u
nokanmaauum [45]. B 4acTHOCTW, B 8QNHUYHBIX KNET-
Kax pereHepupyroLLer neveHn Mbilein einm obHa-
PYXEHbl LIWTOrEHETUYECKME NPUBHAKM XPOMOTPUN-
cuca npv MHAYUMPOBaHHOM renaTokaHLeporeHese
[46].

Takum obpasom, MA MoryT paccMmarpmeBaTbCa U Kak
WCTOYHMK BO3HUKHOBEHUSI XPOMOCOMHOW HecTa-
OunbHOCTKM de NOoVOo, M Kak MokasaTenb CTeneHu
XPOMOCOMHOW HECTabWuNbHOCT B JaHHOW cuUCTeMe
[41].

CnenyeT oTMeTuUTb, 4T0 HIMM Takke SBnstoTcs He
TONBKO BUsyanuaauven obpasoBaHus AULEHTPUYe-
CKMX XPOMOCOM, HO U NOAAEP>KMBAIOT XPOMOCOM-
HYKO HECTabubHOCTE B PALY KNETOHYHbIX MOKone-
HUR. Tak, M.Fenech ¢ coasTOpamu onvcan uvkn
paspbieoB — BoccoeayHeHuin HIMM [46]. Mockonb-
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translocation

G CcEENIERCANE Bridge

MNon-reciprocal

Ky paspbiB MOCTa MPOMCXOAUT ChyYaiHbiM obpa-
30M, B pesyfbTare Kak npasuio obpasytorcsa nse
XPOMOCOMbI, OfHA 13 KOTOPbLIX COAEPXKUT AynfmMKa-
uutio, a apyras — fpeneunio HekKOTOpPoW rpynmnbl
reHoB, NpUeXalmx K To4ke paspbiea. [pu nona-
OaHuM Takom XpOMOCOMbI B IoHEpHee SAp0 NUnkue
KOHLIbI XpOMaTiAg, CHOBa CoefuHAoTCA ¢ obpagosa-
HVYEeM OULEHTPUHECKOM XPOMOCOMSI, U UMK NOBTO-
paetcad. [Mpy aToM B JOYEPHNX sigpax Hakannvea-
IOTCS1 FeHEeTUYECKMEe MOBPEeXOeHWs B BUAEe Kak
[eneuun, Tak M aMnauukaunia - onpeasneHHbIX
ydactkos [OHK. Ypanenve amnnmuumMpoBaHHbIX
nocnenoBarensHOCTEN U3 Aapa MOXET MPUBECTU K
BO3HMKHOBeHMIO MA. [lo yTBepXXaeHWo aBTOPOB,
3TOT MEXaHW3M SBMAETCH OOHWUM U3 KMO4YeBbIX
WCTOYHMKOB XPOMOCOMHOW  HECTabunbHOCTN B
KNeTKe (pUCyHOK 3).
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PucyHok 3 — CBA3b BOZHUKHOBEHWA MKPOSAEP W MHOYKLMM CTPYKTYPHBIX XPOMOCOMHBIX abeppaumii B MUKposape v
oCHoBHOM Agpe [25].

3Ha4eHne MY ona nNpoueccoB KaHLeporeHesa He
NCYEPNbIBAETCS NX CBA3LIO C FEHOMHON HECTabuIb-
HOCTBHD. DBbIv NonyYeHbl JaHHble, CBUOETENLCTBY-
toLme B NoNbay ydactna MA B MHAYKLUAM BPOXOEH-
HOro uMmmMyHuTeTa [48-50], a Takke B akTvBauum
SKCrpeccun  BOCNanMTENbHbIX  LUMTOKMHOB  [49].
Harding ¢ coasTopamu nokazanu, YTo WHOYyLUMpO-
BaHHasa nospexaeHusamn JHK akcnpeccus mapke-
POB BOCMANEHUS KOPPENVPYET C NOsSBNEHWEM SAep
atunu4Hoi dopmbl 1 MHA [50]. BbickasbiBanoch
npegnonoXkeHue, 4to MYA 1 HekoTopble apyrue
aHoManuMn CTPYKTYpbl sapa (saepHsle npoTpysuu,
HIMNM) cnegyet paccmaTpuBatb Kak OuomMapkepsl

0119 OUEHKM akTUBaLMn UMMYHHOIO OTBETa B PaKo-
BbIX TKaHSIX 1 ANs cTparerum nMmyHoTepanum [51].

Utani ¢ coaBTopamu oTMeYanm CBsa3b BO3HWKHOBE-
Hua MSA B knetkax Hela ¢ anontosom [35]. 910
MO3BONAET NPeanonoXuTe, 410 MY nHUUMUpYIOT
anontosd. BosamoxxHOo, B npouecc rvubenu KNeTok,
cogepxkaumx M4, BoBnedeHbl hakTopsl CUCTEMBI
BPOXAEHHOrO UMMYHUTETA, KOTOPbIE aKTUBUPYIOT-
ca [HK, oceoboguBluenca 13 paspylleHHbix M4
[52, 53]. B TakoM criydae codeTaHve Tepanum, UHAy-
uMpytoLen obpasosaHve MY, co cTuMynmMpoBaHu-
eM VMMYHHOM CUCTEeMbl MNPEAoCTaBNseT HOBbIE
BO3MOXHOCTW B NIEHEHMN OHKONOMMYECKIMX 3abone-
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BaHul [54].

Kpome Toro, yactota MY npu pagmo- 1 xmmuoTtepa-
MAU  KOPPENUPYET C WHTEHCUBHOCTBIO OTBETa,
BCNEACTBME HEro MOXXET CNy)KUTb MokasaTtenem
athhekTMBHOCTY neqeHust [55].

B psoe pabor oTtmeqanocb, 4TO NOBbILLEHHbINA
ypoBeHb M$ He TONbKO SABNSETCS «MapKEPOM»
paseuBLLUErocs 3abonesaHnsi, HO MOXET VMMETb U
MPOrHoOCTUYeCKOE 3HaYeHue. Tak, Wang ¢ coaBTo-
pamu nokasanu, 41o y 60/bHbIX OCTPOW NenkemMmnen
yactota M¥ B numdoumTax sHa4YMTENBHO NOoBbILLEe-
Ha MO CPaBHEHWIO CO 3A0POBLIMU NKOABMU U MNPaK-
TUHECKN COBMadaeT C TakOBOM Yy MAUMEHTOB C
conuaHbIMu onyxonamu. MNpn pasaeneHnt 60bHbIX
OCTPOW NEVKemMWelr Ha AaBe rpynnel — C 4acTOTOWM
MA Hxke cpepHero yposHS (7,5%) v Bbllle ero —
0OKasanochk, 4YTo BOMbHbBIE U3 NEPBOM MPYMNMbI UMEKDT
BHAYNTENBHO BONbLUMIA LWaHC AOCTUXKEHUS MOMHOW
VN HacTUYHOW pemMuccuur, U Bonee Toro, BebK1Bae-
MOCTb MaUMEHTOB W3 rPYMMbl C BLICOKUM YPOBHEM
M#A cyuiecTBeHHO Hke. Takum obpasom, YacToTa
M# B numdoLpmTax nepudepnyeckon Kposmn y 605b-
HblX OCTPOWA NEMKEMWEN UMEET BaKHOE 3HaqeHWe
[ONs NporHoaa TedeHns 6oneanHu [15].

B kneTkax ypoTtenMansHoro anutenust B6ofbHbIX
pakoM MO4YEBOro nysbipsi ypoBeHb M3A Takoke Obin
yBenMHeH, Npy 9TOM Y MaUMEHTOB C PELMONBUAPYIO-
LLer onyxonbto Yactota M3 6bina Bbille, Yem Yy nnL,
C MEPBUMYHOM OMNyXONbHO, XOTA 3TO MNOBbILWEHWE He
ObINO CTATUCTU4HECKM 3HaYMMbIM. Hakorel, 6bina
yCTaHOBMEHA 3Ha4YMMasa NONOXKUTENBHAA KOPPEeNs-
uMst YacToTbl M CO CTeneHbI0 PasBUTUSE ONyXOonu,
YTO OdenaeT 9TOT nokagatenb BaXKHbIM MHCTPYMEH-
TOM Mpuy BeAeHW nauneHTos [17].

[Mpy n3y4eHnn pasnuuHbix QOpM paka Nerkux ¢
MCrnonb3oBaHMeEM NUMMOLUTOB Nepudepnyeckon
KPOBW, KYNbTUBMPOBAHHbLIX B YCNOBUAX LIMTOKMHE-
Tudeckoro 651oka, El-Zein ¢ coasropamu 0bHapy»ku-
N1 BHaA4YUTENBHOE NpeBbleHue YacToT MA, HIMM 1
AAEPHbIX MOYEK Y OHKONOrM4Yecknx 60nbHbIX Haf
3TUMU NOKa3aTensaMn B rpyrne CpaBHEHWS, Mpuyem
y NauneHToB C MENKOKETOYHbIM PakoM Nerkimx
yactoTta HIMM okazanace 3Ha4MTENBHO BbILWE, YeMm
npw apyrmx hopmax paxa [56]. AHanorm4Hsim obpa-
30M Y NAaLWEHTOB C PaKoM JIErKX NO OTHOLLEHWUO K
300pOBbIM MIOAAM  Habnoganace TeHAeHUMs K
YBENMHEHWIO  YacTOTbl HApPyLIEeHWA B KIeTKax
BykkanbHOro anutenus. LintoreHeTnyeckue Hapy-
LWEHNA HOCWUIM OOMHAKOBbIA XapakTep Kak Yy
MY>XXYUH, Tak 1 Y XKeHWMH. CHWKEHE YPOBHST 3TUX
rnokasaTene Habnoganocs Mocne pPagvkanbHOro
neyveHns [57].

YactoTy MY, a Takxke gpyrue nokazareny UMToMHO-
ro cnekTpa npegnarani Mcnonb3oBaTth Kak Npeauk-
TUBHbBIA MapKep Npv CONMAHBLIX OMyXOonsx, B YaCTHO-
CTW, Npu onyxonn obnactu ronosbl 1 wen [16], a
TaKXKe Kak nokasartenb Npu OTCAeXueaHun adek-
TUBHOCT NeyveHust  B0SbHbIX  KONOPeKTanbHbIM
pakom [58] n pakom rpyan [59]. NpocnekTueHble

KOropTHbIE MccnenoBaHus [4] nokasanu, 4to bonee
BbICOKME HacToTbl MA B numdouuTax nepudepmnqe-
CKOV KpOBM HYenoBeka CBA3aHbl C 60ee BbICOKMM
PUCKOM PasBUTUSA paka. Y 340p0BbIX 0bcnegyembIx
BbISiBNeHa CBA3b 4acToThl MY B numMmdoumTax nepum-
hepuyeckon KpoBN C CEMEMHBLIM aHaMHe30M 3ab0-
nesaHus pakom [60].

Kak nokagzand WCCnegoBaHWs MocnegHnx neT,
HelpopereHepaTuBHble 3ab0N1eBaHUS TaKXKE XapaKk-
TEPUSYIOTCH BbICOKOW CTENEHbD eHeTUYECKWIA
HecTabuneHocTK [61-63]. Tak, skcnaHcua TaHge-
MOB MOBTOPSIOLLMXCA nocnegosatensHocten OHK
ABNAETCS NpUYKMHOM okono 40 HelpoaereHepaTue-
HbIX, HEBPONOMMHECKNX 1 HEMPOMBILLIEYHbIX 3abone-
BaHuU Yenoseka [64]. MNpw BonesHn Anburermepa
Bblna oTMe4eHa NOBLILLEHHAA aKTUBHOCTb TpaHCMNo-
3oHoB [65]. Thadathil ¢ coasTOpamn npuBOOAT
JoKasatenbCTBa pelaiolen ponv  OBYHUTEBbIX
paspbioe [JHK B natoreHese 6one3Hent AnbLremn-
mMepa, NapkMHCoHa 1 BOKOBOro aMmMoTPOUHECKO-
ro ckneposa (BAC) [63]. MNpwn paznuyHbIx Herpoae-
reHepaTBHbIX 3ab60NeBaHnsX, a TaKkKe NPy PasHbIX
hopmMax MPexOeBpPemMeHHOro  CTapeHnsa  Cylue-
CTBEHHYIO POMb B NATOreHe3e MUrpatdT HapyLUeHWs
penapauyoHHbIX CUCTEM, OCOBEHHO 3KCLIM3MOHHOM
penapauun [65, 66). B cnyyae bonesHn Anbureime-
pa, a Takxe paga apyrvx 3abonesaHuin oTMe4asTca
NOBbILLEHHbIA YPOBEHb aHeyrnnouaun, B TOM Y1cne B
KneTkax moara [67, 68]. B numdountax naumeHTos
¢ 6onesHblo AnblrermMepa bbina obHapy»xeHa aHey-
nnonansa no xpomocomam 13 1 21 [69], a B kneTkax
OyKKanbHOro anuTenus — no xpomocomam 17 1 21
[70]. MNpwn aTOoM B 0BOKX CAy4asax aHeynnougusa no
21 xpomMocome BCcTpedanach valle.

Bo mHorux mccneposaHusax 6bino 3admkcrpoBaHo
NoBbILLEHHOE YMcno MY kak B Knetkax O0nbHbIX
HEKOTOPbIMU HEMpOAereHepaTyBHbIMY  3abonesa-
HUSIMK, Tak W'y NPpeacTaBuTenem rpynmn NoBbILLEHHO-
ro pucka passuTUS HelpoaereHepauum  [68].
Petrozzi ¢ coaBTopamu ncnonssosanm metop FISH,
4yTObbI CpaBHUTL Npupoay MA npu 6onesHax Anbl-
revmepa u MapkuHcoHa. XoTs npu obovx 3abone-
BaHusIX ypoBeHb MY Bbin 3HAYUTENBHO MOBbILLEH, B
cnyyae 6onesHn Ansureimepa M7 B 6onbLUMHCTBE
CBOEM COLEPXKaln Lenyrd XpOMOCOMY, TOrda Kak
npu 6oneaHn MNapknHcoHa — XPOMOCOMHbIe hpar-
MEeHTbI. [lony4YeHHble daHHble FOBOPAT O pPasHbIX
MexaHu3max obpasoBaHua MHA npu aTux BonesHsax
[71]. BaxxHO OTMETUTB, YTO NpPX NeYeHun BonesHn
MapkuHcona npenapatom L-DOPA yposeHb MA y
NauMeHTOB CHWXKAETCHA OO0 HOPMbI, XOTS YPOBEHb
okcuaaTuBHbIx nospexaeHun IHK octaetcs Bbico-
Kum [72].

[NoBbIweHWe YacToTel MA npoucxoguT Takke npu
HOpManbHOM cTapeHun [73]. Hanudine MA B kneTke
NPencTaBnaeTcs  LWMPOKO  pacrnpocTpaHeHHbIM
MOPPONOrMHECKM  U3MEHEHMEM, CBA3aHHbIM C
KNeTO4YHbIM cTapeHnem [74]. [MogobHo cTapbiM
KNeTkam, KNeTkuy, cogeprkawime M3, cekpetupyroT
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BOCMa/INTESNbHbIE LIMTOKWHBI, TEM CambIM KMHALMA-
pys BOCNanuTesbHble NpoLieccol B opraHuame [50].
Takum 06pasomM, MOXHO MNPeanonoXnTb, 4TO
yBenm4eHne 4actoTbl M5 ¢ BO3pacTom ABNAETCH He
TONBKO CNSACTBUEM, HO W MPUHMHON CTapeHus [25].
BecbMa nHpOpMaTUBHBIM OKa3bIBAETCS LTOMHBIIA
aHanmMs — pacliMpeHHoe UccneqoBaHmne C Y4eToM K
OPYrnx SOepHbIX aHOMaNM, a Takke nokasartenen,
XapaKTEPUIYIOWMX NPOLECChl nponudepaumn K
rnbenun knetok. Tak, Thomas ¢ coasTopamu Habnto-
[anyi U3MEHEHVS LMTOMHOIO crnektpa B Oykkalb-
HOM 3NUTENUM KaK NpYM HOPManbHOM CTapeHun, Tak
n npu 6onesHn AnburerMepa, OOHaKO xapakTep
N3MEHeHNIA pe3ko paanundancs. [Npn HopMansHOM
CTapeHnn OTMEHYasioChb yBEeNNYeHe 4acToT Kapuo-
pekcuca, KoHaeHcaummM xpomartuHa u HasanbHbIX
KNeTok [73], Toraa kak npu 6one3Hn Anburermepa
BCE OTW roKasarennm OKaganCb CyLLECTBEHHO
HPKE, HYeM B rpynne cpaeHeHud [75]. B TO e Bpems
B OykkanbHbIX 3nuUTeNMoUMTax NaumeHToB C
cuHapomom [layHa 66110 3HaYUTENBHO YBEIUHEHO
copepxaHne M5 1 ABysaepHbIX KNETOK, & YacToTbl
Kapuoausmnca, NMKHO3a 1 KoOHAEHcaUMu xpomMaTuHa
3aMeTHO CHUXKeHbl [73], 4To cbnmkaeT CUHOPOM
HayHa ¢ 6onesHbio Anbureivepa. [Npy 3ToM B NM-
ounTax nepudepn4eckorn Kposu Yy BO0NbHbIX C
cuHgpomom [ayHa yactota MY Gbina Ha ypoBHe
KOHTRONSA WM JaXKe HECKONbKO Huxke [76, 77].
VIHTepecHO, 4TO OTBET Ha 00paboTKy MyTareHOM
(MuTomuumHoM C) okazarncsa ropasgo 6onee Bblpa-
YKEHHBIM B nvmdoupmTax nuy ¢ cuHapomom [ayHa,
0cobeHHO BO3pacTHbiX (37 — 55 neT), 4Yem B
KoHTpone [77]. CnoHTaHHbIM ypoBeHb MHA Takke
PE3KO YBENMYMBaETCH C BO3PacTOM B OyKKasbHbIX
KNeTkax nvu ¢ cuHgpomom ayHa [78]. Bce 310
FOBOPUT O NOBbILLEHHON YYBCTBUTENBHOCTU reHoma
NaureHToB ¢ cMHAPOoMOM [ayHa K noBpexgatoLLiim
BO30EACTBUSAM.

BavkHyto rpynny COCTaBnsatoT XXEHLLMHBI, B MONOAOM
BO3pacTe poamMBLUME OeTerd ¢ cuHapomom [layHa.
NokaszaHo, 4TO puck pa3suTUa B60Ne3Hn AnbLren-
Mepa y TakuX XXeHLLUH NoBblLLeH B 5 pa3 no cpasHe-
HUO CO cpegHvM nokaszatenem [79]. Y martepen,
poauBLUMX pebeHka ¢ cuHapomom [dayHa B BO3pac-
Te 6onble 35 neT, Takoro MoBbilLEeHs He Habno-
fanock. B numdoumTtax Monodbix Matepein oeTen ¢
cuHopomom  [ayHa ofHapy»eHo  yBenu4veHue
yacToTbl MY 1 HapyleHwid cerperaymmn 21 Xxpomo-
combl [80]. MNokasaHa Takke KOppenauus 4acToThl
MHA B numMdoLmTax TakKX >KEHLMH ¢ nonMmopdmna-
Mom reHa MTHFR, senawoLLeroca Kno4eebIM pery-
natopomM metabonuama honara U roMoumcTenHa
[81].

Kpyr 6oneaHen, npu KOTOPbIX BbIABNAETCA MOBbI-
LeHue ypoeHa M#A, nocTosiHHO pacluvpsieTcs. Tak,
N3MeHeHWe napamMeTpoB UMTOMHOrO aHanu3a B
KneTkax OYKKaNbHOMO anuTenvs OTMeHYanock npu
CEeproBWAHON KNETOYHOM aHemun [82], npu cucTem-
HOW KpacHoW Bon4aHke [83], Npv HEanKorossHOM

cTearorenatute [84], nMpu CUCTEMHBLIX CKIepo3ax
[85], oxxupeHuu [86], 6ecnnogum [87], y NaLUMEHTOB C
XPOHW4eCKor BonesHbio noYek [88], npw avabete
2-ro Tvna v conyTcTaytoLen emy Hedponatum [89].
[NoBbiweHve YacToT MA Habnoganock B niuMmdouu-
Tax geTten, cTpafalolmx ayToMMMyHHbIMK 3abone-
BaHuaMU [90], a Takke y MONoApIX NOAEN ¢ annep-
rmamun. [puydem B NocneaHeM crydae oTMmevanachb
CBA3b MeXay ypoBHeM IgA 1 vactoTon MA B nnm-
doumntax obcneayembix [91].

[Mpy cnuHouepebennapHoW aTtakcum Tuna 2 B
ByKkabHbIX anuTenvoumMTax HabnoaaeTca 3Hauu-
TeNbHOE yBenu4eHue 4YacTtoT MY, Kapwonnauca,
NMUKHO3a M KOHAEHCaUWM XpoMaTHa. YcTaHoBneHa
3HauMast KOppenauvsa Mexay 4acToTon ABysaep-
HblX KNETOK U NPOAC/IKUTENBHOCTEIO  B0nesHu.
ABTOpbI NpegnonaratoT, YTo HacTtotel MA n oBys-
JepHbIX KNETOK MOryT BbiTb MCNOMB30BaHb! B Kaqe-
cTBe BMOMapKepoB Npu 3Ton GoneaHu [92].
[NoBbiweHve YactoTel MA B numdoumntax U asys-
JEPHbIX KNETOK B OyKKanbHbIX 3NUTENMOLMTaX Npn
CHUXEHUM 4aCTOTbl MWKHO3aA W  KOHOeHcauuu
XpoMaTuHa B OyKkasbHbIX KfeTKax OTMedvaeTcs
TakoKe Y NOXUMbIX NaUMEHTOB C CMHOPOMOM Xpyri-
KoCcTu kocTewn [93].

Grindel ¢ coaBTOpamMu Nokasanu, 4To YacTtota M4 B
OykkanbHbIX anuTennouuTax OonbHbIX aMabeTom
2-ro Tuna 3Ha4YMTeNbHO NOBbILLEHA U KOppenupyeT
CO CTeneHbro TsKecTn BonesHu (B 4acTHOCTU, C
YPOBHEM  MMUKO3UNMPOBAHHOIO remornobuHa u
YPOBHEM [IOKO3bI B M1Aa3Me), a TakxKe 3aBiCUT OT
TMNa neyveHus [94].

TpeBokHbIe aaHHble nony4unu Milosevic-Ethordevic
C COaBTOpamMu: OHW Nokasasnu, YTo recrareHsbl, NPu-
MEHSEMbIE ON15 COXpaHeHuss 6epeMeHHOCTH, Bbi3bl-
BalOT A0303aBUCUMMOE YyBenuM4eHue 4YactoTbl MHA
[95]. Furness ¢ coaBTOpamu yCTaHOBUAW, YTO MOBbI-
weHue yposHs MA B numdoumnTax 6epemMeHHbIX Ha
20-n Hepene GEpPemMEeHHOCTW MO3BONSAET BbIABUTL
PKEHLLMH C MOBbILIEHHbLIM PUCKOM PasBUATUS No34-
HX TSKENbIX OCMOXKHEHWUIA BepeMeHHOCTU [96].
STOT NepeveHb MOXHO NPOAOKATb.

Takum obpaszom, ypoeeHb MHA B numdoumTax,
ByKKabHbIX 1 Ha3abHbIX ANUTENUOLIMTAaX B Co4eTa-
HAWX C OpYrMMi noKasaTenamn LMTOMHOMO aHannaa
MOXXET 0Ka3aTbCA YAOOHbIM B1OMapKepoM Kak npu
MPOrHo3e passnTua psaga 3abonesaHui, Tak v npu
MOHUTOPUHIE 3(PdeKTUBHOCTL neverusa [72, 97].
[Nockonbky crnekTp 3aboneeaHwii, NpU KOTOPbIX
M3MEHSIIOTCA 3TW NnokasaTenu, CIVLKOM LUMPOK,
BruomMapkepbl  MEHETUYECKOW  HecTabunbHOCTU
JOMKHbI paccMarpuBaTbCs He Kak MporHocTuYe-
CKWIM MPU3HaK Kakoro-nubo KOHKpeTHoro 3abone-
BaHWS, a Kak XxapaKTepucTuka cocTosHus obeneny-
eMoro cybbekTa v MOryT ABMATECA CUrHaNOM L4
OTHECEHWS ero K rpynne pucka. Hy»HO oTMETUTS,
YTO C MPUMEHEHNEM BNM3HELOBOrO aHanmaa oblna
rokasaHa BbICOKas CTerneHb HacneayemMocTt HacToT
Kak CMOHTaHHbIX, Tak 1 MHAYLIMPOBaHHbIX 0bny4ye-
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Huem M. STOT hakT Takke NOAYEPKUBAET 3HadYe-
HKWe 4acToTbl MY Kak NPOrHOCTUYECKOrO NoKasaTe-
ns [98].

HectabunbHOCTb reHoMa MMEET OrpOMHOE 3Haue-
HWE He TONMbKO A1 NMOHUMAHWA NpYPoadbl U Mexa-
HU3MOB NAaTONOMMYECKX NPOLIECCOB, B TOM YMCNE B
OpraHM3mMe 4Yenoseka. HapylueHusi reHeTUHeCcKoro
annapara SBMASKTCS  BaXKHENWUM  pe3ynbTaToM
HebNaronpUSaTHONO BO3AENCTBUA BHELLUHWX (hakTo-
pOB Ha opraHuam, a, cfienoBaTesibHO, nokasarenu
HEeCTabUIbHOCTY FeHOMa MOMYT CRAYXXUTb Buomap-
Kepamu MNpuv  U3y4eHU OMacHOCTU  PasnYHbIX
BO3pencTBMA. B 4acTHOCTWU, UMTOMHBLIA aHanns
HaxXoaUT LUMPOKOE MPUMEHEHWE MPU OLEHKE MNpOo-
theccroHanbHbIX PUCKOB. Tak, NOBbILLEHWE YaCTOTbI
Mukposgep (MA) B numdoumntax nepudepuHeckon
KPOBW 1 OyKKanbHbIX SMUTENAOUMTAX BbIABIEHO Y
MeOUUMHCKUX — PabOTHWKOB,  NOABEPratoLmnXcs
BO3AENCTBUIO 3aKWCK a30Ta B OnepaumoHHbix [99] n
npoTusoonyxonesblx npenapatoe [100, 101].
[aHHble psiga UWTOrEHETUHYECKWX WUCCNEeaoBaHUn
YKasbIBalOT Ha MOBbILWEHHbIN YPOBEHb MOBPREXOE-
Huin JHK, B ToM 4ucne ¢ obpazosaHuem MY, vy
MEeOULUMHCKMX  paboTHUMKOB,  MOABEPratoLLMXCs
XPOHUHECKOMY BO3OENCTBMIO HU3KWMX 003 MOHM3U-
PYIOLLEro M3Ny4YeHns NpY BbINONHEHUW AnarHOCTU-
yeckux npouenyp [102]. B wnccneposaHvu [103]
BbISIBNIEHO AOCTOBEPHOE YyBENMYEHME HYacToTel MA B
KyNbType MMGOUUTOB NepUEPUHECKON KDPOBMU
pabOoTHUKOB SAEPHON MeOVLMHbLI, NOABEPratoLLmMX-
CH XPOHNHECKOMY WNOHUBMPYIOLLEMY N3NYYEHWIO OT
1,20 po 48,56 m3B, B nepuod paboTsl NO cpaBHe-
HWKO C OTMYCKHBIM NEPUOOOM. YBenmHeHne noxkasa-
Tenem reHOTOKCUYECKOro U LIMTOTOKCUYECKOro
BO3eNCTBMSA paboder cpeapl oTMedanock Yy pabo-
Yyux gobbiBatoLLen 1 apesoobpabaTtbiBaroLLen Npo-
MbiluneHHocTn [104, 105], y nogeepratomxca
BO3AEUCTBUIO LIeMEHTHOW NMbinv [106] n nectyumaos
[107], y ceapwukos [108], npu4em B nocnegHem
cny4ae Bo3pacTaHue 4YactoTel MY 1 nokazarenen
LMTOTOKCUHYHOCTM aCcCOoUMMPOBANOCE C MOBbILLEH-
HbIM COAEPaHVEM HEKOTOPbIX TSXKENbIX METANOB
B OVOMOMMYECKNX XKUOKOCTAX MCMbITyeMblX. [1oBbI-
LeHHas YacToTa sAepHbIX aHoManuii Obina HaaeHa
y 3aHaTbIX Ha cbope un nepepaboTke mycopa B bpa-
aunum [109]. Hy>KHO OTMETUTb, YTO B MCCNeaoBaHn-
aX B 3TOM 0bnacTtn Hanbonee ahhEKTUBHBLIM HaCTO
OKa3blBaETCs aHanM3 KNeTok OykkanbHOro W
Ha3aMbHOr0 ANUTENUS, YTO CBA3AHO C NHraNsLMOH-

HbIM MyTEeM BO3OENCTBUA TOKCUYHbIX BellecTs [100].

AKTMBHO W3yHaeTcsA MOCTYNJIEHNE TOKCUMKaHTOB B
opraHu3M 4enoBeka npw noTpebneHnn ankorons,
KYPEHN U WX HEraTvBHOE BIIMAHME HA COCTOAHWE
cTabunbHOCTX reHoMa. Hanpumep, nccnegosaHue ¢
yyactmem 200 4enoBeK BbIABMAO 3HaA4YMMO Bonee
BbICOKYIO 4acToTy MHA B ByKKaNbHbIX 3nMTemoLm-
Tax y nogen, kyrwwmx Tabak, no CPaBHEHUKO C
KypWiblUMKaMn 1M KOHTponbHon rpynnon  [110].
YacTtoTta MY noBblwanace ¢ yBenM4eHnemM npogon-

KUTENBHOCT U MHTEHCWMBHOCTWM  NOTpebneHws
Tabaka [111]. Y kypswmx obecnegyemblx 4actora MHA
N SOEePHBIX NOYEK B KyNbType MMMQOLMTOB KPOBMK
Bbina BbilLE YEM Y HEKYPSALLMX, NPU 3TOM Nokasare-
N 3HAYMMO OTNINHANNCh TONBKO Y My»HuH [112]. Ha
4acToTy 3TUX noKasaTenen okasbiBano BANSHUE
KONMN4YeCTBO BbIKYpMBaEMbIX CUrapeT B AeHb U KONU-
4ecTBO NeT kypeHus. OBcnenoBaHne My>kHnH Bbisi-
BMNO MPSMYIO KOPPEnaumio YacTtoTel MA B numdo-
umMTax nepuepuyeckor Kposu W noTpebneHus
ankorons [112]. 3HaquTensHo 6Oonee BbiCOKas
yactota MY B numdoumtTax nepudepu4eckon
KpoBu Habnmoganace Y kKypunslpkos (p <0,05),
npu4emM oHa He Oblna cBs3aHa C BO3PACTOM W
MHTEHCMBHOCTBIO  KypeHusa [113]. OpHako B
OyKKaNbHOM 3MTEN  YacToTa anonTOTUYECKMX
KNETOK CYLLECTBEHHO MOBbILLANACH C YBENHEHUEM
BO3pacTa y4aCTHUKOB W MPOAOIKUTENBHOCTU Kype-
Hua (F = 8,649; p <0,01 n F = 5,389; p <0,05 cooT-
BETCTBEHHO).  PeadynbTatbl  LMTOreHeTU4eckoro
aHanmaa nuMQOLMTOB 1 BYKKaNbHbIX 3MUTENNOLN-
TOB B 3TOM WCCNEAOBaHW VMMENU 3HAYUTENBHYH
MONOXKUTENBHYIO KOPPENAUMO, HYTO yKasbiBaeT Ha
B3aMOAOMNONHAEMOCTb 3TUX TECTOB.

B 39KONOro-rurmeHn4ecknx NCcCnenoBaHmax LUMTOM-
HblA aHanM3 okazanca HesameHuMm. bnarogaps
OTHOCUTENBbHOW MPOCTOTE WCMNONHEHWSA WU Manown
MHBa3VBHOCTU TOMBKO 3TOT TECT W ropasno MeHee
MHopMaTUBHBIN ~ aHanu3  4acToTbl  abeppauui
XPOMOCOM MO3BOMAOT U3y4aTb MEHOTOKCUHECKUE
ahdekTl Ha BonblumMx KoropTax nogen. MoxkHo
ckasaTb, B 3TOV 0bnactv NpUMeHeHue UMTOMHOro
aHama3a CcTano  pyTtuHHbIM.  [puBemem  nvwb
HECKOSIbKO MPUMEPOB NOA0OHBIX WUCCNEeaoBaHWIA.
Sordo ¢ coaBTopamm U3yHani BAMAHUE BO3POCLLE-
ro YPOBHSI NMblNW B METPO . Mexrko Ha 6epemeHHbIX
XKEHLLMH M HOBOPOXOEHHbIX. ABTOPbL! ONpenensnm
accoumaumio 4acToTbl FeHETUHECKMX NOBPEXXAEHNN
B nMdoumTax NyrnoBUHHOM KPOoBKU 1 nepudepuye-
CKOW KpPOBW MaTepeit C YPOBHEM 3KCMO3ULMK
MaTepu K nbineeBbiM Yactuuyam PM2.5 1 PM10 B
Te4veHue nocnegHero mecsua 6epemeHHocTW. bbina
oBHapy»eHa CTaTUCTUYECKM 3SHa4YMMasa MoMoXKuW-
TenbHas accoumauus Yactotel MHA B nynoBuHHON
KpoBW C ypoBHem PM2,5 Ha cTaHuusx MeTpo
BONM3M MecTa npoxuBaHna Matepun. [lomumo
aToro, 4actora M4 B numdoumuTax Kak marepuH-
CKOW, Tak W NynoBWHHOW KPOBW Oblna Bbille B
obpa3duax, oTobpaHHbIX B CyxOW ce30H (bonee
BbICOKOE copgep»kaHue Mbinu), HYem B OOXKONMBbINA.
ABTOpbI AENatoT BbIBOA, YTO MbiNeskle YacTusl PM
2.5 cnocobHbl NPOHMKATL Yepes NnaLeHTy 1 Bbi3bl-
BaTb T[EHETWHECKME TOBPEXOEHWSA B KEeTKax
ambpuoHa, YTO MoBbLILLIAET BEPOSATHOCTL 3abonesa-
HUA B JanbHENLLEM — B OETCTBE UMK BO B3POCNON
KU3HW [114].

MNopobHbiM 0bBpa3om B MCCnegoBaHuy, NpoBeaeH-
HOM BO BbeTHame B MECTHOCTW, 3arpsisHeHHOM
MbILLBAKOM, BbIIO MOKA3aHO, HTO HYacToThl MA 1
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paspbieoB [JHK B numoumuTax nynoByUHHOW KPOBU
aCCOUMMPYIOT C YPOBHEM MbllLbSIKA Kak B NyNOBWH-
HOW KPOBW, Tak 1 B opraHname marepu [115].
MHoro4ncneHHble paboTbl NOCBSLLEHbI CPaBHEHWIO
YacTOT MeHETUHECKMX NMOBPEXAEHWA Y NKLL, NPOXMN-
BalOLLMX B paioHax C BbICOKVM YPOBHEM 3arpsasHe-
HUS (KaK OT MPUPOAHbIX, Tak 1 OT NMPON3BOACTBEH-
HbIX WMCTOYHWKOB), N XKTENEN «YACTbIX» ParioHOB.
Tak, B bpasunuu y »xutenerm MectHocTw, boraTon
MUHEpanbHbIMK Pecypcamm 1 UMEIOLLIEN BbICOKYHO
NMPUPOLHYID PaONOaKTUBHOCTb, OTMENYaN 3Haqm-
TenbHoe yBennyeHne 4actor M3A 1 aaepHbIx aHoma-
M — AOepHbIX MNoYeK, ABYSAEPHbIX KNETOK,
KNETOK C MWKHO30M siapa. ABTOPbI CBA3bIBAOT C
STUM BbICOKMIA YPOBEHb OHKONOrMHYeCKnx 3abonesa-
HUI B 3TOM paiioHe [116].

AHanorn4HeiM obpasom B Koaymbum y auu, »KuBy-
Lmx BONM3K YrofbHbIX Kapbepos, YacTtoTel MA B
MMAOUNTAX OKa3aMCh 3HAYMTENBHO MOBbILLEHDI,
npuyem Bonblas 4acte MY copepxana uenyto
XPOMOCOMY (aHeyreHHbIn achdekT), xoTs Habmoga-
meb 1 MSA nub ¢ parMeHToM XPoMOCOMbI. Bbina
BbIIBIEHA BbICOKO3HA4YMMas KOppensumsa ypoBHA
PM2,56 ¢ yacTtoto M$. ABTOpbI genatoT BbiBOA, O
ToM, 4TO PM2,5 npeactasnstoT HambonbLLWA PUCK
AN 3A0P0BbS NOAEN, XUBYLLMX BONMN3N OTKPbITHIX
YronbHbIX Kapbepos [117].

B paiioHe Oo06bi4M CBMHLIA COOep KaHWe CBUHLEA B
KPOBW JeTeln OKazanoch B NOTOpa pasa Bbille, Hem
B rpynne cpaBHEHWsl, XOTH WU OCTaBaNoCb 3Hauu-
TENBHO HKE MAaKCUMasbHO OOMYyCTUMOrO YPOBHS.
C atum nokagartenem Koppenuposana Yactora Ms
B fuMcoumMTax, MPeBbILas TaKOBYH Yy OETen 13
rpynnbl cpaBHeHWs bonee Yem Bagoe. [Mpu aTom MA
OblMM  Kak LIEHTPOMEP-NONOXUTESNbHbIE, Tak U
LEeHTPOMEP-OTpULIaTENbHbIE, MPUYEM Y 3KCMOHUPO-
BaHHbIX OeTel BKNag LUeHTPOMEPR-NOSOXUTENbHbIX
MA B obuiee ymicno MHA okazancs CyuwlecTBeHHO
MOBbILLIEH, YTO NMO3BONAET rOBOPUTL 06 aHEeYreHHOM
Jenctsun cemHua [118].

B ncecnepoBaHum BAUSHUA XMMWYECKOW Harpy3Kin Ha
YPOBEHb LIMTOrEHETUHECKNX MOBPEXOEHNI Y FOPOA-
CKOro HaceneHns (C MHAEKCOM 3arpsa3HeHa atMoc-
depsl 10,3 no cogepxaHwio  hopmanuHa,
OeH3(a)nvpeHa 1 QMOKCKO0B a30oTa) OTMeYeH bonee
BbICOKWIA YPOBEHb 4acTOTbl ByKKasbHbIX 3NUTENno-
uuToB ¢ MY 1 NpoTRY3VaMX NO CPaBHEHWIO C XKUTE-
NISMU YCNOBHO KOHTPOJIBHOW FPYMMbl  CENbCKOro
Hacenenus [119]. B rpynne wkonbHrkoB 11-13 ner,
NPOXXMBAIOLLMX B 06MacTHOM LEeHTpe, B atMocdep-
HOM BO34yXe KOTOPOro COAEPXKUTCA PAL, 3arpsasHa-
IOLLMX BELLECTB B KOHUEHTPaUWSX, NPeBbILLaroLLmx
MOK, BbIABAEHO  AOCTOBEPHOE  MOBbILEHWE
BykkanbHbIX anuTenmoumuToB ¢ MHA, npoTpyansmu,
anonTosHbIMW Tenamm WM OBYSOEPHbIX KNETOK MO
CPaBHEHMIO C Y4YalMMUCA 3TOW >Xe BO3PacTHOW
Kareropuu, npoxuearowmmmu B nocenke [120].
[Toka3aHO MoBbILLEHWE YPOBHA LMTOrEHETUHECKNX
HapyweHun vy peTen, npoxveawowmx B 6onee

3arpA3HEHHOM parioHe KPYMHOrO LeHTpa YepHour
MEeTannyprun, BbisiBfIEHA BbICOKAs AOCTOBEPHas
CBSA3b KapWONOrMHecKyX nokasartenen ¢ HeKOTopbI-
MU XUMUYECKUMI 3arpasHUTENSMU aTMOCEPHOro
Bozayxa [121]. Konu4ecTBO KNETOK C LWTOrEHETU-
YECKUMUW U3MeHeHnsMKn (MSA 1 npoTpysun) y aeten,
MKUBYLLMX B parioHax, 3arpsA3HEHHbIX OVOKCUHaMM,
BbINO yBEMHEHO HapPSAY C YCKOPEHWEM Mpouecca
nponngepaumn 1 3amenneHem npouecca anonTo-
3a [122]. Vigy4eHHble napameTpbl He 3aBUcen oT
Bo3pacTa \ nona. Y geten, NpoXXnBaoLLMX B yCno-
BMSX 3arpsA3HEHnst Mno4Bbl HeTenpoaykTamu Ha
yposHe 1%, OTMEYeHO LOCTOBEPHOE MOBbLILLEHWE
4acTOTbl BykkanbHbIX anuTenountos ¢ MA B 5 pas,
anonTUYECKOro WHOeKkca — B 3 pasa, KIEToK C
aByms 1 6onee sgpamun — B 1,6 pasa [123].

B BynkaHwdeckon obnactu [MopTyrammm ¢ rmapo-
TEPMaNIbHOW CUCTEMOW KOHLEHTpauus pofaoHa B
MOMELLEHUM  MONIOXUTENBHO  KOPPEenupoBano ¢
YyacToTo OyKkaNbHblX anuTenounToB ¢ MY vy
MECTHbIX >Xutenen [124]. Y geten, npoXxnsaroLLmx B
parioHe C BbICOKM CoaepXaHnem pagoHa, B anute-
navoupTax Cnmanctor oboNoYKW LLEKU BbIBNEHO
3HAYUTENBHOE YBEMYEHWE uYuMcna OBYSAEPHbIX
KNETOK, CYMMAapPHOW 4acToTbl KNETOK ¢ MHA u
NPOTPY3UAMK, AOEPHBIMA BaKyoNsaMUK, MUKHOTUYE-
CKIMX SAep M anonTO3HbIX TEN MO CPABHEHWIO C rpymn-
non cpasHeHus [125]. HacToTta spepHbix Hapylle-
HWA B KneTkax OyKKanbHOro snuTenns COOTBET-
CTBOBaa YactoTe abeppauuin MeTadasHbIX XPOMO-
COM B MMpoLmTax nepngepmnHeckoin KpoBu.

Y peten mMnagwero WKONbHOro BO3pacTa, NpPoXKu-
BaoWMX B NATU ropogax Wrtanum, 4actota MA B
ByKKanbHbIX ANUTENMOLMTAX OKadanacb Bbllle B
ropogax ¢ bonee 3arpAa3HeHHbIM BO3OYXOM, NpUHemM
cpenHss yYactota M aumoi Beina noYtn BOBOE
BbILLE, YEM MO30HEN BECHOW [126].

B ropoge ¢ uennono3Ho-bymadkHbIM NPOU3BO4-
cteom (LUBM) (r. Kopspkma) umsydanu addekTsbl
HEeCTabMNLEHOCTM reHoMa B NMMoLUMTaxX 1 KNeTkax
BykkansHoro snutenna y aetert 8 — 9 net. Pe3ynb-
TaTbl UCCNEAOBaHUS BbISBUNY 3HAYMMOE CHUXKEHWE
OCHOBHbIX nMokasaTtenen HecTabunsHOCTU FreHOMA B
M ounTax KpoBM, BKOHAA 4YacTOTbl KIETOK C
M#A 1 HykneonnasmeHHbiMy MocTamu (HIM), vacTto-
Ty anonto3a W W3MEHeHVe CrekTpa KAeTOYHbIX
nonynauwmia, no mepe yaaneHna ot LIBIM wkon, koTto-
pble nocewlans obcnegoBaHHble getn. B To ke
BpeMsl B ByKkallbHbIX 3NUTENMoUMUTaX CTaTUcTUYe-
CKW 3HAYMMOM OKasanacb TOMbKO pasHMLa 4acToT
KNETOK C  KOHOEHCUPOBAHHbBIM  XPOMATUHOM,
npuyem 1 3TOT nokasartenb Obin MakcuManbHbIM Y
yHawmxcs Wwkon, dnmxanwux k LB [127].

B cBA3K C BLILLEMSNIOXKEHHBLIM CTAaHOBUTCA OYEBUL-
HOWM aKTyanbHOCTb BbIABAEHWA B OKPYXKaroLLen
cpede NOTEeHUVANbHO KaHLUEPOreHHbIX BELLECTB,
NPUOPUTETHBIX ANA MMMMEHNYECKOro HOPMMpPOBa-
HK1s. Ha ocHoBaHWM MccnenoBaHuii, NPOBEAEHHbIX B
r. MarHnToropcke, VHrens 1 Jleroctaeea ¢ coaBTo-
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