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PAXUMBEKOBA ®APUJIA KYAHBIIIEBHA

AKTYaJILHOCTH TEMBI

CoBpeMEHHBIE HCCIIEIOBAHUS TOKAa3bIBAKOT, YTO POCT OHKOJOTHYECKUX
3a00J1eBaHUN MOXET ObITh 00YCIIOBJIEH HE TOJbKO BHYTPEHHUMH (T€HETHUYECKUMU
U MeTabOJIMYECKUMU), HO U BHEITHUMU (haKTOpaMu CpPeJibl, CPeId KOTOPHIX 0COOYI0
pOJIb HWrparoT 3arpsA3HEHUE TOYBBI, BOABI M BO3AyXa TSKEIBIMU METaIaMH,
XJIOPUJAMHU U IPYTUMHU TOKCUKaHTaMH. TeM He MeHee, MEXaHU3Mbl SKOJOTHUECKU
O0OyCJIOBJIEGHHOTO KaHIIEpOTe€HE3a, OCOOCHHO B YCIOBUSAX JETpaJHpOBaHHBIX
AKOCHUCTEM, U3YUEHBI HEJIOCTATOYHO, OCOOCHHO B KOHTEKCTE X B3aUMOJCHCTBHUS C
MOJIEKYJISIPHBIMU KacKaJlaMy OHKOT€HHOU mposudeparuu.

OOBEKTOM DJKOJIOTMYECKOM UM MEIUKO-OMOJIOTMYECKON 03a00YE€HHOCTH
apisiercs  pervoH  Ilpuapanbs —  30Ha  DKOJOTMYECKOro  OEICTBUS,
chopMupoBaBIIasiCss B pe3yibTare Jerpajaiuud  ApajibCKOro MOps H3-3a
HEPALMOHAJIBHOTO BOJIONOb30BaHuA. CornacHo 3akoHy: «O colManbHOM 3aIlUTE
rpaXkjaH, MOCTPAJIaBIINX BCJIEICTBUE IKOJIOTHUECKOro OeacTBus B [Ipuapanne», B
30HY 2KOJIOTMUECKOU KatacTpodbl BXOJAT pailoHbl Apanbckuil u KazanuHckuii; B
30Hy OKOJOTHYECKOTO KpU3Mca BXOAAT paioHbl KbI3bUIOpAMHCKON 00acTu.
Bricokast 3aCOJEHHOCTh IIOYBBI, a3pPO30JIbHBIM IEPEHOC COJIEHW, HaKaIlJIMBAaHUE
TSDKETBIX METAIIOB M YXYIICHHE KaueCTBAa BOJHBIX UICTOYHUKOB CTAIH (POHOM JIJIst
pocTa XpOHUYECKHUX 3a00JIeBaHUM, BKITOUAsi OHKOJIOTHYECKHE.

HecmoTps Ha HanmuuuMe OTAENBHBIX PabOT, OMUCHIBAIOIINX YKOJIOTUUYECKYIO
cuTyanuio B peruone Apana (Mamyrbayev et al., 2016; Anchita et al., 2021; Jensen
et al., 1997), OTCYTCTBYIOT KOMIUIEKCHBIC MEXAUCIUILIMHAPHBIE HUCCIICIOBAHMS,
CBSI3bIBAIOIIME YPOBEHb XHUMHUYECKOTO 3arpsi3HEHHS OKpYKawoIlehd cpeabl ¢
JIOKaJIbHOM OHKOJIOTMYECKON 3a001€Ba€MOCTBIO0 M MOJIEKYJISIPHBIMUA MEXaHU3MaMU
KaHIIEpOTeHEe3a, TAKMMH Kak aktuBanus mytaruii B reHax KRAS, EGFR, BRAF. Her
CUCTEMHOM OIIEHKM pHUCKa I 3/0pOBbsS HACEJEHUs, OCHOBAaHHOW Ha
HKOJIOTHYECKUX U TEHETUYECKUX JTaHHBIX.

Hacrosiee uccienoBanye HarpaBieHO HAa YCTPaHEHHUE YKa3aHHOTO pobena
MyTEM MPOBECHUS SKOJIOTUYECKOTO MOHUTOPHUHTA 3arPsI3HEHHOCTH BOABI U MIOYBbI
TSOKEIBIMA METAJJIAMU U COJISIMH, COMOCTAaBJIEHUS STUX JAaHHBIX C YPOBHSIMU
OHKOJIOTHYECKOW 3a00JieBaeMOCTH 10 paiioHam [Ipuapanbs, a Takke Ha aHAIIN3
pacupoCTpaHEHHOCTH MYyTaIliii B KIIOUEBBIX OHKOT€HaX y OOJBHBIX C PaKOM
JETKUX, KUIICYHUKA U MeJIaHOMOM. Takoi moaxo mo3BOJISET BIIEPBBIE B PETHOHE
MpEJACTaBUTh HAYYHO OOOCHOBAHHYI) MOJIENIb 3aBUCHMOCTU MEXIy KadyeCTBOM
OKpY’Karolen Cpeibl U BEPOSITHOCTHIO aKTUBAIIMK OHKOJIOTUUECKUX MTPOIIECCOB.



Takum oOpa3zom, paboTa ABIETCS aKTyalbHOM KaK C MO3ULUU
HKOJIOTUYECKOM OLIEHKH PErMOHOB 3KOJIOTUYECKOTO OEICTBHS, TaK U B KOHTEKCTE
IpeIyNpexICHNs OHKOJIOTMUECKUX 3a00JIeBaHUM, M MOXET OBITh MCIOJB30BaHa
Ui pa3pabOTKH PEKOMEHAALUN MO MOHUTOPUHTY, MPO(PHIAKTUKE U CAaHUTApHO-
TUTHEHNYECKUM MEpPaM B YCIIOBUSIX BBICOKOM aHTPOIIONEHHOM HArpy3KH.

eab padoTsl

Ilesnbr0 HACTOAILLETO UCCICAOBAHUS SBIACTCA U3yYCHUE BO3MOXKHOM CBSA3U
MEXIy BO3JEHCTBUEM 3KOJIIOTMUECKUX (PAaKTOPOB OKPYIKAIOIIEH Cpeibl U pa3BUTUEM
OHKOJIOTHYECKHX 3a0oseBaHuil B [IpuapaibckoM permnone.

O0BeKT uccjieI0BaHuA

OOBEKTOM HCCIEAOBaHUS SIBISETCS DKOJIOTHYECKasi CUTyalusi U YpPOBEHb
OHKOJIOTUYECKOM 3a00JI€Ba€MOCTH B perhuoHe Apalibckoro Mops.

IIpeaMer ucciaenoBaHusA

[IpenMeToM Hccae10BaHUS SIBISIOTCS 00BEKTHI OKPYKAIOIICH CpeIbl perioHa
Apana (rouBa, MOBEPXHOCTHBIC BOJIbI), UCCIEIOBAHHBIC HA COACPIKAHUE TSAMKEITBIX
MeTaIOB (KaaMmus, KoOaiabTa, MEIHM, CBUHIIA, XpoMa), XJOPHJIOB; a TaKkKe
MOKa3aTesii OHKOJOTUYECKOM 3a0071€Ba€MOCTH B JTaHHOM PETHOHE.

3agaum uccie10BaHusA

1. V3yunTh conmepikaHue 3arps3HAIOIIMX BEIIECTB B MIOYBE U MOBEPXHOCTHBIX
BOJaxX peruoHa Apaiia, B TOM YUCJE XJIOPUAOB, TSKEIbIX METAILIOB (KaaMusl,
KoOajbTa, MEJI1, CBUHIIA)

2. Ilpoananu3upoBaTh MOKa3aTeNn 3a00JEBAEMOCTH Pa3IUYHBIMU (QopMamMH
OHKOJIOTMUECKMX Oone3Held B pailioHax Ilpuapanbsi Ha OCHOBE JAaHHBIX
ObnactHoro OHkonoruueckoro Llentpa

3. BesButh MyTanmu B reHax MAP-cascade: KRAS, EGFR, BRAF,
aCCOLIMMPOBAHHBIX C KOJOPEKTAJIBHBIM PAaKOM, HEMEJIKOKIETOYHBIM PaKOM
JIETKOTO ¥ MEJIaHOMaMHU Y OHKOOOJIbHBIX pernoHa [Ipuapanbs.

4. TlpoBecTH KOMIUJIEKCHBIM aHallM3 OHKOJOTHYECKOW 3a00JieBaeMOCTH U
resetruueckux mapkepoB MAP-cascade B pervone Ilpuapaibst ¢ meabio Ux
BO3MOXKHOM CBSI3M K KOHLEHTpalUued 3arps3HSOIIMX BEIIECTB B
OKpYXarolllel cpefe, a TakKe ONucaTb IOTEHIUAIbHBIE MEXAHU3MBI
OIyX0JIe00pa3oBaHUsl B YCJIOBHUAX 3KOJOTHYECKOTO KpHU3HCAa PpErruoHa
Apanbckoro Mops.

Hay4Hasi HoBU3HA
Bnepsble  npoBeA€H  KOMIUIEKCHBIM — AQHAW3  B3aUMOCBS3H  MEXIY
HKOJIOTUYECKUM 3arps3HEHUEM (KOHUEHTPALMHU XJIOPUIOB, TSKEIBIX METAIUIOB) U



OHKOJIOTMUYECKOW 3a00JieBaeMOCThIO B [IprapanbCckoM pernoHe ¢ UCIOIb30BAHUEM
KaK 3MUAEMHOJOTHYECKHX, TaK U MOJIEKYJSIPHO-TEHETUYECKUX TOIXO0JI0B.

BnepBele B paMKax pErHOHAIBHOTO 3KOJOIMYECKOTO0 HCCIEIOBAHUS
npoBeAEH TreHeTuueckuii ananu3 Mmytaumii B oHkorenax KRAS, EGFR, BRAF y
NAlMEHTOB C OHKOJOTMYECKUMH 3a00JIEBAHUSMU PETHOHA, YTO MO3BOJIMIIO CBA3ATh
MECTHBIE  JKOJOTrM4YecKkne  (PakTopbl C  MOJIEKYJSIPHBIMM  MEXaHW3MaMHu
KAaHILIEpPOT€HE3a.

YcraHoBieHa KOPPESIUs MEXAY MOBBIIICHHBIM COACPKAHUEM OTAEIbHBIX
3arpsi3HUTENEN (XJIOPUIbI, CBUHEI, KaAMUI, KOOAIbT) U YPOBHEM 3a00J1€Ba€MOCTH
onpenenéHHbIMU  (pOpMaMU 3JI0KAQYECTBEHHBIX HOBOOOpa30BaHM (pakK JIETKHUX,
KEITYTOUHO-KUILIEYHOTO TPAKTA).

Pa3paGorana  rumoTteTudeckas  MojJeidb  (QOPMHUPOBAHUS  OYaroB
OHKOJIOTMUECKMX 3a00J€BaHMA B  YCJIOBHUSIX OSKOJOTMYECKOro  OeACTBUS,
YUYUTHIBAIOIIAS KaK BHEIIHUE (IKOJIOTUYECKHE), TAK U BHYTPEHHUE (TEHETUYECKUE)
(baKkTOphI pUCKa.

MaTepnaﬂm H MCTOI[LI HCCJIeJ0BaAaHUA

1. Ot6op npob

[ToneBoii 3Tan BkJItOYan cOOp OOpa3LOB MOYBHI M MOBEPXHOCTHBIX BOJ B
HaceIEHHBIX MyHKTaxX KbeI3pu10pAMHCKOM 00J1aCTH, PACIIONIOKEHHBIX BIOJIb TEUCHUS
peku Coeipaapss: ropoa Kezsuiopaa, ceno Kameicteibac, ropon balikonyp, ropoa
Apanbck, ceno [luenn, ceno XKanakopras, ceno Tepenozek. O0pa3iibl 0OTOUPATIUCH
BOJM3U JKWIBIX M CEIbCKOXO3SUCTBEHHBIX TEPPUTOPUM B COOTBETCTBHH C
HOpMAaTUBaMHu 0TOOpa Mpo0, MPUHATHIMA B CAHUTAPHOMN MPAKTHKE.

2. JJabopaTopHbIi aHAJIU3 3arPs3HSIONINX BEIIECTB

B nouBenHbIX 00pasiax onpeaesuiuch KOHIIEHTPAIIMU: XJIOPUIOB, KaIMUs,
KoOanbTa, MEIM, CBUHIA, XpoMa. B BOJHBIX MpoOax aHAIM3UPOBAIUCH YPOBHHU:
XJIOPUIOB, MEIU, KaJMusi, CBUHIIA, KoOabTa. M3MepeHust mpoBOIUIUCH COTIACHO
CTaHJAPTHBIM METOJIMKaM KOJIMYECTBEHHOI'O aHAJIM3a.

3. CtatucTHYeCcKUe JaHHBIC IO OHK03a00JIE€BaeMOCTH

JlanHble 0 3200JI€Ba€MOCTH OHKOJOTMYECKUMH 3a00JE€BaHUSMH B PETHOHE
ObUIM TOJY4YeHbl M3 CTaTUCTHYecKoro otaena OOJacTHOrO OHKOJIOTHMYECKOIo
nentpa (r. Ke3puiopga). B BbIOOpPKY BKIIIOYEHBI TMOKAa3aTesd MO CIEAYIONUM
HO30JIOTHSIM: MEJIAHOMBI, CapKOMBbI, paKk MOJIOYHOM >KeNe3bl, paKk JETKUX, pak
OpraHoOB JKeNyI0YHO-KHUIIIEYHOTO TPAKTAa.

4. 'eHeTUYECKUI aHAIN3 MyTallUi

['eneTnueckue ucciaeAoBaHUs MPOBOAUIUCH Ha 0a3e Kazaxckoro HayyHO-
UCCJIEIOBATENIbCKOTO HWHCTUTYTa OHKOJOTMM W paauojorud (T. Ammatsl).
UccnenoBanne ocymectsisuiock Ha JIHK, Beiaenennoi u3 nmapaduHOBBIX OJOKOB
(FFPE) OwuomcuiiHOrTO ¥  MOCTOMEPAIMOHHOTO  OIyXOJEBOTO  MaTepuaa.



Hcnons3oBanuce  komMmepdeckue  Habopel  Roche  Multiplex RT-PCR,
HaIpaBJeHHbIE Ha BbIsBIeHUE KioueBbix MyTanuil: KRAS (accoummpoBan ¢
KOJIOpeKTaIlbHBIM ~ pakoM): codon 12, codon 13, codon 6; EGFR
(HeMenkokeTouHbIM pak I€rkux): LS8R, nenenus 19 sx3ona; BRAF (Menanomsi):
myTanus V60OE.

5. OueHka 3arpsi3HEHHOCTH TTOYBBI

Jliist pacuéra MHTETPAIbHON OIEHKH 3arps3HEHHOCTH MMOYBBI MCTIOIB30BAJICS
metoy Caeta, AHapeeBa u /(310061 (2016), MO3BOISAIONMIMI pacCUUTaTh CyMMAapHBIN
MoKasaTtellb 3arpsi3HeHus (Zc¢) Mo OTHOIICHUIO K ycTaHoBlIeHHbIM TT/IK.

6. CraTuctrueckas o0paboTka

KoppensuMoHHbIii  aHaIM3 MEXIy KOHLEHTpAlUsIMUA 3arpsa3HUTENeH
(otHocuTenbHO [1/1K) 1 ypoBHEM OHKOJIOTHYECKOM 3200J1€BAEMOCTH MTPOBOIUIICS C
HCMOJIb30BaHUEM JVMHEMHON perpeccuu.
JImst  OIEHKW CHJIBI  CBSI3M  PACCUMTHIBAIHNCH: KOX(DDHUIMEHT KOPPEIISINH,
kodhummenT aerepmunanuu (R?), ypoBeHb CTaTUCTUYECKON JOCTOBEPHOCTH (-
value).

OcHoBHbBIE IOJIOK€HHUH, BBIHOCUMbIC HA 3aIUTY

YCTaHOBIIEH BBICOKMM YpPOBEHb 3arpsi3HEHUS OKPYKAKOLIEH Cpeasl B
HaceIEHHBIX MyHKTaX KbI3bIIOpAMHCKON 001acTy: B Ipo0Oax BOJbI 3a()MKCUPOBAHBI
IIPEBBILIEHUS CONEPKAHMS XJIOPUIOB, KaAMUS U CBHUHIIA, B [I0YBE — XPOMa, MEAH,
CBHHIIA U XJIOPUAOB, UTO CBSI3aHO C MOCIEACTBUIMU BBICBIXaHUS APAIIBCKOTO MOPS
M adpO30JbHBIM IEPEHOCOM COJIEBBIX M TOKCHYHBIX YacCTUL Ha TEPPUTOPHIO
peruoHa.

BBISIBIICHBI CTATHCTUYCCKU 3HAYMMBIC TTOJIOXHUTEILHBIC KOPPEIISAIIUN MEKIY
OHKOJIOTUYECKOHN 3a00JIeBAEMOCTBIO U 3arPSI3HEHUEM OKPYKAIOIICH CPEIbI:

e MEXKIy yYpPOBHEM XpoMa B IOYBE M 3a00JIEBAEMOCTHIO KOJOPEKTAIBHBIM
pakom (r = 0,67; p = 0,05),

e MEX/y YPOBHEM CBHHIIA U 3a00JIeBa€MOCThIO pakoM Jj€rkoro (r = 0,76; p =
0,017),

[IpoBenén renernueckuii anann3 myrauuid B reHax KRAS, EGFR u BRAF y
OHKOJIOTUYECKUX IallMEHTOB, MPOJAEMOHCTPUPOBABIIMK HAJIUYUE OHKOTECHHBIX
MyTalUld y TPeTH OOCJIEeIOBAaHHBIX MAI[MEHTOB, YTO MOXET CBUJIETEIICTBOBATH O
BBICOKOM yPOBHE 3JI0KaYECTBEHHOCTM M IOTEHUHAIBHOW CBSI3UM  MEXAY
DKOJIOTUYECKON HArpy3KOM U MOJIEKYJISIPHBIMU MEXaHU3MaMM KaHILIEpOreHesa.

Pa3paborana koHIenTyajdbHas MoOJEIb (OPMHUPOBAHUSA OHKOJOTMUYECKUX
3a0oneBanuil B IlpuapanbCkoM pervoHe, y4MTHIBAIONIAS BIUSHUE 3arps3HEHUS



Cpeanbl TSDKEJIBIMM METaJlIaMU U XjJopuaamMu, JIOKAJIbHYIO 3IHUACMHUOJIOTHYCCKYIO
CUTyalluIO 1 MOJICKYJIAPHO-TCHCTUICCKHUC MCXaHHU3MbI Ony0J’ICO6pa3OBaHI/IH.

IIpakTH4eckas 3HAYUMOCTh

[TonyyeHHble pe3ysbTaThl MOTYT OBITH MCIOJIB30BAHBI CIEUHUATUCTAMU B
0o0NaCTH  JKOJIOTUM,  3[paBOOXPAHEHUS M  COUMAJIbHOM  CIy)XObl  JJis
MpEeIBApUTEIILHON OLIEHKHM PHUCKA pPAa3BUTHSA OHKOJOTMYECKUX 3a00JIEBaHUI B
paiioHax ¢ HEOJarompusATHOM HKOJOTMYECKOW CHUTyallued, TakhxX Kak
[Mpuapanbckuit peruon Keibopaunckoir ob6nactu. [IpuMmeHEHHBIE METOBI
HKOJIOTUYECKOTO MOHUTOPMHTA W aHali3a OHKOTEHHBIX MAapKepoB O00JagaoT
YHUBEPCAJTbHOCTBIO W MOTYT OBITh aJanTUPOBAHBI JJISI OLIEHKH COCTOSIHUS
OKpPY’KarOIIEN Cpepl U 3J0POBbs HACEIEHU B Ipyrux pernonax Kasaxcrana.

C y4€TOM BBISIBJIEHHOT'O IPEBBILICHUS COACP/KAHUSA PsNA 3arpsA3HUTEIICH U
3apETUCTPUPOBAHHBIX IoKa3aresnen OHKOJIOTHYECKOMN 3a00J1€Ba€MOCTH,
UCCJIEIOBAHUE MOXKET CIIYKUTh OCHOBaHUEM JJIA pa3pabOTKH NPO(PHIaKTUIECKUX U
pEeMEIMAMOHHBIX MEPOIIPUATHUM, BKIIIOYAS:

° JIOKAJIBHBIC MCPLI I10 OUHNIIICHUIO ITOYBBI U BOJHI,
° pGFYJI}IpHBII;'I MOHUTOPHHI' COCTOSAHUA Oprmammeﬁ CpCIHhI,
° a TaKXKC MCIHUKO-3KOJIOIHYCCKOC COIIPOBOXKIACHHUC HACCICHUA Ha

TEPPUTOPUSX C MOBBILICHHBIM YPOBHEM PUCKA.

Taxum 06pa3oM, pe3ysbTaThl JAHHOTO UCCIIEI0BAaHUS MOTYT CIIOCOOCTBOBATh
YIIYUIIEHHUIO SKOJOTUYECKOM U 3MHIEMUOJIOTUYECKON CUTYaI[UU B PETUOHE, a TAKXKE
MOCIIYKUTh OCHOBOW JJI1 pa3pabOTKU U BHeApeHUs: 3PQPEKTHUBHBIX CTPATErHil IO
CHIKEHUIO OHKOJIOTHYECKOM 3a00JIEBAEMOCTH.

BriBOALI

ITo pe3ynbraTram ananan3a mpoO BojbI, COOpaHHBIX B peruone [Ipuapanss, B 3
u3 7 Touek 0TOopa 3apUKCUPOBAHO MPEBBINICHUE KOHIIEHTPAIUU XJI0pua0B B 11-19
pa3 Mo CPaBHEHMIO C MPEIeNIbHO JomycTUMbIMU KoHLeHTpanusamu (ITK), Bkiatouas
ucToyHUKHY B T. Kbi3puiopaa u B Apanbscke. B 3Tux ke Toukax cojepKaHue Kaamusi
npesbimaio [1/IK B 4-11 pa3, a ceunnia — B 2,3—4,3 paza. B nouBeHHbIX npobdax,
npesbiienue [1JIK xpoma 3adukcupoBaHo B 6 U3 7 UCCIEAOBAaHHBIX HACEIEHHBIX
nyHkTax, B 1,4-2,8 paza. [Ipesbrmenne [1JIK mean ormeueHno B 6 u3 7 myHKTOB (B
2—11 pa3), ceuamna — B 6 u3 7 (B 1,2—7,1 pa3a), kobaneta — B S 13 7 (B 1,14-2,44
paza). OcoOEHHO BBIPAKEHHBIM OKA3aJIOCh MPEBBIIIICHNE KOHIIEHTPAIIUN XJIOPHIOB
B [I0YBE: B 6 U3 7 TOUEK OHO BapbHpOBAIOCH OT 16 10 9700 pa3 BbIlIe HOPMBI.

3a0071€Ba€MOCTh KOJOPEKTAIbHBIM pakoM B peruode B 2021 romy
3HAYMTENILHO TIPEBBIIIAIA CpeIHEepecyOIuKaHCKUe TToKa3aTenu: B T. KbI3bliop/aa
— 17,13 na 100 TteIic. Hacenenus; B baiikonype — 10,14; B Kapmakmer — 12,14;
torna kak no Kaszaxcrany B cpennem — 7,8 Ha 100 Tbhic. AHaJIOTHUYHO,



3aboneBaeMocTh MenaHomoi: B Illuemn — 2,56; B Kembuiopne — 2,45, B
Kapmakmisl — 3,04 mpotus cpeanero 3HaueHus no crpaie — 1,5 Ha 100 teic. D1
pa3nuuMs  MOATBEPXKIAIOT CTAaTUCTHYECKU 3HAYMMOE YBEIWYEHHUE PHUCKA
OHKOJIOTUYECKHUX 3a00JICBaHUI B UCCIEAYEMOM PETHUOHE.

['eneTnueckuii aHaan3 OMyX0JICBOTO MaTepHrasa mokas3al:

e vy 23 u3 74 nalMeHTOB ¢ KOJIOPEKTAIbHbIM PAKOM BBISBICHA MYyTallUs
KRAS,

e vy 13 u3 38 mauureHToB ¢ pakoM Jérkoro — mytauusa EGFR,

e vy 6 u3 10 nanuenToB ¢ MemaHomon — myTanusi BRAF.

Takum o6pazoMm, 34,4% oOcne0BaHHBIX OHKOMAIIMEHTOB UMEIM MyTalluu B
reHax MUTOTEH-aKTHBHpyeMoro OenkoBoro kackaga (MAPK), uto koppenupyer ¢
BBICOKOWM CTEMEHBIO 3JIOKAYECTBEHHOCTU OIYXOJEBOI0 IMpoIecca, BKIHOYas
MPU3HAKU U3BS3BICHUS U BRICOKUHN tumor grade.

KoppensitinoHnHbiit aHany3 BBISIBUJI CTATUCTUYECKU 3HAUYUMYIO CBSI3b MEXTY
COJIEp)KaHMEM 3arpsi3HUTENIC W YPOBHEM OHKOJIOTHYECKOW 3a00J1€BaeMOCTH:
KoJIOpeKTanbHbIN pak: r = 0,67; p = 0,05 ¢ ypoBHEM XpoMa B ITOYBE; PakK JIETKOTO:
r=0,76; p= 0,017 c ypoBHem cBuHua; r = 0,70; p = 0,036 ¢ comepkaHueM MEIU U
KoOaJIbTAa.
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AHIATIIA
JUCCEPTALMSUIBIK )KYMBIC TaKbIPHIObI OOMBIHIIIA!

«ApaJj eHipiHiH IKOTOTHSIIBIK (PAKTOPJIAPHIHBIH OHKOJIOT USIJIBIK
aypyJapabiH naiiaa 00ybIHA dcepiH 3epTTey», Graocopus FEUIBIMIAPhIHBIH
TOKTOpHI mopexkeci ymia MaMaHbIK 8D05201 — « BrosKOIOTHSIBIK MHXCHEPUS)
OOMBIHIIIA aHBIKTAIFaH

PAXUMBEKOBA ®APUJA KYAHBIIIKbI3bI
TakbIpBINTHIH 03€KTiJiri

Kaszipri 3epTTeynep OHKOJIOTUSIIBIK aypyJIapAblH 6CYy1 TEK 1K1 (TeHETHKAJIBIK
XKoHE MeTabOIHMKaNbIK) FaHa eMEeC, COHBIMEH KaTap ChIPTKBI OpTa (paKTopiaapbIMEeH
ne O6ailmaHpICThI 00JTYbl MYMKIH €KeHIH kepceTeni. by dakTopiap apaceiHia aysip
METaJIapMEH, XJOPUATEPMEH >KoHE 0acka Jla YBITTHI 3aTTapMEH TOIBIPAKTHIH,
CYyIbIH JKOHE ayaHbIH JacTaHybl €peKIe peJl arkapaasl. Aumaiiga, acipece
Jerpajanusra YiblparaH dKOXKYHenep JKaFqailbiHIa SKOJIOTHSIIBIK (haKTOpIapMeH
TybIHJIaFaH KaHLUEPOTE€HE3/I1H MOJEKYIAIbIK TETIKTepl MKETKUIIKCI3 3€pTTEreH,
acipece OoJIapJIbIH OHKOTE€HAl MpoJiu(epalusHblH MOJEKYJIaIbIK KacKaJTapbIMEH
©3apa OpPEeKETTECy1 TYPFhICHIHAH.

OKOJIOTUSUIBIK KOHE MEIUKO-OMOJIOTHSUIBIK ~allaHAayIIbUIBIK TYIBIPATHIH
HbICaH — OyJ1 Apaj MaHbl OHIp1, SFHU Apai TeHI31HIH UPPALUOHAIIBI CYy Nalgaiany
CaJIIapbIHAH JeTpajaIusara YIIbIpaybl HOTHKECIHAC KaJIBINTACKAH YKOJIOTHSIIBIK
amaT aiiMarbl. «Apall OHIpIHAET1 SKOJOTUMIIBIK anat cajapblHaH 3apjiall EeKKeH
azaMarTTappl QJNICYyMETTIK KOpFay TypaibD» 3aHFa COWKEC, JDKOJIOTHSIIBIK amaT
alimarbiHa Apan sxoHe Kazanel ayanaapsl, ajl SKOJIOTHSUIBIK JaFaapbiC ailMarbiHa
Kepi3bmopzia oONBICHIHBIH, 0acka aynaHgapbl Kipemi. TONBIpaKThIH TY37aHYHI,
TY3JIapIbIH a’p030JIb apKBUIBI Tapaiybl, ayblp METAIJAPAbIH KUHATYBl XKOHE CY
KO3JIEpIHIH CalachlHbIH HaIapiaybl CO3bUIMANBI aypyJapblH, COHBIH IIIIHJE
OHKOJIOTHSIBIK aypyJIap/IbIH ©CY1HE HET13 OOJIIbI.

Apan eHIpiHIErl SKOJIOTHSJIBIK JKAaFJalIbl CHUIATTANTBIH >KEKEJIeTeH
eHOekTep 6onranbiMeH (Mamyrbayev et al., 2016; Anchita et al., 2021; Jensen et al.,
1997), xop1iarad OpTaHbIH XUMUSJIBIK JIACTaHY JECHICH1H )KEPT1J1KTI OHKOJIOTHSIIBIK
CBIPKATTAHYIIBUIBIKIICH OHE KAHIIEPOTEHE31H MOJICKYJIABIK MEXaHU3M/IEpIMEH,
meicanel, KRAS, EGFR, BRAF rennmepinmeri MyrauusiapiblH OejlceHyiMeH
OailJIaHBICTRIPATHIH KEIIEH I TOHAPANIBIK 3ePTTEYJIEP KacaablHOaFaH. IKOJOTHUSITBIK
JKOHE TCHETHUKAIBIK JCPEKTepre HETI3ACITeH XalblK JCHCAYyJIBIFbIHA TOHETIH
KAyINTiH XKYy#em Oaraiaysl )KYpri3ijIMereH.

Ochl 3epTTey aTajaFaH OJIKbUIBIKTBIH OPHBIH TOJNTHIPYFa OarbITTANFAH AKOHE OJ1
TONBIPAK TIEH CYJbIH ayblp METAIJAPMEH >KOHE TY3JapMEH JIACTaHYbIHA KATBICTBHI
HKOJOTUSIIBIK ~ MOHMTOPUHT  SKYpri3ynai, Oyi  jepekrepai  Apal  MaHbl



ayJaHTapbIHAFbl OHKOJIOTHSUIBIK CHIPKATTAHYIIBUIBIK ACHTeHIMEH CAIIBICTBIPY/IBI,
COHJIali-aK OKIIe, 1IeK JKOHE MeJIaHOMa KaTepJil iCiriHe MaiAbIKKaH HayKacTapaa
HET13T1 OHKOTEHJEPEeTI MyTalMsUIapAblH TapalyblH Talgay sl KaMTHIbI. MyHai
TOCLJT aJIFaIl peT OHip/Ie KOpIIaFaH OpTa carachl MEH OHKOJIOTHSUTBIK IPOTIECTEPTIH
OeJceHy BIKTUMAJIIBIFBI apaChIHIaFbl FEUIBIMU HETi3/IeNreH OaiIaHbICThl YChIHYFa
MYMKIHIIK Oepe/l.

Ocpuraiitma, Oyl KYMBIC SKOJOTHSUIBIK amaT aiMaKTapblH SKOJIOTHSIIBIK
TYpFBIIaH Oarajiay XKoHE OHKOJIOTHMSUIBIK aypyJap[blH alIbIH ajly TYPFBICBIHAH
©3€KTi OOJIBIT TAOBLIABI )KOHE OJ1 MOHUTOPUHT, MPO(PHUIAKTHKA KOHE CAHUTAPIIBIK-
TMTHCHAJIBIK Iapajap OOWBIHINA YCHIHBIMAAD o3ipiiey VIINIH MaiganaHbLIybl
MYMKIH.

3epTTey KYMBICTHIH MAKCATHI

Ochbl 3epTTeydiH KYMBICTBIH MakcaTbl — Apajl MaHbl ©HIPIHJE KOpLIaraH
OpTaHbIH 3KOJOTUSIBIK (DAaKTOPJIAPBIHBIH 9CEPl MEH OHKOJIOTHSUIBIK aypyJapibIH
JlaMybl apachIHJIaFbl BIKTUMAJ OailJIaHbICThI 3€PTTEY .

3epTTey HBICAHBI

3epTTey HBICAaHBI — Apaj TeHi31 OHIpIHJEr! ASKOJOTHIBIK >Karjall MeH
OHKOJIOTHUSJIBIK, CHIPKATTaHYIIBIIBIK JEHISHI.

3eprTey nmoHi

3eprTey MoHI — Apas eHIpiHJEr! KopliaraH opTa OOBEKTUIepl (TOMBIPaK,
KEPYCTI CyJIaphl), OJIapIbIH KYPaMbIHJIAFbl aybIp MeTaaap (KaJaMuii, KoOaIbT, MbIC,
KOPFachlH, XpOM), XJIOPUATEP MOJIIEPi, COHJIali-aK OChl OHIPJIET] OHKOJIOTHSIIBIK
CBIPKATTAHYIIBUIBIK KOPCETKIIITEPI.

3eprrey MmiHAeTTEpI:

1. Apai eHipiHJIET] TOTIBIPAK MEH KEPYCTI CYTaPbIHAFHI JIACTAYIIIBI 3aTTAP/IbIH,
OHBIH IMIHAC XJOPHUATEP MEH aybIp MeTaapablH (KaaMui, KoOadbT, MBIC,
KOPFachIH) KypaMbIH 3€pTTEY.

2. OONBICTBIK OHKOJIOTHUSUIBIK OPTAJBIKTBIH JIEpEKTepl HETi3iHae Apayl MaHbl
ayJlaHJapPBIHIAFBl OPTYPIl OHKOJIOTUSIIBIK aypyiap/IblH ChIPKATTaHYIIBLIBIK
KOPCETKIMITEPIH TAIIAY.

3. Apain MaHbl OHIPIHJETT OHKOJIOTHSIIBIK HayKacTap/a KOJIOPEKTaIbIbl KaTepii
ICIK, YCaK >Kacyllachl3 OKIe OOBIpbl >KOHE MeJaHoMa aypyJiapbIMEeH
Oaiimansictel MAP-kackan renmepingeri  (KRAS, EGFR, BRAF)
MyTaIusIap/Ibl aHBIKTAY.

4. Apan TeHI31 OHIPIHJAETI IKOJOTUSUIBIK JaFaapbiC JKaFJalblHIa KOpIlaraH
opTaJarbl JIacTayIllbl 3aTTapiAblH KoHIeHTpanusiachl MeH MAP-kackan
TCHETHKAJIBIK MapKepyiepi JKOHE OHKOJIOTHUSIJIBIK aypyjap apachbiHAaFbl



BIKTUMaJ OalJaHbICTBl aHBIKTay MAaKCaThIHAA KEIICHIl Tanjgay >Xyprisy,
COHJaii-aK 1CiK TY3UTyiHIH BIKTUMaJ T€TIKTEPIH CUIATTay.

FblIbIMU sKaHAJIBIFBI

Anram per Apan eHIpiHIE IKOJIOTHUSIBIK JIacTaHy (XJIOpUATEp MEH aybIp
METaNJApAblH ~ KOHIEHTPAUMSACHI) MEH OHKOJOTHSUIBIK — aypyJap JAeHreifi
apachlHIarbl ©3apa OalJaHBIC dSMUAECMHUOJOTHSIIBIK KOHE  MOJIEKYJIAIbIK-
TeHETUKAJIBIK TOCUIIEPAl KOJIIaHY apKbLIbl KEIICH I TYP/I€ TalIaH Ibl.

AWMAKTBIK AKOJOTHSUIBIK 3€pPTTEY asChIHIA ajfall pPET OHKOJIOTHSUIBIK
aypynapel 06ap Haykactapga KRAS, EGFR, BRAF onkorenaepinieri
MyTaldsIapFa TEHETUKAJIBIK Tajjay >KYpri3uial, Oyl JKeprigiKTi 3KOJIOTHSIIBIK
dakToprapabl KaHIIEpOTeHE3/11H MOJIEKYJIAJIBIK MeXaHU3M/JIepiMEH
OaltmaHBICTBIpYFa MYMKIHJIIK Oepi.

benrini 6ip nactayuibl 3aTTapAblH (XJIOPUATEP, KOPFAChIH, KaAMUNA, KOOAJIBT)
YKOFapbl KOHLIEHTPALMACHI MEH KeO1p KaTepl ICiK TYpiepiHiH (6KIe, acKa3aH-11IeK
YKOJIBI OOBIpIIAPHI) Tapaly JICHTell apachblHia KOPPEISAIMs aHbIKTaJIbI.

DKOJOTUSUIBIK, ~ amaT >KarJalblHAa OHKOJIOTHSUIBIK aypy OIIAKTaphIHBIH
KQJIBIIITACYbIH CUMATTANTHIH, CHIPTKBI (IKOJIOTHSIIBIK) JKOHE 1K1 (T€HETHKAJIBIK)
Kayin (aKTopJapbiH €CKEPETIH TUIIOTETUKAIBIK MOEIb JKacaibl.

3epTTey MaTepuasIapbl MeH dicTepi

1. Yarutepmi ipikrey Hanansik ke3eH Kpizpuiopaa oOisbickiHnarsl Chipaapust
©3¢Hl OOibIHAAa OpHAJacKaH €Nl MEKEHAEpAE TOMNbIpaK IEeH XEPYCTI Cy
YJITLIEpiH XKUHAyAbl KaMThiabl: Kei3puiopaa kanacel, KambicTeiOAaC aybLibl,
baitkonpip Kamacel, Apan kKanacel, Illueni, Kanakopran xone TepeHo3ek
aybulIapbl. YJTIep TYPFbIH KOHE aybUIIIapyallbUIbIK ayMaKTapra KakKblH
XKEpJIepACH CaHUTAPIIBIK TaKipuOeae KaObUIIaHFaH 1PIKTEY HOpMajapblHa
COMKeEC aJIBIHIBI.

2. JlacTaymibl 3aTTapblH 3epTXaHAIBIK Tajaaay. TombIpak yaruiepiHae Keieci
3aTTapIbIH KOHIICHTpAIUsJIaphl aHBIKTAJIBI: XJIOPUATEP, KaIMUM, KOOAIBT,
MbIC, KOpfaceklH, xpoMm. Cy yATUIepiHAE TalgaHFaH KOMITOHGHTTEp:
XJOPUATEP, MBIC, KaJIMHKA, KOPFAChlH, KOOaJIbT. OIIeynep CaHIbIK
TaJayabIH CTAaHIAPTTHI 9icTeMelepl OOMBIHIIA KYPIi3LIIl.

3. OHKOJIOTHSUIBIK aypyJiap OOWBIHIIIA CTATUCTUKAIBIK JepeKTep. OHipiaeri
OHKOJIOTHSUTBIK  aypysiap OoiibiHIa nepektep KpI3bliopaa KalachIHIarbl
OOABICTBIK OHKOJIOTHSUIBIK OPTAIBIKTBIH CTATUCTUKAJIBIK OOJIMIHEH aJIbIH/IBI.
Tanmamara keieci HO30JOTHsUIAp KipJi: MeJaHOMa, capkoMa, CyT Oe3i
OOBIpbI, OKIE OOBIPHI, ACKA3aH-111IEK JKOJIIAPBIHBIH KaTepJIl ICIKTepI.

4. T'eHEeTHUKAIBIK MyTaIsIap bl Tanuay.
['eHeTHKaNIBIK 3epTTEysiep AJMaThl KajdachlHIAarel Kazak OHKOJOTHS KoHE
pPaaNoNOTHs  FBUIBIMH-3€PTTEY HMHCTUTYTHIHBIH 0a3achlHAa >KYpPTri3uiii.



3epTTey OUOICUSUIBIK >KOHE OTmepalusijiaH KeliH aJlblHFaH 1CIK TiHJepiHEeH
anpiaFad  napapunaik  Omnokrapaan (FFPE) Gemimren JIHK Herizinzme
xKyprizingi. Roche kxommanusiceinelH Multiplex RT-PCR  koMMeprusiibik
KUHAKTaphl KOJIMAHBUIBIN, KEJEeCl HEeTI3Ti MyTanusiap aHBIKTaJIbl:
— KRAS (komopexTanisl KaTepJi icikneH OainanbicThl): 12, 13, 6 KogoHaphI;
— EGFR (ycak >xacymacei3 exrie o0bipbl): L858R, 19-35k30HHBIH JAeICIUACH;
— BRAF (menanoma): VO60OE myTtamusicel.

TompIpakThIH JacTaHybIH Oaranay.
TomnblpakThlH HWHTETpaNbl JIaCTAaHy KepceTKilnH ecentey yimH Caor,
AnnpeeB xoHe [[3100a (2016) omici konmansuiasl. by omic TIJIK-ra (pykcar
eTUIreH MIEKTI KOHIICHTPAIMSUIAP) KATBICTHI JKUBIHTHIK JIACTAHY WHICKCIH
(Zc) ecenTeyre MYMKIHJIIK Oepei.

6. CTaTUCTUKAIIBIK OHJIEY .

JlacTaymisrl 3aTTapAbIH KOHIICHTPAITUSICHI MEH OHKOJIOTHSUTBIK
CBIPKATTAHYIIBUIBIK IEHT €1 apachIHIaFbl KOPPESAIUSIIBIK TAI1aY ChI3BIKTHIK
perpeccus oaiciMeH Xkyprizuial. baimanpic kymiiH Oaranay yoIiH Kejeci
KOPCETKIIITEP €CenTeNli: Koppemsius Kod(PQUIHUEHTI, JeTepMUHAIUS
k03 dunmenTi (R?), craTUCTUKAIBIK MaHBI3IBLIBIK JeHIei1 (p-value).

Koprayra yCbIHBLIATBIH HETi3ri TYKbIPbIMIAP

KbI3b110paa OOIBICEIHBIH €111 MEKEHIEPIH/IE KOpIIaFraH OPTaHbIH >KOFapbl
JICHTel/Ie JTaCTaHFaHbl aHBIKTAJIIBL: CY YITIEPIHE XJIOPUATED, KAIMUHN KOHE
KOPFAChIH MOJIIIEPIHIH IEKTI JEHI € IEH acybl TIPKE/I, aJl TOMBIPAKTA XPOM,
MBIC, KOPFAChIH KOHE XJIOPUATEP/IIH JKOFapbl KOHLIEHTPALUSACH! aHBIKTAJIbI.
byn Apan TeHi3iHIH TapThUly CcaljapblHAH >KOHE TY3[Ibl, YBITTHI
OeJIIIEeKTEePI1H a3P030JIb aAPKbLIbI OHIPTE TapaTybIMEH OalIaHbICTHI.

Kopiuiaran opTaHblH JacTaHybl MEH OHKOJIOTHSUIBIK ChIPKATTAHYIIBUIBIK
JIEHIeill apacblHIa CTAaTUCTUKAJIBIK TYPFbIIa MaHBI3[bl OH KOppEJsLUsIap
aHBIKTAJIbI:

* TOMBIPAKTAFbl XPOM MOJILIEPI MEH KOJOPEKTANIbl KATEepJl ICIKKE IaJAbIFy
JIeHrem1 apachbIH]Ia (r = 0,67, p = 0,05),
* KOPFachIH JICHI'ei1 MEH OKIIe KaTepJIi 1CiriHiH uiriri apaceiaaa (r = 0,76; p
=0,017).

Onkonorusineik Haykactapaa KRAS, EGFR xonme BRAF renpepinmeri
MyTalusiIapFa TeHETUKANBIK TalAay >KYpri3iial, HOTHXKECIHAE 3epTTEeNreH
HAyKacTap/AblH YIITEH OIpiHJE OHKOTEHIIK MyTalusuiap aHbIKTaIIbl. by
KaTepJil ICIKTIH arpecCHUBTUIITIHIH >KOFapbl JCHTCHIH >KOHE DKOJOTUSUIBIK
KYKTEME MEH KAaHIEPOreHe3iH MOJEKYIaIbIK TETIKTepl apachIHAAFbI
BIKTHMaJ OaiJIaHBICTHI KOPCETE/I].



o Apan eHIpiHAE OHKOJOTUSJIBIK aypyJapJblH KaJbIITACYbIH CHUNATTaWTBHIH
TYKBIPBIMAAMAIBIK MOJIENb d3ipieHAl. Mojenb aybslp MeTangap MeH
XJIOPUATEPMEH KOplIaraH OpTaHbIH JacTaHybIH, KEPriTiKTi
AMHUAEMHUOJIOTUAIIBIK  KAFJANAbl JKOHE ICIK TY3UIylHIH MOJIEKYIabIK-
T'€HETHKAJIBIK MEXaHU3MJIEPiH eCKepe/Ii.

HpaKTHKaJILIK MaHbI3AbI/IbBITBI

3epTTey HOTWXKEIIEPl IKOJIOTHSI, IEHCAYJIBIK CaKTay KOHE dJIEYMETTIK KbI3MET
caylaJlapbIHIaFbl MaMaHAap YIIiH KOJANWChI3 SKOJOTUSIIBIK JKaFaaiiap OaikanaTelH
aliMakTapaa, coHbIH 1mriHae Kei3puiopga oOibICHIHIAFel Apall MaHbl ©HIPIHIE,
OHKOJIOTHSUTBIK, aypyJap/blH aMy KayIiH aJJblH aja Oaraiayra TMaiJaaaHblIybl
MYyMKiH. KoJgaHbUIFaH 5KOJIOTHSJIBIK MOHUTOPHUHT OJICTEpl MEH OHKOTCHJIIK
MapKepJiepil Tanjaay Tociaaepi omoOeban cumaTka ue skoHe KazakcTaHHbIH Oacka
aliMaKTapbhIHIa Ja KOpIIaraH OPTAaHBIH KOHE XaJbIK JICHCAYJBIFBIHBIH Kail-KyHiH
Oaranay yuriH 6eiiMaenin KOJAaHbLTybl MyMKIH.

AHBIKTaFaH JaCTaymIbl 3aTTap[blH IEKTI MOJIIepAeH acybl MEH
OHKOJIOTHSUIBIK, CHIPKATTAHYIIBUIBIK KOPCETKIIITEPl HETI31HIE OYJI 3epTTey allJIbIH
aJly JKOHE PeKyJIbTUBALUSUIBIK IIapaliapbl 93ipyieyre Heri3 0oja anajabl, oJapibiH
KaTapblHa MbIHAJIAP >KATaJIbl:

e TONBIPAK MEH Cybl Ta3apTyFa OaFbITTAIFAH KEPTUIIKTI 1Iapanap;
o KOpUIaFaH OPTaHbIH KaFJalblH TYPAKThl TYPAE MOHUTOPHUHITEH OTKI3Y;

¢ KOFaphI Kayil ailMaKTapbhIHIaFbl XaJIbIKKA METUITUHAIIBIK-IKOJIOT HSUTBIK
cyilieMeney xKyprizy.

Ochinaiiia, 3epTTey HOTHKENEep1 OHIPIET] IKOJIOTHSIIBIK JKOHE
AMUACMHUOJIOTHSITBIK YKaF Tal bl )KaKcapTyFa, COHAa-aK OHKOJIOTHSITBIK
aypyIIaHJIBIKTH TOMEHJIETyTe OarbITTalIFaH TUIM/II CTpaTeTusIapAbl 93ipiey MEeH
SHTI3Y/1H FRUIBIMU HET131HE aifHaIa ajiajibl.

KopsIThIHABLIAD

Apan MaHbl OHIPIHIE KUHAJFAH Cy YATUIEpIH Tanay HOTHXKECIHAE 7 IpIKTey
HYKTECiHIH 3-1H/e XJIOPUATEP KOHIICHTPALUSICHI pYKCAT €TUITeH MEeKTi
memmepaeH (ITJIK) 11-19 ece xorapsl ekeHi aHbIKTa bl (KpI3bmopaa Kagachel
JKOHE Apall KaJlachkl HYKTeNEepiH Koca ainranaa). Ochl HyKTenep/e KaaAMUu JeHI el
ITJIK-man 411 ece, aim koprackiH — 2,3—4,3 ece achIl TYCTI.

Tomnblpak ynrinepinae xpoMubiH [TJIK-1an acysl 7 enai MEKEHHIH 6-bIH]A,
1,4-2,8 ece aeHreitinae Tipkenai. Meic — 6 HykTeae, 2—11 ece, KopracbiH — 6
Hykrene, 1,2-7,1 ece, aim kobaneT — 5 HYKTeae, 1,14-2,44 ece achin KeTKEH.

TomnbipakTarsl XJOPUITEP KOHIICHTPAIUSACHI €PEKIIE KOFAPHI OOJIbI: 6
aykrene [1JIK-gan 16-9700 ece sxorapbl KOPCETKIIITEP TIPKEIII.



2021 5KbUIbI OHIP/IE KOJOPEKTAIIBIBI KAaTePJIl 1CIKKE IIAJIJIBIFY JEeHrei1
Kazakcran OoiibIHIIIA OpTaIia KOPCETKIIITEH alTapIbIKTal >KOFapbl OOJIbL:

— Ke3eutopaana — 17,13 (oprama pecnyOaukaibik — 7,8),

— baiikonsipaa — 10,14,

— Kapmaxkmbiga — 12,14 (100 MbIH TYpFBIHFA [IAKKAH/IA).
MenaHnomara malJIbIFy Ja )KOFaphl:

— Iunemige — 2,56,

— Kesutopaamga — 2,45,

— Kapmakmisiga — 3,04 (opramia kepceTkinm — 1,5).

By alibipMaIibIbIKTap ©HIPAETI OHKOJIOTUSUIBIK aypyiap KaymiHiH
CTaTUCTUKAJIBIK TYPFBIJIAH €19Y1p KOFapbl EKEHIH KOpCeTe/Il.

Icik TIHJEPIHIH TE€HETUKAJIBIK Tangay HOTHXKENepi:
» Komnopekranbapl oObipel 0ap 74 nHaykacTeiH 23-iHae KRAS wmyTtanusice
AHBIKTAJIIBI;

* Okmie Kartepii icirimeH aysipaThiH 38 HaykacTblH 13-iHae EGFR wmyTtanusicer
TIpKEJIi;

* Memnanomacel O6ap 10 HaykactelH 6-biHma BRAF MyTanusicel aHbBIKTaIbl.
Ocpunaiiia, TEKCEPUIreH OHKOJIOTHSUIBIK HayKacTtapAblH 34,4%-b1 MUTOr€HMEH
oencenaipuieTid akybi3 kackaasl (MAPK) rennepinaeri myranusiiapra ue, Oy icik
IIPOLIECIHIH, XKOFapbl arpecCUBTUIINIMEH (YWIOBIpiIaHy, *oFapbl AU(hepeHIupOBKa
nopexeci — tumor grade) GalIaHBICTHI.

Koppensuusiiblk Tajijjay OHKOJIOTHSIIBIK aypyJiap MEH JIacTayIllbl 3aTTap
KOHIIEHTPAIUSChI apachIH/Ia CTATUCTUKANIBIK TYPFbIIaH MaHbI3]IbI OalilaHbICTapIbI
KOPCETTI:

— KonopekTtainbibl 00bIp: TOMBIpaKTarskl XpoM AeHreimen r = 0,67; p = 0,05,
— Okmne Karepii iciri: KopraceiaMmen r = 0,76; p = 0,017,
— MbIC koHe koOanbTiieH r = 0,70; p = 0,036.
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ANNOTATION
of dissertation on the topic:

“Study of ecological factors impact on occurrence of oncological diseases in
Aral region”, presented for obtaining the degree of Doctor of Philosophy (PhD) in
specialty 8D05201 — “Bioecological engineering” by

RAKHIMBEKOVA FARIDA

Topic relevance

Modern research shows that the growth of cancer can be caused not only by
internal (genetic and metabolic), but also by external environmental factors, among
which the pollution of soil, water and air with heavy metals, chlorides and other
toxicants plays a special role. However, the mechanisms of environmentally
conditioned carcinogenesis, especially in degraded ecosystems, have not been
sufficiently studied, especially in the context of their interaction with molecular
cascades of oncogenic proliferation.

The object of environmental and medical-biological concern is the Aral Sea
region - an environmental disaster zone formed as a result of the degradation of the
Aral Sea due to irrational water use. According to the law: "On social protection of
citizens affected by the environmental disaster in the Aral Sea region", the
environmental disaster zone includes the Aralsky and Kazalinsky districts; the
environmental crisis zone includes the districts of the Kyzylorda region. High soil
salinity, aerosol transfer of salts, accumulation of heavy metals and deterioration of
the quality of water sources have become the background for the growth of chronic
diseases, including cancer.

Despite the existence of individual works describing the environmental situation in
the Aral Sea region (Mamyrbayev et al., 2016; Anchita et al., 2021; Jensen et al.,
1997), there are no comprehensive interdisciplinary studies linking the level of
chemical pollution of the environment with local cancer incidence and molecular
mechanisms of carcinogenesis, such as activation of mutations in the KRAS, EGFR,
BRAF genes. There is no systematic assessment of the risk to public health based
on environmental and genetic data.

This study aims to fill this gap by conducting environmental monitoring of
water and soil pollution with heavy metals and salts, comparing these data with
cancer incidence rates in the Aral Sea region, and analyzing the prevalence of
mutations in key oncogenes in patients with lung cancer, colon cancer, and
melanoma. This approach allows us to present, for the first time in the region, a
scientifically based model of the relationship between environmental quality and the
likelihood of cancer activation. Thus, the work is relevant both from the standpoint
of environmental assessment of regions of environmental disaster and in the context



of cancer prevention, and can be used to develop recommendations for monitoring,
prevention, and sanitary and hygienic measures in conditions of high anthropogenic
load.

Aim of study

The aim of this study is to investigate the possible relationship between the
impact of environmental factors and the development of cancer in the Aral Sea
region.

Object of study

The object of the study is the environmental situation and the level of cancer
incidence in the Aral Sea region.

Subject of study

The subject of the study is the environmental objects of the Aral region (soil,
surface water), examined for the content of heavy metals (cadmium, cobalt, copper,
lead, chromium), chlorides; as well as indicators of cancer incidence in this region.

Goals of study

1. To study the content of pollutants in the soil and surface waters of the Aral
Sea region, including chlorides, heavy metals (cadmium, cobalt, copper, lead)
2. To analyze the incidence rates of various forms of cancer in the Aral Sea
region based on data from the Regional Oncology Center

3. To identify mutations in the MAP-cascade genes: KRAS, EGFR, BRAF,
associated with colorectal cancer, non-small cell lung cancer and melanomas
in cancer patients in the Aral Sea region.

4. To conduct a comprehensive analysis of cancer incidence and genetic
markers of the MAP-cascade in the Aral Sea region for the purpose of their
possible connection with the concentration of pollutants in the environment, as
well as to describe potential mechanisms of tumor formation in the conditions
of the ecological crisis of the Aral Sea region.

Scientific novelty

For the first time, a comprehensive analysis of the relationship between
environmental pollution (concentrations of chlorides, heavy metals) and cancer
incidence in the Aral Sea region was conducted using both epidemiological and
molecular genetic approaches.

For the first time, within the framework of a regional environmental study, a
genetic analysis of mutations in the KRAS, EGFR, BRAF oncogenes was conducted
in patients with cancer in the region, which made it possible to link local
environmental factors with the molecular mechanisms of carcinogenesis.



A correlation was established between the increased content of individual
pollutants (chlorides, lead, cadmium, cobalt) and the incidence of certain forms of
malignant neoplasms (lung cancer, gastrointestinal tract cancer).

A hypothetical model of the formation of cancer foci in the context of an
environmental disaster was developed, taking into account both external
(environmental) and internal (genetic) risk factors.

Materials and methods of study
1. Sampling

The field stage included collecting soil and surface water samples in populated
areas of the Kyzylorda region located along the Syr Darya River: Kyzylorda city,
Kamystybas village, Baikonur city, Aralsk city, Shieli village, Zhanakorgan village,
Terenozek village. Samples were collected near residential and agricultural areas in
accordance with sampling standards adopted in sanitary practice.

2. Laboratory analysis of pollutants

The following concentrations were determined in soil samples: chlorides,
cadmium, cobalt, copper, lead, chromium. The following levels were analyzed in
water samples: chlorides, copper, cadmium, lead, cobalt. Measurements were
carried out according to standard quantitative analysis methods.

3. Statistical data on cancer incidence

Data on cancer incidence in the region were obtained from the statistical
department of the Regional Oncology Center (Kyzylorda). The sample included
indicators for the following nosologies: melanoma, sarcoma, breast cancer, lung
cancer, gastrointestinal cancer.

4. Genetic analysis of mutations

Genetic studies were conducted at the Kazakh Research Institute of Oncology
and Radiology (Almaty). The study was carried out on DNA isolated from paraffin
blocks (FFPE) of biopsy and postoperative tumor material. Commercial Roche
Multiplex RT-PCR kits were used to identify key mutations: KRAS (associated with
colorectal cancer): codon 12, codon 13, codon 6; EGFR (non-small cell lung cancer):
L858R, deletion of exon 19; BRAF (melanomas): mutation VV60OE.

5. Soil pollution assessment

To calculate the integrated assessment of soil pollution, the method of Saet,
Andreev and Dzyuba (2016) was used, which allows calculating the total pollution
indicator (Zc) in relation to the established MAC.

6. Statistical processing



Correlation analysis between pollutant concentrations (relative to MAC) and
the incidence of cancer was carried out using linear regression.

To assess the strength of the relationship, the following were calculated:
correlation coefficient, determination coefficient (R?), and the level of statistical
significance (p-value).

Key Findings for Defense

A high level of environmental pollution has been established in populated
areas of the Kyzylorda region: water samples have recorded excess levels of
chlorides, cadmium and lead, and soil samples have recorded excess levels of
chromium, copper, lead and chlorides, which is associated with the consequences of
the drying up of the Aral Sea and the aerosol transfer of salt and toxic particles to
the region. Statistically significant positive correlations were found between cancer
incidence and environmental pollution:

* between chromium levels in the soil and colorectal cancer incidence (r =
0.67; p=0.05),

* between lead levels and lung cancer incidence (r = 0.76; p = 0.017),

A genetic analysis of mutations in the KRAS, EGFR and BRAF genes in
cancer patients was conducted, demonstrating the presence of oncogenic mutations
in a third of the examined patients, which may indicate a high level of malignancy
and a potential link between environmental stress and molecular mechanisms of
carcinogenesis.

A conceptual model of the formation of cancer in the Aral Sea region was
developed, taking into account the impact of environmental pollution with heavy
metals and chlorides, the local epidemiological situation and molecular genetic
mechanisms of tumor formation.

Practical Significance

The obtained results can be used by specialists in the field of ecology, health
care and social services for a preliminary assessment of the risk of developing cancer
in areas with an unfavorable environmental situation, such as the Aral region of the
Kyzylorda region. The applied methods of environmental monitoring and analysis
of oncogenic markers are universal and can be adapted to assess the state of the
environment and public health in other regions of Kazakhstan.

Taking into account the identified excess of a number of pollutants and the
registered indicators of cancer incidence, the study can serve as a basis for
developing preventive and remedial measures, including:

* local measures to clean up soil and water,

* regular monitoring of the state of the environment,

« as well as medical and environmental support of the population in areas with
an increased risk level.

Thus, the results of this study can contribute to improving the environmental
and epidemiological situation in the region, as well as serve as a basis for developing
and implementing effective strategies to reduce cancer incidence.



Conclusions

According to the results of the analysis of water samples collected in the Aral
Sea region, in 3 of 7 sampling points, the chloride concentration was recorded to be
11-19 times higher than the maximum permissible concentration (MPC), including
springs in Kyzylorda and Aralsk. In the same points, the cadmium content exceeded
the MPC by 4-11 times, and lead by 2.3-4.3 times. In soil samples, the MPC of
chromium was exceeded in 6 of 7 studied settlements, by 1.4-2.8 times. The MPC
of copper was exceeded in 6 of 7 points (by 2-11 times), lead - in 6 of 7 (by 1.2-7.1
times), cobalt - in 5 of 7 (by 1.14-2.44 times). The excess concentration of chlorides
in the soil turned out to be especially pronounced: in 6 out of 7 points it varied from
16 to 9700 times higher than the norm.

The incidence of colorectal cancer in the region in 2021 significantly exceeded
the national average: in Kyzylorda - 17.13 per 100 thousand of the population; in
Baikonur - 10.14; in Karmaksh - 12.14; while in Kazakhstan, on average, it is 7.8
per 100 thousand. Similarly, the incidence of melanoma: in Shieli - 2.56; in
Kyzylorda - 2.45, in Karmaksh - 3.04 against the national average of 1.5 per 100
thousand. These differences confirm a statistically significant increase in the risk of
cancer in the studied region.

Genetic analysis of tumor material showed:

* KRAS mutation was detected in 23 out of 74 patients with colorectal cancer,

* EGFR mutation in 13 out of 38 patients with lung cancer,

* BRAF mutation in 6 out of 10 patients with melanoma.

Thus, 34.4% of the examined cancer patients had mutations in the genes of
the mitogen-activated protein cascade (MAPK), which correlates with a high degree
of malignancy of the tumor process, including signs of ulceration and high tumor
grade.

Correlation analysis revealed a statistically significant relationship between
the content of pollutants and the incidence of cancer: colorectal cancer: r = 0.67; p
= 0.05 with the level of chromium in the soil; lung cancer:

r=0.76; p = 0.017 with the level of lead; r = 0.70; p = 0.036 with copper and
cobalt content.
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