AHOTAIIA

Hlumancoka I1.€. Myranii rena ATP7/B y naunieHTiB 3 igiomaTuaHMMHU
renaTo0uliapHUMM MOpPYHIEeHHSAMH Ta XBOpo0ow Binbcona — Kpagidikaniiina

HAyKOBa Mpals HA MPaBax PyKoOMuUcy.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTYIEHS JokTopa (imocodii 3a
cretianpHicTIO 091 — Giosoria (09 «6iomorisy). — JlepkaBHa yctaHoBa "[HCTHUTYT
cnaakoBoi matosorii HamionanpHOi akagemii mMennyHux Hayk Ykpainu", JIbBiB,
2022. — JIpBiBCHKMII HaIllOHAJILHUIN YHIBepcUTET iMeH1 [Bana ®@panka, JIbBiB, 2022.

PoboTta mpucBsueHa JOCIIIKEHHIO CIEKTPY Ta YacTOTHU aJ€JIbHUX BapiaHTIB
rena ATP7B cepen oci0 3 mimo3poro xBopoOu BinbcoHa 3 YkpaiHH, a Takox
MOKPAIIICHHIO BUSBJICHHS BHUIIQJKIB XBOpoOM BinbcoHa mHUIIXOM poO3poOKU Ta
BIPOBAHKCHHS ONTHMAJILHOTO QJITOPUTMY TECTYBAaHHS MaKOPHUX MYyTallii TEHiB-
KaHJIMJaTiB renaTtoouiapHuX MOpyIIeHb B 0c10 Moiooro Biky. g nudepeniiitHoi
JIarHOCTUKH 110MAaTUYHUX TernaTo01liapHUuX MOPYIIEHb MPOBOIUIN T€HOTUITYBAaHHS
maxopHux mytanii reHiB HFE ta UGT1Al. Takoxx BCTaHOBJEHO iX YacTOTy Ta
BHECOK B €TI0JIOT1I0 TenaToOUIapHUX IMOPYIICHb.

XBopoba BinbcoHa xapakTepu3yeTbCS BHCOKOI CMEPTHICTIO, OJIHAK
HE3BOPOTHI 3MIHM B TKaHMHAX MOXYThb OYTH TMOINEPEIKEHI 32 YMOBH PaHHBOIO
BUSIBJICHHS. bBIOXIMIUHI TECTH 4YacTo € HecnenudIYHUMHU, Ta MMATBEPIKYIOTh
3aXBOPIOBaHHS Ha eTami, KOJM B)K€ BIIOYJIUCh CEpHO3HI 3MIHM B OpraHax Ta
TKaHWHaX. JIuie reHeTu4H1 JOCHiHKeHHS O3BOJISIOTh BUSBUTH 3aXBOPIOBAHHS IIIE
70 mosiBU cuMnToMiB. CKJIQAHICTh MIATBEPIXKEHHS XBOpoOM BinbcoHa 3ymMoBieHa
HAsBHICTIO €THIYHMX Ta TMOMYJALIAHUX OCOOJUBOCTEH B CHEKTpPlI Ta YacTOTI
MaToreHHuX BapiaHTiB reHa ATP7B, a Takox reTeporeHHICTIO KIIHIYHUX MPOSIBIB.

[IposiBU MOHOTE€HHUX 3aXBOPIOBaHb TIeNaTOOLTiapHOI CHCTEMHM 4YacTo He
BIJIPI3HSIFOTHCSA BiJl YPa)X€Hb 1HIIOI €TIOJIOTII, 0 3HAYHO YCKJIAJHIOE J1aTHOCTHKY.
XBopoOa BinbcoHa, cnagkoBuil reMoxpomaros, cuHapoMm Kuimbbepa - ayTOCOMHO-
peliecCHBHI 3aXBOPIOBAaHHS, SIKi 3a3BMYail BIEpIE BUSBISIOTHCSA JIHIIE B AOPOCIOMY

BIILII.



AgnenbHi BapianTu reHa ATP7B MaroTh pi3HI 4aCTOTH B OKPEMHX MOMYJISIISAX
Ta €THIYHUX TpyIax, JaHUX PO YacTOTy Ta crnekTp mytamiii rena ATP7B cepen
NalieHTiB B YKpaiHi He Mae. 3Ba)Kalouu Ha HAsBHICTh €()EKTHUBHOTO JIIKYBaHHS, aje
BIJICYyTHICTb BYAaCHOTO BHSBJICHHA 4Yepe3 MYJIbTHUCHUCTEMHICTh TMPOSABIB, yXe
BOXJIMBO, 100 TEHETHYHl JOCIDKCHHS OyliM IIBHJAKAMH Ta €KOHOMIYHO
JOCTYMTHUMH. 3pOOUTH 11€ MOKHA IIIJITXOM BIPOBAHKEHHSI TEHETUYHOTO TECTYBAaHHS
HAWTOIIUPEHIINX MaTOreHHUX BapiaHTiB reHa ATP7B B YkpaiHi.

[lepmmmM etanoM aucepTailiiiHoi po6oTH OyJI0 BCTAHOBJICHHS YaCTOTU MyTallii
rediB ATP7B, HFE, UGT1Al cepen mpakTu4yHO 3J0pOoBHX OCi0O Ta cepem ocid 3
1IIOMAaTUYHUMH ~ TenaToOUTlapHUMU  TIOPYIICHHSIMHU.  MOJEKyJISIpHO-T€HETUYHHMI
ananiz mytauii ¢. 3207C>A rena ATP/B nposeneno B 3paskax 800 mpakTHYHO
3nopoBux ocio, anemo A(TA);TAA rena UGT1AL cepen 196 mpakTuyHO 310pOBUX
oci0, myrariit ¢.845G> A Ta ¢.187C> G rena HFE cepen 280 npakTuuHo 310pOBUX
oci0 3aragpHO1 BUOIPKM MEMIKAHLIB 3axXiIHUX obOnacTedl YkpaiHu. B ocHOBHY rpymy
BBiMILIK 172 0cobu 3 renaroduIiapHUMU MOPYIIEHHSIMH He3'siCOBAaHOTO TeHe3y Ta 96
oci0 3 KJIHIYHOIO Mif03por0 XBopoOu Binbcona, 43 ocoOu 3 mifo3poOI0 CUHIPOMY
XKunvbepa. I'eHoTunyBaHHsi anenpHOro BapianTy c.3207C>A rena ATP/7B
npoBoawn MetogoMm ITJIP Bi-PASA, Husskodynkiionansrnoro anemo A(TA); TAA
rera UGT1Al meTonoM reTepoAyIIeKCHOTO aHalli3y, alelbHuX BapiaHTiB C.845G>
A ta c.187C> G rena HFE metonom pectpuxuiiiHoro anamizy. Y pe3ynbTari JaHOTO
eTamy poOOTH BCTAHOBJIEHO YAacTOTy TETEPO3UTOTHOTO HOCIHCTBA MyTarli
c.3207C>A rena ATP7B (1:57, 1,75%) cepen mpakTU4HO 3I0POBUX 0OCi0, YACTOTY
reTepo3uroTHuX HociiB myTtarii c. 845G>C rena HFE B 3aranbniit BuGipi - 1:40
(2,5%). Koxxken wuyerBepTHii OyB Te€TEPO3UTOTHUM HOCIEM aJIeIbHOTO BapiaHTy
c.187C>G rena HFE. YactoTta roMO3UroTHOro reHOTUIy HU3bKO(PYHKIIOHATBHOTO
anens (TA);TAA rema UGT1Al cranoButs 1:9 (11,7%). 3Bakaroun Ha HAWBHUIILY
4acTOTy, JOCJIDKCHHS Tpynu ocid 3  1JIIONMaTUYHUMHU  TenaToOuTiapHUMHU
MOPYIICHHSIMUA TOYaJId 3 TEHOTUIYBaHHS HU3BKO(PYHKI[IOHATHHOTO  aJIEITIo
A(TA);TAA rena UGTI1Al. Pe3ynpTaT TCHOTUIYBaHHS TIOKA3ald HU3BKY
1HQOPMATUBHICTh JAHOTO JOCHIPKEHHs y BHOIpIi 0ci0 3 remnaro0iTiapHUMU

MOPYIIEHHSMHU HE3 sICOBAHOTO reHe3y. Jlani BU3Ha4Yalld 4acTOTy ajieIbHUX BapiaHTIB



reHa HFE, myis sskux moBeeHO acoliaiio 3 PO3BUTKOM CIIaIKOBOTO T€MOXPOMATO3Y.
HFE renotunu €.845G>A/c.845G>A,; ¢.187C>G/c.845G>A Busisieno y 5,8% ocid 3
renaToOUTiapHUMU OPYIICHHSIMHU HE3 ICOBAaHOTO TeHE3Y.

OTxe, y pe3yJIbTaTi MepIioro eramy poOOTH BU3HAYECHO €TIOJNOTIYHI YNHHUKHU
1IlOMaTUYHUX TrenaToOuTiapHuX mopyiieHb: mytamii reHa HFE (5,8%) ta myraiis
c.3207C>A rena ATP7B ( 9,4%).

Hactynmuum etamom poGoTu Oyno (opMyBaHHS CEKBEHYBaHHS KOIYHOUOl
nociiioBHOCTI reHa ATP7B. CekBenyBanHsi mipoBenieHo y 23 3paskax JJHK oci0 3
KITHIYHUMH O3HaKamMu XBOpoOH Binbcona (Tpu Ta Ounblie OainiB BiAMOBIAHO 0
OaJIbHOI IITKAJIU TPOSIBIB 3aXBOPIOBAHHS ).

CexBeHyBaHHA Toyanu 3 8-To ek30Hy reHa ATP7B. ¥V 4oTupbOx mMalii€eHTiB
BUSBIIEHO OAHAKOBY nepedynoBy — p.Glu770Argfs. ¥V Tpbox 3 HUX MyTawis Oyia B
KOMITAyHJI T€TEPO3UTOTHOMY CTaHl 3 MakopHOI0 MyTalliero ¢.3207C>A. B oxniel
MAaIlllEHTKA MICJsI CEKBEHYBAHHSI YCI€l TMOCIIIOBHOCTI I'€Ha Ta JETEKIlli BEJIUKUX
nenemit Ta aymmikamid (MLPA) BusiBneno nume myranio c¢.2304dupC. B ognoro
naiieHTa BUABJICHO MyTailito ¢.2128G>A B Mexax ek30HYy 8. Myrallisg onucaHa B
0a3i manux HGMD sk natorenna (rs137853285). 3a pe3ynbpratamu CCKBEHYBaHHS Ta
MOPIBHSIHHS 3 PEPEPEHTHOI0 TOCHIIOBHICTIO, B €K30HI 9 TeHa HE BHSBJICHO
nepedynoB y xonHomy 13 3paskiB JIHK. CexBeHyBaHHs 1€l NIJISSHKM I€éHa HE €
1H(OopMaTUBHE JIJIs JOCIIKYBaHOI NOMyALli. Y MeXax ek30Ha 13 BUSBIECHO 3aMiHY
aneHiny Ha 1uTo3uH B nonoxeHH1 3011 (c.3011A>C). ¥ aBox ocid B Mexax eK30Ha
13 BusiBIIEHO 3aMiHy ajJieHIHYy Ha HUTO3MH B mosiokeHH1 2973 kIHK (c.2973A>C).
Ileit BapiaHT HE Bele A0 3MIHU MOCIIIOBHOCTEH aMiHOKHUCIIOT Y O1IKY 1 TPaKTY€EThCS
y 0a3zax JAaHuX SK OAHOHYKJICOTHAHUI mojiMopdizm rs1801248. Takoxk, BUSBIECHO
Bl ocoOM 13 3aMiHOIO TyaHIHy Ha ajeHiH B mnojoxkeHHi 3009 rena ATP7B
(c.3009G>A) B rereposurotHomy ctani (rs1801247). B mexax e3onHy 13 BusBICHO
TPU ajelibHi BapiaHTH. Y JABOX OCI0 B MeXaxX €K30Ha 15 BHUSBIEHO MyTallilo
c.3402delC.

BiamoBinHO 10 OTpUMaHKX PE3yNbTaTiB CeKBeHyBaHHs ek30Ha 10 rena ATP7B,
BUSIBJIEHO MicceHC 3aMiHy ¢.2495A>G B reTepo3uroTHOMY CTaHi y 6 MaIli€HTIB, Ta y

JBOX OC10 B TOMO3UIOTHOMY CTaHI. Y pe3ysbTaTiB CeKBeHyBaHHs 3 16 o 21 ex30HIB



rera ATP7B B nmocmimkyBanux 3paskax JIHK marieHTiB BigMIHHOCTEH BIiA
pedepeHTHOI TOCHIIOBHOCTI T'€Ha HE BUABJICHO. He BUSBICHO BIIMIHHOCTEH BIJ
pedepeHTHOT MociIoBHOCTI y Mekax ek30HIB 1, 2, 11 ta 12 rena ATP7B. B Mexax
ex3oHa 3 rena ATP7B B 4oTupbox 0ci0 BUSBIECHO OJHOHYKICOTUIHUMN MOMIMOPPI3M
€.1366C>G (AG[C/T]GT) rs1801244 - 3aminy aMiHOKHCIIOTH BajiHy Ha JICHIIMH B
MOJIO’KEHH1 456 B reTepO3UTOTHOMY CTaHi, Y TPhOX - B TOMO3UTOTHOMY CTaHi. Takox
BUABIIEHO BapiaHT B 4 ex30Hi ¢.1551C>T, skuii Ha ChOroJHI HE OMHMCAHUU. Y
pe3ynbTaTi poOOTH HE BCTAHOBIIEHO Mepedy/I0B y eK30Hax 5, 6 ta 7.

OTpuMaHi pe3ylbTaTH CEKBEHYBaHHS BKa3ylOTh Ha Te€, IO OKpiM
nepeBaxatouoi wmyrtamii ¢.3207C>A rena ATP/7B cepen nanoi BuOipku o0cib
11€HTU(IKOBAaHO YOTHUPH 1HII MATOr€HHI BapiaHTH, U0 BUSBISUIMCH Y €K30HaxX 8, 13
Tta 15. Y TpeTMHM MNalli€HTIB MpPU BIJCYTHOCTI MAaTOT€HHHUX AaJelliB B €K30HHUX
nociigoBHocTAX TeHa ATP7B BusBieHO OJMH 4YM ACKUIBKA OJHOHYKICOTHIHUX
nomMop(i3MiB HEUTPAIBHOTO 3HAUCHHS.

3 ornsay Ha BUIIE 3a3HAYEHl JlaHi, BIPOBA/PKCHHS B MPAKTUKY BUSBICHUX
gacTux BapiaHTiB reHa ATP7B 103BoauTh CKOPOTHTH dYac Ta IiJABHIIUTH
e(EeKTUBHICTh TPOBEACHHA Ja0OpPaTOPHOTO JOCHIHKEHHS Ta 3pOoOUTh MOro
JOCTYITHUM. 3Ba)Kal0uu Ha BUSIBJICHI B POOOTI BUMAIKU XBOpoOU BinbcoHa y mitei,
HEOOXITHO MIJABUIIMTH HACTOPOXKEHICTh OKpIM TEpaIeBTiB, MNeAlaTpiB, IUTIUUX
racTPOCHTEPOJIOTIB, 1H(EKIIOHICTIB MOAO0 JIarHOCTUKU XBOpoOu BinbcoHa B TOoMy
YUCII B IUTAYOMY BiIli, 3Ba)Kal0OUX Ha JOCTYIHICTh MAaTOT€HETUYHOT Tepalii.

AnpoOOBaHO PI3HI MOJEKYJSAPHO-TEHETUYHI MIIXOAM ISl TE€HOTHITYBaHHS
¢parmenta npomoropa rena UGT1AL, Ta ¢parmentiB 8 ta 14 ex3oHiB rena ATP7B
JUISL IIBHJIKOT Ta €KOHOMIYHO BHUTIAHOI J1arHOCTUKH. BCTaHOBICHO BHECOK MyTarliit
rena ATP7B, HFE ta UGT1Al B eriofiorito 1Ji0MaTUYHUX TeMaToOUTIapHUX
3aXBOPIOBaHb B 0C10 MOJIOJOTO BIKY.

3 "acy BIPOBAKCHHS B MPAKTUKY TEHETHYHOTO TECTYBaHHS IEPEBaKAIOUO1
myTarii ¢.3207C>A rena ATP7B, Ha OCHOBI HammX pe3ynbTaTiB, (axiBISIMH
BIJIMOBITHOTO TIPO(DIII0 MATBEPKEHO /iarHo3 y 27 3 96 ocib 3 migo3poro XBopoodu
Binbcona. Cnii BiA3HAYUTH, 10 y TPETHHI BUNAAKIB XBOpPOOY I1arHOCTOBAHO B

JTUTSYOMY BIIIi.



OTpuMaHi pe3ynbTaTd BKa3ylOTh Ha JOLLUIBHICTh BOPOBAKEHHS B MPAKTUKY
F€HEeTUYHOIO TECTYBaHHS 4YacTUX IAaTOreHHUX BapiaHTiB reHa ATP7B. Braxkaemo
JOLIBHUM TTPOBEICHHS] TEHETUYHOTO TECTYBAHHS 3 METOI0 BU3HAUYEHHSI €TI0JIOTTHUX
YUHHUKIB TenaToOUTiapHUX TOpYIIeHb, BIAMOBIAHO 10 Cc(HOPMOBAHOTO 32
pe3ynbTaTamMu JAOCTIPKEHHS allTOPUTMY.

Haykosa nosuszna ooepoicanux pe3ynibmamis noaseac 8 momy, wo:

- BcTraHoBiieHO 9acTOTy TETEPO3UTOTHOTO TEHOTHUITY 3a MYTaIli€lo
c.3207C>A rena ATP7B cepen 3araipbHOi BUOIPKM MEIIKAHINB 3aXiIHUX 00JIacTel
Yxpainu (1:57, 1,75%).

- ITokazano, mo MicceHc-3amina €.3207C>A B reni ATP7B e maxopHOIO
1St 0ci0 3 XxBopoOow BinbcoHa B YkpaiHi; 4acToTa IBOTO ajeito cepell FTEHETUYHO
M1ITBEPIPKCHUX BUMAJKIB CTAHOBUTHL 82,6%.

- 3a pesynbTaTaMu CEKBEHYBaHHSI KOJYIOYOi IMOCIIJIOBHOCTI BIIEpIIE
omnucaHo crnekTp myTtamiid reHa ATP7B, xapakTepHuX isl MaIli€HTIB 3 XBOPOOOIO
Binbcona 3 Ykpainu.

- [TokazaHo, 110 TPOTrHO30BaHA HAa OCHOBI OTPUMaHUX pE3YyJbTaTIB
yacToTa BUIAJKIB XBopoOu BinbconHa B Ykpaini cranoButh 1:13061, 1 € B ABiul
BHUIIIOI0, HIXK OITyOJIIKOBaHI JaHi.

lIpakmuune 3naueHHs 00epHCanux pe3yibmamie.

- BnpoBagxeHO MOJEKYJISpPHO-TEHETHYHY A1arHOCTHUKY YaCTUX MYTalliid
rena ATP7B metomom ITJIP Bi-PASA Ta ananizom I1JP®.

- VY pe3ynbTaTi BOPOBAHKCHHS TEHETHMYHOTO TECTYBAHHS Ma)KOPHUX
mytamiii rena ATP7B y 27 oci0 BUSIBIEHO TE€HOTHII, acOIIMOBaHHWA 3 XBOPOOOIO
BinbcoHa, cepen HuX y 9 B nutsiuoMy Billl Ta y 3 Ha TOKJIIHIYHINA CTail.

- 3anpornoHOBaHO AJITOPUTM I'€HETHMYHOTO TECTYyBaHHsI T'€HIB-KaHIIUJATiB
17IIOMaTHYHUX TeMaTo0TiapHUX TTOPYIIICHb.

- OTtpumaHni pe3ynbTaTH BKa3yIOTh Ha BHIIY OYiKyBaHY 4aCTOTY TCHOTHUITY
XBOpoOM BinbcoHa, 1 T1MOIarHOCTUKY Ta MOTPeOy 1H(POpMyBaHHS JIKAPIB MIOAO Ii€i
TeHETUYHOI XBOPOOW B yCIX BHUMAJKAX 1IONATUYHUX TernaTtoOiliapHuX MOPYIICHb B

0ci10 MOJIOJ0TO BIKY.



- 3a pesynbraramu poOOTH BHIAHO iH(POpMaiiHWA TUCT «l eHeTnyHe
TECTYBaHHSI MAXOPHHUX MyTaIii reHa ATP7B njis mamieHTiB 3 KIIHIYHUMU O3HAKaMu
xBopoou Binbconay (Pimenns Buenoi Pagu 1Y «ICIT HAMH Vkpainu»Ne 10 Big 4
»KoBTHs 2021).

Kniouoei cnosa: ren ATP7B, ren HFE, ren UGT1AL, renatobiniapHa cucrema,
aBTOIMyHHUH TemaTuT, XBopoOa Bimscona, cuaapom XKunsbepa, crnagkoBHiA
reMOXpoOMaTo3, MOHOTEHHI 3aXBOPIOBAHHS, TE€HETHYHA JIarHOCTHKA, MEINKO-

I'CHCTHYHC KOHCYJIbTYBAHHA.
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The work is dedicated to the study of the spectrum and frequency of allelic
variants of the ATP7B gene among people with suspected Wilson's disease from
Ukraine, as well as to the improvement of the diagnosis of Wilson's disease by
developing and implementing an optimal algorithm for testing major mutations of
candidate genes for hepatobiliary disorders in young people. For the differential
separation of idiopathic hepatobiliary disorders, genotyping of major mutations of the
HFE and UGT1Al genes was performed. Their frequency and contribution to the
etiology of hepatobiliary disorders have also been established.

Wilson's disease is characterized by high mortality, but irreversible tissue
changes can be prevented if detected early. Laboratory tests are non-specific and
detect the disease when there have already been serious changes in the teeth and

gums. Only genetic studies can detect the disease even before symptoms appear. The



difficulty of confirmation is caused by the presence of ethnic and population
characteristics in the spectrum and frequency of pathogenic variants of genes, as well
as the heterogeneity of clinical manifestations.

Manifestations of monogenic diseases of the hepatobiliary system often do not
differ from lesions of other etiologies, which greatly complicates diagnosis. Wilson
disease, hereditary hemochromatosis, and Gilbert syndrome are autosomal recessive
diseases that are usually first detected in adulthood.

Allelic variants of the ATP7B gene have different frequencies in individual
populations and ethnic groups. There is no data on the frequency and spectrum of
mutations of the ATP7B gene among patients in Ukraine. Given the availability of
effective treatment but lack of early detection due to multisystemic manifestations, it
Is critical that genetic testing be rapid and cost-effective. This can be done by
implementing genetic testing of the most common pathogenic variants of the ATP7B
gene in Ukraine.

The first stage of the dissertation was to establish the frequency of ATP7B,
HFE, and UGT1Al gene mutations among practically healthy individuals and
individuals with idiopathic hepatobiliary disorders. Molecular genetic analysis of the
ATP7B gene mutation c. 3207C > A was performed in 800 practically healthy
individuals; the A (TA) 7TAA allele of the UGT1A1 gene in 196 practically healthy
individuals; and the HFE gene mutations ¢.845G > A and ¢.187C > G in 280
practically healthy individuals from the Western regions of Ukraine. The main groups
included 172 people with hepatobiliary disorders of unknown origin, 96 people with
clinical suspicion of Wilson's disease, and 43 people with a suspicion of Gilbert
syndrome. Genotyping of the allelic variant ¢.3207C > A of the ATP7B gene was
performed by the Bi-PASA PCR method; the low-functional allele A (TA) 7TAA of
the UGT1Al gene by the heteroduplex analysis method; and the allelic variants
€.845G > A and ¢.187C > G of the HFE gene by the restriction analysis method. As a
result of this stage of the work, the frequency of heterozygous carriers of the ¢.3207C
> A mutation of the ATP7B gene was established (1:57, 1.75%) among practically
healthy individuals, and the frequency of heterozygous carriers of the ¢.845G > C

mutation of the HFE gene in the total sample was 1:40 (2.5%). Every fourth person



was a heterozygous carrier of the ¢.187C > G allelic variant of the HFE gene. The
frequency of the homozygous genotype of the low-functioning allele (TA) 7TAA of
the UGT1AL gene is 1:9 (11.7%). Considering the highest frequency, the study of a
group of individuals with idiopathic hepatobiliary disorders began with genotyping of
the low-functioning allele A (TA) 7TAA of the UGT1Al gene. The results of
genotyping showed the low informativeness of this study in a sample of people with
hepatobiliary disorders of unknown origin. The next step of the study was to establish
the frequency of pathogenic genotypes of the HFE gene. The pathogenic genotypes
of the HFE gene were found in 5.8% of the population. As a result of the first stage
of work, the etiological factors of idiopathic hepatobiliary disorders were determined:
mutations of the HFE gene (5.8%) and ¢.3207C > A mutation of the ATP7B gene
(9.4%).

The next stage of the work was the sequencing of the coding sequence of the
ATP7B gene. Sequencing was performed on 23 DNA samples of individuals with
clinical signs of Wilson's disease (three or more points according to the point scale of
disease manifestations).

Sequencing began with the 8th exon of the ATP7B gene. The same
rearrangement was found in four patients - p.Glu770Argfs. In three of them, the
mutation was in the compound heterozygous state with the major mutation ¢.3207C >
A. In one patient, after sequencing the entire gene sequence and detecting large
deletions and duplications (MLPA), only the ¢.2304dupC mutation was detected. One
patient has a ¢.2128G > A mutation within exon 8. The mutation is described in the
HGMD database as pathogenic (rs137853285). According to the results of
sequencing and comparison with the reference sequence, no rearrangements were
detected in exon 9 of the gene in any of the DNA samples. Sequencing this region of
the gene is not informative for the studied population. Within exon 13, the
replacement of adenine with a cytosine at position 3011 (c.3011A > C) was detected.
In two individuals, an adenine to cytosine substitution was found within exon 13 at
position 2973 cDNA (c.2973A > C). This variant does not lead to a change in the
amino acid sequences in the protein and is interpreted in the databases as a single

nucleotide polymorphism, rs1801248. Also, two individuals with a substitution of



guanine for adenine at position 3009 of the ATP7B gene (¢.3009G > A) were found in
the heterozygous state (rs1801247). Three allelic variants were found within exon 13.
The ¢.3402delC mutation was detected in two individuals within exon 15.

According to the results of the sequencing of exon 10 of the ATP7B gene, the
missense substitution ¢.2495A > G was detected in the heterozygous state in six
patients and two individuals in the homozygous state. In the results of sequencing
from 16 to 21 exons of the ATP7B gene in the studied DNA samples of patients, no
differences from the reference sequence of the gene were found. There are no
differences from the reference sequence within exons 1, 2, 11, and 12 of the ATP7B
gene. Within exon 3 of the ATP7B gene, a single-nucleotide polymorphism ¢.1366C
> G (AG [C/T] GT) rs1801244 was found in four individuals; substitution of the
amino acid valine for leucine at position 456 in the heterozygous state and three in
the homozygous state. A variant ¢.1551C > T in exon 4, which has not been
described to date, was also detected. As a result of the work, no rearrangements were
found in exons 5, 6, and 7.

The obtained sequencing results indicate that in addition to the predominant
€.3207C > A mutation of the ATP7B gene, four other pathogenic variants were
identified among this sample of individuals, which were detected in exons 8, 13, and
15. In a third of patients, in the absence of pathogenic alleles in the exon sequences of
the ATP7B gene, one or more single-nucleotide polymorphisms of neutral value were
detected.

Taking into account the above data, the implementation of the detected
frequent variants of the ATP7B gene into practice will reduce the time and increase
the efficiency of laboratory research and make it available. Taking into account the
cases of Wilson's disease in children found in the work, it is necessary to increase the
alertness of therapists, pediatricians, children's gastroenterologists, and infectious
disease specialists regarding the diagnosis of Wilson's disease, including in
childhood, taking into account the availability of pathogenetic therapy.

Various molecular genetic approaches were tested for genotyping the promoter
fragment of the UGT1A1 gene and fragments of exons 8 and 14 of the ATP7B gene
for quick and cost-effective diagnosis. The contribution of ATP7B, HFE, and



UGT1AL gene mutations to the etiology of idiopathic hepatobiliary diseases in young
people was established.

Since the introduction into the practice of genetic testing of the prevalent for
our population ¢.3207C > A mutation of the ATP7B gene, based on our results,
specialists of the relevant profile have confirmed the diagnosis of a third of people
with suspected Wilson's disease. Among all cases, less than a third were diagnosed in
childhood.

The obtained results indicate the expediency of implementing genetic testing of
frequent pathogenic variants of the ATP7B gene into practice. According to the
algorithm formed based on the results of the study, we consider it expedient to carry
out genetic testing to determine the etiological factors of hepatobiliary disorders.

The scientific novelty of the obtained results is that:

The frequency of the ¢.3207C > A heterozygous genotype mutation of the
ATP7B gene among the general sample of residents from the western regions of
Ukraine was established (1:57, 1,75%).

- It is shown that the missense mutation ¢.3207C > A in the ATP7B gene is
major for people with Wilson's disease in Ukraine; the frequency of this allele among
genetically confirmed cases is 82.6%.

- According to the results of the sequencing of the coding sequence, the
spectrum of mutations of the ATP7B gene, characteristic of patients with Wilson's
disease from Ukraine, was described for the first time.

- It is shown that the predicted frequency of Wilson's disease in Ukraine is
1:13061 based on the obtained results and is twice as high as the published data.

The practical significance of the obtained results.

- Molecular genetic diagnosis of frequent mutations of the ATP7B gene PCR
by Bi-PASA and analysis of RFLP was introduced.

- As a result of the introduction of genetic testing for major mutations of the
ATP7B gene, the genotype associated with Wilson's disease was found in 27 people,
among them 9 in childhood and 3 in the preclinical stage.

- An algorithm for genetic testing of candidate genes for idiopathic

hepatobiliary disorders is proposed.



- The obtained results indicate a higher expected frequency of the genotype of
Wilson's disease, is underdiagnosis, and the need to inform doctors about this genetic
disease in all cases of idiopathic hepatobiliary disorders in young people.

- According to the results, and information sheet "Genetic testing of major
mutations of the ATP7B gene for patients with clinical signs of Wilson's disease™ was
issued (Decision of the Scientific Council of the SI "IHP NAMS of Ukraine" No. 10.
October 4, 2021).

Keywords: ATP7B gene, HFE gene, UGT1Al gene, hepatobiliary system,
autoimmune  hepatitis, Wilson's disease, Gilbert syndrome, hereditary
hemochromatosis, monogenic diseases, genetic diagnosis, medical and genetic

counseling.
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