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2. Mutations of the ATP7B gene in patients with idiopathic hepatobiliary disorders and Wilson's disease

Pedepar:

1. PoboTa npucssueHa JOCiIKeHHIO CIIEKTPY Ta YaCTOTH ajlesIbHUX BapianTis rena ATP7B cepep oci6 3 nio3poo
XBopo6u BinbcoHa 3 YKpaiHu, a TaKOX [OKPAIIEHHIO BUSBJICHHS BUNIAIKiB XBOPOOU BislbCOHA MIJIIXOM PO3pOOKU Ta
BIIPOBAJPKEHHSI ONITUMAJILHOTO aJITOPUTMY TECTYBaHHSI MKOPHUX MYTalliil reHiB-KaHAUIATIiB renarobisiapHux
[OpyILIeHb B 0Ci6 MoJioforo Biky. 1715 nudepeHiiiHoi AiarHOCTUKY i1ionaTMYHUX renaTobisiapHyX OpYIIeHb
[IPOBOAVIIV TEHOTUITYBAaHHS MakopHUX MyTalii reHiB HFE Ta UGT1AL TakoX BCTaHOBJIEHO iX YaCTOTY Ta BHECOK B
eTioJorilo rernarobisiapHux nopyuieHs. [lepum eTanom IucepTaniitHoi po6oTy 6ys10 BCTAHOBJIEHHS 4aCTOTU
myrauiii reriB ATP7B, HFE, UGT1A1 cepep, npakTU4YHO 300pOBUX OCi Ta cepe, ocib 3 izionatnyHumMu
rernaro6ijsiapHuMuy NOpymeHHsIMU. [€HOTUITyBaHHS ajiesIbHOro BapiaHTty ¢.3207C>A rena ATP7B nposoguinu
metonom ITJIP Bi-PASA, Huspko¢yHKLioHanbHOro anemnto A(TA)7TAA rena UGTIAl MmeTogoM reTepoayIaeKCHOro
aHaJi3y, anesnbHUX BapiaHTiB ¢.845G> A ta ¢.187C> G rena HFE meTo0M peCcTpUKLiITHOTO aHali3y. Y pe3ysbTari
IAHOTO eTaly poOOTH BCTAHOBJIEHO YaCTOTY [€TEPO3UTOTHOrO HocilicTBa MyTalii ¢.3207C>A rena ATP7B (1:57, 1,75%)
cepeJi MPakTUYHO 3I0POBUX OCi6, 4aCTOTy reTepOo3UroTHUX HociiB myTatii c. 845G>C rena HFE B 3arasbHiil BUOGipLii
- 1:40 (2,5%). KoxxeH yeTBepTuil 6yB reTepO3UrOTHUM HOCieM ajesbHOro BapiaHTy ¢.187C>G rena HFE. YacroTa
rOMO3UTOTHOT'O reHOoTUIly Hu3bKodyHKIioHanbHOro aness (TA)7TAA rena UGTI1Al ctanoButs 1:9 (11,7%). OTxe, y
Pe3yJbTaTi eplIoro eTany po60TH BU3HAUYEHO €TiOJIOriYHI YMHHYKY iioNaTUYHUX renarobisiapHUX NOpYyLIEHb:
myTaii rena HFE (5,8%) Ta myTariis ¢.3207C>A rena ATP7B ( 9,4%). HacTynHum etaniom po60oTtu 6ys0 GopMyBaHHS
CEKBEHYBaHHSI KoAylouoi nocigosHocTi reHa ATP7B. CekBeHyBaHHs ITpoBefeHo y 23 3paskax JHK oci6 3
KJIiIHIYHMMU O3HaKaMM XBopobu BisbcoHa (Tpu Ta 6isbiie 6asliB BiANOBigHO N0 6aIbHOI LIKAJIU IIPOSIBIB
3axBOPIOBaHHs). CeKBEHYBaHHS II04Yasu 3 8-T0 ek30Hy reHa ATP7B. Y 4oTUpBbOX Nalli€HTiB BUSBJIEHO OJHAKOBY
nepe6ynoBy — p.Glu770Argfs. ¥ Tppox 3 HUX MyTallisg O6yJia B KOMIIAyH/, FeTepO3UTOTHOMY CTaHi 3 MaKOPHOIO
mytauieto ¢.3207C>A. B ogHiei nanieHTKy Micis CEKBEHYBaHHS yCi€l MOCTIiIOBHOCTI FeéHa Ta AETEKI il BeJIMKUX
Ieseniit Ta pymiikauin (MLPA) BusBneHno nume myTatito ¢.2304dupC. B ofHOro naijieHTa BUsIBJIEHO MYTallilo
¢.2128G>A B Mexkax ek3oHy 8. MyTariis onucana B 6a3i gannx HGMD sk natoredsa (rs137853285). 3a pesynbratamu
CEKBEHYBaHHSI Ta MOPiBHSIHHS 3 pe)epPEeHTHOIO TIOCIiIOBHICTIO, B €K30Hi 9 TeHa He BUSIBJIEHO NEPEOYIOB Y SKOAHOMY
i3 3paskiB JIHK. CexBeHyBaHH4 L€l Ii7sTHKY reHa He € iHpopMaTUBHe [J1s1 OCIiIKyBaHOoi nonyssuii. ¥ mexax
€K30Ha 13 BUABJIEHO 3aMiHy ajJileHiHy Ha UUTO3UH B nosioxeHHi 3011 (¢.3011A>C). Y nBox ocib B Mexkax ek3oHa 13
BUSIBJIEHO 3aMiHy aJleHiHy Ha UUTO3UH B noyiokeHHi 2973 x[IHK (c.2973A>C). Lleit BapiaHT He Befie A0 3MiHU
IIOCJIiIOBHOCTEM aMiHOKUCJIOT Y O1JIKy i TpaKTyeTbCsl y 6a3ax JaHUX SIK OGHOHYKJIEOTUIHUM noiMopdism rs1801248.
Taxosx, BUSIBJIEHO [IBi 0COOMU i3 3aMiHOIO I'yaHiHy Ha afieHiH B nosioxxeHHi 3009 rena ATP7B (c.3009G>A) B
reTepo3UroTHOMY cTaHi (rs1801247). B mexxax e30Hy 13 BUSIBJIEHO TP ajieJibHi BapiaHTU. Y IBOX OCi0 B MeXKaxX €K30Ha
15 BusBneno myratito c.3402delC. BinnosinHo 10 OTpUMaHUX pe3yJbTaTiB CeKBeHyBaHHs ek30oHa 10 rena ATP7B,
BUSIBJIEHO MicCeHC 3aMiHy €.2495A>G B reTepo3UroTHOMY CTaHi y 6 IaljieHTiB, Ta y JBOX 0Ci6 B TOMO3UTOTHOMY
CTaHi. Y pe3yJsbTaTiB CeKBeHyBaHH4 3 16 110 21 ek30HiB reHa ATP7B B gocimxyBaHux 3paskax JHK naiieHTis
BiIMIHHOCTEN BiZl peepeHTHOI MOCIiLOBHOCTI T'eHa He BUSBJIEHO. He BUSBIE€HO BigMiHHOCTEN Bif, pepepeHTHOI
IIOCJIIOBHOCTI y Me>kax ek30HiB 1, 2, 11 ta 12 rena ATP7B. B mesxax ek3oHa 3 reHa ATP7B B 4OTHPBOX 0Ci0 BUSIBJIEHO
OIHOHYKIeOTUAHUH nosimopdizm c.1366C>G (AG[C/T]GT) rs1801244 - 3amiHy aMiHOKUCJIOTH BajliHy Ha JIEWLIMH B
TI0JIO>KEHHI 456 B reTEpO3UTOTHOMY CTaHi, y TPbOX - B TOMO3UTOTHOMY CTaHi. TakoK BUSIBJIEHO BapiaHT B 4 €K30Hi
¢.1551C>T, skuii Ha CbOroAHi He onrcanuil. Y pe3ysbTaTi pobOTH HEe BCTAHOBJIEHO NepebynoB y eK30HaX 5, 6 Ta 7.
OTpuMaHi pe3ysbTaTy CEKBEHYBaHHS BKa3ylOTh HA Te, IO OKPiM nepeBaxkarodoi myrarii ¢.3207C>A rena ATP7B
cepe], jaHoi BUbipku ocib ineHTH(ikoBaHO YOTUPH iHIII IATOTeHHi BapiaHTH, 1[0 BUSBJISJIMCH Y €K30Hax 8, 13 Ta 15.
Y TpeTHHU MNaLi€HTIB IIPU BifCYTHOCTI NATOT€HHUX aJIEJIB B €K30HHUX IOCIiTOBHOCTX reHa ATP7B BUsIBlI€HO OMH
YU JIeKisbKa OOHOHYKJIEOTUIHUX T0J1iMOPQi3MiB HEHTPaIbHOIO 3HAYEHHSI.

2. 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 improving the detection of cases 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 diagnosis of idiopathic hepatobiliary disorders,
genotyping of major mutations of the HFE and UGT1A1 genes was performed. Their frequency and contribution to
the etiology of hepatobiliary disorders were also established. The first stage of the dissertation work was to
establish the frequency of ATP7B, HFE, UGT1A1 gene mutations among practically healthy individuals and among
individuals with idiopathic hepatobiliary disorders. 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 UGT1A1 gene by the
heteroduplex analysis method, 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, the frequency of
heterozygous carriers of the c. 845G>C of the HFE gene in the total sample - 1:40 (2.5%). Every fourth person was a
heterozygous carrier of the p.187C>G allelic variant of the HFE gene. The frequency of the homozygous genotype
of the low-functioning allele (TA)7TAA of the UGTIA1 gene is 1:9 (11.7%). So, 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 in 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 - r.Glu770Argfs. In three
of them, the mutation was in the compound heterozygous state with the major mutation p.3207C>A. In one
patient, after sequencing the entire gene sequence and detection of large deletions and duplications (MLPA), only
the ¢.2304dupC mutation was detected. One patient was found to have 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, a
replacement of adenine for cytosine was found at position 3011 (c.3011A>C). 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 amino acid sequences in the protein and is interpreted in databases as a single nucleotide polymorphism
rs1801248. Also, two individuals with a substitution of guanine for adenine at position 3009 of the ATP7B gene
(c.3009G>A) were found in the heterozygous state (rs1801247). Three allelic variants were found within eson 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, a missense substitution ¢ was detected.2495A>G in the heterozygous state in 6
patients, and in 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. No differences from the reference sequence were found 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 -
replacement of the amino acid valine with leucine at position 456 in the heterozygous state, in three - in the
homozygous state, was detected in four individuals. A variant in exon 4 ¢.1551C>T, 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 exonic sequences of the ATP7B gene one or more
single-nucleotide polymorphisms of neutral value were detected.
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