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DAT VAN DPE

Wilson 14 bénh 1y di truyén lin trén nhiém sic thé thuong véi ty 16
mic bénh 1a 1/30.000 tré. Bénh gay nén do dot bién gen ATP7B, 1a gen ¢
vai tro diéu hoa qua trinh chuyén hoa dong trong co thé. Khi dot bién gen
xay ra s& gdy roi loan qué trinh chuyén hoa dong, 1am cho luong ddng ting
cao trong co thé va tich lity dan ¢ cac co quan (gan, ndo, mat...) gy ra cac
triéu ching da dang trén 1am sang, cac triéu ching nay tién trién ning dan
cling voi qué trinh ling dong dong theo thoi gian. Ngay nay, chan doan
x&c dinh bénh bang phat hién dot bién trén gen ATP7B sé& gilip chan
doan sém, phat hién ngudi lanh mang gen bénh va chin doan trudce sinh
nhim ngin ngira va lam giam ty 1& mic bénh. Bén canh do, xac dinh
mdi twong quan giita kiéu gen ATP7B véi thé 1am sang cua bénh Wilson
s& gitip cho tién lwong bénh va cé phac dd diéu tri chinh xac, hiéu qua
hon. Trén thé gidi, di c6 nhiéu nghién ctu vé xac dinh dot bién gen
ATP7B, xac dinh mdi tuong quan giira kiéu gen va kiéu hinh cua bénh
Wilson. O Viét Nam, cic nghién ciru vé& bénh Wilson trudc day cha yéu 1a
mo ta vé dic diém 1am sang, can 1am sang. Trong vai nim gan day, mot sd
nghién ctru vé phat hién dot bién trén gen ATP7B d3 bét dau duoc trién
khai. Tuy nhién, van chua c6 nghién ctru nao vé phan tich méi twong quan
giita kiéu gen ATP7B va kiéu hinh ctia bénh Wilson. Do d6 dé tai: “Phdn
tich méi twong quan giiva dot bién gen ATPTB va kiéu hinh trén bénh
nhdn Wilson ¢ Viét Nam” dugc thuc hién véi 2 muyc ti€u:

1. Mé ta dac diém lam sang va cdn lam sang cua bénh nhan Wilson.
2. Phdn tich moi twong quan giita kiéu gen ATPTB va kiéu hinh cia
bénh nhdn Wilson.
3. Y nghia thyec tién va nhirng déng gop méi cia dé tai

Str dung k¥ thuat phat hién dot bién gen ATP7B bang giai trinh ty 21
exon, nghién ctru da phat hién mdi twong quan giita kiéu gen va kiéu hinh ctia
bénh Wilson. Pay 1a mot dong gép mai trong linh vuc bénh Iy noi tiét di
truyén, bénh 1y chuyén khoa than kinh va tiéu héa & nudc ta, dong thoi
nghién ctru vira cé tinh khoa hoc, vira ¢6 tinh nhan van. Xac dinh mbi
tuong quan gitra dot bién gen ATP7B va kiéu hinh ctia bénh nhan Wilson s&
gitip tu van di truyén, tao co s& cho viéc tién lugng bénh va dua ra phac do
diéu tri chinh x4c, hidu qua gitp tranh duoc bién chimg ning va tir vong.



Két qua: bénh nhan c6 cang nhiéu alen dot bién thi nong do
ceruloplasmin huyét thanh cang thap va dong niéu 24 gid cang cao. Bénh
nhan mang 2 alen dot bién vo nghia/léch khung thuong gip thé 1am sang
ning (thé hdn hop gan - than kinh) hon céac thé 1am sang khac. Bénh nhan
c6 2 alen dot bién vo nghia/léch khung c6 ndng d6 ceruloplasmin huyét
thanh thép hon bénh nhén c6 1 alen dot bién vo nghia/léch khung va dot
bién sai nghia/dot bién vung 5'UTR. Bénh nhan c6 2 alen dét bién vo
nghia/léch khung c6 nong d6 dong niéu 24 gid cao hon bénh nhan c6 1 alen
dot bién vo nghia/léch khung va dot bién sai nghia/dot bién ving 5'UTR.
Khong thdy mdi twong quan giira s6 alen dot bién va dang dot bién véi tudi
khdi phat.

4. CAu tric cua luén an

Luén 4n bao gdbm 120 trang, bao gdm: Pat van dé: 2 trang; Chwong 1 -
Téng quan van d& nghién ctru, 45 trang; Chuong 2 - Péi tuong va phuong
phép nghién ctru: 11 trang; Chuong 3 - Két qua nghién ctru: 25 trang; Chuong
4 - Ban luan: 36 trang; Két luan: 1 trang; Kién nghi: 1 trang. Lun 4n co: 24
bang, 37 hinh, 105 tai liéu tham khao (10 tiéng Viét, 95 tiéng Anh).

CHUONG 1
TONG QUAN TAI LIEU

1.1. Pic diém bénh Wilson
1.1.1. Khdi niém vé bénh Wilson

Tu nam 1912, tac gia Wilson dua ra nhiing khai niém dau tién vé
bénh: bénh thoai hda gan-nhan dau co tinh chit gia dinh. Sau d6 bénh dugc
mo ta 13 bénh di truyén, réi loan chuyén hoa ddng voi cac ton thuong dic
trung & ndo, gan va mat.
1.1.2. Lich sur nghién cvu bénh Wilson

Trén thé gici: Bénh Wilson duge mé ta tir cudi thé ky XIX véi tricu
chung run goi 1a bénh "xo cung gida hi¢u". Nam 1912, bénh mang tén
Wilson, v&i nhitng md ta day du cac triéu ching ton thuong thodi héa gan
va ndo, co tinh chat gia dinh. Tt sau nam 1993, cac nha khoa hoc da phat
hién gen gay bénh Wilson 1a gen lin ATP7B trén nhiém sdc thé s6 13, o vi
tri 13914.3. Nam 1995, véi nhitng nghién ctru phat hién dot bién dau tién:
dot bién p.H1069Q & chau Au va p.R778L & chau A di mé ra mot thé ky



moéi cho cac nghién ciru phat hién dot bién gen ATP7B & cac bénh nhan
Wilson. O Viét Nam: Nam 1969, Bui Qudc Huong va cong su bao cao 8
treong hop bénh nhén bi bénh Wilson dAu tién & Viét Nam. Nam 2012, Lé
Hoang Phuc phat hién 8/16 bénh nhan mang dot bién trén cac exon 8, 10,
12, 13, 15, 16 va 20 tai Bénh vién Nhi Ddng 1. Nam 2015, Nguyén Thi Mai
Huong nghién ctu tai Bénh vién Nhi Trung wong phat hién 10/16 bénh nhi
mang dot bién khi gidi trinh ty gen trén cac exon 2b, 8, 11, 12 va 13. Nam
2015, nghién ctru ctia Phan Tén Hoang phat hién 48/61 (78,6%) bénh nhan
Wilson ¢6 dot bién gen ATP7B.
1.1.3. Sinh ly bénh hoc bénh Wilson

Téng ham lugng dong binh thuong trong co thé wdc tinh 1a 50-100mg
va trung binh tiéu thu hang ngay la 2-5mg, tly thudc vao lwong thirc dn
chira ddng. Luong ddng du thira s& chuyén hoa thanh ceruloplasmin khong
doc v6i co thé, phin con lai dao thai ra ngoai qua dudng mat, sb it qua
nudc tiéu va mo hoi. Bénh nhan bi bénh Wilson, qua trinh chuyén héa dong
thanh ceruloplasmin va dao thai qua duong mat bi suy gidm giy & dong
ddng trong gan, huy hoai t& bao gan. Sau d6, ting luu thong dong trong
mau va ling dong & cac co quan khac gy ra cac triéu ching trén 1am sang.
1.1.5. Bdc diém lam sang va cdn lim sang ciia bénh Wilson
1.1.5.1. Cac trié¢u chung ldm sang cia bénh Wilson

Triéu ching 1am sang rat da dang vé6i ton thuong nhiéu co quan, 3 co
quan bj t6n thuong nhiéu nhat: gan, ndo va mét. Triéu chirng tai gan: Hon 50%
bénh nhan Wilson ¢d ton thuong gan véi 3 dang ton thuong chinh: viém gan
man tinh hoat dong, xo gan va suy gan t6i cap (suy gan tdi cip thuong rat ning
voi ty 16 tir vong cao va c6 chi dinh ghép gan cp cir). Triéu ching than kinh:
hau hét cac bénh nhan c6 biéu hién triéu chimg than kinh c¢6 ling dong dong &
cac nhin xam cia ndo khi di bi xo gan. Triéu chimg khéi phat: ndi kho, nudt
kho, chay nuée di, run tay, ban tay vung vé, viét chir x4u, ting nhe truong luc
co kiéu ngoai thap 2 chi trén. Triéu chimg toan phat: ting truong luc co déu tir
chi, co cac con xoan van toan than. Triéu chimg ¢ mat: hay gap nhat 1a vong
Kayser-Fleischer do ling dong ddng va sulfur & mit sau mang Descemet
quanh giac mac c6 mau vang xanh hodc nau; it gip duc nhan mét hinh hoa
hudng duong.
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1.1.5.2. Cdc xét nghiém cdn lam sang vmg dung trong chan dodn va diéu tri
bénh Wilson

Ceruloplasmin huyét thanh: Khoang 95% céc bénh nhan bi bénh Wilson
giam nong do ceruloplasmin dudi 20mg/dl (binh thuong 1a 20-40mg/dl);
lwong ddng trong nudc tiéu 24 gio ting trén 100ug (binh thudng dudi 40
ng); lwong dong ting trén 250pg/g trong lwong gan kho (binh thuong: 15-
55ug/g). Chup cit 16p vi tinh (CT) 6 bung, siéu am 6 bung, Fibroscan va y
hoc hat nhan nghién ctru gan chi dwa ra cac thong tin vé mirc do ton
thuong, tién trién ciia gan ma khong thay thé duoc cac xét nghiém té bao va
dinh lugng dong trong gan trong qué trinh chan doan bénh. Tén thuong so
ndo quan sat thiy trén phim chup cét 16p vi tinh (CT): giam ty trong, khu
trd cac nhan nén d6i ximg 2 bén. C4c ton thuong thuong gip trén phim
cong hudng tir (MRI) so ndo la giam tin hiéu trén TIW, ting tin hiéu trén
T2W va Flair ¢ vang nhan xam ddi xtmg 2 bén (phat hién sém hon trén
phim chup CT). Tén thuong dic hiéu ctia bénh Wilson trén phim MRI so
ndo dugc mo ta dién hinh 14 "guong mit giu trac khong 16". MRI so ndo c¢6
d6 nhay cao hon CT, dac biét ¢ nhiing bénh nhan Wilson c6 ton thuong
ndo & giai doan sém. Ngay nay, trén thé gii di ap dung giai trinh ty 21
exon trén gen ATP7B dé tim dot bién gen giup cho qué trinh chan doan,
diéu tri bénh sém va tur van di truyén.

1.1.6. Chén dodn
1.1.6.1. Chan dodn bénh Wilson

- Tiéu chuan Sternlieb (1978), bao gom: (1)C6 triéu ching than kinh,
(2)Ceruloplasmin huyét thanh < 20mg/dl, (3)C6 vong Kayser - Fleischer,
(4)C6 cac dau hiéu ton thwong gan. Chan doan bénh Wilson khi c6 it nhat 2
tiéu chudn 1 va 2.

- Tiéu chuan Ferenci 2003: chan doan chii yéu dya vao cho diém véi cac
biéu hién cac triéu ching than kinh, triéu chung tai mat, giam nong do
ceruloplasmin, nghiém phap coomb &m tinh, ting lwong dong trong gan
khé, ting lwong ddng trong nudc tiéu 24 gio va phét hién dot bién trén gen
ATP7B. Chan doan thé 1am sang dwa vao co quan chinh bj ton thwong: thé
gan; thé than kinh; thé hdn hop gan - than kinh; thé khéc.



1.1.7. Diéu tri
Cho dén nay liéu phap diéu tri gen van chua dugc ap dung, bién

phap diéu tri chu yéu 1a lap lai can bang lwgng dong trong cic mo cua co
thé bao gdbm lam giam lwong dong hip thu ¢ rudt va ting bai tiét dong
qua nudc tiéu cing véi mot sé bién phap hd trg khac nhu ghép gan, loc
huyét teong... Han ché an cac thuc phém co néng do déng cao: s0, ¢, hén,
cac loai hat kho, socola, nAm, rau cai va ndi tang dong vat dac biét 1a gan;
khong udng nude cd ham lugng ddng cao, nude ngot cb gaz.
- Thugc D-penicillamine, trientine: tao phuc bai tiét dong vao nudc tiéu va
cling ¢o thé tao ra metallothionein khong doc voi co thé. Lidu duy tri
thudng & nguoi 1on 1a 750 dén 1000 mg/ngay, ¢ tré em 1a 20mg/kg/ngay
udng chia 2 1an hoic 3 14n, xa bira dn
- Mugi kém: sir dung cho céc thé bénh Wilson, thé tién 1am sang, liéu dung:
ngudi 16n 150mg/ngay, tré em 75mg/ngay, udng chia 3 lan (lac d6i) Céc
thubc  khac it dung hon: dimercaprol, ammonium tetrathiomolybrate,
curcumin.
- Vitamin B6, vitamin E: bd sung cho cac bénh nhan Wilson.
- Loc huyét nwong va ghép gan: &p dung vai cac bénh nhan thé nang, suy
gan giai doan cudi, dac biét 1a suy gan bung phat tdi cap.
- Li¢u phép gen: dang trong giai doan thir nghiém, dd ap dung thanh cong
gen AAV trén chudt, hra hen ung dung trén ngudi vao nam 2022.
1.2. Bénh hgc phén tir bénh Wilson
1.2.1. Vi tri, céu triic va chirc ning ciia gen ATP7B

Gen dot bién gay bénh Wilson dugc phat hién trén nhidm sic thé s6 13
tor ndm 1985 va dugc xac dinh 1a gen ATP7B vao nam 1993. Gen ATP7B
gdm 21 exon, c6 chiéu dai 121.013 cip base (tir cip base 51.891.085 dén
52.012.098), ma hoa 1465 acid amin, 1& mot protein dac trung cua nhém
van chuyén kim loai trong té bao véi cac ving chirc nang: ving xuyén
mang, vung N- vi tri bam nucleotid; viing P- phosphoryl hda; ving A - khir
phosphoryl héa va viung MBDs (Metal Binding Domains) 1a vi tri baAm cho
cac nguyén tir dong.
1.2.2. Pjt bién gen ATPTB gdy bénh Wilson
1.2.3. Diic diém di truyén ciia bénh Wilson

Bénh Wilson 1a bénh di truyén lan trén nhiém séc thé thuong, thudce vi
tri 13q14.3, tuan theo quy luat Mendel. Bénh nhan c6 thé mang mét alen



bénh cua bd hodc mot alen bénh cia me hodc ca hai alen bénh cta bd va
me. BS, me cua bénh nhan c6 thé mang gen dong hop lian hodc gen di
hop. Nhitng ngudi mang gen bénh déu ¢6 kha nang truyén cho con chau.

1.2.4. Co ché bénh hoc phdn tir ciia bénh Wilson

Enzym P-ATPase dong vai tro van chuyén dong qua mang té bao. O
bénh nhan Wilson mang dot bién trén gen ATP7B gay thiéu hut enzym nay
lam rdi loan qua trinh van chuyén dong trong co thé va giy ra cac triéu
ching da dang trén 1am sang do tich litly dong tai cac co quan dich. Bén canh
do, dot bién & cac vung chirc ning khac nhau c6 thé biéu hién kiéu hinh khac
nhau v6i minh hoa kién truc cuc ky tinh t& va chinh x4c cua gen ATP7B.
1.4.2. Twong quan gita mdt sé dét bién diém trén gen ATP7B va kiéu hinh
1.4.2.1. Twong quan giita dét bién va tudi khoi phét

Céc dot bién hay gap p.R778L va p.H1069Q biéu hién 1am sang ning
& nhém khoi phat trudc 20 tudi va mic do nhe & nhoém sau 20 tudi. Nhitng
bénh nhan mang d6t bién p.R778L thuong khoi phat bénh sém, nhém
mang dot bién p.H1069Q biéu hién bénh mudn hon. Nhom mang dot bién
€.3207C>A, p.S932X va p.W779X khoi phat bénh mudn va chan doan
muon: tudi khoi phét 13 10 - 41 tudi; tudi chan doan 1a 12 - 63 tudi.
1.4.2.2. Twong quan gitta dgt bién va thé 1am sang

Hau hét cac nghién ciru thiy rang dot bién p.H1069Q biéu hién thé

Iam sang ton thuong than kinh muon va dot bién p.R778L biéu hién ton
thuong gan sém; dot bién p.D765N biéu hién tén thuong gan va than kinh
nang; dot bién p.S932X gip & bénh nhan c6 xo gan va rdi loan dong mau;
dot bién ¢.2335T>G (p.W779G) c6 tén thuong than kinh ning. Cac dot
bién v6 nghia, 1éch khung dich ma thudng khoi phat bénh sém véi nong do
ceruloplasmin huyét thanh thap, ndng d6 dong niéu 24 gio cao va biéu hién
thé 1am sang nang (viém gan bung phét t6i cip hozc thé hdn hop gan - than
kinh). M6t s6 nghién ciu khac con dé cap dén céac yéu té chang toc, moi
truong va tic dong ciia mot s dot bién gen khac dén kiéu hinh cua bénh
Wilson. Bén canh d6, mét s6 nghién ciu khong tim thay méi twong quan
giira dot bién gen ATP7B va kiéu hinh.



’ _ CHUONG2 o
POI TUQGNG VA PHUONG PHAP NGHIEN CUU

2.1. Pbi twong nghién ciru )
60 bénh nhan dugc chan doan bénh Wilson théa man céc tiéu chuin
lya chon bénh nhén.
Tiéu chudn hea chon bénh nhén: Ferenci (bang 2.1) véi tong diém > 4:
Bdng 2.1. Thang diém chin dodn bénh Wilson theo Ferenci

Cic chi so bi¢m
Vong Kayser-Fleischer
Cé 2
Khéng 0
Cidc triéu chirng than Kinh
0 Cé 2
Khong 1
Ceruloplasmin huyét thanh
[l Binh thuong (>20mg/dl) 0
10-20mg/dI 1
<10mg/dI 2
Thieu mdu tan mdu Test Coombs dm tinh
Cé 1
Khong 0
Dong trong mo gan
L] >5 gidi han trén (>250ug/g) 2
50-250ug/g 1
Binh thuong (<50u9/g) -1
Co cac hat Rhodamine (+) 1
Dong/nuoc tiéu 24 gio
Binh thuong 0
Tang 1-2 lan 1
O Tang>2lan 2
Binh thuong, nhung tang > 5 lan gidi han trén sau khi dung D- 2
penicillamine

> 4: chan doan xac dinh bénh Wilson
3: ¢6 thé bi bénh Wilson, can lam thém xét nghiém
< 2: rat it kha ning mac bénh Wilson

Tiéu chudn logi triv: Bénh nhan khong tu nguyén tham gia vao nghién ctru
Nhém déi chimg: gom 40 ngudi khoe manh, tién sir gia dinh khong c6 ngudi
mac b¢nh di truyen, duoc dung dé lam mau doi chang, chay kiém ching cac
dot bién mai phat hién trén bénh nhan.

2.2. Pia diém nghién ciru: Thu thdp bénh &n tir Bénh vién Nhi Trung
Uong, Bénh vién Bach Mai, Phan tich gen ATP7B tai Trung tdm Nghién
ctru Gen-Protein Truong Pai hoc Y Ha Noi.

2.3. Thoi gian nghién ciru: tir thang 9 ndm 2012 dén thang 9 nam 2015.
2.4. Phwong phap nghién ctru

2.4.1. Phwong phdp nghién ciru: nghién ciru mo ta cit ngang.



SO PO THIET KE NGHIEN CUU

60 bénh nhan dwec chan doan
xac dinh bénh Wilson theo
tiéu chudn cua Ferenci

|

M6 ta dic didm lam sang,
can lam sang

|

Phan tich xac dinh dét bién
gen ATP7B

l

Bénh nhan coé dét bién
gen ATP7B

l l

Phan tich méi twong quan vé&i Phan tich mé&i twong quan véi
triéu chirng 1am sang bién ddi can lam sang

2.4.2. C& mdu nghién ciru: 1ay ¢& mau thuan tién do bénh Wilson 13 bénh
di truyén hiém gap.
2.5. Cac buéc tién hanh nghién ciru
2.5.1. Héi bénh va khdam lim sang: theo mot miu bénh an thdng nhat.
2.5.2. Xét nghiém sinh hoa va chén dodn hinh dnh

- Xét nghiém sinh héa: cong thirc mau, déong mau co ban, test Coombs,

duong, protid mau, albumin mau, ure, creatinin, AST, ALT,
ceruloplasmin huyét thanh; dinh luong ddng niéu 24 gio:
- Siéu dm 6 bung, chup céng hwong tir so ndo.

2.5.3. Chin dodn
- Chén dodn xdc dinh: néu dat > 4 diém theo thang diém Ferenci (bang 2.1)
- Chan dodn thé lam sang: dua vao co quan chinh b ton thuong theo tiéu
chuan Ferenci.
2.5.4. Quy trinh phan tich dét bién gen ATP7B: (1) LAy miu mau tinh
mach c6 chéng dong EDTA; (2) Quy trinh tach chiét DNA tir mau ngoai vi;
(3) K¥ thuat PCR khuéch dai 21 exon ciia gen ATP7B; (4) Giai trinh tu
gen; (5) Phan tich két qua: So sanh két qua véi trinh tr GeneBank cia gen
ATP7B (National Center for Biotechnology Information, NCBI)
NG_008806 bang phan mém CLC va so sanh trinh tu cic acid amin cia
bénh nhan véi trinh ty acid amin chuén ciia Genebank NM_000053.3 bang
phan mém Blast ciia NCBI.
2.6. Xir Iy két qua: bang phan mém SPSS 16.0.
2.7. Vén dé dao dirc trong nghién ctru

Pé tai nghién ctru duoc tuan tha chat ché theo dao dtc nghién cuu
trong Y hoc (dé tai dd duoc thong qua hoi dong y dic cia Bo Y té). Cac
thanh vién gia dinh tu nguyén tham gia nghién ctru va duoc lap hd so
theo ddi va tu van di truyén. Céac thong tin cia mdi gia dinh s& duoc
dam bao bi mat.



~ CHUONG3
KET QUA NGHIEN CU'U

3.1. Mgt s6 dic diém 1am sang va cin 1am sang

3.1.1. Pdc diém lam sang

3.1.1.1. Phdn b6 bénh nhan theo tuéi khoi phat

Nghién ctru 60 bénh nhan: tudi khéi phat hay gip nhét tir 10 dén 19 tudi (chiém
51,7%), trung binh 14 16,3 tudi, nho nhét 1a 3 tudi, 16n nhit 14 53 tudi.

3.1.1.2. Phdn b6 bénh nhan theo gidi

Hinh 3.1. Ty 1¢ miic bénh theo gii

Nhdn xét: Nam miac bénh nhiéu hon nit. Ty 1¢ nam/nir 1a 1,22.

3.1.1.3. Triéu chung ¢ giai doan khaoi phdt cua bénh Wilson
Triéu ching 1am sang khoi phat thuong gip 1a: run tay, ban tay vung veé,
vang da, ting nhe truong luc co & chi (run tay chiém ty 18 cao nhat 65,0%).
3.1.1.4. Triéu chung o giai doan toan phat cia bénh Wilson

Triéu chiing 1am sang giai doan toan phat thuong gép la: tang truong luc
co tir chi (68,3%), n6i kho (61,7%), nudt kho (53,8%), vang da (51,7%) va 32/60
truong hop ¢6 vong Kayser-Fleischer ¢ ria gidc mac (53,3%). Hiém gip biéu
hién r6i loan cam xtic (8,3%) va suy giam tri tué (6,7%).
3.1.2. Tri¢u chirng cdn ldm sang
3.1.2.1. Pinh lwong ceruloplasmin huyét thanh

Nong do ceruloplasmin huyét thanh giam ¢ tit ca cic bénh nhan,
nhom 5,1-10mg/dl chiém ty 1é cao nhat (61,7%).
3.1.2.2. Binh lwong transaminase huyét thanh

Tat ca cac bénh nhan thé gan va thé hdn hop gan - than kinh déu
tang transaminase huyét thanh (ALT va AST).
3.1.2.3. Dinh lwong dong niéu 24 gio

C6 47 bénh nhan dugc xét nghiém ddng trong nudc tiéu 24 gio déu
ting cao (chiém ty 1& 100%). Trung binh 1a 673pug/24 gid; cao nhat la
2457ug/24 gid (d6ng niéu & ngudi binh thudng dudi 40ug/24 gio).
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3.2. Két qua phan tich gen ATP7B

Nghién ctru phat hién 3 dang dot bién hay gip nhét 1a: dot bién tao ma két

thuc sdém ¢.314C>A (p.S105X) trén exon 2; dot bién sai nghia ¢.2333G>T
(p-R778L) trén exon 8; dot bién (c.-75C>A) & ving 5’UTR. C6 7 dot bién mai
bao gdm: ¢.-118insCGCCG, ¢.305G>A (p.G50S); ¢.1336T>G (p.V446G);
€.2712 2713 insT (p.E905X); ¢€.2939G>C (p.C980S); c€.3399 3400insT

(p.P1133EfsX19): ¢.3810delT (p.N12701£5X35) (bang 3.1).
Bdng 3.1. Phan bé dgt bién trén gen ATP7B ciia bénh nhan Wilson

Exon/ z. . Thay ddi amino  ChU S6 Tylé S6
STT g5yyr Thay doi nucleotide Y aid thich  alen % TLIK
1 5UIR c.-75C>A DV 28 26,92 17
2 1 €.-118insCGCCG new 2 1,93 0
3 ) ¢.305G>A p.G50S new 1 0,96 0
4 c.314C>A p.S105X DV 28 26,92 3
5 3 €.1336T>G p.V446G new 1 0,96 0
6 4 ¢.1607T>C p.V536A DV 7 6,73 1
7 c C.1771G>A p.G591S DV 2 1,93 1
8 €.1810G>C p.AB604P DV 4 3,85 2
9 8 ¢.2160del A p.K720NfsX3 DV 1 0,96 1
10 €.2333G>T p.R778L DV 10 9,62 25
11 10 €.2549C>T p.T850I DV 2 1,93 1
12 1 .2862T>C p.L902P DV 1 0,96 1
13 €.2712_2713insT p.E905X new 1 0,96 0
14 12 €.2817G>C p.W939C DV 1 0,96 8
15 €.2982G>A p.G943D DV 2 1,93 1
16 13 €.2939G>C p.C980S new 1 0,96 0
17 €.3097A>G p.T1033I DV 1 0,96 1
18 14 €.3155C>T p.P1052L DV 1 0,96 1
19 €.3193G>C p.A1065P DV 1 0,96 2
20 15 €.3399_3400insT p.P1133EfsX19  new 1 0,96 0
21 €.3295G>A p.G1099S DV 1 0,96 3
22 16 €.3547G>A p.A1183T DV 1 0,96 1
23 17 .3638G>A p.G1213D DV 1 0,96 1
24 18 .3818C>A p.P1273Q DV 3 2,88 3
25 €.3810delT p.N1270I1fsX35  new 1 0,96 0
26 20 €.4112T>C p.L1371P DV 1 0,96 1

Ch thich: New: Bgt bién méi; DV: Disease Variant (dét bién gdy bénh)

TLTK: s6 tai liéu tham khdo trén ngdn hang dir liéu gen

(http://www.wilsondisease.med.ualberta.ca/).

Nhdn xét: C6 26 @6t bién duge phat hién trong téng sO 44 bénh nhan

mang dot bién v6i 104 alen, trong d6 3 dot bién chiém ty 1¢ alen cao nhit:

C.-75C>A (26,929%); p.S105X (26,929%) va p.R778L (9,62%).


http://www.wilsondisease.med.ualberta.ca/
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Bdng 3.2: bgc diém 1am sang va cdn lam sang cia cac bgnh nhan Wilson
mang dot bién mgi va dot bién da dwoc cdng bo gay bénh trén gen ATP7B

2 . Tudi Ceruloplasmin ~ Pdng  Thé
M s Dot bién Dangdgt  Thedot  S6  khéi 7 slgonn  nigu24  lam
bien bién alen phat (mg/dl) io (ng) san
W1.00 p.S105X V6 nghia Pong hop 2 12 10 426 H
W3.00 p.S105X V6 nghia Pong hop 2 18 7 473 H
p.L1371P Sai nghia Dj hop
W6.00 0.78501 Sai nghia Dj hop 2 21 17 198 N2
p.R778L Sai nghia Di hgp
W8.00 ¢.-118insCGCCG Di hop 2 20 17 312 H
W9.00 p.S105X Vo nghia Pong hop 2 8 9 501 H
W10.00 p.A604P Sai nghia Dong hop 2 11 8,9 432 N2
W12.00 p.V536A Sai nghia DPong hop 2 16 14 347 N2
C.-75C>A Di hgp
W13.00 ¢ -118insCGCCG Di hop 2 13 16 213 N2
W17.00 c.-75C>A Dbong hop 2 9 12 359 H
C.-75C>A Dong hop
W18.00 0.G10995 Sai nghia_Di hop 3 20 11 549 N2
p.W939C Sai nghia Di hop
W19.00 0.C980S Sai nghia_Di hop 2 20 11 362 H
p.T850I Sai nghia Di hgp
W21.00 p.S105X Vo6 nghia DPong hop 3 9 17 527 H
p.G943D Sai nghia DPong hop
W23.00 p.R778L Sai nghia Di hop 3 17 0 527 H
c.-75C>A Dong hop
W24.00 p.P1273Q Sai nghia Di hgp 8 ! 1 1231 H
p.A1065P Sai nghia Di hgp
W25.00 . T5CoA Di hop 2 10 15 310 H
p.G591S Sai nghia Di hop
W29.00 D.R778L Sai nghia_Di hop 2 12 12 286 N2
C.-75C>A bong hop
W30.00 0.S105X Vo nghia_Dong hop 4 11 25 987 N1
p.G1213D Sai nghia Di hgp
W31.00 Léch . 2 10 8,9 572 N1
p.N12701fsX35 Khung Di hop
C.-75C>A Di hop
W33.00 p.S105X Vo nghia Di hop 3 15 9 1825 N2
p.V536A Sai nghia Di hgp
p.P1273Q Sai nghia Di hop
W37.00 0.EQ05X V6 nghia Di hop 2 12 16 189 N2
p.P1273Q Sai nghia Di hop
W38.00 0.G50S Sai nghia_Di hop 2 19 13 270 N2
c.-75C>A Dong hop
\40.00 p.S105X Vo6 nghia Pong hop 4 ! 3 1228 N2
W42.00 p.S105X V6 nghia Di hop 1 15 9 412 N1
C.-75C>A bong hop
W43.00 p.S105X V6 nghia Di hop 4 7 4 1231 N2
p.G591S Sai nghia Di hop

W44.00 c.-75C>A bong hop 2 4 9 765 N2
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W47.00 p.K720NfsX3 Vo6 nghia Di hop 1 13 10 402 N2
C.-75C>A Ddng hop

W48.00 Léch . 3 12 13 430 N2
p.P1133EfsX19 khung Di hop
C.-75C>A Dong hop

W49.00 p.S105X Vo6 nghia Pong hop 4 ° 5 1879 N2
p.P1052L Sai nghia Di hgp

W50.00 0. 710331 Sai nghia_Di hop 2 16 14 173 N2
p.R778L Sai nghia Di hgp

W51.00 D.VA46G Sai nghia_Di hop 2 14 16 231 N2
p.R778L Sai nghia Di hop

W52.00 0.L902P Sai nghia_Di hop 2 25 14 157 N1
c.- 715C>A Dong hop

W53.00 p.S105X Vo6 nghia DPong hop 4 15 8 886 N1
p.R778L Sai nghia Di hgp

W54.00 0.V536A Sai nghia_Di hop 2 40 15 271 N1

W55.00 p.R778L Sai nghia Di hop 1 7 12 379 H
p.A604P Sai nghia Di hop

W56.00 p.V536A Sai nghia Pong hop 3 13 17 369 N2

W57.00 p. S105X Vo6 nghia Di hop 1 16 10 315 H
p. S105X Vo nghia Di hop

W58.00 b. R776L Sai nghia_Di hop 2 9 6,2 832 N1
p.A604P Sai nghia Di hop

W59.00 0. AL183T Sai nghia_Di hop 2 22 10 406 H
c.-75C>A Dong hop

W60.00 p.S105X Vo6 nghia DPong hop 4 ! 5 1657 N1
c. -75C>A Dong hop

W61.00 p. S105X V6 nghia Pong hop 4 8 22 1513 NI
p. V536A Sai nghia Di hgp

W62.00 p. R778L Sai nghia Di hop 2 12 ° 564 NI

W64.00 p. S105X Vo6 nghia Di hop 1 42 12 313 N1

W65.00 p. S105X V6 nghia DPong hop 2 14 8 461 N2
p. R778L Sai nghia Di hop

W66.00 . -T5CoA Di hop 2 13 13 396 N2

Chi thich: New: Dt bién moi; DV: Disease Variant (@t bién gy bénh); H: Thé gan; N1: Thé
gan - than kinh; N2: The than kinh. Bénh nhdn mang 1 dot bien di hop cé 1 alen; mang 1 dot
bien dong hop c6 2 alen; mang 1 dot bien dong hop va 1 dot bien di hop cé 3 alen; mang 2 dot di
hop co 2 alen; mang 2 dot bien dong hop co 4 alen.

Bénh chii yéu khoi phat ¢ bénh nhan dudi 20 tudi. Tat ca bénh nhéan ¢
ndng do ceruloplasmin huyét thanh giam dudi 20mg/dl va c¢6 noéng do dong
niéu 24 gid ting trén 100pg. Cac bénh nhan thé gan va thé gan - than kinh déu
tang transaminase huyét thanh (ALT va AST). Cac bénh nhén thé than kinh
hodc thé gan-than kinh déu co tén thuong trén phim MRI so ndo. C6 88,64%
(39/44 bénh nhan) co tir 2 dén 4 dot bién trén gen ATP7B; chi c6 5/44 bénh
nhan (11,36%) c6 1 dot bién di hop tir, trong d6 4 bénh nhan co dot bién tao
mé két thuc sém (3 bénh nhan c6 dot bién p.S105X, 1 bénh nhan ¢ dot bién
p.K720NfsX3) va 1 bénh nhan c6 dot bién thay thé nucleotid (p.R778L).
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Hinh dnh minh hoa bénh nhén cé dét bién méi 6 ving 5’UTR

¢. -118insCGCCG
c.47G

NN e eefoncond)C YY)

Nguwoi binh thwdng Bénh nhan W8.00

Hinh 3.2. Hinh gidi trinh tw gen ciia bénh nhin ma W8.00
(46t bién ddng hop tir thém 5 nucleotid CGCCG nam & vi tri -118 trudc ma
khoi dau Methionine).
Hinh anh minh hoa bénh nhén co dot bién méi thém nucleotid
€.2712_2713insT

c.2712

p.E905X
CTGGTGGAAGAGGCTCAGATG CTGGTGGAATGAGGCTCAGATG
/\ P\ f \ /
Ngw&i binh thuwdng Bénh nhan W37.00

Hinh 3.3. Hinh gidi trinh tw gen ciia bénh nhin ma W37.00
(dot bién dong hop tir thém nucleotid T nam giita vi tri 2712-2713, dan dén bé
ba thir 905 GAG ma héa Glutamate (E) chuyén thanh bg ba két thiic TGA (X).
Hinh dnh minh hoa bénh nhén cé dét bién méi sai nghia

c.305G>A
€.305G p.G50S

v

'
HIWI \ﬁ[\f\ ﬁ I Fl'Jll I'uM/\A."ﬁ'u'lﬁl'-'ll Illw ""\'. jn' -’\J‘\Jﬁl

Ngudi binh thwong Bénh nhan W38.00

Hinh 3.4. Hinh gidi trinh tw gen ciia bénh nhin ma W38.00
(dot bién di hop tir G thay thé thanh A, dan dén bé ba thir 50 GGC md héa
Glycine (G) chuyén thanh bé ba AGC ma héa Serine (S)).
3.3. Mi twong quan giira dt bién gen ATP7B va kiéu hinh ciia bénh Wilson
3.3.1. Méi twong quan giita s6 alen djt bién va kiéu hinh & bénh nhén Wilson
C6 44 bénh nhan mang d6t bién, chia thanh 4 nhém: nhém 1 gdom 5 bénh nhan
mang 1 alen dot bién; nhom 2 gdm 25 bénh nhan mang 2 alen dot bién; nhom 3
gdm 7 bénh nhan mang 3 alen d6t bién va nhém 4 gdm 7 bénh nhan mang 4 alen
dot bién.
3.3.1.1. M6i twong quan giita tuéi khéi phdt va sé alen dot bién
Tudi khoi phat trung binh thap & nhom mang nhiéu alen dot bién va khong co y
nghia thng ké véi p > 0,05.
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3.3.1.2. Méi twong quan giita nong do ceruloplasmin va sé alen dot bién

20 p=10,002

p =0,001

+ i

S alen dt bién

Ceruloplasmin trung binh (mgid)

Hinh 3.5. Phéin bé nong dp cerulopasmin huyét thanh va sé alen dpt bién
Nhom bénh nhan mang 4 alen dot bién c6 ndéng do ceruloplasmin trung
binh thdp nhét khi so sanh véi cac nhém khac (p < 0,05).
3.3.1.3. M6i trong quan giita nong do dong niéu 24 gio va sé alen dot bién

- ross 14014
i

= 1200

)

=

= 1000

=

& s
25 oo

2

= w00

o

& o - 308

=

o0 200 1

5

“S

=] o+

1alen 2 alen 3alen 4 alen

Hinh 3.6. Phén bo nong dp dong ni¢u 24 gio va sé alen dgt bién

Nhom bénh nhan mang 4 alen dot bién c¢6 ham luong ddng trong nude tiéu
cao nhat, nhém mang 1 alen c6 ham luong ddng thap nhat (véi p < 0,05).
3.3.1.4. M6i twong quan giita thé lam sang va sé alen dot bién

12 HGan
10 # Than kinh
B Gan - Than kinh

o N A O ®

1 alen 2 alen 3alen 4 alen

Hinh 3.7. Phén bo thé lam sang va sé alen dét bién
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Thé hdn hop gan - than kinh gip & nhém bénh nhan mang 1 alen, 2 alen va 4

alen dot bién: nhom mang 4 alen dot bién c6 ty 18 bénh nhéan thé hdn hop cao

nhat (m01 twong quan yéu r <0,25, khong coy nghla thdng ké p > 0,05).

3.3.2. Méi twong quan giita dang dot bién va kiéu hinh & bénh nhin Wilson
Nghién ciru phat hién 44/60 bénh nhian mang dot bién, chia 3 nhom:

nhém 1 ¢6 23 bénh nhan khéng mang alen dot bién vo nghia/léch khung (chi

mang dot bién sai nghia/ving 5'UTR), nhom 2 ¢6 10 bénh nhan mang 1 alen

dot bién vo nghia/léch khung va nhoém 3 ¢6 11 bénh nhian mang 2 alen dot

bién v6 nghia/léch khung (bang 3.2).

3.3.2.1. M6i twong quan giita tudi khéi phdt va dang dot bién

18 17,33

16 15,38
14
12 10,82
10
8
6
a
2
o

Sai nghia/ 5'UTR lalen v6 nghia/Lé¢ch khung  2alen v6 nghia/ Léch khung

Hinh 3.8. Phén bé tuéi khéi phdt va dang djt bién
Tudi khoi phat trung binh nhém mang 2 alen dot bién vé nghia/léch khung
thip hon nhoém mang 1 alen va nhom mang alen dot bién khac (p >0 ,05).
3.3.2.2. Moi twong quan giita nong dé ceruloplasmin va dang dét bién

=0 P =0,012

p=0,012
‘!‘ b =0,0a7
=1 i

Sai nghia/ 5'UTR  1alen v nghia/Léch khung  2alen vé nghia/ Léch khung

o
1

Ceruloplasmin trung binh (mg/d)
3
1

Hinh 3.9. Phén bo nong dp ceruloplasmin huyét thanh va dang dpt bién
Nong do ceruloplasmin trung binh & nhém mang 2 alen dot bién vo
nghia/léch khung thap nhat, tiép theo 1a nhom mang 1 alen dot bién vo
nghia/léch khung va nhom dot bién sai nghia/ vang 5'UTR (p <0 ,05).
3.3.2.3. Moi twong quan gitta dong trong nuéce tiéu 24 gio' va dang dot bién



1R

20007 p=0,01

=l
1500
=
1000
o
s00—] |

Dang niéu trung binh (megl 24 gid)

Sai nghia/ 5'UTR  1alen vd nghia/Léch khung  2alen v nghia/ Léch khung

Hinh 3.10. Phdn bé dong ni¢u 24 gio va dang dét bién
Luong ddng trong nudc tiéu 24 gid & nhom mang alen dot bién VO
nghia/l¢ch khung cao hon nhém mang cac alen dot bién khac (p = 0,01).
3.3.2.4. Moi tiwrong quan giita cdc thé lam sang va dang dot bién

= Gan
= Than kinh
= Gan - Than kinh

e =B

Sai nghia/ 5'UTR lalen vo nghla/Lech khung 2alen v6 nghia/ Léch khung

Hinh 3.11. Phdn bé dang djt bién va thé lam sang ciia bénh Wilson
Nhém mang 2 alen dot bién vo nghia/léch khung co ty 16 thé hdn hop gan -
than kinh cao nhét. Dang dot bién c6 mdi twong quan thudn muc d cao ¢ y
nghia thong ké véi thé hon hgp gan - than kinh (r = 0,73 va p = 0,03).

CHUONG 4
BAN LUAN

4.1. Mot s6 dac diém 1Am sang va cin 1am sang ciia bénh Wilson
4.1.1. Dgc diém lam sang )
4.1.1.1. Phdn bo bénh nhan theo tuoi khoi phat

Nghién ctru ctia chiing t6i gdm 60 bénh nhan, nhém dudi 20 tudi chiém ty
1¢ cao (68,4%), trong d6 nhém 10 - 19 tudi chiém ty 1¢ cao nhét (51,7% tong
s6 bénh nhén). Cac nghién ctu tai P, An P9 va Trung Qudc ciing thiy
rang tudi khoi phat bénh Wilson thuong gip ¢ nhém dudi 18 tudi. Nhu vdy,
bénh Wilson 14 bénh di truyén thuong khoi bénh ¢ tré em va ngudi tré.
4.1.1.2. Phdn bé bénh nhan theo gidi

Nghién ctru cta ching t6i cho két qua: ty 1¢ nam/nir 1a 1,23 (hinh 3.1).

Nghién ctru ctia Lé Ptc Hinh, ty 1€ nam/nit 1a 1,3; nghién ctru tai An Do 2,2;
nghién ctru tai Trung Qudc 1a 44/31. Nhu vay, cac nghién ctru cho két qua twong
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dong: bénh nhan nam méc bénh nhiéu hon bénh nhan nit. Tuy nhién khong thiy
su khéc biét nhiéu vé gii vi gen dot bién nim trén nhidm sic thé thuong.
4.1.1.3. Cdc triéu chung ldm sang o giai doan khoi phat
Run tay la tridu chimg hay gip nhét (chiém 65%), run véi bién do nho,

tang khi nghi ngoi, giam khi van dong cung vdi tang nhe truong luc co lam cho
cac dong tac cua chi trén tro nén vung ve, viét chir x4u. Ngoai ra co thé gdp cac
tridu ching ngoai thap khac va vang da. Két qua nghién ctru ciia chiing t6i ciing
gidng cua Lé Ptrc Hinh ¢ Viét Nam va nghién ciru khac & Bungary (2012). Nhu
vy, triéu ching ¢ giai doan khoi phat thuong biéu hién kin dao bang run tay,
n6i kho nén dé bj bo so6t chan doan va khong dugc diéu tri ding & giai doan nay.
4.1.1.4. Cac triéu chung lam sang o giai doan toan phat

O giai doan toan phat cac triéu chung than kinh rit da dang, ndi bat 1a
roi loan truong luc co va cac dong tac bat thudng, bao gé)m run, mua von,
mua giat, cac con co van, dong tac dinh hinh. Két qua nghién cttu cua chung
t6i cling twong tu cac nghién ctru trudc d6 voi cac triéu chimg than kinh &
giai doan toan phat do ton thuong nhan x4m & nio.
4.1.3.1. Tién sur gia dinh

C6 11/60 bénh nhan c6 anh, chi, em rudt bi bénh Wilson, 9 truong hop
bd me bi bénh Wilson, 7 truong hop co cd, di, chu, bac rudt bi bénh Wilson,
khong c6 truong hop nao bd me cing huyét thong. Do vy, khi kham cac
bénh nhan nghi ngd bi bénh Wilson cin khai thac k¥ tién sir gia dinh va
chan doan sém cho gia dinh bénh nhan giup diéu tri sém cho ho.
4.1.2. Mt s6 dic diém cdn lim sang ciia bénh Wilson

DPinh lwong ceruloplasmin huyét thanh: két qua nghién ctru cia ching
toi cling tuong ty cac tidc gid trong va ngoai nudc voi ham lugng
ceruloplasmin giam thap [y hﬁu hét cac bénh nhan Wilson, 1a mét chi sd
quan trong trong tiéu chudn chan doan xéac dinh va theo ddi diéu tri.

Pinh heong transaminase huyét thanh (ALT va AST): tit ca cac bénh nhan
thé gan don thuan va thé gan - than kinh déu ting transaminase huyét thanh
(chiém 51,7%). Theo y van, ton thuong gan 14 biéu hién sém nhét ciia bénh
Wilson. Tuy nhién trén 1am sang thudng chua rd tri€u chimg, chi phat hi¢n
transaminase huyét thanh ting dua vao xét nghiém sinh hoa mau. Do d6 tat
ca cac bénh nhan ting transaminase huyét thanh dai dang khéng rd nguyén
nhén, dic biét 1a & nguoi tré thi can lam thém cac xét nghiém dé chan doan
sém bénh Wilson.

Pinh lwong dong trong nudc tiéu: giup chan doan bénh, sang loc va theo
ddi diéu tri cho cac bénh nhan Wilson. 100% bénh nhan trong nhém nghién
clru ¢6 dong niéu 24gid ting trén100ug (binh thuong dudi 40ug). Picu dé
chung t6 luong ddng tu do ting qua cao trong mau do khong dugc bai tiét
qua duong mat & nhitng bénh nhan nay dugc dao thai qua nudc tiéu.

4.2. Két qua phan tich gen ATP7B
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Théng ké sb alen tir bang 3.1 thdy 3 dang dot bién phd bién nhét gay
bénh Wilson trong nghién ciru ciia ching t6i 1: ¢.-75C>A & ving 5'UTR véi s6
alen dot bién chiém 26,92%; dot bién p.S105X trén exon 2 véi sb alen dot bién
chiém 26,92% va dot bién p.R778L trén exon 8 vdi sb alen dot bién chiém 9,62%
(khong c6 bénh nhan nao mang dot bién p. H1069Q trén exon 14). Ba dot bién nay
duoc cong bd gay bénh trén nhidu tai liéu qudc t va c6 ty 1¢ phat hién cao trong
nhom nghién ctru (http://ww.wilsondiseas.med.ualberta.ca)

- Dt bién c.-T5A>C: ¢ 28/44 truong hop (26,92%) mang dot bién c.-
75A>C (C thay thé thanh A ¢ ving 5’UTR cach vi tri ma khai dau 75 bp),
ngay trudc vi tri bam cta dong (Cu’™ binding). Dot bién nay di duoc cong
bd gdy bénh & Nhat va Trung Qudc (bang 3.1).
- Dot bién p.S105X (c.417C>A): cb 26,92% alen dot bién tao mi két thuc
¢.314C>A (p.S105X): dot bién thay thé nucleotid 314C>A dan dén b ba thir
105 TCG mi héa Serine chuyén thanh ma két thuc sém TAG (bang 3.1).
Day 1a dot bién da duoc cong bd giy bénh Wilson 3 1an (2 14n ¢ Puc va 1
lan & Trung Qudc) (bang 3.1). bot bién nam trén exon 2, thudc vung MBDs
(Metal-Binding Domains)- 1a vi tri bom cho cac nguyén tir dong.
- Bét bién p.R778L: ¢ 44 bénh nhan da phat hién dot bién, c6 9,62 % mang
alen dot bién p.R778L (bang 3.1), 1a dot bién thay thé nucleotid 2333G>T
dan dén bo ba thr 778 CGG ma héa Arginine chuyén thanh CTG ma héa
Leucine (p.R778L) trén exon 8. Bot bién nay phd bién nhét & cac nude chau A
voi ty 1é phat hién dot bién 1a > 30% va da duoc cong bd gay bénh 25 1an trong
cac nghién ctru qudc té tai ngan hang dit liéu gen (bang 3.1). Nhu vy, ba dot
bién c.-75C>A; p.S105X; p.R778L co ty 1¢ cao nhét trong nghién ctru cua
chung t61 tai Viét Nam cling gap O cac quoc gia chau A nhung ty 1& mic
khac nhau (dot bién p.R778L trén exon 8 phd bién nhat & cac nude chau A
lai xép tha 3 ¢ Viét Nam); khéng c6 bénh nhan nao mang dot bién
p.-H1069Q phd b1en & chau Au.
4.3. Phan tich mdi twong quan giira sé alen dt bién trén gen ATP7B va
kiéu hinh ctia b¢nh nhian Wilson
4.3.1. Méi twong quan giiva tuéi khéi pht va sé alen dét bién

Két qua nghién ctru ciia chung t6i cho thiy bénh nhan cang nhiéu alen
dot bién thi khoi phat bénh som (su khac biét khong ¢6 y nghia thong ké voi
p > 0,05). Ngoai ra, c6 mdt s6 dang dot bién da duoc khang dinh tir cac nghién
cuu trude la lién quan dén tudi khoi phat bénh: dot bién p.R778L biéu hién ton
thuong gan sém, cac dot bién €.3207 C>A, p.S932X hoac p. W779X hay gap ¢
nhom khoi phat bénh mugn. Do d6 co thé van nhin thay mdi trong quan nghich
gitra tudi khai phat va sé alen dot bién nhung ¢6 thé bi anh huong ctia mot sd
dot bién quan trong trong timg nhom bénh nhan.
4.3.2. Moi twong quan giita nong do ceruloplasmin huyet thanh va sé alen
dot bién
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Két qua tir hinh 3.5 cho thdy nhoém bénh nhan mang nhiéu alen dot
bién co6 n(‘)ng do cemloplasmm trong huyét thanh thap hon nhom mang it
alen dot bién (sy khac biét co ¥ nghia thong ké voi p <0,01). Nghlen ctiiu
cho két qua twong ty v6i 71 bénh nhan Wilson Han Quoc Bleu nay phu hop
vé dic diém sinh hoc ‘phén tu: sy xudt hién cang nhiéu cac bién di/dot bién
trén gen ATP7B thi cdu trac va tinh chit cta protein cang thay ddi, gay anh
hudng dén churc nang van chuyén ddng.

4.3.3. Moz twong quan gm’a dong ni¢u 24 gio' va sé alen dot bién

Nong d6 dong niéu trong nude tiéu 24 g10’ trung binh ty 1¢ thuén véi
s6 alen dot bién, véi p < 0,05 (hinh 3.6). Két qua nay ciing tuong tu nghién
cliru cua Hyung Doo Park (2010): bénh nhan mang 2 alen dot bién c6 ndng
d6 ddng niéu cao nhat, sau d6 1a nhém mang 1 alen dot bién va nhom khong
mang alen dot bién. Nhu vdy, bénh nhan cang mang nhiéu alen dot bién thi
nong do dong trong nudc tiéu 24 gid cang cao.

4.3.4. Mél twong quan giita thé lim sang va s6 alen dot bién

Ket qud tir hinh 3.7: nhom mang 1 va 2 alen d6t bién c6 ty 1¢ bénh
nhan thé gan don thuan cao nhit; nhém mang 4 alen gdm bénh nhan thé than
kinh va thé hdn hop gan - than kinh (khong ¢6 bénh nhén thé gan don thuén)
vdi ty 1¢ bénh nhan nhoém hon hop cao nhat. Nghia 1a nhom bénh nhan mang
4 alen chu yeu la bénh nhan ther ning (thé hqn hop gan -7than kinh). Khoéng
tim thay moi twong quan giira s6 alen dot bién véi cac thé 1am sang, vai chi
s 1< 0,25. Day 1a két qua quan trong cho thiy anh huong cua tinh da bién
di/dot bién dén kiéu hinh. Bénh nhan mang nhiéu dot bién co thé c6 su tic
dong cong hudng da dang lén kiéu hinh. Céc nghién ctru thiy rang c6 nhing
dot bién dic trung cho thé 1am sang: 74% mang dot bién p.R778L c6 bicu
hién 1am sang thé gan hodc dot bién p.H1069Q hay gip & bénh nhan thé than
kinh. Nhung trong nghién ciru cua ching t6i (bang 3.11) c6 10 bénh nhéan
mang dot bién p.R778L vé6i 3 bénh nhan thé gan, 4 bénh nhan thé than kinh,
4 bénh nhén the hon hop gan - than kinh. Trong d6 c6 1/10 bénh nhan mang
duy nhat 1 d6t bién p.R778L (bénh nhan ma s6 W55.00, thé gan), con 9/10
bénh nhan mang thém dot bién khac két hop (cac bénh nhan ma s6 W8.00,
W23.00, W29.00, W51.00, W52.00, W54.00, W58.00, W62.00 va W66.00).
Diéu nay khang dinh bénh Wilson thudc nhom bénh chuyén hoa, di truyén
da bién di/dot bién, nén tir cac két qua & trén, nhom nghién ctru da khing
dinh tAm quan trong ctia viéc phén tich téng thé sy anh huong ciia nhiéu bién
di/ dot bién trén ting ca thé bénh nhan Wilson.

4.4. Phan tich mdi twong quan giita dang dot bién trén gen ATP7B va
kiéu hinh caa bénh nhéin Wilson

44.1. Mobi twong quan giita tuol khaoi phat va dang dot bién

Két qud ¢ hinh 3.8 cho thay tudi khoi phat trung binh ¢ nhom mang 2 alen
dot bién vo nghia/léch khung thdp hon nhom mang 1 alen dot bién vo
nghia/léch khung va nhém mang dot bién sai nghia/ dot bién ving 5'UTR, sy
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khac biét glua cac nhom khong c6 y nghia thdng ké véi p> 0,05. Didu nay co
thé 1y giai do s6 luorng mau tuong d6i nho & tung nhoém benh nhan nén chi s6
p khong mang nhiéu y nghia va thé 1am sang con phu thude vao vi tri chae
nang cua dot bién trén gen ATP7B. Hon nira ¢6 nhiéu bénh nhan mang > 2
do6t bién nén c6 thé co sy tac dong cong hudng cua nhiéu gen 1én tudi khoi
phéat. Nghién ctru khac thdy ring: bénh nhan mang dot bién vo nghia/léch
khung thuong khoi phat bénh sém hon cac dang dot bién khac. Nhu vdy, cac
dot bién vo nghia/léch khung hinh thanh ma ket thiic s€ tao nén mét protein
ATP7B bi cat ngan thudng khoi phat bénh s6m hon céc dang dot bién khac.
4.4.2. Moz twong quan giita nong dp ceruloplasmin huyet thanh va dang dot bién

Nong d6 ceruloplasmin trung binh trong huyét thanh ty 1€ nghlch véi
s6 alen dot bién vo nghia/léch khung: nhém mang dot bién sai nghia/dot bién
viing 5UTR cao hon nhém mang 1 alen va nhém mang 2 alen dot bién vo
nghia/léch khung (hinh 3.9). Sy khic biét c6 y nghia thong k& voi
p < 0,05. Nghién ctru cua chung t6i ciing cho két qua tuong tu nghién ctru
tai Han Qudc, Y va Ba Lan, diéu nay phu hop vé dic diém sinh hoc phan tu:
dot bién vo nghia/léch khung trén gen ATP7B la dot bién ning giy anh
huong nghiém trong dén chuc nang van chuyén dong.
4.4.3. Moi twong quan giia dong niéu 24 gio va dang dot bién

Ham luong ddn trung binh trong nudc ti€u 24 gid & cac nhom dot
bién sai nghia/dot bién ving 5'UTR, nhém mang 1 alen dot bién vo
nghia/léch khung, nhém mang 2 alen dot bién vo nghia/léch khung ting dan
(hinh 3.10). Mdi twong quan c6 y nghia thong ké véi p = 0,01 gitra nhém
mang 2 alen dot bién vo nghia/léch khung v&i nhom nhom dot bién sai
nghia/ving 5'UTR. Két qua nay cling tuong ty nghién ctru ¢ Ba Lan: nhom
bénh nhan mang 2 alen dot bién dang vo nghla/lech khung c6 nong do dong
cao hon nhém mang 1 alen dot bien dang v6 nghia/l¢ch khung, nong do
ddng thap nhit & nhém mang alen dot bién sai nghia. Nhu vay, bénh nhén
mang dot bién v nghia/léch khung tao ma két thiic som lam protein bi cat
ngan s& anh huong nghiém trong dén chire nang chuyén hoa dong.
4.4.4. Moi twong quan giiva thé lim sang va dang dét bién

Két qua nghién ciru & hinh 3.11 cho thdy nhom mang dot bién vo
nghia/léch khung c6 ty 1¢ bénh nhéan thé hdn hop gan - than kinh cao hon
nhém mang dot bién dang khac. Trong d6 nhom mang 2 alen dot bién vo
nghia/léch khung c6 ty 1& bénh nhan thé hdn hop cao nhat. Nhom mang 2
alen dot bién vo nghia/léch khung c6 mdi twong quan thuén véi thé 1am sang
6 y nghia thong ké (r = 0,73, p = 0,03). Nghia la bénh nhan mang 2 alen dot
bién vo nghia thuong biéu hién the lam sang nang nhat Tuy nhién, két qua
¢ hinh 3.7 lai khong tim thay m01 twong quan gitra s6 alen dot bién va the
1am sang. Piéu nay chung t6 s6 alen dot bién khong anh hudng nhiéu dén
thé 1am sang ma do cac dot bién quan trong quyét dinh. Cac nghién ctru
tai Han Qudc, Ba Lan va Nhat ciing thiy rang: bénh nhan mang dot bién
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v6 nghia/léch khung thudng biéu hién thé 14m sang ning hon cac dang
dot bién khac.

Két qua tir bang 3.2 cho thay ¢6 5 bénh nhan chi c¢6 1 dot bién di hop
tu, trong d6 4 bénh nhan c6 dot bién tao ma két thuc sém (3 bénh nhan cé
d6t bién p.S105X, 1 bénh nhan c6 dot bién p.K720NfsX3) va 1 bénh nhan c6
dot bién thay thé nucleotid (p.R778L). Cac dot bién vo nghia di duoc ching
minh tlr cac nghién ciru trude 1a cac dot bién tao nén protein bi cit ngz“in - dot
bién nang thuong biéu hién triéu chung nang. Cac bénh nhan mang dot bién
nay co thé biéu hién tri¢u chimg lam sang ngay cd khi chi mang 1 alen dot
bién. Dot bién p.R778L ciing dugc khiang dinh 1a dot bién quan trong va pho
bién & chau A, hay gy bénh thé gan. Nghién clru khac lai thdy rang, kleu
hinh cua bénh Wilson con phu thudc vao cac yéu tb dich t&, chung toc, yéu
t6 moi truong va sy tac dong ciia mot sd gen khéc: cac gen MTHFR, ATOX1,
XIAP, COMMD1 dang trong giai doan thir nghiém dé chung minh vai trd
gay bénh di voi cac bénh nhan bi bénh Wilson. Nhu vay, cac dot bién tao
nén protein bi cit ngin (4ot bién vo nghia, léch khung dich ma) la cac thé
dot bién ning hay gy ra céac the lam sang ndng. Ngoai ra thé 1am sang con
c6 thé bi anh hudng boi mot s6 gen khac, hodc yéu td moi truong, chung toc,
cac dot bién quan trong va vi tri cia dot bién trén gen ATP7B.

Minh hga mét sb trwomg hop 1am sang dién hinh
Minh hoa trlm‘ng hop 1: bénh nhén thé gan nhe c6 dét bién sai nghia

Hinh 4.1. Hinh dnh bénh nhin ma sé W55.00
Bénh nhan Chu Ngoc M.

Gi6i tinh nit, 7 tudi

Mi sb W55.00.

Bénh nhan khéng cé tridu ching 1am sang, ting nhe transaminase huyét
thanh (ALT: 49,9 U/I; AST: 104 U/I), ceruloplasmin la 5,36mg/dl; déng
niéu 24 gio 1a 379ug va mang dot bién sai p.R778L dang di hop tu. Bénh
nhan duoc diéu tri D-penicillamin, kém acetat, ) sung vitamin B6 va

vitamin E theo ding phac do, bénh tien tricn tot.
€.2333G €.2333G>T (p.R778L)
Hinh 4.2. Hinh gidi trinh tw gen ciia bénh
_ nhén ma W55.00
(dot bién ¢.2333G>T (p.R778L) ¢ exon 8

PV | u\,\/)(\/m Mv\ jy\,\ | trén gen ATP7B).

Nguoi binh thwdng Bénh nhan W55.00
Nhu vay, dot bién p.R778L (c.2333G>T) trén exon 8, & viung Xuyén mang
Tmé4 trén gen ATP7B 1a dot bién quan trong da dugc khang dinh gy bénh
(hay gap thé gan) va la dot bién pho bién & chau A. Nhu vay, dot bién &
ving chirc ning quan trong trén gen ATP7B c6 thé gy thé bénh 1am sang




22

twong ng di mang 1 dot bién di hop. ‘

Minh hoa truong hop 2: bénh nhdn thé hon hop gan - than kinh véi
biéu hién nang, co dot bién sai nghia va dot bién mat nucleotid gay léch
khung dich ma.

Bénh nhan Nguyén Pac Q., nam, 12 tudi (md W31.00). Bénh tién
trién nang ting dan trong 1 thang: run tay, ndi kho, ting truong luc co tir chi,
chay nudc dai. Két qua xét nghiém: ALT 144,3U/1; AST: 119U/,
ceruloplasmin 3,9mg/dl; ddng niéu 24 gid 3768ug. Siéu 4m 6 bung: hinh anh
xo gan. MRI so ndo: hinh anh ton thwong nhén béo, nhan dudi dbi xtng 2
bén. Chan doan bénh Wilson thé hdn hop gan - than kinh

- » smmpe—wcsmme  Hinh 4.3. Hinh dnh bénh

<N nhin W31.00 (4) va hinh dnh
MRI sp ndo (B)(mili tén mau
do chi ton thwong nhdn béo
(trai) va ton thwong nhdn dudi
(phai) déi ximg 2 bén)

TN

Phan tich gen ATP7B, phat hién dot bién ¢.3638G>T (p.G1213D) trén
exon 17 dd duoc céng bd giy bénh va dot bién mdi c.3810delT
(p-N1270IfsX35) trén exon 18, 1a vi tri bAm cho ATP. Bénh nhan dugc diéu
tri theo dung phéac dd, bénh van tién trién ning dan véi biéu hién ting truong
luc co toan than, co quip cac ngén tay, co van tir chi.

036386 osespon (¢.612130) Hinh 4.4. Hinh gidi trinh tw gen
AGAGCATGGGTGTGGACG ARASCATOOUTRINRASS clia bénh nhian ma W31.00
@Q."\Mﬂq fo" F_\ \ AW /\n CQ Dot bien sai nghia p.G1213D va d6t
Nguai binh thueng . B&nh nhan W31.00 bien 1éch khung dich ma

p.N12701fsX35 tao ma két thic som
& vi tri acid amin thir 35 tinh tir vi tri

©.3810T ¢.3810delT (p.N12701fsX35)

GGGTCAATGACTCCCCGGCCT EEETEEABGACTCCCCGGECT dot blél’l
st 28 ey
Nguwoi binh thwéng Bénh nhan W31.00

Nhu véy, bénh nhan ma s6 W31.00 mang 2 dot bién: dot bién
p.N1270IfsX35 giy léch khung dich ma, tao ma két thuc som lam cho
protein ATP7B bi cit ngén, 1a dot bién ning biéu hién bénh sém hon dot bién
sai nghia voi thé 1am sang nang, ceruloplasmin giam nhiéu ngay ca khi chi
mang d6t bién dang di hop, va dot bién di hop dang sai nghia p.G1213D da
dugc cong bd giy bénh trén exon 17. Sy tic dong cong hudng cia cac alen
dot bién di hop cling tao nén tinh da hinh ctia bé¢nh. _

Minh hoa truwong hop sé 3: bénh nhdn thé hén hop gan - than kinh véi
biéu hién trung binh, co dot bién sai nghia va dot bién tao ma két thiic sém

Bénh nhan Hoang Phuong P., 12 tudi (mi s6 W58.00), chin doan bénh
Wilson thé hdn hop gan - than kinh vé6i biéu hién 1am sang khong qué nang. Tuy
nhién, bénh nhan udng thudc thai dong khong lién tuc do nha xa, khong kham
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dinh ky theo hen. Sau 3 nam céc tri¢u chimg thefm kinh ning dan: run tay, noi
kl}(’), nuot khé. Chyp MRI so nio xuat hién céc ton thwong nhan xam va doi thi
do1 xtm

Hinh 4.5. Hinh dnh bénh nhan W58.00
(A) va hinh dnh MRI s¢ néo (B)
(miii tén mau do6 chi tén thuong ting tin
hiéu ving nhan xam va ddi thi).

Hinh 4.6. Hinh gidi trinh tw gen ciia

\ Nawel binh thueng gia dinh bénh nhin mi sé W58.00
Bénh nhan c¢6 2 dot bién di hop tir két
Benh nan hop 1a dot bién p.R778L trén exon 8 va
dot bién p.S105X trén exon 2, b bénh
) D6 onnan nhan c¢6 dot bién di hop tr p.R778L,

me bénh nhan c6 dot bién di hop tr
Mo benh nhan p-S105X va em trai bénh nhan c6 dot
bién di hop tir p.S105X.

A\ IA\,n.F\,,ﬁw\ Em trai bénh nhan

WY

Bénh nhan nay c6 biéu thé hdn hop gan - thdn kinh nhung triéu ching
khong ning va khong tién trién nhanh nhu bénh nhan mang dot bién léch
khung dich ma (bénh nhan ma W31.00 & hinh 4.3), co6 thé do bénh nhan nay
dugc phét hién va diéu tri sém hon bénh nhan ma W31.00. Tuy nhién, sau 3
nam diéu tri triéu chimg than kinh ning dan do bénh nhan udng thudc khong
lién tuc. Em trai cia bénh nhan chi c6 mot dot bién di hop tir p.S105X giéng
nhu nguodi me, ciing c6 kha nang méc bénh Wilson vi 1a dot bién dang vo
nghia c¢6 thé biéu hién bénh di chi mang 1 alen dot bién. Ngudi bd mang dot
bién p.R778L dang di hop (gidng bénh nhan mi s6 W55.00 & trén) ciing co
kha ning mic bénh Wilson thé gan. Do d0, can phai xét nghiém sinh hoa
méu va nude tiéu dinh ky cho b, me va em trai bénh nhan dé chan doan va
diéu tri sém, dic biét 1a diéu trj sém cho me va em trai ngay ca khi chua ¢
biéu hién 14m sang dé tranh tién trién va bién ching ning cia bénh. Bén
canh do, cling can tu van cho nguoi em trude khi két hon dé tranh sinh con
bi bénh Wilson. Piéu nay cho thdy vai tro quan trong ciia viéc chan doan
sém bénh Wilson va xac dinh cac dot bién gen gay thé bénh nang dé co
phuong phép diéu tri phtt hop nhiam ngin ngira tién trién va lam giam cac
bién chimg cua bénh.
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Hinh 4.7. Hinh dnh gia dinh bénh nhén
W58.00
Hinh anh tir trdi sang gc?m: me bénh nhan,
bénh nhdn (12 tu(fz), em trai bénh nhan
(10tu6i) va bé bénh nhan.

KET LUAN

Qua nghién ctru 60 bénh nhan dugc chén doan bénh Wilson theo tiéu
chuan Ferenci (2003), chung t6i rit ra mot s6 nhan xét nhur sau:
1. Pic diém 1Am sang va cin lim sang ciia b¢nh Wilson

Dic diém 1am sang biéu hién: tudi khoi phat hay gip nhit la 10-19
tudi (chiém ty 1& 51,7%); triéu ching hay gip & giai doan khoi phat: run tay
(65%), ban tay vung vé, viét chit xdu (56,7%); triéu ching hay gip ¢ giai
doan toan phat: tang truong luc co tir chi (68,3%), ndi kho (61,7%), nudt kho
(58,3%). Pic diém can 1am sang biéu hién: nong do ceruloplasmin huyet
thanh giam, trong d6 nhém 5,1-10 mg/dl chiém ty 18 cao nhét (61,7%); dong
niéu 24 gio ting, trung binh 13 673pg, cao nhat 1a 2475ug.

2. Méi twong quan giira dot bién gen ATP7B va kiéu hinh ciia bénh Wilson

Nghién ctru phat hién 26 dot bién, trong do co 4 dot bién méi:
p.V446G, p.E905X, p.P1133EfsX19 va p.N1270IfsX35 va 3 dot bién phd
bién nhat giy bénh Wilson 1a ¢.-75C>A; p.S105X; p.R778L.

Bénh nhan Wilson cang mang nhiéu alen dot bién trén gen ATP7B thi
noéng do ceruloplasmin huyét thanh cang thap va dong ni¢u 24 gi¢ cang cao.
Khong tim thay moi trong quan c6 y nghia thong ké gitra s6 alen dot bién va
dang dot bién voi tudi khoi phat. Bénh nhén mang 2 alen dot bién vo
nghia/léch khung thuong gip o thé ning (thé hdn hop gan - than kinh) hon céc
thé khac. Bénh nhan mang 2 alen dot bién vo nghia/léch khung co nong do
ceruloplasmin huyét thanh thap hon so véi bénh nhan mang 1 alen dot bién vo
nghia/léch khung va bénh nhan mang dot bién sai nghia/dot bién ving 5'UTR.
Bénh nhan mang 2 alen dot bién vo nghia/léch khung c6 ndng do dong niéu 24
gio cao hon so v&i bénh nhan mang 1 alen dot bién v6 nghia/léch khung va bénh
nhan mang dot bién sai nghia/dot bién ving 5'UTR.

KHUYEN NGHI

1. Can phan tich gen cho tt ca cac bénh nhan bi bénh Wilson va cac
thanh vién trong gia dinh bénh nhan dé phat hién sém dot bién, c6 giai
phap diéu tri thich hop gilp han ché cac bién chimg.

2. Can phan tich gen véi ¢& mau 16n hon dé tim sy anh hudng cuia ting
dot bién trén gen ATP7B dén kha ning gay bénh Wilson va tac dong
cua cac gen khac.
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1. Introduction

Wilson disease (WD) is an inherited disorder on autosomal
chromosome caused by mutations in ATP7B gene. In the world, it is
estimated that 1/30.000 children is caught this disease. WD is a disorder of
copper metabolism, causing gradual accumulation of copper amount in the
body and in the organs (liver, brain, eyes ...) with a variety of symptoms. In
Viet Nam, few studies on WD have been conducted and mainly in the form
of description about clinical features and biochemical modifications. In
recent years, several studies on detecting mutation of ATP7B gene have
begun to be implemented. However, there has not been any research on
analysis of the correlation between ATP7B genotype and WD phenotype,
creating background for accurate and efficient diagnoses and treatment.

Technique for mutation detection of ATP7B gene with sequence of 21
exons is used, and then the correlation between genotype and phenotype of
WD is analyzed.

Stemming from the practical significance, we conduct the research
topic: "Analysis of ATP7B mutation-phenotype correlation in Viethamese
patients with Wilson’s disease"’.

2. Objectives of the study

1. Description about clinical features and biochemical modifications

2. Analysis of correlation between genotype and phenotype of WD is
analyzed
3. Practical significance and contribution of the study

Technique for mutation detection of ATP7B gene with sequence of 21
exons is used, and then the correlation between genotype and phenotype of
WD is analyzed.

Results: The more mutant allens the patients have, the less serum
ceruloplasmin concentration they have and the more urinary copper 24-
hour they have neurologycal - hepatic type of presentation is more common
in patients with 2 nonsense/frameshift mutant alleles than in others type of
mutation. Patients with 2 nonsense/frameshift mutant alleles have lower
serum  ceruloplasmin  concentration than the others with 1
nonsense/frameshift mutant alleles or missense/5'UTR regional mutant
alleles. Patients with 2 nonsense/frameshift mutant alleles have higher
urinary copper 24-hour concentration than the others with 1



nonsense/frameshift mutant alleles or missense/5'UTR regional mutant
alleles. There is no correlation between the number of mutant alleles and
type of mutations at the age of WD onset. The study plays an important and
ethical role in creating for accurate and effective diagnoses and treatment to
avoid serious sequelas and death.

The study results suggest: (1)Need to detect the gene for Wilson
patients and their relatives to initially identify mutation aiming at providing
appropriate treatment methods and limiting disease sequelas; (2). Need to
analysis the ATP7B gene with a larger sample size to detect effects every
mutation on possibility of WD pathogenic and impacts from other genes.

4. Structure of the thesis

The thesis has 120 pages. Apart from the introduction and conclusion, the
thesis consists of four chapters: Introduction: 2 pages; Chapter 1 - Overview of
the Research: 45 pages; Chapter 2 - Objectives and Methodology: 11 pages;
Chapter 3 - Results of the research: 25 pages; Chapter 4 - Discussion: 36 pages;
Conclusion: 1 page; Recommendation: 1 page. The thesis has 24 tables, 37
figures, 105 references (10 Vietnamese, 95 English).

Chapter 1
OVERVIEW

1.1. Characteristics of Wilson disease (WD)
1.1.1. The concept of WD

In 1912, Wilson first described WD as a familial disorder associated with
neurologic symptoms and cirrhosis.After that, this disease is known as an
inherited disorder of copper metabolism disorder with main clinical
features in liver, brain and corneas.

1.1.2. The WS researching situation

Since the initial discovery of ATP7B (1993) and first characterization of its
gene structure (1994), over 380 mutations in this gene have been identified
in WD patients worldwide (see WD  mutation database
http://www.wilsondisease.med.ualberta.ca/database.asp). Most of the WD
mutations result in a single base-pair substitution replacing an amino-acid
(missense mutations). However, nonsense, insertion, deletion and splice
site mutations, which more drastically affect transcript and protein
structure, have also been reported. The best characterized H1069Q



mutation is a prevalent mutation in Caucasian population of European
origin, including Lithuanian, Czech, Hungarian, German and other groups.
In contrast, the R778L mutation is predominant among Korean, Chinese,
and Japanese patients (1995).

In 1969, Bui Quoc Huong has researched and reported the first time about
8 Vietnamese patients with Wilson disease at American Neurologic
Confference. In 2001, Do Thanh Huong kept initially researching about
mutation ATP7B gene. In 2012, Le Hoang Phuc detected 8/16 WD with
mutations in exons 8, 10, 12, 13, 15, 16, and 20 at Children 1 Hospital. In
2015, Nguyen Thi Mai Huong detected 10/16 WD with mutations in exons
2b, 8, 11, 12, and 13 at National Hospital of Pediatrics. In 2015, Phan Ton
Hoang detected 78,6% patients with WD who have mutation in ATP7B gene.

1.1.3. Pathophysiological mechanisms

Copper is an essential metal that is an important cofactor for many
proteins. The average diet provides substantial amounts of copper, typically
2-5 mg/day; the recommended intake is 0.9 mg/day. Most dietary copper
ends up being excreted. Copper is absorbed by enterocytes mainly in the
duodenum and proximal small intestine and transported in the portal
circulation in association with albumin and the amino acid histidine to the liver,
where it is avidly removed from the circulation. The liver utilizes some copper
for metabolic needs, synthesizes and secretes the copper-containing protein
ceruloplasmin, and excretes excess copper into bile. Processes that impair
biliary copper excretion can lead to increases in hepatic copper content.

1.1.5 The clinical, biochemichal of WD
1.1.5.1. The clinical, biochemichal of WD

The clinical features are various that can present with 3 main organs: liver,
brain and eyes. In liver: In 50% of individuals with Wilson’s disease,
hepatic dysfunction is the initial clinical manifestation with several forms:
acute transient hepatitis, mimic autoimmune hepatitis, acute fulminant
hepatitis and progressive cirrhosis. In brain: neurological dysfunction
constitutes the initial clinical manifestation in 40-60% of individuals with
Wilson’s disease: tremor, dysarthria, dystonia, drooling, hypertonic. In
eyes: Kayser-Fleischer rings are formed by deposition of copper within
Descemet’s membrane. The color of the rings can range from gold to
brown to green. Sunflower cataracts are relatively rare in Wilson’s disease
patients. Additional symptoms: Hematuria, nephrocalcinosis, hemolytic



1.1.5.2. Diagnostic testing

Test for Wilson’s disease: serum ceruloplasmin reduced less
than 20mg/dl (normal range: 20-40mg/dl); 24-hour urinary copper
exceed 100 mg/d (normal < 40 pg/d); hepatic copper determination
elevations greater than 250 mg/g of dry tissue (normal: 15 to 55
mg/g). Brain magnetic resonance imaging (MRI) abnormalities in
virtually 100% of Wilson’s disease patients with neurological
dysfunction: increased signal intensity in the basal ganglia on T2-
weighted images is perhaps the most widely recognized, although
generalized brain atrophy may be more common. Abnormalities such
as the “‘face of the giant panda’’ in the midbrain is rare.

1.1.6. Sequencing ATP7B

Currently, more than 500 mutations of ATP7B have been identified
by sequencing 21 exons to diagnosis, treat and consult early for patients
and their families.

1.1.7. Diagnostic

- Sternlieb criteria: the classical diagnosis of WD rests on the Sternlieb
criteria and includes at least two of the following: (a) typical neurological
symptoms, (b) the presence of a Kayser—Fleisher (KF) ring, (c) low Cp, and
(d) elevated hepatic Cu. However, the diagnosis is still being challenged,
and the significance attributed to the different tests is under debate.

- Ferenci criteria (2003): based on scores: symptoms of brain, eyes; low
ceruloplasmin, Test Coombs negative, high copper in dry liver, high copper
24-hour urine and detect mutation of ATP7B gene.

1.1.8. Treatment

With the exception of liver transplantation, treatment of Wilson’s
disease is only palliative and intended to restore and maintain copper
balance. It does not eliminate the underlying defect responsible for WD.
Thus, a lifelong commitment to treatment is required. Limitation of dietary
copper intake is generally ineffective, and pharmacological management is
necessary.

- Diet: Foods with very high concentrations of copper (shellfish,
nuts, chocolate, mushrooms, and organ meats) generally should be avoided,



at least in the first year of treatment. Diets deficient in copper may delay
the onset of the disease and control disease progression, but dietary
management is not recommended as sole therapy

- D-penicillamine, trientine: a metabolic byproduct of penicillin that
avidly chelates copper, copper is rapidly mobilized from tissues and
eliminated in the urine. The usual daily dose is 750 to 2000 mg, divided
into three doses taken on an empty stomach (adults: 750 to 1000 mg/d;
children 20mg/kg/d).

- ZinC: zinc reduces intestinal absorption of dietary copper via induction of
metallothionein formation in intestinal enterocytes. Zinc has primarily been
used as maintenance therapy following initial treatment or using zinc
monotherapy as initial treatment. The usual dosage regimen for zinc is 50
mg of elemental zinc three times daily, given on an empty stomach (adults:
150mg/d; children 75mg/d).

- Others drugs: dimercaprol, ammonium tetrathiomolybrate, curcumin,
antioxidants, vitamin B6, vitamin E...

- Liver transplantation: was indicated in one patient who developed
chronic progressive liver failure after D-penicillamine treatment and
Fulminant Wilsonian Hepatitis.

- Gene therapy for WD: The administration of AAV- ATP7B in Wilson disease
mice: significantly reduces Cu accumulation in the liver and improves liver
histology. In 2022, this therapy will applied for WD patients.

1.2. Molecular of WD
1.2.1. Location, structure, function of ATP7B

The ATP7B gene is located on the long (q) arm of chromosome 13 at
position 14.3. More precisely, the ATP7B gene is located from base pair
51,891,085 to base pair 52,012,098 on chromosome 13 and encodes 1465
acid amins in 21 exons. ATP7B is copper transport protein in cells with
functions: binding of the target ion, binding of ATP to the nucleotide-
binding (N)-domain, ATP hydrolysis and phosphorylation of the
phosphorylation (P)-domain, translocation of the target copper, and
dephosphorylation of the P-domain by the actuator (A)-domain.



1.2.3. Genetic disease characteristics

WD follows the rules of Mendel, of which heterozygous carriers having
normal phenotype, but when getting married and giving birth, can transmit a
25% chance of having the WD and a 50% chance of having mutation gene to
their children. There is the equal rate between male and female.

1.2.4. Molecular pathogenesis of Wilson

Enzym P-ATPase is transporter to distribute of intracellular copper. In
patients with WD, they have lack of ATP7B lead to disorder of copper
metabolism with various symptoms because of copper accumulation in
target organs. Combination of in vitro and in vivo assays also discriminates
between the effects of mutations on protein folding and function. Protein
stability in cells is not indicative of function because catalytically inactive
mutants could be structurally stable, whereas partially active mutants can
degrade rapidly, producing a complete loss of function phenotype.

1.3. Genotype-phenotype correlations

The milder of two mutations is ‘functionally dominant’ and
determines the age of onset, we classified 25/27 mutations as either severe
(age of onset < 20 years) or moderate (age of onset > 20 years) , Significant
effort in examining genotype-phenotype correlations revealed some trends;
for example, patients with protein truncating mutations have in general
earlier onset of the disease, and the early onset and predominantly hepatic
course was reported for R778L mutation. In contrast, the H1069Q
substitution was suggested to be associated with a late onset and
neurological presentation.

Homozygous p.Arg778Leu and nonsense mutation/ frameshift
mutations were more often associated with primary hepatic manifestations
(p = 0.0286 and p = 0.0383, respectively) and higher alanine transaminase
levels at diagnosis (p = 0.0361 and p = 0.0047, respectively). Nonsense
mutation/frameshift mutations were also associated with lower serum
ceruloplasmin. Our results indicate that the H1069Q mutation is associated
with a late and neurologic presentation. In contrast, nonsense and
frameshift mutations may correlate with earlier onset of symptoms and
more severe disturbance of copper metabolism. However, other studies
comparing various mutations showed no correlations with a phenotype.
Individuals with the same mutation, even homozygotic twins, may
demonstrate wide variability in age of symptom onset and clinical
presentation, which suggests that additional factors are also operative.



Chapter 2
SUBJECTS, MATERIAL AND METHODS
2.1. Subjects
60 individuals with confirmed diagnosis of WD based on the Ferenci
criteria (score > 4):
Table 2.1. A scoring system for the diagnosis of Wilson disease

Score

Kayser-Fleischer ring

e  Present 2

e  Absent 0
Neuropschiatric symptoms susgestive of WD (or typical brain MRI)

e  Present 2

e  Absent 0
Serum ceruloplasmin

e Normal (>20mg/dl) 0

e  10-20mg/dl 1

e  <10mg/dl 2
Coombs negative hemolytic anemia

e  Present 1

e Absent 0
Hepatic parenchymal copper concentration

e Upto>5ULN (>250ug/9) 2

e  50-250ug/g 1

e  Normal (<50ug/g) -1

e Rhodamine positive hepatocyte 1
24-hour urinary copper

e Normal 0

e 1-2xULN 1

e >2xULN 2

Normal, but > 5 x ULN one day after challenge
with 2 x 0.5g D-penicillamine
> 4: diagnosis of WD highly likely
3: diagnosis of WD probable, do more investigations
< 2: diagnosis of WD unlikely

Control group: 40 healthy people to control experiment and check novel
mutation of WD.
2.2. Location: Research at:

- National Hospital of Pediatric.

- Center for Gene and Protein Research - Hanoi Medical University.

- Bach Mai Hospital



2.3. Time: three years from September 2012 to September 2015.
2.4. Research Methodology
2.4.1. Design Research: cross-sectional descriptive.

60 individuals with confirmed
diagnosis of WD based on the

Description about clinical features
and biochemical modifications

Analysis ATP7B gene

Patients have mutations of ATP7B

Analysis of correlation between Analysis of correlation between
genotype and clinical features genotype and biochemical features

Figure 2.1. Researching diagram

2.4.2. Template: Utility, WD is rare inherited disorder.

2.5. Methods of clinical studies, amniocentesis and molecular genetic

techniques
2.5.1. Clinical research methodology: data collected on medical records.
2.5.2. Biochemical blood test and imaging brain MRI
- Blood test: full blood count, coagulated blood test, test Coombs,
serum glucose, serum protid, albumin, ure, creatinin, AST, ALT,
serum ceruloplasmin;

- Urinary test: urinary copper 24-hour

- Brain MRI

2.5.3. Diagnosis

- Diagnosis of WD: score > 4 based on Ferenci criteria (table 2.1)

- Phenotypic classification of WD: based on Ferenci criteria (Hepatic
presentation, Neurologic presentation and Neurologic presentation
associated with symptomatic liver disease).

2.5.4. Analysis ATP7B mutations by sequencing technique: (1) Genomic

DNA was extracted from 5 to 10 ml of EDTA anticoagulated blood. (2)



PCR 21 exons of ATP7B; (3) Sequencing; (4) Analysis of mutations: this
mutation was accessed by GeneBank of ATP7B by NG_008806 CLC
software (Genebank NM_000053.3, software Blast of NCBI).
2.6. Statistical analysis
Statistical analysis was performed using Student unpairedt’ test

and Kendall test. P value of <0.05 was considered significant. All the
values are mean + SD. SPSS-statistical software (SPSS, version 16.0) was
used for data analysis.
2.7. Ethical issues in researching

Research subject follows ethical rules. The family members voluntary
participated in the research and are kept medical information for
consulting. The information of each family will be guaranteed
confidentiality.

Chapter 3
RESEARCHING RESULT

60 patients with WD were screened for mutations. Exons 1-21 were
direct sequenced, provide following results:
3.1. Clinical and biochemical features of WD
3.1.1. Clinical features of WD
3.1.1.1. Age onset of WD
Among the 60 patients, age onset ranged from 3 to 53 years old, with an average
of 16.3 years of age (the age most common: 10 - 19 years old: 51.9%).
3.1.1.2. Distribution gender of WD

\ @ Male

45%

Figure 3.1. Gender of WD

Male patients have higher ratio in compare with female:
male/female = 1.22.
3.1.1.3. Initial clinical manifestations of WD
Initial clinical symptoms of WD are: tremor, clumsiness with the hands,
jaundice, mild spasticity (the most common: 65% tremor).
3.1.1.4. Late clinical manifestations with WD
Late clinical symptoms of WD are severe spasticity (68.3%), dysphasia
(61.7%), dysphagia (53.8%), jaundice (51.7%) va 32/60 cases with Kayser-
Fleischer rings (53.3%). There is rare emotional lability (8.3%), and cognitive
abnormalities (6.7%).

i Female
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3.1.2. Biochemical features
3.1.2.1. Serum ceruloplasmin of WD
Serum ceruloplasmin of WD is decreased, the most common in 5.1-
10mg/dI group (61.7%).
3.1.2.2. Serum transaminase of WD
All of patients with neurological - hepatic type are increased serum

transaminase (ALT and AST).
3.1.2.3. Urinary copper 24-hour of WD
Among the 47 patients with urinary test, urinary copper 24-hour excretion is
greater than 100 pg/d (reference range, less than 40 pg/24h; Median:
673ug/24h; Max: 2457g/24h).
3.2. Mutations of ATP7B gene

Our samples with 3 common mutations are detected nonsense ¢.314C>A
(p-S105X) in exon 2; missense ¢.2333G>T (p.R778L) in exon 8; ¢.-75C>A) at
5°’UTR. There are 7 novel mutations: ¢.-118insCGCCG, ¢.305G>A (p.G50S);
€.1336T>G (p.V446G); ¢.2712_2713 insT (p.E905X); ¢.2939G>C (p.C980S);
€.3399_3400insT (p.P1133EfsX19); ¢.3810del T (p.N1270IfsX35) (Table 3.1).

Table 3.1. Distribution mutations in ATP7B of WD

No. SES(‘)rnIQ Nucleotide change Amino acid change  Note all\:gl.e %  Reference
1 5’UTR c.-75C>A DV 28 26.92 17
2 1 ¢.-118insCGCCG new 2 1.93 0
3 2 €.305G>A p.G50S new 1 0.96 0
4 c.314C>A p.S105X DV 28 26.92 3
5 3 €.1336T>G p.V446G new 1 0.96 0
6 4 .1607T>C p.V536A DV 7 6.73 1
7 5 c.1771G>A p.G591S DV 2 1.93 1
8 €.1810G>C p.A604P DV 4 3.85 2
9 8 .2160delA p.K720NfsX3 DV 1 0.96 1
10 €.2333G>T p.R778L DV 10 9.62 25
11 10 €.2549C>T p.T850I DV 2 1.93 1
12 11 €.2862T>C p.L902P DV 1 0.96 1
13 €.2712_2713insT p.E905X new 1 0.96 0
14 12 €.2817G>C p.W939C DV 1 0.96 8
15 €.2982G>A p.G943D DV 2 1.93 1
16 13 €.2939G>C p.C980S new 1 0.96 0
17 €.3097A>G p.T1033I DV 1 0.96 1
18 14 €.3155C>T p.P1052L DV 1 0.96 1
19 €.3193G>C p.A1065P DV 1 0.96 2
20 15 €.3399_3400insT p.P1133EfsX19 new 1 0.96 0
21 €.3295G>A p.G1099S DV 1 0.96 3
22 16 €.3547G>A p.A1183T DV 1 0.96 1
23 17 .3638G>A p.G1213D DV 1 0.96 1
24 18 c.3818C>A p.P1273Q DV 3 2.88 3
25 €.3810delT p.N12701fsX35 new 1 0.96 0
26 20 €.4112T>C p.L1371P DV 1 0.96 1

Note: DV: Disease Variant; No. Reference: see GeneBank (http://www.wilsondisease.med.ualberta.ca/). Of the 26 mutations
detected in 44 patients with 104 alleles, the most common: ¢.-75C>A (26.92%); p.S105X (26.92%) va p.R778L (9.62%).
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Table 3.2: Clinical and biochemical features of WD with mutation

Age Serum Urine
Code Mutation Type ~ . onset ceruloplas copper Phenot
alleles min ype
(year) (mg/dl) 24h(ug)
W1.00 p.S105X Nonsense Homozygous 2 12 10 426 H
W3.00 p.S105X Missense Homozygous 2 18 7 473 H
p.L1371P Missense Heterozygous
W6.00 p.T850I Missense Heterozygous 2 21 7 198 N2
p.R778L Missense Heterozygous
W8.00 c.- 2 20 17 312 H
118insCGCCG Heterozygous
W9.00 p.S105X Nonsense Homozygous 2 8 9 501 H
W10.00 p.A604P Missense Homozygous 2 11 8.9 432 N2
W12.00 p.V536A Missense Homozygous 2 16 14 347 N2
c.-75C>A Heterozygous
W13.00 c.- 2 13 16 213 N2
118insCGCCG Heterozygous
W17.00 c.-75C>A Homozygous 2 9 12 359 H
c.-75C>A Homozygous
W18.00 p.G1099S Missense Heterozygous 3 20 1 549 N2
p.W939C Missense Heterozygous
W19.00 p.C980S Missense Heterozygous 2 20 1 362 H
p.T850I Missense Heterozygous
W21.00 p.S105X Nonsense Homozygous 3 9 7 527 H
p.G943D Missense Homozygous
W23.00 p.R778L Missense Heterozygous 3 17 ° 527 H
c.-75C>A Homozygous
W24.00 p.P1273Q Missense Heterozygous 3 ! 11 1231 H
p.A1065P Missense Heterozygous
W25.00 c.-75C>A Heterozygous 2 10 15 310 H
p.G591S Missense Heterozygous
W29.00 p.R778L Missense Heterozygous 2 12 12 286 N2
c.-75C>A Homozygous
W30.00 p.S105X Nonsense Homozygous 4 1 25 987 N1
p.G1213D Missense Heterozygous
W31.00 p.N12701fsX35 Frameshift Heterozygous 2 10 8.9 572 N1
W33.00 c.-75C>A Heterozygous
’ p.S105X Nonsense Heterozygous 3 15 9 1825 N2
p.V536A Missense Heterozygous
p.P1273Q Missense Heterozygous
W37.00 p.E905X Nonsense Heterozygous 2 12 16 189 N2
p.P1273Q Missense Heterozygous
W38.00 p.G50S Missense Heterozygous 2 19 13 270 N2
c.-75C>A Homozygous
W40.00 p.S105X Nonsense Homozygous 4 ! 8 1228 N2
W42.00 p.S105X Nonsense Heterozygous 1 15 9 412 N1
c.-75C>A Homozygous
W43.00 p.S105X Nonsense Heterozygous 4 7 4 1231 N2

p.G591S Missense Heterozygous
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W44.00 c.-75C>A Homozygous 2 4 9 765 N2

W47.00 p.K720NfsX3 Frameshift Heterozygous 1 13 10 402 N2
c.-75C>A Homozygous

W48.00 p.P1133EfsX19 Frameshift Heterozygous 3 12 13 430 N2
c.-75C>A Homozygous

W49.00 p.S105X Nonsense Homozygous 4 9 5 1879 N2
p.P1052L Missense Heterozygous

W50.00 p.T1033I Missense Heterozygous 2 16 14 173 N2
p.R778L Missense Heterozygous

W51.00 p.\V446G Missense Heterozygous 2 14 16 231 N2
p.R778L Missense Heterozygous

W52.00 p.L902P Missense Heterozygous 2 25 14 157 N1
c.- 715C>A Homozygous

W53.00 p.S105X Nonsense Homozygous 4 15 8 886 N1
p.R778L Missense Heterozygous

W54.00 p.V536A Missense Heterozygous 2 40 15 271 N1

W55.00 p.R778L Missense Heterozygous 1 7 12 379 H
p.A604P Missense Heterozygous

W56.00 p.V536A Missense Homozygous 3 13 17 369 N2

W57.00 p.S105X Nonsense Heterozygous 1 16 10 315 H
p. S105X Nonsense Heterozygous

W58.00 p. R778L Missense Heterozygous 2 9 6.2 832 N1
p.A604P Missense Heterozygous

W59.00 p. A1183T Missense Heterozygous 2 2 10 406 H
c.-75C>A Homozygous

W60.00 p.S105X Nonsense Homozygous 4 ! 5 1657 N1
c.-75C>A Homozygous

W61.00 p. S105X Nonsense Homozygous 4 8 2.2 1513 N1
p. V536A Missense Heterozygous

W62.00 p. R778L Missense Heterozygous 2 12 ° 564 N1

W64.00 p. S105X Nonsense Heterozygous 1 42 12 313 N1

W65.00 p. S105X Nonsense Homozygous 2 14 8 461 N2
p. R778L Missense Heterozygous

W66.00 c. -75C>A Heterozygous 2 13 13 396 N2

Note: DV: Disease Variant; H: Hepatic; N1: Neurological-Hepatic; N2: Neurologic. Patients
with 1 heterozygous mutation has 1 allele; 1 homozygous with 2 alleles; 1 heterozygous and 1
homozygous with 3 alleles; 2 heterozygous with 2 alleles, and 2 homozygous with 4 alleles

Most of patients with age of onset is yonger than 20 years old. All of them
have serum ceruloplasmin less than 20mg/dl, and urinary copper 24h more
than 100ug. The patients with hepatic or neurologic associated hepatic
phenotype increased serum transaminase (ALT va AST). There are 88.64%
cases (39/44 cases) with 2 to 4 mutations of ATP7B; only 5/44 cases (11.36%)
with 1 heterozygous mutation, 4 cases with nonsense (3 cases with p.S105X, 1
case with p.K720NfsX3), and 1 case with missense (p.R778L).
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Photographic image of novel mutation at region 5°UTR

c. -118insCGCCG

c.47G ¢
DA BC0c000C)
Control W8.00

Photo 3.1. Mutation of W8.00
(mutation insert 5 nucleotid CGCCG at -118 before promoter Methioning).

Photographic image of novel mutation insert nucleotid

c.2712 €.2712_2713insT

p.E905X
CTGGTGGAAGAGGCTCAGATG CTGGTGGAATGAGGCTCAGATG
" )
| | \ MMM
Control W37.00

Photo 3.2. Mutation of W37.00
(Homozygous insert nucleotid T between 2712 and 2713, codon 905 GAG
code Glutamate (E) to stop codon TGA (X).

Photographic image of novel mutation missense

€.305G>A
€.305G p.G50S

'

'
!NV\N \J’\[\j\ ﬁ | f‘u,JII III M[\Aﬁﬂl'flﬂ'ull Ill\ I ﬁ ‘,\f\d‘ﬂx

Control W38.00

Photo 3.3. Mutation of W38.00
(Heterozygous changed G to A, codon 50 GGC code Glycine (G) to codon AGC code Serine (S)).

3.3. Correlation between genotype ATP7B and phenotype of WD
3.3.1. Correlation between the number of mutant alleles and phenotype of WD
Among 44 patients with mutations, divided 4 groups: 5 patients with

1 alleles; 25 patients with 2 alleles; 7 patients with 3 alleles and 7 patients
withs 4 alleles.
3.3.1.1. Correlation between the number of mutant alleles and age onset

Mean age onset is the lowest in the group with 4 mutant alleles, but
not significantly (p > 0.05).
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3.3.1.2. Correlation between the number of mutant alleles and serum

2

Mean serum ceruloplasmin

p = 0,002 ceruloplas

min

p =0,001

p=0,001

oy

Number of mutant alleles

Figure 3.2. No. of mutant alleles and serum ceruloplasmin
Group patients with 4 mutant alleles has the lowest serum ceruloplasmin
mean (p < 0.05).
3.3.1.3. Correlation between the number of mutant alleles and urinary copper 24h

(19)

400
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0

Mean urinary copper 24-hour

1600 1
1400 +
1200 +
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354.2
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1340.14

813.71 l

1 allele
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3 alleles 4 alleles

Figure 3.3. No. of mutant alleles and and urinary copper 24-hour
Group patients with 4 mutant alleles has the highest mean urinary copper 24-
hour; Group patients with 1 mutant allele has the lowest one (p < 0.05).
3.3.1.4. Correlation between the number of mutant alleles and phenotypic

classification

= Hepatic
& Neurologic
B Neurologic-Hepatic

1 allele

2 alleles

3 alleles 4 alleles

Figure 3.4. No. of mutant alleles and phenotypic classification
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Neurological - hepatic type in group with 1 mutant allele, 2 alleles, and 4
alleles. Group with 4 mutant alleles has the highest percentage of
neurological - hepatic type (r <0.25, not significant diference p > 0.05).

3.3.2. Correlation between type of mutation and phenotypes of WD

We identified 44/60 patients with mutations, divided 3 group: 23
patients without frameshift/ nonsense mutant alleles (only with missense/
5'UTR mutant alleles), 10 patients with 1 frameshift/ nonsense mutant allele,
and 11 patients with 2 frameshift/ nonsense mutant alleles.

3.3.2.1. Correlation between type of mutation and age onset

20 17.33
1538

15

10.82

10

Mean age onset (year)

Missense/ 5'UTR 1 frameshift/ nonsense 2 frameshift/ nonsense

Figure 3.5. Type of mutation and age onset
Mean age onset in group with 2 frameshift/ nonsense mutant alleles is lower
than those with 1 frameshift/ nonsense, and missense/ 5'UTR mutant alleles
(p > 0.05).
3.3.2.2. Correlation between type of mutation and serum ceruloplasmin

N
g
1

p=o0,012

p=0,012
«’7 p=0047
o !
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Figure 3.6. Type of mutation and serum ceruloplasmin
Mean 2 alleles serum ceruloplasmin in group with 2 frameshift/ nonsense
mutant alleles is the lowest, follow in those with 1 frameshift/ nonsense, and
in those with missense/ 5'UTR mutant alleles is the highest (p < 0.05).
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3.3.2.3. Correlation between type of mutation and urinary copper 24-hour
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Figure 3.7. Type of mutation and urinary copper 24-hour
Mean urinary copper 24-hour in group with 2 frameshift/ nonsense mutant alleles
is higher than in those with missense/ 5UTR mutant alleles (p = 0.01).
3.3.2.4. Correlation between type of mutation and phenotypic classification
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Figure 3.8. Type of mutation and phenotypic classification
Group with 2 frameshift/ nonsense mutant alleles has the highest percentage
of neurological - hepatic presentation (r = 0.73 va p = 0.03).

Chapter 4
DISCUSSION

4.1. Clinical and biochemical features of WD
4.1.1. Clinical features of WD
4.1.1.1. Age onset of WD

Among the 60 patients, age onset ranged from 3 to 53 years old, with an
average of 16.3 years of age (the age most common: 10 - 19 years old: 51.9%).
Researches in Germany, India and China showed that age onset of Wilson is
common younger than 18 years old. So, WD is an inherited metabolism with
onset in children and younger adult.
4.1.1.2. Distribution gender of WD

In our research, male patients have higher ratio in compare with female:

male/female = 1.22. (Figure 3.1). Le Duc Hinh detected the ratio male/ female
=1.3; Ratio in India is 2.2; Ratio in China is 44/31. All of researches have the
result with male patients more than female ones. Not significant difference
about gender is found because of mutation in autosomal chromosome.
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4.1.1.3. Initial clinical manifestations of WD
Initial clinical symptoms of WD are: tremor, clumsiness with the hands,
jaundice, mild spasticity.
The most common presenting neurologic feature is asymmetrical tremor
(65%), occurring in approximately half of individuals with Wilson disease.
The character of the tremor is variable and may be predominantly resting,
postural, or kinetic. Frequent early symptoms include difficulty speaking,
excessive salivation, ataxia, masklike facies, clumsiness with the hands, and
personality changes. The results of our study are the same of Le Duc Hinh in
Vietnam and other studies in Bulgaria. Thus, symptoms at onset usually
discreet expression with trembling hands, difficulty speaking so easily
missed diagnosis and proper treatment are not at this stage.
4.1.1.4. Late clinical manifestations with WD
Late clinical symptoms of WD are severe spasticity (68.3%), difficult
speaking (61.7%), dysphagia (53.8%), jaundice (51.7%) va 32/60 cases with
Kayser-Fleischer rings (53.3%). There is rare emotional lability (8.3%), and
cognitive abnormalities (6.7%).
Late clinical neurological manifestations are varied, (now rare because of earlier
diagnosis and treatment) include dystonia, spasticity, grand mal seizures, rigidity,
chorea. The results of our study are similar to previous studies with late clinical
neurological symptoms due to damage in the basal ganglia.
4.1.2. Biochemical features
4.1.2.1. Serum ceruloplasmin of WD

Serum ceruloplasmin of WD is decreased, the most common in 5.1-
10mg/dl group (61.7%). Results of our study is similar to the Viethamese
and foreign authors with low levels of ceruloplasmin in most patients with
WD. Serum ceruloplasmin is an important determining the diagnostic
criteria and follow-up treatment.
4.1.2.2. Serum transaminase of WD

All of patients with hepatic or neurological - hepatic type have

increased serum transaminase (serum ALT and AST). According to the
literature, damaged liver is the earliest manifestation of WD. However,
clinical symptoms are often unclear, only detected in serum transaminases
increased based on biochemical blood tests. Therefore all patients with
persistent increasesed serum transaminases of unknown cause, especially in
young people, the need to do more tests for early diagnosis of Wilson's
disease.
4.1.2.3. Urinary copper 24-hour of WD

Among the 47 patients with urinary test, urinary copper 24-hour
excretion is greater than 100 pg/24h (reference range, < 40 pg /24h; Median:
673ug/24h; Max: 2457ug/24h).
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Quantification of copper in the urine helps to diagnosis, screening and
follow-up treatment for patients with Wilson disease. 100% of patients in
our study had urinary copper 24-hour increased more than 100ug (normally
less than 40pg). This demonstrates that the amount of serum free copper
rised too high due to lack of biliary excretion in these patients was excreted
in the urine.

4.2. Mutation of ATP7B gene

Our samples with 3 common mutations are detected: 26.92% mutant
alleles nonsense ¢.314C>A (p.S105X) in exon 2; 26.92% mutant alleles c.-
75C>A in region 5’UTR and 9.62% mutant alleles missense €.2333G>T
(p.R778L) in exon 8 (no patient with mutation p.H1069Q in exon 14). These
mutations are reported in many international journals with hight rate
(http:/Amww.wilsondiseas.med.ualberta.ca). There are also 7 novel mutations: c.-
118insCGCCG, ¢.305G>A (p.G50S); ¢.1336T>G (p.V446G); c.2712 2713
insT (p.E905X); ¢.2939G>C (p.C980S); ¢.3399_3400insT (p.P1133EfsX19);
€.3810delT (p.N12701fsX35) in our research (Table 3.1).
- Mutant c.-75A>C: 28/44 cases (26.92%) had mutant c.-75A>C (C change
to A in region 5’UTR before primer code 75 bp), before Cu™ binding site.
This mutation is disease variant in Japan and China (Table 3.1).
- Mutant p.S105X (c.417C>A): 26.92% mutant alleles nonsense ¢.314C>A
(p.S105X): changed nucleotid 314C to A, codon 105 TCG code Serine to
stop codon TAG (Table 3.1). This mutation is reported 3 times as disease
variant of WD (twice in Germany, once in China) (Table 3.1). Mutation in
exon 2 of region MBDs (Metal-Binding Domains) - Cu™* binding site.
- Mutant p.R778L: 44 patients with mutations, 9.62% mutant alleles
p.R778L (Table 3.1), change nucleotid 2333G to T, codon 778 CGG code
Arginine to CTG code Leucine (p.R778L) in exon 8. This mutation is the most
common in Asian with a frequency of more than 30% and reported 25 times as
disease variant of WD in GeneBank (Table 3.1). So, three mutations c.-
75C>A; p.S105X; p.R778L have been found to have the highest in our
research in Viet Nam. They also have been found in many Asian countries,
but p.R778L is the most common in Asia and is the third in Viet Nam. We
didn't find mutation p.H1069Q (p.H1069Q is the most common mutation in
European countries).
4.3. Correlation between the number of mutant alleles in ATP7B gene
and phenotype of Wilson disease's patients
4.3.1. Correlation between the number of mutant alleles and age onset

The results of our study show that patients The more mutant alleles
the patients have, the younger age of onset they are (the difference was not
statistically significant with p> 0.05). In addition, there are several mutations
which related to the age of onset were confirmed from previous studies:
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sudden manifestation p.R778L early damage liver, the mutation ¢.3207 C>
A, p.S932X or p.W779X in late onset group. So we can still detect a
negative correlation between age of onset and the number of mutant allele
may be affected by important mutations in each group.
4.3.2. Correlation between the number of mutant alleles and serum
ceruloplasmin

Results Figure 3.2 shows that the more mutant alleles the patients
have, the less serum ceruloplasmin they have (the difference was statistically
significant with p <0.01). Research shows similar results with 71 Korean
WD patients. This is suitable for molecular biological characteristics: as
much of the variation/ mutation in the ATP7B gene, the structure and
properties of proteins as changed, affecting copper transport function.
4.3.3. Correlation between the number of mutant alleles and urinary copper 24h

Urinary copper 24-hour levels is on average proportional to the
number of mutant alleles, with p <0.05 (Figure 3.3). This result is similar
study by Hyung - Doo Park (2010): patients with two mutant alleles has the
highest concentration of urinary copper, then the group carrying one mutant
allele and without mutant allele groups. Thus, the more mutant alleles the
patients have, the more urinary copper 24-hour they have.
4.3.4. Correlation between the number of mutant alleles and phenotypes

Results Figure 3.4: the groups carrying 1 and 2 mutant alleles have ratio
merely the highest liver patients; the group with 4 mutant alleles includes
patients with neurologic and neurological - hepatic type (not hepatic type), and
the most patients with neurological - hepatic type. There is no correlation
between the number of mutant alleles and phenotypes of WD, with the index r
<0.25. This is an important result to show the influence of multi-variation/
mutation to phenotype. The patients carrying many mutations can have
cumulative impacts on phenotypic diversity. The researchers found that
mutations can characterize clinical type: 74% p.R778L mutation may have
clinical manifestations of liver or p.H1069Q common mutation in patients with
neurologic symptoms. But in Table 3.11, there are 10 patients with mutation
p.R778L in 3 patients with hepatic type, 4 patients with neurologic type, and 4
patients with neurological - hepatic type. Which has only 1 patient with only
mutation p.R778L (patient with code W55.00, hepatic type), and 9 patients have
more than 2 mutations (the patients with code W8.00, W23.00, W29.00,
W51.00, W52.00, W54.00, W58.00, W62.00 and W66.00). This confirms WD
of metabolic disease group, the majority of genetic polymorphism/ mutation, so
we has confirmed the importance of the overall analysis of the effects of
multiple variation/ mutations in individual WD patients.
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4.4. Correlation between type of mutation of ATP7B and phenotypes of WD
4.4.1. Correlation between type of mutation of ATP7B gene and age onset
The results in Figure 3.5 shows that the average age of onset in the group
with 2 alleles mutant nonsense/ frameshift is lower than ones with 1 alleles
mutant nonsense/ frameshift and ones with alleles missense/ 5'UTR region
(the difference between the groups is not statistically significant with p>
0.05). That can be explained by the relatively small samples in each group of
patients should not index p meaningful clinical and may also depend on the
location of the mutation function on ATP7B gene. Moreover there are many
patients with more than 2 mutations should be able to have the combined
effect of many genes on age of onset. Another study found that patients with
alleles mutant nonsense/ frameshift usually have age of onset earlier than
other mutant types because of making stop codon and creating a truncated
protein ATP7B.
4.4.2. Correlation between type of mutation of ATP7B gene and serum
ceruloplasmin

The average of serum ceruloplasmin inversely proportional to the
number of alleles mutant nonsense/ frameshift: group alleles mutant
missense/ mutant at 5’'UTR region is higher than ones with 1 alleles mutant
nonsense/ frameshift and 2 alleles mutant nonsense/ frameshift (Figure 3.6).
The difference was statistically significant with p <0.05. Our results is also
similar study in South Korea, Italy and Poland, this fits the molecular
biological characteristics: mutant nonsense/ frameshift of ATP7B gene
causes severe damage the copper transport function.
4.4.3. Correlation between type of mutation of ATP7B gene and urinary copper
24-hour

The average of urinary copper 24-hour is ascending in mutant
missense/ mutant at 5'UTR region groups, 1 alleles mutant nonsense/
frameshift groups, and 2 alleles mutant nonsense/ frameshift groups (Figure
3.7). The difference was statistically significant with p = 0.01 between
groups with 2 alleles mutant nonsense/ frameshift and mutant missense/
mutant at 5'UTR region groups. This result is similar to studies in Poland: 2
alleles mutant nonsense/ frameshift groups have urinary copper 24-hour
higher than ones with 1 alleles mutant nonsense/ frameshift, the lowest
urinary copper 24-hour in ones with alleles mutant missense/ mutant at
5'UTR region. Thus, mutant nonsense/ frameshift creats stop codon to make
truncated protein and seriously affect copper metabolism functions.
4.4.4. Correlation between type of mutation of ATP7B gene and phenotypic
classification
Research results in Figure 3.8 shows neurological-hepatic type of
presentation is more common in patients with 2 mutant alleles
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nonsense/frameshift than in others type of mutation. Group patients with
mutant alleles nonsense/frameshift have directly proportion with clinical
type. The difference was statistically significant with p = 0.03 and r = 0.73.
It means that patients with 2 mutant alleles nonsense/frameshift usually have
the most serious. However, the results in Figure 3.7 did not find a correlation
between the number of mutant alleles and phenotypic classification

This proves that the important mutations can affect to phenotype more
than the number of mutant alleles. Studies in South Korea, Poland and Japan
also found that patients with mutant nonsense/frameshift can often severe
clinical manifestations than the other mutations.

Results Table 3.2 shows that only 1 of 5 patients with heterozygous
mutations, including 4 patients with stop codon (3 patients with p.S105X
mutation, 1 patient with p.K720NfsX3 mutation) and 1 patient with nossense
mutation (p.R778L). The nonsense mutation has been demonstrated from
previous studies that the mutants make truncated proteins - severe mutations
with serious symptoms. The patients with this mutation may manifest
clinical symptoms even if only one mutant allele. Mutation p.R778L were
confirmed as important and common mutation in Asia, can usually cause
hepatic present. Other studies have found that, WD phenotype depends on
the epidemiological factors, race, environmental factors and the impact of a
number of other genes: MTHFR genes, ATOX1, XIAP, COMMDL. are in vivo
phase to prove pathogenic role for patients with WD. Thus, the mutants
making proteins truncated (mutant nonsense/frameshift) can cause severe
clinical present. Phenotypic classification also can be affected by a number
of other genes or environmental factors, race, important mutations and
location of mutations on ATP7B gene.

Some typical clinical cases
The illustrated case 1: patients with mild hepatic present and mutant
missense

Photo 4.1. Patient W55.00
Chu Ngoc M.
Female, 7 years old

Patient without clinical symptoms, a mild increased in serum
transaminases (ALT: 49.9 U/ I; AST: 104 U/ 1), serum ceruloplasmin is
5.36mg/ dI; urinary copper 24-hour is 379ug and heterozygous p.R778L
mutation. Patients was treated D-Penicillamin, zinc acetate, vitamin B6
and vitamin E in accordance with the protocol, patients progressing well.
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€.2333G €.2333G>T (p.R778L)
Photo 4.2. Figure sequencing ATP7B
.CCTGGGCCGGTGGCTGGAA CCCTGGGCCGGTGGCTGGAA! gene Of patlentW5500
,\A N A (Mutations ¢.2333G> T (p.R778L) in
&MOMAAMJ \/\' W\/\/\(M\A[\/\/\/y\/\ 3 exon 8 of the ATP7B gene).
Control Patient W55.00

Thus, mutations p.R778L (c.2333G> T) in exon 8 is transmembrane region
TM4. It is an important region of ATP7B gene were confirmed disease
(common hepatic type) and the most common mutation in Asia. Thus,
mutations in the important functional region of ATP7B gene can cause
clinical symptoms corresponding to whether carrying heterozygous
mutation.

The illustrated case 2: patients with severe neurological - hepatic
manifestations with missense and frameshift mutations.

Patient Nguyen Duc Q., male, 12 years old (code W31.00). He had
symptoms onset 1 month ago before hospitalized (with symptoms onset:
tremor, difficult to talk). After 1 month, he had severe symptoms gradually,
hypertonic in limbs, dysphasia, drooling. Patients had tests: ALT 144.3U / I;
AST: 119U/ I; serum ceruloplasmin 3.9mg/ dlI; urinary copper 24-hour
3768ug; abdominal ultrasound: cirrhosis. Brain MRI: increased signal
intensity in the basal ganglia on T2-weighted images

Photo 4.3. Patient W31.00 (A)
and brain MRI image (B)

We detected mutant ¢.3638G> T (p.G1213D) in exon 17 announced a
disease-causing mutations and new mutant ¢.3810delT (p.N1270IfsX35) in
exon 18, is the binding site for ATP. Patients was treated in accordance with
the protocol, still progressive disease with severe hypertonic.

©.3638G ©.3638G>A (p.G1213D)

AGAGC "'\(;«’H{T(‘-T\J(] cG
AenGeATaGeTETEBRCE | Npet o S Photo 4.4. Sequencing ATP7B
ottt oo mltanll gene of patient a1 00

Control Patent W1.00 Missense mutant p.G1213D and
ot amodeT (zTOIRGS) nonsense mutant p.N12701fsX35
JaaTcAATaACTCES BETHEARGAC TCCC with stop codon in amino acid 35

sy AL iy from the mutation region.

Control Patient W31.00
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As indicated above, the mutaion with loss nucleotide causing
frameshift, creating stop codon with ATP7B truncated protein, is severe
mutatation. The patients with this mutation have sooner age onset, serious
clinical symptoms, sevese serum ceruloplasmin decreased even if only
heterozygous mutation. However, this patient had more 1 missense
heterozygous mutation was announced cause of WD on exon 17. The
resonance effects of the allele heterozygous mutations also create
polymorphisms of disease.

The illustrated case 3: morderate neurological - hepatic present, with missense
and nonsense mutations.

Patient Hoang Phuong P., 12 years old (code W58.00). Detecting the
onset of symptoms of liver damage: jaundice, increased serum transaminase 3
years ago. Patients was diagnosed neurological - hepatic present but he is not
severe. However, patients treated intermittently copper chelator because he does
not visit doctor as an appointment. After 3 years, he appeared neurologic
symptoms: tremor, dysphagia and dysphasia. MRI brain lesions appear gray and
thalamus's symmetrically.

Photo 4.5. Patient W58.00 (A) and
brain MRI image (B)

Control

Photo 4.6. Sequencing ATP7B gene of
Patient patient W58.00 and his family

Patient with 2 heterozygous p.R778L

of exon 8 and p.S105X of exon 2, his
Father father with 1 heterozygous p.R778L,
his mother with 1 heterozygous
p.S105X and his younger brother
with 1 heterozygous p.S105X.

Mo e S Mother
c2as00

Mpetonopareame’ VNIl Brother

This patient had neurological and hepatic symptoms but milder and
progress lower than patients with frameshift mutation (patients W31.00 in
Photo 4.3), this may be due to patients W58.00 detected and treated earlier
than patients W31.00. However, after 3 years of treatment has evolved with
the appearance of neurologic symptoms because of taking the drug
intermittently. Patient's younger brother has only a heterozygous mutation
p.S105X like mother, he also can suffer from WD because this mutant
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nonsense manifest though only one allele. Patient's father with mutant
heterozygous p.R778L (the same patient W55.00 above) is also likely to
hepatic WD. Therefore, the parents and brother need to blood and urine test
periodically for diagnosed and treated early, especially early treatment for
mother and brother even if no expression clinically to prevent progression of
the disease and serious complications. Besides, also need counseling for
children before marriage to avoid having baby with WD. This suggests an
important role of early diagnosis of WD and identify mutations can causing
serious illness to appropriate treatments to prevent progression and reduce

Photo 4.7. Patient's family W58.00

From left to right side: mother,
patient (12 years old), brother (10
years old) and father.

CONCLUSION

In 3 years of researchs, 60 WD have analysis mutation in genes ATP7B
and prenetal diagnosis for 12 pregnant women having heteozygous provide
following results:

The more mutant allens the patients have, the less serum ceruloplasmin
they have and the more 24-hour urinary copper they have neurologycal-
liver type of presentation is more common in patients with 2
nonsense/frameshift mutant alleles than in others type of mutation.
Patients with 2 nonsense/frameshift mutation alleles have lower serum
ceruloplasmin than the others with 1 nonsense/frameshift mutant alleles
or missense/5'UTR regional mutant alleles. Patients with 2
nonsense/frameshift mutant alleles have higher 24-hour urinary copper
than the others with 1 nonsense/frameshift mutant alleles or
missense/5'UTR regional mutant alleles. There is no correlation between
the number of mutant alleles and type of mutations at the age of WD
onset. The study plays an important and ethical role in creating for
accurate and effective diagnoses and treatment to avoid serious sequelas
and death.

RECOMMENDATION

(1) Need to detect the gene for Wilson patients and their relatives to
initially identify mutation aiming at providing appropriate treatment methods
and limiting disease complications.

(2). Need to analysis the ATP7B gene with a larger sample size to
detect effects every mutation on possibility of WD pathogenic and impacts
diagnosis will be conducted early to avoid fatality or sexual disability of the
children.
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