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LOT CAM DOAN

Toi xin cam doan luan an: "Nghién ciu bién thé di truyén lién quan dén cdc
bénh Ly thuwong bi bong nuwée, Bach tang va T hiéu san vanh tai bang gidi trinh tw
hé gen md héa" 1a cong trinh nghién ctru cua chinh minh dudi sy hudng dan khoa hoc
clia tap thé huéng dan. Luén an str dung thong tin trich dan tir nhiéu ngudn tham khao
khac nhau va céc thong tin trich dan duoc ghi d ngudn goc. Cac két qua nghién ctu
clia t6i duge cong bd chung véi céc tac gia khac da duge su nhit tri cia dong tac gia
khi dua vao luan an. Céc s6 liéu, két qua dugc trinh bay trong ludn an la hoan toan
trung thuc va chua ting dugc cong bd trong bat ky mot cong trinh nao khac ngoai cac
cong trinh céng bd cia tdc gid. Luén an dugc hoan thanh trong thoi gian toi lam
nghién ctru sinh tai Hoc vién Khoa hoc va Céng nghé¢, Vién Han lam Khoa hoc va
Cong nghé¢ Viét Nam.

Ha Néi, ngay ys(thdng JFncim 2023

Nghién ciru sinh
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Ma Thi Huyén Thuong



ii

LOI CAM ON

Trude tién, t61 xin gui 101 cam on chan thanh va kinh trong sau sdc to1 PGS.TS
Nguyén Bang Ton - Trudng phong Phan tich hé gen va PGS. TS Nguyén Hai Ha - Pho
trudng phong Phén tich hé gen, Vién Nghién ctru h¢ gen. Trong sudt qud trinh hoc tap
va nghién ctu, thay ¢ luon nghiém khic huéng dan, chi bdo tan tinh cling nhu dong

vién, khich 1¢, gitup téi hoan thanh Luén 4n.

T6i xin bay to long kinh trong va bict on sau sac dén GS. TS Nong Van Hai -
Chu tich Hoi dong Khoa hoc Vién Nghién ciru hé gen da luén dua ra nhiing y kién
dong gop va chan thanh nhat, gitip t6i hoan thién cac cong bo khoa hoc cling nhu dua

ra 101 khuyén quy bau khich 1€ téi phan dau trong hoc tap, nghién ctru.

To6i xin chan thanh cam on cac dong nghiép da va dang cong tac tai Phong Phan
tich hé gen, luon tao dicu kién, dong hanh va gitp d& toi trong sudt qua trinh cong tac,
hoc tap tai Phong, ddc biét la TS. VT Phuong Nhung, ThS. Tran Thi Bich Ngoc va

ThS. Nguyén Thi Thanh Hoa.

Toi xin chin thanh cam on cic y kién dong gop, nhan xét chuyén mén siu sdc
cua cac thﬁy cO trong cac budi béo cao Hoi d&]g cac cép, cac nha khoa hoc, cac can bd
trong va ngoai Vién nghién cuu hé gen, Vién Han lam Khoa hoc va Cong nghé Viét
Nam di gitip t6i hoan thién Luan 4n mot cach tdt nht.

Bén canh do, toi cling xin chan thanh cam on ban Lanh dao Vién Nghién ctru h¢
gen, ban Gidm dde Hoc vién va Tap thé can bd Hoc vién Khoa hoc va Cong nghé¢ da
tao didu kién thuan loi nhét cho toi trong qud trinh hoc tap va nghién ctru.

Sau cling, toi xin guri 101 cam on sdu sic dén gia dinh, nguoi than va ban be da
luon ddng hanh, dong vién, hd tro i trong sudt qua trinh hoc tap, nghién ctru va hoan
thién Luan an.

Ha Noi, ngay p)//hdng 9 néim 2023

Nghién ciru sinh

S

Ma Thi Huyén Thuong
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MO DAU

Ngay nay, véi su tién bo va phéat trién vuot bac cua cong nghé sinh hoc va su ra
doi cua cdng nghé giai trinh tu thé hé méi (NGS) da giup ich rat nhiéu trong nghién
ctru c&c bénh di truyén, bao gdm ca cac bénh di truyén hiém gap. Giai trinh ty toan bo
hé gen ma hoa (WES) la mét trong nhitng cdng nghé NGS cho phép giai trinh ty toan
bo ving ma hda cua hé gen nguoi, ving chi chiém 1% kich thudc bo gen nhung c6
chira dén 85% sd lwong céc bién thé gay bénh. Do vay, WES duoc xem 13 mot ky thuat
day hta hen trong nghién ciu cac roi loan di truyén hiém gap véi chi phi phi hop,
lwong dir liéu dau ra 16n ciing nhu hiéu qua phan tich khéng chénh léch nhiéu khi so

véi giai trinh tu toan bo hé gen.

Theo dao luat thudc hiém (Orphan Drug Act), dinh nghia bénh hiém la cac bénh
dugc tim thay vaéi ti 16 mic bénh it hon 1/200.000 ngudi & Hoa Ky; trong khi ti 1& nay
theo Lién minh Chau Au 1a 1/2000 nguoi va hién co khoang 6000-7000 bénh hiém

trén toan thé gisi da duoc béo céo (https://www.orpha.net). Theo t6 chuc Y té Thé gioi

(WHO), tai Viét Nam udgc tinh trong 15 nguoi thi ¢ 1 ngudi mac bénh hiém, twong
duong v6i khoang 6 triéu ngudi dang séng chung véi nhitng can bénh nay. Do tinh
chat hiém gap cua nhitng nhém bénh hiém ma viéc chan doan chinh xac va kip thoi
duoc xem 1a mot thach thac 16n ddi vai cac hé thong chiam soc suc khoe. Su cham tré
trong chan doan c6 thé din dén cham tré trong cong tac diéu tri ciing nhu xur Iy bénh

khong dung, gy suy kiét vé thé chat cling nhu tinh than ctia ngudi bénh va gia dinh.

Tai Viét Nam, cho dén nay, thdng tin di truyén caa ba bénh hiém gom ly
thuong bi bong nudce (ty 1 11,1/1 tridu dan), bach tang (ty 1¢ 1/17.000 dén 1/20.000
ngudi) va thiéu san vanh tai (0,83-17,4/10.000 ca sinh) déu rat han ché/chua duoc béo
céo. Pho 1am sang ctia mdi bénh rong, doi khi chong chéo gitra cac phan nhom khién
cho viéc chan doan chinh x4c tré nén khé khan hon, tham chi 1a khéng phan loai duoc
trong mot sé truong hop phirc tap. Do d6 cac xét nghiém di truyén 1 can thiét, gidp
phén loai chinh x&c cac nhém/phan nhom nhitng bénh nay. Bén canh do, cac nghién
ctru trén cong ddng ngudi phuong Tay va sb it cong ddong ngudi chau A di cong bd
c4c bién thé gay bénh nam trén 21 gen giy nén ly thuong bi bong nuéc trén 20 gen la

nguyén nhan dan dén bach tang. B4i véi thiéu san vanh tai, mic du nguyén nhan din
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dén bénh van chua dugc 1am 13 nhung cac yéu td di truyén ciing da duogc chi ra trong
rat nhiéu nghién ctu véi sé lugng gen c6 thé lién quan dén bénh ngay cang dugc mo
rong. Vi vay, dé co thé khao sat tat ca cac gen gay bénh/lién quan nay thi cac phan tich
dua trén NGS duoc xem la phuong phap hiéu qua cao, gitp nhanh chong xac dinh cac
thong tin di truyén bénh maot cach chinh xac, tiét kiém thoi gian va giam thiéu chi phi.
Véi nhimg wu diém cua WES di duoc bao cao trong rat nhiéu cac nghién cau bénh
hiém, cong nghé nay duogc lua chon 14 cong cu dé thyc hién dé tai “Nghién cizu bién
thé di truyén lién quan dén cdc bénh Ly thwong bi béng nwéc, Bach tgng va Thiéu
sdn vanh tai bang gidi trinh tw h¢ gen ma héa”. Cac két qua thu dugc trong nghién
ctru nay budc dau gidp xay dung bo dir liéu vé cac bién thé di truyén & nhom nguoi
bénh mac ba bénh hiém nay ¢ Viét Nam. Dong thoi, ddy ciing 13 co so khoa hoc hd tro
cac bac si/nha di truyén hoc trong cong tac tu van di truyén ciing nhu phat trién cac
nghién ctru 1am sang xa hon hudng téi muc tiéu chita tri cac can bénh noi trén hay tién

lugng bénh trong tuong lai.
Muc tiéu nghién crru cia lugn an:

- Giai trinh tu va phan tich trinh tu hé gen ma hoa trén cac ddi tuong nguoi bénh

Viét Nam mac ly thuong bi bong nuée, bach tang va thiéu san vanh tai.

- Xac dinh céc bién thé nguyén nhan/nguy co, C4c gen tiém ning c6 thé lién quan
dén cac co ché tiém an dan dén ly thuong bi bong nuéc, bach tang va thiéu san vanh

tai.
Cé&c ngi dung nghién ceiu chinh cia lugn an:

1. Khai thac thong tin 1am sang, thu thap mau méau va tach chiét DNA tong sb
ctia ngudi bénh mic ly thuong bi bong nudc, bach tang, thiéu san vanh tai cing céc
thanh vién trong gia dinh (néu co).

2. Giai trinh ty toan bo hé gen ma hda cac mau nguoi bénh.

3. Phan tich dit liéu thu duoc va so sénh véi cac co so dir lidu da cong bd dé

xéc dinh cac bién thé gen lién quan/gay bénh tiém ning.
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Nhitng dong gop mai cua lugn an:
Pi xac dinh duoc cac bién thé gen 1a nguyén nhan di truyén ¢ ngudi bénh méc
ly thuong bi béng nudc, trong d6 cd ba bién thé méi nim trén gen COL7A1
(c.8279G>A, ¢.4518+2delT va c.5821-2A>G).

Pi xac dinh dugc nguyén nhan di truyén & nguoi bénh bach tang, trong do, bién
thé TYR ¢.115T>C (p.W39R) Ia nguyén nhan dan dén phan nhoém bach tang da va mit

loai 1 lan dau tién duoc tim thiy ¢ trang thai dong hop tir.

Pi xac dinh duoc 27 bién thé méi nam trén cac gen ang vién cé thé lién quan

dén thiéu san vanh tai.
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CHUONG 1. TONG QUAN

Trudce day, st dung cong nghé giai trinh tu Sanger chi xac dinh dugc trinh tu
ciia mot sé doan gen trong mot khoang thai gian nhét dinh. Trong nghién ctu bénh di
truyén ndi chung va bénh hiém noi riéng, dé xac dinh duoc cac bién thé di truyén gay
bénh can sang loc trén tat ca cac gen lién quan, do d6 ton rat nhiéu thoi gian va kinh
phi. Véi s lugng bénh hiém khong nho (~ 11.000) da duoc bdo cdo, gay ra boi cac
bién thé gay bénh nam rai rac trén cac gen khac nhau, néu chi dua trén giai trinh ty
Sanger thi luong bién thé di truyén lién quan dén bénh duoc tim thay bi han ché, dan
dén nhiéu bénh di truyén chua xac dinh dwgc nguyén nhan trong mot thoi gian dai.
Véi lugng dir liéu I6n duoc trich xuat tir cong nghé NGS trong khoang hon mot thap
Ky qua, da giai quyét cac van dé ton dong nay mot cach hiéu qua cling nhu giam thiéu
thoi gian chd mot cach dang ké, dic biét rat c6 y nghia trong nghién ciu cac bénh

hiém gap/céac bénh chua rd nguyén nhan.

Trong nghién ctu nay, thong qua WES ching tdi tién hanh xac dinh cac bién
thé di truyén lién quan dén ba bénh hiém gap chua duoc nghién ciu nhiéu ¢ Viét Nam,

bao gom: bénh ly thuong bi bong nudc, bach tang va thiéu san vanh tai.
1.1 Bénh ly thwong bi bong nwéc

1.1.1. Gidi thiéu chung vé ly thuwong bi béng nwéc

Ly thuong bi bong nuéc (Epidermolysis Bullosa - EB) 1a mot nhdm réi loan di
truyén vé da hiém gap duoc xac dinh boi d6 ton thuong trén da & mic vira phai cho
dén ton thuong nghiém trong trén cac biéu mé va hinh thanh cac vét phong rop. Biéu
hién 1am sang ¢ ngudi bénh méc EB ¢6 thé tir nhe dén nang, rat ning hoic ¢ thé dan
dén tir vong. Trong cac trudng hop bénh nang, biéu moé & bat ky co quan nao cia co
thé ciing c6 thé bi anh hudng, véi nguy co tién trién 4c tinh va ting nguy co tir vong.
Cho dén nay, chua cé cach chita tri dac higu cho bénh nay, cac phuong phéap diéu tri
chi tap trung vao diéu tri triéu ching, chu yéu 1a chim soc vét thuong, kiém soat

nhiém trang, hd trg dinh dudng, phong ngira va diéu tri cac bién ching [1].

Trong ba thap ky qua, mot nhém ddng thuan qudc té da tién hanh téng cong 5

cudc hop, hoi ban dé stra ddi va cap nhat cac phan nhom cua EB dua trén dic diém
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kiéu hinh dic trung va cac thong tin di truyén lién quan. Bon phan nhém chinh cua EB
bao gém: ly thuong bi bong nude don gian - Epidermolysis bullosa simplex (EBS), ly
thuong bi bong nuéc lién két - Junctional epidermolysis bullosa (JBS), ly thuong bi
bong nudc loan dudng - Dystrophic bullermolysis bullosa (DEB) va hoi chang
Kindler. Cac phan nhoém nay duoc phan biét bai trang thai hinh thanh céc nét phong
rop ¢ cac 16p nhat dinh cua da [1]. Phan nhém EBS 1a phé bién nhét, chiém ~70% cac
truong hop EB, thudong biéu hién véi cac ton thuong & ban tay va ban chan véi sy hinh
thanh vét phong rop dau tién xuat hién trong té bao sung & Iop day (basal
keratinocytes). M6 hinh di truyén phé bién trong EBS Ia di truyén troi nhiém sic thé
thuong, tuy nhién mot sé rat nho cac truong hop di truyén lin ciing da duoc bao céo.
Phan nhom JEB c6 dang di truyén lan trén nhiém sac thé thuong, dugc dic trung boi
cac vét phong rop xuat hién ¢ vang 14 sang (lamina lucida) cia mang day. Phan nhoém
DEB la dang di truyén lan hoac troi tly thugc vao cac anh huéng cuaa ting phan nhom
thuoc DEB va vi tri ciia c4c ton thuong 13 tai vang 14 dic (lamina densa) thuéc mang
day. Phan nhom cudi cing cia EB la hoi chung Kindler (EB Kindler), 1a mot hoi
chang di truyén lin dic trung boi cac tén thuong xuat hién & mang day. Cac biéu hién
lam sang ¢ céc truong hop EB Kindler thong thuong véi cac vét phong rop xuat hien ¢
ngoai cung (acral), da nhay cam véi anh sang, c6 biéu hién teo da va chiing da loang
16/da d6m (poikiloderma) tién trién. Cac muc do anh huong 1am sang dugc dic trung
trong va giita cac phan nhém EB phan anh muc d6 nghiém trong cua bénh, cac bién
ching di kém ciing nhu nguy co tir vong sém ¢ mot s phan nhém. Vi dy, cac trudng
hop JEB thé nang co lién quan dén ty Ié tir vong sém sau khi sinh ¢ tré, trong khi cac
truong hop EBS thé khu trdi thi cAc biéu hién twong dbi nhe va khong anh huong dén
tuoi tho [1, 2].

Mic du EB duoc biét 1a mét rbi loan di truyén gay ra boi céc bién thé gen, lam
thay ddi hay pha v tinh co hoc cta cac protein ciu tric, anh huong dén tinh toan ven
va két dinh bén trong cac mé; tuy nhién co ché phan tir gay bénh van chua duoc lam
sang to hoan toan. Vi sy cai tién va téi wu lién tuc trong cong nghé giai trinh ty gen
d3 hd trg mot cach nhanh chéng, tiét kiém va toan dién cho qua trinh xac dinh cac dot
bién ciing nhu cac gen méi, gilp mé rong co sé dit lidu lién quan dén bénh, hudng dén
muc tiéu diéu tri trong y hoc cé thé. Ngoai ra cac nghién ctu & mirc d6 phan ta con

gilp bo trg va nang cao hiéu biét vé cac van dé xung quanh lién quan dén bénh, 1a co
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s& dit liéu hd tro trong chan doan, diéu tri va tién lwong tién trién bénh; ddng thoi day
cling 14 ngudn théng tin rat hitu ich cho cong tac tu van di truyén ciing nhu lua chon
c4c liéu phap diéu tri muyc tiéu trong tuong lai. Cac khia canh xung quanh EB nhu dich
t&, cac anh hudng 1am sang, co ché bénh sinh, tién trién bénh va cac chién luoc tri liéu

ctia bon nhém EB chinh s& duogc thao luan duéi day.

1.1.2. Dich té hoc bénh ly thwong bi béng nwéc
1.1.2.1 Ty 1é mac bénh

Dit liéu dich t& hoc toan dién nhat hién c6 vé EB duya trén nghién cau kéo dai 16
nam ctia Hé thong dang ky EB quéc gia (The National EB Registry, NEBR) ¢ Hoa Ky
V6i xap xi 3300 nguoi bénh dugc thu thap tir nim 1986 dén nam 2002. Ty 1é mic EB
duoc béo céo 1a khoang 11,1/1 triéu dan va 19,6/1 triéu ca sinh, déng thoi khong cé sy
khac biét gitta hai nhom gidi tinh ciing nhu gitta cac nhom dan toc. Ty 16 mac bénh
trong quan thé va tré sinh ra con séng ¢ cac truong hop EBS lan luot 1 6/1 triéu dan
va 7,87/1 triéu ca sinh. Hai ty I¢ nay ¢ cac truong hop JEB la 0,49/1 triéu dan va
2,68/1 triéu ca sinh; DEB di truyén troi 1a 1,49/1 triéu dan va 2,12/1 triéu ca sinh; va
DEB di truyén lan la 1,35/1 triéu dan va 3,05/1 triéu ca sinh. Phan nhém cubi cing la
EB Kindler dugc bdo cdo véi hon 250 ngudi bénh trén toan thé gisi. Thém vao do, co
2 tiéu phan nhém nghiém trong nhat ciing duoc béo céo la JEB thé ning va RDEB thé
nang vai ty 1é mac bénh lan Iuot 1a 0,08/1 triéu dan va 0,50/1 triéu ca sinh, va 0,36/1

triéu dan va 0,57/1 triéu ca sinh [3].

Ngoai ra, dir liéu vé ty 16 mic bénh duoc bdo cdo theo nghién cieu ¢ Uc voi
lwong ngudi bénh duogc thu thap tir ndim 2006 dén nim 2010 ciing cho thiy su twong
d6ng vai béo céo caa NEBR, cu thé, ty 1é mac bénh trong quan thé 1a 10,3/1 triéu dan
[4]. Bén canh d6, cac dir liéu twong tu vé ty 18 nay ciing dugc béo c&o & nhoém nho
nguoi bénh nguoi Na Uy (> 9,7/1 trigu dan), British Columbia, Canada (9,9/1 tri¢u
dan), Y (10,1/1 triéu dan) va Croatia (9,6/1 triéu dan) [5]. Khac voi cac quan thé trén,
ty 16 mac EB lai duoc béo céo thap hon han & Nhat (4-5/1 triéu dan) [6] va Romania
(4,411 triéu dan) [7]. Nguoc lai, ty 16 mic EB trong quan thé nguoi ¢ Scotland lai duoc

bao c4o cao hon nhiéu so véi da sé cac quan thé khac (49/1 triéu dan) [8].
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Mt khéac, cac nghién ciru trén cac phan nhém EB cho thay cd su khéc biét 16n
trong ty 1é mac bénh gitra mot sé quan thé véi nghién ciu cia NEBR. Ty 18 mac JEB
va cé4c tiéu phan nhém cua JEB trong cac quan thé nay cao gap nhiéu lan khi so véi ty
16 mic JEB trong nghién ctu cua NEBR, cu thé nhu ¢ Thuy Dién (cao hon gip 20
lan), Groningen, Ha Lan (ty 1¢ JEB thé ning cao hon gap 8 lan) [9], Thuy Pién (cao
hon 14 14n) [10], Y (cao hon 7.6 1an) [11], Duc (cao gap 3 1an) [12] va Chile (cao hon
~ 2 1an) [13]. Ngoai ra, ty 1é mic EB & cac nudc Trung Pong ciing kha cao, co thé 1a
mét trong nhitng hau qua cua hdn nhan can huyét ngay cang ting & khu vuc nay [14,
15]. Cho dén hién tai, ngoai cac di liéu duoc cap nhat & trén thi cac dir liu vé ty 18
méac EB ¢ Chau Phi, cac nuéc Chau A trir Nhat Ban va cac khu viec Nam My van chua
dugc théng ké [1].

1.1.2.2 Céc ddc diém 1am sang cua nguwoi bénh ly thwong bi béng niréc

CO 4 phan nhom chinh thuoc EB da dugc bao cédo la EBS, JEB, DEB va hoi
chang Kindler. Mi phan nhém nay lai duoc chia nho thanh céc tiéu phan nhom dua
theo mic d6 nang nhe cua bénh hoac hoi ching di kém. Trong phan nhom EBS, ¢6 3
dang kiéu hinh chinh bao gom, EBS thé khu tri (localized EBS), EBS thé trung binh
(intermediate EBS) va EBS thé ning (severe EBS). Ngoai nhiing tiéu phan nhom
chinh nay thi EBS van con cac tiéu phan khac dya trén 3 tiéu phan nhom chinh ké trén
kém theo cac bénh di kém dic trung. Vi du nhu EBS thé khu trd kém bénh than, EBS
thé trung binh kém bénh co tim, EBS thé trung binh kém loan dudng co, EBS thé ning
kém sa mén vi... Tuong ty nhu EBS, JEB va DEB ciing gdbm 3 tiéu phan nhdm chinh
la JEB/DEB thé khu trt (localized JEB/DEB), JEB/DEB thé trung binh (intermediate
JEB/DEB) va JEB/DEDb thé ning (severe JEB/DEB). Ngoai ra ciing ton tai céac tiéu
phan nhém hiém khac nhu JEB thé trung binh kém sa mén vi, JEB thé nguoc (inversa
JEB), pruriginosa DEB (mét bién chung 1am sang cia DEB dic trung boi san ngaa dit
doi, cac ndt san phi dai va xo hoa) v.v. Hoi chitng Kindler 1a phan nhém duy nhat cua

EB chi c6 mét kiéu hinh gan nhu twong duwong ¢ tat ca cac truong hop phat hién [1].

MJdi phan nhom thude EB déu c6 nhimg dic diém, dau hiéu nhan biét riéng dua
trén kiéu hinh 1am sang (Hinh 1.1) phuc vu cho qua trinh chan doan ban dau. Nguoi
bénh méc EBS thé khu trii dugc dic trung boi cac vét phdng rop va day sing 1ong ban

tay, 10ng ban chan. Cac dic diém Iam sang gém sing hda day dac ¢ 1ong ban tay ban
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chan va mun nuéc moc thanh cham 1a dau hiéu cua EBS thé nghiém trong. Ngudi bénh
mac JEB thuong c6 tiéng khoc khan lic méi sinh, & giai doan phat trién, cac vét phong
rop ¢ thé lan rong dan dén seo, hinh thanh cac mang do, go ghé goi 1a md hat, xuat hién
c4c vét loét xung quanh miéng, nach va cd, cac biéu hién c6 hai & men ring di kém véi
co/khdng c6 méng & cac ngdn tay va chan. Céac biéu hién gébm ching miéng nho
(microstomia), ching dinh ngon (pseudosyndactyly), co rut ngén, cac phong nudc lan
rong, phat trién va hinh thanh seo cing mun hat k& (milia) 12 dau hiéu cua JEB thé
nghiém trong. Cubi cuing, cac biéu hién gébm da nhay cam véi anh sang cuing ching da

ddm 1a ddu hiéu nhan biét cua cac truong hgp mac hoi ching Kindler [1].

Hinh 1.1. Cac dic diém 1am sang & nguoi bénh mac EB

(a) Céc cum bong nude dién hinh va (b) day sung ban chan & nguoi bénh EBS thé
nang. (c) Cac mo hat xung quanh mat va miéng dién hinh & nguoi bénh JEB. (d)
Céc vét loét lan rong ¢ lung ngudi bénh JEB thé trung binh. (e) Di tat ban chan
dién hinh vai co cing khép va dinh ngén ¢ nguoi bénh DEB thé ning. (f) Ung thu
biéu mo té bao vay phat sinh tir mot ton thuong man tinh & ngudi bénh DEB. ()
Viém da, teo da dong vay trén cac d6t ngon tay trai, va day sirng long ban tay phai
& ngudi bénh Kindler EB [1].

1.1.2.3 Cac bénh di kem va ti 1é tir vong cua Ly thuong bi bong nudc
O mot s6 phan nhom caa EB, dic biét 14 JEB thé ning cd ty 1& khdng hé nho
phét trién thanh ung thu biéu md té bao vay (SCC) ¢ da va niém mac, thudng phét sinh

& giai doan sau cta do tudi thanh thiéu nién (18-19 tudi) va ngay cang tang 1én & do

tudi trung nién (40-59 tudi). Ung thu biéu mo té bao vay 1a nguy@n nhan tir vong hang
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dau cua phan nhoém bénh nay, nguy co tir vong boi SCC di cin ¢ d6 tudi 35 1a 38,7%,
tang 1én 78,8% & do tudi 55 va thoi gian séng trung binh ctia ngudi bénh sau khi duoc
chan doan mic SCC thuong 1a 4-5 nam [16]. Ty Ié phat hién SCC & da trong nhom
ngudi da tring, d6 tudi 50-59 1a xap xi 1% [17, 18]; trong d6 ty 18 phat trién tir JEB thé
nang ¢ nhom tudi 55 chiém dén 90,1% [17]. Ngoai JEB thé ning, DEB thé trung binh
va JEB thé trung binh ciing c6 nguy co phat trién thanh SCC nhung véi ty 18 thap hon.
Tuy nhién, SCC van la nguyén nhan chinh din dén tir vong & hai tiéu phan nhém nay
[16, 19]. Hoi chung Kindler ciing 1a mot phan nhém EB cé nguy co cao phat trién
SCC ¢ da [20], thuong khoi phat vao giai doan ngoai 40 tudi va nguy co sé ting 1én
66,7% & lra tudi trén 60 [21]. O mot sé truong hop, SCC niém mac c6 thé xay ra o
thuc quan va thanh quan [22]. Bén canh SCC, ung thu biéu md té bao ddy ciing duoc
bao c4o trén nhitg ngudi bénh EB va chu yéu xay ra & cac truong hop EBS thé niang

Vi ty 1& nguy co 1én dén 43,6% & do tudi 55.

Anh huong stc khoe nang né nhat cé thé ké dén cac truong hop méic JEB thé
nang, véi thoi gian séng trung binh sau khi sinh 1a 6 thang va thuong kho co thé vuot
qua duoc 1-2 nam dau doi [12, 23, 24]. Mic du duoc diéu tri tich cyuc, song nguyén
nhan tir vong & nhém bénh nay chu yéu do tinh trang cham ting can hay con goi 1 hoi
chang cham I6n (FTT), nhiém tring huyét va suy ho hap. O nhém RDEB thé nghiém
trong, c4c nguyén nhan tir vong thuong thay 1a do céc bénh co tim (cardiomyopathy)
va suy tim sung huyét [25]. Ngoai ra, suy than la mot trong nhitng nguyén nhan tir
vong phd bién & mot sé6 phan nhom EB thé nang, voi ty 1é dién hinh 12 12% & nhém
RDEB thé nghiém trong trong do tudi 35 [26]. Cac anh hudng di kém khéc c6 thé quan
sat & nguoi bénh EB bao gém kha ning in va nudt kho khin, twong quan véi mac do
nghiém trong cua tung loai EB; dong thoi, cac bién chung o thanh quan va thuc quan
c6 thé de doa tinh mang cia nguoi bénh. Cac anh hudng nay xay ra ¢ hau hét céac
truong hop DEB, tuy nhién lai it ph bién hon & nhém JEB va EBS. Bén canh d6, cac
bién ching & miat ¢ thé xay ra bao gom dau do trdy xudc giac mac va chang loan
dudng véi nguy co co thé dan dén mu & 6% nguoi bénh miac RDEB [27]. Nhiéu loai
md ngoai da cua ngudi bénh EB ciing ¢6 thé bi anh hudng véi cac triéu chimg nhu
sung, viém két mac, viém loi man tinh va tham chi gy rung rang sém. Ngoai ra, cac

anh hudng dén duong tiéu hoa co thé ké d¢én bao gom hep thuc quan va viém dai trang.
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1.1.3. Co ché bénh sinh va cac gen lién quan dén ly thwong bi bong nwéc

Da nguoi 1 co quan c6 dién tich 16n nhat cua co thé, gom I6p biéu bi ¢ trén va
ha bi & dudi, 16p ha bi ciing 1a 16p chiém phan 16n ciu tric cua da. Mang nén hay
mang day (BMZ) 1a khu vuc tiép giap cua 2 16p nay, cac anh hudng phan ti tai ving
nay duoc xem 1a nguyén nhan dian dén EB. BMZ khong chi hoat dong nhu mét gia da,
dam bao su két dinh cua té bao da ma con cung cap chat nén hd trg qua trinh di chuyén
cua té bao, dam bao tinh thim c6 chon loc ciing nhu 1am khuén miu cho qué trinh sta
chira, sinh san va loai bo cac té bao chét trong qua trinh strng hod. BMZ gdm 2 ving &
sang (lamina lucida) va la dac (lamina densa). Phia trén vung |4 sang, cac sgi trung
gian cia mang ludi noi bao duoc gan véi cac ban cau nbi (hemidesmosome) trén mang
sinh chat nén cua té bao sung. Céc ban cau ndi nay cung duoc gin voi ving 1a dic
phia dudi 14 sang thdng qua cac soi co neo giit. Ving 14 dic va Iop biéu bi phia trén
duogc két ndi voi ving dudi 14 dac (sub-lamina densa) thong qua cac vong lap soi neo
co gan trong mat dudi cia ving dudi 14 dic, tir d6 tao nén sy két dinh cia cac protein
la cic soi co neo giit nam trong ving ha bi néng (papillary dermis) (Hinh 1.2). O
nhitng nguoi bi anh huong boi EB, gira hai 1op da gdm biéu bi va ha bi bi thiéu
protein neo gitr dé giir ching lai vai nhau, khién da cuc ky mong manh va khdng thé
chiu duoc ngay ca khi chi bi tac dong bai mot ma sat/chan thuong co hoc nho.

N
Té bao sirng & lop day
(Basal keratinocyte) Nucleus EBS
JEB
m DEB
HC Kindler
. ( Desmocollin
Exophilin 5
Desmoglein —
Ve Céu tric Desmoplakin \ R
. KLHLZ4 ) caunéi Ry L&p biéu bi
—  Mang b iy
te bao —Keratin 5 and Plakoglobin / /
keratin 14 = /
filaments {  Plakophilin 1 -
Focal adhesions
B Actin Kindlin 1
g Dystonin —— — Plectin ) Vinculin
48 & ; ‘L
5 2 Int a3pl )
£ CD151 8 ntegrin a3f 1L<\/ P,
o ‘ Type XVII collagen ﬁg Integrin abp4 E_*C”““Ell'" type XllI j L& Séng
| \ Laminin 332 {‘ Laminin 311 )
e e N 7 Nidogen A
Sub-basal 1
dense plate ‘ Anchoring fibrils La dac
g AR <l (type VIl collagen) 2
Type IV collagen 7 A\ A\ Y N\ Types | and lll collage
N N\~ N\ 2 ypes | and Il collagen P,

Hinh 1.2. Ving tiép giap gizza biéu bi va hga bi trong cdu tric da

Céc chix viét tit: EBS, ly thuong bi bong nuéc don gian; JEB, ly thugng bi bong
nudc lién két; DEB, ly thugng bi bong nudce loan dudng; HC Kindler, hoi chirng
Kindler [1].
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Cho dén nay, it nhat 21 gen lién quan dén kiéu hinh bénh da duoc mé ta (Bdng
1.1), céc gen nay tham gia mé hoa cho cac thanh phan cuaa keratin, cac protein tiép xc
bam dinh va ciu tric cau néi bam (desmosomes) [2]. V& mit cau tric, su suy yéu &
murc d6 phan tir din dén sai cu tric va chirc ning cua protein két dinh trong biéu bi
hodc protein neo giit gitta ha bi-biéu bi, do d6 lam mat két ndi giira cac té bao va ma.
Ca hai md hinh di truyén troi va lin nhidm sic thé thuong déu di duoc béo cdo dan

dén ly thuong bi bong nuéc.

Bang 1.1. Cdc gen lién quan dén ly thiong bi bong nuwéc

STT Gene Protein bi anh huwéng Dang di truyén Loai EB
1 KRTS Keratin 5 AD EBS

2 KRT14 Keratin 14 AD (AR) EBS

3 DSP Desmoplakin AR EBS

4 DST Bullous pemphigoid antigen (BP2z0) AR EBS

5 EXPH5 Exophilin 5 AR EBS

6 PLEC1 Plectin AR (AD) EBS

7 PKP1 Plakophilin AR EBS

8 JUP Plakoglobin AR EBS

9 TGM5 Transglutaminase 5 AR EBS
10 KLHL24 Kelch-like family 24 AD EBS

11 CD151 Tetraspanin 151 AR EBS
12 LAMA3 Laminin a3 AR JEB

13 LAMB3 Laminin B3 AR JEB

14 LAMC2 Laminin y2 AR JEB

15 TGAG Integrin o6 AR JEB

16 ITGB4 Integrin B4 AR JEB

17 COL17A1 Type VII collagen AD JEB

18 ITGA3 Integrin a3 AR JEB

19 COL7Al Type VII collagen AD, AR DEB
20 PLOD3 Lysyl hydroxylase 3 AR DEB
21 FERMT1 kindlin-1 AR Hoi  chang

(KIND1) Kindler

EB: ly thuong bi béng nudc, EBS: ly thuong bi béng nude don gian, JEB: ly thwong bi bong nuéc lien két, DEB:
ly thuwong bi bong nuéc logn duong, AD: di truyen tréi NST thuong, AR: di truyen lgn NST thuong.

Bdi dam, cac gen la nguyén nhan chinh.

Danh séch gen lién quan duroc téng hop dira trén nghién cizu tong quan cia Vahidnezhad va céng sie [2]
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Ly thuong bi bong nudc don gian (EBS) 1a loai EB phé bién nhat, chiém dén
75-85%, thuong anh hudng dén ban tay va ban chan vai su hinh thanh vét phong rop
dau tién xuat hién trong té bao sirng ¢ 16p day (basal keratinocytes). Hién tai cac bién
thé trén 7 gen lién quan dd dwoc bao cdo 1a nguyén nhan chinh dan dén EBS, trong d6
cd dén 75% cac trudng hop EBS mang cac bién thé gay bénh trén 2 gen ma hoa
keratin 5 (KRT5) va keratin 14 (KRT14), 1a thanh phan chinh hinh thanh nén bo khung
cua té bao (cytoskeleton) trong té bao sing ¢ 1op day [28, 29]. Cac bién thé gen KRT5
va KRT14 dan dén EBS di truyén troi bao gém 3 dang: Weber-Cockayne va Koebner
cd kiéu hinh nhe hon so véi Dowling-Meara (dang EBS ning nhat). Cac bién thé gen
gay bénh khac ciing da duoc tim thay trong cac gen ma hoa cac protein ban cau noi
nhu plectin (PLEC1) va dystonin (DST), 12 nguyén nhan din dén EBS dang di truyén
lin. Pac biét, mot phan nhém EBS gay tr vong da dugc bdo cdo véi bién thé gen
PLEC1 [30, 31]. Ngoai ra, mot lugng nho céc bién thé trén cac gen EXPH5, KLHL24
va CD151 ciing dugc xem la nguyén nhan dan dén EBS. Pay 1a cac gen ma hoa cho
cac protein lién quan dén hinh thanh chirc niang cua cac tli ngoai bao (EXPH5), hd tro
kiém soat can bang cau truc keratin (KLHL24) va tham gia dong gop trong kha ning
két dinh té bao ciing nhu van chuyén cac tdi noi bao (CD151). Trong d6, EXPH5 va
CD151 ¢6 m6 hinh di truyén lan con KLHL24 tuan theo mé hinh di truyén troi.

Ly thuong bi bong nudc lién két (JEB) 1a mot dang EB di truyén lan, gay ra bai
cac dot bién trén cac gen mi hoa cho cac protein lién quan dén kha ning neo giir
keratin vao té bao sing & I6p day (COL17A1), laminin 332 (LAMA3, LAMB3 va
LAMC2), intergrin a6p4 (ITGA6 va ITGB4) va mot tiéu don vi cua intergrin o3
(ITGA3). Collagen loai XVII va intergerin a6p4 dwoc biét dén lan luwot I1a nhiing
homotrimer va heterodimer, va déu Ia nhitng protein xuyén mang cta ban cau ndi
(hemidesmosomes) véi chirc nang két dinh va phat tin hiéu. Trong dé, cac dot bién gen
m& hoéa cho chudi intergerin a6p4 c6 thé gay ra JEB véi chiing viém mén vi [32, 33].
Laminin 332 12 mot heterotrimer, duoc tiét ra ngoai bao boi té bao sing ¢ 16p day va
tao nén cac soi neo gitr trong ving 14 sang - 1a mot thanh phan khong thé thiéu caa
mang day biéu bi (Hinh 1.2). Cac dot bién trén gen LAMA3, LAMB3 va LAMC2 dugc
xem 1a nguyén nhan chu yéu duoc tim thiy ¢ nhitng nguoi bénh JEB. Dic biét, cac dot
bién 1am mat hoan toan chirc nang ctia laminin 332 ¢6 lién quan dén ty 1 tir vong cao

trong 2 ndm dau doi ¢ cac truong hop JEB thé nghiém trong. Integrin a3p1 1a mot thu
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thé xuy&n mang chinh cua chét két dinh (focal adhesions) trong té bao sirng & 16p day,
hinh thanh nén ma tran té bao két dinh va phat tin hi¢u. Dot bién gen ITGA3 dugc xem
la nguy&n nhan gay bénh ¢ mét sé trudng hop JEB véi cac biéu hién 1am sang kém
theo cuia bénh phoi ké va di tat than [34, 35].

Trong JEB, cac ton thuong dugc xuit phat tir ving la sang trong mang nén,
muc do nghiém trong biéu hién bai sy méng manh & da va niém mac, phan 4nh muc
d6 thiéu hut cua cac loai protein twong ung tai vi tri d6. Tuy nhién, chi can mot luong
nho protein con sot lai ngay ca khi bi cat ngan hoac giam mot phan chic nang ciing co
thé 1am giam mic 6 nghiém trong biéu hién ra kiéu hinh [2, 36]. Phan tich co s& di
liu dot bién cho thay céc bién doi gay tir vong la cac bién doi gay ra bai dot bién tao
ma két thic som trong khi cac bién doi khong gay tir vong co lién quan dén cac dot

bién sai nghia [2].

Ly thuong bi bong nuéc loan dudng (DEB) la mot rdi loan di truyén hiém gap
dugc dic trung boi sy mong manh trén da dan dén hinh thanh cac vét phong rop o vi
tri bén dudi 16p biéu bi boi cac ma sat hay chan thuong nho va hinh thanh seo khi
lanh. Nguyén nhan din dén DEB la do d6t bién trén gen COL7A1 - gen ma hoa cho
collagen loai VIl (COLVII) véi ba chudi xoan alpha giéng hét nhau dugc gigi han boi
mang nén va bén dudi cac té bao biéu mo lat ting sung hoa (stratified squamous
epithelia). Collagen loai VII dugc biét dén voi vai tro 1a cac soi co neo giita biéu mo
bén ngoai va md lién két (stroma) bén dudi. Phan nhém DEB duoc chia thanh 2 tiéu
phan nhom dua trén dac diém di truyén troi nhiém sic thé thuong (DDEB) hay di
truyén lan nhidm sac thé thuong (RDEB). DEB duoc chan doan dua trén cac biéu hién
lam sang va phét hién cac dot bién/bién thé gay bénh trén gen COL7AL. Cho dén nay,
c¢6 hon 800 bién thé di truyén ciia COL7A1 c6 lién quan dén cac truong hop DEB duoc
cap nhat trén co s¢ dir liéu danh riéng cho COL7AL (http://www.col7al-database.info).
Anh huong 1am sang & cac truong hop mic DDEB 1a tuong d6i nhe khi so vai cac
truong hop mac RDEB. Trong DDEB, c4c vét phong rop thuong chi xuat hién ¢ mot
s6 Vi tri nhat dinh nhu ban tay, ban chan, dau gdi, khuy tay va twong ddi lanh tinh.
RDEB 14 mot rdi loan da di truyén vé da nghiém trong, duoc dic trung boi cac bong
nudéc lan rong, hinh thanh seo teo, myn thit, loan dudng méng mét phan/toan bo hoic

khong c6 méng [37]. Trong khi hau hét cac dot bién trong cac truong hop DDEB dugc
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tim thdy & exon 73-75, cac dot bién dugc tim thiy & cac truong hop mic RDEB bao
gom céc chén, mat hay thay thé nucleotide va cac dot bién splicing xay ra ¢ ca hai alen
dan dén hinh thanh cac alen mat chic ning hoic gay léch khung doc mé va tao ra mot
protein khong chirc ning [38, 39]. Ngoai ra, ba bién thé gen PLOD3 lién quan dén mot
s6 cac truong hop bénh mang cac dic diém 1am sang gidng véi thé RDEB da duoc chi
ra [40, 41]. Gen PLOD3 ma hoa cho lysyl hydroxylase 3 (LH3), la mét trong nhiing
enzym xUc tac lysyl, hydroxyl hoa gbc lysine dé tao thanh hydroxylysine trong qua
trinh sira d6i sau dich ma cua collagen. Enzyme nay duoc tiét ra va khu tra trong 16p
biéu bi trén 14 dic trong mang nén (lamina densabasement membrane), ngay bén dudi
ban cau ndi (hemidesmosome) va trong ving dudi 14 dic (sub-lamina densa) trong khu
vuc tuong tng véi mién collagen trung tam caa COLVII. O nhitng ngudi bénh RDEB,
nong do LH3 giam dang ké & da va té bao sing, nguoc lai, su biéu hién qua muac cua
COLVII trong RDEB dan dén sy gia tang biéu hién caa LH3, cho thdy méi twong quan
chtrc nang gitta LH3 va COLVII [42].

Hoi chung Kindler 1a hai ching di truyén theo kiéu lan, 1a mot dang cua EB véi
dot bién gay mat chac ning trong gen FERMT1 méd hda cho kindlin-1. Kindlin-1 Ia
mot thanh phan cia cac tiép xdc bam dinh trong té bao sing ¢ 16p day, md nha chu va
dai trang [37]. Khac voi cac phan nhom EB khac, trong hoi ching Kindler cac vét
phdng rop cé thé hinh thanh & maot vai vi tri khac nhau trong ving két ndi giira biéu bi
va ha bi, c6 thé ¢ trong té bao siing & 16p day, doc theo ving 14 sang hoac duéi ving 14
dic cua mang day. Cac anh huong 1am sang & nhitng ngudi bénh mac hoi chung
Kindler bao gdom da mong manh, phong rop, nhay cam véi anh sang, va thuong biéu
hién ngay tur lra tudi con nho. Khi tudi cang cao, cac anh huong nay s& giam dan, hinh
thanh cac vét loang sac té hay chimg da dom (poikiloderma), cac vét ban do kém theo
teo da, Seo niém mac va day sirng ¢ long ban tay. Mot sb truong hop bénh co thé phét
trién thanh viém dai trang. Bén canh d6, nhitng ngudi bénh 16n tudi mac hoi ching
Kindler ciing c6 nguy co phat trién thanh ung thu biéu m [43], bao gom ca ung thu da

ngoai té bao hic t5 (non-melanoma skin cancer) [21].

1.1.4. Cdc phwong phdp chin dodn ly thuwong bi béng nwéc

Ly thuong bi bong nudc ¢o thé biéu hién ngay tir khi sinh hozc trong thoi ky so

sinh, bao gom cac vét phong rop, da mong manh va bong tréc véi cac mic do ning
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nhe khac nhau tdy thudc vao tirng phan nhém cua bénh. Chan doan 1am sang thuong
gap kho khin ¢ giai doan dau ndy, ngay ca ddi voi cac bac si da liéu cd kinh nghiém
trong viéc chan doan EB, dic biét 1a ¢ nhiing trudng hop khdng c6 tién sir gia dinh. Vi
du, ¢ cac trudng hop EB véi cac vét phong rop lan rong (generalized blistering) khi
sinh can duoc xem xét ca 2 phan nhom la EBS va DEB. Hoic & cac truong JEB thé
nghiém trong, cac vét phdng rop co thé khéng nhiéu luc tré méi sinh nhung sau d6 lai
nhanh chéng lan ra khip co thé, do d6 rat dé bj chan doan nham véi 2 phan nhém EB
trén. Ngoai ra, néu tién st gia dinh khong c6 nguoi lién quan dén EB thi can phai chan
doan loai trir cac bénh véi cac dic trung tuong ty (bao gdm cac vét phong rop) trudc
khi két luan 1a EB. Chan doan loai trir gdm: nhiém tring, bénh cham pompholyx, bénh
tu mién, rdi loan chuyén hoé porphyria, bénh vay cé, bénh day sing 1ong ban tay ban
chan, hoi ching ehler-danlos, bénh nhiém sac t6 dam dé, hoi chimg da dom va bénh té

bao mast.

Trong giai doan so sinh, cac vét phong rop thuong xuat hién & nhirng vi tri dé bi
co sat khi tré cir dong nhu ban tay, dau gbi, mong va ving tiép xdc véi cac canh cua ta
I6t. CAc tén thuong trén da s& nhe va giam dan khi nguoi bénh 6n 18n va c6 thé chi
khu trd & nhitng vi tri nhat dinh ma khong lan ra khip co thé. Tuy nhién, d6i khi cac
bong nudce lan rong van xuat hién & lta tudi truong thanh trong mot sé truong hop EB.
Céc phuong phap chan doan cling nhu phén loai cac phan nhém cua EB dugc dua trén
cac dic diém lam sang dic trung, cic xét nghiém hda mé mién dich hoic soi té bao

dudi kinh hién vi két hop voi két qua phan tich di truyén 1a chinh xac nhat.

Pé chan doan EB, dau tién can khai thac cac thong tin bao gom cac triéu chung
lam sang tir qua khir cho dén hién tai, cac bénh di kém va tién sur gia dinh. Tiép d6, cac
bai kiém tra 1am sang tap trung phét hién céac triéu chiang chinh dé kiém chiing hoic
loai b6 cac thong tin 1am sang da duoc khai thac theo 1oi ké cia nguoi bénh trude do,
ddng thoi bai kiém tra cling gitip danh gia tong quat vé mac do nghiém trong cua bénh.
Céc ky thuat danh gia tiép theo sau duoc thyc hién dé loai trir cac chan doan c6 biéu
hién 14m sang twong tu va chan doan dic hiéu cac phan nhém EB (bao gdom ca céc tiéu
phan nhém thudc 4 phan nhém chinh) gom ky thuat hién vi dién tr (TEM), nhuom
mién dich huynh quang (IFM) trén viing da ton thuong va phén tich gen phat hién dot
bién gay bénh [44]. Quy trinh chan doan duoc tom tat ¢ so d6 trong Hinh 1.3.
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Hinh 1.3. Quy trinh chdn dodn EB

Céc phuong phap qhén doan nay dugc nhém nghién cuu cua Bardhan va cong su
tong hop va dé xuat dua trén nhirng tién b cua cdng nghé giai trinh tu két hop
cung véi 2 phuong phap co ban TEM va IAM [1].

Phan tich di truyén xdc dinh bién thé gay bénh

Trong EB, cac phan nhém khac nhau dugc quy dinh baéi cac gen lién quan khac
nhau, viéc chan doan va phan loai s& tro nén dé dang hon khi xac dinh duoc bién thé
gay bénh. Bén canh d6, van ton tai mot sé truong hop EB kho két luan chinh xéc khi
sir dung ki thuat TEM, lGc nay phan tich di truyén 1a phuong an cudi cing va ciing 13
phuong phap chinh xac nhat dé xac dinh nguyén nhan gay bénh va phan loai ching.
C6 thé lra chon gen tng vién & budc phan tich nay thong qua két qua phan loai cua
TEM hoic IFM truée dé, tir d6 lya chon phuong phép chan doan phan tir phi hop, tiét
kiém va nhanh chéng nhat. Trai nguoc lai, & nhitng trudong hop khong duoc chin doan
bang TEM/IFM thi viéc xac dinh gen muc tiéu s& tré nén kho chinh xac hon néu chi
can ct theo cac dic diém l1am sang, vi doi khi van c6 cac biéu hién tron 1an giira cac
phan nhém/tiéu phan nhém (chang han nhu RDEB thé khu tri va DDEB thé khu tr()
khién viéc phan loai chinh xac trg nén khé khin hon. Tuy nhién, véi sy phét trién va
tién bo vuot bac cua céng nghé giai trinh tu thé hé méi da gitp cho viée xac dinh

nguyén nhan di truyén trd nén nhanh chéng, it ton kém va chinh xac hon bao gom ca
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cac truong hop khd phan loai nhét. Str dung cac panel dic hiéu trong sang loc cac bién
thé gay bénh di biét hoac WES/WGS gilip mé rong pham vi tim kiém, gitp phat hién

cac bién thé méi, mo rong co s6 dit liéu lién quan dén EB [45-48].

Ngoai viéc hd trg chian doan chinh x4c nguyén nhin gy bénh, phan tich gen
con c6 ¥ nghia trong tu van di truyén, hd tro chan doan tién 1am to, chan doan trudc
sinh, va cac thdng tin lién quan gitp cong tac quan ly bénh tré nén hiéu qua, tbi wu

hon.

1.1.5. Chdém séc va diéu tri ngwoi bénh ly thwong bi béng nwéc

Cho dén nay, chua c6 cach chira tri dac hiéu cho bénh nay, cac phuong phap
diéu tri chi tap trung vao diéu trj triéu ching, chu yéu 1a cham soc vét thuong, kiém
soat nhiém trung, hd tro dinh dudng, phong ngira va diéu tri cac bién chung [1]. Bén
canh d6, nhitng nd luc tim kiém cac phuong phap diéu trji méi tir truée dén nay, bao
gom liéu phép té bao, liéu phap gen, liéu phap protein, cay ghép té bao sing hoan
nguyén, tng dung cac té bao goc cam ung da ning va st dung thude cin cir vao bénh
hoc phan tir bang céach truc tiép hay gian tiép cho thay trién vong trong diéu tri c6 hiéu
qua va lau dai. Tuy nhién, can phai thuc hién thém cac nghién ciru chuyén sau trudc
khi str dung cé4c liéu phap nay trong 1am sang. Liéu phép gen bao gom chuyén céc
locus gen va chuyén ¢cDNA dugc thyc hién ¢ ca hai phuong phap 13 in vivo va ex vivo.
Vao nam 2013, liéu phap nay di duoc bao cdo trong diéu chinh biéu hién gen trén
truong hop DEB va EBS bang phuong phap ghép néi RNA qua spliceosome trung
gian (SMaRT) [49]. Pén nim 2019, nghién ciru cta Lwin va cong Sy trén cac trudng
hop RDEB di chirng minh tinh an toan va hiéu qua diéu tri tiém ning cua liéu phap
gen tao ra c&c nguyén bao soi vai su hién dién cia COL7AL da bién d6i va sy phuc hoi
cua collagen loai VIl (COLVII) trén da caa céc tinh nguyén vién sau mot nam diéu tri
[50]. Liéu phép té bao dua trén nguyén bao soi dugce xem 1a tuong dbi an toan, dé thuc
hién va it tac dung phu. Bing viéc sir dung liéu phap nay trén nhitng ngudi bénh DEB,
COLVII c6 thé duoc phuc hoi va ciing c6 thé binh thuong hda cac bién do6i cau tric
trong mot vai thang [51]. Ngoai ra, phuong phap ciy ghép té bao tuy xwong thyuc hién
trén md hinh chudt ciing cho thiy cac két qua trién vong nhu: COLVII va sgi co neo
bam da duoc san xuat, kha niang két dinh cua I6p ha bi-biéu bi duoc cai thién, cac vét

phong rop giam va thoi gian séng duoc kéo dai mot cach rd rét [52, 53]. Bén canh do,
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ciy ghép tuy xwong duoc xem nhu mot phuong phap diéu tri cho mét sé dang EB
nghiém trong, dac biét trong cac truong hop JEB nang vai su cai thién trong 1am sang
va tang cudng biéu hién cia COLVII [53, 54]. Tuy nhién, nguy co tir vong & muc Xap
Xi 20% van 1a mot méi lo ngai tir phuong phap diéu tri ndy, bén canh d6, hiéu biét vé
C4C té bao ciling nhu co ché quan trong ton tai gitra ty xwong va da ciing chua thuc su
rd rang.

1.2 Bénh bach tang

1.2.1. Gigi thiéu chung vé bénh bach tang

Bach tang dugc mo ta 1a mot bénh di truyén hiém gap, dic trung boi sy giam
sac to o da, toc va/hodc mat, ddng thoi c6 anh hudng lién quan dén véng mac va co thé
lam thay d6i thi lyc cia mat. Nhitng bat thudng quan trong & mat & nhimg ngudi bénh
bach tang ngoai suy giam sac to dugc biéu thi mot cach rd rang thi con c6 thé bao gdom
cac anh hudng nhu thiéu san hoang diém, giam sac t6 cia té bao biéu md sac t6 vong
mac, giam té bao hinh que cam thu anh sang (photoreceptor rod cell deficit), hoat dong
sai day than kinh ¢ ving giao thoa thi giac, giam sic té & mong mat, ¢ biéu hién cua

chang so anh sang va rung giat nhan cau [55].

C6 hai loai bach tang chinh 1a bach tang da va mét (oculocutaneous albinism —
OCA) va bach tang mat (ocular albinism — OA), duoc phan loai dua trén kiéu hinh 1am
sang, lién quan dén suy giam sic t6 ¢ da, toc va mit (OCA), hoic chi & mat (OA).
Trong OCA, & bat ky muc do ndo cua sic té dugc quan sat thi s lugng va cau tric cua
melanin khéng thay ddi nhiéu, trong khi sy xuat hién sb luong Ion céc té bao sic tb
riéng biét 1a dic trung & cac trudng hop OA. Bach tang da va mit (OCA) la mot rdi
loan di truyén 1an nhiém sac thé thuong, bao gom 8 phan nhém nho OCA1-OCAS [55,
56]. Cac phan nhém nay duoc phan biét boi dot bién trén cac gen khac nhau, tao ra san
pham melanin khiém khuyét dan dén melanin khong dugc tong hop hoic khong dugc
phan bb dang cach trén cac mo da. Ngoai 2 phan nhom chinh 14 OCA va OA thi con
c6 cac hoi chung hiém gap cua bach tang ciing di duoc md ta 1a hoi chang
Hermansky-Pudlak (HPS) va hoi chitng Chediak-Higashi (CHS). Biéu hién 1am sang ¢
HPS va CHS ciing bao gdbm cac anh huéng dén da, téc va mit twong tu nhu cac truong
hop mic OCA, dong thoi di kém thém mot s6 cac biéu hién dic trung khac duoc tao ra

boi cac bién thé trén cac gen ma hoa cho cac protein ¢ chic ning mé rong hon. RAi
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loan chirc ning tiéu cau va rdi loan chay méu dugc tim thiy & nhitng nguoi bénh mic
HPS. Céac anh huéng trong qua trinh tong hop lysosome ciing c6 thé gay nhiém tring ¢
cac truong hop CHS [55].

1.2.2. Dich té hgc bénh bgch tgng
1.2.2.1. Ty Ié mdc bénh

Ty 1& mic bach tang dugc wéc tinh 12 1/17.000 dén 1/20.000 trong quan thé,
trong d6 chiém dén 70% 1a cac truong hgp OCA, riéng cac truong hop OA thi ty I¢
mac bénh trén toan thé gidi udc tinh khoang 1/50.000 ngudi. Trong 7 phan nhém cua
OCA thi OCAZ2 |4 phan nhém bach tang phé bién nhat trén thé giéi, co ty 1é mac bénh
tuong tng 13 1/39.000. Pac biét, ¢ cac nude chau Phi gan sa mac Sahara c6 ti 16 OCA2
tuong d6i cao so Vi cac quan thé khac, ti 1é mac bénh 1én dén 1/1.000 nguoi. Picu
nay co thé 1a két qua cua tinh trang hon nhan can huyét pho bién tai day. Bén canh do,
cac quan thé nguoi My gdc Phi (1/10.000) va ngudi My noéi chung (1/36.000) ciing 1a
nhitng quan thé c6 ty 16 OCA?2 cao hon so véi cac quan thé khac. Phan nhom pho bién
thi 2 sau OCA2 1a OCAL, vai ti 18 méc bénh 13 1/40.000 ngudi, tuy nhién day lai 13
phan nhom phé bién nhat ¢ cac nudc chau Au gom Puc, Phap, Pan Mach, va ltalia
[57, 58]. OCA3 va OCA4 la nhitng phan nhom it phd bién hon, trong d6 OCA3 duoc
tim thay chu yéu & mién nam Chau Phi (1/8.500) va sb it & cac quan thé nguoi
Pakistan, Dtc, An D6 va Nhat Ban [59]. Ty 1é miac OCAA4 trén toan thé gigi 1a khoang
1/100.000 va la phan nhém kha pho bién ¢ Nhat Ban (chiém dén 24% céc truong hop
bach tang & Nhat). Bén canh d6, OCA4 ciing duoc tim thiy & nhiéu quan thé khac nhu
Duc, Thd Nhi Ky, An Do, Han Quéc, Trung Qudc, Pan Mach va Maroc [59]. Ba phan
nhém con lai cia OCA 123 OCA5, OCAG va OCA7 la nhitng phan nhém hiém, gan nhu
méi chi duge xac dinh trén mot vai ca thé nguoi Pakistan (OCASB), Trung Québc va An
Do (OCAB) va mot gia dinh dan toc thiéu sb Faroese (Pan Mach) véi tinh trang hon
nhan can huyét [60-62]. Hoi chung Hermansky-Pudlak (HPS) c6 ty 16 mic bénh la
1/500.000 trén toan thé gidi, tuy nhién ty Ié nay & Puerto Rico lai kha cao véi 1/1800
ngudi [55]. Hoi chung Chediak-Higashi (CHS) ciing 1a mot hoi chung rat hiém cua
bach tang véi sb luong nguoi bénh wéce tinh it hon 500 trudng hop duoc cong b trong
20 nam qua [55, 63].
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1.2.2.1. Cac ddc diém 1am sang ¢ nguoi bénh bach tang

Triéu chang cua bach tang dugc nhan biét & mau da, mau téc, mau mat va thi
luc. Hau hét nhitng ngudi bénh bach tang c6 mau tdc tring va mau da rat sang. Mau da
va mau téc thay doi trong khoang tir trang sang nau va mau mat dao déng tir mau xanh
da troi sang dén nau. Suy giam thi luc 1a mot yéu té chinh trong tat ca cac dang cua
bach tang. C4c van dé vé thi lrc cd thé xuit hién nhu rung giat nhan cau, phan tan sic
t6 mong mat (iris transillumination), thoai héa diém vang, giam thi lyc va giam kha
ning nhin sau. Ngoai ra, biéu hién cham phat trién tam than c6 thé xuat hién & mot sb
truong hop [55]. Céc dang bach tang khac nhau thi s& ton tai nhitng triéu ching dic

trung riéng.

Trong bach tang da va mat, hién ¢ 8 phan nhém chinh (OCA1-OCAS8) di duoc
chi ra. O phan nhém OCAL, hai tiéu phan nhém nho duoc phan biét véi nhau la
OCAI1A va OCA1B; trong d6, OCA1A bi mat hoan toan sac té melanin trén da, duoc
dic trung boi mau da va mau toc trang, trong mat hong cho dén do. Khéng gidng
nhém OCA1A (thuong c6 mau tdc trang khi sinh ra), nhitng ngudi bénh mac OCA1B
van con mot chit sic té melanin va biéu thi trén da, téc va mat [59]. Ba phan nhém
OCA2, OCA4 va OCAB6 c6 xu hudng nhe véi biéu hién sic t trén da, toc va mit sam
mau hon (gan véi kiéu hinh binh thudng hon) do da phan sic té6 melanin van duoc
tong hop. Mau da va mau téc & cac trudng hop OCA4 thudng twong quan véi nhau.
Phan nhém OCAS3 hay con goi 1a OCA do (rufous OCA) thuong chu yéu anh hudng
dén nhimg ngudi ¢d da sm mau (chu yéu 1a nguoi Chau Phi). Nhitng nguoi bénh
thudng c6 da mau ndu, nau do, toc do hoic vang do, mat mau hat dé hoic nau sang va
cd thé bi suy giam thi lrc nhung rat kho phét hién, tham chi 1a khdng [55, 59]. Céc anh
huong 1am sang dic trung trén cac trudng hgp OCAS bao gom da tring, toc vang, co
biéu hién caa rung giat nhan cau, thiéu san hoang diém, c6 biéu hién caa ching sg anh
séng va suy giam thi luc [59]. O cac trudng hop OCAT7 thi mau da cua nguoi bénh
thuong chi nhat hon mét chat khi so sanh véi cac thanh vién trong gia dinh. Tuy nhién
suy giam thi luc lai & mac nghiém trong trai nguoc véi su giam sic té nhe ¢ da va toc
trong phan nhom nay [59]. Phan nhom OCAS8 la mot phan nhém mai caa bach tang

dugc phat hién, dic trung boi giam sic td nhe & da va toc, ddng thoi nguoi bénh mang
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c4c bt thuong & mét bao gom rung giat nhan cau, giam thi luc, phan tan sic t6 mdng

mét va giam sac t6 véng mac [64].

Nhitng ngudi bénh HPS thuong c6 lan da tring dén 6 liu (mau xanh 14 cay anh
vang xin), toc tir tring dén ndu, giam sic té & mat, c6 biéu hién rung giat nhan cau,
thiéu san hoang diém va phan tan sic t6 méng mat. Thi lyc cua nguoi bénh thuong
giao dong tir 20/50 dén 20/400. Ngoai c4c anh hudng dén sic td trén da, toc va mit
gidng nhu OCA thi HPS thuong di kém véi hién twong chay mau nhe dén trung binh
do réi loan chirc ning tiéu cau va mot sé bat thuong ¢ phoi hoac than do ling dong
ceroid. C6 hai phan nhém chinh caa HPS lan luot lién quan dén chiing suy giam mién
dich (nhiém trung tai phat) va hoi chiing thuc bao mau. Ngoai ra con c6 thé co cac
phan nhom khéac véi biéu hién xo phoi ¢ do tudi ba muoi va viém rudt ting ving
(bénh Cronh/Granulomatous Colitis) [55, 59].

Ciing giéng nhu HPS, cac truong hop CHS ciing mang cac dic diém 1am sang
ciia OCA bao gdm giam sic t6 trén da, tc xam hoac anh bac, c6 biéu hién rung giat
nhan cau, thiéu san hoang diém va ching so anh sang. Bén canh do, tat ca cac truong
hop CHS s& di kém thém cac anh hudng 1am sang dic trung nhu dé bi nhiém tring,

giam bach cau trung tinh, suy thoai than kinh va réi loan dong mau nhe [55, 59].

Bén canh phan nhom OCA lién quan dén giam sac t6 trén da, toc va mat thi OA
la phan nhém bach tang chi bi giam sic té & mat. Khi so sanh véi cac thanh vién trong
gia dinh thi da va mat caa ngudi bénh hoi nhot nhat hon. Ngoai ra, cac anh huong &
mit c6 thé xuat hién bao gébm rung giat nhan cau, thiéu san hoang diém va chang so
anh séng. Thi luc ¢ céc truong hop mac OA thuong tir 20/100 dén 20/200. Nhimng nguoi

bénh nit hiém khi bi rung giat nhan cau va suy giam thi luc hon so véi nam gigi [59].

1.2.3. Co ché bgnh sinh va céc gen lién quan dén bach tang
Té bao biéu bi tao hac td/ té bao hic t6 (melanocytes) c6 ngudn gdc tir cac mao
than kinh trong qua trinh phat trién phoi thai va duoc phan phéi dén nhiéu loai té bao,
bao gom da, mat, toc va té bao mach mau ¢ tai trong. Céc té bao hac té chiém khoang
5% dén 10% luong té bao & 16p day biéu bi, va ty 18 nay 1a khong thay ddi ngay ca o
cac bénh nhan bach tang. Su khac biét gitta bénh nhan bach tang va nhirng nguoi khoe

manh 13 lwong sac t6 melanin duogc tao ra tir té bao hic t6 it hon. Melanin dugc biét



22
dén vai vai tro quan trong 1a bao vé co thé khoi tia cuc tim (UV) c6 hai. C6 hai loai
sac t6 melanin chinh 12 eumelanin va pheomelanin, dugc tong hop trong bao quan
chuyén biét cua té bao hic té goi 1a melanosome. Eumelanin lam cho da c6 mau den
hodc nau, déng thoi dong vai trd bao vé da chéng lai tac hai cua buc xa cuc tim B
(UVB) bang céach hap thy va phan tan cac tia ciing nhu ngan chan su thAm nhap cua tia
cuc tim vao co thé mot cach tu nhién. Pheomelanin chiu trach nhiém tao ra céc sic t6

c6 mau vang, hong cho dén do tly theo sé lwong cua loai sic tb melanin nay [55].

Qua trinh t6ng hop melanin dugc thuc hién théng qua 3 phan ung, dau tién la
qua trinh oxy hda L-tyrosine thanh L-3,4-dihydroxyphenylalanine (L-DOPA), tiép d6
la qua trinh chuyén d6i L-DOPA thanh DOPAquinone va cudi cing la qua trinh
chuyén d6i DOPAquinone thanh mét trong 2 dang melanin 1a eumelanin va
pheomelanin. Trong d6, tyrosinase la enzyme xuc tac gilp thuc hién 2 qua trinh
chuyén d6i tir L-tyrosine thanh L-DOPA dén DOPAquinone. O giai doan 3, hinh thanh
sac t6 melanin, eumelanin duoc tong hop khi khdng cé cysteine hoic glutathione
théng qua phan ¢ng tu phéat hoic can sy xuc tac cuia DOPAchrome tautomerase
(DCT/TYRP2). Nguoc lai, pheomelanin duoc san xuat khi céc cysteine cing tham gia
véi DOPAquinone. Ngoai cac phan ang can tyrosinase thi tat ca cac phan ang con lai
la ty phat va khong can thém chat x(c tac ndo. O nhimg ngudi bénh bach tang, anh
huong truc tiép hay gian tiép dén hoat dong cua tyrosine trong qua trinh tong hop
melanin dan dén thiéu hut sic t6 nay dugc xem la ngudn gbc bénh Iy hay chinh la

nguyén nhan dan dén bénh [65].

Vé mat di truyén bénh, bach tang duoc phan loai tly theo céc bién thé gen phat
hién & cac gen gy bénh khéc nhau. Téng sb it nhat 20 gen dan dén bach tang da duoc
bao cdo, trong d6 19 gen lién quan dén cac truong hop OCA va mot gen nam trén
nhiém sac thé X lién quan dén OA (Bang 1.2). Hién c6 8 phan nhém OCA khéng hoi
chung (OCA1-OCA8) di duogc xac dinh cho dén nay. Ngoai trir OCAS5 chua xéac dinh
duoc gen gay bénh thi dot bién trén cac gen bao gom TYR, OCA2, TYRP1, SLC45A2,
SLC24A5, C100rf11 va DCT duoc biét dén lan luot 13 nguy@n nhan dan dén cac kiéu
hinh OCA1, OCA2, OCA3, OCA4, OCA6, OCA7 va OCAS8 [56, 66].
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Bang 1.2. Cdc gen lién quan dén OCA va OA

Phan nhém bach tang M6 hinh di truyén Gen Vi tri
OCA khong héi chirng [63]
OCA1l1 AR TYR 11q14.3
OCA?2 AR OCA2 15q12-q13.1
OCA3 AR TYRP1 9p23
OCA4 AR SLC45A2 5p13.2
OCA5 AR Chua biét 4024
OCAG6 AR SLC24A5 15¢g21.1
OCA7 AR C10orfll 10g22.2-922.3
OCAS8 AR DCT 13g32.1
OCA hdi chirng [63]
HPS1 AR HPS1 10923.1-g23.3
HPS2 AR AP3B1 5q14.1
HPS3 AR HPS3 3924
HPS4 AR HPS4 22cen-ql12.3
HPS5 AR HPS5 11p14
HPS6 AR HPS6 10g24.32
HPS7 AR DTNBP1 6p22.3
HPS8 AR BLOC1S3 19913.32
HPS9 AR PLDN 15g21.1
HPS10 AR AP3D1 19p13.3
HPS11 AR BLOC1S5 6p24.3
CH1 AR LYST 1942.1-942.3
Bach tang mit (OA) [63]
OAl Lién két NST X GPR143 Xp22.3

Phan nhém OCA1 (MIM 203100) lién quan dén céc bién thé gay bénh trén gen
TYR (MIM 606933) nam trén nhiém sac thé 11 tai vi tri 11q14.3, bao gom 5 exon véi
kich thuéc khoang 65 kb, ma hoa cho tyrosinase gdm 529 axit amin [67]. Pay 1a
enzyme quan trong, déng vai trd xtc tac qua trinh sinh tong hop sic tb melanin trong
té bao hic té melanosome. Trong d6, OCAIA lién quan dén cac bién thé TYR hinh
thanh nén tyrosinase mat hoan toan chic ning, trong khi OCA1B 1a két qua cua cac
bién thé TYR hinh thanh mot tyrosinase mat mot phan chirc nang, dan dén khéng tong
hop dugc (kiéu hinh OCA1A) hoic chi tdng hop dwoc mot lwong nho (OCALB)
eumalenin trong té bao hic t6 [55].

Phan nhom OCA2 (MIM 203200) la két qua cta céc bién thé trén gen OCA2
hay con goi 1a gen P c6 kich thudc 345 kb (24 exon) nam trén nhiém sic thé 15 vi tri
15011.2-912, m& hda cho protein P gom 838 axit amin [68]. Mic di chirc nang chinh
X4c cua protein P van chua duoc hiéu mot cach day di nhung dudng nhu c6 lién quan
dén quéa trinh van chuyén protein dén melanosome, hé tro 6n dinh phuc hop protein
cling nhu diéu chinh pH 6n dinh trong melanosome va/hoic xdc tac cho qua trinh tong
hop glutathione (chat tc ché qué trinh tao melanin tir tyrosine, kich thich su san sinh
pheomelanin). Nhitng ngudi bénh mang kiéu hinh OCA2 s& khdng cé loai sic td
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eumelanin (sic té c6 mau nau hoic den), thay vao d6 1a pheomelanin (sic t& mau
vang, hong cho dén do) voi luong sic té tang dan theo do tudi [69-71].

Phan nhom OCA3 (MIM 203290) la kiéu hinh gay ra bai bién thé trén gen
TYRP1 (MIM 115501) nim trén nhidm sic thé sé 9 tai vi tri 9p23 c6 kich thuéc 17 kb
va bao gdm 8 exon [72], ma hoéa cho mét protein hay enzyme lién mang TYRP1
(Tyrosinase Related Protein 1) gom 536 axit amin [73]. Protein TYRP1 déng vai trd
6n dinh TYR trong melanosome, cac bién thé gay bénh gen TYRP1 ¢6 lién quan dén sy
suy thoéi sém cia TYR va treong thanh muon caa té bao melanosome, anh hudng dén
qué trinh sinh tong hop sac tb eumalenin [74]. Tuy nhién, tac dong nay la khéng qua
I6n khi danh gia tuong quan kiéu gen — kiéu hinh & cac trudng hop mac OCA3 véi anh

huong 14m sang twong ddi nhe.

Phan nhém OCA4 (MIM 696574) gay ra boi cac bién thé trén gen SLC45A2
(MIM 606202, 5p13.3; kich thudc khoang 4 kb) bao gom 7 exon, ma hoa cho mot
protein van chuyén mang thuéc melanosome (MATP, 530 axit amin). Giéng nhu
protein P (OCA2), MATP tham gia, hd tro kiém soat on dinh d6 pH trong
melanosome. Bién thé gay bénh gen SLC45A2 trong cac truong hop OCA4 dan dén tc
ché qua trinh sinh tong hop melanin dién ra trong melanosome [74].

Phan nhém OCAS5 (MIM 615312) duoc xac dinh bai cac bién thé gen nam trén
nhiém sic thé s6 4 tai 4g24. Pay 1a phan nhém OCA duy nhét hién nay van chua xac
dinh dugc chinh xac gen gay bénh [55, 74].

Phan nhém OCA6 (MIM 609802) gay ra boi cac bién thé gen SLC24A5 duogc
phat hién boi nhém nghién ciu cia Wei Li va cong su thugc Vién Di truyén va Sinh
hoc phat trién, Vién Han 1am Khoa hoc Trung Quéc (Bic Kinh, Trung Quéc) khi tién
hanh giai trinh tu toan bo hé gen ma hoa cua nhitng ngudi bénh bach tang c6 ngudn
g6c khac nhau [62]. Gen SLC24A5 nam trén nhidm sic thé 15 vi tri 15¢21.1 c6 kich
thude hon 21 kb ma hoa cho protein SLC24A5 (solute carrier family 24, member 5)
gom 500 axit amin. Protein SLC24A5 (hay NCKX5) hoat dong nhu mot chat van
chuyén ion trén mang té bao hic t6 ciing véi OCA2 va SLC45A2 [21]. O nhitng nguoi
bénh OCAG, ham lugng eumelanin trong toc thiap hon dang ké so véi nhiing thanh
vién khac trong gia dinh chi mang gen ma khong biéu hién bénh. Khi soi da dudi kinh
hién vi, cac truong hop OCA6 c6 melanosome truéng thanh hon so véi céc
melanosome chua trudng thanh biéu thi trong ca toan bo té bao va dudi gai té bao biéu
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bi tao hic t6 (melanocyte). Diéu nay chi ra SLC24A5 tham gia vao qud trinh trudng
thanh melanosome hozc hd trg san xuat melanin trong melanosome truang thanh [62].

Phan nhém OCA7 (MIM 615179) duoc xac dinh bai cac bién thé gay bénh trén
gen biét hoa té bao hic t6 C10orfll (10922.2-922.3, kich thudc > 1000 kb) ma hoa
cho protein LRMDA (Leucine-Rich Melanocyte Differentiation-Associated Protein)
lién quan dén sy di cu cua té bao biéu bi tao sic té (melanocyte) [75].

Phan nhém OCA8 (MIM 619165) la phan nhém bach tang da va mat méi dugc
xac dinh gan day, gy ra bai bién thé dong hop tir hoic di hop tir phic gen DCT
(TYRP2) nam trén nhiém sac thé s6 13 vi tri 13q32.1 ¢6 kich thudc 16n hon 112 kb.
Protein dugc ma hoa bgi DCT dong mot vai trd quan trong trong qué trinh tong hop
melanin, xGc tac qua trinh chuyén héa L-DOPAchrome thanh axit 5,6-
dihydroxyindole-2-carboxylic (DHICA), hinh thanh nén eumelanin [56].

Ngoai 7 gen lién quan dén cac phan nhom OCA ké trén, con ton tai nhiéu gen
khac 1a nguyén nhan dan dén hai hoi chung cua bach tang da va mat 1a HPS va CHS
bao gém HPS1, AP3B1 (HPS2), HPS3, HPS4, HPS5, HPS6, DTNBP1 (HPS7),
BLOC1S3 (HPS8), PLDN, AP3D1 (HPS10), BLOC1S5 (HPS11) va LYST (CH1) [55,
56, 74].

Trong cac truong hop OA, céc bién thé gen GPR143 (kich thudc > 60 kb, bao
gom 9 exon) nam trén nhidm sic thé gioi tinh X tai vi tri Xp22.3 ma hda cho mot
protein gom 404 axit amin duoc xem la nguyén nhan dan dén bénh [76]. GPR143 la
mét thu thé két hop protein G lién két véi melanosome tham gia vao qué trinh sinh
t6ng hop melanosome trong qua trinh biét hoa té bao biéu bi tao hic td (melanocyte).
Pong thoi, GPR143 diéu chinh kich thudc va sb lugng melanosome théng qua kich
hoat yéu t& phién ma cam ung té bao hic t6 (MITF), gilp kiém soat giai doan phat
trién va hoat dong cua céc té bao hic té (cd nhiém vu san xuat melanin) [77].

1.2.4. Cdc phwong phdp chén dodn, sang loc bach tang

Chan doan OCA dugc thuc hién dua trén cac danh gia 1am sang lién quan dén
giam sac t6 ¢ da va toc bén canh céc triéu chimg dic trung & mat. Thong thudng, cac
bac si s& chu y dén cac biéu hién giam sic té & mat & tré 2 dén 4 thang tudi khi nghi
ngd OCA (biéu hién nay & tré so sinh khong phai 1a hiém gap nén khong can phai chi
¥ nhu mot dic diém nguy co ¢ lra tudi ndy). Céac biéu hién giam sic t6 da toan than
kém theo rung giat nhan cau va thinh lyc binh thuong 1a nhimg diéu kién du dé nghi
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ngo nguy co mac bach tang. Ngoai ra, c4c triéu ching khac c6 thé di kém nhu nhiém
tring tai phat, chay mau, cham phaét trién tri tu¢ ciing duoc danh gia dé khong bo sot
cac hoi chirng lién quan caa bach tang.

Tuy nhién, do su tring lap vé mat 1am sang giira cac kiéu phu cua OCA, chan
do4n phan tir 1a can thiét dé xac dinh gen gay bénh, gitp phan loai bach tang mét cach
chinh xac nhat. Cho dén nay, it nhat 20 gen va locus 4q.24 d3 dugc béo cao lién quan
dén cac phan nhom khéc nhau cua bach tang [78]. Cac phuong phap chan doan phd
bién hién nay cd thé ké dén nhu giai trinh tu Sanger, MLPA va giai trinh tu thé hé méi
(NGS). Giai trinh ty Sanger c6 thé duoc sir dung trong cac truong hop da xac dinh
duoc gen muc tiéu théng qua cac dic diém I1am sang rat dai dién cho mét loai phan
nhém cua bach tang, thuong 1a cac kiéu phu cia OCA, dugce quy dinh boi 1 gen duy
nhat cho mdi loai. Phuong phap MLPA (Multiplex Ligation-dependent Probe
Amplification) gitip xac dinh céc bién thé lién quan dén sé lugng ban sao (CNV) ma
giai trinh tu Sanger khong thé phat hién duoc. Mat khac, trong cac trudong hop khong
thé phan loai duoc hoic kho chan doan thi giai trinh tuw thé hé méi duoc xem Ia
phuong phap t6i wu nhat, gilp sang loc mot nhém gen hoic tat ca cac gen lién quan
dén bénh mot cach nhanh chéng, chinh xac va giam thiéu chi phi. Pay 1a phuong phap
duogc st dung pho bién ¢ cac phong thi nghiém trén toan thé gigi trong chan doan va
sang loc bach tang (www.genetests.org).

Trong bach tang, chan doan sém dugc xem | muc tiéu quan trong nhat gidp
qua trinh quan ly bénh trg nén ti wu va cé hiéu qua. Nhitng loi ich tir chan doan sém
cd thé co duoc nhu giup danh gia va tién luong sém céc tridu chiing & mat ciing nhu
c6 thé dam bao suy giam thi luc & muc téi thiéu nhat; tir d6 gitp toi wu cac van dé lién
quan dén suc khoe chung ciia nguoi bénh ciing nhu cac van dé x4 hoi khac nhu kha
nang hoc tap, phat trién nhan thtc va su tich cuc trong suy nghi, tranh mac cam, ty ti.
Chan doéan sang loc sém bénh trén cac d6i twong c6 nguy co ngay cang tro nén dé
dang va chinh xac hon bao gio hét dua trén chan doan di truyén & mac do phan tu.
Hon nita, chan doan phan tir dac biét co y nghia trong tu van va chan doan trudc sinh
cling nhu trong chan doan tién 1am to, gitp giam thiéu nguy co sinh ra tré bj bénh &

nhiing gia dinh c6 tién sir.

1.2.5. Chdém séc va diéu tri nguwoi bénh bach tang

Ciing giéng nhu da sd cac bénh di truyén hiém gip khac, hién chua cé cach
chira khoi bach tang hoan toan, viéc diéu tri hién nay 1a diéu tri triéu ching, ngin ngura
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tac hai cua 4nh nang mat troi dén da va toc cua nguoi bénh, déng thoi thim kham nhan
khoa dinh ky.

Ngoai ra, hién c6 3 huéng diéu trj tiém ning st dung L-DOPA, AVV (Adeno
associated viral vector) va Nitisinone cé thé @ng dung trong diéu tri ngudi bénh bach
tang [59]. L-DOPA Ia mét amino acid quan trong dugc chuyén doi tir L-tyrosine trong
qua trinh sinh tong hop sic té melanin, diéu chinh sy phat trién binh thuong caa vong
mac théng qua tin hiéu OA1 (thu thé chon loc cia L-DOPA). Do d6, b6 sung L-DOPA
ngoai sinh ¢6 thé dugc xem 1a kha thi, hd trg ting cudng phat trién than kinh véng mac
cho cac truong hop mic OCA [74]. Nghién ctru cia Summers va cong su di cho thay
hiéu qua sir dung L-DOPA sau 20 tuan & 45 ngudi bénh OCA véi thi luc duoc cai
thién [79]. Liéu phap gen st dung AVV lan dau tién duoc gigi thiéu boi Surface va
cong su trong nghién cau hiéu qua diéu tri trén md hinh chudt mac OAL, két qua chira
kha nang cai thién cac bat thuong vé dién sinh Iy va cau trdc cua té bao biéu mé sac t6
(RPE) & mat [80]. Ngoai ra, liéu phap nay ciing duoc bao céo la cé thé co hiéu qua
trong diéu tri cac truong hop OCAL trén md hinh chudt, véi su gia ting sic to duoc
biéu thi rd trén vdng mac [81]. Nitisinone 1a thudc diéu tri bénh réi loan chuyén héa
tyrosinemia loai 1 (hereditary tyrosinemia type 1), lam ting néng do cua tyrosine trong
huyét trong va cai thién sac té ¢ mat va da, da duoc quan sat trén mé hinh chudt mac
OCAI1B, tir d6 cho thay tiém ning diéu tri ciia phuong phap nay [82]. Nghién ctu thir
nghiém trén 5 nguoi truong thanh mac bach tang dugc diéu tri bang nitisinone véi lidu
ding 2 mg/ ngay kéo dai trong 1 nam ciing cho két qua kha quan, véi ham luong sic t6

& da va toc tang 1én mot cach dang ké [83].
1.3 Thiéu san vanh tai

1.3.1. Giédi thiéu chung vé thiéu sdn vanh tai

Thiéu san vanh tai 12 mot di tat bam sinh cua tai ngoai, hinh thanh trong qua
trinh phét trién phoi thai khong dung cach, duoc nhan biét bai hinh dang tai nho va bat
thuong (auricle-pinna). Triéu chung di kém thuong 1a ng tai hep, bi bit hoac 1a khdng
c6 6ng tai. Truong hop nghiém trong nhét véi vanh tai hoan toan khong phat trién
duoc goi 12 anotia. Thiéu san vanh tai c6 thé xay ra & mot hoic ca hai bén tai, tuy
nhién truong hop di tat mot bén 12 phd bién hon ca, chiém 79-93% cac ¢4 nhan bi anh
huong [84]. Trong s cac truong hop bi thiéu san vanh tai mot bén thi treong hop di
tat & tai phai chiém dén 60% trong tong sb cac trudng hop phat hién [85, 86]. Cac

nghién ciru ciing chi ra, thiéu san vanh tai c6 xu huéng xay ra & nam gidi véi nguy co
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cao hon & nit gidi 12 40% [87]. Thiéu san vanh tai ¢ thé xay ra nhu mot di tat bam
sinh doc 1ap hodc 12 mot phan biéu hién trong mot tap hop nhiéu di tat hoic mot hoi
chuang nao d6 co lién quan dén su bat thuong tir cung mang tht nhat va cung mang thir
hai trong qué trinh phat trién phoi. Cac khia canh bao gém dich t& hoc bénh, cac yéu té
nguy co (mdi trudong va di truyén), cach diéu tri va cham soc ngudi bénh thiéu san
vanh tai sé€ duoc thao luan dudi day.

1.3.2. Dich té hgc thiéu san vanh tai
1.3.2.1. Ty 1é mdc bénh

Ty 18 woc tinh mac thiéu san vanh tai rat khac nhau giira cac quéc gia, khu vyc
va dao dong tir 0,8 dén 17,4 trén 10000 ca sinh. Ty 1¢ luu hanh cao hon duoc b4o cdo &
quan thé ngudi Ecuador (17,4/10000 ca sinh), Chile (8,8/10000 ca sinh) va Phan Lan
(4,3/10000 ca sinh) [88, 89]. Nghién ctiu tai Hoa Ky cho thay ty ¢ nay 1a cao hon ¢
c6 goc Chau A (2,2-3,2/10000 ca sinh), dao Thai Binh Duong (4,61/10000 ca sinh) va
ngudi My ban dja (4-12/10000 ca sinh) khi so véi ngudi My géc Tay Ban Nha (1,9-
3,4/10000 ca sinh) [89]. O Trung Qudc, ty & mac thiéu san vanh tai duoc béo céo dao
dong tir 0,8 dén 1,53 trén 10000 ca sinh [90]. O Nhat Ban, s6 luong ngudi ¢6 biéu hién
cua thiéu san vanh tai 1a 6000 dén 10000 [91]. Mirc d6 pho bién véi khoang gigi han
kha rong co6 thé duoc giai thich do sy khac biét gitra cac nghién cau vé tiéu chi lva
chon ciing nhu xac dinh céc ca thé bénh. Thiéu san vanh tai 13 mot bat thuong bén
ngoai cd thé duoc xac dinh khi kham stc khoe cho tré so sinh; tuy nhién, cac dang it
nghiém trong hon c6 thé khong duoc phét hién hoic chi dugc md ta nhu mét dang di
tat tai thong thuong trong hd so y té va nguoc lai. Piéu nay c6 thé dan dén viéc béo

c4o it hodc vuot muc trong cac bo céo vé ty Ié hién mac cua thiéu san vanh tai.
1.3.2.2. Céac réi logn lién quan dén thiéu san vanh tai

Khoang 20-60% tré em mic thiéu san vanh tai c6 céac di tat khac hoic c6 lién
quan dén mot hoi ching da biét (Bang 1.3), do d6 tré duoc chan doan mac thiéu san
vanh tai nén duogc kiém tra cac bat thuong khac vé hinh thai mot cach toan dién. Thiéu
san vanh tai 12 mot dic diém phé bién cua ching thiéu san so mat mot bén, hoi ching
Townes-Brocks va cac ching loan xuwong mat ham dudi (vi du: hoi chirng Treacher-
Collins va hdi ching Nager). Ngoai ra con ¢ rat nhiéu cac hoi chung hiém gap khéc
lién quan dén thiéu san vanh tai da duoc chi ra (Bang 1.3) [89]. Tat ca céc rbi loan nay
nén duoc hoi chan két hop khi danh gia mot ca thé co biéu hién caa thiéu san vanh tai.
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Bang 1.3. Cac héi chitng lién quan dén thiéu sdan vanh tai

STT H¢i chirng [89] Cic dic diém 1am sang dic trung
. Tai ngoai kém phat trién, khe ho mdi, khoang céch
HC Bixler , . \ -~ L x z N s
1 . . . I6n hon binh thwong gitra hai hoc mat va khe ho
(Hypertelorism-microtia-clefting) mat
R4i loan van nhén chiéu ngang, khiém thinh ning
. . do than kinh cam gi4c hai bén cing véi di tat tai
2 HC Bosley-Salih-Alorainy trong nghiém trong, di tat mach mau néo, di tat tim,
cham phét trién, tu ki
HC Cung mang-mat-mit Cre L e .
. . . t mat
3 (Branchiooculofacial, BOF) Di tat ¢ da, mat va co6 cac dac diém dac trung & ma
Di tat cung mang tha hai (u nang va 16 ro), di tat tai
4 HC Cung mang ngoai, tai gitra va tai trong ciing véi mat thinh luc
(Branchiootic syndrome, BO) do than kinh cam gié4c, do 6ng dan hozic hdn hop,
khong c6 bét thuong ¢ than
c HC Cung mang-tai-than Di tat & ¢, di tat tai ngoai, mat thinh luc va di tat &
(Branchiootorenal, BOR) than
Khiém khuyét & mét (coloboma), di tat tim, tic hep
6 HC CHARGE mii sz\lu, cvham [?hat t_r:en,_?at t\huc.mg bo_ph\an Sm,h
duc va/hoac duong tiét niéu va di tat tai cung véi
khiém thinh
, HC Diéc bam sinh, 140 hoa tai trong, BDiéc bam sinh, 140 hoa tai trong, thiéu san vanh tai,
thiéu san vanh tai, ring nho rang nho
8  HC Thiéu san so mat (CFM) So mat kém phat trién, khong ddi ximng
. A N , z , 7 . A < - h
9 HC Fraser Di tat‘ ducfng m| mg:[, dinh ngén, di tat duong sin
duc va duong tiét niéu.
10 HC Kabuki DgcA dl_em rpat iac t{ung, ’d1 t?t xuong, tam voc nho,
di tat tim va thiéu nang tri tué
11 HC Klippel-Feil Co pgan, _duong_ ch_aNn toc_thap, quay c6 han ché, bat
thuong tai ngoai, giira, tai trong
Thiéu san, bét san hoic hep hé thong tuyén 18, di tat
. . - tai clng vé6i than kinh cam giac hoic mat thinh luc
12 HC Lacrimo-auriculo-dento-digital x g, L . < X .
hon hop, thiéu san, bat san hodc hep tuyén nuéc
bot, di tat rang va céac di tat ngon
HC Meier-Gorlin (tim véc ngian & tai- Tai va 6ng tai rat nho, tim voc ngan va khong co
13 . N y .  Ae ot
xuong banh che) hodc xuong banh che rat nho
1 HC Thiéu san vanh tai-khiém thinh-hg Thiéu san vanh tai ca hai bén, suy giam thinh lyc
ham éch va hé ham éch
Cam nho, khe hé mdi va/hoic vom miéng, thiéu
15  HC Miller san hoic bt san céc yéu té sau truc cua céc chi,
khuyét mi mit, va thira nim va
Thiéu san dau tin cac xwong so mat mot bén,
16 HC Nager thuong két hop bét thuong chi
] = R 5 \ h - A - Y« LA - \ hA h'
17 HC Oculo-auricular Th:eu §anAvan tai/Anotia, di tat tim va cham phat
trien tri tué
Phé di tat tir thira ngon, khe ho niap thanh quan
. khong triéu ching, va u hamartoma vung dué6i ddi
18 HC Pallister Hall thé nhe dén khe ho thanh quan gay tir vong ¢ thé
nang
19  HC Townes Brocks (TBS) Di tat hau moén, vom miéng, ngon cai, tu chi, di tat
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STT Hoi chirng [89] Cic dic diém 1am sang diic trung

tai ngoai do TBS dién hinh bao gom tai nho, cup
phan trén go luan hay go luan nho kém theo nu thit
thira trudc tai

Di tat tai nho hai bén, thiéu san mat, xwong ham,

20  HC Treacher-Collins g0 ma, trong mat léch xudng dudi, khuyét mi dudi
dién hinh

. Dinh lién dét séng co (hoi ching Klippel-Feil), liét

g HC Wildervanck day than kinh sé VI hai bén cuing véi mat bi co rut

(Cervicooculoacoustic) (hoi ching Duane) va khiém thinh bim sinh.

Nhitng di tat phd bién nhit lién quan dén thiéu san vanh tai bao gom: di tat cot
s6ng (veo cot song do d6t song kém phat trién), tat miéng rong (macrostomia), khe ho
miéng (oral clefts), mat bat can xang (facial asymmetry), cac bat thuong ¢ than (thiéu
san than mot bén), di tat tim (thiéu vach ngan tam that bam sinh), teo nhan cau, (ng
ndo thuy, va di tat thira ngon [89]. Ngoai ra, khoang mét phan ba dén mot nira sé
ngudi bénh thiéu san vanh tai c¢d thiéu san so mat mot bén (craniofacial microsomia)
[88]. Céc dic diém bat thuong nay hau hét c6 lién quan dén hé thong mat-tai-cot séng
(OAVS), mot rdi loan dang chi y vai nhiéu bién thé trong 1am sang, dac biét 1a cac bat
thudng kinh dién trong hoi chiing Goldenhar hoic cac bién dang Klippel-Feil [92].
Thiéu san vanh tai va OAVS c6 chung mot sb dic diém nhu sau: (1) da dang biéu hién
kiéu hinh, (2) cac cau tric & khudn mit bat can xang, (3) vu thé phat trién vé bén phai,
(4) xu huéng xay ra & nam gioi, va (5) thiéu san vanh tai hoic cac di tat lién quan co
tinh chat gia dinh nhu xuat hién ny thit thira trudc 15 tai. Dua trén nhiing quan séat nay,
thiéu san vanh tai duoc cho 12 méot kiéu hinh nhe caa OAVS.

1.3.2.3. Phan logi thiéu sdn vanh tai

Do biéu hién kiéu hinh di tat tai bAm sinh kha da dang va trang lap, nén viéc
phét trién mot hé théng phan loai chinh xac dau 1a kiéu hinh lién quan dén thiéu san
vanh tai tro nén khé khan. Tuy nhién, van can mot hé thong phan loai tiéu chuan dé
thuan loi cho viéc chan doan, diéu tri ciing nhu chuin hda qué trinh thu thap di liéu
trong cac nghién ctu.

Hé thdng phan loai dau tién caa thiéu san vanh tai dugc Hermann Marx dua ra
vao nam 1926, dat tén 1a phan loai Marx [93] dua trén di tich tai con lai, gdm 3 cap do
ap dung cho di tat tai nho. Phan loai Marx duoc Meurman stra d6i vao nim 1957, bd
sung thém cap d6 thir 4 cua thiéu san vanh tai [94]. Bén cip d6 cua thiéu san vanh tai
dugce dua ra theo hé thdng phan loai Marx/Meurman: cip do | véi sy phat trién tai
ngoai khéng hoan chinh va ciu triic nhan dang ong tai ngoai nho, cap do 11 véi dinh tai
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khong phat trién va 6ng tai ngoai hep gay mat thinh luc, cap d6 111 1a cap do pho bién
nhat ¢ thiéu san vanh tai duoc nhan dang thdng qua khong c6 6ng tai ngoai va mang
tai, va cip d6 IV 1a truong hop mat hoan toan tai (anotia) (Hinh 1.4). Bay duoc xem la
mét trong nhiing hé théng phan loai tiéu chuan duoc st dung cho dén ngay nay.

Hinh 1.4. Cac cdp do cua thiéu san vanh tai.

Anotia (A); thiéu san vanh tai cap do 111 (B va C); cap do 1l (D — F) va cap do | bao
gom tai dang cdc hoic thily (G) va vanh tai bi vai lap (cryptotia) (H) [95].

Hé thdng phan loai thir hai dua trén ti Ié di tat hay 1a cAc bat thuong vé tai twong
quan vé&i phuong phap phau thuat duoc cong bd bai Tanzer vao nam 1975 [96]. Hé
théng phan loai nay gdm 5 loai di tat: (1) khong tai, (2) di tat tai nho, (3) di tat 1/3 giira

vanh tai, (4) di tat 1/3 trén vanh tai va (5) tai vénh.

Hé théng phan loai thi ba duoc Weerda va cong su dua ra vao nim 1988, dua
trén trén hai he théng phan loai truéc ciia Marx va Tanzer, dong thoi sira doi chdng, bo
sung thém ca cac bat thuong dién ra trong qua trinh phaét trién phai thai [97]. Hé thdng

phan loai nay duoc chia lam ba cap do loan san (dysplasia) cua tai.

Nam 2009, dua trén hé thong phan loai cia Weerda, nhém nghién cau cua
Hunter va cong su di dua ra mot hé thong phan loai méi gom 4 cip do cua thiéu san
vanh tai [98]. Chi tiét hé thong phan loai cua Weerda va nhém nghién ciu caia Hunter

duoc trinh bay trong Bang 1.4.
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Bang 1.4. Hé thong phan logi thiéu san vanh tai cia Weerda va nhém nghién cizu cuia
Hunter

Hé théng phan loai ciia Weerda [95]

Hé théng phan loai Hunter [95]

Logn san cdp dé 1

Hau hét cac cau tric cua tai ngoai (auricle) la
binh thuong va quan sat duoc, cha yéu I cac
di tat nho: vanh tai to (macrotia), tai nhé ra
ngoai nhung khong mat thinh lyc (protruding),
khéng c6 vanh tai trén, tai an (cryptoptia),
khéng c6 xoan trén, di tat tai nho, di tat tiéu
thiy (dai tai) va di tat tai hinh céc.

Thiéu san vanh tai cdp do I:

Céc thanh phan ciu tao cua tai day di, chiéu
dai tai theo chiéu doc nho hon tir 2 SD s0 Véi
muc trung binh.

Logn san cap dé Il

Chi mot s6 céu triic tai ngoai 1a binh thuong,
chu yéu 1a di tat tai hinh cbc loai 111 va di tat
tai nho.

Thiéu san vanh tai cap dé 11
Chiéu dai tai theo chiéu doc nho hon tir 2 SD
so véi muc trung binh va chi c6 mét phan nho
CAU tao cua tai 13 binh thuong

Logn san cap dé -
Toan bo cau tric tai ngoai 1a bat thuong, bao
gom: di tat 1 bén, di tat 2 bén, tai c6 hinh hat

Thiéu san vanh tai cap dg IlI:
Biéu hién vai sy bat thuong va kho xac dinh
duogc cac thanh phan cua tai ngoai.

dau va khéng cb tai.

Anotia:
MAt hoan toan tai

1.3.3. CA&c yéu té nguy co cé thé ddn dén thiéu san vanh tai

Qua trinh phét trién tai ngoai duoc bit dau trong tuan thai thir ndm, phat trién tur
I6p trung mo caa khe mang thir nhat va khe mang thtr hai, dong thoi duoc kiém soét
boi cac gen dinh hinh hai khe mang nay. Vanh tai duoc hinh thanh tir cac doi tai hay
con goi 1a doi His (chd 16i 1én trong hai khe mang, duoc hinh thanh trong tuan thai thir
sau). Nhirng doi ndy bao quanh khe mang dau tién tao thanh khéng gian giira hai khe
mang va gop phan hinh thanh nén tirng cau tric cia vanh tai bat dau tir khoang tuan
thai thir 12. Céc d6i tai phat trién, hop nhat va trai qua qua trinh phét sinh hinh théi tao
ra mot phan phéu, chuyén cac rung dong vao ong tai va doc theo ng tai dén mang nhi.
Quia trinh nay duoc dién ra mot cach chit chg hinh thanh nén tai c6 chic ning véi hinh
dang vanh tai gin nhu hoan thién & tuan thai thir 18, dat 85% kich thudc tai hoan chinh
cling nhu syn vanh tai gan nhu hoan chinh khi tré 5 tudi, va tiép tuc phat trién dén
hoan chinh khi tré 9 tudi [89]. Bat ky tac dong ndo din dén cac bat thuong trong qué

trinh phéat trién cua tai trong giai doan phat trién phdi cd thé 1a nguy co dan dén thiéu
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san vanh tai. Cac tac dong ndy c6 thé 1a cac tac nhan trong méi truong hoic ciling co

thé lién quan dén yéu tb di truyén.
1.3.3.1. CAc yéu té méi truong

Nguyén nhan dan dén thiéu san vanh tai ¢ hau hét tré so sinh hién van chua duoc
lam rd. Tuy nhién, cac nghién ciru ciing chi ra cac yéu t nguy co c6 lién quan dén céac
truong hop bénh bao gom tré sinh thiéu can, thai phu da qua nhiéu lan sinh nd hoic
méc cac bénh cap tinh cling nhu qua trinh st dung thudc khong dang trong thai ky va
cac yéu té moi trudng khac bao gdm thuc pham sir dung va méi truong tiép xdc trong
sudt thoi ky mang thai [95].

Nguy co sinh con bi di tat n6i chung va thiéu san vanh tai néi riéng ting 1én ¢
nhitng phu nit bi thiéu mau, mac bénh tiéu duong, sinh nhiéu 1an; ngoai ra, co6 thé lién
quan dén yéu té chung toc va tudi sinh con & ca bé va me [99, 100]. M6t nghién ctu tir
rat sém ¢ Nhat vao ndm 1996, phén tich cac yéu té nguy co trén 592 tré mic thiéu san
vanh tai da bao cdo c6 28% phu huynh (me cta nguoi bénh) bi cam lanh trong qua
trinh mang thai, c6 tién st say thai tu nhién hoac bi thiéu méau [86]. Ciing trong thoi
gian nay, mot nghién ctiu khac ¢ khu vuc My Latinh ciing dwa ra mot s6 yéu té nguy
co lién quan dén cac bénh mic phai & me trong tam cé& nguyét dau tién cua thai ky
[101]. Pac biét, nhitng ba me mac tiéu duong loai I mén tinh c6 nguy co sinh con bi
thiéu san vanh tai cao hon dang ké so véi cac truong hop khéc [84].

Mot yéu té nguy co khac lam ting nguy co sinh con bi thiéu san vanh tai lién
quan dén str dung thudc trong thai ky. Mot s bang chiing vé mdi twong quan gitta
thiéu san vanh tai phoi nhiém véi cac chat gay di tat thai bao gdm axit retinoic,
thalidomide (mét loai biét duoc giam dau, an than, hd tro gidc nga), mycophenolate
mofetil (M6t loai thudc tc ché mién dich) da duoc chi ra [102, 103]. Bic biét, c6 dén
83% tré mang cac di tat bam sinh nghiém trong bao gém ca thiéu san vanh tai duoc
sinh ra boi cac san phu cd sir dung isotretinoin (mot dang dan xuét caa vitamin A,
thudong duoc st dung dé diéu tri mun) trong thai ky [104, 105].

1.3.3.2. Yéu té di truyén

Ngoai cac yéu té méi trudng da duoc chi ra tir nhitng thap nién 90 cua thé ky
XX thi cac bt thuong trén gen ciing duoc xem la mot yéu td nguy co trong thiéu san
vanh tai ¢ ky nguyén mai. Yéu tb di truyén trong thiéu san vanh tai duoc phan &nh
trong cac bang chiing sau: (1) xay ra ¢ tredng hop sinh d6i cung trimg cao hon truong
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hop sinh d6i khac tring; (2) xay ra & cac gia dinh duoc béo céo 1 di truyén 1an ty phat
hodc di truyén troi; (3) ti I& xay ra trong cling mét gia dinh udc tinh 3-34%; (4) céc
khiém khuyét don gen hodc sai cau tric nhidm sic thé dugc bio cdo trong hon 18 hoi
chang thiéu san vanh tai khac nhau; (5) cac dot bién ¢ céc gen cu thé duoc xac dinh 1a
nguyén nhan dan dén kiéu hinh bénh c6 di kém biéu hién thiéu san vanh tai [106].
Viéc ap dung cac chién luoc méi trong sinh hoc phat trién va di truyén hoc da hd trg
lam s&ng to cac co ché kiém soét, phét trién lién quan dén su hinh thanh dau va mat
bao gébm ca qua trinh hinh thanh tai [89]. C4c nghién ctu nay chi ra nhiéu kha ning di
truyén Mendel xay ra trong cac trudng hop thiéu san vanh tai lién quan dén mot hoi
chang di truyén nao d6 va c6 yéu té gia dinh (tién st gia dinh); trong khi cac nguyén
nhan da yéu t6 (di truyén va maéi truong) va da gen can dugc xem xét trong céc truong
hop phat sinh mai (sporadic).

Mic di cho dén nay chua c6 gen nao dugc khang dinh 1a nguyén nhan dan dén
thiéu san vanh tai mot cach doc lap, nhung cac gen gay ra cac hoi chung co lién quan
dén thiéu san vanh tai da duoc chi ra (Bang 1.5). Nhiing gen nay da dugc md ta trong
cac truong hop thiéu san vanh tai mang thé 3 nhiém sic thé 18, 21, 22 ciing nhu thé 3
nhiém sic thé 13 (trisomy), dang thé kham & nhiém sic thé 18 [107, 108] va dot bién
méat doan & vi tri 4p, 5p, 18p, 18q va 22g11.2 [89]. Ngoai ra, sy hoan vi nhiém sic thé
bao gom ving 6p24 c6 lién quan dén truong hop mac thiéu san vanh tai ca hai bén
(bilateral microtia) va ho ham éch (orofacial clefting) [109]. Vao nam 2003, st dung
ky thuat lai CGH (comparative genomics hybridization), mot mat doan dai 5 Mb
(18022.3-18q22.23) da duoc xac dinh & tat ca ngudi bénh mic ching anotia. Do do,
viing nay trén nhiém sac thé 18 duoc coi la ving ung vién dé xac dinh truong hop
anotia [110]. Trong nghién citu pha hé di truyén mot gia dinh nam thé hé (56 thanh
vién) voi 20 nguoi c6 biéu hién cua thiéu san vanh tai di xac dinh dugc mot bién thé
sai nghia trén exon 3 gen GSC ¢0 thé lién quan dén kiéu hinh bénh trong gia dinh nay
[111]. Ngoai ra, cac mirc d6 methyl hoa twong ddi thap cua promoter gen EYAL quan
sat thay ¢ nhitng ngudi bénh thiéu san vanh tai khi so voi nhom chang cho thay muc
d6 methyl hoa c6 thé lién quan dén qué trinh phat sinh bénh [112]. Mot phén tich dot
bién cac gen GSC, HOXA2, va PRKRA trén 106 ngudi bénh thiéu san vanh tai bam
sinh (Trung Quéc) ma khong cd bat ky di tat két hop nao di xac dinh duoc 2 bién thé
méi trong ving 5’UTR cta gen HOXA2 [113]. Trong nim tiép theo, théng qua giai
trinh tu muc tiéu, cac dot bién trén 307 gen gay diéc & 32 nguoi bénh thiéu san vanh
tai da duoc sang loc. Nghién citu ndy nhin manh cac gen ¢ng vién, trong d6 COL4A4
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va COL1A1 c6 thé 1a nhitng gen ng vién dan dén thiéu san vanh tai théng qua con

duong két dinh tap trung (focal adhesion) va con duong tuwong tac thu thé ECM

(extracellular matrix — cau trdc nén) [114].

Bang 1.5. Cdc gen lién quan dén thiéu san vanh tai ¢ chugt va so sanh véi kiéu hinh

tai ¢ nguoi
Gene [89] Kiéu hinh tai & chugt Kiéu hinh tai & nguoi
1 | BMP5 Tai ngoai nhé / OTN binh thuong nr
MIM: 613630- khdng cé di tat
2 | CHUK (IKKA) Anotia tai trong hai truong hgp co dot
bién IKKA
3 | CYP26B1 Tai ngoai nho nr
Khong c6 tai ngoai
4 | DLX5/DLX6 Tai gitra bi anh huwéng nghiém trong nr
5 | EDN1 TalAngoa! ra‘g nh?/ khéng c6 OTN / ar
Khéng cd tai gilra
6 | EDNRA Tai ngoai nho nr
7 | EYAL Anotia EYA%. 30_/2 véi di tat tai ngoai
(bi gép / bien dang)
8 | FGF8 Tai ngoai nho / Di tat tai giira nr
9 | FGF10 Tai ngoai nho nr
10 | FREM2 Anotia nr
Giam nhe tai ngoai / Khdong c6 OTN / S an
11 | GSC Di tt tai trong Thiéu san vanh tai d¢ 11 [111]
12 | HEM locus Tai ngoai nAho /_Ap~ot|a/ Khéng co Khong Xac ‘d_mh duogc gen tuong
OTN/ Di tat tai gitra guan ¢ nguoi
13 | HoxA1L Tai ngoai nh¢é / Di tat tai giira va tai Tai ble[] dAang ‘(Chl xuat hién
trong trong mot so truong hop)
14 | HOXA1/HOXB1 Anotia nr
15 | HOXA2 “Anotia” (kho xac dinh cac go 15i) Thiéu san vanh tai do | va Il
16 | HOX2.2 (HOXB6) | Tai ngoai nho nr
17 | IRF6 Anotia nr
18 | PAXS D% teZat tai / _'I:al ngoai nhé / OTN hep / ar
Di tat tai gitra va tai trong
19 PRRX1/PRRX2 Tai ngoai nho / Di tat tai gitra va tai ar
(PMX1) trong
20 | PRKRA Tai ngoai nho / Di tat tai gitra nr
21 | RAR Tai ngoai nho / Anotia nr
22 | SALL1 Khong bi anh huong Thieu san vanh tai do I-II / Thit
thira trudc tai
23 | SIX1/SIX4 Anotia nr
Tai ngoai nho / Anotia / Dj tat tai gitra | Thiéu san vanh tai d¢ | (khéng
24 | TBX1 N P
va tai trong pho bién)
25 | TCFAP2A Anotia nr
26 | TCOF1 Tai hinh chén / Di tat tai giita qhieu san vanh fal va teo ong
27 | WNT5A Tai ngoai rat n_rlo/ khong c6 OTN / ar
khéng c0 tai giira
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Céc con dudng tin hiéu lién quan dén qué trinh phat trién tai ngodi ciing dugc
chi ra bao gom nhém céc yéu té ting truong 1a cac protein hinh thai xwong (Bmps),
cac con dudng tin hiéu Wingless/INT (Whnts), cac yéu té ting trudng nguyén bao soi
(Fgfs) va cac axit retinoic. RSi loan diéu hoa cac con dudng tin hiéu nay c6 thé duoc
kich hoat boi yéu t6 di truyén hodc céc yéu té méi truong, tiém an cac tac dong cd hai

dén su phét trién cua té bao, gay rdi loan phat trién tai ngoai [115].

1.3.4. Diéu tri va chim séc ngwoi bénh thiéu sdn vanh tai

Vi thiéu san vanh tai duge xac dinh khi khéng c6 dng tai ngoai, tré bi thiéu san
vanh tai cé thé bi mat thinh luc mot phan hoic toan bo ¢ tai bi anh huong, do d6 anh
huong dén chat luong cudc song. Néu nhing dua tré mac bénh & ca hai tai, ching c6
thé gap kho khan khi hoc néi va mac cam vé tinh trang cua minh khi chdng 16n 18n. Do
d6, muc tiéu diéu tri thiéu san vanh tai hién nay 1a tao hinh dang tét nhat ciing nhu cai
thién chirc ning cua tai kém phat trién. Hién c6 2 lya chon pho bién dé tao hinh tai cho
tré 1a sir dung tai sillicon nhan tao hozc phau thuat tai tao lai hinh dang ciing nhu cu
trdc tai (str dung suon sun tu than hoac vat liéu nhan tao nhu Medpor, Omnipor) [116].
Ngoai ra, sir dung cong nghé mé trong nudi cay, tai tao tai va cac md sun da c6 nhiing
budéc tién tiém nang va day hta hen véi muc tiéu tao ra cac méd co kich thuéc khac
nhau phi hop véi cac dic tinh cau tric, sinh hoa ciing nhu co hoc cua sun tai mot cach
tu nhién [117, 118]. V¢i su tro gilp caa may tinh (CAD/CAM), khubn sinh hoc duoc
dung 1én dua theo hinh dang cua tai lanh dic trung cho timg ngudi bénh; sau dé tién
hanh nudi cdy mé trong khudn dé tao thanh tai hoan chinh [117-121]. Trong nim
2018, Guangdong va cong su da bao cao thuc hién thanh cong cong nghé nay trén 5
truong hop bénh nhi mac di tat tai nho nguoi Trung Qudc [119], tir d6 bao hiéu mot

budc tién méi trong thuc hanh 1am sang tao hinh dang tai.
1.4 Céng nghé giai trinh tw thé hé méi trong nghién cieu bénh hiém

Ké tir khi cong nghé giai trinh ty thé hé mai xuat hién, sé luong gen lién quan
dén cac bénh di truyén lién tuc duoc xac dinh va ting theo cip s6 nhan trong tat ca cac
linh vuc y hoc. Trong 10 nam (tir 2007 dén 2017), s6 luong gen gay bénh moi duoc
bao cao trén co so dit lisu OMIM ting tir 2049 gen Ién 4978 gen [122]. Su bung né dit
licu nay 1a do NGS c¢6 thé duoc st dung dé giai trinh ty bat ky ving nao trong hé gen

ctia con ngudi mot cach nhanh chong va chinh xac. Tuy loai hinh NGS ma c6 thé tiép
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can dir liéu cua mot tap hop gen hay toan bo hé gen. Luong dix liéu 16n duoc trich xuat
tir phan tich NGS da mang dén nhiéu co hoi dé giai quyét cac cau hoi nghién ctu moi
cling nhu truyén tai cac kién thirc, théng tin méi hd trg cho thuc hanh 1am sang. Cac
chuong trinh nhu “Chiam séc bénh hiém”, “Giai ma céac réi loan phat trién”, “Dich vu
chan doan bénh hiém va bénh chua rd nguyén nhan” va “Mang luéi bénh chua rd
nguyén nhan” da ching minh NGS gitp chan doan sém va chinh xac, tir d6 giam thiéu
chi phi, do tap trung diéu tri dich thay vi diéu tri dan trai tbn kém trudc day khi chua
xac dinh duoc nguyén nhan gay bénh [123-125]. Ngoai ra, cac xét nghiém xam lan
khong can thiét ciing nhu tic dong tiéu cuc dén sic khoe tinh than cia ngudi bénh
cling duoc giam tai. Chi trong vai tuan hoic tham chi it hon, cic phan tich dua trén
NGS c6 thé dua ra két qua vé cac bién thé hay cac gen co lién quan, gidp thiét 1ap chan
doan nhanh trong mot co s6 cac truong hop. Do dé, khong co gi ngac nhién khi cac hé
thong cham soc stirc khoe tét nhat trén thé gisi hién nay sir dung nhiing cong cu manh
mé& nay nhu mot phan caa quy trinh chan doan thong thudng. Trong nghién ctu bénh
hiém, ba cong nghé NGS chua yéu dugc sir dung bao gom: Gene Panel, Giai trinh ty
toan bo hé gen mé hoa (WES) va Giai trinh ty toan bo hé gen (WGS) [122].

Véi chién luoc xac dinh gen gay bénh muc tiéu, bao gom ca cac gen di biét
hodc chua biét lién quan dén kiéu hinh bénh thi hai cach tiép can chinh thudong dugc
sir dung 1a WES va WGS. Qua trinh dugc tién hanh bang viéc (1) phan tich nhém
ngudi bénh c6 cung dic diém 1am sang va tién hanh sang loc cac bién thé lién quan
cling nhu gay bénh tiém ning, két hop (2) sang loc cac bién thé nguy co nay trén cha
me va/hodc cac thanh vién gia dinh khac, tir d6 xac dinh phuong thuc di truyén phi
hop dé khu tri lai ddu 1a bién thé gay bénh muc tiéu [122]. Trong d6, WES gin nhu
théng tri thi truong nghién ciu bénh hiém trong nhirng nam gan day. Nhiéu bénh chua
rd nguyén nhan da duoc xac dinh théng qua WES [126] véi hiéu qua phéan tich khéng
chénh léch nhiéu so véi WGS ma chi phi lai giam ciing nhu tiét kiém thoi gian hon do
chi tap trung vao vung trinh ty ma héa - ving chi chiém khoang 1% (~30 Mb) kich
thudc bo gen nhung c6 chira dén 85% céac bién thé gay bénh [126]. Tuy nhién, WES
lai rat han ché trong viéc phét hién céc bién thé ciu tric, cac mat doan/liap doan 16n
trong hé gen [122]. Trong truong hop ndy co thé sir dung WGS dé ting kha ning phat
hién céc bién thé gay bénh muc tiéu nam trong céc ving trinh tw ma WES khéng thé

tiép can duoc. Ngoai ra, sir dung Gene Panel c6 thé ting kha ning phat hién bién thé
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lién quan dén sb luong ban sao (CNV) va cac dot bién kham soma hon so véi WES do
chi can tap trung vao cac nhom gen da biét (d6 bao phu s& cao hon) nhung lai c6 mot
han ché 1a khdng c6 kha ning xac dinh c4c gen gay bénh méi va chi phi thuc hién doi
khi 16n hon so véi WES [122]. Do d6, viéc lua chon loai hinh NGS phu hop dé st
dung trong nghién ctzu bénh hiém tly thudéc vao muc tiéu ciing nhu gii han kinh phi

cho phép.

1.5 Tinh hinh nghién ciu tai Viét Nam

Tai Viét Nam, chua c6 nghién ciru hay théng ké chinh thizc nao lién quan dén ti
I mac ly thuong bi bong nudc, bach tang va thiéu san vanh tai. Tuy nhién, theo Bénh
vién Tai mii hong Trung Uong, mdi nam bénh vién tiép nhan khoang 20-30 ca mang
cac khiém khuyét vanh tai mo lan dau bén canh rat nhiéu cac truong hop mo tao hinh
vanh tai ¢ thi 2, thi 3. Ciing gidng nhu cac bénh hiém khac, diéu tri 1am sang hién nay
cha yéu 1a diéu tri cac triéu chang, gidp cai thién chat lwong cudc song cho nguoi
bénh. Bénh vién Nhi Bong Thanh phd H6 Chi Minh va Bénh vién Nhi Trung Uong da
tong hop va soan thao mot tai liéu riéng hudng dan chim soc nguoi bénh mic ly
thuong bi bong nude. Trong nim 2018, mot Hoi thao chuyén dé vé bénh 1y “Ly
thuong bi bong nudc di truyén” thudc chuong trinh hop tac véi to chic Fondation
Urgo — Phap di duoc to chuc tai Bénh vién Nhi Dong 1, Thanh phé H6 Chi Minh. Tai
hoi thao, ThS. BS Nguyén Thi Thanh Huong — Phé khoa So sinh di trinh bay cac
truong hop ly thuong bi bong nude da diéu tri thanh cong tai Bénh vién Nhi Dong 1.
Pong thoi BS Nguyén Thi Ngoc Tring — Khoa So sinh ciing trinh by vé cac budc
chiam soc vét thuong ¢ tré mac EB, tir cach 1am sach vét thuong, xtr tri bong nudc, loai
bo té bao chét, xir Iy nhiém tring va cach bing vét thuong (http:/nhidong.org.vn).
Trong cham séc¢ bach tang, ngudi bénh duoc khuyén céo tranh tiép xic voi anh séng
mat troi, st dung kem chéng nang va kinh mau, kinh diéu chinh thi lyc; di véi céc
truong hop bi rung giat nhdn cau co6 thé can thiép bang phuong thirc phau thuat, tuy
nhién khdng gilp cai thién thi lyc. D6i véi ngudi bénh thiéu san vanh tai, phau thuat
tao hinh vanh tai méi st dung sun suon tu than hau hét dugc thuc hién tai Bénh vién
Tai miii hong Trung wong (NOH). Néu tré c6 tai giira va tai trong thi viéc tao hinh dng
tai tr giai doan sém sé& gilp tré nghe ndi dugc binh thuong. Trong dot phiu thuat tir
thién tai NOH dién ra tir ngay 4/11 dén 10/11/2018, doan chuyén gia dén tir t6 chic
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Face to Face (M) da tién hanh phiu thuat cho 55 truong hop bi khuyét tat vanh tai,
trong d6 c6 20 ngudi bénh md lan dau va 35 ngudi bénh dugc tiép tuc thyc hién cac
lwot mb tiép theo trong chudi phau thuit tao hinh vanh tai. Ngoai Bénh vién Tai miii
hong Trung Uong thi tinh dén nim 2017, Khoa Tao hinh ham - mit - thAm m§ Bénh
vién Hiru nghi Viét Puc ciing da thuc hién dugce hon 50 ca tao hinh vanh tai voi két

qua kha quan.

Mic du day 1a nhitng cin bénh hiém gap va chua c6 cach chita tri nhung dang
ngay cang duoc cac nha nghién ctu va cac bac si y khoa quan tdm véi mong mudn
mang lai mot twong lai twoi sang hon cho ngudi bénh va gia dinh. Tuy nhién, cho dén
thoi diém nam 2018, chua c6 mot nghién ciu di truyén chuyén sau nao duoc tién hanh
trén cac d6i tuong mac ly thuong bi bong nudc, bach tang va thiéu san vanh tai & Viét
Nam. C4c nghién ctu cha yéu bao cdo vé cac dic diém 1am sang, can 1am sang va bién
chtng cua bénh, cu thé 1a & cac bénh nhi mac ly thuong bi bong nude duoce thim kham
va diéu tri tai Bénh vién Nhi Trung wong va Bénh vién Da liéu Trung uong trong giai
doan 2007-2011 [127, 128]. Nghién ctu ctaa ching t6i tai Vién Nghién ciu hé gen,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam, duoc bit dau thyc hién vao nim
2019 c6 thé duoc xem I1a mot trong nhitng nghién ctu dau tién tai Viét Nam, di sau
phét hién, danh gia cac bién thé 1a nguyén nhan gay bénh/cé thé gay bénh & cac nhom
ngudi bénh ly thuong bi bong nudc, bach tang va/hoic thiéu san vanh tai. Két qua
nghién ctiru cua 2/3 bénh da dugc cong bo trén cac tap chi Quéc té uy vao nam 2021 va
2022. Ngoai ra, vao cudi nam 2022, PGS.TS Nguyén Thuy Duong va cong su ciing di
bao c4o hai truong hop bénh nhi trong mot gia dinh, ciing mac ly thuong bi bong nude
thé nang véi bién thé ddng hop tir gen COL7A1L duoc xac dinh [129].

Dua trén céc thdng tin dugc cung cap trong nghién cau nay, ¢é thé hinh dung ra
dugc tim quan trong ciia chan doan phan tir trong viéc xac dinh chinh xac nguyén
nhan dan dén bénh ¢ nhitng nguoi bénh ly thuong bi bong nudc va bach tang ciing nhu
yéu té nguy co trong thiéu san vanh tai. Théng qua c4c chan doan di truyén & muic do
phan tir, cac théng tin di truyén hitu ich c6 thé duoc cung cip lam co s khoa hoc phuc
vu trong chan doan, diéu tri, tién luong tién trién bénh trong tuong lai cling nhu tu van

di truyén phu hop.
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CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Péi twong nghién ciru

Tam nguoi bénh ly thuong bi bong nudc, bay ngudoi bénh bach tang va 11
ngudi bénh thiéu san vanh tai dugc thim kham, chan doan va két luan bai cac bac si
tai Pai hoc Y Ha Noi va Hoc vién Quan y. Mau mau ngoai vi ctia ngudi bénh cling cac
thanh vién gia dinh (ngoai trir thanh vién gia dinh bénh nhan bach tang l6n tudi AI005)
duoc tién hanh thu thap dé phuc vu nghién ctu. Riéng nhom thiéu san vanh tai khong
thu dugc mau thanh vién gia dinh. Danh sich ngudi bénh cling cc thanh vién gia dinh

tham gia nghién ctiru duoc liét ké chi tiét trong Phu luc 1 (trang -1-, Phu luc).
2.2.1. Bénh ly thuwong bi bong nwoc
2.2.1.1. Tiéu chudn lya chon
Tat ca ngudi bénh co du cac tiéu chuan sau day sé duoc lya chon dé dua vao
nghién cau:
- Xuat hién c&c mun nude, bong nudc, hat sing trén da (c6 thé nhe/nang) sau

nhitng sang chan nhe trén da va niém mac, ¢ nhiing vi tri ty d¢ d& bi co sat nhu ban

tay, ban chan, khuyu tay, dau goi, mong, v.v. va co thé lan ra khip co thé.
- Nguoi bénh hodc ngudi bao ho déng ¥ tham gia nghién cuu.
2.2.1.2. Tiéu chudn logi trir

Loai trir cac bénh: bénh cham pompholyx, bénh ty mién, réi loan chuyén hoa
porphyria, bénh vay cé, bénh day sung long ban tay ban chén, hoi chieng ehler-danlos,
bénh nhidm sic té dam dé, hoi ching da ddm va bénh té bao mast... Tiéu chuan loai

trir lién quan 14m sang tuan theo hudng dan tong hop bai Bardhan va cong su [1].
Ho so nghién ciru cta ngudi bénh khong day du.
Ngudi bénh hoidc nguoi bao ho khong dong y tham gia nghién ctu.
2.2.1.3. Phéan logi Iy thuong bi bong nudc theo 1am sang

Phan loai theo 14am sang duoc dua trén cac tiéu chuan dugc tong hop boi

Bardhan va cong su [1]; ddng thoi tham khao tai liéu “Hudng dan chan doan va diéu
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tri cac bénh da lidu” ban hanh bai B Y té theo Quyét dinh sé 75/QD-BYT ngay
13/01/2015 [130]. Céc dic diém dic trung cho mot s6 phan nhém/tiéu phan nhom EB
chinh duoc liét ké chi tiét trong Phu luc 2 (trang -5-, Phu luc)

Do céc dic diém l1am sang doi khi tron 13n giita cac phan nhom nén rat kho dé
c6 thé chan doan xac dinh mot cach chinh xéac néu chi dua trén cac dau hiéu 1am sang.
Tuy nhién, mét s6 treong hop van co thé xac dinh dugc chang han nhu biéu hién co rat
ngén, dinh ngén tay, ngdn chan tao thanh boc 1a dic diém nhan dién dic trung cua
phan nhém RDEB thé nang.

2.2.2. Bénh bach tang
2.2.2.1. Tiéu chudn lira chon
Nguoi bénh ¢6 biéu hién suy giam sic té & da, téc va’hoic mit di kém véi thinh
lyc binh thudng (dé loai trir cac hoi ching/réi loan khong lién quan ciing c6 biéu hién
suy giam sac td).

Nguoi bénh hodc ngudi bao ho dong y tham gia nghién ciu.

2.2.2.2. Tiéu chudn logi trir

Chan doan loai trir v&i cac hoi chung/rdi loan khac tring lap vé mot sé dic
diém 1am sang dic trung:

- Céc hoi chung c6 bao gom suy giam sac td: hoi ching Vici, hoi ching
Waardenburg loai Il va hoi chang Tietz.

- Céc hoi chang/rdi loan c6 biéu hién bat thuong & mit (biéu hién sém cua rung
giat nhan cau): teo/thiéu san day than kinh thi giac, loan dudng véng mac di truyén,
hoi chiing rung giat nhdn cau bam sinh & tré so sinh, di tat méng mét va ching mo
mau (Achromatopsia).

Ho so nghién ciru cia ngudi bénh khong day du.

Nguoi bénh hoic nguoi bao ho khong dong y tham gia nghién ciu.

2.2.2.3. Phan loagi bach tang theo 1am sang

Phan loai theo 1am sang duogc thuc hién dua trén tiéu chuan dugc téng hop boi

Federico va Krishnamurthy [55]. Cac dic diém dic trung cua cac phan nhém bach
tang duoc liét ké chi tiét trong Phu luc 3 (trang -8-, Phu luc)
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2.2.3. Bénh thiéu sdn vanh tai
2.2.3.1. Tiéu chuan lia chon

Nguoi bénh dugc chan doan di tat tai nho/thiéu san vanh tai bam sinh va da

dugc phan muc di tat theo phan loai Marx (tir cap do I d&én 1V):

- Do I: cac cau trc chi tiét trén vanh tai day di nhung tai nho hon, di tat & céc

murc d6 khac nhau, cting véi mac d6 tai cup, tit, hep dng tai ngoai khac nhau.

- Do I1: chi mot sé cau tric tai ngoai 1a binh thuong, dinh tai khéng phat trién,
thuong di kém véi tit dng tai ngoai.

- Do 1 chi con lai vét tich nho cia tai, dién hinh ¢6 hinh dang “hat dau” hoac
“xtic xich” d6ng thoi khong c6 vanh tai, bat thuong vi tri dai tai, khong cé éng tai
ngoai.

- b6 IV: Khéng c6 vanh tai.

C6 thong tin tién sir gia dinh (Phu luc 4, trang -10-).

Nguoi bénh hodc ngudi bao ho dong y tham gia nghién ciu.

2.2.3.2. Tiéu chuan logi trir

Ho so nghién ciru cia nguoi bénh khong day du.

Ngudi bénh hozc nguoi bao ho khong dong y tham gia nghién ctu.
2.2. Dao dirc trong nghién ciru

Nghién ctru nay da duoc thong qua bai Hoi dong dao dirc trong nghién ctu y
sinh hoc cua Vién Nghién cau hé gen, Vién Han lam Khoa hoc va Cong nghé Viét
Nam, Ha Noi, Viét Nam theo Quyét dinh s6 2-2019/NCHG-HPPP ngay 02 thang 04
nam 2019. Bén canh d6, truge khi tién hanh thu miu méu, muc dich nghién ctru da
dugc giai thich rd rang, nguoi bénh (hoac nguoi bao hd) ciing da xac nhan vao don

tinh nguyén tham gia nghién cau.
2.3. Thoi gian, dia diém nghién cieu

Nghién ctiru duoc thuc hién tir 09/2019 dén 09/2022 tai Vién Nghién cau hé
gen, Vién Han 1am Khoa hoc va Coéng nghé Viét Nam, 18 Hoang Quéc Viét, Cau
Gidy, Ha Noi, Viét Nam.



43

2.4. Hoa chét, trang thiét bi va dung cu

Cac hoa chat, may moc va thiét bi phuc vu cho nghién ciu ndy thudc Vién

nghién cau hé gen, Vién Han lam Khoa hoc va Cong nghé Viét Nam.

Céc héa chit sir dung chinh trong nghién ciru bao gém: bo sinh pham Exgene™
Blood SV mini Kit (GeneAll-Han Quéc) str dung dé tach chiét DNA tong sb; xac dinh
nong d0 DNA/thu vién DNA théng qua Qubit dsDNA HS Assay Kit (Life
Technologies-My); sir dung Sure Select V6-Post (Agilent Technologies, Santa Clara,
California, My) dé chuan bi thu vién cho giai trinh ty toan bo hé gen ma hoéa (WES);
sir dung DNA 1000 chip (Agilent Technologies, My) va Agilent gPCR NGS Library
Quantification Kit (Agilent, My) dé danh gia chat luong, kich thuwéc cua thu vién
DNA; st dung BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems,
M¥) trong giai trinh tu truc tiép; st dung Monarch® Total RNA Miniprep Kit (New
England Biolab, M) dé tach chiét RNA tong sb va tong hop ¢cDNA dugc thuc hién
nho str dung bo ProtoScript® Il First Strand cDNA Synthesis Kit (New England
Biolab, My).

Céc thiét bi sir dung chinh bao gom: may giai trinh tu thé hé mai NextSeq 500
(Illumina, M¥), hé théng may tinh hiéu nang cao HPC st dung trong phan tich di liéu
WES, may dién di tu dong 2100 Bioanalyzer (Agilent, My); may real-time PCR Light
Cycle 96 (Roche, Thuy Si) may giai trinh tu gen ABI 3500 Genetic Analyzer (Thermo
Fisher Scientific, M¥y), can ky thuat (Ohaus, M¥), ti mat c6 ngan dong (Electrolux,
Thuy Dién), may ly tam (Eppendorf, Dirc) va may ly tdm lanh da ning (5810R-Pic);
may PCR Mastercycler pro S (Ptc); may dién di (Bio-Rad); may soi gel va chup anh
tu dong DigiDoc-I1t® Imaging System cua Ultra-violet production (My); may c6 quay
chan khéng-SpeedVac (Eppendorf, Dtc), miy do quang phd (UV-Vis
BioSpectrometer Basic, Puc); may do huynh quang Qubit 2.0 Fluorometer (Thermo
Fisher Scientific, My)... ;

Céc dung cu thi nghiém duoc sir dung bao gom: 6ng chira méau EDTA-K2 (Viét
Nam), micropipette don kénh va da kénh (Eppendorf, Duc), stepper pipette
(Eppendorf, Dtic), combitips ding cho stepper piptte (Eppendorf, Birc), dng eppendorf
dung mau thé tich 1,5 ml (Corning, M¥), dng ly tam falcon thé tich 15 ml-50 ml
(Biologix, M¥), ng PCR 0,2 ml (QSP), ng sir dung dé phan manh DNA Covaris
microTUBE (Covaris, My); dia chay PCR 96 giéng (Biologix-My), dia chay real-time
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PCR 96 giéng (Roche, Thuy Si), dia giai trinh tu 96 giéng (ABI-MY), dia tinh sach san
pham PCR 96 giéng (Merck-Milipore, M¥).

2.5. Phuwong phap nghién ctru
Thiét ké nghién ciu:

Nghién ctru dugc thuc hién theo phuong phap mét loat ca bénh hiém. So db chi
tiét qua trinh thuc hién nghién ctru duoc tom tat trong Hinh 2.1 dudi day.

[ Nghién ciru mét loat ca bénh hiém ]

!

[ Thu miu mau: 6ng EDTA, bao quan -20°C ]

4
Tach chiét DNA téng sb
(Exgene™ Blood SV mini Kit , GeneAll-Hdn Qudc)
4
Giai trinh tu h¢ gen ma hoéa (WES)
(Sure Select V6-Post , Agilent Technologies, My - Hé hong GTT Illumina)
4
e [ Phan tich dir liéu ]"*\

‘ - p - P - A
” Sap xep, so sanh vai trinh tu tham chieu Chonloc céc bien the Y
I (BWA v0.7.12) (MAF < 0.5%, LoF hodc sai nghia) ‘I
1 - |
: Chi giai !
! (Chuwong trinh ANNOVAR) |

|
: *1000g, ExAC, dbSNP, ClinVar :
: Phét hién bién thé SIFT, F’olyphenZ, LRT, Mutation Taster, \
. (Cong cu GATK & Sam) Mutation Assessor, FATHMM, PROVEAN, :
| . VEST3, MetaSVM, MetalR, regsnp ... |
] *BaseRecalibrator *HSF, Alamut Visual. |
1 *CreateSequenceDictionary !
: *AddQOrReplaceReadGroups L , i :
1 *MarkDuplicates 0c cac gen lien quat) |
| *BuildBamIndex !
\ *RealignerTargetCreator ,I

\ 5 i c R
\\ IndelRealigner, Mutect2, ... Cic bién thé/gen tiém niing ’/f

4 4
Giai trinh tu Sanger kiém chiing két qua Phan tich tuong tac protein (PPI);
RT-PCR: danh gia bién thé splicing Phéan tich lam giau tap hop gen KEGG
MLPA xéc dinh bién thé CNV (Nhém thiéu sin vanh tai)
4 4
Xac dinh bién thé Dua ra goi y vé cic gen/
nguyén nhan/ cac con duong co thé anh huong
nguy co (Nhém thiéu san vanh tai)

Hinh 2.1. So d6 minh hoa cac buéc thuc hién nghién cau
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2.5.1. Chudn bj DNA téng sé

2.5.1.1. Tach chiét DNA tong sé

Mau mau ngoai vi (2 ml mdi ca thé) dugc thu vao dng chira mau EDTA K2 va
lwu giit & -20°C cho dén khi st dung. Cac mau sau khi tiép nhan da dugc ma hoa sau d6
tach chiét DNA tong sé bang Exgene™ Blood SV mini Kit (GeneAll-Han Qudc) tuan
theo hudng dan cua nha san xuat. DNA sau khi tach chiét dugc kiém tra bang dién di
trén gel agarose 0.8%, do ndng do st dung may do quang phd va sau d6 dugc luu trit ¢ -
20°C cho dén khi st dung.

2.5.1.2. Po néng dé DNA bang Qubit dSDNA HS Assay Kit

DNA tong s6 tach tir miu mau dugc dem kiém tra ndng d6 DNA soi kép
(dsDNA) sir dung bé Qubit dsDNA HS Assay Kit (Life Technologies-My) tuan theo

huéng dan caa nha san xuat.

2.5.2. Gidi trinh tw toan bg hé gen ma hoa

Giai trinh tu toan b hé gen ma hoa (WES) duoc thuc hién trén 8 nguoi bénh ly
thuong bi bong nudc, 7 ngudi bénh bach tang va 11 ngudi bénh thiéu san vanh tai.
Thu vién DNA dugc thiét 1ap sir dung bo Sure Select V6-Post (Agilent Technologies,

M) Véi quy trinh duoc thyc hién lan lugt nhu sau:
2.5.2.1. Chudn bi mau
Phan manh DNA va gan adapter

DNA tong sé dugc phan manh s dung enzyme gigi han, tiép sau d6 1a qua
trinh gan adapter vao cac manh DNA. Ca qua trinh ndy dugc thyc hién st dung bo

SureSelect®T Reagent Kit tuan theo huéng dan cua nha san Xuét.
Tinh sach cac manh DNA dd gdan adapter

Trudc khi bat dau tién hanh qua trinh tinh sach, cac hat tir AMPure XP duoc bo
ra ngoai nhiét d6 phong trudc it nhat 30 phit va ludn gitr & nhiét ¢ nay trong sudt qué
trinh thao tac thi nghiém. Ngoai ra can chuan bi thém ethanol 70%. Cac budc tinh sach
duogc tién hanh ngay sau qua trinh phan manh DNA trude d6 va duoc thyuc hién theo
huéng dan caa nha san xuat. San pham sau khi tinh sach (~10 pl) duoc giit trén d4 cho

dén khi thuc hién cac budc thi nghiém tiép theo.
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Khuéch dai cac manh DNA di dwoc gan adapter va tinh sach san pham PCR

Hon hop 40 pl phan tng PCR chua bao gdm mau duoc chuan bi bao gém 10 pl
Herculase Il 5x Reaction Buffer, 0,5 ul 100 mM dNTP Mix (25 mM each dNTP), 2,5
pl DMSO, 1 ul SureSelect QXT Primer Mix, 1 pl Herculase Il Fusion DNA
Polymerase va 25 pl nudc khir ion. Tat ca cac hoa chat sau khi ra dong duoc giir trén
da, ngoai trir DMSO. Sau dé, bd sung 40 pl hdn hop nay vao 10 pl thu vién DNA di
duoc gan adapter, tron déu toan bo dung dich, ly tdm nhanh chéng va thuc hién chu
trinh nhiét trén may PCR: 68°C — 2 phut; 98°C — 2 phut; 8 chu ky (98°C — 30 giay,
57°C — 30 gidy, 72°C — 1 phat); 72°C — 5 phat; 4°C - oo,

San pham PCR sau dé duoc tinh sach st dung cac hat tr AMPure XP (da duoc
dua ra ngoai nhiét 6 phong trudc it nhat 30 phat) va con 70% theo hudng dan cia nha
san xuét. San pham PCR sau khi tinh sach (~13 pl) duoc bao quan & -20°C cho dén khi

st dung.
Dinh luong va danh gid chat luwong cua thu vien DNA

Chét lugng cua thu vién DNA duoc danh gia thong qua hé thong dién di ty dong
Agilent Technologies 2100 Bioanalyzer st dung DNA 1000 chip (Agilent
Technologies, M) véi kich thuéc nam trong khoang tir 245 bp dén 325 bp. Cac budc

thuc hién tuan theo huéng dan cua nha san xuat.
2.5.2.2. Qué trinh lai va thu gii cdc dau do
Qua trinh lai

Qua trinh lai dugc thuc hién s dung SureSelect®*™ Reagent Kit tuan theo
huéng dan cua nha san xuat. Tong thé tich lai 12 17 pl bao gom 5 pl SureSelect QXT
Fast Blocker Mix va 12 pl thu vién DNA di duoc khuéch dai va tinh sach. Tiép do,
phan tng PCR duoc tién hanh vai chu trinh nhiét: 95°C — 5 phdt; 65°C — 10 phut; 65°C
— 1 phit (tam ding & day); 60 chu ky (65°C — 1 phat, 37°C — 3 gidy); 65°C — oo,

Sau khi két thic chu trinh nhiét thi 3 caa phan tng lai va may dang gitt ¢ ché
d6 tam dung, tién hanh bo sung 13 pl hdn hop Capture Library Hybridization Mix
(bao gdm 2 pl RNase Block solution 25%, 3 pl dau do va 6 pl SureSelect Fast

Hybridization Buffer) vao mdi 6ng mau va tron déu bang pipet tir 8 dén 10 lan. Tiép
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tuc tron hdn hop bang may voltex ¢ toc do cao trong 5 gidy, ly tim nhanh chong va dit

lai vao may PCR, tiép tuc thuc hién cac chu trinh nhiét con lai da duoc cai dat.
Thu giir dau do

Truéc khi tién hanh thu gitr dau do, can chuan bi cac hat tir duoc bao bai
streptavidin sir dung cac hoa chat trong SureSelect®*™ Reagent Kit va Dynabeads
MyOne Streptavidin T1. Cac budc thuc hién tuin theo huéng dan cia nha san xuat.
San pham cua qué trinh thu giir dau do (23 pl dung dich) dugc giit trén da cho dén khi
thuc hién phan tng PCR tiép theo.

2.5.2.3. Chudn bi thur vién cho gidi trinh tur

PCR khuéch dai thu vién da dwoc gan va thu gii dau do véi cap mai gan chi

muc (indexing primers)

Chon cac méi chi muc phu hop cho tirng miu theo huéng dan (tham khao
huéng dan chi tiét caa kit vai ma s G9681-90000). Hon hop hoa chat cho phan tng
PCR dugc chuan bj véi téng thé tich 25 pl bao gom: 10 pl Herculase 11 5% Reaction
Buffer, 0,5 ul 100 mM dNTP Mix, 1 pl Herculase 1l Fusion DNA Polymerase va 13,5
ul nude khir ion. Bo sung 25 pl hdn hop hda chat PCR vira chuan bi vao 23 pl mau thu
duogc tir qua trinh lai va thu gitr ¢au do. B6 sung 1 pl P7 dual indexing primer (P7 il
dén P7 i12) vao hdn hop phan tng PCR trén. Cha y, mdi phan &ng chi bo sung duy
nhat mot moi chi muyc trong s6 12 chi muc P7. Tiép do, bd sung 1 pl P5 dual indexing
primer (P5 i13 dén P7 i20) vao hdn hop phan ang PCR trén. Cha y, mdi phan tng chi
bd sung duy nhat mot moi chi muc trong sb 8 chi muc P5. Tron déu hdn hop phan ung
bang pipet va thyc hién chu trinh nhiét trén may PCR da duoc cai dit: 98°C — 2 pht;
12 chu ky (98°C — 30 gidy, 58°C — 30 giay, 72°C — 1 phit): 72°C — 5 phit; 4°C — oo,

Sau khi qué trinh PCR két thic, ly tam nhanh san pham va dat 1én gia tir & nhiét
d6 phong dé loai bo c4c hat tir. Poi khoang 2 phat dé dung dich tro nén trong sudt, sau
d6 hiit toan bo dich sang éng mai (~ 50 pl).

Tinh sach san pham PCR

Trudéc khi bat dau tién hanh qua trinh tinh sach, cac hat tir AMPure XP duoc bo
ra ngoai nhiét d6 phong trudc it nhat 30 phit va ludn git & nhiét ¢ nay trong sudt qué

trinh thao tac thi nghiém. Ngoai ra can chuan bi thém 400 pl cdn 70% cho mdi mau.
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San pham PCR sau khi tinh sach (~25 pl) duoc bao quan & -20°C néu khéng tiép tuc

thuc hién ludn cac budc thi nghiém tiép theo.
Dinh luong va danh gid chat lwong cua thu vien DNA

Chat lugng, kich thuéc cua thu vién DNA duoc danh gia thong qua hé théng
dién di tu dong Agilent Technologies 2100 Bioanalyzer sit dung DNA 1000 chip
(Agilent Technologies, M) véi kich thuéc nam trong khoang tir 325 dén 450 bp. Céc

budc thuc hién tuan theo huéng dan cua nha san xuat.

Ngoai ra, thu vién DNA duoc dinh lugng thong qua qPCR suir dung bo Agilent

QPCR NGS Library Quantification Kit tuan theo huéng dan cta nha san xuat.

Két qua caa qPCR duoc tién hanh phan tich thong qua cac buéc sau: (1) Tao
duong chuan dua trén dai nong do6 pha lodng cia DNA chuan; (2) Pam bao rang
duong chuan c6 gia tri R%2>0,98 va E=90-110%; (3) Sir dung duong chuan dé tinh Ct
cho ting mau thu vién va (4) Tinh nong d6 trung binh (nNM) cho mdi mau thu vién.
Néu ca 2 gia tri Ct ¢ 2 diéu kién pha lodng déu nam trong duong chuan thi lay gia tri
trung binh. Néu chi c6 1 gié tri Ct cua 1 diéu kién pha lodng nam trén duong chuan thi
s& sir dung ndng do twong Gng Vai gia tri Ct d6. Néu kich thudc cua thu vién khac xa
(>310 bp hoic <260 bp) so véi kich thuéc cia DNA chuan (288 bp) thi can diéu chinh

lai nong d6 cua thu vién tinh toan duoc & budc (4) sir dung cong thirc sau:

Nong do diéu chinh = Nong do thuc té x (288 bp/ kich thuéc trung binh cia thir vién)

Tao mau gép va chuan bj mau cho gidi trinh tu

Str dung cong thire sau dé tinh thé tich mau thu vién tuy thudc sé luong mau

V(f) x C(f)
#x C(0)

Thé tich mau sir dung =
Trong do:
V(f): thé tich cudi cling cua mau gop,
C(f): ndng d6 gidng nhau cua tat ca cac mau thu vién trong mau gop,
#: 56 lwong thu vién (index) trong mau gop

C(i): néng do caa tirng mau thu vién.
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Sau khi di tinh toan xong thé tich sir dung cua tirng mau thu vién, néu tong thé
tich ciia cac mau thu vién nho hon V(f) thi bo sung thém TE vao phan thé tich con
thiéu. Nguoc lai, trong trudng hop tong thé tich cac mau thu vién Ién hon V(f) thi can

1am kho hay c6 dic lai hdn hop vé dang thé tich mong muén.

Pé chuin bi miu giai trinh tu, bo mdi SureSelectCXT Primer bao gdm
SureSelect QXT Read Primer 1, SureSelect QXT Read Primer 2, SureSelect QXT Index
1 Read Primer va SureSelect QXT Index 2 Read Primer duoc sir dung véi thé tich va
vi tri trén hop tra mau giai trinh tu dugc thé hién chi tiét trong Bang 2.1.

Bang 2.1. Chudn bi méi gidi trinh t phl hop véi hé thong gidi trinh tr NGS cua
Illumina vai S4 flowcell phién ban v1.5

Chidu NN oxT  Thétichmdi  Téngthé  YIIeR
doc Theé tich moi SureSelect llumina tich hop tra mau
) giai trinh tw
Read 1 21_,9 ul SureSelect QXT Read 72.7;8’1 ul BP10 7.3 ml 5
Primer 1 (gieng 24)
Index 1+ 15 pul SureSelect QXT Index 1
Index 2 Read Primer + 15 pl SureSelect ?9%?] H 12;])1)14 5ml 7
QXT Index 2 Read Primer gieng
Read 2 10,5 pl SureSelect QXT Read 3489,5 ul BP11 3.5 ml 6

Primer 2 (giéng 13)

2.5.2.4. Gidi trinh tu trén nén tang lllumina
Cai dat hé théng may giai trinh ty theo théng sé trong Bang 2.2.

Bdng 2.2. Cai dat chu trinh chay

Chu trinh chay S6 chu ky
Read 1 100
Index1 (i7) 8

Index 2 (i5) 8

Read 2 100

Sau khi qué trinh giai trinh ty hoan thanh, dir liéu duoc chuyén ddi vé dinh dang

FASTQ thong qua mot kénh hudng dan cua Illumina la bel2fastq.
2.5.3. Phan tich da li¢u gidi trinh tw toan bg hé gen ma héa
2.5.3.1. Xdc dinh bién thé

Céac doan doc duoc sip xép va so sanh véi trinh tu tham chiéu hg19/GRCh37
nho st dung cong cu BWA.v0.7.12 [131]. Bong thoi, sir dung cong cu Picard dé danh
ddu cac doan lap. St dung tap hop cac cong cu phan tich hé gen (GATK) dé phat hién
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c4c bién doi don nucleotide (SNVs) va cac thém/mat doan ngéan (Indels). Toan bo céc
cac bién thé véi do bao phu dudi 20x va cac diém hoic chén/mat doan ngin & viing
khoang 10 bp tir ddu mut cac doan doc ciling bi loai bo. Sau ciing, cac bién thé duoc
loc qua cac co so dir liéu bao gom 1000G, dbSNP va gnomAD. Tét ca cac bién thé co

tan s lén hon 5% sé& dugc loai bo.
2.5.3.2. Cha gidgi va du dodn chirc nang

Tat ca céac bién thé duoc chl giai sir dung chwong trinh ANNOVAR [132]. Céac
chu giai duoc dua ra bai ANNOVAR bao gom danh sach cac bién thé phat hién duoc
véi cac truong thong tin vé nhidm sac thé, vi tri bién doi trén nhiém sic thé, kiéu bién
d6i, tan sb alen, c6 duoc bao cao trong dbSNP hay khong, diém va danh gia trén céac

cong cu nhu SIFT/PolyPhen/LRT/ MutationTaster/MutationAssessor/FATHMM/Meta
SVM/MetalR...

Alamut Visual 12 phan mém tap hop céc thuat toan chat luong da duoc cong
nhan trong mét tng dung duy nhat st dung trong phén tich, danh gia cac bién thé.
Trong danh gia in silico vé anh huéng cua céc bién thé d6i vai qua trinh ghép ndi cac
truy van duoc tich hop bao gébm EX-SKIP, MaxEntScan, HSF, GenSplicer,
ESEFinder, RESCUE-ESE va thuat toan NNSPLICE tur fruitfly.org cling dugc tich
hop mét phan.

2.5.3.3. Xdc dinh bién thé nguy co/gay bénh tiém ndng

Bénh Iy thuong bi bong nuoc:

Toan bo cac bién thé nam trén 21 gen lién quan dén ly thuong bi bong nudc
(Bang 1.1) véi tan sé nho hon 0,5% (do ty 16 mac bénh 1a 11,1 trén 1 triéu dan) s&
duoc chon. Dua trén md hinh di truyén phu hop cua cac gen gay bénh (Bang 1.1),
chon ra céc bién thé ung vién dé tiép tuc danh gia kiém tra lai bang giai trinh ty Sanger
(chi tiét phuong phap trong muc 2.5.4, trang 54) ca trén ddi twong ngudi bénh ciing
nhu cac thanh vién gia dinh (néu c9).

Bénh bach tang:

Toan bo cac bién thé nam trén 20 gen va vi tri locus 4q.24 lién quan dén bach
tang (Bdng 1.2) véi tan s6 nho hon 0,5% (do ty 1é mac bénh 1a 1:17000) dugc lya chon
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dé danh gia tiép dya trén mé hinh di truyén lan nhidm sic thé thuong. Cac bién thé tng
vién duoc sang loc qua md hinh di truyén s& dugc danh gia lai bang giai trinh tw
Sanger (chi tiét phuwong phap trong muc 2.5.4, trang 53) trén d6i twong nguoi bénh va

céc thanh vién gia dinh (néu co).
Thiéu san vanh tai:

Pau tién, tién hanh loc dir lieu WES (da trai qua phan tich goi bién thé va chu
giai chtrc ning) ctia 27 gen lién quan gan nhat dén thiéu san vanh tai (Bang 1.5). Néu
khong xac dinh dugc bién thé nguy co & cAc mau ngudi bénh thi tiép tuc loc trén 428
gen biéu hién trong cung mang hozc anh huéng dén kha ning ting sinh, di cu va biét
hoa té bao mao than kinh so (Phu luc 8). Cac bién thé co tan sé nho hon 0,5% duoc
lya chon dé tiép tuc phan tich do ty 16 mac bénh ¢ thiéu san vanh tai 1a 0,83 dén 17,4
trén 10000 ca sinh.

Do déy 1a bénh chua xac dinh duoc chinh xac nguyén nhan di truyén nén cé 3
huéng phan tich sé tiép tuc duoc thuc hién trong nghién ciru ndy nham muc tiéu khdng
bo s6t cac gia thuyét co thé xay ra trong co ché bénh sinh dya trén khubn khé ciing
nhu kinh phi cta nghién ciu. So d6 chi tiét 03 huéng phan tich dwoc biéu thi trong
Hinh 2.2 dudi day:

_ s qan T

Hinh 2.2. So db phan tich nhém bénh thiéu san vanh tai

2.5.4. Gidi trinh tu Sanger
2.5.4.1. Phan #ng PCR gidi trinh tw
Cac bién thé tmg vién duogc chi ra sau phan tich WES tiép tuc dugc danh gia lai

bang giai trinh ty Sanger. C4c ving trinh ty mang cac bién thé nay duoc PCR sir dung
cac cap moi dac hiéu voi kich thude dao dong tir 247 bp dén 485 bp (Phu luc 6 & Phy
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luc 7). Céc cip mdi duogc thiét ké sir dung phan mém Primer 3 (v.0.4.0); ddng thoi
kiém tra c4c thong s lién quan (sb luong nucleotide, ti 16 G va C, nhiét dd nong chay,
kha ning tu bat cap, kha ning tao cdu tric kep t6c) st dung cong cu IDT
OligoAnalyzer Tool. Tinh dic hiéu caa cip mdi duoc kiém tra bang phan mém in silico
PCR amplification. Cap méi thiét ké sau cac budc kiém tra nhu trén duoc dit tong hop
nhan tao boi cong ty PHUSA Biochem (Can Tho, Viét Nam).

Khudn dung cho phan ttng PCR giai trinh ty 14 san pham PCR dic hiéu d tinh
sach khuéch dai ving trinh ty mang bién thé quan tam. Thanh phan phan tng bao
gom: 4 pl BigDye Terminator Master Mix (2,5x), 2 pl BigDye Teminator 5x
Sequencing Buffer (5x), 1 pl mdi giai trinh ty (1,6 pmole/ul), san pham PCR da tinh
sach (luong DNA cho mdi phan tng dugc diéu chinh tly vao néng do cia DNA cua
san pham PCR d tinh sach trude d6) va dua tong thé tich cua phan tng Ién 20 pl bing
nuée khir ion. Luu y phan (ing PCR giai trinh tu ¢6 sir dung huynh quang cho mdi loai
nucleotide nén trong qua trinh thao tac tranh tiép x(c véi anh sang manh. Phan ang
duoc tién hanh trén dia PCR 96 giéng trén may PCR dugc cai dit theo chu trinh nhiét:
96°C — 1 phut; 25 chu ky (96°C — 10 gidy, 50°C — 5 gidy, 60°C — 4 pht); 4°C - oo,

Tinh sach san pham PCR gidi trinh tur

San pham PCR giai trinh tu sau phan tmg dugc tinh sach thu ldy DNA theo
phuong phap EDTA/Ethanol tudn theo hudng dan chi tiét cua nha san xuat di kém bo
kit BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, My). San
pham tinh sach thu duoc c6 thé dugc giit lanh ¢ 4°C va tranh anh sang cho tgi khi

duogc bién tinh va giai trinh ty trén hé théng phan tich trinh ty.
Bién tinh san pham PCR gidi trinh tuw va dién di mao quan trén may 3500

San pham PCR Sequencing da tinh sach & trén duoc dem bién tinh thanh soi
don (b6 sung 6 pl HiDi, bién tinh ¢ 95°C trong 5 pht va lam lanh nhanh trong d4)
trede khi cho 1én may doc trinh tu. Trinh tu cac doan DNA dac hiéu cho tung alen
dugc dién di mao quan va doc tin hiéu huynh quang trén may giai trinh tu ABI 3500
Genetic Analyzer (Applied Biosystems, M¥). Tin hiéu duoc ghi tu dong, phan tich va
luu trir trén may tinh.
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2.5.4.4. Phan tich két qua gidi trinh ti Sanger

Phan mém Bioedit duoc st dung dé phan tich cac két qua giai trinh ty tir may
giai trinh tu tu dong 3500. Cac trinh tu nucleotide cia cdc mau nghién ciu dugc so
sanh véi trinh tu tham chiéu bang phian mém BioEdit dé xac dinh nucleotide tai vi tri
quan tam.

2.5.5. Phan tich dnh hwéng ghép néi cia bién thé splicing
2.5.5.1. Tach chiét RNA tong sé

MAau mau ngoai vi ciia 2 anh em nguoi bénh ly thugng bi bong nuéc (EB004,
EB005) va bé me (2 ml mdi ca thé) dugc thu méi vao 6ng chira mau EDTA K2 va luu
gilt & 4°C trong ngay. Cac mau sau khi tiép nhan da duoc ma hoa, sau d6 tach chiét
RNA tong sé st dung Monarch® Total RNA Miniprep Kit (New England Biolab, M¥)
theo huéng dan caa nha san xuat. RNA tong sb sau khi tach chiét dugc bao quan o -
20°C trong thoi gian khoang 1 tuan va 1au hon ¢ -80°C

2.5.5.2. Tong hop cDNA

Quaé trinh tong hop ¢cDNA duoc thuc hién nho sir dung b ProtoScript® 11 First
Strand cDNA Synthesis Kit (New England Biolab, M¥). Phan tng PCR phién méa
nguoc (RT-PCR) duogc thuc hién véi tong thé tich 1a 20 pl bao gdm céc thanh phan
sau: 30 ng RNA tong sb, 2 ul d(T)23VN, 10 ul ProtoScript Il Reaction Mix (2x), 2 pl
ProtoScript Il Enzyme Mix (2x) va 3 ul nudc khtr ion. Phan tng duoc thuc hién ¢ 42
°C trong 1 gio. Sau d6 enzyme duoc bat hoat & nhiét do 80°C trong 5 phut.

2.5.5.3. PCR khuéch dai viing mé hda gom toan bg exon 42 dén exon 44 gen
COL7A1

Phan mém Primer 3 (v.0.4.0) duogc sir dung dé thiét ké cap moi khuéch dai doan
ma hoa kéo dai tir exon 42 (m6i xudi: 5’-GGTGACCGGGGCTTTCCA-3") dén exon
44 (mdi nguogc: 5°- TTCAGGACCCTTGGCTCCAG-3’) gen COL7A1 (ving trinh ty
mang bién thé ¢.4518delT) dua trén trinh tu gen tham chiéu dugc tham khao tai co s&
dir lieu NCBI. Théng sé caa cap moi (sé lwong nucleotide, ti 16 G va C, nhiét d6 ndng
chay, kha nang tu bat cip, kha ning tao ciu tric kep toc) dugc kiém tra bang phan
mém IDT OligoAnalyzer Tool. Tinh dic hiéu cua cap mdi dugc kiém tra bang phan
mém in silico PCR amplification. Cip mdi thiét ké sau cac budc kiém tra nhu trén
dugc dat tong hop nhan tao bai cong ty PHUSA Biochem (Can Tho, Viét Nam).
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Phan tmg PCR duoc thuc hién véi tong thé tich 12 20 pl bao gdm cac thanh
phan sau: 2 pl cDNA, 10 pl Green DreamTaq Master Mix (2x) (Thermo Scientific,
M¥), 10 pmol mdi méi va 6.4 ul nude khir ion (Thermo Scientific, M¥). Chu trinh
nhiét duoc tién hanh nhu sau: 95°C-5 pht, 40 chu ky (95°C-30 gidy, 58°C-30 giay,
72°C-20 giay), kéo dai & 72°C trong 5 phit va giit ¢ 4°C. San pham PCR thu duoc,
dugc st dung 1am nguyén liéu trong phan tng Nested-PCR tiép d6 va san pham PCR
cudi cung duoc dién di trén gel agarose 3%.

2.5.6. Khuéch dgi da dau do phu thugc phan #ng ghép néi (MLPA)

Sy thay doi vé sd luong ban sao cua gen COL7A1 (truong hop EBO008 va
EBO08.E) dugc xac dinh bai b kit thwong mai SALSA MLPA P415 COL7AL, KRT5
probemix (MRC-Holland, Amsterdam, Ha Lan) theo huéng dan cua nha san xuat. Cac
dau do cua bo kit dugc thiét ké dic hiéu cho viéc lai va khuéch dai mot sb exon cua
gen COL7A1 (28 dau do cho 27 exon/118 exon:1 (2 dau do), 3, 6, 10, 13, 17, 19, 22,
26, 31, 37, 48, 53, 57, 64, 65, 70, 75, 80, 89, 92, 96, 102, 108, 113, 117, 118) va toan
bo 9 exon gen KRT5 (9 dau do cho 9 exon: 1-9). Mdi dau do la mot cip
oligonucleotide va mdi oligo s& bét cap bd sung véi trinh ty trén DNA dich, khi ndo ca
2 oligo cuia mot dau do da duoc lai véi trinh ty dich thi cac oligo nay s& duoc ghép ndi
(ligate) véi nhau va tré thanh mot d¢au do hoan chinh. M&i mot dau do c6 mét chiéu
dai khac nhau, do dé tao phan ung khuéch dai str dung méi c¢6 danh dau huynh quang
s& tao nén cé4c san pham vai kich thudc khac nhau va dugc phan tach bang dién di mao
quan trén may giai trinh tu tu dong, stir dung trng dung phén tach doan.

2.5.7. Phan tich mgng luéi twong tdac protein-protein

Khi phan tich dit liéu giai trinh tu cia bénh thiéu san vanh tai, mang luéi twong
tac chirc nang giira cac protein dugc dy doan dya trén lién két gitra cac gen ma hoa
ching st dung cong cu STRING (http://string-db.org/) [133]. Trong STRING, moi
tuong tac protein-protein (PP1) duoc chi thich bang mét hodc nhiéu “diém s6”, biéu
thi gi tri vé do tin cay hay c6 thé hiéu don gian 1a STRING dénh gia mot twong tac 1a
dung hay sai dua trén cac bang chiing c6 san. Trong nghién ctu nay, cac PPI cd diém
tin cay trung binh 16n hon 0,4 duoc lya chon dé ti da hoa kha ning khai thac dit liéu.
Ngoai ra, cac ndt trung tm c6 nhiéu PPI nhit va diém tin cay cao nhit duoc chon, dai
dién cho mot ty 16 nho cac ndt ¢ kha ning trao d6i thong tin ti da véi nhirng nat khéac
va duoc Ky vong sé dong mot vai tro quan trong trong con duong sinh hoc.


http://string-db.org/
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2.5.8. Phan tich lam giau td@p hep gen theo KEGG
Phéan tich lam giau tap hop gen (Enrichment analysis) sir dung KEGG (Béach
khoa toan thu vé gen va hé gen cua Kyoto) dugc thuc hién dé xac dinh céc bién thé,
c4c gen tng Vvién cd tiém ning 13 yéu td nguy co lién quan dén thiéu san vanh tai hay
khong. Goi Gxgec 12 gid tri biéu thi cho mét tap hop gom cac gen duoc chd giai thdng
qua mot con duong tin hicu KEGG (KEGG pathway) K;. Piém lam giau KEGG
Skec(9,K;) cia g va K; duge dinh nghia 1a gid tri P cua phép thir siéu boi

(hypergeometric test) [134-137] ca trén G,y Va Gkgqe dua theo cong thirc sau:
)

() G 2%)

()

N va M lan luot biéu thi cho s6 luvong gen trong méi con dudng tin higu (G,))

n
SKEGG(Q:Kj) = _10910(2 )
k=m

Trong do:

Va trong tat ca cc con duong tin higu (bao gom trong ca G gy Va Ggeee);

n va m lan luot biéu thi cho s lwong gen gay bénh tiém an trong mdi con
duong tin hiéu (G,) va tat ca cac con duong tin hiéu (bao gom trong ca G,y va
GKEGG)'

biém lam giau KEGG (Skgec (g, K;)) cang 16n thi su lién két chie ning giita

gen g va con duong tin hi¢u KEGG K; cang manh.

2.5.9. Phan logi khd ning gdy bénh ciia bién thé theo Higp hai Bénh hec phan
tir va Di truyén Y hoc Hoa Ky

Hiép hoi Bénh hoc phan tir va Di truyén Y hoc Hoa Ky (ACMG) dua ra hudng
dan phan loai bién thé véi 5 cap d6 (hé thdng 5 bac), bao gébm: gay bénh, c6 kha ning
gay bénh, khong chac chan, ¢ kha ning lanh tinh va lanh tinh [138]. C6 hai bo tiéu
chi dugc dua ra, mot bo dé phan loai cac bién thé gay bénh hoic ¢ kha nang gy bénh
va mot bo dé phan loai cac bién thé lanh tinh hoac c6 kha niang lanh tinh. Céc tiéu chi
gay bénh dugc phan cap gom: rat manh (PVS1), manh (PS1-4); trung binh (PM1-6)
hoac dinh hudéng (PP1-5). Tuong tu nhu vay, cac tiéu chi lanh tinh cling duoc chia
thanh céac cap d6 gom: doc 1ap (BA1), manh (BS1-4) hoic dinh huéng (BP1-7). Doi
véi mot bién thé nhat dinh, céc tiéu chi duoc chon dua trén cac bang chung quan sat
dugc cho bién thé d6 theo huéng dan chi tiét trong Bang 2.3, sau d6 dugc két hop theo
cac quy tic cho diém trong Bdng 2.4 dé chon mot phan loai tir hé théng 5 bac.



Manh

MAF qua cao ddi véi
bénh BA1/BS1 HOAC
thay trong mau dbi
chitng phu hop vai
khong phu hop vdi tinh
tham ctia bénh BS2

Dir liéu
quan the

Dir lidu
tinh toan
va dw doin

Dir liéu Nghién citu chitc nang
chitc nang | cho thay khong gay hai
BS3
Dir liéu Khong phan li cung
phan li bénh BS4
Dir liéu
De novo

Dir liéu alen

Co so
dit liéu khac
Cac thong
tin khic
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Bang 2.3. Huéng dan phan logi tiéu chi danh gid theo ACMG

Lanh tinh
Pinh huédng

Nhiéu bing chimg du dodn
khéng anh huong dén gen/ san
pham ciia gen BP4

Dot bién nhim nghia & cac
gen ma chi co dot bién lam
ngin protein la gy bénh BP1
Bién thé cam véi tac dong tai
vi tri cét ndi khéng dy dodn
dwoc BP7

Hién dién ¢ khac sgi DNA co
bién thé tréi BP2

Hién dién & cung sgi DNA co
bién thé tréi BP2

Cac ngudn dir liéu cho thay
anh hudng lanh tinh BP6

Tim thay & cac ca bénh co ca
nguyén nhan khac BP5

Pinh huéng

Nhiéu bang chimg dir doan tac déng
gay hai dén gen/ san pham ciia gen
PP3

Bién thé sai nghia ¢ gen it co bién
thé lanh tinh ma chu yéu la céc bién
the sai nghia gay bénh PP2

Phan i cung voi bénh trong cac
thanh vién gia dinh c6 bénh PP1

Cac ngudn dit litu cho thay anh
hwong gay hai PP5S

Kiéu hinh ctia ngudi bénh hodc tién
s gia dinh dac biét phu hop vdi
gen gay bénh duoc xac dinh PP4

Gay bénh
Trung binh

Khéng cé trong dit liéu quan
thé PM2

Su thay thé méi tai cung vi
tri amimno acid da duoc bao
cdo la gy bénh boi bién sai
nghia khac truwede d6 PMS
Bién thé lam thay ddi chidu
dai protem PM4

Dot bién tai diém nong hoac
tai cac domain da biét rd
chitc nang va khong xuét
hién bién thé lanh tinh PM1

Manh

Phén bd & mau bénh
cao hon mau ddi
chimg vé& mit théng
ké PS4

Thay do6i cung
amino acid cia bién
thé di bao cao la
gay bénh PS1

Nghién citu chire
nang cho thay téac
dong gay hai PS3

Tang sb liéu phan li ctia bién thé

R4t manh

Dy doan bién thé
vo nghia cua
gene ma mat
chirc nang thi sé
gay bénh PVS1

Dot bién phat sinh méi (ko
kiém tra duge mau bo me)
PM6

Cho cac bénh di tmyén lan

phat hiéq o khac sg1 DNA da
co dot bien gay bénh PM3

Dot bién phat sinh
méi (kiém tra duoc
mau bo me) PS2
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Bang 2.4. Quy tic phan logi bién thé gay bénh theo ACMG

Phan loai Tiéu chi

(i) 1 Rat manh (PVS1)va
(@ > 1 Manh (PS1-PS4) hoac;
(b) > 2 Trung binh (PM1-PM6) hoac;
(c) 1 Trung binh (PM1-PM6) va 1 Dinh huéng (PP1-PP5)
hoac;
(d) > 2 Pinh huéng (PP1-PP5)
(i) >2 Manh (PS1-PS4) hoac;
(iii) 1 Manh (PS1-PS4) va
(@) >3 Trung binh (PM1-PM6) hoac;
(b) 2 Trung binh (PM1-PM6) va > 2 Dinh huéng (PP1-PP5)

Gay bénh

C6 kha nang gdy bénh (i) 1 Rat manh (PVS1) va 1 Trung binh (PM1-PM6) hoic
(if) 1 Manh (PS1-PS4) va 1-2 Trung binh (PM1-PM6) hoac
(iii) 1 Manh (PS1-PS4) va > 2 DPinh huéng (PP1-PP5) hoac
(iv) >3 Trung binh (PM1-PM6) hoic
(v) 2 Trung binh (PM1-PM6) va > 2 DPinh hudng (PP1-PP5)
hoac
(vi) 1 Trung binh (PM1-PM6) va >4 Dinh hudng (PP1-PP5)

S e (i) 1Dac lap “Stand-alone” (BA1) hoac
Lanh tinh (i) >2 Manh (BS1-BS4)

Co0 kha nang lanh tinh (i) 1 Manh (BS1-BS4) va 1 Pinh huéng (BP1-BP7) hoac
(i) >2 Pinh huéng (BP1-BP7)

(i) Céc chi s6 khong khop véi cac tiéu chi trén

Chua 1o tic dong (ii) Cac tiéu chi cho Lanh tinh va Gay bénh tréi nguoc nhau
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CHUONG 3. KET QUA NGHIEN CUU

3.1. Pic diém 1am sang & nguwoi bénh

3.1.1. Ly thuong bi bong nuwéc

Tat ca 08 nguoi bénh (Iam WES) va em trai ciia ngudi bénh EB008 déu duoc chan
doan mic ly thuong bi bong nudc dua trén thim kham 14m sang, biéu hién véi cac ton
thuwong trén da bao gdm cac vét phong rop va hinh thanh seo (Hinh 3.1). Ngudi bénh chu
yéu la nam (7/9 nguoi bénh, bao gom ca EB008.E) va chii yéu la bénh nhi va tré chua
thanh nién. Dya trén huéng dan phan loai theo 1am sang (Bang 2.3 va Bang 2.4, trang 56-
57), da tién hanh phan loai dwoc 3 nhom ngudi bénh. Trong d6, c6 4 ngudi bénh cd thé
xép vao phan nhém DEB, bao gom: EB001, EB002 cing anh em ngudi bénh EB004 va
EB005. Nhém thir hai 1a nhém gdm hai phan nhém kiéu hinh nghi ngd duoc dua ra, bao
gom 2 nguoi bénh EBO06 va EB007. Nhém cudi cling gém ngudi bénh EB003 va anh em
EB008, EB00S.E 12 nhom chwa xac dinh dwgc phan nhém phi hop do cac dic diém &
ngudi bénh déu c6 kha ning tim thiy & tat ca cac phan nhom cua EB. Céc théng tin 1am
sang cua ngudi bénh tham gia nghién ctru duoc thu thap va tom tit trong Bang 3.1.

Hinh 3.1. Hinh anh 1am sang cua 7 ngwoi bénh EB Viét Nam.

(a) Bong nudc phdng rop muc vira phai trén vai, tay va chan & ngudi bénh EB0OL.
(b) Bong nudc toan than cling cac vét loét va seo & lung; co cing khép o tay va
chan dang boc ¢ ngudi bénh EB002. (c) Phong rop trén ludi va ban chan & bénh
nhi EB003. (d) Ton thuong nghiém trong trén lung, da khd, dinh ngén, co rut
ngén ¢ cap anh em EB004 va EBO05. (e) Giam sic to ¢ ben, co cing cac khép
ngon tay, khudn miéng nho va t6n thuong & ludi ¢ nguoi bénh EBOO6. (f) Truot
da ¢ cing tay, cang chan thoi diém so sinh va tién trién nhe dan theo thoi gian ¢
nguoi bénh EBOO7.
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Bdng 3.1. Cac biéu hién 1am sang cua nhitng nguwoi bénh EB

Ngudi . Giéi ; ; Cic djc digm ~ "han loal
STT bénh Tuoi tinh Ton thuwong da Ton thwong méng  Co rdt ngon Khéc theg lam
sang
1 EB001 4 Nam Dong nudc ¢ vai, lung, Loan dudng mong - i
mong, tay chan
Bong nudc trén  mat, -
2 EB002 8 Nt  truot da ¢ chan khi méi  Khong c6 mong tay Co DEB
sinh
3 EB004! 15 Nam Bong nuéc lan rong toan o oo c6 -
4 EBOOQ5 7 Nam ¢O thé, da tay chan khoé 9 9
o Chung miéng
5 EB00G 30 Nam Gla’r_n sac to vung lung co nho, cing khcgp JE!3/ HC
dudi va ben ham va ton Kindler
thuong ludi
Truot da ¢ cing tay va :;Ogrr]l t;luorggi mnogg
6  EBOO7 3 Nam chan khi méi sinh, cai | Jon @& cal NGC - - EBS/DEB
P S tay tro va cac ngon
thién dan khi 16n 1én A
chén
7 EB0O03  ~1thang Ng LDong nuoc trong mieng, - - -
tay va chan
- Chua ro
8 EBO008" 13 Nam  Bong nuéc lan rong, loét ] ] ]
9 EBO0OS.Eii$ 7 Nam va hinh thanh seo

MiNhirng nguoi bénh 1a anh em trong cung gia dinh

*Ngudi bénh khong lam WES
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Phan nhom DEB

Nguoi bénh EB0O01 14 mot bé trai 4 tudi, cac ton thuong trén da bao gém cac
bong nudce, cac vét loét va seo. CAc ton thuong nay chu yéu tap trung ¢ ving vai, lung,
khuy tay, mdng va tay, chan cua ngudi bénh (Hinh 3.1a, trang 58). Ngoai ra, biéu hién
loan dudng moéng ciing duoc quan sat thay ¢ tay va chan caa ngudi bénh, riéng hién
tugng co rGt ngén thi chi xuét hién & cac ngén chan.

Nguoi bénh EB002 1a mot bé géi 8 tudi, biéu hién 1am sang lGc méi sinh twong
dbi ning véi tinh trang bong nudc xuat hién trén mat va bi truot da ¢ chan. Biéu hién
dinh ngdn, co rat cac ngdn va mat hoan toan cac mong & ca tay va chan dugc quan sat
thy trong truong hop nay. Cac bong nudc tiép tuc lan rong ra khap co thé, bi va ra, c6
dich, dong vay va hinh thanh seo theo thoi gian I6n [én. Bén canh do, chan nguoi bénh
phét trién hinh thanh kiéu hinh di dang dic trung (mitten deformity) (Hinh 3.1b, trang
58). Xét nghiém mién dich huynh quang cho thay giam biéu hién cua collagen loai 7
(COLVI).

Ngudi bénh EB004, 15 tudi va EB005, 7 tudi, 1a 2 anh em trai trong cting mét
gia dinh, véi céc biéu hién nghiém trong, bao gom cac bong nudc trén khip co thé,
d6ng thoi hinh thanh cac vét loét va seo. Ving da ¢ tay va chan ciia ngudi bénh rat kho
biéu hién véi cac vét nut trén da, thém vao d6 ngudi bénh khdng c6 moéng & ca tay va
chan cung vai hién tugng dinh ngon va co rat ngén, dac biét Ia ¢ ban chan cta nguoi
bénh voi di dang dién hinh dang boc (Hinh 3.1d, trang 58).

Nhém nghi nge gom hai phan logi kiéu hinh dioc dir dodn

Nguoi bénh EB006 Ia nam, 30 tudi, cac biéu hién 1am sang quan sat thay bao
gom viing giam sic t6 do ¢ lung dudi va ben, ¢6 hién tuong co rdt cac ngon tay va
chan, khau hinh miéng bi giéi han (chiing miéng nho), cing ludi va co cac vét loét
(Hinh 3.1e, trang 58).

Ngudi bénh EB007 1a mot bé trai 3 tudi (tai thoi diém thu mau), véi can ning
ldc sinh 14 2,9 kg, bi truot da & cang chan va cang tay tir ngay tht hai sau sinh do ma
sét tir ctr dong cua tré. Do gia dinh chua biét cach cham soc nén tinh trang cua tré tién
trién nang hon va c6 dau hiéu hoai tir & chan (c6 mui hoi) khoang 2 tuan dau sau khi
sinh. Sau 3 tuan tudi, nho vé sinh, thay bing va dudng am thudng xuyén nén da tré c6
tién trién hon. Tuy nhién cac bong nudc van tiép tuc lan rong ra khap co thé, trung
binh mot ngay 18n khoang 50 bong nude. Sir dung kim vo tring dé lay cac bong nudc
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gilp da khdng bi loét, tranh dé tré gai 1am v& bong nudc hodc ma sat vao bong chua
dugc xir ly s& gy truot da. Céc biéu hién bénh cua tré duoc cai thién theo thoi gian khi
I6n 18n, dén khoang 6 tudi thi cac bong nudc ¢ 1ong ban tay va ban chan phét trién
thanh 16p simg va dong vay. Hién tuong loan dudng méng xuat hién & ngon tay céi,
ngon tay tro va cac ngon chan cua nguoi bénh (Hinh 3.1f, trang 58).

Nhém chiea xdc dinh dwoc phan nhém kiéu hinh cu thé

Nguoi bénh EB003 la mét tré so sinh khoang 1 thang tudi vai biéu hién 1am
sang Itc méi sinh bao gom cac bong nudc o tay, chan va trong miéng cua tré (Hinh
3.1c, trang 58).

Nguoi bénh EB008 13 nam, 13 tudi, cling em trai (EB008.E, 7 tudi) dwoc chan
doan mic ly thuong bi bong nudc véi cac biéu hién 1am sang dic trung gdm cac bong
nuéc lan rong, hinh thanh céc vét loét va seo trén khip co thé (hinh anh khéng duoc
cung cap). Ca hai anh em déu gap kho khin trong viéc an udng ciing nhu vé sinh ca
nhan.

3.1.2. Bach tang

Toan bo 07 nguoi bénh bach tang trong nghién ciu nay déu duoc chan doan mac
bach tang da va mat (OCA) véi biéu hién suy giam sic té trén da, toc va mat di kém véi
biéu hién suy giam thi luc & mot s6 ca nhan; khéng c6 biéu hién caa cham phéat trién tm
than. Tuy nhién rat kho dé phan loai cac phan nhoém nho thuoc OCA néu chi dua trén
cac dic diém 1am sang, ngoai trir nguoi bénh 16n tudi Al1005 duoc xép vao tiéu phan
nhom OCALA véi céc biéu hién mét hoan toan sic té & ca da, toc va mét.

Ngudi bénh Al001, 7 tudi va Al002, 5 tudi, 13 hai anh em trai, déu duoc chan
doan mac bénh bach tang da va mit véi cac biéu hién 1am sang kha twong déng nhau.
Ca 2 nguoi bénh déu c6 nude da tring, toc tring, mét xanh (Hinh 3.2a), ¢6 biéu hién cua
ching so &nh sang (photophobia) véi cam giac kho chiu va dau mét khi tiép xuc véi anh
sang, 6 hién tuong rung giat nhan cau (tang khi 6m va cang thang) va di san mang dém.
Ngudi anh (Al001) b can thi nhe 1/10 (1,5-2 Diop) & ca hai mat, trong khi d6 nguoi em
(Al002) can ning dén 14 diop. Thém vao do6, kha niang nhin siu cta ca hai anh em déu
chi tim 2-3 m (Bang 3.2, trang 63). Ngoai ra, ngudi em (Al002) hay bi viém phéi trong
khoang thoi gian trudce do.

Ngudoi bénh AI003, nam 27 tudi va Al004, nir 23 tudi, 1a hai con dau trong mét
gia dinh c6 ba ngudi con, ca hai déu c6 nuéc da tring, toc vang sang, mat nau (Hinh
3.2b), déu c6 biéu hién caa chiing so anh sang, rung giat nhan cau, bi nhwoc thi va kha
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ning nhin sau giam. Nguoi em (Al004) c6 biéu hién lac & mat phai, c6 tién sir viém cau
than, viém da c6 vay va xuat huyét dudi da (Bang 3.2, trang 63).

Ngudi bénh AI005 12 nam 63 tudi, c6 mau da trang, toc va 16ng may, 16ng mi c6
mau tring, mat xanh va cé biéu hién cua chiing so anh sang (Hinh 3.2¢). Nguoi bénh bi
can thi 6/10 & ca hai mét va kha ning nhin sau giam. Biéu hién rung giat nhan cau va
thiéu san hoang diém khéng duoc quan sét thdy & ngudi bénh ndy (Bang 3.2, trang 63).

Ngudi bénh Al006 14 nix, 26 tudi, 1a con thi hai trong gia dinh, c6 nudc da tring
hong, toc va 16ng may, 16ng mi c6 mau nau sang, mét nau va cé biéu hién cua ching so
anh sang (hinh anh cia nguoi bénh khong duoc cung cap). Ngudi bénh phat trién thé
chat, tam than, van dong binh thuong, khdng c6 biéu hién caa rung giat nhan cau, di san
mang dém va cac tat khic xa (Bang 3.2, trang 63).

Nguoi bénh AI007 1a mot bé trai 5 tudi, 1a con tha hai trong gia dinh, nguoi bénh
biéu hién véi nude da trang, toc d6 vang cho dén nau, mat xanh (Hinh 3.2d), c6 biéu
hién cua ching sg &nh sang, bi loan thi va phai deo kinh. Cac anh huéng khac bao gom
ching rung giat nhan cau, kha nang nhin sau giam déu duoc quan sat thiy ¢ nguoi bénh
AIl007 (Bang 3.2, trang 63).

Cin ctr theo cac ddc diém 1am sang, ca 7 nguoi bénh déu duoc chan doan mac bach
tang da va mat (OCA). Trong d6, chi ¢6 duy nhat nguoi bénh AI005 c6 thé xép vao phan

nhém OCALA vai biéu hién mat hoan toan sac té trén da va toc (Bang 3.2, trang 63).
(a) (c)

Hinh 3.2. Hinh d@nh Iam sang cua 6 nguroi bénh bach tang Viét Nam

Bicu hién suy giam sic td o da, téc (trang & AI001, AIO02 va AI005; vang & Al0O03
va Al004; nau ¢ Al007) va mau mat dao dong tir xanh (A1001, AI002 va A1007) den
nau (AlI003-Al005). Hinh anh cta nguoi bénh A1006 khong dugc cung cap.
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Bang 3.2. CAc ddc diém |am sang ¢ 7 nguoi bénh bach tang

Giam kha ning

Newdi - x.  Gi6i Mau da, Mau  Chingse —.. ... Rung gist Thidusin  VétbAmmau  nhin sau Phan loai
- Tuoi . < < X ; Tat khac xa x o R <X - theo
bénh tinh mau téc mat anh sang nhan cau hoang diem  (Ecchymosis) (Reduced 1AM san

stereopsis) 9
Al001 7 Nam Datring, tdc vangsang  Xanh + Canthi14 D + + + OCA
Al002 5 Nam Datring, tdc vangsang  Xanh + Cén thi 1/10 + + + OCA

(1,5-2 D)

Al003 27  Nam Datring hdng, toc vang  Nau + Nhuoc thi + - - + OCA
Al004 23 Nit  Datring hong, tocvang  Nau + Nhuoc thi + - + + OCA
AlOO5 63 Nam Datréng, toc tring NAu + C@(‘Eghg 6D/)10 ; " OCAIA
AlO06 26 Nit SDéiga”g hong, tocnau s, + Khéng - - - OCA
Al007 5 Nam Da tring, toc do vang Xanh + Loan thi + - + OCA

dén nau

(+), ¢6; (-), khong; (.), khdng c6 thong tin. )
Al: bach tang; OCA: bach tang da va mat; OCA1A: bach tang da va mat logi 1A; D: diop
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3.1.3. Thiéu sdn vanh tai

Nguoi bénh dugc chan doan thiéu san vanh tai trong nghién ctiru nay bao gom 6
nam (Mi001, Mi002, Mi004, Mi005, Mi007 va Mi011) va 5 nix (Mi003, Mi006,
Mi008, Mi009 va Mi010) (Bdng 3.3). Tt ca ngudi bénh déu duoc chan doan vdi ti
thiéu mot bén tai bi di tat va toan bo ngudi bénh déu phét hién di tat tai phai. Trong sb
11 nguoi bénh thi cé 3 nguoi bénh bi di tat ¢ ca hai tai 1a 2 nguoi bénh nam Mi002,
Mi004 va 1 ngudi bénh nit Mi009. Ngoai ra, 3 ngudi bénh gom Mi002, Mi009 va

Mi011 c6 biéu hién cua cac di tat khac ngoai cac dic diém bat thuong ¢ tai.

Bang 3.3. Cac biéu hién 1am sang ¢ nhitng ngueoi bénh thiéu san vanh tai

Cac di tat quan sat dwoc

Nowdi Chén doan
sTT |80  thiéusin Phandp Phandp  Tit hep  Tit, hep
en vanh tai di tat di tat ng tai ng tai Di tat kém theo
tai phai tai trdi  ngoai phdi  ngoai trai
. i an Khéng cé R
1 Mi001 Phai do 11 i - OTN - Khong
RO luan nhi 2 bén,
. Phai d6 | rd ving ¢ da phau
2 M0z e 1 : I Khong Khong  puat, chi c6 1 qua
than
3 Mi003  Phaidé Il i | Khong Hep Khong
. Phai do |, )
4 Mi004 tréi do 111 | Il - Hep Khong
5 Mi005 Phai do Il 1 BT Co BT -
6 Mi006 Phai @o 11 11 BT Cé BT Khéng
7 Mi007 Phai @o 11 11 BT BT BT Khéng
. i an Khéng cé R
8 Mi008 Phai @o 11 11 BT OTN BT Khéng
A R . N . Thiéu san xuong
o  Miogg aibemdo o, i Knongco KOG €O ' pan mun thit
1 OTN OTN . . L
thira trugce tai phai
10 Mi010 Phai @o 11 1 BT Tit OTN Khéng Khéng
11 Mi011  Traido I BT 1 BT Hep OTN I:r'ﬁ“ san - xuong

Viét tat: OTN, dng tai ngodi; BT, binh thiong
(-), khdng c6 thong tin

Céac mirc do di tat tai dugc quan sat & ngudi bénh bao gom: cap do | véi sy phat
trién tai ngoai khdng hoan chinh va ciu triic nhan dang 6ng tai ngoai nho; cap do 11 voi
dinh tai khdng phét trién va 6ng tai ngoai hep gay mat thinh lyc; cap do III duoc nhan
dién thdng qua khong c6 ng tai ngoai va mang tai; khong co trudng hop nao dugc
chan doan mac thiéu san vanh tai cip d6 IV (truong hop mat hoan toan tai, anotia). Pa

phan cac nguoi bénh duoc chan doan mic thiéu san vanh tai d6 III, trong d6 5/11
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ngudi bénh mang di tat & tai phai, 1/11 nguoi bénh mang di tat tai trai va duy nhat
ngudi bénh Mi009 duoc chan doan cip do 111 ¢ ca hai tai. Anh huong tit, hep 6ng tai
ngoai (OTN), khong c6 éng tai ngoai (OTN) & mot hoic ca hai tai duoc xac dinh ¢
10/11 nguoi bénh, trong d6 c6 mot nguoi bénh (Mi009) khdong c6 OTN & ca hai tai.
Ngoai ra cac di tat khac ciing dugc quan sat thdy ¢ 3/11 nguoi bénh, bao gébm biéu
hién ro luan nhi hai bén, rd ving c6 da phau thuat va chi c6 mot qua than & ngudi bénh
Mi002. Dj tat thiéu san xwong ham duoc bdo céo & hai trudng hop Mi009 va Mi011,

ca hai nguoi bénh ndy déu duoc chan doan mac thiéu san vanh tai do 111

3.2. Tach chiét DNA tong so

DNA tong sb ctia 8 ngudoi bénh ly thuong bi bong nuéc, 7 ngudi bénh bach tang
cung cac thanh vién gia dinh va 11 nguoi bénh thiéu san vanh tai sau khi tach chiét tir
méu ngoai vi dugc kiém tra bang ky thuat dién di trén gel agarose 0,8% va do OD &
budc séng 260 nm va 280 nm kiém tra do tinh sach. Két qua dién di cho thay hau hét
san pham DNA tong sb sau khi tach chiét c6 cac dai bang ro rang, khong bi dut gay
(Hinh 3.3). Nong do DNA tong sb ciia cac mau nghién ctru thu dugc nam trong khoang
tir 19,2 dén 86,6 ng/ul, co do tinh sach cao (A260/280 >1,80) (Phu luc 5), dam bao yéu

cau vé chat lugng cho cac budc sang loc gen tiép theo.

1 1B 1-M 2 2B 2-M 3 3B 3M 4 5 45B45M 6 6B 6-M 7 7-B 7-M 8 8E 8-B 8M

M 1 2 12-B12M 3 3-B 3-M 3-C 4 5 45-B45-M45-E 6 6-B 6-M 6-A 7

Bach
tang

Thiéu san
vanh tai

Hinh 3.3. Hinh dnh dién di d6 mdau DNA téng sé trén gel agarose 0,8%
EB: ly thuong bi bong nuéc; B: bd, M: me, E: em, C: chi, A: anh; M: marker 1 Kb.

3.3. Dir liéu tho toan bg hé gen ma hoa caa ngwoi bénh

Két qua giai trinh ty thd cua cdc mau ngudi bénh mac ly thuong bi bong nudéc,
bach tang va thiéu san vanh tai duoc luu giir trén hé thng may cha caa Vién Nghién
ctu hé gen, Vién Han 1dam Khoa hoc va Céng nghé Viét Nam.
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Két qua dir liéu giai trinh tu thé cho thiy hang ty base di dugc doc trén mdi
mau, véi s6 luong trung binh vao khoang hon 7 ty base/ mau va sé doan doc trung
binh t6i hon 48 triéu. Do chinh xac cua ting nucleotide dwgce danh gia bang diém chat
lwong Phred vai s6 Q cang cao biéu thi do chinh xéac cang cao (vi du Q20 tuong duong
véi kha nang xay ra 16i nhoé hon 1/100, Q30 twong duwong voi kha niang xay ra 16i nho
hon 1/1000). Két qua doc dir liéu thd cua cAc mau nguoi bénh cho thiy do chinh xac
ctia phép doc rat cao véi Q30 trung binh 1a 94,34% (tir 93,19% - 95,63%), con Q20
trung binh 1a 98,03% trong dai tir 97,53% dén 98,56% (Bang 3.4). Két qua nay dam
bao dit liéu dap tng du chéat luong va do tin cay deé tién hanh cac phan tich tiép theo.

Bang 3.4. Két qua danh gid dit liéu tho trong phan tich WES cac mau nguoi bénh ly
thuwong bi bong nuoc, bach tang va thiéu san vanh tai

STT | Téenmiu T"”%f;’qg“;;i"““ ;) ;29(1550 GC% | AT% | Q20% | Q30%
Ly thwong bi bong nwoéc
1 gal_EBOO1 7,046,852,900 46,667,900 | 51.51 | 48.49 97.78 94.18
2 gal_EB002 7,116,019,356 47,125,956 | 57.7 48.3 97.99 94.21
3 gal_EBOO03 7,695,057,848 50,960,648 | 51.93 | 48.07 98.21 94.81
4 gal_EBO004 7,458,168,746 49,391,846 | 51.03 | 48.97 97.98 94.1
5 gal_EBOO05 7,823,959,904 51,814,304 | 51.4 48.6 97.88 94.4
6 gal_EBO0O06 7,080,173,164 46,888,564 | 51.95 | 48.05 97.72 93.81
7 gal_EBOO07 6,784,609,690 44,931,190 | 51.68 | 48.32 97.87 94.39
8 gal_EBOO08 6,816,949,964 45,145,364 | 51.59 | 51.59 98.41 93.19
Bach tang
9 gal_Al001 7,335,264,712 48,577,912 | 51.2 48.8 97.91 94.18
10 gal_Al002 7,733,829,212 51,217,412 | 51.58 | 48.42 97.7 93.76
11 gal_Al003 6,456,190,428 42,756,228 | 51.53 | 48.47 97.53 93.4
12 gal_Al004 8,190,220,370 54,239,870 | 51.81 | 48.19 98.04 94.34
13 gal_AI005 7,060,714,096 46,759,696 | 51.56 | 48.44 97.67 93.7
14 gal_Al006 10,620,793,380 70,336,380 | 51.62 | 48.38 97.96 94.31
15 gal_Al007 7,000,830,516 46,363,116 | 50.39 | 49.61 97.75 93.83
Thiéu sdn vanh tai
16 gal_Mi001 7,270,141,734 48,146,634 | 51.52 | 48.48 98.5 95.63
17 gal_Mi002 6,079,889,972 40,264,172 | 52.62 | 47.38 98.06 94.46
18 gal_Mi003 7,833,329,756 51,876,356 | 51.54 | 48.46 98.18 94.76
19 gal_Mi004 8,416,949,890 55,741,390 | 52.44 | 47.56 98.35 95.34
20 gal_Mi005 6,713,678,950 44,461,450 | 52.11 | 52.11 97.89 94.13
21 gal_Mi006 6,826,549,746 45,452,634 | 51.59 | 51.59 98.41 95.19
22 | gal_Mi0o07 8,685,772,774 57,521,674 | 51.65 | 48.35 | 98.05 | 94.44
23 gal_Mi008 6,318,952,568 41,847,368 | 51.67 | 48.33 98 94.32
24 gal_Mi009 8,612,939,736 57,039,336 | 51.94 | 48.06 98.37 95.39
25 gal_Mi010 6,545,348,982 43,346,682 | 51.44 | 51.44 98.56 94.13
26 gal_Mi011 6,151,616,180 40,739,180 | 52.2 47.8 98.06 94.47
Trung binh 7,372,107,868 48,831,279 | 51.89 | 48.86 98.03 94.34
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3.4. CAc bién thé lién quan dén bénh

3.4.1. Ly thuwong bi bong nwoc

Dua trén bo dir lieu WES da dugc phan tich, cac bién thé nonsynonymous va
céc indel c6 tan s6 nho hon 0,5% nam trén 13 gen lién quan dén ly thuong bi bong
nuoc da duoc xac dinh, bao gém COL7A1, DSP, TGM5, KRT5, KRT14, ITGAS3,
ITGB4, LAMA3, LAMC2, PLEC, EXPH5 va DST. Trong do, COL7AL1 (8 bién thé),
DSP (5 bién thé) va TMG5 (5 bién thé) 1a 3 gen phat hién dugc nhiéu bién thé nhat
(Bang 3.5, trang 68). Sé luong cac bién thé dugc tim thay lan lugt ¢ cAc mAu ngudi
bénh nhu sau: EB001, 3 bién thé; EB002, 4 bién thé; EB003, 7 bién thé; EB004, 4 bién
thé; EBOO5, 8 bién thé; EBO06, 3 bién thé; EB007, 4 bién thé; EBO08-EB012, 2 bién

thé/ mau.

Thong qua phén tich danh gia, phan loai bién thé, xac dinh dwoc 10 bién thé gen
COL7AL (NM_000094.4, MIM:120120) & 7/8 ngudi bénh va 1 bién thé gen KRT5
(NM_000424, MIM:148030) & ngudi bénh con lai (8/9 ngudi bénh duoc tién hanh 1am
WES), Ia nhitng bién thé ung vién trong xac dinh nguyén nhan dan dén EB. Céc bién
thé phét hién duoc trén gen COL7A1 bao gom 1 bién thé dong hop tir (c.8279G>A) va
9 bién thé di hop tir (c.2858_2859delAG, ¢.6081delC, ¢.6205C>T, ¢.8233C>T,
.4518+2delT, ¢.5047C>T, ¢.5821-2A>G, ¢.1837C>T va ¢.3830C>T); trong do, co 3
bién thé mai (c.8279G>A, ¢.4518+2delT, ¢.5821-2A>G) chwa duoc cdng bd trén bat
Ky co sé dir liéu nao. Bién thé duy nhat phat hién dugc trén gen KRT5 1a bién thé dang
di hop tir (¢.1429G>A) (Bang 3.5, trang 68).
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Bang 3.5. Cac bién thé lién quan duwoc tim thdy ¢ nguoi bénh EB

—_— Tan sb L oai bié Duw doan in silico ST Kiky di
gudi S oai bién invar, " iéu di
bénh Gen Exon Bién the thé dbSNP A ACMGH Kieu gen truyén
1000g gnomAD SIFT |Polyphen2 [MuTas HSF -
Visual
Pt
COL7AL C.8279G>A?
exonlll nonsyn D D D (PM2, PM3 hom AR
(NM_000094.4) (p.G2760E) oot 3. pt)
EB001 (NMDOSOIZ‘. s | eon ‘Ep"'ﬁ%ggg 3.99x10 nonsyn | rs530481219 | T D D het AR
(NMT %?452 ) exon9 (Epl\z/%c'z;;g 0.0421326| 00141 | nonsyn | rs7171797 | T p N LB het AR
: Pt
COLTAL Exon 22 C'Z?F‘r;glz—sg;?si%')m FS del (PVS1,PM3,PM4  het AR
: PP1, PP4
(NM_000094.4) PR )
002 Bxon73 | %2029fse*177) 0.3491x10*| FSdel | rs780623622 P het AR
(NMDOSOIZ‘. 415) Exon 4 ‘(:p5gzlcgg§ 0.3979x10| nonsyn T B D het AR
(NMT %'5”452 ) Exon 9 ‘Epl\zli‘lz(;;ﬁ 0.042 00141 | nonsyn | rs7171797 | T p N LB het AR
COLTAL Exon 74 (cbséggﬁc;c; 0.1989x10*| nonsyn | rs121912855| D B A P het | AR
NM_000094.4
(NM_ ) | Exon 111 ?bséf;‘i;g 0.3995x10°| stopgain | rs768202310 het | AR
ITGA3 c.1766G>A
(NM_002204) Exon 13 (p.R589Q) nonsyn T B D het AR
EB003 (NI\;AC%QEO y | Bron30 Ep?’gﬁggTA) 0.047 0.06353 | nonsyn | rs17202961 | D D D het AR
(N&A('\)"Ogéez) Exon 4 554813A6>\/T) 0015 | 0004509 | nonsyn | rs12037099 | T B N LB het AR
Lec Exon 30 E:p3'?f§§O>C-I; 0.0025959 | 0.000432 | nonsyn | rs372256096 | D B D LB/U het | AD/AR
NM_201384
(NM_ | Exon3t Epsgigggf) 0.0087859 | 0.004201 | nonsyn | rs201070741| T D D B het | AD/AR
. COL7A1 . - Khéng anh | C6 thé
i #
EB004 (NM_000094.4) intron43 | ¢.4518+2delT splicing huong bo qua het AR
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_— Tan sb L oai bié Du dodn in silico S Kiéy di
guoi A e oai bien i AA ieu di
bénh Gen Exon Bien the thé dbSNP A ACMGH Kiéu gen truyén
1000g gnomAD SIFT |Polyphen2 [MuTas HSF Visual
exon 43
c.5047C>T 5 .
exon54 (p.R1683%) 8.48x10 stopgain | rs760063197 A P het AR
DSP €.3923G>A
(NM_004415) exon23 (p.R1308Q) 0.0031949 0.0012 nonsyn | rs184154918 | T D N B/LB het AR
TGM5 €.326C>T
(NM_004245) exon3 (0.TLO9M) 0.0217652 0.0098 nonsyn | rs113463533 | T B N LB het AR
Khong anh | G0 thé
intron43 | ¢.4518+2delT# nonsyn 9 bo qua het AR
COL7A1 huong | exon 43
(NM_000094.4) C50ATCT
' -6
exon54 (p.R1683%) 8.48x10 nonsyn | rs760063197 A P het AR
LAMC2 c.741C>A
(NM_005562) exoné (0.D247E) 0.0642971 0.0559 nonsyn rs2296306 T B P LB het AR
DSP €.3923G>A
EB00S' (NM_004415) exon23 (p.R1308Q) 0.0031949 0.0012 nonsyn | rs184154918 | T D N B/LB het AR
EXPH5 €.2630A>G 4 5
(NM_001308019) exon3 (.Y877C) 3.99x10 5.8x10 nonsyn | rs573273280 | T B N het AR
TGM5 €.326C>T
(NM_004245) exon3 (p.T109M) 0.0217652 0.0098 nonsyn | rs113463533 | T B N LB het AR
KRT14 €.1237G>A
(NM_000526) exon6 (0.A413T) 0.0277556 0.0184 nonsyn rs9780231 | T D P B het AD
ITGB4 €.2359C>T 4 5
(NM_001005619) exonl9 (0.R787C) 2.00x10 4.23%x10 nonsyn | rs150184884 | D D N het AR
€.6205C>T 5
exon74 (p.R2069C) 1.65x10 nonsyn | rs121912855| D B A P het AR
COL7AL C6 the co 7
(NM_000094.4) o thay doi 6 | C6 the
EB006 exon71 €.5821-2A>G* splicing vi tri tiep bo qua het AR
noi exon 71
(accepter)
DSP c.1481A>T
(NM_004415) exon12 (0.YA94F) 0.0177716 0.0118 nonsyn rs28763961 | T B N B het AR
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—_— Tén sé L oai bié Du doan in silico S Kidu di
guol A z 0ai bien i A léu‘ i
bénh Gen Exon Bien the thé dbSNP A ACMGH Kiéu gen truyén
1000g gnomAD SIFT |Polyphen2 [MuTas HSF -
Visual
DSP c.1481A>T
(NM_004415) exonl2 (0.YA94F) 0.0177716 0.0118 nonsyn rs28763961 | T B N . . B/LB het AR
DST €.3673G>A 5
007 (NM_001723) exon23 (.E1225K) . 1.65x10 nonsyn | rs532648332 | T B . . . . het AR
KRT5 €.1429G>A
(NM_000424) exon7 (D.EATTK) nonsyn | rs59190510 | D D D . . P het AD
TGM5 €.326C>T
(NM_004245) exon3 (0.TLO9M) 0.0217652 0.0098 nonsyn | rs113463533 | T B N . . LB het AR
€.1837C>T - Ut
exonl4 0.00002473 | stopgain | rs759634066 | . . A het
COL7AL (p-R613%) Pd (PVSL) R
(NM_0000944) 1 ongo | ©3830C>T | o763 | 00418 | nonsyn | rs35761247 | D D D B/LB het
exo (p.P1277L) : ' y : :
DSP €.8605A>G
008 (NM_004415) exon24 (p.12869V) 0.00459265 0.0022 nonsyn rs28763971 | D B N . . B/LB het AR
KLHL24 ¢.590A>C
(NM_001349427) exon30 (0.D197A) 0.00599042 0.0019 nonsyn | rs116961268 | D B D . . . het AR
LAMA3 €.1256C>A
(NM_002204) exon9 (p.A419D) 0.00019968 0.0001 nonsyn | rs557523147 | D D D . . . het AR
PLEC €.3682C>T
(NM_201384) exon27 (D.R1228W) 0.00199681 0.0048 nonsyn | rs144610086 | D D N . . B het AR
Chit viét tit: 1000g, Co s dit liéu 1000 genome; gnomAD, Co s dit liéu tdng hop bo gen; SIFT, Sorting Intolerant From Tolerant/Céng cu du doén tac dong cua cac thay thé amino acid dén chire nang
cua protein.

A, gay bénh; B/LB/N/T, lanh tinh/cé thé Ia lanh tinh/trung tinh; D, c6 hai/gay bénh; L, do anh huéng thip; P, da hinh/lanh linh (in MutTaster); U, chua rd tac dong; hom, dong hop tu; het, di hop ta; wt,
kiéu dai; nonsyn, non-synonymous; FS del, xoa dich khung; PVS, gay bénh rat manh; PM, gay bénh trung binh; PP, gay bénh dinh huéng; AD, di truyén troi; AR, di truyén lin. Cac bién thé dugc boi
dam 1a nhirng bién thé tng vién chinh cho nguyén nhéan gay bénh.

" nhitng nguai bénh 1a anh em ruét trong mot gia dinh.

# céc bién thé méi, chua timg duoc cong bé trén bt ky co so di liéu nao.
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3.4.1.1. Dy dodn chirc ning in silico cua cac bién thé mai

Ca 2 m6 hinh HumDiv va HumVar cua Polyphen-2 déu dua ra két qua du
doan chirc ning cua bién thé c.8279G>A (p.G2760E) nam trém exon 11 gen
COL7A1 c6 kha ning gy hai dén protein dwgc ma hda véi Score = 1 (Hinh 3.4).
Tuong tu, két qua du doan chirc ning st dung cdng cu SIFT va Mutation Taster
cling cho thay sy kién thay thé glycine bang axit glutamic tai vi tri 2760 trén chudi
polypeptide c6 kha ning gay hai dén protein nay vai Score lan luot bang 0 va 1
tuong wng voi du doan gy hai (D) dén chic ning cta protein. Nhu vay, viéc anh
huong dén chic ning cia protein dugc ma hoa co thé dan toi thay do6i hoat tinh cua

enzyme.

Prediction/Confidence PolyPhen-2 v2
HumDiv
This mutation is predicted to be PROBABLY DAMAGING with a score of 1.000 (sensitivity. 0.00, specificity. 1.000

0,00 0.20 ) 060 0.80 1,00

[=| Hum¥ar
This mutation is predicted tobe PROBABLY DAMAGING with a score of 1.000 (sensitivity: 0.00; specificity: 1.00)

0.80 1.0

1
L00

0,00 0.20 ) 060

Hinh 3.4. Du dodn chitc ndng cua bién thé COL7A1L ¢.8279G>A bang cong cu
Polyphen-2

Ca hai md hinh HumDiv (trén) va HumVar (dudi) déu dua ra du doan c6 kha
nang gay hai vdi diém dy doan 1a 1.

Péi vai cac bién thé moi nam trong intron cia gen COL7AL, st dung cong cu
Human Splicing Finder (HSF) va phan mém Alamut Visual dé danh gia kha ning anh
hudng dén mo hinh cat ndi tu nhién cia MRNA COL7A1L. Két qua cho thay ca 2 cong
cu déu chi ra anh huong cua bién thé ¢.5821-2A>G dén md hinh cit ndi tu nhién cua
MRNA cua gen COL7A1 voéi du doan xoa hoan toan exon 71 trén phén tir protein
dugc mé hoa. Riéng bién doi ¢.4581+2delT, ¢6 su ddi 1ap vé du doan anh huong cua
bién thé ¢én md hinh cat ndi giira 2 cong cu, HSF cho rang ¢.4581+2delT khong anh
huong, trong khi Alamut Visual du doan c6 anh huéng va co thé dan dén x6a hoan

toan exon 43 trén phan tu protein dugc ma hoa (Bang 3.5, trang 68).
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3.4.1.2. Phan tich chite nang lién quan dén bién thé splicing ¢.4581+2delT

Pé danh gia anh huong dén mo hinh ghép ndi tu nhién caa mMRNA COL7A1
cua bién thé c.4581+2delT, miu méau cua 2 anh em ngudi bénh (EB004 va EB005)
cuing bé me duoc thu méi va tién hanh tach chiét RNA tong sb. Qué trinh tong hop
cDNA sau d6 dugc thuc hién va tién hanh khuéch dai ving trinh ty ma hod mang
dot bién kéo dai tir exon 42 dén hét exon 44 gen COL7AL. Phan ng Nested-PCR
duoc thuc hién dé khuéch dai mot 1an nira ving trinh tu ndy, két qua dién di san
pham PCR trén gel agarose 3% cho thay mét bang san pham duy nhét c6 kich thudc
125 bp & mau bé véi kiéu gen dai (wt) va thém mot bang san pham thtr 2 véi kich
thude 89 bp ngoai bang 125 bp & mau bénh mang bién thé di hop tir ¢.4581+2del T
(Hinh 3.5). Két qua nay cho thay, c6 mét alen da bi mat mot vang trinh ty ma hoa
¢6 kich thudce 36 bp, tuong (tng vai kich thudce cua exon 43 trén gen COL7AL.

€.4518+2delT

M WT MT

Hinh 3.5. Két qud dién di san pham RT-PCR trén gel agarose 3%

Dai bang 1on hon ¢ kich thuéc 125 bp bicu thi bin sao kiéu dai (WT), dai
bang nho hon véi kich thuéc 89 bp bieu thi ban sao dt bien (MT), cac dai
bang phia dudi cung cia ban gel la cac moi du. M: marker 1 Kb plus.

3.4.1.3. Céc truwong hep DEB mang bién thé gen COL7A1

Nguwoi bénh EBO01

Phan tich két qua giai trinh tu toan bd hé gen ma hoa cua nguoi bénh EB001,
phéat hién bién thé déng hop tir ¢.8279G>A trén exon 111 gen COL7AL, lam thay
d6i axit amin tai vi tri 2760, trong d6 glycine duoc thay thé bang axit glutamic
(p.G2760E) (Bang 3.5, trang 68). Pay 1a mot bién thé mai, chua duoc tim thay trén

bat ctt co so dit liu hay cdng bd nao trude d6. Kiém tra lai bang giai trinh tu
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Sanger trén hé thng méay ABI 3500 Genetic Analyzer ciing cho két qua tuwong
dong. Bén canh do6, bién thé nay ciing duoc tim thy ¢ ca bd va me cua nguoi bénh
& trang thai di hop ti (Hinh 3.6). Dua theo huéng dan phan loai bién thé gay
bénh/lanh tinh caa Hiép hoi Bénh hoc Phan tir va Di truyén Y hoc Hoa Ky (ACMG)
(Bang 2.3 va Bdng 2.4, trang 56-57), bién thé COL7AL ¢.8279G>A dugc dé xuat
Xép vao nhdm bién thé “gay bénh” vai 6 minh chitng gdm PM2, PM3 va PP1, PP3 -
PP5 (Bang 3.5, trang 68). Bién thé méi nay da dugc nhom nghién ctu khai bao trén
co sé dit lieu bién thé LOVD (Leiden Open Variation Database)
(https://databases.lovd.nl/shared/individuals/00432346).

(a) (b) ()

COL7A1 c.8279G>Ap.G2760E p.G2760E
Bénh nhan _ l L
ﬂ " ,\;‘“\/\ N GPAGPVGPRAG GPP
\/L N \ |wews GPaGPBlcr@c GPP
wse GPTGPEGEPRAGC GPP
¢.8279GIA ¢.8279G/A 1 e crrecelceBMclyxBerr
N/\ VY W /\)AV M| e @2 2 16 2 e 2 llG GPP
’k ——— osum GPIGPMGRTG GPP
Me | GRPIGPVERBleMMACGR P
c.8279AIA \ f\ /\/\ﬂ N\

Hinh 3.6. Bién thé COL7A1 ¢.8279G>A phét hién ¢ gia dinh nguwoi bénh EBOOL.

(2) So d6 pha hé gia dinh nguoi bénh EB001, hinh vudng/tron biéu thi nam/nix,
mau den/ntra den bleu thi nguoi benh/nguol mang bién thé. (b) Két qua giai
trinh tu Sanger & mau ngudi bénh va b me. Vi tri bién d6i duoc danh dau
bang miii tén mau do. (¢) Thay ddi axit amin nam & vi tri bao thi, duoc danh
dau bang mii tén mau xanh.

Nguoi bénh EB0O02

Su két hop cuaa hai bién thé di hop tir Iam dich khung doc cua gen COL7A1
duogc tim thdy ¢ nguoi bénh EB002. Bién thé dau tién 1a ¢.2858_2859delAG nam
trén exon 22 (Bdng 3.5, trang 68). Mac du bién thé nay chua dwoc céng bé trén céc
co so dit liéu bao gom 1000 Genomes, dsSNP, gnomAD va HGMD, nhung trén co
so dir liu riéng danh cho gen COL7A1 (http://www.col7al-database.info) da bao
céo 2 truong hop lién quan mic ly thuong bi bong nudce loan dudng thé nghiém
trong (RDEB-GS), bao gom mot bé gai 1 tudi va mot bé trai 3 tudi. Bién thé
€.2858_2859delAG lam xuét hién ma két thic som tai vi tri amino axit tha 8 sau
codon 953 trén exon 22 (p.E953fs*8), dan dén xda hoan toan 1984 amino axit phia


http://www.col7a1-database.info/

74

sau d6 cua protein COLVII. Bién thé di hop tha hai duoc phét hién Ia bién thé
€.6081delC nam trén exon 73 va cling tao mot ma két thlic sém tai codon 2206
(p.P2029fs*177) (Bang 3.5, trang 68). Day 1a mot bién thé da biét va dugc bao cdo
la gay bénh trén co so dit liéu ClinVar (VCV000418654), c6 lién quan dén céc
truong hop RDEB [139, 140]. Su twong ddng két qua duoc chi ra khi kiém chiing
lai bang giai trinh ty Sanger, dong thoi cho thay hai bién thé nay lan lugt duogc di
truyén tir bd (c.2858 2859delAG) va me (¢.6081delC) caa ngudi bénh (Hinh 3.7).
Bién thé c.2858 2859delAG (p.E953fs*8) duoc dé& xuit xép vao nhém bién thé
“gay bénh” dua theo tiéu chi phéan loai cia ACMG (Bang 2.3 va Bang 2.4, trang 56-
57) véi mot minh chang rat manh (PVS1), hai minh chang trung binh (PM3, PM4)
va hai minh ching dinh hudng (PP1 va PP4) (Bang 3.5, trang 68).

(a) (b) COL7A1
€.6081delC:p.P2029fs*17 ¢.2858_2859delAG:p.E593fs*8
cccccac?ﬁvac'ﬁﬁﬁc G 6 T G cThlE ¥ ¥ ¢ G G
Ngwoi bénh

c.2858_2859AG/delAG

G G G G G G GCHEBNcC c. ¢

“‘\ A ;(‘ | \ A
/ NAAAAN !
c.6081C/delC L /\/\/\/\/V\/\ i ‘)(\" \/  \ | h) /\

c.2858_2859delAG/ \/\) “‘\J‘ \‘ C‘ |1/ /\ (A /\/\/\/\
c.6081delC M O ) ]\

<6 T G

Hinh 3.7. D hop ti: phizc don COL7AL ¢.2858 2859delAG va ¢.6081delC phat hi¢n
o gia dinh nguoi bénh EB002

(a) So dd pha hé gia dinh nguoi bénh EB001, hinh vuéng/tron biéu thi nam/ni,
mau den/nira den biéu thi nguoi bénh/nguoi mang bién thé. (b) Két qua giai
trinh ty Sanger & miu nguoi bénh va bé me. Vi tri bién doi duge danh dau
bang miii tén mau do.

Nguoi bénh EBO03 va hai anh em nguoi bénh EB004, EBO05

Su két hop hai bién thé di hop tir, bao gdbm 1 bién thé v6 nghia tao ma két
thic va mot bién thé sai nghia duoc tim thdy & ngudi bénh EB003 va hai anh em
EB004 va EB005. Nguoi bénh EB003 mang hai bién thé ¢.6205C>T va ¢.8233C>T,
ca hai bién thé nay déu dugc cong bé trén co s dit lieu cia dbSNPs véi ID lan lugt
la rs121912855 va rs768202310 (Bang 3.5, trang 68). Bién thé ¢.6205C>T lam thay
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d6i axit amin arginine thanh cysteine tai vi tri codon 2069 (p.R2069C), dong thoi
bién thé nay duoc béo céo 1a gy bénh trén co s¢ dit liéu ClinVar (VCV000017463)
va duoc tim thiy trén nhom ngudi bénh RDEB. Ca hai bién thé tim thdy & nguoi
bénh EB003 duoc kiém ching lai bang giai trinh tu Sanger véi két qua twong dong
v6i WES. Bén canh dé, mdi bién thé ciing 1an luot duoc tim thay & trang thai di hop
tr khi tién hanh giai trinh tu miu me (c.6205C>T) va bé (c.8233C>T) cua nguoi
bénh (Hinh 3.8).

(a) (b) coL7A1
¢.6205C>T-p.R2069C ¢.8233C>Tp.R2745*

Ngwei bénh

c.8233C/T c.6205C/T

c.8233T/ (X
c.6205T 3
Me
1 | Aoapl
N ARAVATATAATL A A T
VAL ANV Y Y Y Y VA W\f SASRAR
(c) p.R2069C p.R2745*
Human G P P G G
Rhesus GPPG G
N GPPG G
GPPG G
Dog
e GPPG G
Elephant GPPG G
Chicken G GPPG G
Opossum Q [ENG GPPG G

Hinh 3.8. Di hop tiz phizc COL7A1 ¢.8233C>T va ¢.6205C>T duroc tim thdy ¢ gia
dinh nguoi bénh EB003

(a) So dd pha hé gia dinh nguoi bénh EB003, hinh vudng/tron biéu thi nam/nix,
mau den/ntra den biéu thi nguoi bénh/ngudi mang bién thé. (b) Két qua giai
trinh ty Sanger & miu nguoi bénh va bé me. Vi tri bién doi duge danh dau
bang mii tén mau do. (c) Thay ddi axit amin nam & vi tri bao tha, dugc danh
diu bang miii tén mau xanh.

Nguoi bénh EB004 va EBO05 1a anh em trai, ciing mang hai bién thé di hop
tr €.4518+2delT trén intron 43 va ¢.5047C>T trén exon 54 gen COL7AL. Két qua
giai trinh ty Sanger chi ra ca 2 anh em cing nhan 2 bién thé c.4518+2delT va
€.5047C>T lan luot tir me va bd (Hinh 3.9). Trong d6, bién thé anh huong dén md
hinh cit ndi thong thuong ¢.4518+2delT 1a bién thé méi, chua duoc cong bé trén
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bat Ky co so dir liéu nao trude d6. Can cr theo hudng dan phan loai bién thé gay
gay bénh/lanh tinh cia ACMG (Bang 2.3 va Bdng 2.4, trang 56-57), bién thé nay
dugc xép vao nhém bién thé “gdy bénh” bao gdom cac minh ching PVS1, PM2,
PP1, PP3 va PP4. Bién thé méi c.4518+2delT da duoc nhom nghién ctu khai bao
lén co so dix ligu bién thé LOVD
(https://databases.lovd.nl/shared/individuals/00432473). Bién thé ¢.5047C>T la mot
bién thé vo nghia, tao ma két thuc tai vi tri codon 1683 twong wng trén trinh ty axit
min (p.R1683*). Bién thé nay la mot bién thé da biét, co trong co sé dit liéu cua
dbSNPs (rs587780490) va la mot bién thé gay bénh duoc bao cdo trén co sé dit liéu
ClinVar (VCV000130673) (Bang 3.5, trang 68).

(a) (b) COL7A1
©.5047C>Tp.R1683" ©.4518+2delT
c5047CIT  |cas18e2Tider ||| L)Y M M
Bé
EB004 EB005 ‘,l‘l AL A /M /\M
c.5047T/ = — —
c.4518+2delT Me l

‘ }“.\ “ \ /) A ;: K’;“
A | /\/\/\ /
ANAT /

Hinh 3.9. Di hop tiz phizc COL7A1L ¢.5047C>T va ¢.4518+2delT duwroc tim thdy o
gia dinh anh em nguoi bénh EB004 va EB005

(2) So do pha hé gia dinh ngudi bénh EB004 & EBO005, hinh vudng/tron biéu
thi nam/nit, mau den/nira den biéu thi ngudi bénh/ngudi mang bién thé. (b) Két
qua giai trinh tu Sanger & mau ngudi bénh va bd me. Vi tri bién d6i duoc déanh
diu bang miii tén mau do.

Nguoi bénh EBO06

Sy két hop cua hai bién thé di hop tir bao gdom mot bién thé anh hudng dén
md hinh cit ndi thong thuong (c.5821-2A>G) va mot bién thé sai nghia
(c.6205C>T) dugc tim thiy ¢ ngudi bénh EB006. Kiém chiing bang giai trinh ty
Sanger chi ra két qua twong dong véi phan tich WES véi di hop tir phitc COL7A1
.5821-2A>G va ¢.6205C>T duoc xac dinh ¢ ngudi bénh EB006. Trong do, bién
thé ¢.5821-2A>G duoc di truyén tir b va bién thé ¢.6205C>T duoc di truyén tir me
(Hinh 3.10). Bién thé c.5821-2A>G la mot bién thé moi trong khi bién thé
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.6205C>T 14 bién thé gay bénh da biét (rs121912855, VCV000017463) dan dén
thay thé axit amin arginine thanh cystein tai vi tri codon 2069 trén chudi
polypeptide. Bién thé ¢.6205C>T (p.R2069C) ciing 1a bién thé duogc tim thiy &
treong hop nguoi bénh EBO03 trude d6 (Bdang 3.5, trang 68). Dua theo tiéu chi
phan loai bién thé gay bénh/lanh tinh cuia ACMG (Bang 2.3 va Bdng 2.4, trang 56-
57), bién thé COL7A1 ¢.5821-2A>G dugc dé xuat xép vao nhém bién thé “co kha
nang gay bénh” véi mot minh ching manh (PM2) va ba minh chimg dinh hudng
(PP1, PP3 va PP4) duoc xac dinh (Bang 3.5, trang 68). Ngoai ra, bién thé mai nay
d3 dugc nhom nghién ctu khai bao 1én co so dit liéu bién thé LOVD
(https://databases.lovd.nl/shared/individuals/00432531).

COL7A1

(a) (b) ¢ se21.2056 ¢.6205C>T :p.R2069C (c)
Nowoibenbl g | i P-R2069C
\‘\ “ f\ l A | N w“-“ “h‘ l l
Y Y =
c.5821-2AIG C.6205CIT === — e oo Rhesus  QBIG G
Bé Mouse QDG G
\ ¢ 0 v\ | Dog QEG G
"“ \\ J" \ “/\ /| “\ Elephant O ERG G
¢.5821-2G/ e TEeeeere T Chicken QENG RID G
¢.6205T Me, “ i Opossum 0BG G
A VY VUV

Hinh 3.10. Dj hop ti phizc COL7A1L ¢.5821-2A>G va ¢.6205C>T duroc tim thdy ¢
gia dinh nguoi bénh EB006

(2) So dd pha hé gia dinh ngudi bénh EB006, hinh vudng/tron biéu thi nam/ni,
mau den/ntra den biéu thi ngudi bénh/ngudi mang bién thé. (b) Két qua giai
trinh tu Sanger & mau ngudi bénh va bd me. Vi tri bién doi duoc danh dau
bang miii tén mau do. (c) Thay ddi axit amin nam & vi tri bao thi, duoc danh
dau bang mii tén mau xanh.

Neuwoi bénh EB008

Ngudi bénh EB008 va em trai (EB008.E) déu dugc chan doan mic ly thuong
bi bong nudc. Két qua phan tich WES mau EB008 dwa ra 2 bién thé di hop tir tng
vién nam trén gen COL7A1 1a ¢.1837C>T (p.R613*) va ¢.3830G>A (p.P1277L) c6
thé 1a nguyén nhan dan dén bénh. Ca hai bién thé nay déu dugc bao cdo trén co sd
dir liu dbSNP véi ma s6 lan luot 12 rs759634066 va rs35761247 (Bang 3.5, trang
68), va bién thé ¢.3830G>A (p.P1277L) la mot bién thé lanh tinh, d3 dwoc béo céo
trén co s dir liéu ClinVar véi ma sé VCV000255109.16. Giai trinh tu Sanger & ca



78

mau ngudi bénh va thanh vién gia dinh cho thay ca hai bién thé nay déu dugc tim
thiy & hai anh em va ngudi me & trang théi di hop tir; bd ngudi bénh khong mang
bién thé nao (Hinh 3.11). Nhu vay, chua két luan duoc ddy 13 hai bién thé nguy co
do khong chi ra dugc mé hinh di truyén phd hop (di truyén lan nhiém sic thé
thudng). Thém vao d6, mic du cung mang hai bién thé ¢.1837C>T va ¢.3830G>A
trén gen COL7A1 nhung ngudi me lai khong c6 biéu hién nao bat thuong trong kiéu
hinh.

(a) (b) COL7A1
c.1837C>T:p.R613* c.3830G>A:p.P1277L
Ci(‘,‘l,t‘fl('s??t(}f?ﬁr-;,:,cj(,a‘éucaoﬁ,aﬁﬁc(
Ngweo'i bénh
Hﬁ“h’“‘ '\ AN ."j\/“;:,;u/ ”\/‘.‘n,‘\] /\H ,«"\
Iy AR AVRIAVVAVAVAVA'RY VI \./ | \ \ f\‘\\/\ / ',\J‘
c.1837C] cABITT e = *%” B
c.3830G c.3830A CTCACTCGCGTTGCA|ACTCACC G 66 AccCCC
Bo6
I \";"w "‘! A N\ ‘\'II‘\ ‘\ A . ,:}/ Al e f\ ‘I“" {\ \ i A “r"l ’p‘\
EB008 EB008.E J \ TRATATRIAYAY, [\ VARV Y \jl’ VUV VALY W
0 1
c.1837T/ CTCACTCRCGTTGCATN ACTCACCRGGAGGCC
¢.3830A Me | , |

AR LA ( ﬂlﬂ N iy .“l A Nl Ao A
APV IR YA Vi \J\ﬂ W)
% w 10
CTCACTCRICGT TG CA||ACTCACCR GG AGGCC

EBO008.E l

ANV Nk an VA an \/\ j
i‘_,\\‘l / \\(e 'L,F} \.-‘I .j \mz‘\'f\ '\/ \t\ MY Y Y VA ’\\/\bn [\J‘\\

Hinh 3.11. Hai bién thé d@éc ldgp COL7AL ¢.1837C>T va ¢.3830G>A dwoc tim thay
o gia dinh nguoi bénh EB0O8

(a) So dd pha h¢ gia dinh nguoi bénh EB008, hinh vudng/tron biéu thi nam/nix,
mau den/trang biéu thi nguoi bénh/ngg:c‘yi khoe manh. (b) Két qua giai gr‘lnh tu
Sanger & mau anh em ngudi bénh va bo me. Vi tri bién doi duoc danh dau bang
mili t€n mau do.

Véi mong muén tim ra cin nguyén di truyén trong trudng hop nay, phan tich
MLPA duoc thyc hién trén hai mau ngudi con (EB008 va EB008.E) dé xac dinh cac
mat doan Ion gen COL7A1 ma WES khéng phét hién duoc do han ché trong phan
tich CNV. Tuy nhién, két qua MLPA cho thay khong phét hién duoc bat thudng nao
vé s6 lugng ban sao & hai anh em nguoi bénh EB008 va EB008.E (Hinh 3.12). Dya
theo tiéu chi phan loai bién thé cia ACMG (Bang 2.3 va Bang 2.4, trang 56-57) cin
ctr trén két qua vé kiéu gen, kiéu hinh va tham khao mé hinh di truyén, minh ching
PVSI dugc xac dinh d6i voi bién thé COL7AL ¢.1837C>T (p.R613*), do d6 dé xuat
xép bién thé nay vao nhom bién thé “khong chac chan” vé kha nang gy bénh (Bang
3.5, trang 68).
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KRT5-2- 208nt

KRT5-1

KRT5-3- 276nt

Hinh 3.12. Két qud phan tich MLPA nguoi bgnh EBOO8 va em trai EB008.E khong
6 gi bat thurong.

Ving mau tim nhat/cam/xam lan luot biéu thj cac probe gen COL7AL, KRT5
vaV tin hiéu chuan. Cég: not tron biéu thi tin hiéu nhan dién probe. Cac duong
thang mau xanh/do biéu thi duwong gidi han trén/dudi ti I¢ (ratio) binh thuong.

3.4.1.2. Truong hop EBS mang bién thé gen KRT5

Bién thé duy nhat nam trén gen KRT5 1a bién thé di hop tir ¢.1429G>A duoc
tim thdy & nguoi bénh EB007. Bién thé ¢.1429G>A din dén thay thé axit glutamic
thanh lysin tai vi tri codon 477 (p.E477K). Pay la bién thé da biét, twong tng véi ID
1s59190510 trén dbSNPs va duoc bdo cdo 1a bién thé gy bénh trén co sé dit lidu
ClinVar (VCV000021174.4) (Bang 3.5, trang 68). Két qua giai trinh tu Sanger trén
mau ngudi bénh va bé me cia nguoi bénh chi ra day 1a bién thé phat sinh méi (de

novo) & nguoi bénh va khdng tim thay ¢ ca b va me (Hinh 3.13).

(a)
c.1429G/G
EBO007
c.1429G/A
(c) p.E477K
Human E G
Rhesus E G
Mouse E G
Dog E G
Elephant E G
Chicken E G
Zebraf ish E G

¢.1429G/G

(b)

KRT5 ¢.1429G>A:p.E477K
AT TCCTpREEIG CC CTOC
Ngw&i bénh

AV AT, I\

(MY
A TT CCTEG CCCTTC
Bé

] \ N /\ f\ /

\ \

! x/yv/

AT T C TSWG C C C T C
Me

AVAVA NANNN

\ 4{ \/\ \‘/\é\/\’l \/\'\u \

mmmmmmm
rerrerrr
rrrrrerr
EXXXXXX

Hinh 3.13. Bién thé KRT5
€.1429G>A phét hién o gia dinh
nguoi bénh EBOO7

() So dd pha hé gia dinh ngudi bénh
EB007. Mau den/trang biéu thi cac ca
thé bi anh huong/khdng bi anh huéng.
(b) Két qua giai trinh tw Sanger & mau
nguoi bénh va b me. Vi tri bién doi
duoc danh du bang mii tén mau do.
(c) Su thay thé axit amin & vi tri axit
glutamic ther hai (mii t€n mau xanh)
nim trong md tip bao thu nhat
(KLLEGE) cua sgi trung gian.
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Tong két lai, thdng qua phan tich di truyén, 7/8 truong hop di xac dinh duoc
c4c bién thé nguyén nhan, lién quan dén kiéu hinh bénh. Dua vao do, cac phan
nhom cua EB di duoc chi ra mot cac chinh xac, trong khi néu chi can ct theo 1am

sang thi rat kho dé phan loai cu thé (Bdng 3.6).

Bang 3.6. Chdn dodn xdc dinh EB dwa trén 1am sang két hop phan tich di truyén

Nguwoi bénh Phan loai EB
Lam sang Phan tich gen
EB00O1 DEB DEB
EB002 DEB DEB
EBO003 Chua ro DEB
EB004 & EB005 DEB DEB
EBO006 JEB/ HC Kindler DEB
EBOO7 EBS/DEB EBS
EB008 & EBO0S.E Chua 1 Chua ro

(c6 thé 1a DEB)

3.4.2. Bach tang

Tong s6 13 bién thé nonsynonymous va céc indel ¢6 tan s6 nho hon 0,05%
nam trén 8 gen lién quan dén bach tang (TYR, OCA2, AP3B1, DTNBP1, MITF,
MC1R, HPS1 va HPS4) dugc xac dinh (Bang 3.7). M6 hinh di truyén cua bach tang
da va mat (OCA) duoc biét dén Ia di truyén lan, do do tat ca cac bién thé khong tuan
theo mé hinh nay sé& bi loai bo. Nhu vay, xac dinh duoc 6 bién thé gy hai, lién quan
dén bach tang di duoc xac dinh bao gébm 4 bién thé (c.346C>T, ¢.929insC,
¢.115T>C va ¢.559 560insCATTATTATGTGTCAAATTATCCCC) trén gen TYR
(NM_000372.3) phat hién ¢ 5 nguoi bénh, 1 bién thé (c.2323G>A) trén gen OCA2
(NM_000275.3) ¢ 1 ngudi bénh va 1 bién thé (c.972delC) trén gen HPS1
(NM_000195) & 1 nguoi bénh (Bdng 3.7).
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Bang 3.7. Cac bién thé lién quan duwroc tim thdy & cac nguroi bénh bach tang

Tén s Dw doan insilico . ; R
Neudi Gen - — Loai ID ClinVar/ Kiéu | Kiéu di
bénh ién thé en | truyé
& 1000g gnomAD HEndhe | (elENAIRIEA0) SIFT |Polyphen2| MuTas Aeylel; g e
. > .
exonl ¢.346C>T 2.47x10° | stopgain rs61753256 A P het AR
(p.R116%)
TYR
NM_000372.3)
Alooze | (NM_ ¢.929dupC .
2 4.95x10% | F 281 27 P h AR
exon (p.R3LIKFS*7) 95x10 Sins rs2818655 et
HPS1 C.775G>A
(NM_001322492) exon8 (p.A259T) 0.00179712 | 0.0008 nonsyn rs191172528 het AR
.346C>T
exonl ¢ 2.47x10°° | stopgain rs61753256 A P het AR
TYR (p.R116%)
Al002?
(NM_000372.3) ¢.929dupC
2 ’ 4.95x10° | FSi 281 27 P h AR
exon (p.R3LIKFS*7) 95x10 Sins rs2818655 et
TYR ¢.115T>C LPt
1 M1 7 D D h AR
(NM_000372.3) | " (p.W39R) nonsyn | CM10098 (PM2, PM3, PP1-PP4) om
Al003P
MITF €.302A>G
(NM_000248) exon3 (n.E101G) 0.00179712 | 0.0002 nonsyn rs200108255 P D LB het AR
TYR ¢.115T>C
(NM_000372.3) exonl (p.W39R) nonsyn CM100987 D D hom AR
MC1R C.274G>A
AI004P 1 .079672 .0764 222847 B P B h AR
00 (NM_002386) exon (p.Ve2M) 0.0796725 | 0.076 nonsyn 12228479 et
MITF €.302A>G
.00179712 .0002 2001082 B D LB h AR
(NM_000248) exon3 (n.E101G) 0.00179 0.000 nonsyn rs200108255 et




82

Tén s6 L D Du doan insilico S ) )
Ngu'(‘)’i s 2 Oi_li Invar Kiéu | Kiéu di
Gen Exon Bién the 2 . 5
bénh ién thé en | truyé
. 1000g | gnomap | Pien thé |(AbSNPIHGMD) | o, er iy oena | MuTas eiile g ruyen
¢.559_560ins
TYR CATTATTATGTGT . Pt
Al005 1 . . FS CN1414183 . . . h AR
(NM_000372.3) | “°" | CAAATTATCCCC Ins (PVS1, PM4, PPL, PP3, PP4)| O™
(p.G190Cfs*12)
OCA2 €.2323G>A LP}
exon22 . 8.68x10° | nonsyn rs774822330 D D D hom AR
(NM_000275.3) | (p.G7755) % s (PM2, PM3, PP1-PP4)
AIl006
HPS4 €.1932G>A
(NM_152841) exonll (p.M6441) 0.00279553 | 0.0013 nonsyn rs146303784 T B N . het AR
HPS1 €.972delC
exonll . 0.0009 FS del rs281865082 . . . P hom AR
(NM_000195) (p.M325Wfs*6)
AP3B1 c.1607T>A
1 . .862 45337 T B P B h AR
(NM_001271769) exonl6 (p.V536E) 0.8628 nonsyn rs6453373 et
Al007
DTNBP1 c.931G>A
8 . . . T B N . het AR
(NM_001271669) | " (p.G311S) nonsyn €
OCA2 c.1363A>G
(NM_000275.3) exonl3 (p.R455G) 0.0009984 | 0.0003 nonsyn rs200764804 D P D . het AR

"Trong nghién ciru nay; (.) Khdng cé thong tin

Chir viét tat: 1000g, Co s& dit liéu 1000 genome; gnomAD, Co sé dit liéu tong hop bo gen; A/D, gay bénh; B/N/T, lanh tinh/trung tinh; P: da hinh/lanh linh (MutTaster); hom, dng hop
tr; het, di hop tir; wt, kiéu dai; nonsyn, non-synonymous; FS del, xoa dich khung; PV'S, gay bénh rat manh; PM, gay bénh trung binh; PP, gay bénh dinh huéng; AD, di truyén
troi; AR, di truyén lan.

Céc bién thé duoc bdi dam l1a nhitng bién thé ung vién chinh cho nguyén nhan gay bénh

ab nhitng nguoi bénh la anh em rugt trong mot gia dinh.
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3.4.2.1. Cac truong hop bach tang da va mdt mang bién thé gen TYR
Nguoi bénh Al001 va Al002

Nguoi bénh AI001 va AI002 Ia hai anh em trai trong cung mét gia dinh, phan
tich két qua WES cho thay ca 2 anh em déu mang 2 bién thé di hop tir lan lugt nam
trén exon 1 (c.346C>T) va exon 2 (¢.926insC) gen TYR (NM_000372.3). Ca 2 bién
thé nay déu la nhitng bién thé tao ma két thic som (PTCs), trong d6 bién thé
¢.346C>T lam thay d6i axit amin arginine thanh ma két thic phién ma tai vj tri
codon 116 (p.R116*), bién thé ¢.926insC lam xuét hién ma két thic som tai vi tri
codon sb 7 sau codon 311 (p.R311fs*7) trén trinh tu axit amin. D4y déu 1a nhiing
bién thé da biét, da duoc cong bd trén cac co so dit liéu ma, dong thoi duge bao cao
la gay bénh trén co sé dit liéu ClinVar, cé lién quan dén thé bach tang da va mit
nhom 1 (OCA1) (Bang 3.7, trang 81). Kiém chiing bang giai trinh ty Sanger chi ra
su twong dong véi két qua WES, trong d6 bién thé ¢.346C>T dugc di truyén tir bd
va bién thé ¢.926insC dugc di truyén tir me. Ngoai ra, sang loc trudc sinh 2 bién thé
trén st dung giai trinh ty Sanger trén mau dich 6i (mang thai lan 3) phat hién bién
thé di hop tir ¢.926insC (Hinh 3.14). Ciing giong nhu bé me, em bé sinh ra khdng
c6 bat ky biéu hién nao caa bach tang va hién tai vin dang phat trién khoe manh.

(b)

TYR:c.346C>T:p.R116* TYR:c.929insC:p.T311fs*7

(a)
i.G-.Gi.Gl.‘.Cr-.C'CTT(,t_r(t(\.j.,![ﬁ Yy ¢
AI001 | A A ;.f 1 n
“ ?/‘1'- ;‘\\ “\,,,Qj NNV ';' \" ! VAN }\,
€.346CIT €.9209CHNSC |+ v e ac avoacr craffe laccccuane sy ove
,}\loqz 1 o aan 1 ’
! ;"i\ VY \/ /‘/\ L ‘I .«"‘\‘\“ Y I‘l. I. V '8 \ J-\(\
AIOOD A G"G"CG-E'C"t-:,e(c('(l‘icﬁnr c
AEo 1
c.346T/ - I‘-i { | ff\\' YA AA Ff\‘ ‘."‘d\\ Ir;\".' W n \V »— 'ﬂ AYAYAY)
co29insC ¢.929C/insC J\ / \J\“"’f"" { [V ,
Me
ﬁ\_,ﬂ “-f\‘ VUYL N\
6iﬁ A 6GA GAC GACT CTT G
f An A s An
\ j"‘ ;‘ ‘.‘\ }\ ‘.f“'\f\l."gﬂ‘ | \

Hinh 3.14. Di hop tw phirc TYR ¢.346C>T va ¢.926insC duwoc phét hién ¢ gia dinh
nguoi bénh Al001 va Al002

(a) So d6 pha hé gia dinh ngudi bénh Al001 va Al002, hinh vudng/tron/thoi biéu thi
nam/nit/chua xéac dinh gidi tinh, mau den/ntra den biéu thi ngudi bénh/ngudi mang
bién thé. (b) Két qua giai trinh tu Sanger & mau nguoi bénh, bé me va mau dich 4i.
Céc bién doi duoc danh dau bang miii tén mau do.



84
Ngueoi bénh AlO03 va Al004

Nguoi bénh A1003 va Al004 1a hai con dau trong mot gia dinh c6 ba ngudi
con, dugc chan doan méc bach tang da va mat véi cac biéu hién 1am sang dic trung
lién quan dén mau da, mau toc va mau mat va suy giam thi lec. Giai trinh tu toan bo
hé gen ma héa phat hién bién thé thay thé déng hop tir ¢.115T>C nam trén exon 1
gen TYR (NM_000372.3). Bién thé nay gay ra su thay thé tryptophan thanh arginine
tai vi tri codon 39 trén chudi polypeptide cua tyrosinase. Pay 1a mot bién thé da biét
va dugc bao cdo trén co so dit lidu dot bién HGMD véi ma sb CM100987, ¢ lién
quan dén thé bach tang da va mat nhém 1B (OCA1B) (Bdng 3.7, trang 81). Giai
trinh tu Sanger chi ra ¢.115C>T duoc tim thay ¢ hai anh em nguoi bénh, cho thay
su twong dong két qua voi phan tich WES, va bién thé nay duoc di truyén dong thoi
tir b6 va me ciia ngudi bénh. Thém vao d6, két qua giai trinh tu Sanger con cho thay
nguoi em trai Gt khdng mang bién thé nay (Hinh 3.15). Bién thé TYR ¢.115C>T
dugc dé xuat 1a bién thé “c6 kha ning giy bénh” theo tiéu chi phan loai bién thé cua
ACMG (Bang 2.3 va Bdang 2.4, trang 56-57) véi hai minh chirng trung binh (PM2,
PM3) va bén minh chimg dinh hudng (PP1-PP4) (Bdng 3.7, trang 81).

(b)

TYR:c.115T>C:p.W39R

GTCC-\CCGCGG\GCGG

(@)
LT (b

¢.115TIC c.115TIC
GTCC\CCGCGGAGCGG
| Al004
Aloo4 NNV W /\Z\
290
c.115CiC c.115¢iC c115TIT ° Bé Cerccavooaeoa

f\ﬂN \M/\ /\/\/\/\

GTCC-\CCG‘:’GG-\G(‘GG

/Y/M/W/\ /\/\/\/\

G T GTGG-\GCGG
Emtral

NV N\/\/A/\)[N W

Hinh 3.15. Bién thé TYR ¢.115T>C dwoc phéat hién ¢ gia dinh nguoi bénh Al003 va
AI004

(a) So d6 pha hé gia dinh nguoi bénh Al003 va Al004, hinh vudng/tron biéu thi
nam/nit, mau den/nira den/tring biéu thi nguoi bénh/ngudi mang bién thé/nguoi
khoe manh. (b) Két qua giai trinh ty Sanger & mau ngudi bénh, bé me va em trai
ctia nguoi bénh. Vi tri bién d6i dugc danh dau bang mii tén mau do.
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Ngueoi bénh Al005

Nguoi bénh Al005 duoc chan doan mac bach tang da va mat. Giai trinh tu
toan bo hé gen mA hoéa phat hién bién thé thém 25 nucleotide
(CATTATTATGTGTCAAATTATCCCC) & trang thai ddéng hop tir tai vi tri
559 560 trén trinh ty ma hda gen TYR (NM_000372). Bién thé nay lam thay doi
trinh tu axit amin tir vi tri codon 190, déng thoi 1am xuét hién sém ma bo ba két
thac trén trinh tu chudi polypeptide (p.G190Cfs*12) (Bang 3.7, trang 81). Pay la
bién thé hiém da biét, duoc tim thiy trude d6 & trang théi di hop tir & 2 ngudi bénh
bach tang loai OCA1A nguoi Trung Qudc vao nam 2014 [141] va 2019 [142], duoc
bao cdo trén co so dir lidu dot bién HGMD véi ma s6 CN1414183. Nhu vay, day 1a
lan dau tién bién thé nay duoc phat hién & trang thai dong hop tir. Kiém ching lai
bang giai trinh tu Sanger ciing chi ra két qua twong dong voi phan tich WES (Hinh
3.16). Do day la nguoi bénh cao tudi nén khong thu dugc mau bé me, vi vay chua
xéac dinh dugc chinh xac mé hinh di truyén. Tuy nhién, tham khao dua trén 2 ngudi
bénh bach tang mang dot bién trudc do6 thi ca 2 truong hop déu nhan bién thé nay tur
bd hodc me [141, 142], do @6 c6 thé du doan ca bd va me caa ngudi bénh Al005
trong nghién ctru nay déu mang bién thé ¢.559_560ins25 & trang thai di hop tur va
cuing di truyén cho con. Bién thé TYR ¢.559 560ins25 dugc dé xuat 12 bién thé “gay
bénh” dya theo hudng dan phan loai cia ACMG (Bdng 2.3 va Bdang 2.4, trang 56-
57) v&i mot minh ching rat manh (PVS1), mot minh chang trung binh (PM4) va ba
minh ching dinh hudong (PP1, PP3 va PP4) (Bang 3.7, trang 81).

wt "GG"‘?CG(»('T;( . ic
/\ " /\\;1 l,’\ !\ . /\ " i l“"‘u i \
YVVAVYVYVX VYUY YVVAVYVYVX VY

Al005 A ot G G A a'C K3 r AT 0 L xzs A AT ® A & € EEC‘ CAC G ¢
A WWW WY W WAV ANV Y N

il i i [ e (o oo [ )

REF ATGGATGCA CTGCTT

WL ShiaiE S amia e e v o e e e e e e SR
MUt/AIOO5 - -« = ==« - TTATTATGTGTCAAATTATCCCCCA. . . ...

Hinh 3.16. Bién thé TYR ¢.559_560ins25 tim thdy ¢ nguwoi bénh Al005

Giai trinh ty Sanger chi ra bién thé (mut) dong hop tir TYR ¢.559 560ins25 &
ngudi bénh AI005 khi so sénh véi trinh tu chuan (REF) va mau khéng mang
bién thé. Mii tén mau xanh chi vi tri ¢.559 560 trén trinh tu nucleotide kiéu
dai (wt), miii tén nam ngang hai chiéu mau d6 danh dau vi tri va trinh ty 25
nuleotide dugc thém vao.
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3.4.2.2. Truong hop bach tang da va mdat mang bién thé gen OCA2
Nguoi bénh Al006

Nguoi bénh AI006 14 nit, 14 con thi hai trong gia dinh. B6 me va anh trai cua
ngudi bénh déu co kiéu hinh binh thudng, trong khi d6 nguoi bénh duoc chan doan
mac bach tang da va mat. Két qua phan tich WES cho thay nguoi bénh mang bién thé
ddng hop tir ¢.2323G>A trén exon 22 gen OCA2 (NM_000275.3), 1a nguyén nhan dan
dén su thay thé glycine tai vi tri 775 thanh serine (p.G775S) trén chudi polypeptide.
Bién thé nay 1a mét bién thé hiém di biét, duoc béo céo trén co so dit liéu dbSNPs
(rs774822330) voéi tan s6 8 x 10 trén GnomAD va 9 x 10 trén EXAC (Bdng 3.7,
trang 81). Giai trinh ty Sanger cho thay ngudi bénh nhan ca 2 alen mang bién thé tir b6
va me, trong khi d6 anh trai ctia nguoi bénh lai nhan duoc hai alen kiéu dai ¢ trang thai
binh thuong (Hinh 3.17). Dya theo huéng dan phan loai bién thé cuia ACMG (Bdng
2.3 va Bang 2.4, trang 56-57), OCA2 ¢.2323G>A dugc xép vao nhém “cé kha ning
gay bénh” vai cac minh chirng PM2, PM3 va PP1-PP4 (Bdng 3.7, trang 81).

(a) (b)
OCA2:c.2323G>A:p.G7758
150 160
C AAGCAC TG A AGGCOC
Al006
A fr.\\ A
AV AR} [
¢.2323GIA €.2323GIA & QL&L
150 160
| C AR GCAC Y G AAGGTCC
Bo
Al006 I
A .f
c.2323GIG C.2323AIA [ o
C AR GC AC Y G AAGGTCTC

Me 1.
i
/ {
l\ - ." -‘I! 0 ,l‘ ‘lﬁ |Il ‘I‘Ill
JIRYA [ | 'U’ !
/ \ ] — -
160

C ARG CACTC G AAGG CC

An_h trai

!

\/\M\\"‘ -‘i \'\

Hinh 3.17. Bién thé OCA2 ¢.2323G>A tim thdy ¢ gia dinh nguoi bénh Al006

(a) So d6 pha hé gia dinh nguoi bénh Al006, hinh vudng/tron biéu thi nam/nit,
mau den/nira den/tring biéu thi ngudi bénh/ngudi mang bién thé/nguoi khoe
manh. (b) Két qua giai trinh ty Sanger & mau nguoi bénh, bé me va anh trai caa
ngudi bénh. Vi tri bién ddi dwoc danh diu bang mii tén mau do.
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3.4.2.3. Truong hop bach tang da va mdt mang bién thé gen HPS1

Nguoi bénh AlIO07

Nguoi bénh AI007 duoc chan doan mac bach tang da va mat. Giai trinh tu toan
bo hé gen ma hoa phat hién bién thé ddng hop tir ¢.972delC trén exon 11 gen HPS1
(NM_000195), 1 nguyén nhan dan dén tao ma két thic sém trén trinh tu chudi
polypeptide (p.M325fs*6). Day 1a bién thé da biét, dugc bao céo trén co so dir lidu
dbSNPs (rs281865082) véi tan s6 trén EXAC 1 0,1%, dong thoi bién thé nay duoc béo
cao 1a bién thé gay bénh trén co s¢ dir liéu ClinVar (VCV000005280.5) va c6 lién
quan dén cac trudng hop mac hoi chang Hermansky—Pudlak, mot dang bach tang da
va mat thé hiém (Bdng 3.7, trang 81). Bién thé c.972delC duoc kiém chung lai trén
mau ngudi bénh va cac thanh vién trong gia dinh bao gom bd, me va chi gai str dung
phuong phap giai trinh ty Sanger. Két qua cho thay ngudi bénh mang bién thé dong
hop tir ¢.972delC trong khi b6 me va anh trai cia ngudi bénh déu mang bién thé nay &
trang thai di hop tir va c6 kiéu hinh binh thuong. Nhu vay, nguoi bénh dong thoi nhan
bién thé nay tir ca b6 va me va biéu hién bénh (Hinh 3.18).

(a) (b)

HPS1 :c.927deIC:p.M325fs*6

GGGGGGGTGCCCCCC

[ st

c.927C/delC c.927C/delC

GGGGGGG-\.\.\CCCCC

D Bt

250
c.027C/delC c027delCideld . . ¢ o 6 6 6 Sec e e o c

Me 1
MAMNMAaAAAAR

250
G G 6 G 6G G G K K S CTCTCTCTC

Chi gai

/\A/\/\N\w\\/\/\/\/ A

Hinh 3.18. Bién thé HPS1 ¢.927delC tim thdy & gia dinh nguoi bénh AlO07

(a) So d6 pha hé gia dinh nguoi bénh Al007, hinh vuéng/tron biéu thi nam/ni,
mau den/ntra den biéu thi nguoi bénh/nguoi mang bién thé. (b) Giai trinh tu
Sanger chi ra bién thé ddng hop tir (miii tén do) HPS1 ¢.927delC ¢ nguoi bénh va
di hop tir (mili tén xanh) & b me va chi géi cia ngudi bénh.
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Tong két lai, toan bo 7 ngudi bénh bach tang da va mét trong nghién ctu nay déu
da xac dinh dugc céc bién thé nguyén nhan, tir d6 cac phan nhom ciia OCA di duoc chi
ra mot cach chinh xac. Thdng qua phan tich di truyén, 6 ngudi bénh (Al001-Al006)
duoc xép vao nhom OCA khong héi ching va chi ¢é duy nhat ngudi bénh Al007 mac
hoi chirng Hermasky-Pudlak (Bang 3.8). Trudc d6, dua trén tham kham l1am sang toan
bo 07 ngudi bénh déu duoc chan doan méic OCA va rat kho dé co thé phan loai mot
céch cu thé cac phan nhom trong nhdm nay.

Bang 3.8. Chdn dodn xdc dinh phan nhém bach‘tang dira trén 1am sang két hop phan
tich di truyen

Nguwoi bénh Phan loai bach tang
Lam sang Phén tich gen
AIl001 & Al002 OCA OCAlA
AI003 & Al004 OCA OCA1B
Al005 OCA1lA OCA1lA
Al006 OCA OCA2
Al007 OCA HPS

3.4.3. Thiéu san vanh tai
3.4.3.1. Cac bién thé hiém va méi tim thdy & nguroi bénh thiéu san vanh tai
Luwrong bién thé va gen c6 thé lién quan

Dir liéu phan tich WES cuia 11 nguoi bénh thiéu san vanh tai trong nghién ctu
nay sau khi sang loc trén 27 gen (Bdng 1.5, trang 35) dugc danh gia co thé la tac nhan
gan nhit thi chi xac dinh dwoc mot bién thé di hop tir duy nhat nam trén gen EYA1
(€.922C>T, p.R308*) & nguoi bénh Mi002. Ma rong quy mé sang loc trén 428 gen (Phu
luc 8) bao gém toan bo cac gen biéu hién trong cac cung mang hoic anh huong dén kha
nang tang sinh, di cu va biét hda cua cac té bao mao than kinh so c6 thé 1 nguy co trong
thitcu san vanh tai dwa theo MGI (Mouse  Genomes  Informatic,
http://www.informatics.jax.org/) da phat hién duoc 108 bién thé (MAF < 0,5%) va déu
& trang théi di hop tr bao gom: 105 bién thé sai nghia (bién thé thay thé) chiém 97%, 2

bién thé dich khung (FS) chiém 2% va 1 bién thé v6 nghia (nonsense/stopgain) chiém
1%. Trong d6 c¢6 27 bién thé méi chua duoc tim thay trén bat ky co s dit liéu ciing

nhu céng bd khoa hoc ndo, bao gdm ca 2 bién thé dich khung, con lai déu 1a céc bién


http://www.informatics.jax.org/
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thé sai nghia (25 bién thé) (Hinh 3.19). Hai bién thé dich khung m¢i 1a PCDH15
c.5027delA (p.E1676Gfs*128) va CANT1 c.775dupC (p.H259Pfs*25), lan lugt duoc
tim thay & nguoi bénh Mi005 va Mi010. Cac bién thé dich khung nay tao ma két thic
s6m trén phan t mMRNA, din dén hinh thanh mot protein khdng hoan chinh, ngian hon
so véi thong thuong hodc mot protein mat hoan toan chic ning sau qua trinh dich ma.
Bién thé EYAL ¢.C922T (p.R308*) Ia bién thé vo nghia (tao ma két thic) duy nhat
dugc xac dinh & ngudi bénh Mi002 trong nghién cttu nay. Danh sach chi tiét cac bién
thé tim thdy & tirng nguoi bénh thiéu san vanh tai trong nghién ciru nay duogc liét ké
trong Phu luc 9.

2,2%] 11,1%

Bién thé hiém a3 biét 80 1
Bién thé moi 25 0

Bién thé thay thé

= Bién thé dich khung

105, 97%

Bién thé vé nghia
Hinh 3.19. Loai bién thé va ti 18 bién thé xac dinh duoc ¢ 11 ngudi bénh TSVT

Phan tich chi ra cac bién thé dugc tim thiy nam trén 74 gen khac nhau, véi sé
luong bién thé tim thay trén mdi gen dao dong tir 1 dén 9 bién thé (Hinh 3.20).

Gen PLEC la gen phét hién duoc nhiéu bién thé nhat, véi 7 bién thé thay thé lan
luot duoc tim thy & nhimg ngudi bénh Mi002 (2 bién thé), Mi003 (2 bién thé), Mi005
(2 bién thé) va Mi011 (3 bién thé); trong d6 Mi005 va Mi011 c¢6 mot bién thé gidng
nhau.

Hai gen LRP5 va PCNT la nhitng gen ciing phat hién dugc 4 bién thé thay thé;
trong d6 c6 ba ngudi bénh gom Mi003, Mi008 va Mi009 mang ca hai bién thé o ca hai
gen (cac bién thé 12 khac nhau), trong khi Mi005 (LRP5) va Mi011 (PCNT), mdi nguoi
bénh lan lwot mang mot bién thé cua hai gen nay.

Nam gen FAT4, MYO18B, KMT2D, PCDH15 va ZNF469 1 nhiing gen xéac dinh
duoc 3 bién thé, trong d6 c6 1 bién thé dich khung gen PCDH15, con lai déu 1a cac bién
thé thay thé. Ba bién thé gen FAT4 dugc tim thiy ¢ nguoi bénh Mi004 (2 bién thé) va
ngudi bénh Mi008 (1 bién thé). Ba bién thé gen KMT2D duoc tim thiy & 2 nguoi bénh
Mi002 (1 bién thé) va Mi006 (2 bién thé). Ba bién thé gen MYO18B khéc nhau lan luot
duoc tim thdy & ba ngudi bénh Mi003, Mi006 va Mi011. Ba bién thé gen PCDH15 duoc
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tim thdy ¢ hai nguoi bénh Mi005 (2 bién thé) va Mi011 (1 bién thé). O gen ZNF469, ba
bién thé khac nhau lan luot dugc tim thdy & nhitng ngudi bénh Mi006, Mi007 va Mi011.

ABCC6
ACAN
ADAMTS2
ADGRV1
AEBP1
B4GALT7
BMP2
CANT1
CCBE1
CcDCo
CENPJ
CHUK
CIB2
CIITA
CLRN1
C0G4
COL11A1
COL3A1
COL4A4
DNASE1
DUOX2
EDN1
ERBB3
EVC
EXOC6B
EYAL
FAT4
FGFRL1
FKTN
FLNB
FN1
FRAS1
FREM2
GJAL
IFT140
IFT172
KMT2D
LMNA
LRPS
MEGF8
MITF
MUCSB
MYO18B
NCF1
NCF2
NIN
NOTCH3
ORC1
PAX3
PCDH15
PCNT
PDZD7

PLEC

PLIN1
POC1A
POP1
PPIB
PRRX2
PTPN22
SEMA3E
SF3B2
SH3PXD2B
SLC26A2
SLC26A4
SLC34A3
S0X8
TRPV4
TSHR
TTC37
USH2A
WFS1
WNT1
WNT7A
INF469

sL BIEN THE
[ 2 ]

HI HI HI HI HI }I HI EI HI HI || HI HI HI HI HI HI HI HI HI }I HI HI HI HI II }I HI HI HI HI HI HI HI HI HI HI HI HI |
s

1
T
T

1

1
2
2

1

1

1

Ngoai ra, c6 9 gen cung phat hién
dugc 2 bién thé thay thé, bao gom: ACAN,
EVC, FAT4, KMT2D, NCF1l, PCDHI15,
COL3Al1, |IFT140, MEGF8, MUCS5B,
PDZD7, SH3PXD2B va SLC26A4. Nhu vay,
tong s6 c6 17/74 gen phat hién dugc it nhat 2
bién thé va tat ca déu duoc tim thay & nhiing
nguoi bénh thiéu san vanh tai khac nhau,
trong d6 ¢6 3 gen (LRP5, PCNT va PLEC)
dugc xac dinh trén 4 nguoi bénh, 5 gen
(ACAN, MYO18B, NCF1 va ZNF469) tim
thay & 3 nguoi bénh va 9 gen (COL3AL,
FATA4, KTMD?2, MEGFS8, MUCS5B,
PCDH15, PDZD7, SH3PXD2B va
SLC26A4) dugc xac dinh ¢ 2 nguoi bénh. Su
phan bb cua 17 gen nay clng cac bién thé
tim thay ¢ 11 nguoi bénh thiéu san vanh tai
duogc biéu thi chi tiét trong Bang 3.9 (trang
91). S6 gen con lai (57 gen) duoc xac dinh
riéng lé trén mdi ca thé bénh ma khéng tim
thiy & nhirmg ngudi bénh thiéu san vanh tai
khac trong nghién cuu.

Hinh 3.20. Cac gen ing vién va luong bién
thé tim thay ¢ 11 nguoi bénh thiéu san vanh
tai.

Cac gen dugC sap Xép Iﬁp luot theo bang chir cai
va so lugng (SL) bien the dugc biéu thi bang cac
thanh nam ngang mau xanh.



91

Bang 3.9. Danh sdch cdc gen lién quan ciing dwoc xdc dinh & it nhat 2 nguweoi bénh thiéu san vanh tai cling c&c bién thé cu thé

Gen va sb lugng ngudi

boah mang biée fho gen Mi00L Mi002 Mi003 Mi004 Mi005 Mi006 Mi007 Mi008 Mi009 Mi010 Mi011
) p.N658S
ACAN 3 DTioza  PT1403A p.T1403A
COL3AL 2 p.P566L p.AL045T
EVC 3 p.R760Q  p.Y780H  p.E68LK
FAT4 2 Bﬁjggi\é p.R4294T
p.T4110
KMT2D 2 p.P2382S r 145751
LRP5 4 p.A233V p.V61M pA720T  p.C967F
MEGF8 2 p.R1142W p.R1886H
MUC5B 2 p.T4091R p.T1309M
MYO18B 3 p.T590M p.V1011L p.R2410C
NCF1 3 p.R9OH p.R9OH p.R9OH
(p.E1676Gfs*128)

PCDH15 2 (p.E49G) p.G539R
PCNT 4 p.K2046T p.E1730G  p.E384K p.E209Q
PDZD7 2 p.P513L p.P513L
BLEC A p.AL871T  p.R3660H p.D3627N E"éé%giil

p.R1306C  p.R1999Q p.QL737P P RI3100
SH3PXD2B 2 p.R613Q p.R324W
SLC26A4 2 p.D661E p.G282R
ZNF469 3 p.G1344R p.R3821Q p.A1156T

In nghiéng ddm: cdc bién thé giong nhau trén cing 1 gen
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Xdc dinh mé hinh di truyén cua 74 gen tim thdy trén 11 nguoi bénh thiéu san

vanh tai

Trong téng s6 74 gen duogc xac dinh, 71/74 gen da biét md hinh di truyén trong
khi 3 gen gdm KMT2D, PRRX2 va ADGRV1 chua xac dinh dugc md hinh di truyén cu
thé. Toan bo cac gen tim thay trong nghién ciru déu nam trén nhiém sic thé thuong,
khong c6 gen nao nam trén nhidm sic thé gioi tinh. Trong do, c6 12 gen dwoc bao céo
xuat hién ca mé hinh di truyén troi va lan, bao gom: ACAN, COL3A1, LRP5, LMNA,
TSHR, ERBB3, ABCC6, PAX3, COG4, FLNB, COL11A1 va GJA1. Céac gen c6 md
hinh di truyén troi nhiém sic thé thuong (14 gen) bao gom: IFT140, EVC, EDNI,
SEMAS3E, EYAL, BMP2, FGFRL1, NOTCH3, TTC37, DNASE1, MUC5B, SF3B2, FN1
va MITF. Con lai 44 gen duoc bao céo lién quan dén mé hinh di truyén lin (Bang
3.10).

Bang 3.10. CAc gen c6 thé lién quan dén bénh dwoc tim thdy 6 nhém nguwoi bénh thiéu
san vanh tai va mé hinh di truyen cua ching

Di truyén trji Di truyén Iin M3 hinh di truyén Chua
nhiém séc thé thwong nhiém sic thé thwong bao gbém ca trdi va lin  xac dinh
(15 gen) (44 gen) (12 gen) (3 gen)
. FKTN, POC1A, SLC26A42,
Mi001 IFT140 NCF1°. NCF2
. EVC, EDN1, SEMA3E, ORC1, FRAS]1, PLEC, PDZD7,
MI00Z  Eyag NIN, CDC6 ) KMT2D
CIB2, PCNT!, PLEC, WFS1 :
1 ’ ’ ’ g i
Mi003 EVC, PLIN1, TRPV4, AEBP1, MEGF8™, MYO18B", ﬁgﬁ;\i COLEAL PRRX2
POP1, SH3PXD2BY
. FAT49 ADAMTS2, EXOC6B
C L 1 L g
Mi004 EVC¢, BMP2, SLC34A3, BMP2 ACAN?, LMNA, TSHR ADGRV1
. CHUK, PCDH15'", PLECY, "
Mi005 FGFRL1 BAGALT7, DUOX2 ERBB3, LRP5 -

. COL4A4, CENPJ, CIITA, e
Mi006 NOTCH3 MYO18B", NCF1b, ZNF469! ABCC6 KMT2D
Mi007 TTC37 PTPN22, ZNF469! PAX3 -

u
Mi008 DNASETL, MUCSB', FAT49, PCNTf, WNT7A LRP5K -
SF3B2

. CLRN1, PCNT, SLC26A42, "
Mi009 FN1 USH2A, SLC26A2 COG4, FLNB, LRP5 -
Mi010 MUC5BY PDzD7, CANT1, IFT172, PPIB COL3Al! -

FREM2, PCDH15", PCNT,
m g
Mioll  MITE PLEC, CCBE1, MEGF8™, COL11A1, ACANS, :

MYO18B", SH3PXD2BY, WNT1,
ZNF469!

GJA1

aefimnarsuveac gen lién quan dugce tim thdy ¢ 2 mau nguoi bénh,

b,cht
d,g.k

cac gen lién quan dugc tim thiy & 3 mau ngudi bénh,
cac gen lién quan dugc tim thay ¢ 4 mau nguoi bénh.
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Pdnh gid anh hweng cua cac bién thé dya trén phan tich in silico

Pé danh gia mirc d6 anh huong cua céc bién thé dén chire nang cua protein, tap
hop 9 coéng cu online tich hop trong ANNOVAR dugc st dung, bao gom:
SIFT/PolyPhen/LRT/MutationTaster/MutationAssessor/FATHMM/PROVEAN/MetaS
VM/MetaLR. Trong téng s6 108 bién thé thi chi c6 duy nhét 8 bién thé dugc danh gia
1a 1anh tinh trén tat ca cac cong cu phan tich (Phu luc 9). Con lai 100 bién thé dugc
danh gia 14 c6 anh huong cé hai trén tdi thiéu mot cong cu du doan (sé lugng cong cu
du doan gay hai cang nhiéu thi mic d6 tin cay cang cao) hoic di duoc béo céo la gay

bénh/c6 kha nang gay bénh trén co s¢ dit liéu ClinVar.

Sau khi phan tich in silico dy doan mirc d6 anh huong, tat ca cac bién thé duogc
danh gia 1a gdy hai/cd kha ning gay hai trén it nhat 5 cong cu du doan bén canh céc
bién thé dich khung va bién thé tao ma két thuc tiép tuc duoc sang loc dé danh gia tiép.
Sau quéa trinh sang loc, tong sé c6 47 bién thé dap tng tiéu chi trén nam trén 45 gen
khac nhau; trong d6 chi c6 2 bién thé da duoc béo céo 1a gay bénh (EYAL p.R308*) va
c6 kha nang gay bénh (ABCC6 p.R1235W) trén co s¢ dir liéu ClinVar. Ngoai ra, trong
s6 47 bién thé nguy co dugc sang loc thi chi ¢ hai bién thé gen NCF1 p.R90H va
PLEC p.D3627N cung dugce xac dinh & nhitng ngudi bénh khac nhau, con lai, moi
bién thé chi tim thy trén mot nguoi bénh ma khong xuat hién & nhimg ngudi bénh
khac. Mit khéc, s luong cac bién thé tmg vién duoc tim thiy trén mdi ngudi bénh
cling khac nhau, dao dong tir 2 dén 8 bién thé duogc xac dinh; trong d6 Mi011 1 ngudi
bénh mang nhiéu bién thé nhat. Toan bo 47 bién thé nguy co tim thay ¢ 11 nguoi bénh

thiéu san vanh tai duoc liét ké chi tiét trong Bang 3.11.
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Bang 3.11. CAc bién thé gay hailco thé gay hai trén 11 nguoi bénh thiéu san vanh tai

M Loai Tén sb Kié Polyphen2 [Polyphen2 Meta | Meta
STT 250 Gen Exon Bién thé UsIFT LRT [MuTast|MuAss|FATH | PRO cvr
mau X z avsnpl50 | gen
bién thé| 10009 gnomAD HDIV HVAR SVM LR
FKTN ¢.559G>A
1 (NM_001351498) exon5 (p.G187S) nonsyn het | D D D D D M D N D D
POC1A c.215C>T
2 (NM_001161580) exon3 (p.572L) nonsyn 0.0002 |rs746676896 | het | T D P D D L D D D D
3 | mion (N%COZOG(QL) exon17 C(;%Sgé? nonsyn | 0.000399 | 0.0001 |rs199588131 | het | D D D o | b Mm | o | b | o D
4 (NMNE):('):(;LZGS) exon4 ?ng%(gié nonsyn 0.001 [rs201802880 | het | D B B D D M D D D D
5 (NMNE):('):OZ 433) exon2 C(ngggz? nonsyn het | D D D D D M T D D D
6 (NME\(()QOlSOS) exonl0 fpgégggj) stopgain rs121909195 | het D A P
Mi002 = :
7 (NMPLZE)%?S) exon3l Epfﬁ?ff)‘ nonsyn | 0.008786 | 0.0044 |rs201070741 | het | T D D u | b L | o | n~N]D]| D
8 (N&Rgl)égon exon4 E:p7F({)g?(::6>C; nonsyn | 0.0002 0.0002 |rs202233874 | het | D D D D D L D D D D
9 (NMA%'SE%) exon10 ‘3(;?\1763%;? nonsyn 82x10° | rs370283261 | het | D D D N | D M| T | o | T T
10 (NEAO(L)S%O) exon24 C(é%%é%j nonsyn | 0.001198 | 0.0003 |rs150543864 | het | T D D N|bp|mM|[DpD]|D]|D]|OD
11 Mi003 (NM%%E?lO) exon20 (%?ffz&?/;/r) nonsyn | 0.002596 | 0.0011 |rs372257661 | het | D D P N D M T D T T
MYO18B c.1769C>T 5
12 (NM_001318245) exon? (p.T590M) nonsyn h.08x10~[rs370187232 | het | D D D D D M D D D D
SH3PXD2B c.1838G>A 6
13 (NM_001017995) exonl3 (n.R6130) nonsyn .27x107°[rs745393171 | het | D D P D D M T N T T
14 (NJRE;‘;M) exond (cp732<§ch) nonsyn | 0.000399 | 0.0002 |rs143548402 | het | D D D o | b Mm | T | Do | D T
EVC c.2041G>A
15 (NM_001306090) exonl4 (0.E681K) nonsyn | 0.001797 | 0.0001 |rs201877358 | het | D D P D D M T N T T
FAT4 ¢.13085G>T
16 \iood (NM_001291285) exonl7 (p.G4362V)) nonsyn | 0.001797 | 0.0006 |[rs199797338 | het | T D D U D L D N D D
17 (NMS%>1<4?587) exon3 C(p7?§6'2i/()3 nonsyn | 0.000399 [.64x10°5 |rs545677635 | het | T P P o | o |H|T|N]|D]|oD
18 (Nl\llT “QI;I(QOS) exonl0 c(é%ﬁg;l’ nonsyn 0.0001 | rs60890628 | het | D P B N A M D N D D
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Mi Loai Tén sb Ki Polyphen2 |Polyphen2 Meta | Meta
STT 450 Gen Exon Bién thé UsIFT LRT |MuTast|MuAss[FATH | PRO Cvr
mau bién thé| 1000g |gnomap| 2VSTPE0 | gen HDIV | HVAR svM | LR
1e€n the
€.5027delA
19 PCDH15 exon31 (0.E1676Gs*128) FS del het
NM_001142767
20 (NM_ M exon3 6(34&3?3()3 nonsyn | 0.000509 |0.0001 |rs184026653 | het | D p B D L | 1|0 | T T
. €.10879G>A
21 Mi005 PLEC exon32 (p.D3627N)° nonsyn | 0.000399 | 0.0001 |rs146233901 | het | T D D U D M T N D D
(NM_201378) €.5210A>C
22 exon31 (.Q1737P) nonsyn het | D D D U N N D N D D
23 (NM_lagf2591902) exon9 (Eplg/le?;nA) nonsyn 1.65x10°5 [rs371615673 | het | D P P U D M D N D D
COL4A4 C.661C>T
24 (NM_000092) exonll (0.P221S) nonsyn het | D B B N M D D D D
25 (NGB()C(:)(1:1671) exon26 (‘;?;{710233%% nonsyn | 0.0002  p.26x10| rs63750402 | het | D D D N | D H |l o | ol o | o | v
Mi006 = -
NCF1 C.269G>A
26 (NM_000265) exon4 (p.ROOH)* nonsyn 0.001 |rs201802880 | het | D B B D D M D D D D
ZNF469 ¢.4030G>A 5
27 (NM_001127464) exon2 (p.G1344R) nonsyn | 0.000399 p.21x107 |rs368674617 | het | D D D N L T D T T
NCF1 C.269G>A
28 \ioo? (NM_000265) exond (p.RIOH)? nonsyn 0.001 [rs201802880 | het | D B B D D M D D D D
PTPN22 c.1071T>A
29 (NM_012411) exonll (.H357Q) nonsyn rs1031818331( het | D D D N D M T D T T
DNASE1 ¢.343G>T 5
30 (NM_005223) exon5 (p.D115Y) nonsyn P.05%107 [rs775559875 | het | D D D D D H T D T T
. SF3B2 €.1219C>G
31 Mi008 (NM_006842) exonll (0.PAOTA) nonsyn het | D B B D D L D T T
WNT7A ¢.400G>T
32 (NM_004625) exon3 (p.D134Y) nonsyn {0.0001997 rs546145028 | het | D D D D D H T D D D
SLC26A4 €.1486C>T
33 (NM_000441) exonl3 (p.LAYF) nonsyn het | D D P N D M D D D D
USH2A ¢.10274G>T 3
34 (NM_206933) exon52 (p.C3425F) nonsyn .25%x107°|rs200328442 | het | D D D D D M T D T T
35| Mi0oo | %8161;5139) exon12 C(bl_gzs‘tg;; nonsyn | 65x10°2 [rs777169655 | het | D D P o | b M| T | o | T T
36 (NM 0%?3%06131) exon32 (%5’\%2;;% nonsyn |0.0001997 p.59x102[rs199684110 | het | T P D D D L T D T T
37 (M '5&221902) exon23 c(:s(a:o;)Bc;E)T nonsyn [0.0003994 | 0.0003 |rs147618989 | het | D D D ul o |m]|Do|D ]| T T
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Ma Loai Tén sb Kié Polyphen2 [Polyphen2 Meta | Meta
STT 250 Gen Exon Bién thé U (ST LRT |MuTast|MuAss|FATH | PRO cvr
mau AR avsnpl50 |gen
bién thé| 10009 |gnomAD HDIV | HVAR SVM | LR
38 (NSI\I/I_COZO%?iZ) exon3 E:pségg;% nonsyn [0.0001997 }.12x1072|rs571410872 | het | D D D D D H D D D D
PDZD7 c.1538C>T
39 (NM_001195263) exonl0 (p.P513L) nonsyn [0.0001997 | 0.0001 |rs572462059 | het | . . . . . . . . T T
CANT1 ¢.775dupC .
40 \riogo | (NM_138793) exon3 |, Hosopfskosy | FSINS [ - : : het
41 (N(I\:AOI680A0190) exon43 Eﬂ‘\?f(’)fgg nonsyn [0.0017971 | 0.0006 |rs149722210 [ het | T D p N | D L | o | n~N]D]| D
42 (NI\I/IF-IC—)?LZSEQ) exonl5 Eplgégg\j\;g nonsyn . 1.94x1072 [rs779152335 | het | D D P D D L T D T T
43 (N?\;)Lolslo'gém exon58 Eb‘lplggg) nonsyn |0.0001997 p.91x102|rs199952288 | het | D D D o | b L b | b | b D
44 (N&RZE(')\%GH exon16 ‘(’;g;?éggg nonsyn [0.0001997 | 0.0002 |rs115492820 | het | D D D D D L T D T T
45 (NMM(I)-(I)-OFZ 48) exon3 ((:3 f’fff\-/r) nonsyn . p51x102[rs182533927 | het | D D P D D L T N T T
PCDH15 c.1615G>A
46 _ NM_001142767 exonl13 0.G539R nonsyn . . . het | T D D . D N T D T T
Mi011
47 oL exon26 &%fggzg nonsyn | 0.000599 |0.0003 |rs533410461 | het | D D D ul o |m ]| T |D ]| T T
NM_201378
48 (NM._ ) | exonsz Eblg%gz?;fg nonsyn [0.0003994 | 0.0001 |rs146233901 [ het | T D D ul o |m| T | N~N]|]D]|D
MEGF8 C.5657G>A B
49 (NM_001410) exon33 (0.R1886H) nonsyn . 1.13%10%[rs771233244 | het | D D P D D N T N T T
MYO18B €.7228C>T B
50 (NM_001318245) exon43 (p.R2410C) nonsyn . .28%107[rs763160003 | het | D D D N D L D D D D

Mi: thiéu san vanh tai; nonsyn: bién thé thay thé; FS ins: bién thé dich khung dang chén nucleotide; FS del: bién thé dich khung dang mat nucleotide; 1000g, Co s6 dit liéu 1000 genome; gnomAD, Co s6 dit liéu tong hop bé gen;
avsnp150, Co so dir li¢u da hinh don nucleotide phién ban 150; het: di hop tr; MuTast: Mutation Taster; MuAss; Mutation Assessor; FATH: FATHMM; PRO: PROVEAN; CVr: ClinVar; D/P: ¢6 hai, B/N/T: lanh tinh/trung tinh;
L: d6 anh huong thap.

In dam, céc bién thé duoc phat hién it nht & 2 ngudi bénh tré lén.

In nghiéng dam, cac bién thé mai.

22chi cac bién thé phat hién & 3 nguoi bénh.

°chi c4c bién thé phat hién ¢ 2 ngudi bénh.
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3.4.3.2. Phan tich dya trén md hinh di truyén don gen

Can cur dya theo mé hinh di truyén troi/lan cua tirng gen phét hién twong wng

trén mdi ngudi bénh thiéu san vanh tai (Bang 3.10), tién hanh loc céac bién thé tung

vién dap tmg diéu kién nay. Két qua da xac dinh duogc céc bién thé tng vién nguy co &
9/11 nguoi bénh, ngoai trir hai ngudi bénh Mi001 va Mi007 (Bang 3.12).

Bang 3.12. CAc bién thé ing vién ddap irng md hinh di truyén don gen

sTT | Maso Gen Mo hinh | g oy Bién thé Loai 1 gpgnp [ Kitu
mau di truyén bién thé gen
1 Mi001 Khong xac dinh duoc
. EYAl €.922C>T .
2 Mi002 (NM_000503) AD exonl0 (p.R308%) stopgain | rs121909195 het
. TRPV4 €.760G>C
3 Mi003 (NM_147204) AD exon4 (P.V254L) nonsyn | rs143548402 het
EVC €.2041G>A
4 oo (NM_001306090) AD exonl4 (0.E681K) nonsyn | rs201877358 het
LMNA c.1628C>T
5 (NM_170708) AD exonl0 (p.S543L) nonsyn rs60890628 het
c.5027delA
6 PCDHIS AR exon31 (p.E1676Gfs*128) FS del het
(NM_001142767) ¢.146A>G
7 exon3 (n.E49G) nonsyn | rs184026653 het
. c.10879G>A
8 Mi005 exon32 nonsyn | rs146233901 het
PLEC AR (p.D3627N) d
9 (NM_201378) exon31l ¢.5210A>C nonsyn het
(p.Q1737P) Y
LRP5 c.181G>A
10 (NM_001291902) AD/AR exon9 (p.V61M) nonsyn | rs371615673 het
. ABCC6 €.3703C>T
11 Mi006 (NM_001171) AD exon26 (0.R1235W) nonsyn rs63750402 het
12 Mi007 Khong xac dinh dugc
. DNASE1 €.343G>T
13 Mi008 (NM_005223) AD exon5 (p.D115Y) nonsyn | rs775559875 het
COG4 €.1624G>T
14 (NM_001195139) AD/AR | exonl2 (p.D542Y) nonsyn | rs777169655 het
. FN1 ¢.5078T>C
15 Mi009 (NM_001306131) AD exon32 (0.M1693T) nonsyn | rs199684110 het
LRP5 €.2900G>T
16 (NM_001291902) AD/AR | exon23 (p.C967F) nonsyn | rs147618989 het
. COL3Al c.3133G>A
17 Mi010 (NM_000090) AD/AR | exon43 (0.A1045T) nonsyn | rs149722210 het
COL11A1 c.4147C>T
18 (NM_080630) AD/AR | exon58 (p.P1383S) nonsyn | rs199952288 het
MITF €.332C>T
19 oy (NM_000248) AD exon3 (D.AL11V) nonsyn | rs182533927 het
€.3244C>T
20 exon26 nonsyn | rs533410461 het
PLEC AR (p.R1082C) y
(NM_201378) €.10879G>A
21 exon32 (p.D3627N) nonsyn | rs146233901 het

Mi: thiéu san vanh tai; dbSNP: Co s& dit liéu da hinh don nucleotide; AD: di truyén trdi nhiém sic thé thuong; AR: di truyén
lan nhiém sic thé thuong

Boi dam: c4c bién thé moi

In nghiéng: bién thé gidng nhau.
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Trong tong s6 9 ngudi bénh thiéu san vanh tai xac dinh dwoc cac bién thé gen
tuan theo md hinh di truyén thi ¢6 5 nguoi bénh gdm Mi002, Mi003, Mi006, Mi008 va
Mi010, mdi ngudi bénh mang mot bién thé di hop tir trén 5 gen khac nhau twong (ng
véi mé hinh di truyén troi nhidm sic thé thuong (AD). Cac bién thé gen ng vién tim
thiy & cac truong hop nay lan luot 1a EYAL p.R308*, TRPV4 p.V254L, ABCC6 p.
R1235W, DNASEL p.D115Y va COL3ALl p.A1045T. Ngodi 2 bién thé (EYA1
p.R308*) va (ABCC6 p.R1235W) da duogc xac dinh la gay bénh/cd kha nang gay bénh
trén co so dit liéu ClinVar, thi day déu 1a céc bién thé da biét va da duoc bao céo trén
co so dir lieu doSNP (Bang 3.12).

O trudng hop ngudi bénh Mi004, ¢é hai bién thé sai nghia di hop tir nam trén 2
gen khac nhau duoc biét dén vai md hinh di truyén troi nhidm sic thé thuong (AD)
duoc xéac dinh 12 EVC p.E681K va LMNA p.S543L. Ca hai bién thé thay thé tim thay &
nguoi bénh Mi004 déu da duoc bao céo trén co so dir liéu doSNP lan luot véi ma sb
rs201877358 va rs60890628 (Bcdng 3.12).

O truong hop ngudi bénh Mi005, ca hai mé hinh di truyén troi/lan nhiém sac
thé thuong (AD va AR) déu duoc chi ra véi tong s6 5 bién thé Gmg vién duoc xac
dinh (Bdng 3.12). Trong d6, hai di hop tir phac (compound heterozygous) gom
PCDH15 (p.E1676Gfs*128 va p.E49G) va PLEC (p.D3627N va p.Q1737P) lién
quan dén md hinh di truyén lan nhiém sic thé thuong. Bién thé di hop tir gen LRP5
p.V61IM dugc xac dinh tuan theo mé hinh di truyén troi nhidm sac thé thuong (AD).
Trong 5 bién thé ung vién duoc chi ra thi c6 2 bién thé mési la PCDH15
p.E1676Gfs*128 va PLEC p.Q1737P, 3 bién thé con lai la bién thé da biét va da
dugc bao cédo trén co so dir licu dbSNP (Bang 3.12).

O truong hop Mi009, ¢6 3 bién thé ung vién lién quan dén mo hinh di truyén
troi nhidm sic thé thuong (AD) duoc xac dinh, bao gdom: COG4 p.D542Y, FN1
p.M1693T va LRP5 p.C967F. Pay déu la nhitng bién thé da biét, da duoc bao cao trén
co s6 dit liu dbSNP voi ID lan luot 12 rs777169655, rs199684110 va rs147618989
(Bang 3.12).

O nguoi bénh Mi011, ca hai md hinh di truyén troi/lan nhiém sac thé thuong
(AD va AR) duoc chi ra véi tong s6 4 bién thé img vién dugc xac dinh. Hai bién thé
di hop tir doc l1ap gdbm COL11A1 p.P1383S va MITF p.A111V tuwong tng véi mo
hinh di truyén troi; trong khi di hop ti phicc (compound heterozygous) PLEC
p.R1082C va p.D3627N tuong ung véi md hinh di truyén lan. Ngoai ra, bién thé
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PLEC p.D3627N ciing duoc tim thdy & ngudi bénh Mi005 cing véi mot bién thé
PLEC di hop tir khac (p.Q1737P), tao thanh mét di hop tir phirc tuan theo mé hinh di
truyén lan nhidm sic thé thuong (Bang 3.12).

3.4.3.3. Mang ludi trong tac protein-protein

Phén tich mang ludi twong tac protein (PPI) dua trén 74 gen ung vién mang cac
bién thé hiém (MAF < 0,5%) duoc sang loc trén 11 ngudi bénh thiéu san vanh tai duoc
thuc hién, mang luGi bao gdm 74 nit twong ang véi 74 protein va 116 canh tuong tng
véi 116 tuong tac protein-protein. Trong d6 véi FN1 va BMP2 a hai protein trung tam
V6i lugng twong tac nhiéu nhat (Hinh 3.21).
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Hinh 3.21. Mang luéi PP cia 74 gen ing Vién 6 thé lién quan dén thiéu san vanh tai.

Céc nit c6 mau sic khac nhau biéu thi cho cac protein khac nhau. Cac tuong tic protein-
protein duoc biéu thi bang cac duong thang c6 mau sic khac nhau, bao gom:
Tuong tac da biét:
=2 Tir co s6 dit liéu duoc quan ly “— Xac dinh bang thuc nghiém
Tuong tac duoc du doan:
©—2Cac gen lan can “— Dung hop gen “— Cung tac dong (gene co-occurrence)
Cac tuong tac khac:
~— Khai thac vin ban (textmining) ©“—= Cuing biéu hién“— Protein trong dong
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S6 tuwong tac trung binh ma mét protein c6 thé c6 trong mang luéi 1a 3,09; hé s6
phan cum biéu thi cho mic d6 két ndi gitra cac protein trong mang ludi hay diém tin
cay cua PPl 14 0,45; s6 twong tac du kién 1a 39 va gi4 tri P caa phan tich PPI 1a <
1 x 10716, Céc thong sé nay cho thiy cac protein lién quan dén 74 gen ng vién trong
nghién ciru nay twong tac véi nhau nhiéu hon mot cach dang ké so voi mét tap hop
ngau nhién cac protein khac cé cing sb luong va mirc d6 phan bd. Véi gia tri cua phan
tich PPI 14 rit nho (< 1 x 1071¢) cho thdy muc db tin cdy cua du doan, biéu thi su két

ndi vé mit sinh hoc mot cach chit ché giira cac protein hay cac nhém protein véi nhau.
3.4.3.4. Phan tich lam giau tap hop gen dua theo KEGG

Pé xac dinh cac con duong tin hiéu co thé duoc hinh thanh lién quan dén 74
gen mg vién dugc phét hién trén 11 nguoi bénh thiéu san vanh tai, phan tich 1am giau
tap hop gen theo KEGG str dung co s¢ dir lieu KEGG PATHWAY dugc thuc hién.
Phan tich chi ra c6 tong cong 39 con dudng tin hiéu KEGG duoc phét hién véi chi s6
FDR (false discovery rate) tir 0,0012 dén 0,1825 (Phu luc 10). Chi sé FDR cang nho
thi diém lam giau Sxzec (g, K;) cang 16n, twong tng véi mirc d¢ lién két chic ning

cang chat gitra c4c gen gy bénh tiém ning trong con duong tin hiéu do.

Trong tong sé 39 con duong tin hiéu duoc xac dinh, c6 16 con duong tin hiéu
vé6i chi sé FDR < 0,05 duogc chi ra trong phan tich 1am giau tap hop gen theo KEGG.
Chi s6 FDR < 0,05 (—log,,(FDR) > 1,3) la ngudng “cut-off” dé xac dinh phan tich la
dang tin cay hay khdng, FDR cang nho thi phan tich KEGG cang c¢6 y nghia. Trong 16
con duong nay, cd 6 con duong tin hiéu co thé co lién quan dén thiéu san vanh tai, bao
gom: (1) Twong tac véi thu thé ECM, (2) Su biét hoa cua té bao xuong, (3) Con dudng
lay nhiém HPV, (4) Puong dan tin hiéu MTOR, (5) Tiéu hda va hap thu protein, va (6)
Con duong lay nhiém Amip (Hinh 3.22).

Tong s6 12 gen (COL4A4, FN1, FRAS1, FREM2, EDN1, FN1, COL3AL,
NOTCH3, WNT1, WNT7A, CHUK va COL11A1) duoc chi ra, lién quan dén 6 con
duong tin higu nay. Trong d6 4 gen COL4A4, FN1, FRAS1 va FREM2 lién quan dén
“Tuong tac voi thu thé ECM”; 4 gen EDN1, COL4A4, FN1 va COL3A1 lién quan dén
“Sy biét hoa cua té bao xuong”, 6 gen NOTCH3, COL4A4, FN1, WNT1, WNT7A va
CHUK lién quan dén “Con duong lay nhiém HPV & ngudi”; 4 gen WNT1, WNT7A,
LRP5 va CHUK lién quan dén “Puong dan tin hiéu MTOR”; 3 gen COL11Al,



101
COL4A4 va COL3A1 lién quan dén “Tiéu hoa va hap thu protein” va 3 gen COL4A4,
FN1 va COL3AL1 lién quan dén “Con duong lay nhiém Amip” (Phy luc 8).

Céc con dwéng tin hiéu

Cac con dudng dan dén ung the - .

Ung suét cét (shear stress) chat I1éng va xo vira déng mach = ® SL gen
Twong tac véi thuthd ECM - [e] e 4
Qua trinh hinh thanh séct6 - P ® 5
Tuong tac AGE-RAGE trong cac bién ching tiéu duwéng = [
Proteoglycan trong t& bao ung thy = [ ® 3
Sw biét héa cia té bao xwong - E' @ 10
Con dwéng lay nhiém HPV @]
Ung thw biéu mé té bao ddy = .
Ung thu va = [ ] -log10(FDR)
Con dwéng tin hisgu MTOR - El
Téng hop hormone tuyén giap - . ® 15
Ung thur phdi t& bao nhé - A ® 20
Tiéu hoa va héap thy protein - [£] ® 25
Con dwérng lay nhiém Amip = [=]

[ 1 [
7.5 10.0 12.5

Mirc dd lam giau

Hinh 3.22. Biéu dé phan tan cac con dwong tin hiéu ¢é y nghia trong phdn tich KEGG

Trong d6, mdi diém dai dién cho muc do 1am giau (FDR < 0.05), mau sic tuong
g vai gia tri —logo(FDR) va kich thudc twong ing véi s6 luong gen duoc 1am
giau trong con duong tin hiéu. Mau do/xanh da troi biéu thi gia tri —log,o(FDR)
I6n nhat/nho nhét; gia tri —log,0(FDR) cang l6n, phén tich cang c6 y nghia. Cac
con dudng tin hidu co thé lién quan dén thiéu san vanh tai duogc bdi dam va céc
diém lam giau tuong tmg duoc dong khung do.
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CHUONG 4. THAO LUAN

4.1. Méi twong quan kiéu gen, kiéu hinh & nhém ngwéi bénh ly thwong bi bong
nwéc mang cac bién thé gen COL7A1 va KRT5

Nhu d3 biét, ly thuong bi bong nuée (EB) 1a mét rdi loan di truyén vé da hiém
gap va duogc chia thanh 4 phan nhom chinh (EBS, JEB, DEB va hoi ching Kindler)
duoc xac dinh dua trén trang thai hinh thanh céc vét phong rop & cac 16p nhat dinh cua
da. Trong d6 EBS 13 phian nhém chiém da sé Vi 75-85% cac truong hop EB [38].
Nguyén nhan dan dén ly thuong bi bong nudc duoc biét dén 1a do cac dot bién gen dan
dén cac khiém khuyét do di truyén ¢ cac protein bam dinh biéu md va it nhat 21 gen
lién quan da duwoc md ta 1a nguyén nhan dan dén bénh [2]. Trong nghién ctiu nay, phan
tich WES da xac dinh dugc 13/21 gen co lién quan dén EB (COL7AL, DSP, TGMS5,
KRT5, KRT14, ITGA3, ITGB4, LAMA3, LAMC2, PLEC, EXPH5 va DST). Tuy nhién,
khong phai tat ca cic bién thé tim thdy trén cic gen nay déu la bién thé nguyén
nhan/nguy co dan dén kiéu hinh bénh. Can cir vao cac tiéu chi vé md hinh di truyén (di
truyén troi hay di truyén lan), phan tich anh huong trén céc cong cu in silico, b4o céo
vé mdi lién hé giita bién thé va kiéu hinh trén ClinVar ciing nhu cac nghién ciru khoa
hoc cu thé dé chi ra dugc dau 1a bién thé nguyén nhan.

Céc bién thé nam trén gen COL7A1 c6 thé 14 nguyén nhan din dén bénh & céc
truong hop EB001, EB002, EB004, EB006 va EB008. Bén canh d6, bién thé di hop tir
nam trén gen KRT5 c6 thé dugc xem 1a nguyén nhan dan dén bénh ¢ ngudi bénh
EB007. O truong hop EB003, ngoai 2 bién thé di hop tir COL7AL thi ¢6 2 bién thé di
hop tir nam trén gen PLEC ciing duoc xem la nhiing bién thé tmg vién cin ctr theo md
hinh di truyén. Tuy nhién, cac phan tich in silico ciing nhu bao cdo trén ClinVar chi ra
2 bién thé PLEC phét hién duoc & ngudi bénh EB003 12 2 bién thé lanh tinh, trong khi
2 bién thé COL7A1 cho céc két qua gy hai (Bang 3.5, trang 68). Do vay, & trudng hop
EB003, 2 bién thé di hop tir COL7A1 ciing dugc xem 1a nguyén nhan c6 thé dan dén
kiéu hinh bénh. Twong tu nhu vy, & trudng hop nguoi bénh EB005, mac di bién thé
nam trén gen KRT14 c6 md hinh di truyén phu hop, tuy nhién 2/3 cong cu phan tich in
silico va co so dix liéu ClinVar chi ra day 13 mot da hinh thong thudng va 12 mot bién
thé lanh tinh (Bang 3.5, trang 68). Mit khac, 2 bién thé COL7AL dugc tim thiy &
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ngudi bénh nay déu duoc du doan 1 nhitng bién thé gay hai trén cac cdng cu phan tich
in silico va c6 1 bién thé da duoc bao céo la bién thé gay bénh trén co so dir liéu
ClinVar. Thém vao d6, 2 bién thé nay ciing dugc tim thiy va duoc xem la ung vién
gay bénh ¢ treong hop EB004, la anh trai cua ngudi bénh EB00S.

Thong qua qua trinh danh gia va kiém chang két qua phan tich WES dya trén
cac phuong phap sinh hoc phan tir khac thi 8 truong hop EB trong nghién cau nay chi
c6 1 trudng hop duy nhét thuoc phan nhém EBS gay ra boi mot bién thé gen KRT5
(EB007), 6 trudng hop thudc phan nhém DEB gay ra boi cac bién thé gen COL7AL va
1 truong hop chua két luan dugc nguyén nhan gay bénh (EB00S).

Ly thuong bi bong nuéc loan dudng (DEB) la mot rdi loan di truyén hiém gap
dugc dic trung boi sy mong manh trén da dan dén hinh thanh cac vét phong rop o vi
tri bén dudi 16p biéu bi, trén 16p ha bi boéi cAc ma sat hay chan thuong nhé va hinh
thanh seo khi lanh. Nguyén nhan dan d¢én DEB la do su xuat hién cua cac bién thé gay
bénh & gen COL7A1L, la gen ma hoa cho collagen loai VII (COLVII). DEB duoc chia
thanh 2 nhom duya trén diac diém di truyén troi nhidém sac thé thuong (DDEB) hay di
truyén 13n nhidm sic thé thuong (RDEB). DEB duoc chan doan dua trén cac biéu hién
lam sang va phét hién céac bién thé gay bénh trén gen COL7AL. Cho dén nay, c6 hon
800 bién thé di truyén cia COL7A1l c6 lién quan dén cac truong hop DEB
(http://www.col7al-database.info) [143]. Trong sé nay, hau hét cac truong hop DDEB
duogc tim thiy mang céc bién thé thay thé glycine nam trong viing xoan ba (THD) Gly-
X-Y cua COLVII [1, 48]. Anh huong 1am sang ¢ cac truong hop mac DDEB 1a twong
d6i nhe khi so véi cac truong hop mac RDEB. Trong DDEB, cé4c vét phong rop
thuong chi xuat hién & mot sb vi tri nhat dinh nhu ban tay, ban chan, dau gi, khuyu
tay va tuong d6i lanh tinh. RDEB 1a mét rdi loan da di truyén vé da nghiém trong, dac
trung boi cac bong nudc lan rong, hinh thanh seo teo, mun thit, loan dudng mong maot
phan/toan bo hoic khong c6 méng [37]. Trong khi cac truong hop DDEB dugc chi ra
boi hau hét cac bién thé nam trén exon 73-75 gen COL7AL thi & cac trudong hop mac
RDEB, cac bién thé gay bénh lai 1a cac thém/mat hay thay thé nucleotide va cac bién
thé anh hudng dén moé hinh ghép ndi thong thuong (splicing) xay ra & ca hai alen, dan
dén hinh thanh céc alen mat chirc ning hoic gy léch khung doc mé va tao ra mot
protein khong chirc ning [38, 39, 144]. Trong nghién ciu nay, mot bién thé dong hop

tir va bén di hop tar phac (compound heterozygous) trén gen COL7A1 di duoc tim
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thiy trén 6 nguoi bénh EB (EB001-EB006). Bén canh d6, mdi bién thé ¢ trang thai di
hop tir cling dugc tim thidy ¢ bd va me cia cac bénh nhan va nhitng nguoi nay déu
khong c6 biéu hién bat ky triéu ching bénh nao, do d6 c6 thé du doan mé hinh di
truyén lan & cac trudng hop nay.

Di hop ttr phitc PTC (c.2858_2859del AG va ¢.6081delC) duoc tim thiy ¢ nguoi
bénh EB002 véi cac biéu hién kiéu hinh nghiém trong (Hinh 3.1b, trang 58). Céc dic
diém 1am sang quan sat thay bao gdm cac vét phong rop lan rong, seo lan, co cting céac
ngon va di dang ban chan dic trung. Méi twong quan giira kiéu gen - kiéu hinh chi ra
rang cac dot bién PTC xay ra trén ca hai alen cua COL7A1 1a kiéu dot bién phd bién
dugc tim thdy o cac truong hop RDEB, dic biét 13 trong cac truong hop RDEB
nghiém trong (RDEB-GS). Su két hop cua hai bién thé loai nay 1a nguyén nhan hinh
thanh protein c¢6 hai théng qua co ché diéu hoa sau phién ma NMD (nonsense-
mediated decay) hoic tao ra mot chudi polypeptide bi cat ngan, do d6 lam giam dang
ké hoic thiéu hoan toan collagen loai VII (COLVII) anh huong dén kha nang bam
dinh cua cac soi neo giit (AFs) giita day biéu bi v4i chat nén ngoai bao cua da [145].
Trong mét sé it truong hop, RDEB-GS ¢6 thé 1a két qua caa di hop tir phirc gom mot
bién thé PTC va mot bién thé sai nghia hozc hai bién thé sai nghia [145]. O trudong hop
gia dinh c6 hai con déu mac EB (EB004 va EB005), cac biéu hién 1am sang tuong doi
nang dugc quan sat thy & nguoi bénh bao gdm cac bong nudce lan rong, cac vét loét,
seo trén khip co thé, cd biéu hién dinh va co rit ngdn tay, ngén chan, dong thoi mat
toan bo mdng & ca tay va chan (Hinh 3.1d, trang 58). C&c anh huong nghiém trong nay
c6 thé do su két hop cia mot bién thé PTC (p.R1683*) va mot bién thé splicing
(c.4518+2delT) gen COL7A1, duoc tim thiy & ca hai anh em EB004 va EB005. Mt
khac, cac biéu hién 1am sang nhe hon quan sat cac trudng hop RDEB khac thuong tim
thay su két hop cua mot bién thé PTC va mot bién thé sai nghia [146]. Nguoi bénh
EB003 c6 kiéu hinh nhe, dic trung boi cac vét phong rop ¢ tay, chan va ludi (Hinh
3.1c, trang 58), phan tich di truyén chi ra mét di hop tar phic bao gdom maot bién thé
PTC (p.R2745%) va mot bién thé sai nghia (p.R2069C). Cac bién thé khéc trén gen
COL7A1 khéng tao ra codon tao ma két thiic sém thudng biéu hién véi cac anh huang
it nghiém trong hon. Piéu nay co thé duoc giai thich & hai truong hop EBOOL va
EB006, véi cac vét phdng rop, vét loét nhe va seo trén co thé (EB001, Hinh 3.14a, trang

58), giam sic té ¢ viung lung dudi va ving ben, khau hinh miéng bi han ché, cang
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khép ham va ton thuong ludi (EB006, Hinh 3.1e, trang 58). Phan tich di truyén cho
thiy, mot bién thé sai nghia ¢ trang thai dong hop tir dan dén thay thé glycine
(p.G2760E) trén phan tir protein va mét di hop tar phicc gdm hai bién thé sai nghia
(c.5821-2A>G va ¢.6205C>T) lan luot duoc phat hién & ngudi banh EBOO1 va EB00S.
Nhu vay, cd thé thiy, cac anh hudng twong quan tir Kiéu gen dén kiéu hinh duoc quan
sat & nhitng nguoi bénh EB trong nghién cau ndy, véi su ¢ mit cua it nhat mot dot
bién PTC c6 lién quan dén nhitng biéu hién 1am sang nghiém trong nhat, dong thoi cho

thiy su twong déng vai cac nghién ctru di dugc cong bd trude diy.

Ba bién thé COL7A1 méi da duoc xac dinh trong nghién ctru nay dya trén phan
tich dir lieu WES cua 6 ngudi bénh RDEB (EB001-EBO006). Bién thé méi thir nhat 1a
bién thé ddéng hop tr €.8279G>A dan dén thay thé glycine bang axit glutamic
(p.G2760E) trong vung trinh tu ma hoa collagen, gay mat 6n dinh va anh hudong dén
c4c axit amin quan trong trong cdu trac THD. Thém vao d6, cac thay thé glycine da
dugc béo cdo c6 anh huong dén su suy giam caa COLVII, do dé anh hudng suy yéu
dén cau tric caa cac soi neo gitt AF [147]. Ngoai ra, mot bién thé sai nghia khac
(c.8278G>A) ciing dan dén sy thay thé glycine & vj tri codon 2760 (p.G2760R) da
dugc bao céo trude d6 véi anh hudng co hai [148], do vy c6 thé xem bién thé thay thé
glycine trong nghién ctu nay (p.G2760E) nhu mot bién thé “gay bénh” dua theo
huéng dan phan loai cia ACMG. Hai bién thé splicing méi 1a cac bién thé lan luot
nam & vi tri donor (c.4518+2delT) va accepter (c.5281-2A> G) cua gen COL7AL. Pay
1a viing trinh ty c6 d6 bao thu cao, xac dinh ranh gii exon/intron bao gém mé tip GT
va AG lan luot ¢ dau 5° va 3’ cua intron. Cac anh hudng dén mo hinh ghép ndi tai cac
vi tri +1 va +2 tai donor ddu 5 va cac vi tri -1 va -2 tai accepter dau 3 duoc xem I
cac bién thé co dién nhat. Cac bién thé xay ra trong ving trinh ty lién két chuan
(canonical splite site) nay cd thé lam thay doi twong tac trong mé hinh cat néi ty nhién
cua phan tr mRNA loai bo cac intron trudc khi dich ma thanh protein, tao nén mat
phan tir protein khong hoan chinh hoic mat chic ning sau qua trinh dich ma. Anh
huong phd bién nhat gay ra bai cac bién thé tai ving trinh tu lién két chuan nay
thuong 1a bo qua hoan toan mot exon trong qua trinh cat néi [149]. Anh hudng nay
cling 1a du doan in silico cia phan mém Alamut Visual cho hai bién thé splicing
.4518+2delT va ¢.5281-2A>G, cu thé 1a bé qua mot exon trong qué trinh cit ndi
(Bang 3.5, trang 68). Tuy nhién, chi duy nhét bién thé ¢.5281-2A>G nam trén intron
70 duoc du doan 1a c6 anh hudng dén qua trinh cit ni trén cong cu HSF (Bang 3.5,
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trang 68). Mic du du doan bang HSF khdng chi ra anh huéng dén mé hinh cit ndi caa
bién thé c.4518+2delT, bién thé nay da dugc ching minh trén mé hinh RNA & hai anh
em nguoi bénh EB004 va EB005 véi sy bé qua/mat hoan toan exon 43 (12 axit amin)
nam trong trung tdm THD bao gom c&c trinh tu lap di 1ap lai cua bo ba Gly-X-Y trén
COLVII trong qué trinh phién mi va twong dong véi du doan in silico sir dung phan
mém Alamut Visual trude d6. Két qua nghién ctu cho thay, anh huong caa bién thé
C.4518+2delT c6 thé dan dén bat hoat gen COL7AL dan dén tao thanh mot COLVII
mét chirc ning. Vi RNA cua nguoi bénh EB006 khong c6 sin, do d6 nén xem xét st
dung mot md hinh khéac trong phan tich chitc ning cua ¢.5281-2A>G tac dong dén mo
hinh cit ndi tu nhién cia mRNA.

Truong hop EBS duy nhat gay ra béi bién thé gen KRT5 dugc xac dinh trong
nghién cau ndy 12 nguoi bénh EB007. EBS 1a phan nhdm phé bién nhat trong EB, do
bién thé gen troi trén NST thuong & cac gen ma hoa keratine bao gom KRT5 va
KRT14, 1am bién d6i phan tir protein, gay ra su bat on dinh trong cau tric cytoskeleton
dan dén d& hinh thanh cac tén thuong co hoc tao ra trong qué trinh co sat [28, 29].
EBS dugc chia thanh cic phan nhom, dugc xac dinh dya trén mac d6 ton thuong ting
dan voi cac ton thuong khu tri (localized EBS) dén ton thwong lan toa (generalized
EBS) va cudi cung la ton thuong lan téa nghiém trong (generalized severe EBS, GS-
EBS), hay con duoc biét dén vai cac tén goi tuong tmg trude day 1a Weber-Cockayne,
Koebner va Dowling-Meara [38].

Nguoi bénh EB007 dugc chan doan mac EB vai c4c ton thuong twong ddi ning
khi sinh, tuy nhién, c4c ton thuong ndy c6 xu hudng giam nhe va cai thién theo thoi
gian khi tré 16n I1én (Hinh 3.1f, trang 58). Phan tich di truyén phat hién mot bién thé di
hop tir phat sinh méi (c.1429G> A) trén gen KRT5, din dén su thay thé axit amin
glutamic bang axit glycine tai vi tri bao tha, codon 477 (p.E477K) trén chudi
polypeptide. Cho dén nay, bén bién thé sai nghia tai codon 477 trong phan tir protein
duoc ma hoa boi KRT5 da duoc xac dinh, véi cac mic do nghiém trong khac nhau
biéu hién trong kiéu hinh. Trong d6, dot bién p.E477G dugc tim thay trong cac truong
hop EBS thé khu tra, trong khi p.E477D, p.E477K va p.E477* duoc xem |a nguyén
nhan dan dén kiéu hinh GS-EBS [150-156]. bic biét, bién thé p.E477K c6 lién quan
chit ch& dén ty 1é tir vong cao & cac truong hop GS-EBS [155], véi it nhat bay truong

hop tir vong trong vong sau thang dau doi duoc bao céo trong cac nghién ciru trude do
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[154-157]. Kiéu hinh nghiém trong do p.E477K gay ra c6 thé duoc giai thich do sy
thay thé axit glutamic (E) bai lysine (K) ndm trong chudi trinh tu axit amin bao thu
nhiat KLLEGE & dau C trong ving 2B cua chudi xoin alpha trung tim, do d6 1am pha
v CAu trdc cua cac soi trung gian hinh thanh nén cac té bao sing ¢ 16p day [156, 158].
Mic du p.E477K c6 lién quan dén kiéu hinh nghiém trong va c6 kha ning gay tir vong
& cac truong hop GS-EBS, tuy nhién van c6 nhiing truong hop ngoai 1é dugc béo céo
Vi cac biéu hien nghiém trong khi sinh va trong thoi tho au véi cac ton thuong ning,
lan rong, dugc cai thién khi 16n 1én va thuong tién trién vai cac biéu hién day sung
long ban tay va loan san méng [154, 155, 157]. Cac dic diém nay ciing duoc quan sat
thay & nguoi bénh EBO07 trong nghién ciu nay véi su hién dién cua bién thé KRT5
p.E477K.

Truong hop duy nhat khéng két luan dugc bién thé gay bénh trong nghién cau
nay la truong hop gia dinh nguoi bénh EB008. Giai trinh ty toan bo hé gen mé hoa
ngudi bénh EBO08 chi ra hai bién thé di hop tur trén gen COL7A1 (p.R613* va
p.P1277L), dong thoi hai bién thé nay ciing dugc tim thay & nguoi em trai (EB008.E)
Vé6i biéu hién 1am sang twong déng va di duoc chan doan mic EB. Bién thé p.P1277L
A mot bién thé lanh tinh d3 duoc bao cdo trén co s& di lieu ClinVar
(VCV000255109.16), dong thoi giai trinh ty Sanger chi ra bién thé nay ciing dugc tim
thdy & me nguoi bénh cing voi bién thé p.R613* nhung lai khong biéu hién bénh.
Bién thé p.R613* hinh thanh ma két thic trén chudi polypeptide, do d6 c6 thé dan dén
mét protein thiéu hodc mét chtrc ning sau qua trinh dich ma. Tuy nhién, chua du cin
ctr dé c6 thé két luan day 1a bién thé nguy co dan dén kiéu hinh bénh ¢ hai nguoi con
trong gia dinh nay. Phan tich MLPA ciing khong phat hién thém bat ky bién thé nao
lién quan dén thém/mat doan 16n gen COL7AL. Do do, trong truong hop nay nén mo
rong nghién cau trén toan bo hé gen hoac phéan tich microarray trong cac nghién cuu
xa hon, gitip m& rong kha ning phat hién bién thé gay bénh.

Céc thdng tin di truyén hitu ich dugc xac dinh thong qua chan doan phan tir trén
nhém nguoi bénh méc ly thuong bi bong nude trong nghién ciru ndy co thé duoc cung
cap 1am co so khoa hoc phuc vu trong diéu tri ciing nhu tu van di truyén phd hop va

tién lwong |y thuyét tién trién bénh trong twong lai.
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4.2. Phan tich di truyén giGp chan doan chinh x4c cac phan nhém bach tang ma

lam sang kho c6 thé chi ra dwoc

Trong nghién citu nay, ca 7 ngudi bénh déu duoc chan doan mic bach tang da
va mit (OCA) dya trén céc biéu hién 1am sang dic trung lién quan dén suy giam sic tb
& da, toc va mat. Cac anh huong thi luc lién quan dén kha ning nhin siu va céc tat
khic xa duoc quan sat thiy ¢ 6/7 ngudi bénh (trir ngudi bénh Al006) cho thay bat
thuong nay 1a phd bién. Rung giat nhan cau ciing 13 mot biéu hién 1am sang thuong
thay o nhitng ngudi bénh bach tang, vai 5/7 nguoi bénh tham gia nghién ciu ¢ biéu
hién nay (Al001-AI005). Thiéu san hoang diém xuat hién & 2/7 nguoi bénh (anh em
AIl001 va Al002) va cac anh huong di kém voi né thuong bao gom giam thi luc va
rung giat nhan cau [159, 160] ciing dugc mod ta. Tir do, co thé thiy cac van dé lién
quan dén thi luc & nhitng ngudi bénh bach tang trong nghién ciru nay ciing twong dong
Vi cac phat hién trude do.

Chan doan phan tir ¢3 duoc thuc hién & 7 nguoi bénh bach tang trong nghién
ctu nay théng qua giai trinh ty toan bo hé gen ma hda. Phan tich chi ra ca 7 truong
hop déu phat hién cac bién thé lién quan dén OCA, bao gém 5 trudng hop OCA1
(AI001-A1005), 1 trudng hop OCA2 (A1006) va 1 trudng hop lién quan dén hoi ching
Hermansky-Pudlak (HPS) (AI007). OCA1 va OCA2 Ia hai phan nhém pho bién nhat
cua OCA, trong khi d6 HPS 1a mot hoi chiing hiém cia OCA.

C4c bién thé gen TYR (NM_000372) 1a nguyén nhan dan dén OCA1 dugc phat
hién, bao gém di hop tir phirc ¢.346C>T (p.R116*) va ¢.929insC (p.R311fs*7) ¢ hai
anh em ngudi bénh Al001 va Al002, hai bién thé dong hop tir ¢.115T>C (p.W39R) va
¢.559 560ins25 (p.G190Cfs*12) lan luot duoc phét hién ¢ hai anh em nguoi bénh
AIl003, AI004 va nguoi bénh 16n tudi Al005. C6 hai phan nhom chinh cua OCAL la
OCAI1A va OCAIB, dugc phan biét dya trén cac biéu hién 1am sang dic trung va dac
biét lién quan dén dang bién thé gen TYR anh huéng dén kha ning hoat dong cua
enzyme tyrosinase. Trong khi OCA1A 1a phan nhém lién quan dén cac bién thé vo
nghia hodc céc bién thé dich khung dan dén khdng hinh thanh hozc hinh thanh mot
tyrosinase mat hoan toan chtrc niang. G phan nhém OCA1B, sy giam hoat dong cua
tyrosinase gay ra bai cac bién thé co tac dong nho hon (thuong 1a cac bién thé thay

thé) cho phép tich tu mot s té bao sic té melanin theo thoi gian. Do do, phan tich di
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truyén dugc xem 14 mot yéu té quan trong va can thiét dé chan doan chinh xac hai
ph&n nhom nay.

Trong nam truong hgp OCAL dugc chi ra trong nghién ciru nay, ba nguoi bénh
(AI001, Al002 va Al005) dugc xép vao nhém OCAILA, mang cac bién thé gen TYR
(NM_000372) tao ma két thic sém (PTC) (p.R116*; p.R311fs*7 va p.G190Cfs*12) ¢
ca hai alen, 1a nguyén nhan din dén hinh thanh mét tyrosinase mat chic ning, do d6
khong san xuat dugc melanin trong té bao hic td. Ca ba bién thé nay déu I1a nhiing bién
thé da biét, trong d6 ¢.346C>T (p.R116*) duoc b4o cdo ¢ nhitng nguoi bénh Trung
Qudc va ngudi da trang [142, 161, 162]. Bién thé ¢.929insC (p.R311fs*7) lan dau tién
dugc phat hién vao nam 1989 trén mot nguoi bénh ¢ Nhat [67]. Cac nghién ctu sau
nay chi ra ¢.929insC (p.R311fs*7) kha pho bién & nhom OCA1A nguoi Trung Qudc
[162-165] va mot sb nudc Tay A khac nhu Nhat Ban va Han Quéc [166-168]. Pic
biét, trong ba bién thé TYR (NM_000372) lién quan dén OCAIA duoc x4c dinh trong
nghién ctu nay thi ¢.559 560ins25 (p.G190Cfs*12) 1a mot bién thé twong ddi hiém.
Theo hiéu biét caa nhém nghién ctu thi ngudi bénh Al005 1a trudong hop tha tuw mang
bién thé nay va l1a ca bénh dau tién duoc tim thay khéng phai 1a ngudi Trung Qudc
[141, 142, 165]. O truong hop gia dinh ¢6 2 con cung bi bach tang (Al001 va Al002),
tu van di truyén da duoc thuc hién trong 1an mang thai tht ba cia ngudi me, em bé
sinh ra hoan toan khoe manh va khéng c6 biéu hién bat thuong nao cia OCA. Tir d6
cho thay sang loc trudc sinh & cac cap vo chong cd nguy co 1a kha thi va co hiéu qua.

Cac anh huong 1dm sang ¢ nguoi bénh OCA1A duoc dic trung boi mau da va
mau tdc trang, trong mat mau xanh lam dén hong va hoan toan trong mo. Rung giat
nhan cau c6 thé xuat hién khi mai sinh hoac cé thé phat trién trong 3 dén 4 thang dau
doi. Thi luc dao dong tir 20/100 dén 20/400 va thuong xuat hién lac xen k&. Giam thi
lyc c6 lién quan dén thiéu san hoang diém, dong thoi ching so anh sang la kha phd
bién & cac truong hop nay [59, 169]. Ca 3 ngudi bénh OCALA (AI001, AlO02 va
AIl005) trong nghién ciru nay déu ¢6 mau da va mau téc trang, mat xanh, can thi tir 0,5-
14 diop, déu c6 biéu hién cua ching sg anh sang va rung giat nhan cau. Riéng hai anh
em AI001 va Al002 cd thém biéu hién cua thiéu san hoang diém. Nhu vay, co thé thiy
mdi twrong quan chit ché gitra kiéu gen va kiéu hinh cua ca ba truong hop OCA1A

trong nghién ctru nay, twong déng voi cac nghién ctu trude do.
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Truong hop cua hai anh em ngudi bénh AI003 va Al004 dugc xép vao nhom
OCA1B, véi bién thé gen TYR ¢.115T>C (p.W39R) duoc tim thdy, lién quan dén giam
hoat dong cua tyrosinase, kéo theo mét luong rat nhé melanin dugc tao ra va tich liy
theo thoi gian. Pay 1a mot bién thé hiém da biét, duoc bao cdo trude d6 & mot nguoi
bénh nam ngudi Trung Qudc & trang thai di hop tir. Ngudi bénh nay ban dau dugc
chan doan mic OCA2 dua trén 1am sang, tuy nhién khi tién hanh phan tich di truyén
thi dugc xép vao nhom OCA1B mang hai bién thé di hop tir gen TYR (NM_000372)
gom ¢.1265G>A (p.R422Q) va ¢.115T>C (p.W39R) [164]. Nhu vay, dong hop tir TYR
¢.115T>C (p.W39R) lan dau tién dugc xac dinh, tim thay & anh em nguoi bénh Al003
va AI004 trong nghién ctu nay. Ngoai bién thé thay thé nucleotide tai vi tri 115
(c.115T>C, p.W39R) trén trinh ty ma hda, hai thay thé khac lan luot tai vi tri 116
(c.116G>A, p.W39*) va 117 (c.117G>T, p.W39C) cung duogc bao cao tac dong tai vi
tri codon 39 trén trinh tu axit amin, lién quan dén cac truong hop OCA1B [164, 170].
Do d6, nghién ctru dé xuat bién thé TYR ¢.115T>C (p.W39R) la mét bién thé “c6 kha
nang gy bénh” theo tiéu chi phan loai ciia Hiép hoi Bénh hoc Phan ta va Di truyén Y
hoc Hoa Ky (ACMG) (Bang 3.7, trang 81).

Khéc véi OCALA c6 mau téc trang tir khi sinh, nhitng ngudi bénh OCA1B
thuong c6 tdc mau trang hoic vang nhat khi méi sinh, nhung theo thoi gian, toc ¢ thé
sam lai thanh vang hoic nau nhat. Léng mi ¢6 thé sim mau hon mau téc va 16ng may.
Da van tring nhu kem nhung c6 thé bi sam da mét chdt cing véi tan nhang va nam.
Rung giat nhan cau cé thé biéu hién tir khi sinh, hodc cho dén khi tré duoc 3 dén 4
thang tuoi va kéo dai sudt doi. Tuy nhién, cir dong caa mat s& cham dan khi vé gia va
thuong dé nhan thdy hon trong nhitng thoi diém cang thing, tic gian hoic mét moi.
Mat c6 mau xanh lam khi mai sinh, c6 thé khong thay dbi hoac chuyén sang nau hoac
hoi xanh Iuc nhat. Thi luc dao dong tir 20/100 dén 20/200 [59, 169]. Ca hai anh em
ngudi bénh AI003 (27 tudi) va Al004 (23 tudi) déu mang cac dic diém dic trung cua
OAC2 bao gém da trang, toc vang, mat nau, c6 biéu hién rung giat nhan cau va suy
giam thi luc (nhuoc thi). Chan doan 1am sang két hop cuing véi két qua phan tich gen
khang dinh hai ngudi bénh nay thugc nhém OCA1B.

Truong hop OCA2 duy nhat duoc phat hién trong nghién ctu nay 1a ngudi bénh
Al006, mang bién thé ddng hop tir OCA2 ¢.2323G>A (p.G775S). Pay 1a mét bién thé

da biét va duoc tim thy trude do trén mot nguoi bénh Viét Nam ciing & trang thai
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ddng hop tir, trong nghién ciu cia Markus va cong su thudc dai hoc Regensburg, Dirc
vao nam 2011. Tuy nhién, Markus cho rang ¢.2323G>A (p.G775S) 1a mét bién thé
lanh tinh va khong phai la nguyén nhan chinh gay nén anh hudong c6 hai ¢ nguoi bénh
ma 1a do bién thé ddng hop tir ¢.1113T>C (p.G371=) c6 lién quan dén su hinh thanh
diém cat ndi méi, dugce du doan boi Splice Sequence Finder Server. Markus va cong
su giai thich ring, khi tién hanh phan tich in silico st dung SIFT va Polyphen-2 cho
két qua trai nguoc nhau, do d6 ¢.2323G>A (p.G775S) khong dwoc xem la nguyén
nhan gay bénh [171]. Tuy nhién, khi tién hanh phan tich lai trén mé hinh in silico, ca
SIFT va Polyphen-2 déu dua ra danh gia 1a c6 kha ning gay hai dén protein duoc ma
hoa (Bang 3.7, trang 81). Mat khac, cho dén hién tai, ¢.1113T>C (p.G371=) da dugc
bdo céo 1a mot bién thé lanh tinh trén co so dit liéu ClinVar (VCV000193573.7).
Ngoai ra, tai vi tri codon 775 con ton tai hai bién d6i khac da dugc tim thiy trude d6 ¢
nhimg ngudi bénh OCA2 bao gom ¢.2323G>C (p.G775R) [172] va c.2324G>A
(p.G775D) [173]. Glycin & vi tri codon 775 ¢6 tinh bao thu cao, nam trong ving xuyén
mang 11 trong tong s6 12 mién trén polypeptide P dugc ma hoa bai gen OCA2. Do do,
su thay thé G775 c6 thé wc ché su gap nép cua protein P va dan dén nhitng hau qua c6
hai. Dya trén nhitng dé xuat nay, cd thé xem xét OCA2 ¢.2323G>A (p.G775S) nhu
mot bién thé “co kha ndng gdy bénh” dya theo hudng dan cia ACMG (Bdng 3.7, trang
81) va can duoc ching minh chie ning trong cic nghién ctu xa hon.

Céc anh huong 1am sang quan sét thay & nguoi bénh Al006 nhu da tring, toc va
mét mau nau ciing trong dong véi cac biéu hién dic trung cua OCA2 bao gom sic td
cua da va toc biéu hién & muc tdi thiéu cho dén gan nhu binh thudng, mau méng mat
dao d6ng tir xanh lam dén nau [59, 169]. Trong nhém OCA2, hau hét tré so sinh c6
biéu hién rung giat nhan cau trudc 3-4 thang tudi, chuyén dong mét co thé nhanh khi
méi bi nhung thudng cham dan theo thoi gian. Lac mat va mat chl y thi gidc ciing
Xuit hién trong sau thang dau doi [59, 169]. Tuy nhién c4c biéu hién cua rung giat
nhan cau lai khong duoc quan sat thay ¢ ngudi bénh Al006. Thi lyc cia nguoi truong
thanh thuong dao dong trong khoang 20/60-2/100 va khong xau di theo thoi gian. So
sanh cac anh hudng thi luc & nhdm OCA2 véi OCA1 di duoc bao cao thi da s6 nguoi
bénh OCA2 ¢ thi luc tét hon [59, 169], diéu nay ciing duoc chi ra trong nghién ctu
nay, trong d6 Al006 1a ngudi bénh duy nhat khdng bi suy giam thi luc trén tong sé 7

nguoi bénh bach tang tham gia nghién ctu.
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Mot loai OCA khac, hoi chang Hermansky-Pudlak, 12 phan nhdm hiém cua
bach tang ciing duoc quan sat trong nghién ctu nay ¢ truong hop nguoi bénh AI007
mang bién thé déng hop tir ¢.972delC nim trén gen HPS1 (NM_000195), Iam xuat
hién ma két thic sém trén chudi polypeptide (p.M325fs*6), 1a nguyén nhan din dén
khéng hinh thanh hoic hinh thanh mét protein mat chirc ning sau qua trinh dich ma
[174]. p.M325fs*6 |4 két qua cung duoc tao ra bai hai sy kién thém (c.972insC) hoic
mat (c.972delC) nucleotide tai vi tri 972 trén trinh ty nucleotide, dugc biét dén 1a bién
thé phd bién nhat & nhom ngudi bénh HPS nguoi chau Au [175]. Trong d6, ¢.972delC
dugc quan sat thdy & mot s nguoi bénh ngudi Puerto Rico [176], Mexico [177],
Trung Quéc [178] va ngudi My gdoc Phi [179]; bién thé ¢.972insC duoc tim thay chu
yéu & nhitng ngudi bénh nguoi Puerto Rico [175] va mot s6 ngudi bénh nguoi Nhat
Ban [180]. Nucleotide C tai vi tri 972 duoc nhan dién nhu mot bién thé “néng” cua
gen HPS1.

Trong HPS, cac dic diém 1am sang bao gém cac biéu hién dic trung cia OCA
kém theo réi loan chirc nang tiéu cau, réi loan chay mau va cé thé phat trién u hat
(granulomatous), xo phéi hodc giam bach cau trung tinh trong mét sé trudng hop [66].
Tuy nhién, ngoai nhiing anh huong 1am sang cia OCA, cé4c biéu hién dic trung khéac
cuia HPS khong tim thay ¢ nguoi bénh Al007. Vi ly do nay, cac xét nghiém phan ti c6
thé can thiét giup phan loai cu thé cac phan nhém bénh bach tang. Bién thé gen phat
hién ¢ truong hop HPS duy nhat trong nghién cau nay nam trén gen HPS1
(NM_000195), la gen gay bénh phd bién nhit trong HPS, tuong tng véi phan nhém
HPS loai 1 (HPS1).

Céc thong tin di truyén dugc xac dinh ¢ gia dinh nhitg ngudi bénh bach tang
trong nghién ciu nay théng qua giai trinh ty toan bo hé gen ma hoéa la ngudn di liu
hitu ich, bo sung thém vao co sé dir liéu bién thé lién quan dén bach tang. Ngoai ra,
day ciing 1a co s& khoa hoc hd tro cdng tac chan doan, phan loai bénh, ddng thoi ¢ y

nghia trong cong tac tu van di truyén ¢ nhiing gia dinh c6 nguy co.

4.3. Yéu t6 di truyén trong thiéu san vanh tai

Thiéu san vanh tai 1a mot réi loan phat trién cd bang chung vé cian nguyén di
truyén bén canh cac yéu té méi truong khac. Cac biéu hién 1am sang ¢ ngudi bénh

thiéu san vanh tai 13 da dang va co lién quan dén rat nhiéu cac hoi chiing di truyén
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khac nhau. Do d6, c6 thé ton tai rat nhiéu gen lién quan can duoc xac dinh. Mét loat
cac phuong phap di truyén di duoc sir dung dé nghién cau thiéu san vanh tai, trong do,
bén phwong phap phd bién nhat bao gom GWAS, WES, phan tich di truyén lién két,
va phén tich xac dinh sb ban sao. bac biét, WES dugc xem 1a mot cong cu hitu ich
trong nghién ctiu gilp phat hién cac bién thé hay cac gen (ng vién méi lién quan dén

bénh twong déi day du va tdi vu.

Trong nghién ctu nay, két qua phan tich WES cua 11 nguoi bénh thiéu san
vanh tai chi ra 108 bién thé bao gom 81 bién thé hiém va 27 bién thé méi lién quan
dén 74 gen ng vién. Tat ca cac bién thé ndy gop phan bd sung vao co so dir liéu vé
cac bién thé tiém an co thé 1a nguy co dan dén thiéu san vanh tai. Trong sé dé, c6 2
bién thé da duoc béo céo 1a gay bénh/co thé gay bénh trén co so dir liéu ClinVar, bao
gom bién thé EYA1 p.R308* (rs121909195, VCV000007929.6) phat hién & ngudi
bénh Mi002 va bién thé ABCC6 p.R1235W (rs63750402, VCV000433323.3) tim thay
& ngudi bénh Mi006. Tuy nhién, khi can ¢ theo md hinh di truyén ciing nhu bénh ly
lién quan dén bién thé thi chi c6 EYAL p.R308* c6 thé Ia nguyén nhan dan dén kiéu
hinh bénh & truong hop Mi002.

Bién thé EYAL p.R308* dugc bao céo lién quan dén cac truong hop mac hoi
chirng cung mang-tai-than (branchiootorenal syndrome, BOR) [181-183] hodc céac
truong hop khéac ngoai hoi chirng cung mang-tai-than nhung c6 cac biéu hién 1am sang
tuong ty [182, 184]. Hoi chung BOR 1a maot rdi loan di truyén troi nhiém sac thé
thuong gay ra boi cac bién thé gay bénh trén 3 gen EYAL, SIX5 va SIX1, dic trung boi
cac triéu chung nhu mat thinh gi4c, ro trudc tai va b, hd trudc ndo that va cac bat
thuong ¢ than [185]. Nguoi bénh Mi002 dugc chan doan thiéu san vanh tai phai do |,
trai do 11 kém véi cac di tat khac gom do luan nhi hai bén, do ving c6 da phau thuat va
chi c6 mot qua than. Nhu vay co thé thiy méi twong quan kiéu gen kiéu hinh ¢ truong
hop ngudi bénh Mi002 vai bién thé gay bénh EYAL p.R308* duoc xac dinh, tir d6
khiang dinh d6 chinh xac va loi ich caa phan tich WES phat hién cin nguyén dan dén
hoi chitng di truyén lién quan dén thiéu san vanh tai trong truong hop nay, dong thoi
c6 thé co gia tri van dung trong tu van di truyén cho cac gia dinh c6 nguy co mac cac
bénh ly lién quan.
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Mic du yéu té di truyén trong thiéu san vanh tai da duoc chi ra voi rat nhiéu
bang chang, tuy nhién chwa c6 mot gen nao duoc béo céo l1a nguyén nhan dan dén
bénh. Thém vao d6, thiéu san vanh tai cd thé ton tai doc lap, ciing c6 thé 1a mot phan
trong cac hoi chung khac, do d6, viéc xac dinh yéu td di truyén nguy co tré nén phic

tap voi lwong 16n gen va bién thé lién quan cé thé dugc xac dinh.

Trong nghién ctu ndy, chi ¢6 duy nhat ngudi bénh Mi002 (1/11 ngudi bénh) c6
thé chi ra bién thé nguy co trén gen EYAL, 1a nguyén nhan din dén hoi chang BOR.
Con lai, mudi bénh nhan thiéu san vanh tai chua két luan hay dua ra dugc bién thé gen
cu thé nao co thé 1a yéu té nguy co tryc tiép dan dén kiéu hinh bénh. Tuy nhién,
nghién ciru ciing da chi ra 18 bién thé hiém/mai c6 thé lién quan cin ctr theo mo hinh
di truyén cling nhu qua phan tich chirc nang in silico vai du doan gay bénh/co thé gay
bénh trén it nhit nim cong cu du doan (Bang 3.12, trang 97). Tat ca c4c bién thé nay
can duoc quan tam va nghién citu mé rong trén lugng mau Ion hon ciing nhu trong céc

nghién ciu chirc nang xa hon trong tuong lai.

Ngoai viéc xac dinh cac bién thé cd thé 1a yéu té nguy co dan dén thiéu san
vanh tai, nghién ctru thyc hién phéan tich mang lugi tuong tac protein giup phéat hién
cac protein chinh dong vai tro quan trong trong mang ludi ciing nhu xac dinh cac
manh mdi tiém ning phuc vu cho cac nghién ciru xa hon. Phan tich PPI dya trén 74
gen ung vién chi ra BMP2 Ia mét trong hai protein trung tam cé kha ning trao doi
thong tin t6i da véi cac protein khac, do dé protein nay cé thé dong maot vai tro quan

trong nao do trong cac con dudng sinh hoc lién quan dén thiéu san vanh tai.

BMP2 (protein hinh thai xwong 2) dugc ma hoéa bai gen BMP2, 1a mét phdi tir
nam trong siéu ho yéu té ting truong p (TGF-B). Cac phdi tar nam trong siéu ho nay
lien két vai cac thy thé TGF-B khac nhau dé nhan va kich hoat cac chat dan truyén tin
hiéu thuoc ho SMAD (small Mothers Against Decapentaplegic) trong diéu hoa biéu
hién gen. CAc tién chét proprotein (preproprotein) nay duogc xt Iy va phan giai sau dich
M4 tao thanh cac cau phan protein giéng nhau trong mot homodimer va duoc lién két
vé6i nhau bang cau néi disulfide c6 vai trd trong qua trinh phét trién xwong va sun [89,
186]. Do d6, c&c anh huéng c6 hai 1én BMP2 c6 thé duoc can nhac nhu mot tic dong
tidu cuc tryc tiép hoac gian tiép dén qua trinh hinh thanh xwong va sun, cu thé ¢ day 1a

qua trinh phét trién tai ngoai vgi thanh phan chinh 1a sun. Gan ddy, nghién ctu cua
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Wei Liu va cong su di bao cdo bién thé niam trén exon 2 gen BMP2 (c.G332T,
p.S1111) c6 lién quan dén hai truong hop bénh nhi sinh d6i (2 tudi) méc thiéu san vanh
tai v6i cac bat thuong hinh dang vanh tai phai di kém khong cé dng tai ngoai va tai tréi
hinh hat dau [187].

Céac con duong tin hiéu lién quan dén thiéu san vanh tai duoc xac dinh théng
qua phan tich 1am giau tap hop 74 gen ng vién. Két qua chi ra c¢6 6 con duong tin
hiéu c6 thé xem xét lién quan, bao gom: twong tac vai thu thé ECM, su biét hda cua té
bao xuong, con duong lay nhiém HPV, con dudng tin hiéu MTOR, tiéu hda va hap thy
protein, va con duodng lay nhiém Amip. Trong d6, con dudng twong tac vai thy thé
ECM c6 thé dong vai trd quan trong nao d6 trong su phat trién cua tai ngoai, do da
dugc bao cdo 1a c6 lién quan dén qua trinh pha hay sun, 1a thanh phan chinh cu tao
nén tai ngoai [188]. Thém vao d6, con duong nay két ndi vaéi con duong tin hiéu Wnt
da duoc bao cao 13 co lién quan dén su phat trién cua tai ngoai cing véi cac protein
hinh thai xuong [89].

Trong cac con duong tin hiéu duoc chi ra théng qua phén tich lam giau tap hop
gen KEGG, ¢6 5/6 con duong co sy tham gia caa gen COL4A4, bao gom ca con duong
tuong tac véi thy thé ECM. Thém vao do6, gen nay ciing da dugce dé xuat 1a mot trong
nhitng gen (g Vvién co thé lién quan dén thiéu san vanh tai trong nghién cau dya trén
307 gen giy diéc & 32 ngudi bénh thiéu san vanh tai [114]. Do d6, COL4A4 c6 thé
dong mot vai trd quan trong niao dé trong co ché sinh bénh cua thiéu san vanh tai va
can dugc cha tAm phan tich tic dong anh hudng mot cach chi tiét va day du trong céc

nghién curu xa hon.

4.4.Y nghia ctia chan dodn phén tir trong cong tac tw van di truyén va quan ly
bénh hiém

Theo théng ké mai nhat cua té chirc Global Genes trong nam 2022, khoang 400
triéu ngudi trén toan thé gidi bi anh huong boi mot trong sé ~11.000 bénh hiém khéc
nhau (chinh xac 1a 10.867 bénh) vai mot nira ngudi bénh Ia tré em va khoang 3% la tré
so sinh (https://globalgenes.org/). Trong s6 cac bénh hiém da duoc chi ra thi it nhit 80%
¢ ngudn géc di truyén, gay ra bai mot hoic nhiéu gen lién quan hoic do céc bat thuong
trén nhiém sac thé [189, 190]. Tuy nhién, do tinh khong déng nhat vé mat di truyén

(allelic va locus), da dang trong biéu hién 1am sang, tinh thAm khong hoan toan bén canh
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su bién ddi cua gen va cac yéu té moi trudng khac c6 thé 1am phuc tap thém qué trinh
tién toi chan doan cu thé & nhitng trudng hop méc cac rdi loan hiém gap [191]. Diéu nay
khong chi gay cing thang va dau khd vé mat tdm ly cho ngudi bénh ciing nhu gia dinh
ho ma con la thach thic va ganh ning ddi véi cac hé théng cham soc stuc khoe [191].
Hon nira, su thiéu thong tin lién quan dén kiéu hinh ciing nhu dic diém di truyén do
thudc nhém cac bénh rat hiém hoic cuc hiém ciing 13 mét thach thirc 16n trong chéan
doan cac bénh nay. Do dé, chan doan phan tir chinh xac 1a can thiét nham dua ra cac
phuong thic diéu tri pha hop va quan ly hiéu qua cac bénh hiém gap. Ngoai ra, cac
thdng tin di truyén duoc sir dung nhu mot ngudn di lidu bd tro, gop phan xay dung cac
hoach dinh lién quan dén ké hoach hoa gia dinh trong twong lai va hinh thanh mang ludi
hd tro cac ca nhan va gia dinh bi anh huong [191, 192]. Bén canh d6, chan doan sém va
chinh xéc gitp giam bét cac xét nghiém xam 1an khong can thiét, tiét kiém chi phi ciing
nhu giam cang thang tdm Iy lién quan néu phai thuc hién cac xét nghiém phat sinh nay
[193, 194]. Ngoai ra, chan doan di truyén khéng chi duoc quan tdm & nhom dbi tuong
cd tridu chirng ma con c6 thé cé ich trong viéc sang loc, xac dinh ngudi mang mam bénh
& nhom khong c6 triéu ching; do do rat co ¥ nghia trong cong tic phong ngira cap 11

(secondary prevention) ¢ ca nhdm bénh lanh tinh va &c tinh [195].

Bénh di truyén va di tat 1a nhitng nguyén nhan hang dau gay tir vong & tré so sinh
theo bao céo cua don vi cham soc dac biét danh cho tré so sinh (NICU) [196]. Viéc xac
dinh cac réi loan hiém gap trong bdi canh nay 1a mot thach thire dac biét vi mot sé 1y do:
chua biéu hién kiéu hinh 1am sang mot cach hoan chinh, cac dau hiéu 1am sang c6 thé
phtic tap hon do sinh non va tinh khong déng nhat vé di truyén co ban c6 thé tri hodn
viéc chan doan thong qua phuong phap tiép can gen ung vién hoic st dung xét nghiém
trén mot tap hop gen. Do d6, nhiéu nguoi bénh mac céc rdi loan di truyén da dugc xuat

vién hoic tir vong trude khi chan doan chinh xac duoc dua ra [197].

Sy ra doi caa cong nghé giai trinh ty thé hé mai (NGS) da nang xét nghiém di
truyén 1én mot tim cao mai, gilp nang cao kha niang chan doan kip thoi va chinh xac
[191, 193, 194]. Giai trinh tu toan bo hé gen/hé gen ma hod (WGS/WES) di cho thiy
kha nang chan doan 4n tuong theo bao céo cua NICU. Céc két qua chan doan nay ngay
lap tirc anh hudng dén cong tac quan Iy 1am sang, cho phép thuc hién diéu tri chinh xac,

bao gom can thiép tri liéu hodc cham séc giam nhe tly chinh, ciing nhu tu van di truyén
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phu hop [197-202]. WGS/WES gitip NICU nhanh chéng chan doan chinh xac céc
truong hop mac bénh chi trong khoang 26 gio [203]. Trong nghién cau cua Willig va
cong su vao nam 2015, hiéu qua chan doan cia WGS di duoc chi ra trén 35 tré so sinh
cd cac biéu hién 1am sang niang véi ti 1& chan doan bénh 1a 57% trong khi ty 16 nay 1a 9%
khi sir dung cac xét nghiém di truyén thong thuong khéac [199]. Céc nghién cau khac
cho thdy ty 1& chan doan 1 ~30%-60% [197, 204]. Ngoai ra, chan doan két hop dya trén
WES, gene panel va phan tich microarray c6 thé mang lai hiéu qua chan doan > 70%,
ngay lap tirc tac dong manh mé dén kha nang quan 1y y té & 83% bénh nhan dugc chan

doan (vi du: tiy chinh thubc chdng co giat) [197].

Ung dung NGS trong chan doan, xac dinh bién thé gay bénh ¢ nhém cac nguoi
bénh ly thugng bi bong nudc va bach tang cling dd duoc thuc hién, dong thoi mang lai
nhitng gia tri ca vé khoa hoc cling nhur tinh than ctia nguoi bénh va gia dinh. Nghién cau
cua Takeichi va cong su vao nam 2015 dd dwa ra chan doan chinh xac cho 9 ngudi bénh
méc EB théng qua WES, trong khi trude d6 khong thé két luan duoc dya trén phan tich
sinh thiét da ciing nhu giai trinh ty Sanger [45]. Viéc ung dung WES nhu mét ¢éng cu
chan doan d3 duoc trién khai va thuc hién trong nhiéu nghién ctu vé EB cho dén nay
[205-208]. Mot nghién ciru khéc cia Okamura va cong su da sir dung NGS dé tién hanh
phan tich, danh gia 54 nguoi bénh Nhat Ban, bao gém 28 ngudi bénh chua dugc chan
doan phan tir va 46 ngudi bénh c6 két qua xét nghiém am tinh véi bach tang da va mit
(OCA) ciing nhu hoi chitng Hermansky-Pudlak (HPS) dya trén phan tich SSCP (Single
Strand Conformation Polymorphism) truéc d6. Két qua cho thiy 18/46 nguoi bénh
khéng chan doan dugc biang SSCP va 23/28 bénh nhan méi da xac dinh duoc cac bién
thé di truyén 1a nguyén nhan din dén bach tang [209]. Ngoai ra, thdng qua WES, ba
ngudi bénh bach tang c6 céc biéu hién tring lap lan luot duoc xac dinh mac HPS4,

HPS6 va HPS9 trong mét nghién ciru trude d6 cia Okamura va cong su [210].

Céc bénh hiém gap c6 tinh da hé thdng, phic tap trong tu nhién va chan doan
phan tir 12 can thiét; tuy nhién, cac xét nghiém di truyén nay can dugc tu van mot cach
day du trude khi thuc hién véi sy dong ¥ ciia ngudi bénh va gia dinh bao gébm ca viéc
chia sé théng tin sau khi c6 két qua xét nghiém [193, 194]. Néu ngudi bénh khong hiéu
dung vé két qua di truyén nhan duoc sau khi thuc hién xét nghiém, cac phan ung tiéu

cuc ¢6 thé xay ra, chang han nhu lo ling qua mac va thuc hién cac bién phap phong
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ngtra khong can thiét [195]. Két qua xét nghiém dwong tinh & mot ca nhan ciing c6 thé
du doan thdng tin di truyén cia cac thanh vién gia dinh/ho hang khéng dong y tham gia
thuc hién xét nghiém. Diéu nay dan dén nhitng thach thuc trong cong tac tu van, khién
chuyén gia y té va ngudi bénh tiép nhan xét nghiém roi vao tinh hudng khé xir [195]. Do
d6, kinh nghiém cua béc si tu van Ia rat quan trong, doi hoi phai nam va hiéu rd céac kién
thirc vé di truyén ciing nhu cap nhat lién tuc dé bt kip sy phét trién ciia cong nghé chan
doan. Pay ciing dugc coi 1a mot han ché cua cong tac tu van khi cac bac si khong
chuyén (vé mat di truyén) tham gia vao cac cudc thao ludn chuyén mén lién quan dén

cac xét nghiém di truyeén.

Trong tu van di truyén, cong tac thuc hién doi hoi sy dam bao day di théng tin vé
C4cC yéu t6 tién quyét sau: (1) chan doan chinh xac; (2) tién sir; (3) diéu tri; (4) co ché di
truyén; (5) nguy co tai phat/chan doan trudc sinh; va (6) cac hudng dan sau nay. Bénh
nhan thuc su & trong cac trudng hop nay thuc chat 1a ca mot gia dinh cht khong don
thuan chi 1a c& nhan bi anh huong. Gidng nhu cic nhom bénh di truyén khéc, tu van di
truyén 1a mot phan thiét yéu trong viéc quan 1y cac gia dinh co6 ngudi mac EB. That
dang tiéc khi bo qua viéc thdng bao vé nhirng nguy co cling nhu rai ro di truyén néu cé
cho tat ca cac thanh vién lién quan ¢ nhiing gia dinh c6 nguy co. Tu van di truyén dang
tin cay doi hoi chan doan chinh xéac, do d6 néu nguyén tic nay khong duoc thyuc hién
mét cach thuan thyc thi s& dan dén mot s6 hau qua dang tiéc. Chang han, néu mot tré so
sinh mac mat trong nhitng dang EB nghiém trong tir vong trudc khi chan doén chinh xéac
duoc thiét lap thi kho c6 thé dua ra 10i khuyén dang tin cdy cho cha me cling nhu gap
kho khan/khdng thé thuc hién cong tac chan doan trudc sinh & lan mang thai tiép theo.
Theo bao céo cua Gabriela va cong su thuoc Dich vu y té Quéc gia (NHS), Vuong qubc
Anh, s6 lugng nguoi bénh EB dang ky tham gia vao hé thong cham soc siic khoe nay tir
nam 2002 dén 2021 1a 2594 ca nhan, trong d6 c¢6 2361 ngudi bénh van dang séng dén
nam 2021. Trong nam 2002, tong s6 1200 tré so sinh mac EB duoc sinh ra véi ty 1é mac
trung binh trén mét triéu ca sinh séng duoc béo céo dbi vai cac phan nhom EBS, DEB,
JEB va hoi chang Kindler lan luot 1a 32,5; 26,1; 8,9 va 0,9. Ty Ié nay giam dan trong
khoang thoi gian 19 nam (2002-2021) ddi véi mot s6 phan nhém nhu JEB thé nang (r =
-0,56) va DEB thé niang (r = -0,44) ciing nhu mot sé6 phan nhém nhe hon cua EB. Ngoai
ra, nghién ciru phat hién ty & séng sot 1au hon ¢ cac truong hop méac JEB thé nang trong

khoang thoi gian nay (r2 = 0,18) va ty Ié song sot trung binh 1a 12,7 thang trong 5 nim



119
qua. Nhém nghién ctu caa NHS tin rang viéc giam ty 1& mac cac loai EB nghiém trong
khi sinh quan st dugc da phan anh cong tac tu van di truyén dugc thuc hién mot cach
c6 hiéu qua [211].

Trong nghién ctru nay, ly thuong bi bong nuéc va bach tang 12 hai bénh di truyén
da biét nguyén nhan. Cac két qua xét nghiém phan tir cia nhitg ngudi bénh thugc hai
nhém bénh nay ngoai viéc gilp chan doan chinh xac nhém/phan nhém bénh con rat co y
nghia trong tién lugng bénh ciing nhu tu van di truyén phi hop trong tuong lai. Cu thé ¢
truong hop gia dinh c6 hai nguoi con cing mac bénh bach tang (A1001 va A1002), tu
van di truyén duoc thuc hién véi két qua xét nghiém mang gen (thé khdng gay bénh) &
mau i trong lan mang thai th ba ciia nguoi me. Em bé khi sinh ra hoan toan khoe
manh va khéng c6 biéu hién bat thuong nao lién quan dén OCA theo dung nhu dy doan
dua trén két qua chan doan phan tir. Nhu vy, hiéu qua cia chan doan phén tir trong
truong hop nay dugc thé hién mot cach rd rét. O nhiing gia dinh nguoi bénh khéc, dac
biét 12 nhitng gia dinh bé me ciia ngudi bénh van con tré, cong tac tu van di truyén lién
quan dén chan doan trude sinh va chan doan tién 1am to nén duogc thuc hién. Di véi gia
dinh c6 hai ngudi con cling mic RDEB thé niang (EB004 va EB005) véi hai bién thé gay
bénh trén gen COL7A1 duoc xac dinh, tu van tién 1am to nén duoc thuc hién dé giam
thiéu tdi da xac suat hinh thanh thai mang bénh néu gia dinh mong mudn c6 thém con.
Tuy nhién, can giai thich rd loi ich va nguy co ciing nhu chi phi cao do phai thuc hién
phuong phap thu tinh trong 6ng nghiém. Do d, vai trd ctia ngudi tu van 1a hét sic quan
trong, doi hoi su két hop chit ché giira cac bac si va cac nha di truyén hoc. Bén canh do,
tu van di truyén nén tiép tuc duoc thuc hién ¢ thé hé sau néu nhitng ngudi bénh/nguoi

mang gen lap gia dinh va sinh con trong tuong lai.

Tién luong bénh cé thé duogc thuc hién dua trén cac thong tin di truyén lién quan
dén twong quan kiéu gen-kiéu hinh. Trong nhdm nhiing nguoi bénh méc ly thuong bi
bong nuéc & nghién ciu ndy, su hién dién cua it nhit mot bién thé din dén tao ma két
thiic sém (PTC) gen COL7AL trén phan tir protein c6 thé lién quan dén cac truong hop
thé ning. Nhu vay, néu tré sinh ra nghi ngd mac EB, xét nghiém phan tir chi ra ¢6 mang
it nhat mot bién thé PTC gen COL7A1 thi can duoc quan tdm chiam soc dic biét do kha
ning tré ndng co thé ting cao hon cac trudng hop khéc. Ngoai ra, mot truong hop bénh
khac 13 ngudi bénh EB007 mang bién thé phat sinh méi KRT5 p.E477K véi biéu hién
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lam sang rat nang khi mai sinh va cai thién dan theo thoi gian khi tré I6n 1&n. Thong tin
nay dc biét hitu ich cho cac truong hop EBS khac néu xét nghiém phan ti chi ra mang
bién thé nay. Mic du qué trinh cham séc vét thuong va tranh nhidm tring & nhom ngudi
bénh EB rat phirc tap, kho khin va ton kém nhung véi thong tin c6 can ctr khoa hoc c6

thé 12 ngudn nghi luc 16n lao cho cha me cia ngudi bénh trong qua trinh cham soc tré.

Nhu vy 6 thé thay tam quan trong cua chan doan phan tir trong tur van di truyén
cling nhu dwa ra goi ¥, hinh thanh cac phuong thirc quan 1y bénh. Tuy nhién, chan doan
phan tir nén duoc cung cap nhu mot dich vu toan dién bao gom tur van trudc va sau xét
nghiém. Céc ¢ van di truyén trinh d6 cao la chia khda dam bao céc gia dinh nguoi bénh

nhan duoc su hd trg phi hop khi phét hién cac réi loan di truyén.
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< Nhirng han ché trong nghién ciu

Nghién ciru nay dugc thuc hién trén ba nhém bénh hiém, ¢ ti ¢ rat thap trong
quan thé; ddng thoi gigi han vé kinh phi ciing nhu thoi gian thuc hién khién cho
nghién cau con khiém ton vé sé luong mau. Dic biét, thiéu san vanh tai 1a mot trang
thai di truyén chwa rd nguyén nhén, ¢ thé ton tai doc l1ap hoic nhu mét triéu ching &
rat nhiéu cac hoi ching lién quan khéac nhau nén rat kho khan trong viéc xac dinh céac
bién thé nguy co tiém ning va can tiép tuc trién khai trén mot ¢& mau Ién hon & cac
nghién ctru sau. Ngoai ra, viéc khong thu dugc mau cic thanh vién trong gia dinh ciing
nhu cac hinh anh 1am sang lién quan ¢ nhom nguoi bénh nay ciing 1a mot han ché. Tuy
nhién, bat ky thong tin hay gia thuyét nao duoc dua ra ciing c6 thé 1a mot nguon di
licu dé tham khao, ciing vai cac nghién ctiru khac xay dung cac bang chang du 16n voi
muc tiéu tim ra nguyén nhan ciing nhu co ché bénh sinh cua thiéu san vanh tai. Tir d6
lam tién dé cho cac nghién ctu chirc ning xa hon tién dén muc tiéu thuc hanh 1am

sang trong tuong lai.
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KET LUAN VA KIEN NGHI

Két luan:

1. D3 giai trinh ty toan bo hé gen ma hoa trén ddi twong ngudi bénh Viét Nam,
gom 8 ngudi bénh ly thuong bi béng nudc, 7 ngudi bénh bach tang va 11 nguoi bénh
thiéu san vanh tai véi kich thuéc trung binh mdi bo dit liéu 1a 48 triéu doan doc va
Q30 dat 94%.

2. i xac dinh duoc cac bién thé c6 kha ning gay bénh & 7/8 ngudi bénh ly
thugng bi bong nudc, 7/7 ngudi bénh bach tang va 1 bién thé nguy co ¢ 1/11 nguoi

bénh thiéu san vanh tai, cu thé nhu sau:

+ Pa xac dinh duogc 6 ngudi bénh mac ly thuong bi bong nuéc loan dudng
mang cac bién thé mai/hiém gen COL7AL (c.8279G>A, ¢.4518+2delT, ¢.5821-2A>G/
€.2858_2859delAG, ¢.5047C>T, ¢.6081delC, ¢.6205C>T va ¢.8233C>T) va 1 ngudi
bénh ly thuwong bi bong nudc don gian mang bién thé gen KRT5 ¢.1429G>A
(p.E477K).

+ D3 phan loai ngudi bénh bach tang thuoc 3 nhém: bao gém 5 ngudi bénh
OCAL1 (3 nguoi bénh OCALA va 2 nguoi bénh OCA1B), 1 nguoi bénh OCA2 va 1
ngudi bénh mac hoi chitng Hermansky-Pudlak dugc xac dinh twong (ing véi cac bién
thé trén gen TYR (c.346C>T, ¢.926insC, ¢.115T>C va ¢.559 560ins25), OCA2
(c.2323G>A) va HPS1 (c.972delC). Chan doan trudce sinh duoc thuc hién & 1an mang
thai thir ba trong gia dinh c6 hai con dau mac OCA1A (AI001 va Al002) véi em bé

sinh ra hoan toan khée manh.

+ Pi xéac dinh dugc 108 bién thé bao gdm 81 bién thé hiém va 27 bién thé moi
trén 74 gen ung vién co thé lién quan dén thiéu san vanh tai ¢ 11 mau nghién cau.
Trong d6, bién thé EYAL p.R308* cd thé dugc xem Ia nguyén nhan gay bénh ¢ truong
hop Mi002 lién quan dén hoi ching cung mang-tai-than (BOR).
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Kién nghi:

Tur nhitng két qua dat dugc trong nghién ctru, chiing toi xin dua ra mot sé kién

nghi nhu sau:

1. Can tién hanh cac nghién cau phan tich chirc nang st dung md hinh in vitro
hodc mé hinh dong vat phi hop nham danh gia tac dong thuc sy cua cac bién thé mai
phat hién & nhom ngudi bénh ly thuong bi bong nuéc, tir d6 1am rd co ché bénh sinh
lién quan.

2. Can khao sat véi s6 luong mau 16n hon dé mé rong quy mo phat hién bién
thé gay bénh/bién thé nguy co, dic biét & nhom thiéu san vanh tai véi co ché phan tir

gay bénh phuc tap chua dugc lam rd.



124
DANH MUC CONG TRINH CONG BO LIEN QUAN PEN LUAN AN

1. Ma THT, Luong TLA, Hoang TL, Nguyen TTH, Vu TH, Tran VK, Nguyen
DB, Trieu TS, Nguyen HH, Nong VH, Nguyen DT. Novel and very rare causative
variants in the COL7Al gene of Vietnamese patients with recessive dystrophic
epidermolysis bullosa revealed by whole-exome sequencing. Mol Genet Genomic
Med. 2021 Aug;9(8):e1748. doi: 10.1002/mgg3.1748.

2. Thuong MTH, Anh LTL, Nhung VP, Ngoc TTB, Lan HT, Phuong DK, Ha
NH, Van Hai N, Ton ND. Genetic analyses of Vietnamese patients with
oculocutaneous albinism. J Clin Lab Anal. 2022 Jul 23:e24625. doi:
10.1002/jcla.24625.

3. Ma Thi Huyen Thuong, Dang Tien Truong, Nguyen Hai Ha, Nguyen Dang
Ton. ldentification of a de novo mutation in KRT5 gene underlying epidermolysis
bullosa simplex by whole exome sequencing in a Vietnamese patient. Vietnam Journal
of Biotechnology 19(2): 223-228, 2021.



10.

11.

12.

13.

125
TAI LIEU THAM KHAO

A. Bardhan, L. Bruckner-Tuderman, I.L.C. Chapple, J.D. Fine, N. Harper, C.
Has, T.M. Magin, M.P. Marinkovich, J.F. Marshall, J.A. McGrath, J.E.
Mellerio, R. Polson, and A.H. Heagerty, 2020, Epidermolysis bullosa, Nat Rev
Dis Primers, 6(1), 78.

H. Vahidnezhad, L. Youssefian, A.H. Saeidian, and J. Uitto, 2019, Phenotypic
Spectrum of Epidermolysis Bullosa: The Paradigm of Syndromic versus Non-
Syndromic Skin Fragility Disorders, J Invest Dermatol, 139(3), 522-527.

J.D. Fine, 2016, Epidemiology of Inherited Epidermolysis Bullosa Based on
Incidence and Prevalence Estimates From the National Epidermolysis Bullosa
Registry, JAMA Dermatol, 152(11), 1231-1238.

Y.C. Kho, L.M. Rhodes, S.J. Robertson, J. Su, G. Varigos, |. Robertson, P.
Hogan, D. Orchard, and D.F. Murrell, 2010, Epidemiology of epidermolysis
bullosa in the antipodes: the Australasian Epidermolysis Bullosa Registry with
a focus on Herlitz junctional epidermolysis bullosa, Arch Dermatol, 146(6),
635-40.

Z. Pavici¢, P. Kmet-Vizintin, A. Kansky, and 1. Dobri¢, 1990, Occurrence of
hereditary bullous epidermolyses in Croatia, Pediatr Dermatol, 7(2), 108-10.

S. Shinkuma, K. Natsuga, W. Nishie, and H. Shimizu, 2010, Epidermolysis
bullosa in Japan, Dermatol Clin, 28(2), 431-2, xvi.

S. Dénescu, C. Has, S. Senila, L. Ungureanu, and R. Cosgarea, 2015,
Epidemiology of inherited epidermolysis bullosa in Romania and genotype-
phenotype correlations in patients with dystrophic epidermolysis bullosa, J Eur
Acad Dermatol Venereol, 29(5), 899-903.

H.M. Horn, G.C. Priestley, R.A. Eady, and M.J. Tidman, 1997, The prevalence
of epidermolysis bullosa in Scotland, Br J Dermatol, 136(4), 560-4.

W.Y. Yuen, H.H. Lemmink, K.K. van Dijk-Bos, R.J. Sinke, and M.F. Jonkman,
2011, Herlitz junctional epidermolysis bullosa: diagnostic features, mutational
profile, incidence and population carrier frequency in the Netherlands, Br J
Dermatol, 165(6), 1314-22.

A. Vahlquist and K. Tasanen, 2010, Epidermolysis bullosa care in Scandinavia,
Dermatol Clin, 28(2), 425-7, xv.

D. Castiglia and G. Zambruno, 2010, Epidermolysis bullosa care in Italy,
Dermatol Clin, 28(2), 407-9, xiv-Xxv.

J. Hammersen, C. Has, N. Naumann-Bartsch, D. Stachel, D. Kiritsi, S. Soder,
M. Tardieu, M. Metzler, L. Bruckner-Tuderman, and H. Schneider, 2016,
Genotype, Clinical Course, and Therapeutic Decision Making in 76 Infants with
Severe Generalized Junctional Epidermolysis Bullosa, J Invest Dermatol,
136(11), 2150-2157.

I. Fuentes, M. Campos, G. Repetto, P. Morandé, M.J. Yubero, S. Gonzalez, A.
Klausegger, P. Schnitzhofer, G. Pohla-Gubo, J. Bauer, and F. Palisson, 2017,
Molecular epidemiology of junctional epidermolysis bullosa: discovery of



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

126

novel and frequent LAMB3 mutations in Chilean patients with diagnostic
significance, Br J Dermatol, 176(4), 1090-1092.

J. Abu Sa'd, M. Indelman, E. Pfendner, T.C. Falik-Zaccai, M. Mizrachi-Koren,
S. Shalev, D. Ben Amitai, A. Raas-Rothshild, A. Adir-Shani, Z.U.
Borochowitz, R. Gershoni-Baruch, M. Khayat, D. Landau, G. Richard, R.
Bergman, J. Uitto, M. Kanaan, and E. Sprecher, 2006, Molecular epidemiology
of hereditary epidermolysis bullosa in a Middle Eastern population, J Invest
Dermatol, 126(4), 777-81.

A.A. Abahussein, A.A. al-Zayir, W.Z. Mostafa, and A.N. Okoro, 1993,
Epidermolysis bullosa in the eastern province of Saudi Arabia, Int J Dermatol,
32(8), 579-81.

J.D. Fine, L.B. Johnson, M. Weiner, K.P. Li, and C. Suchindran, 2009,
Epidermolysis bullosa and the risk of life-threatening cancers: the National EB
Registry experience, 1986-2006, J Am Acad Dermatol, 60(2), 203-11.

J.-D.H.H. Fine, 2009, Life with epidermolysis bullosa (EB) : etiology,
diagnosis, multidisciplinary care and therapy. Wien: Springer.

C.R. UK. Melanoma skin cancer incidence statistics. 2019; Available from:
http://www.cancerresearchuk.org/health- professional/cancer-
statistics/statistics- by-cancertype/skin- cancer/incidence#heading-Eleven.

M. Kim, M. Li, L.R.A. Intong-Wheeler, K. Tran, D. Marucci, and D.F. Murrell,
2018, Epidemiology and Outcome of Squamous Cell Carcinoma in
Epidermolysis Bullosa in Australia and New Zealand, Acta Derm Venereol,
98(1), 70-76.

J.E. Lai-Cheong, A. Tanaka, G. Hawche, P. Emanuel, C. Maari, M. Taskesen,
S. Akdeniz, L. Liu, and J.A. McGrath, 2009, Kindler syndrome: a focal
adhesion genodermatosis, Br J Dermatol, 160(2), 233-42.

S. Guerrero-Aspizua, C.J. Conti, M.J. Escamez, D. Castiglia, G. Zambruno, L.
Youssefian, H. Vahidnezhad, L. Requena, P. Itin, G. Tadini, I. Yordanova, L.
Martin, J. Uitto, C. Has, and M. Del Rio, 2019, Assessment of the risk and
characterization of non-melanoma skin cancer in Kindler syndrome: study of a
series of 91 patients, Orphanet J Rare Dis, 14(1), 183.

H. Mizutani, K. Masuda, N. Nakamura, H. Takenaka, D. Tsuruta, and N. Katoh,
2012, Cutaneous and laryngeal squamous cell carcinoma in mixed
epidermolysis bullosa, kindler syndrome, Case Rep Dermatol, 4(2), 133-8.

J.D. Fine, L.B. Johnson, M. Weiner, and C. Suchindran, 2008, Cause-specific
risks of childhood death in inherited epidermolysis bullosa, J Pediatr, 152(2),
276-80.

W.Y. Yuen, J.C. Duipmans, B. Molenbuur, I. Herpertz, J.M. Mandema, and
M.F. Jonkman, 2012, Long-term follow-up of patients with Herlitz-type
junctional epidermolysis bullosa, Br J Dermatol, 167(2), 374-82.

J.D. Fine, M. Hall, M. Weiner, K.P. Li, and C. Suchindran, 2008, The risk of
cardiomyopathy in inherited epidermolysis bullosa, Br J Dermatol, 159(3),
677-82.



http://www.cancerresearchuk.org/health-

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

127

J.D. Fine, L.B. Johnson, M. Weiner, A. Stein, S. Cash, J. DeLeoz, D.T. Devries,
and C. Suchindran, 2004, Inherited epidermolysis bullosa and the risk of death
from renal disease: experience of the National Epidermolysis Bullosa Registry,
Am J Kidney Dis, 44(4), 651-60.

J.D. Fine, L.B. Johnson, M. Weiner, A. Stein, S. Cash, J. Deleoz, D.T. Devries,
and C. Suchindran, 2004, Eye involvement in inherited epidermolysis bullosa:
experience of the National Epidermolysis Bullosa Registry, Am J Ophthalmol,
138(2), 254-62.

M. Homberg and T.M. Magin, 2014, Beyond expectations: novel insights into
epidermal keratin function and regulation, Int Rev Cell Mol Biol, 311, 265-306.

P.A. Coulombe and C.H. Lee, 2012, Defining keratin protein function in skin
epithelia: epidermolysis bullosa simplex and its aftermath, J Invest Dermatol,
132(3 Pt 2), 763-75.

E. Pfendner and J. Uitto, 2005, Plectin gene mutations can cause epidermolysis
bullosa with pyloric atresia, J Invest Dermatol, 124(1), 111-115.

D. Sawamura, M. Goto, K. Sakai, H. Nakamura, J.R. McMillan, M. Akiyama,
O. Shirado, N. Oyama, M. Satoh, F. Kaneko, T. Takahashi, H. Konno, and H.
Shimizu, 2007, Possible involvement of exon 31 alternative splicing in
phenotype and severity of epidermolysis bullosa caused by mutations in
PLEC1, J Invest Dermatol, 127(6), 1537-40.

E. Georges-Labouesse, N. Messaddeq, G. Yehia, L. Cadalbert, A. Dierich, and

M. Le Meur, 1996, Absence of integrin a6 leads to epidermolysis bullosa and
neonatal death in mice, Nat Genet, 13, 370.

F. Vidal, D. Aberdam, C. Miquel, A.M. Christiano, L. Pulkkinen, J. Uitto, J.P.
Ortonne, and G. Meneguzzi, 1995, Integrin f4 mutations associated with
junctional epidermolysis bullosa with pyloric atresia, Nat Genet, 10, 229.

C. Has, G. Sparta, D. Kiritsi, L. Weibel, A. Moeller, V. Vega-Warner, A.
Waters, Y. He, Y. Anikster, P. Esser, B.K. Straub, I. Hausser, D. Bockenhauer,
B. Dekel, F. Hildebrandt, L. Bruckner-Tuderman, and G.F. Laube, 2012,

Integrin a3 mutations with kidney, lung, and skin disease, N Engl J Med,
366(16), 1508-14.

C. Has and Y. He, 2017, Renal-skin syndromes, Cell Tissue Res, 369(1), 63-
73.

J.K. Kroeger, S.C. Hofmann, J. Leppert, C. Has, and C.W. Franzke, 2017,
Amino acid duplication in the coiled-coil structure of collagen XVII alters its
maturation and trimerization causing mild junctional epidermolysis bullosa,
Hum Mol Genet, 26(3), 479-488.

M. Laimer, C. Prodinger, and J.W. Bauer, 2015, Hereditary epidermolysis
bullosa, J Dtsch Dermatol Ges, 13(11), 1125-1133.

J.-D. Fine, L. Bruckner-Tuderman, R.A.J. Eady, E.A. Bauer, J.W. Bauer, C.
Has, A. Heagerty, H. Hintner, A. Hovnanian, M.F. Jonkman, |. Leigh, M.P.
Marinkovich, A.E. Martinez, J.A. McGrath, J.E. Mellerio, C. Moss, D.F.
Murrell, H. Shimizu, J. Uitto, D. Woodley, and G. Zambruno, 2014, Inherited



39.

40.

41.

42.

43.

44,

45.

46.

47.

128

epidermolysis bullosa: Updated recommendations on diagnosis and
classification, J Am Acad Dermatol, 70(6), 1103-1126.

P.C. Van den Akker, M.F. Jonkman, T. Rengaw, L. Bruckner-Tuderman, C.
Has, J.W. Bauer, A. Klausegger, G. Zambruno, D. Castiglia, and J.E. Mellerio,
2011, The international dystrophic epidermolysis bullosa patient registry: an
online database of dystrophic epidermolysis bullosa patients and their COL7A1
mutations, Hum Mutat, 32(10), 1100-1107.

A.M. Salo, H. Cox, P. Farndon, C. Moss, H. Grindulis, M. Risteli, S.P. Robins,
and R. Myllyla, 2008, A connective tissue disorder caused by mutations of the
lysyl hydroxylase 3 gene, Am J Hum Genet, 83(4), 495-503.

H. Vahidnezhad, L. Youssefian, A.H. Saeidian, A. Touati, S. Pajouhanfar, T.
Baghdadi, A.A. Shadmehri, C. Giunta, M. Kraenzlin, D. Syx, F. Malfait, C.
Has, S.M. Lwin, R. Karamzadeh, L. Liu, A. Guy, M. Hamid, A. Kariminejad,
S. Zeinali, J.A. McGrath, and J. Uitto, 2019, Mutations in PLOD3, encoding
lysyl hydroxylase 3, cause a complex connective tissue disorder including
recessive dystrophic epidermolysis bullosa-like blistering phenotype with
abnormal anchoring fibrils and type VII collagen deficiency, Matrix Biol, 81,
91-106.

S.A. Watt, J.H. Dayal, S. Wright, M. Riddle, C. Pourreyron, J.R. McMillan,
R.M. Kimble, M. Prisco, U. Gartner, E. Warbrick, W.H. McLean, I.M. Leigh,
J.A. McGrath, J.C. Salas-Alanis, J. Tolar, and A.P. South, 2015, Lysyl
Hydroxylase 3 Localizes to Epidermal Basement Membrane and Is Reduced in
Patients with Recessive Dystrophic Epidermolysis Bullosa, PLoS One, 10(9),
e01376309.

C. Has, D. Castiglia, M. del Rio, M.G. Diez, E. Piccinni, D. Kiritsi, J.
Kohlhase, P. Itin, L. Martin, J. Fischer, G. Zambruno, and L. Bruckner-
Tuderman, 2011, Kindler syndrome: extension of FERMT1 mutational
spectrum and natural history, Hum Mutat, 32(11), 1204-12.

C. Has, L. Liu, M.C. Bolling, A.V. Charlesworth, M. ElI Hachem, M.J.
Escamez, I. Fuentes, S. Buchel, R. Hiremagalore, G. Pohla-Gubo, P.C. van den
Akker, K. Wertheim-Tysarowska, and G. Zambruno, 2020, Clinical practice
guidelines for laboratory diagnosis of epidermolysis bullosa, Br J Dermatol,
182(3), 574-592.

T. Takeichi, L. Liu, K. Fong, L. Ozoemena, J.R. McMillan, A. Salam, P.
Campbell, M. Akiyama, J.E. Mellerio, W.H. McLean, M.A. Simpson, and J.A.
McGrath, 2015, Whole-exome sequencing improves mutation detection in a
diagnostic epidermolysis bullosa laboratory, Br J Dermatol, 172(1), 94-100.

E. Tenedini, L. Artuso, I. Bernardis, V. Artusi, A. Percesepe, L. De Rosa, R.
Contin, R. Manfredini, G. Pellacani, A. Giannetti, J. Pagani, M. De Luca, and
E. Tagliafico, 2015, Amplicon-based next-generation sequencing: an effective
approach for the molecular diagnosis of epidermolysis bullosa, Br J Dermatol,
173(3), 731-8.

H. Vahidnezhad, L. Youssefian, A.H. Saeidian, A. Touati, S. Sotoudeh, M.
Abiri, M. Barzegar, N. Aghazadeh, H. Mahmoudi, S. Norouz-Zadeh, M.



48.

49.

50.

51.

52.

53.

54.

55.

129

Hamid, M. Zahabiyon, H. Bagherian, S. Zeinali, P. Fortina, and J. Uitto, 2017,
Multigene Next-Generation Sequencing Panel Identifies Pathogenic Variants in
Patients with Unknown Subtype of Epidermolysis Bullosa: Subclassification
with Prognostic Implications, J Invest Dermatol, 137(12), 2649-2652.

H. Vahidnezhad, L. Youssefian, S. Zeinali, A.H. Saeidian, S. Sotoudeh, N.
Mozafari, M. Abiri, A.M. Kajbafzadeh, M. Barzegar, A. Ertel, P. Fortina, and J.
Uitto, 2017, Dystrophic Epidermolysis Bullosa: COL7A1 Mutation Landscape
in a Multi-Ethnic Cohort of 152 Extended Families with High Degree of
Customary Consanguineous Marriages, J Invest Dermatol, 137(3), 660-6609.

J.W. Bauer, E.M. Murauer, V. Wally, and U. Koller, 2013, RNA Trans-Splicing
for Genodermatoses, in Molecular Dermatology: Methods and Protocols, C.
Has and C. Sitaru, Editors., Humana Press: Totowa, NJ. p. 441-455.

S.M. Lwin, F. Syed, W.L. Di, T. Kadiyirire, L. Liu, A. Guy, A. Petrova, A.
Abdul-Wahab, F. Reid, R. Phillips, M. Elstad, C. Georgiadis, S. Aristodemou,
P.A. Lovell, J.R. McMillan, J. Mee, S. Miskinyte, M. Titeux, L. Ozoemena, R.
Pramanik, S. Serrano, R. Rowles, C. Maurin, E. Orrin, M. Martinez-Queipo, E.
Rashidghamat, C. Tziotzios, A. Onoufriadis, M. Chen, L. Chan, F. Farzaneh,
M. Del Rio, J. Tolar, J.W. Bauer, F. Larcher, M.N. Antoniou, A. Hovnanian,
A.J. Thrasher, J.E. Mellerio, W. Qasim, and J.A. McGrath, 2019, Safety and
early efficacy outcomes for lentiviral fibroblast gene therapy in recessive
dystrophic epidermolysis bullosa, JCI Insight, 4(11).

W.F. Yan and D.F. Murrell, 2010, Fibroblast-based cell therapy strategy for
recessive dystrophic epidermolysis bullosa, Dermatologic Clinics, 28(2), 367-
370.

J. Tolar, A. Ishida-Yamamoto, M.J. Riddle, R.T. McEImurry, M. Osborn, L.
Xia, T. Lund, C. Slattery, J. Uitto, A.M. Christiano, J.E. Wagner, and B.R.
Blazar, 2009, Amelioration of epidermolysis bullosa by transfer of wild-type
bone marrow cells, Blood, 113(5), 1167-1174.

M. Kiuru, M. Itoh, M. S Cairo, and A. M Christiano, 2010, Bone Marrow Stem
Cell Therapy for Recessive Dystrophic Epidermolysis Bullosa. Vol. 28. 371-82,
Xii.

C.L. Ebens, J.A. McGrath, K. Tamai, A. Hovnanian, J.E. Wagner, M.J. Riddle,
D.R. Keene, T.E. DeFor, R. Tryon, M. Chen, D.T. Woodley, K. Hook, and J.
Tolar, 2019, Bone marrow transplant with post-transplant cyclophosphamide
for recessive dystrophic epidermolysis bullosa expands the related donor pool
and permits tolerance of nonhaematopoietic cellular grafts, Br J Dermatol,
181(6), 1238-1246.

J.R. Federico and K. Krishnamurthy, 2021, Albinism, in StatPearls. StatPearls
Publishing

Copyright © 2021, StatPearls Publishing LLC.: Treasure Island (FL).

56.

G. Garrido, A. Fernandez, and L. Montoliu, 2021, HPS11 and OCA8: Two new
types of albinism associated with mutations in BLOC1S5 and DCT genes,
Pigment Cell Melanoma Res, 34(1), 10-12.



S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

130

A. Gargiulo, F. Testa, S. Rossi, V. Di lorio, S. Fecarotta, T. de Berardinis, A.
lovine, A. Magli, S. Signorini, and E. Fazzi, 2011, Molecular and clinical
characterization of albinism in a large cohort of Italian patients, Investigative
ophthalmology & visual science, 52(3), 1281-1289.

M. Martinez-Garcia and L. Montoliu, 2013, Albinism in E urope, The Journal
of dermatology, 40(5), 319-324.

B. Kamaraj and R. Purohit, 2014, Mutational analysis of oculocutaneous
albinism: a compact review, BioMed research international, 2014.

K. Grenskov, C.M. Dooley, E. @stergaard, R.N. Kelsh, L. Hansen, M.P.
Levesque, K. Vilhelmsen, K. Mgllgard, D.L. Stemple, and T. Rosenberg, 2013,
Mutations in c10orfll, a melanocyte-differentiation gene, cause autosomal-
recessive albinism, Am J Hum Genet, 92(3), 415-421.

T. Kausar, M. Bhatti, M. Ali, R. Shaikh, and Z. Ahmed, 2013, OCAD5, a novel
locus for non-syndromic oculocutaneous albinism, maps to chromosome 4q24,
Clinical genetics, 84(1), 91-93.

AH. Wei, D.J. Zang, Z. Zhang, X.Z. Liu, X. He, L. Yang, Y. Wang, Z.Y.
Zhou, M.R. Zhang, L.L. Dai, X.M. Yang, and W. Li, 2013, Exome sequencing
identifies SLC24A5 as a candidate gene for nonsyndromic oculocutaneous
albinism, J Invest Dermatol, 133(7), 1834-40.

A. Fernandez, M. Hayashi, G. Garrido, A. Montero, A. Guardia, T. Suzuki, and
L. Montoliu, 2021, Genetics of non-syndromic and syndromic oculocutaneous
albinism in human and mouse, Pigment Cell Melanoma Res, 34(4), 786-799.

P. Pennamen, A. Tingaud-Sequeira, |I. Gazova, M. Keighren, L. McKie, S.
Marlin, S. Gherbi Halem, J. Kaplan, C. Delevoye, D. Lacombe, C. Plaisant, V.
Michaud, E. Lasseaux, S. Javerzat, I|. Jackson, and B. Arveiler, 2021,
Dopachrome tautomerase variants in patients with oculocutaneous albinism,
Genet Med, 23(3), 479-487.

M. Prashiela, 2018, Molecular Biology of Albinism, in Albinism in Africa:
Historical, Geographic, Medical, Genetic, and Psychosocial Aspects. p. 99-119.

B. Kamaraj and R. Purohit, 2014, Mutational analysis of oculocutaneous
albinism: A compact review, Biomed Res Int, 2014.

Y. Tomita, A. Takeda, S. Okinaga, H. Tagami, and S. Shibahara, 1989, Human
oculocutaneous albinism caused by single base insertion in the tyrosinase gene,
Biochem Biophys Res Commun, 164(3), 990-6.

S.T. Lee, R.D. Nicholls, M.T. Jong, K. Fukai, and R.A. Spritz, 1995,
Organization and sequence of the human P gene and identification of a new
family of transport proteins, Genomics, 26(2), 354-63.

V. Nikolaou, A.J. Stratigos, and H. Tsao, 2012, Hereditary nonmelanoma skin
cancer, Semin Cutan Med Surg, 31(4), 204-10.

J.E. Hawkes, P.B. Cassidy, P. Manga, R.E. Boissy, D. Goldgar, L. Cannon-
Albright, S.R. Florell, and S.A. Leachman, 2013, Report of a novel OCA2 gene



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

131

mutation and an investigation of OCA2 variants on melanoma risk in a familial
melanoma pedigree, J Dermatol Sci, 69(1), 30-7.

H.C. de Vijlder, J.J. de Vijlder, and H.A. Neumann, 2013, Oculocutaneous
albinism and skin cancer risk, J Eur Acad Dermatol Venereol, 27(3), e433-4.

R.E. Boissy, H. Zhao, W.S. Oetting, L.M. Austin, S.C. Wildenberg, Y.L.
Boissy, Y. Zhao, R.A. Sturm, V.J. Hearing, R.A. King, and J.J. Nordlund, 1996,
Mutation in and lack of expression of tyrosinase-related protein-1 (TRP-1) in
melanocytes from an individual with brown oculocutaneous albinism: a new
subtype of albinism classified as "OCA3", Am J Hum Genet, 58(6), 1145-56.

N.F. Box, J.R. Wyeth, C.J. Mayne, L.E. O'Gorman, N.G. Martin, and R.A.
Sturm, 1998, Complete sequence and polymorphism study of the human
TYRP1 gene encoding tyrosinase-related protein 1, Mamm Genome, 9(1), 50-
3.

C.R. Marcon and M. Maia, 2019, Albinism: epidemiology, genetics, cutaneous
characterization, psychosocial factors, An Bras Dermatol, 94(5), 503-520.

K. Grgnskov, C.M. Dooley, E. @stergaard, R.N. Kelsh, L. Hansen, M.P.
Levesque, K. Vilhelmsen, K. Mgllgard, D.L. Stemple, and T. Rosenberg, 2013,
Mutations in c10orfll, a melanocyte-differentiation gene, cause autosomal-
recessive albinism, The American Journal of Human Genetics, 92(3), 415-421.

M.T. Bassi, M.V. Schiaffino, A. Renieri, F. De Nigris, L. Galli, M. Bruttini, M.
Gebbia, A.A. Bergen, R.A. Lewis, and A. Ballabio, 1995, Cloning of the gene
for ocular albinism type 1 from the distal short arm of the X chromosome,
Nature genetics, 10(1), 13.

P. Falletta, P. Bagnato, M. Bono, M. Monticone, M.V. Schiaffino, D.C.
Bennett, C.R. Goding, C. Tacchetti, and C. Valetti, 2014, Melanosome-
autonomous regulation of size and number: the OAL receptor sustains PMEL
expression, Pigment Cell Melanoma Res, 27(4), 565-79.

L. Montoliu, K. Grgnskov, A.H. Wei, M. Martinez-Garcia, A. Fernandez, B.
Arveiler, F. Morice-Picard, S. Riazuddin, T. Suzuki, Z.M. Ahmed, T.
Rosenberg, and W. Li, 2014, Increasing the complexity: new genes and new
types of albinism, Pigment Cell Melanoma Res, 27(1), 11-8.

C.G. Summers, J.E. Connett, A.M. Holleschau, J.L. Anderson, |I. De Becker,
B.S. McKay, and M.H. Brilliant, 2014, Does levodopa improve vision in
albinism? Results of a randomized, controlled clinical trial, Clin Exp
Ophthalmol, 42(8), 713-21.

E.M. Surace, L. Domenici, K. Cortese, G. Cotugno, U. Di Vicino, C. Venturi,
A. Cellerino, V. Marigo, C. Tacchetti, A. Ballabio, and A. Auricchio, 2005,
Amelioration of both functional and morphological abnormalities in the retina
of a mouse model of ocular albinism following AAV-mediated gene transfer,
Mol Ther, 12(4), 652-8.

A. Gargiulo, C. Bonetti, S. Montefusco, S. Neglia, U. Di Vicino, E. Marrocco,
M.D. Corte, L. Domenici, A. Auricchio, and E.M. Surace, 2009, AAV-



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

132

mediated tyrosinase gene transfer restores melanogenesis and retinal function in
a model of oculo-cutaneous albinism type | (OCAL), Mol Ther, 17(8), 1347-54.

I.F. Onojafe, D.R. Adams, D.R. Simeonov, J. Zhang, C.C. Chan, |.M.
Bernardini, Y.V. Sergeev, M.B. Dolinska, R.P. Alur, M.H. Brilliant, W.A.
Gahl, and B.P. Brooks, 2011, Nitisinone improves eye and skin pigmentation
defects in a mouse model of oculocutaneous albinism, J Clin Invest, 121(10),
3914-23.

D.R. Adams, S. Menezes, R. Jauregui, Z.M. Valivullah, B. Power, M.
Abraham, B.G. Jeffrey, A. Garced, R.P. Alur, D. Cunningham, E. Wiggs, M.A.
Merideth, P.W. Chiang, S. Bernstein, S. Ito, K. Wakamatsu, R.M. Jack, W.J.
Introne, W.A. Gahl, and B.P. Brooks, 2019, One-year pilot study on the effects
of nitisinone on melanin in patients with OCA-1B, JCI Insight, 4(2).

F. Alasti and G. Van Camp, 2009, Genetics of microtia and associated
syndromes, J Med Genet, 46(6), 361.

J. Harris, B. Kallén, and E. Robert, 1996, The epidemiology of anotia and
microtia, J Med Genet, 33(10), 809-813.

H. Okajima, Y. Takeichi, K. Umeda, and S. Baba, 1996, Clinical analysis of
592 patients with microtia, Acta Otolaryngol Suppl, 525, 18-24.

R. Cabrejo, J. Persing, and M. Alperovich, 2019, Epidemiologic Assessment of
Microtia in Over 23 Million Consecutive United States Births, J Craniofac
Surg, 30(2), 342-346.

D.V. Luquetti, E. Leoncini, and P. Mastroiacovo, 2011, Microtia-anotia: a
global review of prevalence rates, Birth Defects Res A Clin Mol Teratol, 91(9),
813-22.

D.V. Luquetti, C.L. Heike, A.V. Hing, M.L. Cunningham, and T.C. Cox, 2012,
Microtia: epidemiology and genetics, Am J Med Genet A, 158A(1), 124-139.

K. Deng, L. Dai, L. Yi, C. Deng, X. Li, and J. Zhu, 2016, Epidemiologic
characteristics and time trend in the prevalence of anotia and microtia in China,
Birth Defects Res A Clin Mol Teratol, 106(2), 88-94.

M. Yamauchi, T. Yotsuyanagi, K. Ikeda, M. Yoshikawa, S. Urushidate, M.
Mikami, and K. Kamo, 2012, Clinical and genetic analysis of microtia in Japan,
J Plast Surg Hand Surg, 46(5), 330-4.

D.C. Monks, A. Jahangir, A.L. Shanske, J. Samanich, B.E. Morrow, and M.
Babcock, 2010, Mutational analysis of HOXA2 and SIX2 in a Bronx
population with isolated microtia, Int J Pediatr Otorhinolaryngol, 74(8), 878-
82.

H. Marx, F. Henke, and O. Lubarsh, 1926, Handbuch der spez path anatomie
histologie.

Y. Meurman, 1957, Congenital microtia and meatal atresia; observations and
aspects of treatment, AMA Arch Otolaryngol, 66(4), 443-63.

C. Gendron, A. Schwentker, and J.A. van Aalst, 2016, Genetic Advances in the
Understanding of Microtia, J Pediatr Genet, 5(4), 189-197.



96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

133

R.C. Tanzer, 1975, The constricted (cup and lop) ear, Plast Reconstr Surg,
55(4), 406-15.

H. Weerda, 1988, Classification of congenital deformities of the auricle, Facial
Plast Surg, 5(5), 385-8.

A. Hunter, J.L. Frias, G. Gillessen-Kaesbach, H. Hughes, K.L. Jones, and L.
Wilson, 2009, Elements of morphology: standard terminology for the ear, Am J
Med Genet A, 149a(1), 40-60.

G.M. Shaw, S.L. Carmichael, Z. Kaidarova, and J.A. Harris, 2004,
Epidemiologic characteristics of anotia and microtia in California, 1989-1997,
Birth Defects Res A Clin Mol Teratol, 70(7), 472-5.

M.B. Forrester and R.D. Merz, 2005, Descriptive epidemiology of anotia and
microtia, Hawaii, 1986-2002, Congenit Anom (Kyoto), 45(4), 119-24.

J.S. Lopez-Camelo and I.M. Orioli, 1996, Heterogeneous rates for birth defects
in Latin America: hints on causality, Genet Epidemiol, 13(5), 469-81.

G.S. Ang, S.A. Simpson, and A.R. Reddy, 2008, Mycophenolate mofetil
embryopathy may be dose and timing dependent, Am J Med Genet A, 146a(15),
1963-6.

M.T. Anderka, A.E. Lin, D.N. Abuelo, A.A. Mitchell, and S.A. Rasmussen,
2009, Reviewing the evidence for mycophenolate mofetil as a new teratogen:
case report and review of the literature, Am J Med Genet A, 149a(6), 1241-8.

R.S. Stern, F. Rosa, and C. Baum, 1984, Isotretinoin and pregnancy, J Am Acad
Dermatol, 10(5 Pt 1), 851-4.

J.S. Choi, G. Koren, and I. Nulman, 2013, Pregnancy and isotretinoin therapy,
Cmaj, 185(5), 411-3.

D.V. Luquetti, T.C. Cox, J. Lopez-Camelo, G. Dutra Mda, M.L. Cunningham,
and E.E. Castilla, 2013, Preferential associated anomalies in 818 cases of
microtia in South America, Am J Med Genet A, 161a(5), 1051-7.

E. Giannatou, H. Leze, A. Katana, A. Kolialexi, A. Mavrou, E. Kanavakis, and
S. Kitsiou-Tzeli, 2009, Unilateral microtia in an infant with trisomy 18
mosaicism, J Genet Couns, 20, 181-7.

C.B. Griffith, G.H. Vance, and D.D. Weaver, 2009, Phenotypic variability in
trisomy 13 mosaicism: Two new patients and literature review, Am J Med
Genet A, 149A(6), 1346-1358.

A.F. Davies, K. Imaizumi, G. Mirza, R.S. Stephens, Y. Kuroki, M. Matsuno,
and J. Ragoussis, 1998, Further evidence for the involvement of human
chromosome 6p24 in the aetiology of orofacial clefting, J Med Genet, 35(10),
857-861.

J.A. Veltman, Y. Jonkers, I. Nuijten, 1. Janssen, W. van der Vliet, E. Huys, J.
Vermeesch, G. Van Buggenhout, J.-P. Fryns, R. Admiraal, P. Terhal, D.
Lacombe, A.G. van Kessel, D. Smeets, E.F.P.M. Schoenmakers, and C.M. van
Ravenswaaij-Arts, 2003, Definition of a critical region on chromosome 18 for



111.

112.

113.

114.

115.

116.

117.

118.

1109.

120.

121.

122.

123.

134

congenital aural atresia by arrayCGH, American journal of human genetics,
72(6), 1578-1584.

Q. Zhang, J. Zhang, and W. Yin, 2010, Pedigree and genetic study of a bilateral
congenital microtia family, Plast Reconstr Surg, 125(3), 979-987.

L. Lin, B. Pan, H.Y. Jiang, H.X. Zhuang, Y.Y. Zhao, Q.H. Yang, L.R. He, J.
Han, and S.J. Wang, 2009, Study of methylation of promoter of EYAL gene in
microtia, Chinese journal of plastic surgery, 25, 436-9.

S. Hao, L. Jin, C. Li, H. Wang, F. Zheng, D. Ma, and T. Zhang, 2016,
Mutational analysis of GSC, HOXA2 and PRKRA in 106 Chinese patients with
microtia, Int J Pediatr Otorhinolaryngol, 93.

P. Wang, X. Fan, Y. Wang, Y. Fan, Y. Liu, S. Zhang, and X. Chen, 2017,
Target sequencing of 307 deafness genes identifies candidate genes implicated
in microtia, Oncotarget, 8(38), 63324-63332.

R.D. Knight and T.F. Schilling, 2006, Cranial neural crest and development of
the head skeleton, Adv Exp Med Biol, 589, 120-33.

R.A. Bly, A.D. Bhrany, C.S. Murakami, and K.C. Sie, 2016, Microtia
Reconstruction, Facial Plast Surg Clin North Am, 24(4), 577-591.

H.T. Liao, R. Zheng, W. Liu, W.J. Zhang, Y. Cao, and G. Zhou, 2015,
Prefabricated, ear-shaped cartilage tissue engineering by scaffold-free porcine
chondrocyte membrane, Plast Reconstr Surg, 135(2), 313e-321e.

B.P. Cohen, R.C. Hooper, J.L. Puetzer, R. Nordberg, O. Asanbe, K.A.
Hernandez, J.A. Spector, and L.J. Bonassar, 2016, Long-Term Morphological
and Microarchitectural Stability of Tissue-Engineered, Patient-Specific Auricles
In Vivo, Tissue Eng Part A, 22(5-6), 461-8.

G. Zhou, H. Jiang, Z. Yin, Y. Liu, Q. Zhang, C. Zhang, B. Pan, J. Zhou, X.
Zhou, H. Sun, D. Li, A. He, Z. Zhang, W. Zhang, W. Liu, and Y. Cao, 2018, In
Vitro Regeneration of Patient-specific Ear-shaped Cartilage and Its First
Clinical Application for Auricular Reconstruction, EBioMedicine, 28, 287-302.

0.Y. Joo, T.H. Kim, Y.S. Kim, T.S. Roh, E.J. Lee, J.H. Shim, H.W. Cho, and
I.S. Yun, 2023, Fabrication of 3D-Printed Implant for Two-Stage Ear
Reconstruction Surgery and Its Clinical Application, Yonsei Med J, 64(4), 291-
296.

B.P. Cohen, J.L. Bernstein, K.A. Morrison, J.A. Spector, and L.J. Bonassar,
2018, Tissue engineering the human auricle by auricular chondrocyte-
mesenchymal stem cell co-implantation, PLoS One, 13(10), e0202356.

A. Fernandez-Marmiesse, S. Gouveia, and M.L. Couce, 2018, NGS
Technologies as a Turning Point in Rare Disease Research , Diagnosis and
Treatment, Curr Med Chem, 25(3), 404-432.

C.F. Wright, T.W. Fitzgerald, W.D. Jones, S. Clayton, J.F. McRae, M. van
Kogelenberg, D.A. King, K. Ambridge, D.M. Barrett, T. Bayzetinova, A.P.
Bevan, E. Bragin, E.A. Chatzimichali, S. Gribble, P. Jones, N. Krishnappa, L.E.
Mason, R. Miller, K.I. Morley, V. Parthiban, E. Prigmore, D. Rajan, A. Sifrim,



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135

G.J. Swaminathan, A.R. Tivey, A. Middleton, M. Parker, N.P. Carter, J.C.
Barrett, M.E. Hurles, D.R. FitzPatrick, and H.V. Firth, 2015, Genetic diagnosis
of developmental disorders in the DDD study: a scalable analysis of genome-
wide research data, Lancet, 385(9975), 1305-14.

G. Baynam, N. Pachter, F. McKenzie, S. Townshend, J. Slee, C. Kiraly-Borri,
A. Vasudevan, A. Hawkins, S. Broley, L. Schofield, H. Verhoef, C.E. Walker,
C. Molster, J.M. Blackwell, S. Jamieson, D. Tang, T. Lassmann, K. Mina, J.
Beilby, M. Davis, N. Laing, L. Murphy, T. Weeramanthri, H. Dawkins, and J.
Goldblatt, 2016, The rare and undiagnosed diseases diagnostic service -
application of massively parallel sequencing in a state-wide clinical service,
Orphanet J Rare Dis, 11(1), 77.

C.M. Reuter, E. Brimble, C. DeFilippo, A.M. Dries, G.M. Enns, E.A. Ashley,
J.A. Bernstein, P.G. Fisher, and M.T. Wheeler, 2018, A New Approach to Rare
Diseases of Children: The Undiagnosed Diseases Network, J Pediatr, 196,
291-297.e2.

S. Marwaha, J.W. Knowles, and E.A. Ashley, 2022, A guide for the diagnosis
of rare and undiagnosed disease: beyond the exome, Genome Med, 14(1), 23.

N.M. Thu and T.H. Khang, 2011, Nghién ctru tinh hinh va biéu hién 1am sang
bénh ly thugng bi bong nudc bam sinh tai Bénh vién Da lidu Trung wong 2007-
2011, Da lieu hoc, 5, 10-15.

L.T.T. Huong, N.T. Liém, T.T. Huyén, and H.N.T.v. CS, 2013, Nghién ctru dﬁc
diém lam sang, can lam sang, bién ching cta bénh ly thugng bi bong nuéc bam
sinh thé loan duong, Tap chi Y duwoc 1&am sang 108, 8(2), 52-58.

N.T. Duong, L.T.L. Anh, N.H. Sau, N.B. Anh, N. Miyake, N. Van Hai, and N.
Matsumoto, 2022, Correction: A rare homozygous missense mutation of
COL7AL in a Vietnamese family, Hum Genome Var, 9(1), 22.

N.T. Xuyén, T.H. Khang, and L.N. Khué, 2015, Hiréng dan chdn dodn va diéu
tri cac bénh da lieu, B.Y. té, Editor. p. 244-249.

H. Li and R. Durbin, 2009, Fast and accurate short read alignment with
Burrows—Wheeler transform, bioinformatics, 25(14), 1754-1760.

K. Wang, M. Li, and H. Hakonarson, 2010, ANNOVAR: functional annotation
of genetic variants from high-throughput sequencing data, Nucleic Acids Res,
38(16), el64.

D. Szklarczyk, A.L. Gable, D. Lyon, A. Junge, S. Wyder, J. Huerta-Cepas, M.
Simonovic, N.T. Doncheva, J.H. Morris, P. Bork, L.J. Jensen, and C.V. Mering,
2019, STRING v11: protein-protein association networks with increased
coverage, supporting functional discovery in genome-wide experimental
datasets, Nucleic Acids Res, 47(D1), D607-d613.

J. Yang, L. Chen, X. Kong, T. Huang, and Y.D. Cai, 2014, Analysis of tumor
suppressor genes based on gene ontology and the KEGG pathway, PLoS One,
9(9), e107202.



135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

136

Z. Li, B.Q. Li, M. Jiang, L. Chen, J. Zhang, L. Liu, and T. Huang, 2013,
Prediction and analysis of retinoblastoma related genes through gene ontology
and KEGG, Biomed Res Int, 2013, 304029.

L. Chen, Y.H. Zhang, M. Zheng, T. Huang, and Y.D. Cai, 2016, ldentification
of compound-protein interactions through the analysis of gene ontology, KEGG
enrichment for proteins and molecular fragments of compounds, Mol Genet
Genomics, 291(6), 2065-2079.

M. Kanehisa, M. Furumichi, M. Tanabe, Y. Sato, and K. Morishima, 2017,
KEGG: new perspectives on genomes, pathways, diseases and drugs, Nucleic
Acids Res, 45(D1), D353-d361.

S. Richards, N. Aziz, S. Bale, D. Bick, S. Das, J. Gastier-Foster, W.W. Grody,
M. Hegde, E. Lyon, E. Spector, K. Voelkerding, and H.L. Rehm, 2015,
Standards and guidelines for the interpretation of sequence variants: A joint
consensus recommendation of the American College of Medical Genetics and
Genomics and the Association for Molecular Pathology, Genet Med, 17(5),
405-24.

A.M. Christiano, J.A. McGrath, and J. Uitto, 1996, Influence of the second
COL7A1 mutation in determining the phenotypic severity of recessive
dystrophic epidermolysis bullosa, J Invest Dermatol, 106(4), 766-770.

J.S. Kern, J. Kohlhase, L. Bruckner-Tuderman, and C. Has, 2006, Expanding
the COL7A1 mutation database: novel and recurrent mutations and unusual
genotype—phenotype constellations in 41 patients with dystrophic epidermolysis
bullosa, J Invest Dermatol, 126(5), 1006-1012.

N. Liu, X.D. Kong, H.R. Shi, Q.H. Wu, and M. Jiang, 2014, Tyrosinase gene
mutations in the Chinese Han population with OCA1, Genet Res (Camb), 96,
eld.

Q. Yang, S. Yi, M. Li, B. Xie, J. Luo, J. Wang, X. Rong, Q. Zhang, Z. Qin, L.
Hang, S. Feng, and X. Fan, 2019, Genetic analyses of oculocutaneous albinism
types 1 and 2 with four novel mutations, BMC Med Genet, 20(1), 106.

K. Wertheim-Tysarowska, A. Sobczynska-Tomaszewska, C. Kowalewski, M.
Skronski, G. Swieckowski, A. Kutkowska-Kazmierczak, K. Wozniak, and J.
Bal, 2012, The COL7A1 mutation database, Hum Mutat, 33(2), 327-331.

A.M. Christiano, S. Amano, L.F. Eichenfield, R.E. Burgeson, and J. Uitto,
1997, Premature termination codon mutations in the type VII collagen gene in
recessive dystrophic epidermolysis bullosa result in nonsense-mediated mMRNA
decay and absence of functional protein, J Invest Dermatol, 109(3).

A.M. Christiano, J.A. McGrath, K.C. Tan, and J. Uitto, 1996, Glycine
substitutions in the triple-helical region of type VII collagen result in a
spectrum of dystrophic epidermolysis bullosa phenotypes and patterns of
inheritance, Am J Hum Genet, 58(4), 671-81.

H. Shimizu, J.A. McGrath, A.M. Christiano, T. Nishikawa, and J. Uitto, 1996,
Molecular  basis of recessive  dystrophic  epidermolysis  bullosa:



147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

137

genotype/phenotype correlation in a case of moderate clinical severity, J Invest
Dermatol, 106(1), 119-24.

J. Uitto, 2011, Glycine Substitution Mutations in the COL7Al1 Gene:
Implications for Inheritance of Dystrophic Epidermolysis Bullosa—Dominant
vs. Recessive, Acta Derm Venereol, 91(3), 259-261.

Y. Yan, Z. Meng, S. Hao, F. Wang, X. Jin, D. Sun, H. Gao, and X. Ma, 2018,
Five Novel COL7A1 Gene Mutations in Three Chinese Patients with Recessive
Dystrophic Epidermolysis Bullosa, Ann Clin Lab Sci, 48(1), 100-105.

A. Abramowicz and M. Gos, 2018, Splicing mutations in human genetic
disorders: examples, detection, and confirmation, J Appl Genet, 59(3), 253-
268.

T. Hamada, Y. Kawano, W. Szczecinska, K. Wozniak, S. Yasumoto, C.
Kowalewski, and T. Hashimoto, 2005, Novel keratin 5 and 14 gene mutations
in patients with epidermolysis bullosa simplex from Poland, Arch Dermatol
Res, 296(12), 577-9.

H. Schumann, W. Roth, C. Has, A. Volz, C. Erfurt-Berge, T.M. Magin, and L.
Bruckner-Tuderman, 2012, Verrucous carcinoma in epidermolysis bullosa
simplex is possibly associated with a novel mutation in the keratin 5 gene, Br J
Dermatol, 167(4), 929-36.

K. Wertheim-Tysarowska, M. Otdak, A. Giza, A. Kutkowska-Kazmierczak, J.
Sota, D. Przybylska, K. Wozniak, D. Sniegérska, K. Niepokéj, A. Sobczynska-
Tomaszewska, A.M. Rygiel, R. Ptoski, J. Bal, and C. Kowalewski, 2016, Novel
sporadic and recurrent mutations in KRT5 and KRT14 genes in Polish
epidermolysis bullosa simplex patients: further insights into epidemiology and
genotype-phenotype correlation, J Appl Genet, 57(2), 175-81.

F.B. Miiller, I. Anton-Lamprecht, W. Kister, and B.P. Korge, 1999, A
premature stop codon mutation in the 2B helix termination peptide of keratin 5
in a German epidermolysis bullosa simplex Dowling-Meara case, J Invest
Dermatol, 112(6), 988-90.

E.N. Kim, A.G. Harris, L.J. Bingham, W. Yan, J.C. Su, and D.F. Murrell, 2017,
A Review of 52 Pedigrees with Epidermolysis Bullosa Simplex Identifying Ten
Novel Mutations in KRT5 and KRT14 in Australia, Acta Derm Venereol, 97(9),
1114-11109.

D. Sathishkumar, E. Orrin, A. Terron-Kwiatkowski, F. Browne, A.E. Martinez,
J.E. Mellerio, M. Ogboli, S. Hoey, L. Ozoemena, L. Liu, D. Baty, J.A.
McGrath, and C. Moss, 2016, The p.Glu477Lys Mutation in Keratin 5 Is
Strongly Associated with Mortality in Generalized Severe Epidermolysis
Bullosa Simplex, J Invest Dermatol, 136(3), 719-721.

L. Lalor, M. Titeux, F. Palisson, I. Fuentes, M.J. Yubero, K. Tasanen, L.
Huilaja, C. Has, G. Tadini, A.N. Haggstrom, A. Hovnanian, and A.W. Lucky,
2019, Epidermolysis bullosa simplex-generalized severe type due to keratin 5
p.Glu477Lys mutation: Genotype-phenotype correlation and in silico modeling
analysis, Pediatr Dermatol, 36(1), 132-138.



157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

138

T. Komori, T. Dainichi, Y. Masuno, A. Otsuka, H. Nakano, D. Sawamura, A.
Ishida-Yamamoto, and K. Kabashima, 2018, p.Glu477Lys mutation in keratin 5
is not necessarily mortal in generalized severe epidermolysis bullosa simplex, J
Dermatol, 45(8), e209-e210.

K. Stephens, P. Ehrlich, M. Weaver, R. Le, A. Spencer, and V.P. Sybert, 1997,
Primers for exon-specific amplification of the KRT5 gene: identification of
novel and recurrent mutations in epidermolysis bullosa simplex patients, J
Invest Dermatol, 108(3), 349-53.

A. Mota, S. Fonseca, A. Carneiro, A. Magalhées, E. Branddo, and F. Falcdo-
Reis, 2012, Isolated foveal hypoplasia: Tomographic, angiographic and
autofluorescence patterns, Case Rep Ophthalmol Med, 2012, 864958.

G. Querques, F. Prascina, C. laculli, and N. Delle Noci, 2009, Isolated foveal
hypoplasia, Int Ophthalmol, 29(4), 271-4.

W.S. Oetting, J.P. Fryer, and R.A. King, 1998, Mutations of the human
tyrosinase gene associated with tyrosinase related oculocutaneous albinism
(OCAL). Mutations in brief no. 204. Online, Hum Mutat, 12(6), 433-4.

Y. Lin, X. Chen, Y. Yang, F. Che, S. Zhang, L. Yuan, and Y. Wu, 2019,
Mutational analysis of TYR, OCA2, and SLC45A2 genes in Chinese families
with oculocutaneous albinism, Mol Genet Genomic Med, 7(7), e00687.

Y. Wang, X. Guo, W. Li, and S. Lian, 2009, Four novel mutations of TYR gene
in Chinese OCAL patients, J Dermatol Sci, 53(1), 80-1.

A. Wei, Y. Wang, Y. Long, Y. Wang, X. Guo, Z. Zhou, W. Zhu, J. Liu, X.
Bian, S. Lian, and W. Li, 2010, A comprehensive analysis reveals mutational
spectra and common alleles in Chinese patients with oculocutaneous albinism, J
Invest Dermatol, 130(3), 716-24.

Z. Zhong, L. Gu, X. Zheng, N. Ma, Z. Wu, J. Duan, J. Zhang, and J. Chen,
2019, Comprehensive analysis of spectral distribution of a large cohort of
Chinese patients with non-syndromic oculocutaneous albinism facilitates
genetic diagnosis, Pigment Cell Melanoma Res, 32(5), 672-686.

M. Goto, K.C. Sato-Matsumura, D. Sawamura, K. Yokota, H. Nakamura, and
H. Shimizu, 2004, Tyrosinase gene analysis in Japanese patients with
oculocutaneous albinism, J Dermatol Sci, 35(3), 215-20.

S.H. Park, H. Chae, Y. Kim, and M. Kim, 2012, Molecular analysis of Korean
patients with oculocutaneous albinism, Jpn J Ophthalmol, 56(1), 98-103.

T. Suzuki and Y. Tomita, 2008, Recent advances in genetic analyses of
oculocutaneous albinism types 2 and 4, J Dermatol Sci, 51(1), 1-9.

K. Grgnskov, J. Ek, and K. Brondum-Nielsen, 2007, Oculocutaneous albinism,
Orphanet journal of rare diseases, 2(1), 43.

R.A. King, J. Pietsch, J.P. Fryer, S. Savage, M.J. Brott, I. Russell-Eggitt, C.G.
Summers, and W.S. Oetting, 2003, Tyrosinase gene mutations in
oculocutaneous albinism 1 (OCAL): Definition of the phenotype, Hum Genet,
113(6), 502-13.



171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

139

M.N. Preising, H. Forster, M. Gonser, and B. Lorenz, 2011, Screening of TYR,
OCA2, GPR143, and MCI1R in patients with congenital nystagmus, macular
hypoplasia, and fundus hypopigmentation indicating albinism, Mol Vis, 17,
939-48.

L. Hongyi, W. Haiyun, Z. Hui, W. Qing, D. Honglei, M. Shu, and J. Weiying,
2007, Prenatal diagnosis of oculocutaneous albinism type Il and novel
mutations in two Chinese families, Prenat Diagn, 27(6), 502-6.

H.C. Johanson, W. Chen, C. Wicking, and R.A. Sturm, 2010, Inheritance of a
novel mutated allele of the OCA2 gene associated with high incidence of
oculocutaneous albinism in a Polynesian community, J Hum Genet, 55(2), 103-
11.

V. Shotelersuk, S. Hazelwood, D. Larson, F. Iwata, M.l. Kaiser-Kupfer, E.
Kuehl, I. Bernardini, and W.A. Gahl, 1998, Three new mutations in a gene
causing Hermansky-Pudlak syndrome: Clinical correlations, Mol Genet Metab,
64(2), 99-107.

J. Oh, L. Ho, S. Ala-Mello, D. Amato, L. Armstrong, S. Bellucci, G.
Carakushansky, J.P. Ellis, C.T. Fong, J.S. Green, E. Heon, E. Legius, A.V.
Levin, H.K. Nieuwenhuis, A. Pinckers, N. Tamura, M.L. Whiteford, H.
Yamasaki, and R.A. Spritz, 1998, Mutation analysis of patients with
Hermansky-Pudlak syndrome: A frameshift hot spot in the HPS gene and
apparent locus heterogeneity, Am J Hum Genet, 62(3), 593-8.

C. Carmona-Rivera, R.A. Hess, K. O'Brien, G. Golas, E. Tsilou, J.G. White,
W.A. Gahl, and M. Huizing, 2011, Novel mutations in the HPS1 gene among
Puerto Rican patients, Clin Genet, 79(6), 561-7.

C. Carmona-Rivera, G. Golas, R.A. Hess, N.D. Cardillo, E.H. Martin, K.
O'Brien, E. Tsilou, B.R. Gochuico, J.G. White, M. Huizing, and W.A. Gahl,
2011, Clinical, molecular, and cellular features of non-Puerto Rican
Hermansky-Pudlak syndrome patients of Hispanic descent, J Invest Dermatol,
131(12), 2394-400.

A. Wei, Y. Yuan, D. Bai, J. Ma, Z. Hao, Y. Zhang, J. Yu, Z. Zhou, L. Yang, X.
Yang, L. Li, and W. Li, 2016, NGS-based 100-gene panel of hypopigmentation
identifies mutations in Chinese Hermansky-Pudlak syndrome patients, Pigment
Cell Melanoma Res, 29(6), 702-706.

M.A. Merideth, L.M. Vincent, S.E. Sparks, R.A. Hess, I. Manoli, K.J. O'Brien,
E. Tsilou, J.G. White, M. Huizing, and W.A. Gahl, 2009, Hermansky-Pudlak
syndrome in two African-American brothers, Am J Med Genet A, 149a(5), 987-
92.

S. Ito, T. Suzuki, K. Inagaki, N. Suzuki, K. Takamori, T. Yamada, M.
Nakazawa, M. Hatano, H. Takiwaki, Y. Kakuta, R.A. Spritz, and Y. Tomita,
2005, High frequency of Hermansky-Pudlak syndrome type 1 (HPS1) among
Japanese albinism patients and functional analysis of HPS1 mutant protein, J
Invest Dermatol, 125(4), 715-20.

H.Y. Xiong, B. Alipanahi, L.J. Lee, H. Bretschneider, D. Merico, R.K. Yuen,
Y. Hua, S. Gueroussov, H.S. Najafabadi, T.R. Hughes, Q. Morris, Y. Barash,



182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

140

A.R. Krainer, N. Jojic, S.W. Scherer, B.J. Blencowe, and B.J. Frey, 2015, RNA
splicing. The human splicing code reveals new insights into the genetic
determinants of disease, Science, 347(6218), 1254806.

S. Abdelhak, V. Kalatzis, R. Heilig, S. Compain, D. Samson, C. Vincent, D.
Weil, C. Cruaud, I. Sahly, M. Leibovici, M. Bitner-Glindzicz, M. Francis, D.
Lacombe, J. Vigneron, R. Charachon, K. Boven, P. Bedbeder, N. Van
Regemorter, J. Weissenbach, and C. Petit, 1997, A human homologue of the
Drosophila eyes absent gene underlies branchio-oto-renal (BOR) syndrome and
identifies a novel gene family, Nat Genet, 15(2), 157-64.

D.J. Orten, S.M. Fischer, J.L. Sorensen, U. Radhakrishna, C.W. Cremers, H.A.
Marres, G. Van Camp, K.O. Welch, R.J. Smith, and W.J. Kimberling, 2008,
Branchio-oto-renal syndrome (BOR): Novel mutations in the EYAL gene, and a
review of the mutational genetics of BOR, Hum Mutat, 29(4), 537-44.

M.A. Mansilla, R.R. Sompallae, C.J. Nishimura, A.E. Kwitek, M.J. Kimble,
M.E. Freese, C.A. Campbell, R.J. Smith, and C.P. Thomas, 2021, Targeted
broad-based genetic testing by next-generation sequencing informs diagnosis
and facilitates management in patients with kidney diseases, Nephrol Dial
Transplant, 36(2), 295-305.

E.H. Chang, M. Menezes, N.C. Meyer, R.A. Cucci, V.S. Vervoort, C.E.
Schwartz, and R.J. Smith, 2004, Branchio-oto-renal syndrome: the mutation
spectrum in EYAL and its phenotypic consequences, Hum Mutat, 23(6), 582-9.

K. Miyazono, Y. Kamiya, and M. Morikawa, 2010, Bone morphogenetic
protein receptors and signal transduction, J Biochem, 147(1), 35-51.

W. Liu, Q. Wang, Y. Guo, L. Lin, Q. Yang, and H. Jiang, 2022, Whole-genome
sequencing identifies two novel rare mutations in BMP5 and BMP2 in
monozygotic twins with microtia, J Craniofac Surg, 33(2), e212-e217.

W. Wang, Y. Liu, J. Hao, S. Zheng, Y. Wen, X. Xiao, A. He, Q. Fan, F. Zhang,
and R. Liu, 2016, Comparative analysis of gene expression profiles of hip
articular cartilage between non-traumatic necrosis and osteoarthritis, Gene,
591(1), 43-47.

J.S. Amberger, C.A. Bocchini, A.F. Scott, and A. Hamosh, 2019, OMIM.org:
leveraging knowledge across phenotype-gene relationships, Nucleic Acids Res,
47(D1), D1038-d1043.

J.S. Amberger, C.A. Bocchini, F. Schiettecatte, A.F. Scott, and A. Hamosh,
2015, OMIM.org: Online Mendelian Inheritance in Man (OMIM®), an online
catalog of human genes and genetic disorders, Nucleic Acids Res, 43(Database
issue), D789-98.

C.F. Wright, D.R. FitzPatrick, and H.V. Firth, 2018, Paediatric genomics:
diagnosing rare disease in children, Nat Rev Genet, 19(5), 253-268.

E. Union, 2008, “European Commission,” in Communication from the
Commission to the European Parliament, the Council, the Economic and Social
Committee and the Committee of the Regions on Rare Diseases: Europe’s
Challenges: https://op.europa.eu/s/oL1S.



https://op.europa.eu/s/oL1S

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

141

Z. Liu, L. Zhu, R. Roberts, and W. Tong, 2019, Toward Clinical
Implementation of Next-Generation Sequencing-Based Genetic Testing in Rare
Diseases: Where Are We?, Trends Genet, 35(11), 852-867.

S.E. Soden, E.G. Farrow, C.J. Saunders, and J.D. Lantos, 2012, Genomic
medicine: evolving science, evolving ethics, Per Med, 9(5), 523-528.

J. Kruse, R. Mueller, A.A. Aghdassi, M.M. Lerch, and S. Salloch, 2021,
Genetic Testing for Rare Diseases: A Systematic Review of Ethical Aspects,
Front Genet, 12, 701988.

J. Weiner, J. Sharma, J. Lantos, and H. Kilbride, 2011, How infants die in the
neonatal intensive care unit: trends from 1999 through 2008, Arch Pediatr
Adolesc Med, 165(7), 630-4.

A.M. Elliott, C. du Souich, A. Lehman, I. Guella, D.M. Evans, T. Candido, L.
Tooman, L. Armstrong, L. Clarke, W. Gibson, H. Gill, P.M. Lavoie, S. Lewis,
M.L. McKinnon, S.M. Nikkel, M. Patel, A. Solimano, A. Synnes, J. Ting, M.
van Allen, J. Christilaw, M.J. Farrer, J.M. Friedman, and H. Osiovich, 2019,
RAPIDOMICS: rapid genome-wide sequencing in a neonatal intensive care
unit-successes and challenges, Eur J Pediatr, 178(8), 1207-1218.

C.J. Saunders, N.A. Miller, S.E. Soden, D.L. Dinwiddie, A. Noll, N.A. Alnadi,
N. Andraws, M.L. Patterson, L.A. Krivohlavek, J. Fellis, S. Humphray, P.
Saffrey, Z. Kingsbury, J.C. Weir, J. Betley, R.J. Grocock, E.H. Margulies, E.G.
Farrow, M. Artman, N.P. Safina, J.E. Petrikin, K.P. Hall, and S.F. Kingsmore,
2012, Rapid whole-genome sequencing for genetic disease diagnosis in
neonatal intensive care units, Sci Transl Med, 4(154), 154ral35.

L.K. Willig, J.E. Petrikin, L.D. Smith, C.J. Saunders, I. Thiffault, N.A. Miller,
S.E. Soden, J.A. Cakici, S.M. Herd, G. Twist, A. Noll, M. Creed, P.M. Alba,
S.L. Carpenter, M.A. Clements, R.T. Fischer, J.A. Hays, H. Kilbride, R.J.
McDonough, J.L. Rosterman, S.L. Tsai, L. Zellmer, E.G. Farrow, and S.F.
Kingsmore, 2015, Whole-genome sequencing for identification of Mendelian
disorders in critically ill infants: a retrospective analysis of diagnostic and
clinical findings, Lancet Respir Med, 3(5), 377-87.

S.C. Bowdin, 2016, The clinical utility of next-generation sequencing in the
neonatal intensive care unit, Cmaj, 188(11), 786-787.

J.S. Berg, P.B. Agrawal, D.B. Bailey, Jr., A.H. Beggs, S.E. Brenner, A.M.
Brower, J.A. Cakici, O. Ceyhan-Birsoy, K. Chan, F. Chen, R.J. Currier, D.
Dukhovny, R.C. Green, J. Harris-Wai, I.A. Holm, B. Iglesias, G. Joseph, S.F.
Kingsmore, B.A. Koenig, P.Y. Kwok, J. Lantos, S.J. Leeder, M.A. Lewis, A.L.
McGuire, L.V. Milko, S.D. Mooney, R.B. Parad, S. Pereira, J. Petrikin, B.C.
Powell, C.M. Powell, J.M. Puck, H.L. Rehm, N. Risch, M. Roche, J.T. Shieh,
N. Veeraraghavan, M.S. Watson, L. Willig, T.W. Yu, T. Urv, and A.L. Wise,
2017, Newborn Sequencing in Genomic Medicine and Public Health,
Pediatrics, 139(2).

J.E. Petrikin, J.A. Cakici, M.M. Clark, L.K. Willig, N.M. Sweeney, E.G.
Farrow, C.J. Saunders, I. Thiffault, N.A. Miller, L. Zellmer, S.M. Herd, A.M.
Holmes, S. Batalov, N. Veeraraghavan, L.D. Smith, D.P. Dimmock, J.S.



203.

204.

205.

206.

207.

208.

2009.

142

Leeder, and S.F. Kingsmore, 2018, The NSIGHT1-randomized controlled trial:
rapid whole-genome sequencing for accelerated etiologic diagnosis in critically
ill infants, NPJ Genom Med, 3, 6.

J.E. Petrikin, L.K. Willig, L.D. Smith, and S.F. Kingsmore, 2015, Rapid whole
genome sequencing and precision neonatology, Semin Perinatol, 39(8), 623-
31.

L. Meng, M. Pammi, A. Saronwala, P. Magoulas, A.R. Ghazi, F. Vetrini, J.
Zhang, W. He, A.V. Dharmadhikari, C. Qu, P. Ward, A. Braxton, S.
Narayanan, X. Ge, M.J. Tokita, T. Santiago-Sim, H. Dai, T. Chiang, H. Smith,
M.S. Azamian, L. Robak, B.L. Bostwick, C.P. Schaaf, L. Potocki, F. Scaglia,
C.A. Bacino, N.A. Hanchard, M.F. Wangler, D. Scott, C. Brown, J. Hu, J.W.
Belmont, L.C. Burrage, B.H. Graham, V.R. Sutton, W.J. Craigen, S.E. Plon,
J.R. Lupski, A.L. Beaudet, R.A. Gibbs, D.M. Muzny, M.J. Miller, X. Wang,
M.S. Leduc, R. Xiao, P. Liu, C. Shaw, M. Walkiewicz, W. Bi, F. Xia, B. Lee,
C.M. Eng, Y. Yang, and S.R. Lalani, 2017, Use of Exome Sequencing for
Infants in Intensive Care Units: Ascertainment of Severe Single-Gene Disorders
and Effect on Medical Management, JAMA Pediatr, 171(12), e173438.

V.K. Yenamandra, S.K. Vellarikkal, M. Kumar, M.R. Chowdhury, R.
Jayarajan, A. Verma, V. Scaria, S. Sivasubbu, S.B. Ray, A.K. Dinda, M. Kabra,
P. Kaur, V.K. Sharma, and G. Sethuraman, 2017, Application of whole exome
sequencing in elucidating the phenotype and genotype spectrum of junctional
epidermolysis bullosa: A preliminary experience of a tertiary care centre in
India, J Dermatol Sci, 86(1), 30-36.

V.K. Yenamandra, S.K. Vellarikkal, M.R. Chowdhury, R. Jayarajan, A. Verma,
V. Scaria, S. Sivasubbu, S.B. Ray, A.K. Dinda, M. Kabra, V.K. Sharma, and G.
Sethuraman, 2018, Genotype-Phenotype Correlations of Dystrophic
Epidermolysis Bullosa in India: Experience from a Tertiary Care Centre, Acta
Derm Venereol, 98(9), 873-879.

R. Mahajan, S.K. Vellarikkal, S. Handa, A. Verma, R. Jayarajan, A. Kumar, D.
De, J. Kaur, 1. Panigrahi, V.S. Vineeth, S. Sivasubbu, and V. Scaria, 2018,
Utility of whole-exome sequencing in detecting novel compound heterozygous
mutations in COL7A1 among families with severe recessive dystrophic
epidermolysis bullosa in India - implications on diagnosis, prognosis and
prenatal testing, J Eur Acad Dermatol Venereol, 32(12), e433-e435.

L. Gong, C.C. Liu, Y.H. Li, and X.G. Xu, 2019, Whole exome sequencing
identified two point mutations of COL7A1 and FLG in a Chinese family with
dystrophic epidermolysis bullous pruriginosa and ichthyosis wvulgaris, J
Dermatol, 46(2), 158-160.

K. Okamura, M. Hayashi, Y. Abe, M. Kono, K. Nakajima, Y. Aoyama, C.
Nishigori, H. Ishimoto, Y. Ishimatsu, M. Nakajima, Y. Hozumi, and T. Suzuki,
2019, NGS-based targeted resequencing identified rare subtypes of albinism:
Providing accurate molecular diagnosis for Japanese patients with albinism,
Pigment Cell Melanoma Res, 32(6), 848-853.



210.

211.

143

K. Okamura, Y. Abe, Y. Araki, K. Wakamatsu, M. Seishima, T. Umetsu, A.
Kato, M. Kawaguchi, M. Hayashi, Y. Hozumi, and T. Suzuki, 2018,
Characterization of melanosomes and melanin in Japanese patients with
Hermansky-Pudlak syndrome types 1, 4, 6, and 9, Pigment Cell Melanoma Res,
31(2), 267-276.

G. Petrof, M. Papanikolaou, A.E. Martinez, J.E. Mellerio, J.A. McGrath, A.
Bardhan, N. Harper, A. Heagerty, M. Ogboli, C. Chiswell, and C. Moss, 2022,
The epidemiology of epidermolysis bullosa in England and Wales: data from
the national epidermolysis bullosa database, Br J Dermatol, 186(5), 843-848.



144

PHU LUC

MUC LUC
Phu luc 1. Bién ban ban giao Mau NGRIEN CLeU...........cevecevvereeeseeeeees s -1-
Phu luc 2. Phan logi mét vai phan nhom EB theo [am sang .........ccoeevevieiiecvccinene, -5-
Phu luc 3. Phan logi bach tang theo [am sang ... -8-
Phu luc 4. Cac thong tin tién sir gia dinh nguwoi bénh thiéu sdn vanh tai ................ -10-

Phu luc 5. Ky hiéu, néng dé6 DNA va dg tinh sach (A260/280) cia cac mau nghién

Phu luc 6. Trinh tw méi PCR va gidi trinh tir ¢ nhém nguoi bénh EB...................... -18-
Phu luc 7. Trinh tw méi PCR va gidi trinh tw ¢ nhdm nguroi bénh bach tang........... -19-

Phu luc 8. Danh séch gen si dung trong sang loc gen ing vién lién quan dén thiéu
san vanh tai. Bao gom cé&c gen biéu hién trong cung mang hodc dnh huéng dén kha
ndng ting sinh, di cw va biét hda cia cac té bao mao than Kinh So ........cvecevveeneee. -20-

Phu luc 9. Danh séch bién thé phat hién diroc ¢ cac bénh nhan thiéu san vanh tai.-22-

Phyu luc 10. Cdc con dwong tin hiéu dwoc chi ra qua phén tich lam giau tgp hop gen

theo KEGG trong cdc trieong hop thiéu san VANN tai ..........co.ceovvvveveriesreesrsienean, -29-



-1-

Phu luc 1. Bién ban ban giao mau nghién citu

CONG HOA XA HQI CHU NGHIA VIET NAM
Doc ldp - Tu do - Hanh phic

BIEN BAN BAN GIAO MAU NGHIEN CUU

Cin cir thoa thuan phdi hop thuc hién @& tai duoc tai trg bdi Quf Phat trién khoa
hoc va Cong nghé giita nhém nghién ctru ciia TS. Nguyén Ding Ton, Vién Nghién
ctru hé gen va ba Luong Thi Lan Anh, Bénh vién Dai hoc Y Ha Néi, ky ngay 01 thang
10 nam 2019 trong viéc thim khdm va thu thip miu bénh nhin mic cic bénh ly
thuong bi béng nude, bach tang va thiéu san vanh tai cing véi cac thanh vién gia
dinh.

Hom nay, ngay 14 thang 02 ndm 2020, ba Luong Thi Lan Anh, Bénh vién Pai
hoc Y Ha Noi ban giao 49 miu méu cta 25 mau bénh nhin va 24 mau thanh vién gia
dinh ngudi bénh (c6 danh sach kém theo) cho nhém nghién ctru cia TS. Nguyén Ding
To6n, Vién Nghién ctru hé gen phuc vu muc dich nghién ciru.

Hai bén cam két thuc hién cac didu khoan da ky két va tuan tha quy dinh vé Y
dtc trong nghién ciu./.

Ha N¢i, ngay 14 thang 02 ndm 2020

Pai dién bén giao Pai dién bén nhin
(ky, ghi rd ho tén) (ky, ghi ré ho tén)

o

Luong Thi Lan Anh * Nguyén Ding Tén
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CONG HOA XA HQI CHU NGHIA VIET NAM
Doc lap - Tw do - Hanh phic

DANH SACH MAU NGHIEN CUU
(kém Bién ban ban giao mau nghién ciru ngay 14 thdng 02 nam 2020)

STT Ho va tén Tudi | Giéi tinh Méi quan hé
Ly thwong bi bong nuée

1 Nguyén V.B 4 Nam Bénh nhén

2 | Nguyén V.T 30 Nam B bénh nhan V.B

3 | Tran T.H 26 Nir Me bénh nhén V.B

B Pham N.Q 8 Nam Bénh nhan

5 |Pham V.T 31 Nam B6 bénh nhan V.T

6 |NguyénT.T 32 Nit Me bénh nhan V.T

7 Lé B.N <1 Nir Bénh nhan

8 |[LeQM 32 Nam B6 bénh nhan Q.M

9 |NgoM.T 31 Nam Me bénh nhan Q.M

10 | ViN.T 15 Nam Bénh nhan

11 | ViaNT 7 Nam Bénh nhan

12 | ViN.H 40 Nam B4 2 bénh nhan N.T va N.T
13 | Hoang T.H 39 Nir Me 2 bénh nhin N.T va N.T
14 | Pham V.H 31 Nam Bénh nhén

15 | Pham Q.H 56 Nam B bénh nhan Q.H

16 |NguyénT.L 55 Nir Me bénh nhan Q.H

17 | Nguyén V.H 13 Nam Bénh nhan

18 | Nguyén V.D 42 Nam B4 bénh nhan V.D

19 | Trinh TM 42 Nir Me bénh nhan V.D
20 | Nguyén B.N 7 Nam Em bénh nhan V.D

Bach tang

1 Tran Q.B 7 Nam Bénh nhan

2 | TranB.A Nam Bénh nhin

3 | Tran V.H 36 Nam B4 2 bénh nhin Q.B va B.A
4 | NguyénT.T.L 34 Nir Me 2 bénh nhan Q.B va B.A
5 Ban A.T 5 Nam Bénh nhan

6 | BanV.T 37 Nam B6 bénh nhan A.T

7 | ChuT.P 38 Nir Me bénh nhan A.T

8 |BanK.L 10 Nir Chi gai bénh nhan A.T
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STT Ho va tén Tudi | Giéi tinh Mébi quan hé
9 |KimV.T 25 Nam Bénh nhén
10 |Kim T.T.T 23 Nit Bénh nhén
11 | Kim V.C 51 Nam B6 2 bénh nhan V.T va T.T
12 |Kim T.H 47 Nix Me 2 bénh nhan V.T va T.T
13 |KimV.p 17 Nam Em bénh nhan V.T va T.T
14 |PaoTH 26 Nir Bénh nhin
15 |PaoV.N 49 Nam B4 bénh nhan T.H
16 | Nguyén T.N 48 Nir Me bénh nhan T.H
17 |Pao TK i Nam Anh bénh nhin T.H
18 | NgoV.T 63 Nam Bénh nhin
Thiéu san vanh tai
1 Nguyén T.T 13 Nam Bénh nhin
2 Pham M.V 24 Nam Bénh nhin
3 | Vuong G.H 11 Ni Bénh nhin
4 |BuiQH 14 Nam Bénh nhin
5 bam Q.A 12 Nam Bénh nhan
6 | Trin M.L 28 Nir Bénh nhin
7 | Nguyén K.A 14 Nam Bénh nhén
8§ |VanT.QA 13 Nit Bénh nhin
9 | PhamL.P 26 Nit Bénh nhin
10 |LeT.T 21 Nit Bénh nhén
11 Phan B.D 20 Nam Bénh nhan




CONG HOA XA HOI CHU NGHIA VIET NAM
Doc lap - Tu do - Hanh phic

BIEN BAN BAN GIAO MAU NGHIEN CUU

Cin ¢ thoa thuan phdi hop thuc hién huéng nghién ciru bénh di truyén giita nhém
nghién ctru ctia TS. Nguyén Pang Ton, Vién Nghién citu hé gen va TS.BS. Pang Tién
Truong, Hoc vién Quén Y.

Hom nay, ngay 4/# thang JZ-nim 202%., 6ng Dang Tién Truong, Hoc vién Quan
Y ban giao 03 miu mdu cta gia dinh bénh nhén ly thuong bi béng nude (Danh sich
kém theo) cho nhém nghién ctru ctia TS. Nguyén Diang Tén, Vién Nghién ciru hé gen
phuc vu muc dich nghién ctru.

Ho va tén Nam sinh Gi6i tinh Mbi quan hé S6 lugng
Nguyén A.Q.T 2014 Nam Bénh nhin 2 ml méau
Nguyén Q.T 1984 Nam Bb 2 ml mau
An D.N.N 1988 Nir Me 2 ml mau

Hai bén cam két thugc hién cac diéu khoan da ky két va tudn tha quy dinh vé Y
duc trong nghién ciu./.
Ha Néi, ngay J# thang 0.2ndm 2020
Pai dién bén giao Dai dién bén nhin
(ky, ghi ré ho tén) (ky, ghi ro ho tén)

- @7%/?/

Ping Tién Truong Nguyén Ding Tén
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Phu luc 2. Phan logi mét vai phan nhom EB theo Iam sang

Phan nhom

EBS thé khu trd

EBS thé lan toa

EBS thé ning
EBS thé trung
gian

EBS thé trung
gian

Pic diém dic trung [1, 130]
Ly thwong bi bong nwée don gian (EBS)

+ Cac bong nudce khu trd xuat hién & 10ng ban tay ban chan ngay tir khi
mai sinh hoac trong giai doan so sinh.

+ Tang tiét md hoi & ban tay ban chan, hay c6 bai nhiém ¢ ban chan.

+ CAc ton thuong khi lanh khong dé lai seo, phat trién thanh day sing
long ban tay, ban chan (palmoplantar keratoderma).

+ Khéng c6 ton thurong & niém mac va mong.

+ Ton thuong xuét hién ngay trong hodc sau d¢, trén phan khép cia
ban tay, khuyu tay, dau goi, ban chan va céc vi tri sang chan lap di lap
lai.

+ Bong nudc lau lanh va lan toa, khi lanh thudng khong dé lai seo su.
+ DAu hiéu Nikolsky am tinh.

+ Thuong khong c6 tén thuong mong, ring va niém mac (néu co thi
nhe hon cac phan nhém EB khac).

+ Theo thoi gian cac bong nudc & giam dan.

+ Cac bong nudc lan téa xuat hién sém hoic ngay sau khi sinh va c6
thé de doa tinh mang trong nam dau doi.

+ C6 thé c6 nhitng ving bi 16t da bam sinh.
+ Xuat hién cdc mun nude “herpetiform” sau sang chan hoic tu phat.
+ Phét trién day sirng 1ong ban tay ban chan va loan dudng mong.

+ EBS thé nang kém teo mén vi: nang hon, phdng rop toan than lan toa
hoac khdng c6 da khi méi sinh, hep moén vi; tir vong sém trong vong
vai thang sau khi sinh.

+ Ton thuong lan toa, nhe hon EBS thé nang.

+ Vét thuong khi lanh tao thanh ving da loan sic t6 va cac vét seo
giong nhu vét bong.

+ Day strng, day mong, loan dudng moéng va cé thé c6 nim mong.

+ Cac trudng hop dic biét co thé kém céc triéu chimg dic trung khéac
nhu:

= Biéu hién gidn co tim & giai doan dau cua tudi truong thanh: EBS
thé trung gian kém bénh co tim.

= Bénh co khoi phat sém, bao gom ca bénh co tim: EBS thé trung
gian kém loan dudng co.

+ Pic trung boi cac vét loét & cang tay hoic chan ngay tir khi sinh.

+ Vét thuong khi lanh tao thanh ving da loan sic t6 va cac vét seo
giong nhu vét bong.

+ Day surng, day mong

Ly thwong bi béng nwéc lién két (JEB)



Phan nhém
JEB thé khu trd

JEB thé nang

JEB thé trung
gian

DDEB thé khu tru

DDEB thé trung
gian

DDEB thoang
qua ¢ tré so sinh

RDEB thé khu tri
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Pic diém dic trung [1, 130]

+ Biéu hién ngay khi sinh, da mong manh, cac bong nuée thudng khu
tri ¢ ban tay, ban chén, cang chan va mat.

+ Loan dudng mong hoac khéng c6 mong.
+ C6 thé c6 biéu hién thiéu san men ring va d& sau rang.
+ TA4c binh thuong.

+ CA4c ton thuong xuit hién ngay khi sinh va cac bong nuée khu tri &
vung quanh méng, méng va khuyu tay.

+ Xuét hién té chtc hat qué phét quanh héc mat, hdc miii, miéng.
+ Rung toc va men rang kém (pho bién).

+ Bénh nhan thuong c6 tiéng kéu khan.

+ Thuodng tir vong trong vong 2 nim dau doi

+ [t nghiém trong hon JEB thé niang véi sy giam thiéu phat trién cua to
chuc hat qua phat.

+ Tang nguy co mac ung thu biéu md té bao gai (SCC) & tudi trudng
thanh.

Ly thwong bi bong nwéc loan duwéng (DEB)

+ Céc ton thuong xuat hién tir khi mai sinh hoic trong giai doan so
sinh.

+ Céc bong nuéc chi yéu trén céc khop, dac biét Ia khop ngon tay,
ngon chan, dau goi, khuyu, mat ca.

+ Hinh thanh seo va mun hat ké (milia).
+ D4u hién Nikolsky duong tinh
+ Loan dudng moéng va cudi cung la rung mong.

+ D6i khi ton thuong & mét dudi chi nhung hiém (pretibial form) (khoi
phat muon & tuoi truong thanh).

+ Tén thuong xudt hién khi mai sinh hoic trong giai doan so sinh.

+ T6n thuong lan toéa, hinh t‘hénh se0 va mun hat k& (milia), noi bat
trén cac khop, khuyu tay va dau goi.

+ DAu hién Nikolsky duong tinh

+ C6 thé c6 hiéu hi¢n cia ching miéng nho (microstomia), cimg ludi
(ankyloglossia) va hep thuc quan (it pho bién hon so voi RDEB thé
nang)

+ Bong nudc xuat hign ngay khi sinh hoac sau bat ctr su co sat hodc
sang chan nho nao, thuong la ¢ cac chi vai biéu hién thiéu da cé thé
xay ra (ching ngung phat trién da bam sinh - aplasia cutis congenita).
+ Lanh nhanh trong 4 thang tudi hoac c6 thé kéo dai trong vong 2 nam
dau doi.

+ M6ng khong c6 tén thuong.

+ Béng nudc xuat hién ngay khi méi sinh hoic trong giai doan so sinh,



Phan nhém

RDEB thé nang

RDEB thé trung
gian

RDEB thé dao
ngugc
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Pic diém dic trung [1, 130]
khu trG & céc vi tri khop ban tay, ban chan, hoac do6i khi chi & mat dudi
chi.

+ Loan dudng va rung mong (phé bién).

+ Bong nudc lan téa ngay tir khi sinh va hinh thanh seo trén khap co
thé.

+ C6 biéu hién cua ching miéng nho, cimg ludi, hep thuc quan.

+ Dinh ngon, co rat cac ngon thanh mot boc, thuong khéng c6 méng
tay hoac néu co thi cling sém rung mong.

+ CO thé xuat hién bién ching muc ring lan toa khdng kiém soat dugc
+ Nguy co cao phat trién thanh SCC.

+ Cac ton thuong co ban gidng véi DDEB thé trung gian nhung
nghiém trong hon vai biéu hién co rat ngon, di tat chi dién hinh.

+ Day strng dang soc (doi luc).
+ Bong nudc lan toa ngay khi sinh, mirc d nghiém trong trung binh.

+ CA4c ton thuong thuong xuat hién ¢ nhitng vi tri nhu khuyu tay, dau
goi va it bien chang.

Héi chwng Kindler
(Biéu hién da dang va tron 13n gitra cac phan nhom)

+ Bong nudc toan than va da nhay cam véi anh sang ngay tir khi sinh ra hoic thoi tho 4u
V61 niém mac mong manh.

+ Khi lanh phét trién thanh tang/giam sac t6 kém theo gian mach va teo da ¢ thuong bi
(poikiloderma), rd nhat la ¢ lung, ban tay va co.

+ CO thé xay ra day sirng long ban tay va khong cé van tay.

+ Viém nudu va bénh ring miéng.

+ C thé xuit hién hep thuc quan va viém dai trang.

+ CO thé phat trién thanh SCC vai tién lwong kém.



Phan nhom

OCAl

OCA2

OCA3

OCA4

OCA5
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Phu luc 3. Phan logi bach tang theo I1am sang

Pic diém dic trung [55]
Bach tang da va mit (OCA)
OCAZ1A: mat hoan toan sic tb trén da, téc va mit.

+ Da, t6c, 16ng may tring; trong mat hong cho dén dé va hoan toan
trong mo.

+ Rung giat nhan cau co thé xuat hién khi méi sinh hoic trong gia doan
so sinh.

+ S¢ &nh sang (phd bién).

+ Thi lyc dao dong tir 20/100 dén 20/400 va thudng xuét hién Iac xen
kg, cO thé co biéu hién cua thiéu san hoang diém.

OCAIB: “OCA vang”
+ Da trang nhung c6 thé kém sam da cling ndm va tan nhan.

+ Téc trang hodc vang nhat khi méi sinh, sim dan theo thoi gian (vang
hoac nau nhat); 16ng mi sam mau hon mau téc va 16ng may.

+ Mat mau xanh lam khi méi sinh, c6 thé chuyén sang nau hoic hoi
xanh luc nhat khi 16n 1én.

+ Rung giat nhan cau co thé xuat hién khi méi sinh hoic trong giai doan
so sinh.

+ Thi lyc dao dong tir 20/100 dén 20/200
+ Da trang kem hoac ram ning, thuong c6 ndm va tan nhan.

+ Téc va 16ng may, 16ng mi c6 mau vang hoic nau nhat, mat mau xanh
lam dén nau.

+ Rung giat nhan cau (da phan), c¢d thé lac va mit chi y thi giac.

+ Thi luc dao dong trong khoang 20/60 - 20/100 va khong xau di theo
thoi gian.

OCA2 nau: da, téc, mit mau nau nhung c6 biéu hién giam sic té khi so
sanh vai cac thanh vién khac trong gia dinh.

OCA2 dé: toc thudng c6 mau do, mat sang mau va di kém cac van dé vé
thi luc.

+ Chu yéu ¢ ngudi Chau Phi, da mau nau, nau do, toc dé hodc vang do,
mat mau hat dé hoac néu sang.

+ CG thé bi suy giam thi luc nhung rat kho phét hién, tham chi 1a khong.

+ Da mau kem, rdm ning cho dén binh thudng; téc khong bao gio tring
hoan toan, cé thé c6 mau trang bac, vang nhat dén nau nhat. Mau da va
mau toc thuong twong quan voi nhau.

+ Mat mau xanh lam, hat dé dén nau nhat, thj lyc dao dong tir 20/30 dén
20/400, da so 1a & ngudong 20/100 dén 20/200.

+ Da tring, toc vang.
+ C4 biéu hién rung giat nhan cau, thiéu san hoang diém, so &nh séng va



Phan nhom

OCAGb

OCAT7

OCAS8 [56]

(Phan nhém
maoi)
HPS

CHS
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Pic diém dic trung [55]
suy giam thi luc

+ Khé gidng OCA4 véi da tring, toc mau sang, saim dan khi 16n 1én va
gia di, mat c6 mau nau.

+ Rung giat nhan cau nhe, c6 biéu hién cuaa thiéu san hoang diém, s¢ anh
sang & muac d6 nhe, thi luc thuong la 20/100.

+ Mau da cua nguoi bénh thuong chi nhat hon mét chat khi so sanh vai
cac thanh vién trong gia dinh, toc mau vang nhat cho dén nau sam.

+ C4 biéu hién cua rung giat nhan cau, thiéu san hoang diém va phan tan
sac t6 mbng mit.

+ Thi luc dao dong tir 20/30 dén 20/400.
+ Giam sic td nhe ¢ da va téc.

+ C6 biéu hién rung giat nhan cau, giam thi luc, phan tan sic té méng
mat va giam sac t6 vong mac.

+ Bao gom cac dic diém suy giam sic tb trén da, toc va mit gidng cac
ph&n nhdom OCA khac:

= Da trang dén 6 liu (mau xanh 14 cay &nh vang xin), tc tir trang
dén néu, giam sac to & mat.
= CO biéu hién rung giat nhan cau, thiéu san hoang diém va phan tan
sac to6 mong mat.
* Thi luc dao dong tir 20/50 dén 20/400.
+ CO biéu hién chay mau nhe dén trung binh do réi loan chirc ning tiéu
cau va mot so bat thuwong & phoi hoac than do lang dong ceroid.
+ Bao gom cac dic diém suy giam sac t6 trén da, toc va mat gidng cac
phan nhom OCA khac:
Téc xdm hoac anh bac.
Co biéu hién rung giat nhén cau, thiéu san hoang diém va chung
s¢ anh séang.

+ D& bi nhidm tring, giam bach ciu trung tinh, suy thoai than kinh va
roi loan dong mau nhe.

Bach tang mit (OA)

+ Chi bj giam sic t6 ¢ mit.

+ Khi so sénh véi cac thanh vién trong gia dinh thi da va mét cua bénh nhan hoi nhot nhat

hon.

+ C6 thé 6 biéu hién rung giat nhan cau, thiéu san hoang diém va ching sg anh sang. Céac
bénh nhan nir hiém khi bi rung giat nhan cau va suy giam thi lyc hon so vai nam giai.

+ Thi luc dao dong tir 20/100 dén 20/200.
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Phu luc 4. Céc thong tin tien si gia dinh nguoi bénh thiéu san vanh tai

1. Bénh nhan: Nguyén T.T Ngay sinh: 23/03/2007 Gidi tinh: Nam Dén toc: Kinh
Noi sinh: BV Dba khoa Son Tay
Tinh trang lc sinh: Pon thai dé thudng, da thang, ning 2300 gr (con dau).
Chan doan: Thiéu san vanh tai bén phai d6 111, khong c6 6ng tai ngoai phai.
Caéc di tat kéem theo khac: Khong
Khai thac thong tin lién quan dén sirc khoe cta bd va me bénh nhan trong qué trinh mang thai va céc tac nhan:

5 Tién sir san khoa o o Tinh trang | 145 x(ic véi tac nhan déc hai
Ho VA tén Niam — - Ditatcua | Ditat/bénh | sirc khée khi - = - -
: sinh | So lan | So con Xay/pha thai con khéac da mic (vg) mang Hut Uong | Tac nhan
cO thai | song thai thuoc rugu khac
. .- A . . Thubc
- Phi 1986 2 khéng Con thur 2: Khong | Binhthuong | Khéng | Khéng Y
Bé: Nguyén V.T 1984 - - trudc tai Khong Binh thuong | Khéng | Co (it) Khong

2. Bénh nhan: Pham M.V Ngay sinh: 15/10/1996 Gidi tinh: Nam Dén toc: Kinh
Noi sinh: Ha Noi
Tinh trang Ic sinh: Pon thai dé thuong, di thang, nang 2800 gr (con dau).
Chan doan: Di tat tai phai do L tai trai do 11, khdng c6 biéu hién tit, hep dng tai ngoai.
Céc di tat khac: DO ludn nhi 2 bén, do ving ¢6 (da phau thuat), 1 qua than.
Khai thac thong tin lién quan dén sirc khoe cua bd va me bénh nhan trong qua trinh mang thai va c4c tac nhan:
Tinh trang Tiép x(c véi tac nhan doc hai

Tién sir san khoa

Ho VA tén Niam — _ Ditatcua | Ditat/bénh | sic khée khi - _ - -
: sinh | So6lan | So con . , . con khac da mic (vo) mang Hut Uong Téac nhan
P % Xay/pha thai k ; .
co thai | song thai thuoc rugu khac
Nao thai 5 lan
Me: Nguyan T.H 1968 7 (2003, 2005, Khong Binh thwong | Khong | Khong Khong
' 2 khong nhé)

Khong Thuéc | Khoang

Bé: Pham M.T 1962 - - Khong Binh thuong lao, 1 500 Khong
goi/ tuan | ml/nam




3. Bénh nhan: Vuong G.H
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Ngay sinh: 15/11/2009 Gidi tinh: Nt Dan toc: Kinh
Noi sinh: Ha Noi

Tinh trang lac sinh: Pon thai dé md, da thang, nang 3700 gr (con thi 2).

Chén doan: Thiéu san vanh tai phai d¢ I1L, trai do 1, hep dng tai ngoai trai.

Cac di tat khac: Khdng

Khai thac thdng tin lién quan dén stc khoe cua bd va me bénh nhan trong qué trinh mang thai va céc tac nhan:

5 Tién sir san khoa o o Tinhtrang | T4y xac véi tac nhan dc hai
Ho VA tén Nam — - Ditat cia | Ditat/bénh | sic khée khi - - - ~
: sinh | Solan | So con . . . con khéc di mic (vo) mang Hut Uong | Tacnhan
P ; Xay/phé thai ; ; .
cd thai | song thai thuoc rugu khac
Me:NgdT.LP | 1979 | 3 H”t(tz%al';) lan Khong | Binhthuong | Khong | Khong | Khong
- 2 Khong =
Bé: Vwong XB | 1977 - - Khong | Binh thuong 1?13;;“/ Co Khong

. Bénh nhan: Bui Q.H Gigi tinh: Nam Dan toc: Kinh
Noi sinh: Lang Son

Tinh trang Ic sinh: Pon thai dé mo, d thang, nang 3600 gr (con thi 2).

Chén doan: Thiéu san vanh tai phai do I, trai d6 111, hep dng tai ngoai tréi.

Céc di tat khac: Khdng

Khai thac thong tin lién quan dén sirc khoe cuia b va me bénh nhén tron

Ngay sinh: 10/05/2006

qua trinh mang thai va cac tac nhan:

5 Tién sir san khoa o L Tinhtrang | Ti&p xdc véi tac nhan doc hai
Ho VA tén Niam — - —{ Ditatcaa | Ditat/bénh | sic khée khi - - - -
° sinh | Solan | o o« | Xdy/pha | con khac da mic (vg) mang Hat Uong | Tacnhan
, . g ; { z ,
c6 thai thai thai thuoc rugu khéac
Me: Mac T.D 1972 3 a 2 " Khéng Uxotircung | Binhthuong | Khéng | Khong | Khong
S con che A -
. do viem Khong A o lodidel | )
B6: Bli V.N 1972 - . . - Khong Binh thuong \ Co (it) Khong
mang ndo) ngay




5. Bénh nhéan: Pam Q.A
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Ngay sinh: 10/02/2008 Gidi tinh: Nam Dan toc: Kinh
Noi sinh: S6¢ Son, Ha Noi

Tinh trang lc sinh: Pon thai dé md, da thang, ning 3300 gr (con dau)

Chan doan: Thiéu san vanh tai phai do I, trai d6 111, hep dng tai ngoai phai.

Cac di tat khac: Khdng

Khai thac thong tin lién quan dén sirc khoe ciia b va me bénh nhén trong qua trinh mang thai va cac tac nhan:

5 Tién sir san khoa o o Tinhtrang | T4y xac véi tac nhan dc hai
Ho VA tén Nam — - —{ Ditatcaa | Djtat/bénh | sic khée khi - - - -
: sinh | Solan | o« séng Xay/lpha | con khac da mic (vo) mang Hut Uong | Tac nhan
c6 thai thai thai thuoc rugu khac
Me: Pham T.T 1980 2 Khong Viém gan B C6 bi sét Khong | Khong Khong
o 2 Khong A ‘ ‘ 10 didu/ | 250 A
Bé: Dam Q.H 1979 - - Khong Binh thuong ngdy | miftudn Khong
Bénh nhan: Tran M.L Ngay sinh: 08/09/1992 Gidi tinh: Nir Dén toc: Kinh

Noi sinh: Ha Noi

Tinh trang lac sinh: Pon thai dé thuong, du thang, nang 3100 gr (con thir 2).

Chan doan: Thiéu san vanh tai phai do 111, hep 6ng tai ngoai phai, tai trai binh thuong.

Céc di tat khac: Khdng

Khai thac thong tin lién quan dén sirc khoe cua bd va me bénh nhan trong qué trinh mang thai va céc tac nhan:

5 Tién sir san khoa o o Tinhtrang | Ti&p xdc véi tac nhan doc hai
Ho VA tén Niam — - Di tat cia | Di tat/bénh | sirc khée khi - _ - -
' sinh | Solan | o« e | Xdy/pha | con khac da mic (vg) mang Hat Ueng | Tac nhan
P - g . ) 1 ; i
co thai thai thai thuoc ruou khac
Binh thuong
Viém miii (Cé’dung
Me: Nguyén T.T.M 1962 2 Khéng di n thuéc ¢ 3 Khéng Khéng Khéng
' 2 Khong tung thang cuoi
thai ky)
A Dai théo . . 4 diéu/ R .
Bé6: Tran V.P 1956 - - duong Binh thuong ngay Khéng Khong
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7. Bénh nhan: Nguyén K.A Ngay sinh: 12/01/2006 Gidi tinh: Nir Dén toc: Kinh

Noi sinh: BV Phu san Ha Noi

Tinh trang lc sinh: Pon thai dé thuong, thiéu thang, ning 2750 gr (con dau).

Chan doan: Thiéu san vanh tai phai do 111, tai trai binh thuong, khong cé biéu hién tit, hep 6ng tai ngoai.

Cac di tat khac: Khdng

Khai thac thong tin lién quan dén sirc khoe cua bd va me bénh nhéan trong quéa trinh mang thai va cac tac nhan:

5 Tién sir san khoa o o Tinh trang | 1§y xic véi tic nhan doc hai
Ho VA tén Niam — - - Ditatcua | Ditat/bénh | sirc khée khi - - - -
: sinh | Solan | o« séng Xaylpha |  con khac da mic (vg) mang Hut Uong | Tac nhan
c6 thai thai thai thuoc rugu khac
. R Bang quang . . R A R
Me: Hoang M.H 1985 1 L Khong ] kich thich Binh thuong | Khéng | Khéng Khong
B4: Nguyan H.K 1984 - - Khong Binh thuong | Khong | Khong Khong
Bénh nhan: Vian T.Q.A Ngay sinh: 06/09/2007 Gidi tinh: Nir Dan toc: Kinh

Noi sinh: TP Vinh, Nghé An
Tinh trang Ic sinh: Pon thai dé mo, 41 tuan, niang 3600 gr (con dau).
Chan doan: Thiéu san vanh tai phai d¢ I11, tai trai binh thuong, khéng cé biéu hién tit, hep 6ng tai ngoai.
Céc di tat khac: Khdng
Khai thac thong tin lién quan dén sirc khoe cua bb va me bénh nhan trong quéa trinh mang thai va céc tac nhan:

5 Tién sir san khoa o L Tinh trang | 14y xic véi tic nhan doc hai
Ho VA tén Nam — - - Ditatcua | Ditat/bénh | sirc khée khi - - - -
: sinh | Solan | o« o | Xdy/pha | con khac da mic (vg) mang Hat Uong | Tac nhan
L, . g . . ¥4 L,
c6 thai thai thai thuoc rugu khéac
Me: LE T.S 1979 2 ) Khong KN Khong Binh thuong | Khong | Khong Khong
: ong
B&: Vian V.T 1976 - - Khong Binh thuong | Khong | Co (it) Khong
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9. Bénh nhéan: Pham L.P
Noi sinh: Ha Noi
Tinh trang lc sinh: Pon thai dé thudng, da thang, ning 3200 gr (con dau).
Chan doan: Thiéu san vanh tai 2 bén d6 111, khéng c6 6ng tai ngoai.
Céc di tat khac: Thiéu san xwong ham 2 bén, nu thit thira trudce tai phai.
Khai thac thong tin lién quan dén sirc khoe ciia b va me bénh nhén trong qué trinh mang thai va cac tac nhan:

Ngay sinh: 04/10/1994 Gidi tinh: N Dan toc: Kinh

5 Tién sir san khoa o o Tinhtrang | Tj4p xtic véi thc nhin doc hai
Ho VA tén Nam — - - Di tat cia | Di tat/bénh | sirc khée khi - ~ - ~
' sinh | S0 lan | qo o osng | XAY/Pha | con khac dimic | (vg¢)mang Hat Uong | Tacnhan

0 thai thai thai thuoc rugu khac
Binh thuong

Me: Nguyén T.H 1971 3 Khong Khong (c6 dung Thu dong | Khong Khong
' 3 Khéng khéng sinh)

B&: PhamHK | 1970 | - . Khong | Binh thuong 1ngg§/ Co(ity | Khong

10.Bénhnhan: LET.T Ngay sinh: 22/10/1999 Gidi tinh: Nir Dén toc: Kinh

Noi sinh: Kim Bang, Ha Nam

Tinh trang lc sinh: Pon thai dé thuong, da thang, nang 2900 gr (con dau).

Chan doan: Thiéu san vanh tai phai do 111, tit dng tai ngoai phai, tai trai binh thuong.

Céc di tat khac: Khdng

Khai thac thong tin lién quan dén sirc khoe cua bd va me bénh nhan trong qua trinh mang thai va cac tac nhan:

5 Tién sir san khoa o o Tinh trang | 14y xic véi tic nhan doc hai
Ho VA tén Nam — - - Ditatcua | Ditat/bénh | sirc khée khi - = - -
: sinh | Solan | o« séng Xaylpha | con khac da mic (vg) mang Hut Uong | Tacnhan
c6 thai thai thai thuoc rugu khéac
Tiép xdc
. A . X R . véi thude
Me: Duong T.H 1974 2 , Khong o Khong Binh thuong | Thudong | Khong trir sau khi
g lam rudng
B&: LEV.T 1976 | - i Khong | Binh thuong | > ln(;g;e“/ C6 | Khong
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11.Bénh nhan: Phan b.D Ngay sinh: 28/08/2000
Noi sinh: Heong Xuan, Heong Khé, Ha Tinh
Tinh trang lUc sinh: Pon thai dé thuong, du thang, nang 3800 gr (con thir 2).
Chén doan: Thiéu san vanh tai trai do 111, hep Ong tai tri, tai phai binh thuong.
Céc di tat khac: Thiéu san xuong ham (da mo)

Khai thac thong tin lién quan dén sirc khoe ciia b va me bénh nhan trong qua trinh mang thai va cac tac nhan:

Gigi tinh: N Dan toc: Kinh

5 Tién sir san khoa o o Tinhtrang | T4y xac véi tac nhan dc hai
Ho VA tén Nam — - - Di tat cia | Di tat/bénh | sirc khée khi - - - ~
: sinh | Solan | o« | Xdy/pha | con khac da mic (vo) mang Hat Uong | Tacnhan
L, . g . . Ve ,
c6 thai thai thai thuoc rugu khac
Bi viém miii
Me: L& T.H 1969 2 Khong Khong vacodung | Thudong | Khong Khong
' 2 Khong thuoc
. Viém miii X \ L e R
BS: Phan V.T 1964 - - x0ang man Binh thuong | Co (it) Co (it) Khong
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Phu luc 5. Ky hiéu, nong dé DNA va dé tinh sach (A260/280) ciia cdc mau nghién citu

Mé& mau - .. Gi6i " ) Nongdo o0
STT @al) Ho va tén Tuoi tinh Moi quan hé DNA (ng/pl)
Ly thwong bi béng nwéc
1 EBO001 Nguyén V.B 4 Nam  Bénh nhan 20,1 1,82
2 EB001-B Nguyén V.T 30 Nam  B& bénh nhan EB001 35,2 1,9
3 EB001-M Tran T.H 26 N&r  Me bénh nhan EB001 22,2 1,8
4 EB002 Pham N.Q 8 Nam  Bénh nhan 61,3 1,86
5 EB002-B Pham V.T 31 Nam B bénh nhan EB002 23,5 1,84
6 EB002-M Nguyén T.T 32 N Me bénh nhan EB002 26,4 1,80
7 EB003 LéB.N <1 Nir Bénh nhéan 25,5 1,85
8 EB003-B LE Q.M 32 Nam B bénh nhan EB003 19,2 1,95
9 EB003-M Ngoé M.T 31 Nam  Me bénh nhan EB003 50,2 1,83
10 EB004 VuN.T 15 Nam  Bénh nhén 36,1 1,91
11 EBO05 VaN.T 7 Nam  Bénh nhén 34,2 1,90
12 EB004&5-B Vi N.H 40  Nam  B6 bénh nhan EB004 & 5 30,6 1,87
13 EB004&5-M  Hoang T.H 39 N&t  Me bénh nhén EB004 & 5 20,7 1,81
14 EBOO6 Pham V.H 31 Nam Bénh nhén 67,8 1,92
15 EBO006-B Pham Q.H 56 Nam B bénh nhan EB006 35,5 1,89
16  EB006-M Nguyan T.L 55 Nt  Me bénh nhan EB006 421 1,84
17 EBO007 Nguyén A.Q.T 3 Nam Bénh nhan 29,8 1,86
18 EB007-B Nguyan Q.T 33 Nam B bénh nhan EB007 86,6 1,82
19 EBO007-M An D.N.N 29 Nt  Me bénh nhan EB007 32,1 1,91
20 EBO008 Nguyén V.H 13 Nam Bénh nhan 27,8 1,9
21 EBO008-B Nguyén V.D 42 Nam  B& bénh nhan EB008 29,8 1,82
22 EBO008-M Trinh T.M 42 Nt  Me bénh nhan EB008 43,4 1,81
23 EBOO0S-E Nguyén B.N 7 Nam  Em bénh nhan EBO0S 36,6 1,83
Bach tang

1 AI001 Tran Q.B 7 Nam  Bénh nhan 23.2 1.84
2 Al002 Tran B.A 5 Nam  Bénh nhan 24.5 1.92
3  Al001&2-B Tran V.H 36 Nam B bénh nhan Al001 & 2 20,5 1,92
4 AI001&2-M  Nguyén T.T.L 34 Nt  Me bénh nhén AIO01 & 2 29,1 1,83
5  AI003 KimV.T 25 Nam Bénh nhén 25.2 1.87
6 Al0o4 KimT.T.T 23 N&t  Bénh nhén 26.1 1.88
7  Al003&4-B Kim V.C 51 Nam  B& bénh nhan AIO03 & 4 46,1 1,81
8 AI003&4-M  KimT.H 47 N  Me bénh nhan AI003 & 4 18,6 2,01
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Ma mau . .. Giéi . . Nong do A2/60
STT Ho va tén Tuol . Moi quan hé
(gal ) tinh DNA (ng/ul) 280
9  AI003&4-E Kim V.b 17 Nam  Em bénh nhén AI003 & 4 45,5 1,84
10  AI005 Ngo V.T 63 Nam  Bénh nhan 255 1.83
11 AI006 bao T.H 26 Nt  Bénh nhén 24.2 1.89
12 AIl006-B bao V.N 49 Nam  B& bénh nhan AI006 23 1,93
13 AIl006-M Nguyén T.N 48 N&t  Me bénh nhan AlO06 35 1,89
14 AI006-A bao T.K - Nam  Anh bénh nhan AI006 21 1,93
15  AIl007 Ban AT 5 Nam Bénh nhan 35.4 181
16  AIl007-B Ban V.T 37 Nam B4 bénh nhan AlO07 29,4 1,86
17 AI007-M ChuT.P 38 N&  Me bénh nhan AlOO7 33,8 1,85
18  AIl007-C Ban K.L 10 N Chi géi bénh nhan Al007 194 1,80
Thiéu san vanh tai

1 Mi001 Nguyén T.T 13 Nam Bénh nhan 34.8 1.84
2 Mi002 Pham M.V 24 Nam Bénh nhan 22.6 1.82
3 Mi003 Vuong G.H 11 N&  Bénhnhéan 333 1.85
4  Mi004 Bui Q.H 14 Nam  Bénh nhan 26.9 1.87
5 Mi005 bam Q.A 12 Nam Bénh nhén 47.8 1.88
6 Mi006 Tran M.L 28 Nt  Bénh nhan 28.5 1.88
7 Mi007 Nguyén K.A 14 Nam  Bénh nhan 28.1 1.81
8 Mi008 Van T.Q.A 13 N  Bénh nhan 26.7 1.83
9 Mi009 Pham L.P 26 N  Bénh nhan 26.9 1.82
10 Mi010 LET.T 21 Nt  Bénh nhan 35.6 1.84
11 Mio11 Phan B.D 20 Nam Bénh nhén 21.8 1.81
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Phu luc 6. Trinh tw moi PCR va gidi trinh tw & nhdm nguroi bénh EB

MAu Tén mbi Trinh tu méi (5" - 3) fcich thude
(bp)
Gia dinh COTAL-c.GB2T9A-F ACCAGGCTGTGACCTCTGAC
EB001 COTA1-c.G8279AR TGACTCCTGATCCCTGAACC 308
CO7A1-c.2958_2859del-F GCTTGAGATCCCTGGAAGTG
Giadinh  CO7AL-c.2958 2859del-R CTGATGACCCACCCTGACTT .
EB002 COTAL-c.6081del-F AAATGCAAATAGCGGGTGAG
CO7AL-c.6081del-R TCTGGTAGCTTCCTGCCTGT *
COTAL-¢.C6205T-F CACTAGTCACAGGACTAAGG
Gia dinh CO7AL-c.C6205T-R AGCCTGGAAAGCCTGGTATT .
EB003 COTA1-c.C8233T-F GAAGTCACCCCGATCTCTGA
CO7A1-¢.C8233T-R TGACTCCTGATCCCTGAACC "
Giadinh  CO7AL-c4518+2delT-F GCAGGGTCAGAGGTTCAAAG
EB004 COTAL-c.4518+2delT-R CTTGTCTGGGGTTTGACGTT e
& CO7A1-c.C5047T-F GGGAATGTTGGTAGCCTTCA
EB00S CO7A1-c.C5047T-R TTGGAGTAATGGGGAACCTG e
COTAL-¢.C6205T-F CACTAGTCACAGGACTAAGG
Gia dinh CO7AL-c.C6205T-R AGCCTGGAAAGCCTGGTATT .
EB00G COTA1-c.A5821-2G-F GGACAGCAAGAGGTCAGAGG
CO7AL-c.A5821-2G-R AGGGAAAAGGGTGTGAAGG “
Gia dinh KRTS5-C.G1429A-F CTGAGTTGCTCAGGTGCTTG
EB007 KRT5-c.G1420A-R AGAAGGCCAAGCAGGACAT >
Gia dinh COL7A1-c.C1837T-F TACCCTCATTGGTCCCTTTG
EB00S COL7A1-c.C1837T-R GGCTGGGCTTAGCTACACTG e
& COL7A1-c.G3830A-F AACCTCGATGGTCTCCACAC
EBO0S.E COL7A1-c.G3830A-R GGAACCTGGAGAGATGGTGA 313

In nghiéng: théng tin giong nhau
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Phu luc 7. Trinh t moi PCR va gidi trinh tir & nhdm nguroi bénh bach tang

Mau Tén mdi Trinh tw méi (5°-3") Kich thugc
(bp)
Gia dinh TYR-¢.346C>T-F CAACTTCATGGGATTCAACT
Al001 259
A|€L02 TYR-c.346C>T-R CATCCAGACAAAGAGGTCAT
Gia dinh TYR-c.115T>C-F TGGTGGTGACAATTTGTTTA
Al003 238
AI%O4 TYR-c.115T>C-R CTGAAATTGGCAGCTTTATC
TYR-c.559_560ins25-F GATTTGAGTGCCCCAGAGAA
Al005 433
TYR-c.559 560ins25-R AGAATGATGCTGGGCTGAGT
Gia dinh OCA2-¢.2251G>A-F GAAGGAACGGAGTTGCTCTG
300
Al006 OCA2-¢.2251G>A-R ACGTGGCATCAATGTCCTCT
Gia dinh HPS1-c.972del-F AACAATGGAGCTGAGGGACA
Al007 485

HPS1-c.972del-R

CCTTGTGCCTGCCAACTTAG
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Phu luc 8: Danh sach gen si dung trong sang loc gen ing vién lién quan dén thiéu san
vanh tai.

STT Gen STT Gen STT Gen STT Gen STT Gen
1 ABCC6 46 CDT1 91 CYP2R1 136 FGF10 181 HOXA2
2 ABCC9 47 CENPJ 92 DCHS1 137 FGF16 182 HOXB6
3 ABHDS5 48 CEP120 93 DCR 138 FGF23 183 HOXD10
4 ACAN 49 CFAP410 94 DDR2 139 FGF3 184 HOXD13
5 ACVR1 50 CHD7 95 DFNB31 140 FGF8 185 HS6ST2
6 ADAMTS2 51 CHEK?2 96 DGCR 141 FGF9 186 HSD17B4
7 ADAMTSL2 | 52 CHST14 97 DGCR6 142 FGFR1 187 HSPG2
8 ADGRV1 53 CHST3 98 DGCR8 143 FGFR2 188 IFITM5
9 AEBP1 54 CHUK 99 DHODH 144 FGFR3 189 IFT140
10 AGPAT?2 55 CliB2 100 DLK1 145 FGFRL1 190 IFT172
11 AMER1 56 CIDEC 101 DLL3 146 FIG4 191 IFT43
12 ANKH 57 CIITA 102 DLX5 147 FKBP10 192 IFT80
13 ANKRD11 58 CLCN5 103 DIX6 148 FKRP 193 IFT81
14 ANO5 59 CLCN7 104 DMP1 149 FKTN 194 IHH
15 ANTXR2 60 CLPP 105 DNASE1 150 FLG 195 IL10
16 AP1S3 61 CLRN1 106 | DNASE1L3 | 151 FLNA 196 IL23R
17 ATP2C1 62 COG1 107 DUOX2 152 FLNB 197 IL36RN
18 ATRX 63 COG4 108 DUOXA2 153 FN1 198 IL6
19 B3GALT6 64 COL10A1 109 DYM 154 FOXI1 199 IRF6
20 B3GALTL 65 COL11Al1 110 | DYNC2H1 | 155 FOXP3 200 IRS4
21 B3GAT3 66 COL11A2 111 DYNC2I1 156 FRAS1 201 ISPD
22 B3GLCT 67 COL1A1 112 DYNC2I12 157 FREM2 202 IYD
23 BAGALT7 68 COL1A2 113 EDN1 158 FzD2 203 KAT6B
24 BGN 69 COL2A1 114 EDNRA 159 GABRD 204 KCNAB2
25 BMP1 70 COL3A1 115 EDNRB 160 GATAl 205 KCNJ10
26 BMP2 71 COL4A3 116 EFTUD2 161 GBA 206 KCTD1
27 BMP4 72 COL4A4 117 ENPP1 162 GDF3 207 KDELR2
28 BMP5 73 COL4A5 118 ERBB3 163 GDF5 208 KDM6A
29 BMPR1B 74 COL5A1 119 ERF 164 GDF6 209 KIAA0586
30 BPNT2 75 COL5A2 120 ESS2 165 GJAL 210 KIF22
31 BSCL2 76 COL9A1 121 EVC 166 GLE1 211 KMT2D
32 CiR 77 COL9A2 122 EVC2 167 GLI3 212 LARGE
33 C1s 78 COL9A3 123 EWSR1 168 GMNN 213 LARGE1
34 CA2 79 COMP 124 EXOC6B 169 GPC6 214 LARS2
35 CALCR 80 CPLX1 125 EXT1 170 GPR98 215 LAS1L
36 CANT1 81 CREB3L1 126 EXT2 171 GPX4 216 LETM1
37 CARD14 82 CRPPA 127 EYAlL 172 GRIP1 217 LENG
38 CASK 83 CRTAP 128 FAM111A | 173 GSC 218 LIPE
39 CAV1 84 CTBP1 129 FANCF 174 HARS?2 219 LMBR1
40 CAVIN1 85 CTLA4 130 FANCL 175 HES7 220 LMBRD1
41 CCBE1 86 CTSK 131 FAT4 176 HLA-B 221 LMNA
42 CCN6 87 CYBA 132 FBLN1 177 HLA-C 222 LRP4
43 CD244 88 CYBB 133 FBN1 178 HMX1 223 LRP5
44 CDC45 89 CYP26B1 134 FCGR2A 179 HOXA1 224 LTBP3
45 CDC6 90 CYP27B1 135 FCGR2B 180 HOXA13 225 MAF
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STT Gen STT Gen STT Gen STT Gen STT Gen
226 MAP2K1 267 ORC4 308 PRRX1 349 SLC2A10 390 TONSL
227 MAP3K7 268 ORC6 309 PRRX?2 350 SLC2A9 391 TP53
228 MAPRE?2 269 OSR1 310 PTHIR 351 SLC34A3 392 TP63
229 MATN3 270 0OSTM1 311 PTHLH 352 SLC35D1 393 TPO
230 MBD5 271 P3H1 312 PTPN11 353 | SLC39A13 394 TRAF3IP2
231 MBTPS1 272 P4HB 313 PTPN22 354 SLC5A5 395 TRAPPC2
232 MBTPS2 273 PAM16 314 RAB23 355 SMAD4 396 TREX1
233 MCM5 274 PAPSS2 315 RAB33B 356 | SMARCAL1 397 TRHR
234 MEDI12 275 PAX3 316 RARA 357 SNAI2 398 TRIP11
235 MED14 276 PAX8 317 RB1 358 SNX10 399 TRPS1
236 MEG3 277 | PCDH15 | 318 RBM10 359 SOST 400 TRPV4
237 MEGF8 278 PCNT 319 RECQL4 360 SOX8 401 TSHB
238 MEOX1 279 PCYT1A 320 RIPK4 361 SOX9 402 TSHR
239 MESD 280 PDE4D 321 RMRP 362 SP7 403 TSR2
240 MESP?2 281 PDGFB 322 | RNU4ATAC | 363 SPARC 404 TTC21B
241 MIF 282 PDGFRB 323 ROR2 364 SQSTM1 405 TTC37
242 MIR140 283 PDLIM4 324 RPS26 365 SSX1 406 TWIST1
243 MITF 284 PDZD7 325 RPS28 366 SSX2 407 TWIST2
244 MMP13 285 PHEX 326 RTL1 367 STAG2 408 TWSG1
245 MSX2 286 PITX1 327 RUNX2 368 TAF15 409 UFSP2
246 MTAP 287 PLCB3 328 SALL1 369 TBCE 410 USH1C
247 MUC5B 288 PLEC 329 SEC24D 370 TBL1X 411 USH1G
248 MYO18B 289 | PLEKHM1 | 330 | SELENON | 371 TBX1 412 USH2A
249 NANS 290 PLIN1 331 SEMA3E 372 TBX15 413 VDR
250 NCF1 291 PLOD1 332 | SERPINF1 | 373 TBX4 414 VRK1
251 NCF2 292 POCI1A 333 | SERPINH1 | 374 TBX6 415 WAS
252 NCF4 293 POLAlL 334 SF3B2 375 TCF12 416 WDR19
253 NDP 294 POLR1A 335 SF3B4 376 TCIRG1 417 WDR35
254 NEK1 295 POLR1C 336 SFTPA2 377 TCOF1 418 WFS1
255 NEPRO 296 POLR1D 337 SFTPC 378 TCTN3 419 WHCR
256 NFKBIL1 297 POMT1 338 SGMS2 379 TENT5A 420 WNT1
257 NIN 298 POMT2 339 | SH3PXD2B | 380 TERT 421 WNT10B
258 NKX2-5 299 POP1 340 SHOX 381 TFAP2A 422 WNT3
259 | NKX3N/A2 | 300 POR 341 SIX1 382 TG 423 WNTS5A
260 NOG 301 PPARG 342 SIX2 383 TGFB1 424 WNT7A
261 NOTCH2 302 PPIB 343 SIX4 384 THRA 425 XYLT1
262 NOTCH3 303 PRDM16 344 SIX5 385 | TMEM38B 426 XYLT2
263 NPR2 304 PRDM5 345 SKI 386 TMEM53 427 ZNF469
264 NR4A3 305 | PRKAR1A | 346 SLC22A4 387 | TNFRSF11A | 428 ZSWIM6
265 NSD2 306 PRKCZ 347 SLC26A2 388 TNFSF11

266 ORC1 307 PRKRA 348 | SLC26A4 | 389 TNXB
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Phu luc 9. Danh séach bién thé phat hién diroc ¢ cac bénh nhan thiéu san vanh tai

3 Loai Tén sb .z
STT Ma so Gen Exon Bién thé bién 150 Kieu |-y POHS':@“Z P‘L'{f’zg‘z LRT|MuTast [MuAss| FATH|PRO 2"\53 MLeéa
mau thé 1000g ExAC avsnp gen
FKTN c.G559A
! (NM_001351498) | O™ | (p.G1gzs)  [MOnsyn het | D D D D| D M | D|N|D]|D
POCIA c.C215T
2 (NM_001161580) exon3 (0.S72L) nonsyn 0.0002 (rs746676896| het T D P D D L D D D D
3 (N?\'A‘Co%%ﬁjl) exonl7 fpcgggfg nonsyn| 0.000399 | 0.0001 |rs199588131| het | D | D b |p| b |mM|D|D|D|D
§ c.G3811T _6
4 IET140 exon28 (0.G1271C) nonsyn 8.24x10° |rs746794011| het | D D P N N L T D T T
Mi001 '
5 (NM_014714) 1 o on27 égﬁgﬂ% nonsyn| 00002 | 00002 |rs555330165| het | T p B |Dp| D Ll T IN| T |T
6 (NMNtc):cl):O1265) exon4 (—;GRég?_f)‘a nonsyn 0.001 |rs201802880| het D B B D D M D D D D
! (NMN8§§433) exon2 55%273;?) nonsyn het | D D D D D M T |D| D | D
MUC5B c.C3414A
8 (NM_002458) | %6 | (o p113gE)  |"ONSYM het | T B B N | N TN T|T
9 (NMOOFE)51:1153 4) exon9 (%?ri%%g) nonsyn| 0.037141 0.0238 | rs3087481 | het D P B N D M T N T T
"EVC c.G2279A
10 (NM 001306000) | P8 | (0 R7g0q)  |nONSYn| 0.027556 | 00266 | rs2279252 | het | T P B N N L T |IN| T | T
HSPG2 c.C5135A
1 (NM_001291860) | exondl |  (p.S1712y)  |"OMY" het | D D D N| D N | T |D|T/|T
FRAS1 C.A7562T
12 (NM_025074) | O3 | (pkosoimy  [1ONSYN het P B D| N L T | T
13 (NME?)ONllQSS) exonb (gggggg) nonsyn 4.94x10% |rs370693989| het | D P B N D L D N T T
Mi002 '
SEMA3E c.G623C rs6172961
14 (NM_012431) exon6 (p.R208P) nonsyn| 0.097644 | 0.1132 2 het | T B B N P N T N T T
EYAl €.C922T stopgai
15 (NM_000503) exon10 (P.R308%) n rs121909195| het D A
16 PLEC exon31 (;iig%% nonsyn| 0.008786 0.0044 [rs201070741| het | T D D U D L D N D D
17 (NM_201378) | o 5n30 (;'gigégg) nonsyn| 0.002596 | 0.0005 |rs372256096| het | D B B U D M | D|D| D | D
PDZD7 c.C1538T
18 (NM_001195263) exonl0 (p.P513L) nonsyn|  0.0002 0.0001 |[rs572462059| het T T
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Loai

Tan s0

STT “fnﬁafl" Gen Exon Bién thé l:llfen w000 | Beac | avsnp1so I;;‘:]“ SIFT POHS':@“Z Pﬂ{f’ﬂg‘z LRT|MuTast [MuAss| FATH|PRO g"\m MLeéa
19 (N&%B%ESZ) exon31l (;ggggg) nonsyn| 0.025959 0.0121 rs3741626 | het D P B N D N D D T T
20 (M 020021y | o2 (;'_g‘l‘gigﬁ) nonsyn| 0005192 | 00019 |rs149669464) het | T | B BOIN| N | N[ T|N|T|T
21 (NMC_B(?16254) exon4 (;\G/igg) nonsyn 8.24x10® |rs764916671| het | D B B D D M T D T T
22 (NM_oCoI183201224) exon3 (Cp'.(\5/16979|\;\) nonsyn 4.98x10% |s755699237| het | T N T | N

23 (NM oEo\{goeogm exonl6 (E.T\(zfg’gﬁ) nonsyn 8.27E-06 |rs772327206| het | D B B N| D M| T |D| T/|T
24 (NM 001315520) | 0130 | SRO0IED |nonsyn| 0000399 | 4.12x10°% |rss55273022] het | T | P p NN TN T T
25 exon32 E:p')il??:gogl—% nonsyn 5.98x10° |rs782720846| het | D B B U D M T N T T
26 (NMP_LZI(E)%?B) exon3l (g'_gigggg) nonsyn| 00002 | 0.0006 |rs369708974| het | D | B 5 lul o Ll 1INl 1+
27 exon27 (giiggg;r/) nonsyn het | T B B U N N T N T T
28 (NI\T(I):al)é§O7) exond (;g;ggg) nonsyn|  0.0002 0.0002 |rs202233874| het | D D D D D L D |D| D D
29 \ioos (M \(’)\651115853) exon2 (‘;%5783\}) nonsyn 0.0003 |rs369671890| het | T P B N N M | D|N| T |D
30 ACAN exon10 (cpA’\}gggg) nonsyn 6.82x10° |rs370283261| het | D D D N| D vl 1t lol 1T+t
31 (NM_001135) exon12 (S?fjggg)b nonsyn rs12899191 | het | T P B P M D N T D
32 (NI\’;‘I‘_EO%ﬁZQ) exon2l (;giéggg) nonsyn 0.0001 |rs200356275 het | D B B N N M D |N| D D
33 (NEAO'(;SOAOEO) exon24 (CpCP1566967LT) nonsyn| 0.001198 | 0.0003 |rs150543864| het | T D D N| D M| D |D|D|D
34 (NM_I&izglgoz) exonil (;ﬁggg\T/) nonsyn het | T | B B (Ul D | N|D|N|[T]|T
35 (NI\'\/fI_EO((;)E:lO) exon20 (;f.'r(z:lsfj;vTV) nonsyn| 0.002596 | 0.0011 |rs372257661| het | D | D P IN| D | M| T |D|T]|T
36 (NMM(\):)?%%BZ 45) exon?7 ((;c.l:_lsg%?\}—) nonsyn 9.98x10°5 |rs370187232| het | D D D D D M D D D D
37 (NM T)Ialllllisml) exon9 E:PAC21§1570|S) nonsyn( 0.000599 0 rs547042988| het | D P B N N M T N T T
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Loai

Tan s0

ST | Masb gz " Kiéu Polyphen2|Polyphen2 Meta |Meta
x Gen Exon Bién thé bién SIFT] LRT|MuTast [MuAss|FATH|PRO
T mau thé 1000g EXAC avsnpl50 | gen HDIV HVAR SVM | LR
POP1 c.C2488T
38 (NM 001145860) | "6 | (TRgsow) |nONSyn| 0.001597 | 0.0003 |rs145798300| het | D D P N N L TIN| T | T
SH3PXD2B c.G1838A .
39 (NM_001017995) exonl3 (p.R613Q) nonsyn 8.27x10° |rs745393171| het D D P D D M T N T T
40 (NI\-/II—Rlp 4\;‘;0 g | oo (;'\G/;ggf) nonsyn| 0.000399 | 0.0002 |rs143548402| het | D | D b |o| o | M| T]|D|D|T
41 (N?ADgsz\ﬁg) exon23 (;'gfggf&) nonsyn| 0.001398 | 0.0005 |rs146954342| het | D D D D D M | T |D| T[T
EVC c.G2041A
42 (NM 001306090) | O™ | (p.e6g1k) |"OmSYn| 0.001797 | 0.0001 [rs201877358| het | D D P D D M | T |N| T[T
43 CATa exonl7 55%133%%5\% nonsyn| 0.001797 | 0.0006 |rs199797338| het | T | D b |u| D L |bpo|N|D|D
44 (NM_001291285) | o, 317 Fbﬁfggﬁ% nonsyn| 0.0002 | 8.24x10° |rs201499023| het | T B B U D N T |IN| T | T
45 (NMS(()))l(f587) exon3 (‘;'?;é’g\% nonsyn| 0.000399 | 7.64x10° |rs545677635 het | T p p p| D H| TI|N|D]|D
46 (NMA %’8‘{\'135) exonl2 (g¢f§8??§)b nonsyn rs12899191 | hom | T P B P M D N T D
Mi004 :
47 (|\'T|\E/|)Aol\ﬂgs424) exoné 55(221304341@ nonsyn| 0.000399 |5.78x10° |rs201162234| het | T B B D D L T|ID| T |T
48 (NMBI\(;I&ZZOO) exon3 (;[‘1221(83) nonsyn| 0.0002 6.61x10° | rs34183594 | het | T P P N D N T N T T
EXOC6B c.C449G 5
49 (NM_001321734) exon6 (p.P150R) nonsyn 4.15x107 |rs758788765| het T D D N D L T N T T
50 (NI\I/TI\Q%A%%) exonl0 Ep%lsizsss nonsyn 0.0001 |rs60890628 | het D P B N A M D N D D
SLC34A3 C.A328G P
51 (NM_001177316) exon5 (p.K110E) nonsyn| 0.0002 5.87x107° |rs570711066| het | T B B N N L D N T T
52 (NMTSOBI(FJQSGQ) exonl0 55%27257826 nonsyn 4.12x10%° |rs746522401| het D B B N N M T N T T
53 (NMCF(')gle) exon10 E:bpéls%sggt)c) nonsyn| 0.000599 | 0.0003 |rs373772425| het | T B B |D| D Ll T IN| T |T
N ¢.5027delA
>4 Mi00S PCDH15 exondl | E1676Gfs*128)| 7S 9¢! het
55 (NM_001142767) | o\ n3 E’F')AE%BCS nonsyn| 0.000599 | 0.0001 |rs184026653| het | D P B D L T|D| T |T
56 (NMP"ZE%?& exon32 (‘;%13%5;77?@6 nonsyn| 0.000399 | 0.0001 |rs146233901| het | T D b |u|l o | M| T|N|D]|D
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Loai

Tan s0

STT “fnﬁafl" Gen Exon Bién thé l:llfen w000 | Beac | avsnp1so I;;‘:]“ SIFT POHS':@“Z Pﬂ{f’ﬂg‘z LRT|MuTast [MuAss| FATH|PRO g"\m MLeéa
57 exon31 (ggi%gg) nonsyn het D D D U N N D N D D
58 (NBR‘A‘GQ)%ES) exon3 éﬁ?ﬁ% nonsyn| 0.000799 | 0.0003 |rs200732558| het | T | B B |b| D Lo |N|T]|T
59 (Nl\agociil(gSO) exonl3 (cpTéSf&A) nonsyn het T P P D D L T N T T
60 (Nl\ﬁi%?gsz) exon8 (;:ngiﬁ) nonsyn het | T p p D| D L | T |IN| T | T
61 (NEAGE';EB) exon6 fp%lfg% nonsyn het | T D p Nl D [ M| T IN|T]|T
62 (NM 8512591902) exon9 (%?/16811@ nonsyn 1.65x10° |rs371615673| het | D P P U D M D N D D
63 (N&%g&‘gz) exonl1 (‘;gggg) nonsyn het | D| B B N | Mm| Db |bp| Db ]| D
64 KMT2D exon39 l(:pc'[%flslzg;; nonsyn 4.73x10° |rs764450813| het D P B N N N T N T T
65 (NM_003482) | o 5na1 ipcﬁfgggﬁ nonsyn het | D p B |[N| D L T [(N| T |T
66 (NQE‘OCO?%D ex0n26 (Ff"gfggg’vTv) nonsyn| 0.0002 | 8.26x10% | rs63750402| het | D | D D | N| D H| D |D|D]|D
67 (NI\E:EOI\i;jBl) exons (‘;ﬁ%gg nonsyn| 0.000799 | 9.07x10% |rs368354292| het | D | D p Nl N [ M| TIN]T]|T
68 | Mi006 (NMC I(I)géz 46) exonl (;ggﬁ) nonsyn 0.0001 (rs755048657| het D D D N L T N T T
69 (NMfIO_(?ZOlG) exon3 (;gggggﬁ) nonsyn| 0.004593 | 0.0008 |rs147429418| het | D | D p N Nl TN T | T
70 (NMl\f(;)?slfl;BBMS) exonl6 (;'.?/?1’831’11) nonsyn| 0.0002 | 1.66x10% |rs557607855 het | T p B p| D L T IN| T | T
71 (NMNE):('):O1265) exon4 ((E)GRé((;)?-f)\a nonsyn 0.001 |rs201802880| het | D B B D D M D D D D
72 (NIRI/ICi-Or(C)ZOd?BS) exon33 (ggg(l)ggi) nonsyn het T B B N L T D T T
73 (NMf(;\(')Fﬁg% a6y | ©0n2 (Egigigé) nonsyn| 0.000399 |5.21x10% |rs368674617| het | D | D D N L | T || T |T
74 \iioo? (NMP?§13 459) exonl0 (cpcl:_1448695|!—) nonsyn het D B B N D D N T D
75 (NJTOCS‘ESQ) exoni3 (%%1317370\% nonsyn| 0.000399 | 1.65x10° |rs553930070| het | T B B Nl D [ M| T IN|T]|T
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Loai

Tan s0

ST | Masb gz " Kiéu Polyphen2|Polyphen2 Meta |Meta
x Gen Exon Bién thé bién SIFT] LRT|MuTast |MuAss|FATH|PRO
T mau thé 1000g EXAC avsnpl50 | gen HDIV HVAR SVM | LR
FLG c.AB587T
76 (NM _002016) | M | (p.T2s35) |"OMYN het | T p B N Ll T IN| T |T
77 (NMNg(l):OlZGS) exon4 (ng%?_f)‘a nonsyn 0.001 |rs201802880| het | D B B D D M D |D| D D
PTPN22 c.T1071A rs103181833
8 (NM 012411) | ©OML | 0 iigsag)  |nonsyn 1 het | D D D N| D | M| T |D|T]|T
ZNF469 c.G11462A 5
9 (NM 001127464) | "2 | (DR3s21Q) |nONSYN 5.18x10° |rs775672255| het | D D P N M| T IN| T | T
FAT4 c.G12881C
80 (NM_001201285) | ®°M® |  (pRazoaT) |1O"SYN het | T D P Ul D L | T |N|[T|T
PCNT c.A5189G 5
81 (NM_001315529) exon28 (0.E1730G) nonsyn 1.71x10" |rs201943167| het | D D P N N M T D T T
82 (N?ANQOSSE;ZS) exonb (;giig% nonsyn 2.05x10°5 |rs775559875| het | D D D D D H T D T T
. LRP5 c.G2158A
83 | Mi008 (NM_001291902) exonl8 (p.A720T) nonsyn| 0.00119808 | 0.0002 ([rs149166384| het T B B U N N D N T D
84 (N,\'\/’l'%%gf%) exon31 prle(fngg nonsyn 0.0002 [rs199736618| het | D | P B Nl L TN T T
85 (NIV? Fg&% 42) exonll Eb?Plfolf AG) nonsyn het | D B B D D L D T T
86 (NI\\I/IV '\&Z’g‘zs) exon3 (S'S‘l‘gﬂ) nonsyn|0.000199681 (546145028 het | D | D b |[p| o |H| T |D|D]|D
CLRN1 c.T382C
87 (NM_001195794) | "2 | (pF1ogL)  |MONSYN het | T B B D| D T|D| T |T
PCNT c.G1150A
58 (NM_001315520) | ®°MO0 | (pEssak)  |1O"YN het | T P B N | M| T |D|T|T
89 (N?\l/l_cozoeml) exonl3 (Cp?_ﬁg) nonsyn het | D| D p N| D | M| D|D|D]|D
%0 (NI\L/JISZ|_(|)26§33) exons2 &Gégfgg) nonsyn 8.25x10°3 |rs200328442| het | D D D D D M ol 1|7
91 o cocd exon12 ¢.G1624T nonsyn 1.65x1072 |rs777169655| het | D D P D D M T |D| T T
(NM_001195139) (p.D542Y) '
FLNB c.G3430C
92 (NM_001164317) exon21 (DE1144Q) |MONSYN 0.00139776 | 0.0005 |[rs199959926| het | T B B N D M D |N| D D
FN1 ¢.T5078C B
93 (NM_001306131) exon32 (p.M1693T) nonsyn|0.000199681| 6.59x107 [rs199684110| het T P D D D L T D T T
LRP5 ¢.G2900T
94 (NM_001291902) exon23 (p.C967F) nonsyn|0.000399361| 0.0003 |rs147618989 het | D D D u D M D D T T
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Loai

Tan s0

ST | Masb gz " Kiéu Polyphen2|Polyphen2 Meta |Meta
x Gen Exon Bién thé bién SIFT] LRT|MuTast|MuAss|FATH|PRO

T mau thé 1000g EXAC avsnpl50 | gen HDIV HVAR SVM | LR

95 (NSMLCOZO%ﬁz) exon3 (;'gggg) nonsyn|0.000199681| 4.12x107 |rs571410872| het | D D D D| D H| D |D| D/|D
PDZD7 c.C1538T

96 (NM_001195263) exonl0 (p.P513L) nonsyn|0.000199681| 0.0001 ([rs572462059| het T T
CANT1 ¢.775dupC .

7 (NM 138793) | O™ | (p.H259pfs*2s) |FS NS het

98 (Nfﬂotg&go) exon43 (;'ii(l)ﬁ% nonsyn| 0.00179712 | 0.0006 |rs149722210| het | T D P N| D L | D|N|D/|D

Mi010 IFT172 c.C1513T 5

99 (NM_015662) exon15 (0.R505W) nonsyn 4.94x10 |rs779152335| het | D D P D D L T D T T

100 (Nl\'\//ll%((:)gz?SB) exon30 (ﬁfggg&) nonsyn|0.000798722| 0.0004 |rs200226020| het | D | D B N | M| T |D| T |T
PPIB c.G85A

101 (NM o00o42) | ©¥ont (b.G2oR) | nonsyn| 0.00159744 | 0.0007 |rs200307684| het | T P B D| D L | T|N|T|T

102 (NCMO'BE%'Q,O%O) exon58 (;'gggg) nonsyn|0.000199681| 9.91x10° |rs199952288| het | D | D Db |[Dp| D L |bp|p| Db |D

103 (N|C|R2Ec')\¢§61) exon16 (‘;‘%72%7222) nonsyn|0.000199681| 0.0002 |rs115492820| het | D | D D |[p| D Ll T lp| T |T

104 (NMM(;-CI)—(lJ:248) exon3 (;ﬁﬁ\T/) nonsyn 2.51x10%2 |rs182533927| het | D D P D D L T N T T
PCDH15 c.G1615A

105 (NM_001142767) exonl3 (p.G539R) nonsyn het | T D D D N T D T T
PCNT ¢.G625C

106 (NM_001315529) | O™ (bE2000)  |nonsyn|0.00179712 | 0.0005 |1s575720246| het | D D P N| N M| T |N| T |T

107 exon26 (g'gfgg‘z‘g) nonsyn|0.000599042| 0.0003 |rs533410461| het | D | D o |u|l o | M| T]|D| T |T

) Mi011 PLEC ¢.G10879A

08 (NM_201378) exon32 (p.D3627N)° nonsyn|0.000399361| 0.0001 |rs146233901| het | T D D U D M T N D D

109 exon31 (B'gggigé) nonsyn|0.000798722| 0.0005 |rs561571844| het | T B B Ul D L | D |[N|[T/|T

110 (NI\'/?‘ %’8‘{\1135) exon12 (S‘I/A'\fj(())??gb nonsyn rs12899191 | het | T P B P M D N T D

111 (NI\(/:IC183§41159) exonll (%-Kﬂlsl,gf% nonsyn|(0.000199681| 1.65x107 |rs548559412| het T B B N N L D N T T

112 (NM6833165) exon2 (;g%g‘\l’/) nonsyn het D B B D D L D N T T

113 (NI\,\/IA Eoc(;)ﬁlo) exon33 (;gi’gggﬁ) nonsyn 4.13x107? |rs771233244| het | D D P D D N T N T T
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STT “fnﬁafl" Gen Exon Bién thé ]li.}}l 1ooogTan SOEXAC avsnp150 I;;“ SIFT POHS':@“Z Pﬂ{f’ﬂg‘z LRT|MuTast [MuAss|FATH|PRO g"\flt\j MLeéa
114 (NMY(L?%?SBZ 45) exon43 (g%ﬁgg) nonsyn . 8.28x107 |rs763160003| het D D D N D L D D D D
115 (Nl\sﬂHggﬁggs%) exon10 (5_'5327va) nonsyn| 0.00199681 | 00005 |rs199739437| het | D | D P IN| N | M| T |D|T]|T
116 (NNYY Bgsigo) exon4 fp;ﬁ,ls?;f% nonsyn| . . . het | T D P D| D L | T |N| T |T
d (NMf(;\lOFﬁg%M) exon2 (;'.iiigg% nonsym .+ |rs553460850] het | T P B NN TN TT

Mi: thiéu san vanh tai; nonsyn: bién thé thay thé; FS ins: bién thé dich khung dang chén nucleotide; FS del: bién thé dich khung dang mit nucleotide; het: di hop tir; MuTast: Mutation Taster; MuAss;
Mutation Assessor; FATH: FATHMM; PRO: PROVEAN; D/P: ¢6 hai, B/N/T: lanh tinh/trung tinh; L: d6 anh thuang thap.

In dam, cac bién thé duoc phat hién it nhit & 2 bénh nhan tré 1én.

In nghiéng dam, cac bién thé moi.

aachi cac bién thé phat hién & 3 bénh nhan.

cchi cac bién thé phat hién ¢ 2 bénh nhan.
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Phy luc 10. Cdc con duong tin hi¢u duoc chi ra qua phan tich lam giau tap hop gen
theo KEGG trong cac truwong hop thiéu san vanh tai

SL gen
PATHWAY lién 9uan ‘SL gep EDR Muc do Cac gen.[A)hat’hlgn‘
dén tim thay lam giau trong nghién ciru nay
PATHWAY]
Cic con dusna din dén un NOTCH3 EDN1 COL4A4 FN1
thg 9 530 10 |0.0012| 5.73 | WNT1 BMP2 WNT7A LRP5
u MITF CHUK
Ung suat cat (shear stress)
chit Iong va xo vita dong 138 5 [0.0061| 1101 | EPNITRPV4 NCF2 NCFL
CHUK
mach
Tuong ‘ECCVI\‘;' thy the 88 4 0.0089| 13.82 | COL4A4 FN1 FRASL FREM2
Qua trinh hinh thanh sic t 101 4 [00091| 12.04 | EDNI WNT1 WNT7A MITF
Tuong tic AGE-RAGE
trong cac bién ching tidu 100 4 (0.0091| 12.16 |EDN1 COL4A4 FN1 COL3A1
dudng
Proteoglycan trong té bao ERBB3 FN1 WNT1 FLNB
e th 202 5 |0.0118| 7.52 WNTTA
Sur bigt Z?ri,ﬁ‘g‘a te bao 126 4 |0.0131] 9.65 | NCF2 NCF1 MITF CHUK
Con duong lay nhiém HPV NOTCH3 COL4A4 FN1 WNT1
& ngudi 331 6 |0.0131) 551 WNT7A CHUK
Ung thu biéu md t& bao day 63 3 |00172| 14.47 WNT1 BMP2 WNT7A
Ung thu v 147 4 (00185 827 |[NOTCH3 WNTL WNT7A LRP5
Puong din tin hieu MTOR | 154 4 (00200 7.89 | WNTL WNT7A LRP5 CHUK
Tong hep g‘i’gg‘o”e tuyen 75 3 [0.0213| 12.16 | SLC26A4 DUOX2 TSHR
Ung thu phéi té bao nho 92 3  [0.0351| 9.91 COL4A4 FN1 CHUK
Tieu hgi‘o‘;ﬁe‘izap thy 103 3 |0.0417| 885 | COL11A1 COL4A4 COL3A1
Con d“"fr?]i'gy nhiem 102 3 |00417| 894 COL4A4 FN1 COL3A1
Chat gay ung thu hoa hoc 223 4 |00516| 545 |NCF2 SLC26A2 NCF1 CHUK
Con duong tin hidu Relaxin 129 3 |00685| 7.07 | EDNI COL4A4 COL3A1L
Con duong tin hicu 56 2 |o.0s9s| 1086 EVC MEGFS
Hedgehog
Con duong tin hiéu Hippo 157 3 0.0898| 5.81 WNT1 BMP2 WNT7A
Quy dinh phan giai lipid 56 2 |o.0s9s| 1086 TSHR PLINI
trong teé bao m&
Hoi chitng Cushing 155 3 0.0898| 5.88 WNT1 WNT7A KMT2D
Ung thu da day 148 3 |0.0898| 6.16 WNT1 WNT7A LRP5
Con dwong tin higu Wnt 166 3 |0.0969| 5.49 WNT1 WNT7A LRP5
Ung thu biéu md té bao gan 167 3  [0.0969| 5.46 WNT1 WNT7A LRP5
Con d”””gxli‘th'-e“ PI3K- 354 4 |01285| 343 | ERBB3 COL4A4 FN1 CHUK
Do bam dinh tiéu diém 200 3 |0.1285| 456 COL4A4 FN1 FLNB
Bénh do Leishmaniasis 76 2 0.1285| 8.00 NCF2 NCF1
bicu chinh sai phién ma 192 3 [0.1285| 475 EYAL PAX3 MITF

trong ung thu
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SL gen
PATHWAY lién 9uan ?L gep EDR Muc do Cac gen.[A)hat'hlgn‘
dén tim thay lam giau trong nghién ciru nay
PATHWAY|
Bénh co “‘Eﬁgf‘” nhip that 77 2> 01285 7.89 GJAL LMNA
Bénh co tim do tiéu duong 203 3 0.1285| 4.49 NCF2 NCF1 COL3Al
Con duong tin hiéu IL-17 93 2 0.1411| 6.54 MUC5B CHUK
Su bict ho""Ttﬁzbao Thiva 92 2 |01411] 6.61 NOTCH3 CHUK
Bénh Alzheimer 383 4 0.1411| 3.17 | WNT1 WNT7A LRP5 CHUK
Bénh co tim phi dali 90 2 0.1411| 6.75 EDN1 LMNA
Xo vira dong mach 214 3 0.1411| 4.26 NCF2 NCF1 CHUK
Tong hop, bai tiét va hoat
déng cua hormone tuyén can 106 2 0.1737| 5.73 LRP5 SLC34A3
giap
Con duong tin hiéu TNF 112 2 0.1815| 5.43 EDN1 CHUK
Bénh do Toxoplasmosis 112 2 0.1815| 5.43 CIITA CHUK
Di chuyén noi mé bach cau 114 2 |0.1825| 5.33 NCF2 NCF1




