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PAT VAN PE

1. Tinh cAp thiét cha dé tai

Ting san thuong than bam sinh (TSTTBS) (Congenital adrenal
hyperplasia - CAH) 1a mdt nhom céc bénh di truyén 1an nhidm sic thé
thuong, do thiéu mot trong cac enzym can thiét cho qué trinh tong hop
cortisol tir cholesterol ctia vo thugng than. Khoang 95% céc truong hop
1a do thiéu hut 21-hydroxylase (21-OH) do dot bién gen CYP21A2, dan
dén thiéu cortisol kém theo (hodc khong) thiéu hut aldosterone va ting
tiét androgen thuong than. Thé c6 dién (thé ning) co ty 18 moi méc 1a
1:10 000 + 1:16 000 tré dé séng d6i voi hau hét cac chung toc. Tir 60
nim qua, y hoc da dat dwoc nhimng thanh twu quan trong vé co so phan
ttr, chan doan trong d6 c6 tién bo vé mat k¥ thuat phat hién dot bién gen
CYP21A2 va diéu tri bénh.

O Viét Nam, mdi nam c6 khoang 40 - 60 bénh nhan mai dugc
chan doan va diéu tri tai Bénh vién Nhi Trung wong (BVNTU). Trong
s6 842 bénh nhan dugc chan doan va diéu tri trong 17 nam thi thé thiéu
21-OH chiém 98,3% (828 bénh nhan). Cho dén nay, chua c6 nghién
clru ndo vé dot bién gen CYP21A2 str dung cac k¥ thuat sinh hoc phan
tir hién dai nhu gidi trinh tu va khuéch dai dau do da moi dya vao phan
tmg ndi (multiplex ligation-dependent probe amplification - MLPA)
trén s6 lugng di 16n bénh nhan Viét Nam mic TSTTBS thiéu 21-OH.

2. Muc tiéu ciia dé tai:

Muc tiéu 1. Phat hién cac dot bién cua gen CYP21A2 va mo ta
ban do dot bién gen CYP21A2 & cac bénh nhan méc TSTTBS thé thiéu
21-OH.

Muc tiéu 2: Phan tich mdi twong quan giira kiéu gen va kiéu hinh
cua bénh nhan TSTTBS thé thiéu 21-OH.

3. Y nghia khoa hoc va thue tién ciia dé tai:

Nhirng nim gin day, cac ky thudt sinh hoc phan tir hién dai nhu
giai trinh tu truc tiép dé phat hién dot bién diém, MLPA d3 duoc tng
dung dé phat hién dot bién xoa doan 16n ciia gen CYP21A2. Cac k¥
thudt nay da khic phuc dugc cac nhugc dlem ctia nhiéu phuong phap
trudc d6. Nhitng nghién ciu trude day Ve phat hién dot bién gen
CYP21A2 & bénh nhan ngudi Viét nam méc TSTTBS thiéu 21-OH c6
¢& mau han ché va chi su dung k¥ thuat PCR dé sang loc mot s6 dot
bién phé bién. Nhu vay, chung ta hoan toan khong cé dir li€u vé dot
bién gen CYP21A2 véi s lugng bénh nhan du 16n. Nghién ciru ndy
cung cip dir liéu 16n nhat cho dén nay vé cac dang dot bién gen
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CYP21A2 ¢ bénh nhan ngudi Viét Nam thiéu 21-OH. Céc dir liéu bao
gom cac dang dot bién, tan suat, phan bd, kiéu gen gop phan bo xung
cho dir lidu dot bién gen nguoi & Viét Nam va trén thé gidi.

Hon nira, trong thuc hanh lam sang, phén tich dot bién gen
CYP21A2 giup khing dinh chan doan khi xét nghiém hormon khong ro
rang, giup dleu tri som phong tir vong do suy thugng than cp. Nghién
ctru cung cép dir liéu vé twong quan kiéu gen - kiéu hinh trén s6 lugng
16n bénh nhan c6 y nghia thyuc tlen gitp du bao kiéu hinh, c4 thé hoa
diéu tri hormon thay thé nham t6i wu hiéu qua diéu tri va phong tranh
tac dung phu do qua lidu thudc, phong bénh qua xac dinh di hop tu,
chan doan va diéu tri truée sinh phong nam hoa bd phan sinh duc ngoai
& thai nhi gai mac TSTTBS thiéu 21-OH.

4. Ciu tric luin an:

- Lu4n an duoc trinh bay trong 142 trang (khong ké tai liéu tham
khao va phan phu luc). Luén 4n dugc chia 1am 7 phan:

+ Pit van dé: 2,5 trang

+ Chuong 1: Tong quan tai liéu 37 trang

+ Chuong 2: Déi tugng va phuong phap nghién ciru 18 trang

+ Chuong 3: Két qua nghién ciru 45 trang

+ Chuong 4: Ban luén 37 trang

+ Két luan: 1,5 trang

+ Kién nghi va huéng nghién ciru tiép theo: 1 trang

Luan 4n gdm 20 bang, 7 biéu dd va 41 hinh. Sir dung 190 tai liu
tham khao gdém tiéng Viét, tiéng Anh va mot sé trang Web. Phan phu
luc gém néng dd DNA cua cac bénh nhan nghién ctru, phan loai mirc
d6 nam hda Prader, danh sach 212 bénh nhan nghién ctru bao gom cac
thong tin vé kiéu gen va kiéu hinh, va mau bénh an nghién ctru.

Chuong 1: TONG QUAN

1.1. Pinh nghia ting sin thwong thin bam sinh, cac enzym tham
gia tong hop cortisol va sinh Iy bénh ciia thiéu 21-OH

TSTTBS bao gébm mot nhém céc bénh di truyén lan nhidm sic
thé thuong, do khiém khuyét mot trong s6 cac enzym tham gia tong
hop cortisol tir cholesterol & tuyén thuwong than.

Céc enzym sau ddy tham gia tdng hop cortisol vo thugng than:
P450scc (CYPL1A1), P450cl7 (CYPL7A1), P450c21 (CYP21A2),
P450c11 (CYP11B1), 3BHSD (HSD3B2). Ngoai ra cholesterol di vao
trong ty thé 14 nh mot protein van chuyén tén 1a StAR (steroidogenic
acute regulatory protein) (STAR). Hon nita, dot bién bat hoat gen POR
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mé héa enzym cho dién tir P450 oxidoreductase ciing giy ra cac biéu
hién caa TSTTBS (hinh 1.1).
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Hinh 1. Téng hop steroid vé thweng thin binh thwong va khi thiéu
21-OH.

Hon 95% cac bénh nhan TSTTBS Ia do thiéu steroid 21-
hydroxylase (21-OH, OMIM +201910). Steroid 21-OH con c6 tén
P450c21 la mét enzym cytochrome P450 c6 mat ¢ ludi noi bao. 21-OH
xic tac chuyén 17- hydroxyprogesterone (17-OHP)  thanh 11-
deoxycortisol, mot tién chat cua cortisol, va chuyén progesterone thanh
deoxycorticosterone, mét tién chat caa aldosterone. Thiéu hut 21-OH
gay thiéu hut tong hop cortisol va thém vao la thiéu hut
mineralocorticoids trong cac ca ning. Céc tién chat steroid ngay phia
truc vi tri enzym bi thiéu hut (progesterone va 17-OHP) bi tich tu va
chuyén huéng sang tong hop androgen cua thuong than (hinh 1.1).

1.2. Kiéu hinh 1am sang ciia TSTTBS thiéu 21-OH

Kiéu hinh 1am sang duoc chia ra thanh thé cb dién hay thé ning
va thé khong co dién (non classic) hay thé nhe cua bénh. Thé ¢ dién lai
dugc chia ra thanh thé co dién mat mudi (MM) (salt wasting - SW) va
nam hoa don thuan (NHDT) (simple virilizing - SV) phan anh mirc do
thiéu hut aldosterone. Thiéu hut hoadn toan hoat d6 enzym gay nguy
hiém dén tinh mang va tir vong do mat nudc, ha natri mau (thé MM), va
cac tré gai mic thé nang thiéu 21-OH c6 biéu hién nam hoa bo phan sinh
duc ngoai tir thoi ky bao thai va dugc phat hién sau sinh. Pay cling la
nguyén nhan phé bién nhat ciia mo ho gigi tinh & tré so sinh (bang 1.1).
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Bang 1.1. Biéu hién l1am sang cia bénh nhan TSTTBS thiéu 21-OH

Biéu hi¢n 1am sang

Thé bénh thiéu 21-OH

Thé cb dién

Thé khong co dién

Nam hoéa truéc sinh Biéu hién ¢ tré gai Khong cé

Nam hoéa sau sinh Ca tré gai va tré trai Muc d@o khac nhau
Mat mudi 75% cac bénh nhan Khong

Thiéu cortisol 100% cé4c bénh nhan | Hiém

1.3. Co s6 di truyén phan tir ciia thiéu 21-OH, cac dft bién gen va
tién bd cia cac ky thuat phat hié¢n dot bien gen CYP21A2

Gen ma hoda cho 21-OH (CYP21 hay CYP21A2) cung véi gia gen
(CYP21P hay CYP21A1P) nim trén canh ngin nhidém sic thé sd 6
(6p21.3) va trong phirc hop khang nguyén bach cau ngudi, cach nhau
khoang 30 kb, gan ké va xen k& vdi cac gen C4A va C4B mi hoa thanh
phan C4 bd thé. Gen CYP21A2 va CYP21A1P gém 10 exon, c6 kich
thudc 3,4 kb. Hai gen nay co trinh ty nucleotid tuong dong nhau dén
98% & ving exon va 96% & ving intron. Cac dot bién phd bién cua gen
CYP21A2 dugc phat hién trén 95% cac bénh nhan thiéu 21-OH.
Khoang 20-25% cac allele dot bién 1a x6a doan gen CYP21A2 va trang
thai két hgp gen CYP21A1P/CYP21A2 (thuét ngit cii 1 hoan vi 16n ciia
gen) gay nén do sy bit chéo khong can xtmg khi giam phan. Cac dot
bién (phd bién) cua gia gen CYP21A1P chuyén sang gen chirc ning
CYP21A2 chiém khoang 70-75% cac dot bién gdy bénh cua gen
CYP21A2 bao gém: 7 dot bién diém, dot bién mat doan 8 bp cta exon
3, va mOt nhom gém 3 dot bién diém trén exon 6 (hinh 1.2). Hon nixa,
¢6 khoang hon 100 cic dot bién hiém cia gen CYP21A2 khong phu
thudc vao gia gen da duoc liét ké tai dir li€u cia uy ban danh phép
Cytochrome P450 allele nguoi.
(http://www.cypalleles.ki.se/cyp21.htm).

Céc k¥ thuat da dugc str dung dé phat hién cac dot bién xo6a doan
16n gébm Southern blot (SB), PCR-based restricted fragment length
polymorphism  (PCR-RFLP), multiplex mini-sequencing and
conversion-specific PCR (MMCP) va MLPA. Nhimg nim gan day
MLPA dugc st dung rong rai vi c6 nhitng vu diém 1a tién loi, nhanh va
can lugng nho DNA.
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Hinh 1.2. Vang nhiém sic thé (NST) sé 6 (6p21.3) bao gébm gen
CYP21 (CYP21A2) md@ hoéa cho 21-OH va gia gen CYP21A
(CYP21A1P) (A); cac gen bat chéo khong can xumg trong qué trinh
giam phan (B); cac dot bién pho bién gdy TSTTBS thiéu 21-OH (©).

C6 nhiéu tiép can dé phét hién hau hét cac dot bién phd bién da
duoc nghién cau va wng dung: “allele specific oligonucleotide
hybridization” (ASO); “allele specific PCR amplification” (ARMS);
“ligation detection reaction” (LDR); “Real-time PCR”; “phan tich
DHPLC” va “multiplex minisequencing”. Tuy nhién, giai trinh tu truc
tiép gen CYP21A2 la cach tiép can tot nhat dé dam bao cac dot bién
hiém gap va dot bién mai khong bi bo sét va cho phép phét hién 100%
cac dot bién hiém.

1.4. Nghién ciru vai trd ciia phan tich dot bién gen CYP21A2
1.4.1. Du bdo kiéu hinh dwa trén kiéu gen

Kiéu hinh cua cac bénh nhén thiéu 21-OH lién quan chat ché véi
hoat d9 enzym, cac dot bién gay thiéu 21-OH la tiéu chuan chinh dé du
bao mirc d ning ctia bénh, chi it 1a kha nang gitt mudi. Phuong phap
cd tinh thyc hanh dé danh gia tuong quan kiéu gen - kiéu hinh di duoc
dé xuat boi Krone va cong su (2000), tac gia phan kleu gen lam 4 nhom
dot bién (“null” hay 0, A, B, va C) dua trén hau qua vé chirc nang duoc
du doan va tinh gia tri du bao duong tinh (predictive positive value -
PPV) cho 4 nhom. Kiéu hinh duoc du bao két hop v6i cac nhém “null”
va A 1a thé c6 dién MM, v6i nhém B 1a ¢6 dién NHDT, va nhém C 1a
thé khong co dién. Thé co dién MM két hop vai cac allele dot bién x6a
doan/hoan vi gen hoac cac dot bién diém c6 hoat do enzym <1% so voi
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binh thuong (nhém “null” va A); cac thé 1am sang khac phu thude vao
su c6 mat cta cac allele dot bién c6 hoat dd enzym tang dan: khoang 1-
5% d6i voi thé ¢o dién NHDT (dot bién nhom B) va 15-60% ddi vai thé
khong c6 dién (dot bién nhom C) (hinh 1.2).

1.4.2. Chan doan va diéu tri trudc sinh, chin doan sém, sang loc so
sinh TSTTBS thiéu 21-OH

Kiéu gen x6a doan hodc hoan vi gen hodc cac dot bién nang la
chi dinh dé chan doan truée sinh va c6 thé diéu tri trude sinh. Thai nhi
gai mic thé c6 dién thiéu 21-OH biéu hién mirc d6 khac nhau ctia nam
hoa bd phan sinh duc ngoai. Qua trinh nam hoa bt dau tir tuan thir 8
cua thoi ky bao thai. Viéc st dung dexamethasone ¢ cac ba m¢ mang
thai c6 nguy co cao sinh con mic thé ¢ dién thiéu 21-OH duoc tién
hanh tir nhitng nam 1980, va c¢é hiéu qua ngin ngira mo hd gidi tinh
dén 85% céc thai nhi gai thiéu 21-OH.

Sang loc so sinh dugc coi 1 phuong phap hitu ich dé chin doan
thé c¢6 dién ciia TSTTBS. Nhung d6i khi gap kho khin khi nhan dinh
két qua duong tinh véi viéc dinh lugng 17-OHP don thuan ¢ tré so sinh
chua ¢6 triéu chimg. Hon nita, so sinh dé non khoe manh ciing ¢6 nong
do cac hormon cao hon binh thuong, va c6 khoang 1-1,2% c6 duong
tinh gia. Dé cai thién gia tri du bio dwong tinh cua xét nghiém sang loc
thi 2 tiép can khac nhau gin diy di dugc dé xuit nhu bude sang loc thir
2 & nhiing truong hop sang loc so sinh duong tinh: st dung phé khéi
rong (tandem mass spectrometry - TMS) va phén tich phan tir d6i v6i
gen CYP21A2.

1.5. Nghién ciru vé di truyén phén tir TSTTBS trén cic bénh nhan
Viét Nam

Nhitng nghién ciru vé dot bién gen CYP21A2 trén cac bénh nhan
thiéu 21-OH & Viét Nam duoc bt dau tir nhitng ndm 2000 nhung han
ché 16n 12: chi st dung ky thuat PCR sang loc mot sé dot bién phd bién
va tién hanh trén ¢& mau nho. Nghién cau chan doan truéc sinh
TSTTBS duoc tién hanh tir nam 2008 véi viéc tng dung cac k§ thuat
MLPA va giai trinh tu tryc tiép gen CYP21A2. Cac nghién ctu di
truyén phan tir va Kiéu hinh ciing duoc tién hanh ddi véi cac thé hiém
ciia TSTTBS nhu thiéu 11B-hydroxylase; va thiéu 3p-hydroxysteroid
dehydrogenase typ 2. Nhiing nghién ctu nay cho biét cac thé bénh
TSTTBS do thiéu cac enzym khac nhau dang luu hanh & Viét Nam.
Hon nita, ciing b6 sung cho dit liéu ngén hang gen dic biét véi cac bénh
hiém boi cho dén nay chi khoang 60 bénh nhan méc thé TSTTBS hiém
do d6t bién HSD3B2 dugc bao céo trén y vin thé giGi.
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Chuong 2: POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. P6i twong nghién ciru

Dbi tugng nghién clru gém 212 bénh nhan tir 204 gia dinh (8 cap
anh chi em rudt mac bénh), tudi tu 3 gio dén 31 tudi duoc chan doan,
diéu tri va theo doi tai khoa Noi tiét - Chuyen hoéa - Di truyén, BVNTU
tir 01/1/2011 dén 31/10/2016. Chon mau theo phuong thirc thuan tién
v6i cac tiéu chudn chan doan thiéu 21-OH cua New MI va cong su
(2016): nam hoa, ting chiéu cao va tudi xuong sém & tré gai; day thi
som gia, tang chiéu cao va tudi xuong sém ¢ tré trai; mét nudc va mat
mudi (ha Na* va ting K* huyét thanh) & ca hai giéi; ting 17-OHP huyét
thanh > Ing/ml & tudi so sinh va > 2 ng/ml sau tudi so sinh. Céc tiéu
chuan loai trir bao gdm céac thé thiéu enzym khac cua TSTTBS, suy
thuong than va nam hoéa do cac nguyén nhan khac.

2.2. Phwong phap nghién ciru

Nghién ctru mot loat cac ca bénh bao gom phat hién dot bién gen
CYP21A2, phan tich kiéu gen, danh gi4 kiéu hinh va twong quan kiéu
gen - kiéu hinh. M&i bénh nhan c6 hd so nghién ctru riéng.

2.2.1 Phdt hién dpt bién gen CYP21A2 va phan tich kiéu gen

Puoc tién hanh tai Trung tim Nghién ctru Gen - Protein, Truong
Pai Hoc Y Ha Noi va BVNTU.

Bénh phém la 2 ml mau tinh mach bénh nhén, bd, me va ddi
ching dugce chéng dong bang EDTA. DNA tong sd duoc chiét tach
theo phuong phéap phenol/chloroform, duoc kiém tra ndng d6 va do tinh
sach theo phuong phap do mat d¢ quang.

Phan tng PCR duogc tién hanh véi cac cap moi dic hiéu (P1-
P10; P3-P5; P6-P4) dé khuéch dai toan bd 10 exon, cic ving gan ndi
exon - intron va promoter ciia gen CYP21A2. San phiam PCR duoc dién
di bang gel agarose 1% (90V trong 30 phiit). San pham PCR sau dién di
dugc tinh sach bang “gel kit purification” trudc khi giai trinh tu gen.

Giai trinh ty gen CYP21A2 theo phuong phap BigDye
terminator sequencing (Applied Biosystems, Foster city, USA), phan
tich bang phin mém CLC Main Workbench. Trinh tur gen CYP21A2 tr
mau DNA ctia bénh nhan dugc so sanh véi mau DNA ddi ching va
trinh  ty cia CYP21A2 trén GeneBank (Accession number
NM_0005002).

MLPA dugc tién hanh véi kit P050B2 (MRC - Holland) gém 5
probe cho gen CYP21A2 (Ex1, Ex3, Ex4, Ex6, Ex8) tuong duong véi
céc dot bién x6a doan doan 8 bp, I172N, E6 cluster va Q318X; 3 probe
ddc hiéu cho gen CYP21A1P (EIP, I12P, E10P); 2 probe cho bd thé
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C4A, C4B (C4A, C4B); 22 probe ddc trung cho gen clia nguoi dé lam
dbi ching va 2 probe cho nhiém sic thé X va Y dé xac dinh gi6i tinh.
Céc budc tién hanh gom: lai probe vao gen dich, khuéch dai san pham
lai str dung primer c6 gan huynh quang. San pham khuéch dai probe
dugc dién di mao quan huynh quang trén may giai trinh tu va dugc
phan tich. S6 luong san pham khuéch dai cua mdi probe s& ty Ié thuan
VGi s6 ban copy cua doan DNA dich dic hiéu véi probe do.

Céc dot bién cua CYP21A2 phat hién duoc & cac bénh nhan nghién
ciru s& dugc so sanh vai dir liéu tr Human Gene Mutation database
(HGMD) http://iwww.hgmd.cf.ac.uk/ac/gene.php?gene=CYP21A2 va so
sanh véi dir liéu cua uy ban danh phap Cytochrome P450 allele ngudi.
Gen CYP21A2 tai http://www.cypalleles.ki.se/cyp21.htm

Dbi v6i cac dot bién chua duge bdo céo tai cac co s dit lidu trén
day s& duoc kiém tra d6i chiéu vai dir liéu tai 1000 genomes database
tai "MutationTaster". http://www.mutationtaster.org.

Di truyén té bao: phéan tich Karyotype khi ¢6 mo hd gidi tinh &
tré gai dugc tién hanh tai BVNTU.

2.2.2. Nghién ciru kiéu hinh

Kiéu hinh 1am sang, hoa sinh, chan doan hinh anh duoc tién hanh
tai BVNTU: 1ap pha h¢, khai thac tién s, bénh s, kham 1am sang toan
dién gdm chiéu cao, can nang, cac murc d6 mat nude, xam da. Dénh gia
mic d§0 nam hoda & tré gal theo Prader, cdc g1a1 doan day thi theo
Tanner (16ng mu ¢ ca 2 gidi; phat trién tuyén va & tré gai; chiéu dai,
chu vi duong vat, thé tich tinh hoan ¢ tre trai). Cac b1eu hién glong orn
tru:ng ca, ria mép, phat trlen co bép. Theo doi din bién 1am sang dbi

v6i cac bénh nhan dugc chan doan va diéu tri sém.

Xét nghiém héa sinh: bénh pham huyét thanh: dién giai do bang
phuong phéap dién cuc chon loc ion gidp tiép; sir dung may tu dong
Beckman Coulter AU2700/ AU 680. Dinh lwong cac hormon: 17-OHP
trudc & sau kich thich ACTH; testosterone; progesterone; cortisol,
ACTH; FSH; LH bang phuong phap ELISA st dung kit cua hang
DRG, may doc EIx808. Siéu am thuong than va tiéu khung xac dinh tu
cung, buong trimg khi ¢6 mo hd giéi tinh, Xquang tudi xuwong vai tré >
3 tudi va so sanh vei Atlat cua Greulich va Pyle.

Phan loai kleu hinh (ti€u chuén cta Pang S.1993; Speiser PW. 2010).

Kiéu hinh cé dién MM: cham ting can, ndn, mat nudc, Na‘< 130;
hoac 130-135 két hop K*> 5,5 mmol/l;

Kiéu hinh cé dién NHPT: khong co triéu chirng mat mubi, dién
giai dd binh thuong;


http://www.hgmd.cf.ac.uk/ac/gene.php?gene=CYP21A2
http://www.cypalleles.ki.se/cyp21.htm
http://www.mutationtaster.org/
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Kiéu hinh thé khdng cé dién: khong cd hoac nam hda nhe bo phan
sinh dyc ngoai sau sinh, tri¢u ching tang androgen sau sinh. 17-OHP truéc
kich thich ACTH 2-100 ng/ml; sau kich thich 10-100 ng/ml.

2.2.3. Phén tich two’ng quan kiéu gen - kiéu hinh

DPé danh gia twong quan kiéu gen - kiéu hinh, cic bénh nhan
dugc chia thanh 4 nhom kiéu gen (Krone N. 2000 co bo xung):

Nhom “null” (0): cac dot bién gay mat toan bo hoat do enzym:
x6a doan, exon 6 cluster, p.L307FfsX6, p.Q318X, p.R356X, va cac dot
bicn méi gay Iéch khung dich ma trén cd 2 allele.

Nhém A: dong hop tir dot bién trén intron 2 (12g), hoac c6 mét
allele 1a 12g va allele khac 1a dot bién trong nhom “null”. Dot bién 129
duoc biét 1a con lugng hoat do enzym rat nho.

Nhoém B: dot bién p.1172N (h0at do enzym con khoang 2%) dong
hop tir hodc di hop tir kép véi cac dot bién cua nhom “null” hodc A,
hoic hoan vi gen promoter + p.P30L.

Nhém C: dot bién p.P30L, p.V281L (con khOang 20-60% hoat
d6 enzym) ddng hop tir hoidc di hop tir kép voi cac dot bién cia nhom
“null”, hodc A, hoac B.

Nhom D: céc dot bién chua danh gia dwoc anh huong cua dot
bién trén hoat do enzym va cac bénh nhan chwa xac dinh duoc dot bién.

Kiéu hinh du bao két hop voéi cac nhom kiéu gen “null” va A la
thé c6 dién MM, nhom kiéu gen B 1a c6 dién NHDT, va nhém kiéu gen

C la thé khong co dién. Gia tri du bao duong tinh (positive predictive
value PPV) dugc tinh bang sé bénh nhan co kiéu hinh dtng nhu dy
bao ciia mdi nhom kiéu gen chia cho tong s6 bénh nhan cua nhom do6 va
nhén vai 100.

2.2.4. X Iy s6 liéu thong ké

Str dung phan mem SPSS version 12.0 (SPSS Inc., Chlcago
IIIInOIS) Cac s6 ligu duge dién ta dudi dang céc phan bd vé tan sb hodc
cac tham so thong ké mo ta va duoc thé hién dudi dang ty 1& phan trim,
hoic tri s6 trung binh + SD va trung vi.

2.2.5. Dao dvrc nghten curu

Nghlen ctru dugc tién hanh voi sy tuan tha vé mat y dirc, duoc
chap thuan cua hoi dong dao duc, BVNTU, dugc sy dong y cua doi
tuong nghién cau.
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Chwong 3: KET QUA NGHIEN CU'U
3.1. Pic diém cia cac ddi twong nghién ciru
212 bénh nhan (97 nam, 115 nit) tr 204 gia dinh bao gdm 205
bénh nhan thé cd dién (96,7%) (MM 161/205; 78,5%. NHDT 44/205;
21,5%), 4 /212 bénh nhan thé khong 6 dién (1,9%) va 3 bénh nhan chua

rd kiéu hinh.
Bing 3.1: Pic diém vé gi6i, tudi chin dodn ciia cic thé 1im sang
o Céc thé bénh
C;icég?c Mat mudi Nam héa don thuin | Khong cb dién
n=161 n=44 n=4
Gidi (n; %) Nam Nir Nam Nir Nam Nir
(86; (75, |(8;18,2%)| (36; (CHERI(K

54,4%) | 46,6%) 81,8%) | 75%) |25%)

p (test 0,4 0,000025 0,6

binomial)

Tuoi chan 32 1590 18,5

doan (ngay); (1-4740) (4 -11220) (1-570)

trung vi (Min

- Max)

p (test p =0,0001

Kruskal-

Wallis)

Tuobi chan 40 25 1710 1545 6 570

doan theo gi6i | (3 - 3450) | (1 - 4740) |(1170- | (4-11220) |(1-31)

(ngay); trung 2700)

vi (Min -

Max)

p (test 0,0001 0,27 0,18

Wilcoxon

ranksum)

Nhan xet: Tré gai dugc chan doan nhi€u hon tré trai ¢ thé NHDT. Tré
gai duoc chan doan sém hon tré trai & thé MM.
3.2. Két qua phat hi¢n ddt bién gen CYP21A2

Trong s& 204 bénh nhan chi diém (bénh nhan dau tién trong
mdi gia dinh) dai dién cho 204 gia dinh (8 cip anh chi em rudt cé cung
kiéu gen d6i véi mdi cip) thi 202 phat hién dwgc dot bién gen
CYP21A2 (99%).
3.2.1. Céc dpt bién gen CYP21A2, tan sé va ty 1¢ cdc dét bién
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Bing 3.2. Cac ddt bién gen CYP21A2 va tin sb

Exon/ Cic d@ot bién gen CYP21A2 Tan| Ty 1§
intron c.DNA (hoic g.DNA) Protein s6 | %
exonl |Xba doanexon 1 (exon 1 del) 2 | 049
exon 1-2 | X6a doan exon 1-2 (exon 1-2 del) 2 | 049
exon 1-3 | X6a doan exon 1-3 (exon 1-3 del) 23 | 5,67
exon 1-6 | Xo6a doan exon 1-6 (exon 1-6 del) 2 | 049
exon 1-8 | Xda doan exon 1-8 (exon 1-8 del) 4 10,99
exon 4-6 | Xaba doan exon 4-6 (exon 4-6 del) 2 | 049
exon8 | Xda doan exon 8 (exon 8 del) 2 | 049
CYP21A2 | Xoa toan bo gen (del) 103 | 25,37

- gen

Promoter |g.-113G>A; g.-110T>C; 3 |074

g.-103A>G
exon 1 c.3G>A p.M1l 1 (025
exon 1 c.56G>A p.W19X 1 (025
exonl |c.89C>T p.P30L 2 | 049
exonl |c.185A>T p. H62L 11025
Intron2 |g.665A/C>G (129) 116 | 28,57
exon3 |c.336C>G p.Y112X 11025
exon3 |c.368C>T p.T123I 2 | 049
exon3 |c.374C>G p.S125X 11025
exon4  |c.515T>A p.1172N 43 |10,59
exon6 |C.707T>A; c.710T>A, c.716T>A (Cluster 6 hay | p.I236N; 11025
E6) p.V237E;
p.M239K
exon7 |c.737delA p.E246GfsX11 3 | 0,74
exon7 |c.841G>T p.vV281L 3 |0,74
exon 7 €.920 921insT p.L307FfsX6 9 | 221
exon8 |c.952C>T p.Q318X 12 | 2,95
exon8 |c.del1054-1261insCGGCA p.V352RfsX103 | 1 | 0,25
exon8 |c.1066C>T p.R356W 50 12,31
exon 9 €.1202C>T p.P401L 1| 025
exon 10 |c.1276C>T p.R426C 7 |1,72
exon 10 |c.1375_1392dupCCCTCCCTGCAGCCCCTG |p.P459_L464dup| 2 | 0,49
exon 10 |c.1447 1448delGGinsC p.R483PfsX58 51123
exon 10 |c.1447_1448insC p.R483PfsX40 11025
Tong: 34 406 | 100

Ghi chu: cac chir mau do la cac dot bien moi
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Nhdn xét: Phan b tan suat tir cao dén thap theo timg dang dot bién gen:
x0a doan lon (34,48%); sai nghia (27,34%); vung khong mé& hoa gen
(Intron/Promoter) (29,31%); gy 1éch khung dich ma (4,68%), vo nghia
(3,7%) va lap doan gen (0,69%). 30 dot bién khac nhau dd duoc Xac
dinh, cac dot bién ph bién nhét (> 10%) gom: (12g) (28,57%), x6a toan
b gen (25,37%), p.R356W (12,31%) va p.1172N (10,59%).
3.2.2. Kiéu gen ciia cac bénh nhan c6 dot bién gen CYP21A2

55 kiéu gen khac nhau da dugce xac dinh ¢ 202 bénh nhén thiéu
21-OH. 102 bénh nhan (50,5%) c6 1 d6t bién ¢ dang dong hop tur; 75
bénh nhan (37,2%) c6 2 dot bién dang di hop tir kép; 12 bénh nhan
(5,9%) c6 hon 2 d6t bién va 13 bénh nhan (6,4%) chi phat hién duoc 1
dot bién & dang di hop tir.

Céc kiéu gen co ty lé cao (> 5%) bao gdom: 12g/12g (31/202;
15,35%); Del/Del (29/202; 14,36%); Del/l2g (22/202; 10,89%);
p.R356W/p.R356W (13/202; 6,44%) va exon 1-3 del/exon 1-3 del
(11/202; 5,44%).

Dbong hop tir xuat hién ¢ 13 kiéu gen khéac nhau, céc kiéu gen c6
ty 1& cao (> 5%) trong nhém ddng hop tir bao gdbm: 12g/12g (31/102;
30,4%); Del/Del (29/102; 28,4%); exon 1-3 del/exon 1-3 del (11/102;
10,8%); p.1172N/p.I1172N (9/102 ca; 8,8%) va p.R356W/p.R356W
(13/202; 6,4%).

3.2.3. Ban do dot bién gen CYP21A2 ¢ cdc bénh nhdan nghién ciru

Céc dot bién phan bd ¢ hau hét cac viing gen: viing promoter,
ving intron 2 va 8/10 exon (trir exon 2 va exon 5). Ty 1é gap dot bién
diém cao & ving intron 2 (28,57%), exon 8 (15,51%) va exon 4
(10,59%).

Dot bién diém chiém ti & cao 65,52%; con lai 1a dot bién xoa
doan Ién chiém ti 1& 34,48%.

Phat hién dugc 6 dot bién mai (2%) gom: p.112X; p.T123I;
p.S125X; p.VV352RfsX103; p.401L va p.P459 L464dup

Tong cac allele co cac dot bién diém do hoén vi nho cua gen
chiém 58,85%; tong cac dot bién xoa doan 1on va cac dot bién diém do
hoan vi gen chiém 93,33%; 13 dot bién hiém phét sinh tai gen chuc
ning trong d6 c6 6 dot bién mai chiém 6,67%.
Phan bd vé vi tri, tan sudt cua cac dot bién trén ban dd dot bién gen
CYP21A2 dugc trinh bay tai hinh 3.1.
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5" 3’

<t » Exon 1-8 del (0,99%) AN
< > Exon 1-6 del (0,49%) P
< » Exon 1-3 del (5,67%) DQP bién o \\
4—————————> Exon 1-2 del (0,49%) del (0,495 x0d doan: 34,48% .
<«——» Exon 1 del (0,49%) __Exon 4-6 del (0,49%)_ Exon 8 del (0,49%)
—> Xba toan bd gen Del (25,37%)
Promoter
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Exon 3: 0,99% % S < ;\§ 3 = =
Promoter:0,74% § Exon 7: 3,69% Exon 10: 3,69%
Intron 2: 28,57% Exon 6: 0,25% Exon 8: 15,51% J

Hinh 3.1. Bin dd dot bién gen CYP21A2

(Chit mau do chi dot bién phé bién, chit mau tim do chi djt bién mdi, chit vién khung do chi exon va intron véi ty 1é dgt bién cao)
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Hinh 3.2. Hinh anh MLPA cuia bénh nhéan cd x6a doan ddng hop tur
exon 1-3 (exon 1-3 del) gen CYP21A2: (1) miu binh thuong, (2) bénh
nhan nghién ctru c6 x6a doan déng hop tir exon 1-3 do khong xuat hién
cac dinh tuong ing vdi cac exon 1 va 3 so vdi binh thuong.

I2P |

LJMMM M MR \J\JJJ_

Iz z GO

.33 BEBREE

30 30 a5 S5 60 70 88 54 Sha 410 U 130 140 1SH 965 70 S5 1S 38 24D M6 Blo Mo G 160 278 185 260 MO 340 W 33 S 3SH 368 370 3 364 80 40

Nl N

Hinh 3.3. Hinh anh MLPA ctia bénh nhan c6 x6a doan tir gen C4B dén
exon 8 ctia gen CYP21A2: (1) mau binh thuong; (2) mau ciia bénh nhan
khong xuét hién cac dinh tuong tmg véi gen C4B va cacexon 1, 3, 4, 6
va 8 ctia gen CYP21A2 so v6i mau chimg binh thuong.

I EEER RN
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g.655A/C>G
g.655A/C (IVS2-13A/C>G)
¥ ¥

Ngu‘o’l binh thu‘o’ng Bénh nhan

Hinh 3.4. Hinh anh gidi trinh tu gen ciia bénh nhan c6 dot bién dong
hop tir 9.655A/C>G (129/129).

C.707T>A; 710T>A; 716 T>A
c.707T, 710T; 716T p. 1236N; VV237E; M239K (Cluster E6)

GGGAT CACATCGTGGAGATGCAG GGGACCACAACGAGGAGAAGCAG

M

Nguoi binh thuong Bénh nhan

Hinh 3.5. Hinh anh dot bién p.1236N, p.V237E, p.M239K cluster E6 &
bénh nhan nghién ctu, thay thé nucleotid tai 3 vi tri: ¢.707T>A lam cho
bo ba thir 236 ATC md hoéa Isoleucin chuyén thanh AAC m4 héa
Asparagin (1236N); ¢.710T>A lam cho bd ba thir 237 GTG ma héa
Valinchuyén thanh GAGma héa Glutamic acid (V237E);
c.716T>Alam cho bo ba tha 239 ATG ma héa Methionin chuyén
thanh AAG ma hoéa Lysin (M239K).

€.952C>T ¢.1066C>T
p.Q318X ¢.1066C p.R356W

Ngu'o'l binh thlro'ng Bénh nhin Nguoi binh thwong Bénh nhin
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Hinh 3.6. Hinh anh dot bién dong hop tir p.Q318X va p.R356W ¢ bénh
nhan nghién ctu: thay thé nucleotid 952C> T 1am cho b ba tha 318
CAG mi hoa Glutamin chuyén thanh TAG la bo ba két thic (Stop
Codon) (Q318X); thay thé nucleotid 1066C>T lam cho bo ba thir 356
CGG mi hda Arginin chuyén thanh TGG méa hoéa Tryptophan
(R356W).

c.1375C €.1392G

v

GCCCTGCCCT CCCTGUAGCCCCTGULCCCACC

hlibalidonl

Nguoi binh thuong

¢.1375 - 1392duplCCCTCCCTGCAGCCCC
p P459 — L464dup

GCCCTGCCCT CCCTGCAGCCCCTGCCCT CCCTGCAGCCCCTGCCCCAC

R

Bénh nhan
Hinh 3.7 Hinh anh dot bién moi lap doan p.P459_L464dup cua bénh
nhan nghién cau: tai  vi tri  nucleotid tr 1375-1392
(CCCTCCCTGCAGCCCC) xuit hién thém mét trinh tu lap lai twong
ty 1375-1392 (CCCTCCCTGCAGCCCCQ).

€.336C>G
€.336C p.Y112X c.515T>A
¢.515T p.1172N
¥
GACTACT CCC GACTACTCCC ATCATCTGTTAC AT CATCTIGITAC
I |
| h
‘I‘ | \ “| il fl \ I‘I ‘
Lk | | ” | | 1 | ‘
TV ) w
LA L ! |
Ngudi binh thuong Bénh nhan Ngudi binh thuong Bénh nhan

Hinh 3.8. Hinh anh dot bién di hop tir p.Y112X (dot bién méi) va
p.1172N: dot bién thay thé nucleotid ¢.336C>G lam cho bo ba thir 112
TAC ma hoa Tyrosin chuyén thanh TAG la bo ba két thic (Stop
Codon) (Y112X); dot bién thay thé nucleotid c.515T>A dan dén bo ba
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thir 172 ATC ma hoda Isoleucin chuyén thanh AAC mi
hoa Asparagin (I172N)
3.3. Twong quan Kiéu gen - kiéu hinh
3.3.1. Kiéu gen phé bién ciia cdc kteu hinh khdc nhau

Kiéu gen pho bién cua thé c6 dién MM Ila Del/Del (29/153;
18,9%); 12g/129 (27/153; 17,6%); Del/l2g (22/153; 14,4%);
p.R356W/p.R356W (12/153; 7,8%); exon 1-3 del/exon 1-3 del (11/153;
7,2%) va Del/p.R356W (10/153; 6,5%). Kiéu gen phd bién cua thé
NHDT la Del/p.1172N (10/42; 23,8%); p.1172N/p.I1172N (8/42; 19,1%)
va 12g/p.1172N (4/42; 9,5%). Kiéu gen pho bién cua thé khdng cb dién la
p.V281L/p.L307FfsX6 (3/4; 75%).
3.3.2. Twong quan kiéu gen - kiéu hinh ciia mot so dt bién pho bién
Ty 1& bénh nhan c6 it nhat 1 allele dot bién 12g, hodc p.R356W, hoic
pI172N tuong ung la 74/202 (36,6%); 35/202 (17,3%) va 34/202
(16,8%).
Ty 1¢ kiéu hinh MM va NHDT cua cac bénh nhan c6 it nhat 1 allele dot
bién 12g tuong tng 12 83,8% (62/74) va 13,5% (10/74).
Ty 1é kiéu hinh NHDT va MM ciia cic bénh nhan c6 it nhét 1 allele dot
bién p.I172N tuong tng 13 94,1% (32/34) va 5,9% (2/34).
Ty 1& kiéu hinh MM va NHDT cuia cac bénh nhan c6 it nhét 1 allele dot
bién p.R356W tuong g 1a 88,6% (31/35) va 11,4% (4/35).
3.3.3. Kiéu hinh ciia cdc nhém kiéu gen “null”, A, B, C va gid tri dw
bdo dwong tinh.

Béng 3.3. Cac nhém kiéu gen va ki€u hinh ciia cac nhom ki€u gen

ik 2 | Kiéu hinh ciaa cac bénh Ty 1é du
Nhém dgt bien E'e# nhan nghién ciru Téng | béo
— TAllele [ Allele | '™ Khong | sé | dwong
Null 99,8%
0 | ° 0 | MM | 88 2 D | s8i00)
A 0 MM 28
A A A MM 27 2 57 (9565’/550;(;
Cong 55 2
B 0 NHDT 17
B A NHDT 1 4 32 90,6%
B B B | NHPT| 2 8 (29/32)
Cong 3 29
Khdng 100%
© 1 1 9% codin YL e
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Nhdn xét: Gia tri du bao kiéu hinh duong tinh cua c4c nhom kiéu
gen déu cao: 99,8%; 96,5%; 90,6% va 100% tuong tng véi cac nhém
Kiéu gen “null”, A, B va C.

50
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Biéu d6 3.1. Phan bd kiéu hinh cua cac kiéu gen nhom “null”: truc
hoang 14 cac kiéu gen; truc tung 1a s6 luong bénh nhan c6 kiéu hinh
MM (mau dé) va NHPT (mau xanh).
Nhdén xét: 88/90 bénh nhan c6 kiéu hinh MM va chi 2/90 bénh nhéan
(kiéu gen p.R356W/p.R356W va cluster 6/p.L307FfsX6) co kiéu gen
nhom “null” nhung kiéu hinh NHPT.
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Biéu dd 3.2. Phan bd kiéu hinh ciia cac bénh nhéan c6 kiéu gen nhom A:
truc hoanh 1a cac kiéu gen, truc tung 1a $6 lugng bénh nhén co6 kiéu hinh
MM (mau d6) va NHDPT (mau xanh).

Nhdn xét: 2/57 bénh nhéan kiéu gen 12g/12g c6 kiéu hinh NHDT trong
s6 cac bénh nhéan c6 kiéu gen nhom A.

Hinh 9. Kiéu hinh b phan sinh duc ngoai thé MM cua bénh nhan nir c6
kiéu gen gdbm 3 dot bién khac nhau (nhom A két hop vai nhdm “null”):
129/p.Q318X+p.R356W. Chéan doan luc 22 gio tudi vi mo hd gidi tinh
(Prader V), xam da toan than va bo phan sinh duc ngoai, dién bién co6
xuat hién mat mubi, tang kali huyét thanh ldc 5 thang tudi (Na 122; K
6,9; Cl 92 mmol/l).

=
o
!
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Biéu dd 3.3. Phan bd kiéu hinh ctia cac bénh nhan c6 kiéu gen nhém B:
truc hoanh 1a cac kiéu gen, truc tung 1a $6 lugng bénh nhén co6 kiéu hinh
NHDT (mau xanh) va MM (mau do).

Nhdn xét: 29/32 bénh nhan c6 kiéu hinh NHDT; 3/32 bénh nhan c6 kiéu
hinh MM trong sé cac bénh nhan cé kiéu gen nhém B.

‘

Hinh 3.10. Kiéu hinh NHDT cua bénh nhan nam 4,5 tudi ¢6 kiéu gen
129/12g: déy thi som gia: 16ng mu P2-3, dwong vat 6 cm, thé tich tinh
hoan 3 ml, tring c4, giong om, cao 123 cm (+3SD so véi biéu dd
TCYTTG), 17-OHP huyét thanh ting cao (821 ng/ml), ACTH ting
(20,7 pg/ml), tudi xwong 11 tudi.

3.3.4. Twong quan giita kiéu gen va murc dp nam hoa ¢ tré gdi

1o
100 Prader I-1T
90 = Prader I1I
80 M Prader IV-V
70
60 -
50 1 10 40
40 -
30 - 20
20 +
10 A P
0
Null A B C

Biéu d6 3.4. Ty Ié (%) cua cAc mic do nam hoéa theo phan loai Prader
ctia tirng nhom kiéu gen khéc nhau

Nhén xét: Nhom kiéu gen ning c6 ty 16 mic d6 nam hoa Prader ning
cao hon (p = 0,0001).
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3.3.5. Twong quan giira kiéu gen véi néng @9 17-OHP huyét thanh

'§:' [ ] L ]

§,

ﬂ.§_

3 :

':g_

8 .

. — =
Null A B [

Biéu d6 3.5. Nong d6 17-OHP huyét thanh ctia cac bénh nhan co kiéu
gen khéc nhau: truc hoanh 1a nhém kiéu gen, truc tung 1a ndng do 17-
OHP huyét thanh (ng/ml).

Nhdn xét: Nong do 17-OHP cao hon & cac nhom bénh nhan c6 kiéu gen
dot bién nang (‘null’ va A) so véi cac bénh nhan co kiéu gen dot bién
nhe hon (B va C) (p = 0,0001).

CHUONG 4: BAN LUAN

4.1. Cac dot bién va ban dd dot bién gen CYP21A2

Ty 1€ phat hién dugc dot bién trong nghién ctru cua chung toi la
99%. Ket qua cling cho thay 202 bénh nhén thiéu 21-OH ¢6 nhiéu dang
dot bién gy bénh khéc nhau. Két qua nghlen clru nay cung phu hop véi
dir lieu dot bién gen nguoi  trén  the gi6i HGMD)
(http://www.hgmd. org) cap nhat dén 2/2016 thi c6 285 dot bién (229
da duoc bao cao) cia gen CYP21A2.

Cac dot bién Chung t0i phat hi¢n dugc & cac bénh nhén nghién
clru bao gdm: i/ nhom céc dot blen pho bién: cac dot bién xo6a doan l6n
cua gen (34 48%) va cac dot bién d1em khac nhau trong d6 13 d6t bién
phé blen co nguon gbc tir gia gen (téng cong 1 58,85%) véi ty 16 gip
cao nhit bao gdm: I2g (28,57%); p.R356W (12,31%); p.J172N
(10 59%); ii/ nhom 7 dot bién hiém gap khac nhau di duoc bao cdo bao
gom: p.R426C (1,72%); p.R483PfsX58 (1,23%); p.E246GfsX11
(0,74%); p.M1l (0,25%); p.W19X (0,25%); p.H62L (0,25%);
c.1447 1448insC (p. R483Pst40) (0,25%); 1iii/ hon nita, Chung t0i
cling phat hién dugc 6 dot bién méi (2%) chua timg duoc béo céo & gen


http://www.hgmd.org/
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CYP21A2. Tong s6 cac dot bién x6a doan 16n va cac dot bién diém co
ngudn gbc tir gia gen chiém ty 18 93,33% va cac dot bién hiém phat
sinh tai CYP21A2 chiém 6,67%. Su phan b vé ty 1é cac dot bién phd
bién (x6a doan 16n, Ig2, p.1172N) phu hop véi nhleu nghién ctru trén
cac chung toc khac nhau (bang 4.1). Sy phu hop vé ty 1é cling duge
nhan thiy v6i nhom cac dot bién hiém trong d6 co cac dot bién méi.

Bang 4.1. Phan bd tin suit cac dot bién pho bién ciia cic nghién ciru

Xo6a S6
doan | 12G |1172N|V281L |R356W| bénh
I6n | (%) | (%) | (%) | (%) | nhan
(%0) (n)

Ciac dot bién Téc gia

Viét Nam 345 1286| 106 | 07 12,3 202 | Nghién ctru nay

TrungQuoc | 196 | 35 | 143 | 0,2 59 230 |Wang

Pachungtoc| 20,0 | 229 | 82 | 239 3,6 1507 | New

My 305 | 234 | 126 | 12,6 3,6 182 | Finkielstain

Dong Au 306 |312] 145 | 34 24 432 |Dolzan

Thuy bién 275 1273|1169 | 78 31 490 |Gidlof

Ha Lan 319 1281 124 | 22 8,4 198 | Stikkelbroeck

buc 274 | 30,3 | 19,7 29 45 155 |Krone

Vi tri ctia cac dot bién trén ban dd gen CYP21A2 (hinh 3.1) phat
hién dugc ¢ cac bénh nhén nghién ctru phin b & 8/10 exon (trtr exon 2 va
5) intron 2 va vung promoter (3 dot bién Vung promoter) Két qua nay
cung phu hop v6i nghién ctru cia Wang R va cdng su trén 230 bénh
nhan Trung Qudc thi khong gip dot bién nao trén exon 5.

4.2. Twong quan kiéu gen - kiéu hinh va ung dung

Nghién ciu cua chung t6i cung cp dit liéu 16n nhit vé tuong
quan kiéu gen — kiéu hinh cua thiéu 21-OH & cac bénh nhan Vigt Nam
cho dén thoi diém hién tai. Trudge hét chiing t61 nhan thay & moi kiéu
hinh MM, NHDT va khong o dién thi déu co cac kleu gen phd bién
tuong tng. Két qua nay phu hop véi nghién ciru trén s6 Iuong 16n bénh
nhan da chung tdc gom 606 bénh nhan thé MM, 187 bénh nhan thé
NHDT cua New MI va cong su (2013).

Chung t6i nhan thay rang kiéu gen cua mot so dot bién co thé
gy nén cac kiéu hinh khac nhau nhur |29, kleu gen dong hop tir nhém
“null” p.R356W/p.R356W nhung lai c6 kiéu hinh NHDT (1 bénh
nhan). Nguoc lai dot bién p. [172N thuong gy ra kleu hinh thé NHDT
nhung c6 2 bénh nhan mang kiéu hinh thé MM. Ket qua nay cling phu
hop voi cac nghién ctru trén cac chung toc da trang & chau Au, Trung
Quéc, Han  Quoc, My La tinh.

Két qua nghién ctru cua chung toi vé gia tri du bao duong tinh
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ctia kiéu gen véi kiéu hinh (ppv) & cic nhom kiéu gen “null”, “A”, “B”
va C tuong ung 1a 99.8%; 96,5%; 90,6% va 100%. Nhu vay, nhin
chung co thé du bao muc do nang cua bénh dya trén kiéu gen ddi véi
cac thé MM va NHDT, diéu nay dic biét quan trong trong viéc quyét
dinh liéu phap hormon thay thé dbi véi cac bénh nhan duoc chan doan
nho sang loc so sinh, hoac duoc chan doan sém khi chua c6 triéu chung
lam sang ctia mat mudi. Hon nita dy bao kiéu hinh dua trén kiéu gen
cling duoc ing dung trong chan doan va diéu trj trude sinh. Nghién ctru
ctia chiing t6i phu hop voi nhidu nghién ciru vé gia tri du bao duong
tinh véi thé MM, nhung cao hon mét s6 nghién ctru khac o thé NHPT,
con dbi véi thé khong ¢o dién vi ¢& mau con nho va cin tiép tuc ¢ cac
nghién ctru khac trong twong lai. Nhin chung cic nghién ctru cong bd
trén y van déu nhan dinh 1a gia tri du bao duong tinh cao dbi véi thé
MM va thé khong ¢ dién, con ddi v6i thé NHDT thi kiéu hinh c6 su
khac nhau 16n va gia tri dy bao duwong tinh kém hon (bang 4.2).

Tuong quan gitta kiéu gen v&i mic do nam hoa bo phéan sinh
duc ngoai ¢ tré gai va voi nong do 17-OHP duge ghi nhan trong nghién
clru ctia chung t6i cling pht hop véi nghién ctru trén ching toc Bra-Xin
(De Carvalha. 2016) va Thuy Dién (Nordenstrom A. 1999).

Bang 4.2. Gia tri dy bao dwong tinh kiéu hinh ciia cic nhom kiéu gen

Nhém ddt bién “pull” | A B C
Thé 1am sang Mat mudi NHDPT thiré]?] co

Nghién ctru nay. 2016 99,8% 96,5% 90,6% 100%
de Carvalho DF. 2016 88% 70% 98% 100%
Wang R va cs. 2016 88,9% 89,4% 88,9%

Balraj P va cs. 2013 95,7% 90,9% 66,7%

Choi vacs. 2012 100% 96,2% 94,1%

Rabbani B va cs. 2012 92,3% 85,7% 100%

Marino R va cs. 2011 100% 83,8% 87,2% 100%
Balsamo va cs. 2010 100% 91,5% 83,7% 86,4%
Finkielstain va cs. 2011 88,9% 91,5% 85,1% 97,8%
Speiser va cs. 1992 96% 85% 73% 63%
Krone va cs. 2000 100% 90% 74% 65%
Stikkelbroeck va cs. 2003 97% 96% 53% 100%



http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Carvalho%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=27185867
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KET LUAN
1. Phéat hién dét bién gen CYP21A2 va mo ta ban do dét bién gen
CYP21A2

Ty 1¢ phat hién duoc dot bién gen CYP21A2 13 99% (202/204).
D3 phat hién duoc 8 dot bién x6a doan 16n, 13 dot bién diém phd bién
va 13 dot bién hiém bao gébm 6 dot bién méi ciia gen CYP21A2. Cac dot
bién phan b tai cac ving khdng ma hoa (promoter, intron 2) va 8/10
exon (tru exon 2 va 5) cua gen CYP21A2. Ty 1€ Xuét hién cac dot bién
cao nhat gap ¢ intron 2 (28,6%); exon 8 (15, 5%) va exon 4 (10,6%). 55
kiéu gen khac nhau di duge xac dinh. Cac kiéu gen pho bién bao gom:
192/129g (15,4%); Del/Del (14,4%) va Del/12g (10,9%).

2. Twong quan kiéu gen - kiéu hinh

Gia tri dy bao duong tinh kiéu hinh dya trén két qua kiéu gen la
99,8%; 96,5%; 90,6%; va 100% & c4c nhém Kidu gen twong tmg 1a “null”,
A, B va C. Kiéu gen 12g/12g; p.1172N/p.1172N va p.R356W/p.R356W gay
nén ca hai kiéu hinh MM va NHDT. Cé4c kiéu hinh MM, NHDT va
khong cb dién co cac kiéu gen pho bién khéc nhau.

Ty 1é cao cta maec do nam héa Prader nang (I11; 1V-V) gap ¢ cac
bénh nhan nir c6 kiéu gen nhém “null” va A. Nong do cua 17-OHP
huyét thanh ting cao hon & cac bénh nhan c6 kiéu gen nang so véi cac
bénh nhan c6 kiéu gen nhe hon.

KHUYEN NGHI

1. Chi dinh phan tich dét bién gen CYP21A2 cho céc bénh nhan thiéu
21-OH dugc chan doan som qua sang loc so sinh hodc sang loc 1am
sang, héa sinh;

2. Chi dinh diéu tri mineralocorticoid thay thé sém cho céc bénh nhan co
chan doan va da biét kiéu gen trong gia dinh 1a thugc nhom “null” va A;
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1
INTRODUCTION

1. Imperativeness of the study

Congenital adrenal hyperplasia — CAH comprises a group of
autosomal recessive disorders caused by defects in one of several
steroidogenic enzymes involved in the synthesis of cortisol from
cholesterol in the adrenal glands. More than 95% of all cases of CAH
are caused by 21-hydroxylase deficiency (21-OHD), which in addition
to cortisol impairs synthesis of aldosterone. The incidence of classic
CAH worldwide ranges from 1:10,000 to 1:15,000 live births.

In Vietnam, 40-60 new cases with 21-OHD were diagnosed and
managed at the National Children’s Hospital, Hanoi. CAH due to 21-
OHD accounted 98.3% (828/842) of accumulated cases from 17 years.
Identification of mutations in CYP21A2 for large cohort of Vietnamese
patients with 21-OHD has not been conducted using directed
sequencing and multiplex ligation-dependent probe amplification
(MLPA).

2. Aims of study

1. To identify mutations of CYP21A2 gene and to describe
spectrum of mutations on mutated map of CYP21A2 in patients with
21-OHD.

2. To analyze correlation between genotype and phenotype of
patients with 21-OHD.

3. Contributions for science and clinical practice of thesis

Recently, MLPA has been increasingly used for identification of
CYP21A2 gene deletion and duplication, suggesting that MLPA may
replace Southern blot (SB) analysis as efficient strategy to identify gene
copy number. Former studies of molecular genetics for small number of
Vietnamese patients with 21-OHD was conducted using only PCR for
screening of several common mutations. Therefore, database of
spectrum of mutations of CYP21A2 gene of Vietnamese has been not
available. Our study will provide valuable database of mutations of
CYP21A2 gene in Vietnamese patients with 21-OHD. The database
includes specific causative mutations, frequencies, distribution,
genotype for Gene Bank.

Moreover, identification of mutations will help to confirm
diagnosis in difficult cases with hormonal profiles and help early
treatment to avoid mortality due to adrenal crisis. The study also
provide database of genotype-phenotype correlation to predict
phenotype based on genotype, to decide steroid replacement therapy in
personality, to detect carriers, prenatal diagnosis and treatment.



4. Structure of thesis:

- Thesis has 142 pages (without references and appendix)
including 7 parts:

+ Introduction: 2.5 pages

+ Chapter 1: overview 37 pages

+ Chapter 2: participants, materials and methods 18 pages

+ Chapter 3: results 45 pages

+ Chapter 4: discussion 37 pages

+ Conclusion: 1.5 pages

+ Recommendations and further studies in the future: 1 page

The thesis contains 20 tables, 7 graphs and 41 figures.
References contain 190 papers in English and Vietnamese and several
websites. Appendix contains DNA concentrations, Prader scale, and list
of 212 patients including genotype and phenotype, and questionnaire.

Chapter 1: OVERVIEW

1.1. Definition, enzymes for synthesis of cortisol and pathophysiology
of 21-OHD

CAH is a group of autosomal recessive disorders characterized
by impaired cortisol synthesis from cholesterol in the adrenal glands.
There are at least six effected enzymes P450scc (CYP11A1), P450cl7
(CYP17Al1), P450c21 (CYP21A2), P450cll (CYP11Bl), 3BHSD
(HSD3B2) and electron donor enzyme P450 oxidoreductase (POR).
Besides, in the first step of adrenal steroidogenesis, cholesterol enters
mitochondrial via a carrier protein called StAR (steroidogenic acute
regulatory protein) (STAR). (figure 1.1).

:EI Cholesterol
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Figure 1. Normal fetal adrenal steroidogenesis and in the absence
of the 21-OH
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More than 95% of all cases of CAH are caused by 21-OH
deficiency (21-OHD, OMIM +201910), which in addition to cortisol
impairs synthesis of mineralocorticoids. The decreased adrenal
secretion of cortisol gives rise, because of the absence of negative
feedback to hypothalamus and pituitary, to an increased secretion of
CRH and ACTH. The steroid precursors prior to this enzymatic
deficiency (progesterone and 17-hydroxyprogesterone) are accumulated
and shunted through the adrenal androgen biosynthetic pathway. The
increased secretion of adrenal androgens from eighth week of gestation
and the resulting production of high levels of testosterone and
dihydrotestosterone, particularly affects sexual differentiation in
females, and causes advance somatic development in both sexes during
childhood (figure 1.1).

1.2. Clinical phenotype of CAH due to 21-OHD

In 21-OHD CAH, excessive adrenal androgen biosynthesis
results in virilization in all individuals and salt wasting in some
individuals. The severity of the clinical symptoms varies according to
the level of residual 21-OH activity. A classic form with severe enzyme
deficiency and prenatal onset of virilization is distinguished from a
non-classic (NC) form with mild enzyme deficiency and postnatal
onset. The classic form is further divided into the simple virilizing form
(SV) (~25% of affected individuals) and the salt-wasting (SW) form, in
which aldosterone production is inadequate (=75% of individuals).
Newborns with salt-wasting 21-OHD CAH are at risk for life-
threatening salt-wasting crises. Individuals with the non-classic form of
21-OHD CAH present postnatally with signs of hyperandrogenism;
females with the non-classic form are not virilized at birth.

Table 1.1. Clinical features in Individuals with 21-OHD

21-OH Deficiency
Feature - -
Classic Nonclassic
Prenatal virilization Present in females Absent
Postnatal virilization Males and females variable
Salt wasting 75% of all individuals | Absent
Cortisol deficiency 100% Rare
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1.3. Molecular genetics of 21-OHD, mutations and advances in
molecular testing for CYP21A2 gene mutations

The CYP21A2 gene encodes 21-OH is located in the HLA class
I11 region between the HLA-B and HLA-DR chromosome 6p21.3. This
is a highly complicated region including a highly homologous
pseudogene, CYP21A1P1. These two genes share about 98% homology
in their ten exons and about 96% in the introns, but CYP21A1P is
inactive because of several deleterious mutations. The functional gene
(CYP21A2) and a nonfunctional pseudogene (CYP21A1P) are located
closely adjacent to each other in tandem arrangement with the C4A and
C4B genes encoding for the fourth component of the serum
complement. Moreover, these units are located between a telomeric RP
gene and a centromeric TNX gene, comprising the RCCX modules (RP-
C4-CYP21-TNX). These genes are located in tandem and in an array
(C4A, CYP21A1P, TNXA, C4B, CYP21A2, and TNXB). Genes C4A,
C4B, CYP21A2, and TNXB all encode functional proteins, while
CYP21A1P, TNXA, and RP2 genes are pseudogenes that do not encode
proteins (figure 1.2).

To date, more than 200 CYP21A2 mutations have been discovered
(http://mwww.hgmd.cf.ac.uk) (http://www.cypalleles.ki.se/cyp21.htm), and
about 10 common mutations account for approximately 90% of cases.
More than 90% of CYP21A2 gene mutations are caused by gene
conversion or unequal crossing over. Approximately 70%-75% of
210HD cases are the result of the micro conversion of the mutations in
CYP21A1P to CYP21A2. About 20% are caused by unequal crossing
over during meiosis, resulting in the deletion of a 30-kb gene segment,
encompassing the 3' end of the CYP21A1P, all of the adjacent C4B, and
the 5' end of CYP21A2, producing the nonfunctioning chimeric
CYP21A1P/CYP21A2 and chimeric TNXA/TNXB genes. The remaining
1%—-2% of affected alleles is spontaneous mutations not carried by
either parent.

Technics have been used to identify large deletions of
CYP21A2 include Southern blot (SB), PCR-based restricted fragment
length polymorphism (PCR-RFLP), multiplex mini-sequencing and
conversion-specific PCR (MMCP). Recently, MLPA) analysis for the
diagnosis of 210HD has been increasingly used as an easy, simple,
rapid, and sensitive tool to detect deletions or duplications of the
CYP21A2 gene. MLPA allows easy and rapid detection of gene copy
number variations and the identification of chimerical genes in patients



http://www.hgmd.cf.ac.uk/
http://www.cypalleles.ki.se/cyp21.htm
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with 210HD without using radioactive probes and is thought to be a
valid alternative to Southern blotting.
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Figure 1.2. The chromosomal region of 6p21.3 containing the 21-OH
genes (A), 21-OH genes undergoing an unequal crossover during
meiosis (B), and mutations in steroid 21-OH causing CAH (C).

A variety of rapid methods to detect common and rare point
mutation have been developed thus far, such as “allele specific
oligonucleotide hybridization” (ASO); “allele specific PCR amplification”
(ARMS); “ligation detection reaction” (LDR); ‘“Real-time PCR”;
“DHPLC analysis” and “multiplex minisequencing”. Sanger
sequencing is the gold standard for detecting point mutations and small
sequence variations and can detect 100% of rare mutations.

1.4. Roles of mutation analysis of CYP21A2 gene
1.4.1. Prediction of clinical phenotype according to genotype

The phenotypic is strictly related to the total residual enzymatic
activity, although the mutation determining the lower enzymatic
deficiency is the main predictor of its severity, at least in term of salt
retention capacity. A practical way to correlate genotype to phenotype
was suggested by Krone et al (2000) who categorised the genotypes in
4 mutations groups (null, A, B, and C) according to their predicted
functional consequences and calculated the predicted positive value
(PPV) for these 4 groups. The SW forms result from the association of
alleles with deletions/conversions or point mutations with < 1%
residual enzymatic activity (null and A mutation groups); the other
clinical forms depend on the presence of alleles with mutations with
progressively increasing residual enzymatic activity (about 1-5% for
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SV) (mutation group B) and about 15-60% for NC form (mutation
group C), respectively (figure 1.2).

1.4.2. Contribution of molecular genetics in prenatal diagnosis and
treatment, early diagnosis and CAH neonatal screening programs

Prenatal genetic counseling is advised for all families affected
by CAH. Genotypes of deletion/gene conversion or severe mutations
motivate prenatal diagnosis and eventual treatment of affected female
fetuses, while genotypes of less severe mutations (whether homozygous
or heterozygous) do not. Female fetuses with classic 21-OHD exhibit
varying degrees of genital virilisation depending on the excessive
adrenal androgen production. This problem begins as early as at 8
weeks of gestation, when the fetal hypothalamic-pituitary-adrenal axis
starts to function. Maternal dexamethasone in pregnancies at risk for
classic 21-OHD has been administered since 2980 and has been able to
prevent genital ambiguity in about 85% of female 21-OHD affected
fetuses.

Neonatal screening for CAH is a useful tool for diagnosing the
classic forms of the disease. However, sometime there are difficulties in
interpreting positive results with a single determination of blood 17-
OHP in asymptomatic newborns. Furthermore, healthy preterm babies
present higher levels of the hormonal marker and even with gestational
age and/or neonatal weight-adapted cut off levels, about 1-1.2% of
newborns result false positive to screening and need to be followed up
for several months. In order to improve the PPV of the screening test, 2
different approaches have recently been suggested as second-tier
screening in positively tested newborns: tandem mass spectrometry
(TMS) and CYP21A2 genotyping.

1.5. Molecular study in Vietnamese CAH patients

Molecular genetic studies using only PCR for screening several
common mutations in small number of Viethamese patients with 21-
OHD have been started since 2000. Prenatal diagnosis in families at
risk for 21-OHD using MLPA and direct sequencing of CYP21A2 has
been conducted since 2008. Molecular genetics and phenotype studies
for CAH due to rare enzymatic deficiency were also performed as 11p3-
hydroxylase and 3B-hydroxysteroid dehydrogenase type 2 deficiency.
These studies provided evidence of existing rare types of CAH in
Vietnam and provided for mutation databases of CYP11B1 and
HSD3B2 because only 60 cases with CAH due to mutations of HSD3B2
have been reported worldwide so far.



Chapter 2: PARTICIPANTS AND METHODS

2.1. Participants

From 01/1/2011 to 31/10/2016, 212 patients (aged 3 hours — 31
years) from 204 unrelated families were enrolled at the Department of
Endocrinology, Metabolism and Genetics, National Children’s Hospital
(NCH), Hanoi. Included criteria based on clinical and hormonal
characteristics (New MI et al. 2016 updated): females with virilization
at birth & become virilization postnatally, advant maturation, growth;
males with masculinization in childhood; infant with a salt-losing crisis
(Na* ; K*1); serum elevated 17-OHP (> Ing/ml in newborns and > 2
ng/ml post neonatal periods). Excluded criteria were adrenal
insufficiency, or virilization due to others causes.

2.2. Methods

This is cases series study including: identification of mutations in
CYP21A2 gene, genotype analysis, phenotype evaluation and
correlation between genotype — phenotype.

2.2.1. Identification of CYP21A2 mutations and genotype analysis

Mutation analysis was performed at the Center of Gene and
Protein Research, Hanoi Medical University and Genetic Department of
National Children’s Hospital.

Blood samples were taken when informed consent was obtained
from the patients and their parents. Genomic DNA was extracted from
peripheral blood using phenol/chloroform methods.

PCR reaction was performed using specific primers pairs (P1-
P10; P3-P5; P6-P4) to amplify all 10 exons, exon - intron and promoter
of CYP21A2 gene. All PCR products were fractionated by
electrophoresis on agarose gel 1% (90V during 30mn). All PCR
products were purified by “gel kit purification” before direct
sequencing.

Purified PCR products were sequenced by using BigDye
terminator cycling conditions in ABI PRISM 310-Avant Genetic
Analyzer (Applied Biosystems, Foster city, USA), analysed using CLC
Main Workbench software. Sequences of CYP21A2 gene from CAH
patients was compare with normal control DNA and sequence of
CYP21A2 in GeneBank (Accession number NM_0005002).

MLPA was performed using SALSA MLPA kit P050-B2 CAH
(MRC Holland, Amsterdam) with probes specific for 6p21.3. The kit was
used for CYP21A2 gene dosage analysis comprising reference probes,
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specific probes. The specific probes detect sequences in, or near, exon 1, 3,
4, 6, and 8 of the CYP21A2 gene; in, or near, exons 1, 2, and 10 of the
CYP21A1P pseudogene; two probes for C4A and C4B; and X and Y-
chromosome specific probes that provide differentiate between sexes.
MLPA was conducted according to manufacturer’s protocol including
DNA denaturation and hybridization of the probes, ligation reaction, PCR
amplification, capillary electrophoresis, and, finally, data analysis. Since a
normal individual had two copies of the CYP21A2 gene, MLPA analysis
with one copy or less identified from the peak ratio proves a deletion; thus,
three and four copies establish duplication and triplication of the probed,
respectively.

Identified mutations of CYP21A2 were compared with Human Gene
Mutation database (HGMD)
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=CYP21A2 and Human
Cytochrome P450 allele. Gen CYP21A2 at
http://www.cypalleles.ki.se/cyp21.htm. Unreported identified variants
were compared with 1000 genomes database at "Mutation Taster".
http://www.mutationtaster.org.

Cytogenetic: Karyotype was performed for females with
ambiguous genitalia at NCH.

2.2.2. ldentification of phenotype

Clinical phenotype, biochemistry tests, pelvic ultrasound for
females with ambiguous genitalia, adrenal gland ultrasound were
performed at NCH: pedigree, natural history, examination including
weight, height, dehydration, hyperpigmentation. Virilization severity
was evaluated using Prader grading, puberty stages were evaluated
using Tanner criteria (pubic hair; breast development stages in girls;
penis length of penis). Other presentations as deepening voice, facial
hair, acne and muscle develpement. Clinical course was followed for
cases who were diagnosed and given hormonal replacement therapy
before salt wasting.

Biochemistry testing: serum electrolyte using automated
Beckman Coulter AU2700/ AU 680 system, hormonal profile: 17-OHP
before and after stimulation by ACTH; testosterone; progesterone;
cortisol; ACTH; FSH; LH by ELISA using DRG kits, and EIx808
reader system. Bone age was obtained for children > 3 years and
compared with Atlat of Greulich and Pyle.

Phenotype classification using criteria of Pang S.1993; Speiser PW.
2010.


http://www.hgmd.cf.ac.uk/ac/gene.php?gene=CYP21A2
http://www.cypalleles.ki.se/cyp21.htm
http://www.mutationtaster.org/
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SW phenotype: failure to thrive, vomiting, signs of dehydration,
serum Na'< 130; or 130-135 associated with K* > 5,5 mmol/I;

SV phenotype: no symptoms of salt wasting, normal serum
electrolyte, sexual precocity and marked acceleration of height/bone
age development.

NC phenotype: girls with absence of genital virilisation and, in both
sexes, presence of precocious pubarche and adrenarche. Serum 17-OHP
before and after stimulation of ACTH is 2-100 and 10-100 ng/ml,
respectively.

2.2.3. Analysis of correlation between genotype - phenotype

The patients were divided into five different genotype groups
according to the reported residual enzymatic activity of the mutated
CYP21A2 (Krone N et al. 2000):

Group “null” (0): mutations result in completely inactive
enzyme: deletions, E6 cluster, p.L307FfsX6, p.Q318X, p.R356X, and
novel frameshift mutation in both 2 alleles.

Group A: homozygous 12g (known to have minimal residual
enzymatic activity) or heterozygous 12g in trans with null mutations.

Group B: homozygous p.1172N mutation (2% of the enzymatic
activity) or heterozygous p.1172N mutation in trans with mutation from
group “null” or A; and promoter + p.P30L.

Group C: homozygous p.P30L, p.V281L mutations (resulting in
20-60% residual enzymatic activity) or heterozygous state in trans with
mutations from the group “null”, or A, or B.

Group D: patients carrying mutations with unknown in vitro
influence on enzymatic activity.

The expected phenotype associated with groups null or A were
SW-CAH; group B was predicted as SV CAH; group C was predicted
as NC CAH. Positive predictive value — PPV was calculated to
evaluate the genotype-phenotype correlation using number of patients
with expected phenotype (SW, SV or NC CAH) for each group divided
by the total number of patients in that group, multiplex by 100.

2.2.4. Statistical analysis

Data were expressed as rates, median and range. Continuous
variables were analyzed using ANOVA or Kruskal-Wallis tests. Rates
were compared using Fisher’s exact tests. These analyses were
performed using SPSS version 12.0 (SPSS Inc., Chicago, Illinois). With
P < 0.05 or the corresponding Bonferroni-adjusted P value when
multiple comparisons are made, deemed significant.

2.2.5. Ethical approval: protocol was approved by Ethical committee
of NCH. Informed consent was obtained from all participants.



10

Chapter 3: RESULTS
3.1. Characteristics of participants

212 patients (97 males, 115 females) from 204 unrelated 204

families including 205 classic cases (96.7%) (SW 161/205; 78.5%. SV

44/205; 21.5%), 4 /212 cases with NC (1.9%) and 3 cases without

identified phenotype.

Table 3.1: Age at diagnosis, gender characteristics

Forms
Characteristics SW SV NC
n=161 n=44 n=4
Gender (n; %) Male Female Male Female | Male |Female
(86; (75; @ (36; (Caeh
54.4%) | 46.6%) | 18.2%) | 81.8%) | 75%) |25%)
p (test 04 0.000025 0.6
binomial)
Diagnosis age 32 1590 185
(day); Median (1 - 4740) (4 - 11220) (1-570)
(Min - Max)
p (test Kruskal- p =0.0001
Wallis)
Diagnosis age 40 25 1710 1545 6 570
by gender (3- |(1-4740) |(1170- |(4-11220)| (1-
(day); Median | 3450) 2700) 31)
(Min - Max)
p (test Wilcoxon 0.0001 0.27 0.18
ranksum)

Comments: Number of girls was diagnosed greater than numbers of
boys in SV phenotype. Median age of diagnosis in girls was

significantly younger than that in boys in SW phenotype.

3.2. Mutation spectrum of CYP21A2 gene
Mutations were identified in 202/204 (99%) probands from 204
unrelated families (8 affected sibling were analysed and identified

mutations).

3.2.1. Identified mutations and frequencies of specific mutations
The list of identified mutations, frequencies and rates of each
specific mutations were indicated at the table 3.2
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Table 3.2. Mutations of CYP21A2 and frequencies

Exon/ Mutations of CYP21A2 n %
intron c.DNA (or g.DNA) Protein

exonl |exon 1 deletion (exon 1 del) 2 | 049
exon 1-2 | exon 1-2 deletion (exon 1-2 del) 2 | 049
exon 1-3 |exon 1-3 deletion (exon 1-3 del) 23 | 5.67
exon 1-6 |exon 1-6 deletion (exon 1-6 del) 2 | 049
exon 1-8 |exon 1-8 deletion (exon 1-8 del) 4 | 0.99
exon 4-6 |exon 4-6 deletion (exon 4-6 del) 2 | 049
exon8 |exon 8 deletion (exon 8 del) 2 | 049
CYP21A2 | Total gene deletion (del) 103 | 25.37
- gene

Promoter |g.-113G>A; g.-110T>C; 3 | 074

0.-103A>G
exonl |c.3G>A p.M1lI 11025
exonl |c.56G>A p.W19X 11025
exonl |c.89C>T p.P30L 2 | 049
exonl |c.185A>T p. H62L 1 ]0.25
Intron2 |g.665A/C>G (129) 116 | 28.57
exon3 |c.336C>G p.Y112X 11025
exon3 |c.368C>T p.T123I 2 | 049
exon3 |c.374C>G p.S125X 11025
exon4  |c.515T>A p.1172N 43 |10.59
exon6 |C.707T>A; c.710T>A; ¢.716T>A (Cluster 6 or |p.I1236N; 1 ]025
E6) p.V237E;
p.M239K
exon7 |c.737delA p.E246GfsX11 3 | 074
exon7 |c.841G>T p.V281L 3 1074
exon7 |c.920 921insT p.L307FfsX6 9 | 221
exon8 |c.952C>T p.Q318X 12 | 2.95
exon8 |c.del1054-1261insCGGCA p.V352RfsX103 | 1 | 0.25
exon8 |c.1066C>T p.R356W 50 [12.31
exon 9 €.1202C>T p.P401L 1 ]025
exon 10 |c.1276C>T p.R426C 7 | 172
exon 10 |c.1375_1392dupCCCTCCCTGCAGCCCCTG |p.P459_L464dup| 2 | 0.49
exon 10 |c.1447_1448delGGinsC p.R483PfsX58 51123
exon 10 |c.1447_1448insC p.R483PfsX40 11025
Total: 34 406 | 100
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Comments: distributions of mutations from more to less common
according mutation forms: large deletions (34.48%); missense
(27.34%); non-coding regions (intron and promoter) (29.1%);
frameshift mutations (4.68%), nonsense (3.7%) and duplication
(0.69%). 30 specific mutations were identified, most common
mutations: (12g) (28.57%), total gene deletion (25.37%), p.R356W
(12.31%), p.1172N (10.59%).
3.2.2. Genotype of patients with 21-OH

55 different genotypes were identified in 202 patients with 21-
OHD. 102 cases (50.5%) were homozygous mutation; 75 cases (37.2%)
were compound heterozygous; 12 cases (5.9%) have over 2 mutations
and 13 cases (6.4%) have only one identified mutated allele.

Common genotypes were 12g/12g (31/202; 15.35%); Del/Del
(29/202; 14.36%); Del/l2g (22/202; 10.89%); p.R356W/p.R356W
(13/202; 6.44%) va exon 1-3 del/exon 1-3 del (11/202; 5.44%).

Homozygous mutations were identified in 13 different
genotypes, most common genotypes in homozygous group were
120/12g (31/102; 30.4%); Del/Del (29/102; 28.4%); exon 1-3 del/exon
1-3 del (11/102; 10.8%); p.I1172N/p.1172N (9/102 ca; 8.8%) va
p.R356W/p.R356W (13/202; 6.4%).

3.2.3. Mutations map of CYP21A2 gene

Mutations distributions in almost regions of CYP21A2 gene:
promoter region, intron 2 and 8 in 10 exons (except exon 2 and exon 5).
Point mutations were more common (65.52%); remaining one was
large deletions (34.48%). 6 novel mutations were identified: p.112X;
p.T123l; p.S125X; p.V352RfsX103; p.401L and p.P459 L464dup

Total mutated alleles due to small conversion accounted
58.85%); total large deletions and small conversion were 93.33%; 13
rare mutations from function CYP21A2 gene were identified including
6 novel ones accounted 6.67%.
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Figure 3.1. map mutation of CYP21A2 gene
(red color is most common mutations, violet is novel mutation, red box was exon and intron which is most common mutation)
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Figure 3.2. MLPA of patient with homozygous deletion of exon 1-3
(exon 1-3 del) of CYP21A2 gene: (1) normal control, (2) no peaks of

exon 1 and 3 of CYP21A2 gene in patient compared with normal
control.
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Figure 3.3. MLPA of patient with homozygous deletion from C4B gene
to exon 8 of CYP21A2 gene: (1) normal control; (2) patient has no
peaks of C4B gene and exons 1, 3, 4, 6 and 8 of CYP21A2 gene
compared with normal control.



15

.655A/C>G
g.655A/C (IVS2-13A/C>G)
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Figure 3.4. DNA sequencing chromatograms showing homozygous
mutation g.655A/C>G (12g/12g) of CYP21A2 in a studied patient.

C.707T>A; 710T>A; 716 T>A
c.707T, 710T; 716T p. 1236N; VV237E; M239K (Cluster E6)

GGGAT CACATCGTGGAGATGCAG GGGACCACAACGAGGAGAAGCAG

Mgl

Nguoi binh thuong Bénh nhan

Figure 3.5. DNA sequencing chromatogram showing mutation E6
cluster (p.1236N, p.V237E, p.M239K) of CYP21A2 in a studied patient.

€.952C>T ¢.1066C>T
€.952C p.Q318X €.1066C p.R356W

IT'CCGCCTGTGECCCGTI

-
CAGCG:CTGCAGEGAGGALCT

Béh nﬁn
Figure 3.6. DNA sequencing chromatograms showing two homozygous
mutations p.Q318X and p.R356W of CYP21A2 in a studied patient.

Ngudi binh thwong Bénh nhén
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€.1375C €.1392G
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€.1375 - 1392duplCCCTCCCTGCAGCCCC
p.P459 — L464dup

GCCCTGCCCT CCCTGCAGCCCOCTGCCCT CCCTGCAGC CCCTGCCCCAC

Benh nhan

Figure 3.7. DNA sequencing chromatograms showing novel duplication
mutation p.P459 L464dup of CYP21A2 gene in a studied patient: a
nucleotid fragment 1375-1392 (CCCTCCCTGCAGCCCC) was
duplicated 1375-1392 (CCCTCCCTGCAGCCCC).

€.336C>G

c.336C p.Y112X c515T>A
C515T p.1172N
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GACTACT CCC GACTACTCCC ATCATCTGTTAC AT CATCTGITA
I .
H
i |

fl |i A
me “M\’ ”"H‘ /\/\
Ngudi binh thudng Bénh nhan Nguoi binh thuong Bénh nhén

Figure 3.8. DNA sequencing chromatograms showing compound
heterozygous a novel nonsense mutation p.Y112X and a common
mutation p.1172N in a studied patient.

3.3. Genotype — Phenotype correlation
3.3.1. Common genotypes of different phenotype group

Common genotypes of SW phenotype were Del/Del (29/153;
18.9%); 12g/12g (27/153; 17.6%); Del/l2g (22/153; 14.4%);
p.R356W/p.R356W (12/153; 7.8%); exon 1-3 del/exon 1-3 del (11/153;
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7.2%) va Del/p.R356W (10/153; 6.5%). Common genotypes of SV
phenotype were Del/p.1172N (10/42; 23.8%); p.1172N/p.1172N (8/42;
19.1%) va 12g/p.1172N (4/42; 9.5%). Common genotypes of NC
phenotype were p.V281L/p.L307FfsX6 (3/4; 75%).

3.3.2. Genotype-phenotype correlation of several common mutations
Rates of patients with SW and SV phenotypes who have at least one
allele 12g were 83.8% (62/74) and 13.5% (10/74), respectively.

Rates of patients with SV and SW phenotypes who have at least one
allele p.1172N were 94.1% (32/34) and 5.9% (2/34), respectively.

Rates of patients with SV and SW phenotypes who have at least one
allele p.R356W were 88.6% (31/35) and 11.4% (4/35), respectively.

3.3.3. Phenotype of genotype groups “null”, A, B, C and PPV.
Table 3.3. Genotype groups and phenotype

Mutation group . Phenotype
Predict
Allele | Allele Total PPV
Group 1 5 Phenotype| SW sV NC
Null 99.8%
0 0 SW 88 2 90
0) (88/90)
A 0 SW 28
96.5%
A A A SW 27 2 57
(55/57)
Total 55
B 0 S\ 17
B A )Y/ 1 4 32 90.6%
B B B S\ 2 8 (29/32)
Total 3 29
100%
C C 0 NC 4 4
(4/4)

Comments: High PPVs were 99.8%; 96.5%; 90./6% and 100% in
genotype group “null”, A, B and C, respectively.
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Graph 3.1. Phenotype distribution of genotype group “null”: x-axis is
genotypes; y-axis is SW phenotype (red) and SV phenotype (green).

Comments: 88/90 patients were SW and only 2/90 patients (genotype
group “null” p.R356W/p.R356W and E6 cluster/p.L307FfsX6) were SV.
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Graph 3.2. Phenotype distribution of genotype group A: x-axis was
genotype, y-axis was SW phenotype (red) and SV phenotype (green).

Comments: 2/57 cases with genotype group A (12g/12g) were SV
phenotype.

Figure 3.9. Virilisation in a girl with SW phenotype, genotype has 3
different mutations (group A associated with group “null”):
120/p.Q318X+p.R356W. Diagnosis at 22 hours because ambiguous
genitalia (Prader 1V), hyperpigmentation, salt wasting at 5 months of
(serum Na* 122; K* 6.9; CI" 92 mmol/I).
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Graph 3.3. Phenotype distribution of genotype group B: Xx-axis is
genotype, y axis is SV phenotype (green) and SW (red).
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Comments: 29/32 cases were SV; 3/32 cases were SW in genotype
group B.

Figure 3.10. SV phenotype in a boy who has genotype group A
(129/12g): peripheral precocious puberty: pubic hair P2-3, penis length
was 6 cm, testis volume 3 ml, acne, deepening voice, height was 123

cm (+3SD).
3.3.4. Correlation between genotype and severity of virilisation
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100 - Prader I-11
90 m Prader IIT
30 M Prader IV-V
682
70 4
60 - 56.1
50 1 39 40 40
40 A
30
182 20
20 + 13.6
01 22 o o
0
Null A B C

Graph 3.4. rates (%) of virilisation severity according Prader grading in
each genotype group.

Comments: Rate of severe Prader grading in severe genotype group was
sinificantly higher in than that in milder genotype (p = 0.0001).
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3.3.5. Correlation between genotype and serum 17-OHP levels
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Graph 3.5. Serum 17-OHP levels of genotype group: Xx-axis is
genotype, y-axis is serum 17-OHP levels (ng/ml).

Comments: Serum 17-OHP levels in patients with severe genotype
(“null” and A group) were sinificantly higher in than that in milder
genotype group (B and C group) (p = 0.0001).

Chapter 4: DISCUSSIONS
4.1. Mutation spectrum and mutation map of CYP21A2 gene

In our comprehensive mutation analysis of a large cohort of
patients with CAH due to 21-OHD enrolled at NCH, we identified
mutations of CYP21A2 in 99% of patients with 21-OHD. Our data
showed major types of mutations in 202 probands. This is consistent
with Human Gene Mutation Database - HGMD)
(http://www.hgmd.org), updated in February.2016 finding 285 different
mutations (229 reported mutations) of CYP21A2 gene.

Spectrum mutations identified in our cohort included: i/ common
mutation group: large gene deletions (34.48%); 13 different common
mutations due to small conversion accounted 58.85%, most common
point mutations were 12g (28.57%), p.R356W (12.31%), and p.1172N
(10,59%); ii/ 7 rare reported mutations including p.R426C (1.72%);
p.R483PfsX58 (1.23%); p.E246GfsX11 (0.74%); p.M1l (0.25%);
p.W19X  (0.25%); p.H62L (0.25%) and c.1447_1448insC
(p.R483PfsX40) (0.25%); iii/ moreover, we identified 6 novel
mutations in CYP21A2 (2%) which have not been reported to date in
HGMD, the Human Cytochrome P450 Allele Nomenclature Committee


http://www.hgmd.org/
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and 1000 genome database. All large deletions and common point
mutations from pseudogene origin accounted 93.33% and rare
mutations from CYP21A2 function gene accounted 6.67%. Similar to
other populations, the most frequent mutations of CYP21A2 gene in
Vietnamese patients are large deletions and 12g (table 4.1). The finding
of rare and novel mutations is consistent with well-known other studies.

Table 4.1. Frequency distributions of common mutations in
different studies.

Common Del | 12G |1172N|V281L | R356W n Authors

mutation (%) | (%) | (%) | (%) (%)
Vietnamese 345 |286| 106 | 0.7 12.3 | 202 |This study
Chinese 196 | 35 | 143 | 0.2 5.9 230 |Wang
Multiple race 200 [229| 82 | 239 3.6 | 1507 |New
American 305 |234| 126 | 12.6 3.6 182 |Finkielstain
Eastern Europe | 30.6 |31.2]| 145 | 34 2.4 432 |Dolzan
Sweden 275 |273| 169 | 7.8 3.1 490 |Gidlof
Dutch 319 |28.1| 124 | 22 8.4 198 |Stikkelbroeck
German 274 (303 | 19.7 29 4.5 155 |Krone

Distribution of identified mutations were located in non-coding
regions (3 mutations of promoter and 1 mutation in intron 2) and in 8/10
exons (figure 3.1). This is consistent with finding in 230 Chinese with 21-
OH. In this study, Wang R et al have not been identified any mutation
inexon 5 of CYP21A2 gene.

4.2. Correlation between genotype-phenotype and applying

In this study, we have also characterized the correlation between
genotype and phenotype in a largest cohort of CAH patients in Vietnam to
date. First, we recognized that several specifically common genotype for
each different phenotype as SW, SV and non-classic type. This is
consistent with the finding of New Ml et al (2013) in a large cohort and
multiple races of CAH patients (606 cases with SW phenotype, 187
cases with SV phenotype).

Second, we found that certain mutations can cause different CAH
phenotype. For example, althout in most cases in intron 2 (12g/12g) and
p-R356W/p.R356W genotype are associated with the SW phenotype, some
patients present with the SV form, in most cases in exon 4 (p.I1172N) is
associated with the SV phenotype, 2 patients present with the SW
phenotype. This is consistent with the finding in other cohorts of
Caucasian, Chinese, Korean and Latin American.

Genotype and phenotype correlation analysis showed high
concordance in mutation groups “null”, “A”, “B” and C (99.8%; 96.5%);
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90.6% and 100%, respectively). However, discordance still existed.
Overall we can predict severity of phenotype according finding
genotype. This finding is similar to that found in other ethnic groups
(figure 4.2). The salt-waster frequency was higher in the Null group
than in group A, which is also important for clinical decisions in
asymptomatic patients during the neonatal period and in prenatal
diagnosis and treatment. When the most frequent mutation 12g was
present in the less severe allele (group A), carriers has an increased
chance to develop the SW form. Its presence in some SV patients can
be explained by alternative splicing, which leads to a minimal residual
enzyme activity, thus avoiding salt loss.

Data available regarding genotype correlation with the degree of
external genitalia virilisation reveal conflicting results. We observed
severe genitalia virilisation more frequently in genotypes Null and A
than in B; due to the wide overlap of this manifestation, genotype could
not be used as a predictor. This is similar to that found in Brazilian
patients (de Carvalho DF et al. 2016). Median basal 17-OHP levels
were significantly different among genotypes Null, A, B, and C;
however, a overlap among genotype groups has been observed. These
finding are in accordance with other series that included a significant
number of NC patients.

Table 4.2. Phenotype PPV of genotype in different studies
Genotype group “null” \ A B C
Phenotype SW SV NC
This study. 2016 99.8% 96.5% 90.6% 100%
de Carvalho DF. 2016 88% 70% 98% 100%
Wang R et al. 2016 88.9% 89.4% 88.9%
Balraj P et al 2013 95.7% 90.9% 66.7%
Choi etal. 2012 100% 96.2% 94.1%
Rabbani B et al. 2012 92.3% 85.7% 100%
Marino R et al. 2011 100% 83.8% 87.2% 100%
Balsamo et al. 2010 100% 91.5% 83.7% 86.4%
Finkielstain et al. 2011 88.9% 91.5% 85.1% 97.8%
Speiser et al. 1992 96% 85% 73% 63%
Krone et al. 2000 100% 90% 74% 65%
Stikkelbroeck et al. 2003 97% 96% 53% 100%



http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Carvalho%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=27185867
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CONCLUSIONS

1. Mutation analysis and description of mutation map of CYP21A2 gene

Mutations of CYP21A2 gene were identified 202/204 patients
with 21-OHD (99%). We identified 8 large deletions, 13 common point
mutations and 13 rare mutations including 6 novel ones in CYP21A2
gene. Mutations were located in non-coding regions (promoter, intron
2) and 8/10 exon (except exon 2 and 5) of CYP21A2 gene. Most
common mutations were located in intron 2 (28.6%); exon 8 (15.5%)
and exon 4 (10.6%). 55 different genotypes were identified. Most
common genotypes were 192/12g (15.4%); Del/Del (14.4%) and
Del/12g (10.9%).
2. Genotype-phenotype correlation

The ppv for four mutation groups were 99.8% for group null;
96.5% for group A; 90.6% for group B; and 100% for group C. Genotype
129/12g; p.1172N/p.1172N and p.R356W/p.R356W cause SW and SV
phenotype. SW, SV and NC phenotypes have different common
genotypes.

Severe genitalia virilisation more frequently in genotypes Null
and A. Serum 17-OHP levels in patients with severe genotypes were
higher than that in patients with milder genotypes.

RECOMMENDATIONS

1. Indication of mutation analysis of CYP21A2 for patients with 21-
OHD who were diagnosed early (salt wasting asymptomatic) by
newborn screening or clinical, biochemistry tests;

2. Indication of mineralocorticoid replacement therapy early for patients
who were know genotype as group “null” and A in family;
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