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DAT VAN DPE

1. Tinh cép thiét caa dé tai

Dai thao duong (PTD) so sinh 1a tinh trang ting glucose mau xuat
hién trong 6 thang dau sau dé. Pay 1a mot rdi loan bam sinh hiém gip
v6i ty 18 1/215000 - 1/500000 tré so sinh dé séng. Bénh c6 thé 1a tam
thoi doi khi tai phat hodc vinh vién sudt doi. Nguyén nhan cua DTD so
sinh 1a do di truyén, dot bién cac gen dan dén giam hodc mat chirc ning
clia tuyén tuy hay déo tuy giy rdi loan chirc ning té bao B va giam bai
tiét insulin.

Triéu chimg ciia bénh khong dién hinh, d& chan doan nham véi cac
bénh nhiém khuén duong tiéu hoa, ho hép trén, bo sot chan doan hodc
chan doan mudn. Bénh thuong duogc chan doan khi di c6 bién chung
nhiém toan xé& ton. Néu khong duoc diéu tri kip thoi s& dé lai di chimg
ning né tham chi tir vong.

Viéc diéu tri kiém soat glucose mau & tré nho vo cung phirc tap do
tré bu me hodc an lién tuc, liéu thude nho kho léy chinh x4c, tré nhay
cam véi insulin.

Nghién ctru chan doan phan tir bénh nhan BTD so sinh c6 ¥ nghia
quan trong trong thuc hanh 1am sang. Két qua phan tich s& gitip khang
dinh chan doan, quyét dinh phuong phap diéu tri va co gia tri tién luong
bénh nhan cling nhu cac thanh vién khac trong gia dinh bénh nhan.
Nhirng bénh nhén c6 dot bién gen ABCC8/KCNJ11 c6 thé duge diéu tri
bang thudc udng thay thé cho tiém insulin. Két qua diéu tri gop phan cai
thién chét lugng song, tranh dugce dau don do tiém insulin va giam chi
phi diéu tri cho bénh nhan va gia dinh. DTD so sinh tam thoi can phai
theo ddi chat ché dé xac dinh thoi diém ngimg thuéc dé phong bién
chung ha glucose mau ciing nhu xac dinh thoi diém bénh tai phat.

Viét Nam, tai khoa Noi tiét - Chuyén hoéa - Di truyén, Bénh vién Nhi
Trung wong (BVNTU), tir nim 2000 dén nay c6 40 bénh nhan duoc
chan doan DTD so sinh chiém ty 1& 8,9% trong tong sb 447 bénh nhén
DTD chén doan trudc 15 tudi. Tuy nhién, cho dén nay, tai Viét Nam
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chua c6 nghién ctru day du nao vé nguyén nhan & muic d6 phén ti, kiéu
gen, kiéu hinh va két qua diéu tri dbi véi cac bénh nhan BTD so sinh.

2. Muc tiéu cia dé tai

i/ Xac dinh dot bién gen trong bénh dai thdo duong so sinh.

ii/ D6i chiéu kiéu gen va kiéu hinh cua cic thé DTD so sinh.

iii/ Panh gia két qua diéu tri bénh dai thio duong so sinh.

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

DTD so sinh 1a bénh hiém gip. Nhiing nim gan ddy, cac k§y thuat
sinh hoc phan tir hién dai phat trién dd duoc tng dung trong chan doan
nguyén nhan phan tir ciia bénh. Nhiéu bang chimg cho thiy chan doan
di truyén bénh DTP so sinh da cai thién dugc két qua diéu tri va tién
lwong bénh. Nhitng bénh nhan c6 dot bién gen ABCC8/KCNJI11 c6 thé
diéu tri bang ubng sulfonylureas (SU) thay thé cho tiém insulin. Viéc
diéu tri bang sulfonylureas don gian hon, kinh té hon va kiém soat
glucose mau tot hon so véi insulin. Tuy nhién trén thé giéi va Viét
Nam, cho dén nay chua c6 nghién ciru ndo toan dién vé DTD so sinh
duoc tién hanh trén sb luong bénh nhan du 16n. Mgt nghién cliru nam
2015 tién hanh trén s lugng bénh nhan 16n nhat 1a 1020 bénh nhan
nhung s bénh nhan nay lai dugc tap hop tir 79 trung tam.

Nhu vdy, chung ta hoan toan khong c6 dir liéu vé nguyén nhan DTD
so sinh, cu thé 1a dit liéu dot bién céac gen gay DTD so sinh, thyc trang
chan doan, diéu tri véi sb lugng bénh nhan du 16n tai mot trung tam.
Nghién ciru ndy tién hanh mot cach kha toan dién vé bénh BTD so sinh,
cung cap dit liéu twong ddi 16n vé nguyén nhan & mirc d6 di truyén phan
ttr, 1am sang, hoa sinh va diéu tri bénh. Cac dir liéu bao gdm cac dang
dot bién gen, kiéu gen, kiéu hinh, gop phan bd xung cho dir lidu dot
bién gen ngudi & Viét Nam va trén thé gisi.

Hon nita, trong thuc hanh 14m sang, phan tich dot bién gen giup cho
viéc lwa chon phuong phap diéu tri phu hop. Nghién ciru cung cép dit
liéu vé diéu tri SU trén s lugng 16m bénh nhin c6 y nghia thyc tién
gilp cho viéc xay dung lai phac dd ciing nhu t6i wu héa diéu tri PTD &
tré so sinh va tré nho.



4. Céu tric luin an:

- Luan an dugc trinh bay trong 121 trang (khong ké tai liéu tham
khao va phan phu luc). Luan 4n duoc chia 1am 7 phan:

+ Pit van dé: 2 trang

+ Chuong 1: Tong quan tai liéu 36 trang

+ Chuong 2: Déi tugng va phuong phap nghién ctru 15 trang

+ Chuong 3: Két qua nghién ctru 28 trang

+ Chuong 4: Ban luén 37 trang

+ Két ludn: 2 trang

+ Kién nghi: 1 trang

Luan an gdm 20 bang, 4 biéu d6 va 20 hinh va 2 so do. Str dung 112
tai liéu tham khao gém tiéng Viét, tiéng Anh va mot sb trang Web.
Phan phuy luc gdm: quy trinh chiét tich ADN, bang cho diém test raven,
quy trinh 1am test Denver, trinh ty mdi cho cac gen ABCC8, KCNJ11, INS,
EIF2AK3, danh sach bénh nhan nghién ctru va mau bénh an nghién ctru.

Chuwong 1: TONG QUAN

1.1. Pinh nghia, thuit ngir va co ché bénh sinh

Dai thdo dudng so sinh 14 tinh trang ting glucose mau khong kiém
soat duoc xuat hién trude 6 thang tudi, gin day dugc mé rong ra trudc
12 thang tudi.

C6 hai thé: TP so sinh tam thoi va DTD so sinh vinh vién. DTD so
sinh tam thoi chi yéu do bat thuong NST sb 6 (6q24), bénh nhan c6 giai
doan hoi phyuc khong phai ding thude, sau d6 c6 thé tai phat ¢ tudi day
thi; DTD so sinh vinh vién phai diéu trj thubc sudt doi.

Co ché gay DTD so sinh tam thoi: dot bién gen 14 nguyén nhan cua
hon 90% céc bénh nhan DT so sinh tam thoi. Cac nghién ctru gan day
cho thay rang sy bién doi biéu hién ctia cic gen di truyén don allele trén
NST sb 6 d3 giy cham truong thanh té bao B va dao tuy dan dén réi
loan chirc ning t& bao P va giam bai tiét insulin. Két qua 14 giam insulin
clia bao thai ma insulin hoat dong nhu yéu t6 tang truong dan dén cham
phét trién trong tir cung. Nguyén nhan chinh 1a do dot bién ving di
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truyén don allele trén NST s6 6, thuong két hop véi sy biéu hién qua mirc
clia it nhat 12 2 gen hoat dong theo quy luat di truyén don allele:
PLAGL1 (Pleomorphic adenoma gene - like 1) va HYMAI (imprinted in
hydatidiform mole). Ca hai gen PLAGL1/HYMAI c6 ngudn gdc tir bd s&
hoat dong binh thudng & thai nhi, cac gen c6 ngudn gdc tir me bi methyl
héa nén bi bat hoat

Co ché gay PTD so sinh vinh vién: khi chirc ning cia té bao B binh
thuong, glucose dugc van chuyén vao trong té bao nho GLUT-2, duge
chuyén héa qua nhiéu giai doan dé tao ra ATP lam ting ty s6 ATP/ADP
dan dén dong kénh Kare gdy khir cuc mang té bao. Mang té bao bi khir
cuc s& mo kénh canxi, canxi tran vao trong té bao gdy giai phong
insulin tir cac hat du trit. Bat thuong GLUT-2 s& dan dén giam glucose
vao trong té bao B. Thiéu hut glucokinase s& dan dén giam phosphoryl
hoéa glucose din dén giam ATP dugc tao ra. Dot bién kich hoat gen
ABCC8/KCNJ11 m3 hoéa cho hai tiéu don vi SURI va Kir6.2 cua kénh
Katp s& din dén mé kénh Kartp, kali ra ngoai té bao nhiéu din dén tang
phan cuc mang té bao va 6n dinh dién thé mang lam insulin khong dugc
giai phong gay BTD. Trong nhéan, cdc gen PDX1, PTF1A, GLIS3,
PAX6, RFX6, NEUROD1, NEUROG3 mé hoa cho cac yéu t6 phién ma
c6 vai tro diéu hoa qua trinh tong hop insulin. Khi cac gen nay bi dot
bién s& gy DTD. Dot bién gen INS giy bét thudng qué trinh tong hop
proinsulin trong ludi ndi bao gay doc cho té bao B. Dot bién gen INS s&
pha v& chu tric binh thudng cia cau ndi disulfua (p.Cys43Gly va
p.Cys96Tyr) hodc thém vao mdt cystein khong ghép cap (p.Arg89Cys
va p.Gly90Cys) & chd phan cit cua chudi A va C-peptid. Dot bién
p.Tyr108Cys c6 thé gay nén khong ghép cip cua cystein & ving quyét
dinh dong cau ndi disulfua. Tat ca nhiing dot bién nay c6 thé 1a dot bién
troi gay rdi loan sinh tong hop insulin din dén stress trong ludi ndi bao
giy PTD.

1.2. Biéu hi¢n 1am sang lién quan dén ddt bién gen

Thé PTPD so sinh tam thoi: chi yéu do bat thuong NST 6, mot ty 18
nho do dot bién gen KCNJ11/ABCC8. Cham phat trién trong tir cung la
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triéu chimg thuong gip. Tang glucose mau, chdm phat trién va trong
mot s& truong hop co dau hiéu mat nudc xuat hién ngay sau sinh. Céc
xét nghiém khang thé khang tiéu dao tuy va HLA haplotype cho dai
thao dudng typ 1 déu am tinh [15]. Biéu hién khac dugc chi y 14 ludi to
gip & 1/3 sb bénh nhan trong nghién ciru ctia Temple va cs khong lién
quan dén co ché cua gen. Biéu hién thoat vi ron cling dugc mo ta. Cham
phat trién tAm than gdp 0 mot s6 bénh nhan. Nhu cau insulin ngoai sinh
giam sau diéu tri trung binh 13 3 thang. Can diéu trj insulin dén 18 thang
gip & mot sb hiém cac bénh nhéan. Trong giai doan nay, DTD duoc hdi
phuc va bénh nhan c6 glucose mau binh thudng, mirc ting truéng binh
thuong. Tuy nhién, mot sé bénh nhan c6 biéu hién ting glucose mau
nhe tai phat trong nhitng ngay bi m. DTD tai phat trong giai doan vi
thanh nién hoac giai doan sém & nguoi 16n gap ¢ 50% cac truong hop
DTD so sinh tam thoi typ 1.

DTP so sinh vinh vién: bénh nhan c6 dot bién KCNJ11 thuong giy
DTD so sinh vinh vién hon PTD so sinh tam thoi (90% so v&i 10%
tuong tmg). Nguoc lai dot bién ABCC8 gay DTD so sinh tam thdi nhiéu
hon (=66%). Khong co sur khac biét gitta hai nhom vé mirc do cham phat
trién trong tir cung va tudi chan doan DTD. Bénh nhan c6 dot bién gen
m3 hoa cho céac tiéu don vi cua kénh Karp c6 mitc d§ cham phat trién
trong tir cung nhe hon va thudng duge chan doan mudn hon so voi nhitng
bénh nhén c6 bét thuong 6q24. O nhiing bénh nhan DT so sinh tam thoi
do dot bién gen ABCC8/KCNJ11 thi bénh thuong hdi phuc mudn hon va
tai phat sém hon so voi nhitng bénh nhan BTD so sinh do d6t bién 6q24.

Biéu hién 14m sang cua bénh nhan c6 dot bién kich hoat gen mé hoa
cho cac tiéu don vi cua kénh Karp goi y phu thudc insulin véi mic C-
peptide thip hodc khong do duoc va thuong biéu hién toan xé ton.

Ngoai DTD, khoang 20% bénh nhan mang dot bién KCNJ11 c6 biéu
hién tri€u ching than kinh do kénh Katp khong chi ¢c6 mat & mang té
bao B cua tuy ma con co mit & no ron than kinh va té bao co. Biéu hién
nang bao gdom cham phat trién tim than, dong kinh xuat hién sém va
duoc goi 1a hdi chung DEND (developmental delay, epilepsy, and



neonatal diabetes). Hoi chimg DEND trung gian déc trung boi BTD so
sinh, chdm phét trién tdm than nhe hon va khong c6 dong kinh. Biéu
hién than kinh it gip hon va nhe hon & nhitng bénh nhan cé dot bién
ABCCS8. Tuy nhién nhitng nghién ctru gin dy da ching minh ring cac
bat thuong tdm than kinh nhe bao gdm rdi loan phdi hop véi phat trién
tam than (ddc biét 1a loan phdi hop dong tac khong gian thi giac) hodc
giam chu ¥ ¢6 thé gip ¢ nhitng bénh nhan c6 dot bién Karp.

Dot bién di hop tir gen insulin (INS) 14 nguyén nhan phd bién thir hai
gdy DTD so sinh vinh vién sau dot bién kénh Katp. bot bién 1am phan
tr proinsulin khong gap cudn bi giir lai va & dong trong ludi ndi bao
dan dén stress trong ludi ndi bao va chét theo chuong trinh cua té bao p.
Mirc d6 ning ctia cham phat trién trong tir cung & bénh nhan c6 dot bién
di hop tir gen INS tuwong ty nhu & bénh nhan c6 dot bién gen ma hoa
kénh Karp. Nguoc lai DPTD biéu hién ¢ tudi mudn hon, nhe hon va bénh
nhan thudng khong ¢ biéu hién than kinh. Dot bién gen INS thuong 1a
di hop tir va 1a dot bién méi (de novo) don phat 1¢ té. Khoang 20% co
tién st gia dinh cua DTD di truyén troi NST thuong. Péi khi, dot bién
gen INS gay DTD so sinh vinh vién sau 6 thang tudi, vi vy xét nghiém
phan tich gen can dugc can nhéc chi dinh trong trudng hop nay dic biét
khi bénh nhan c¢6 khang thé BTD typ 1 4m tinh. Ngoai dot bién di hop
tr cia gen INS, dot bién dong hop tir hodc dot bién di hop tir kép gay
DTP so sinh ciing di duoc md ta. Dot bién hai allele khong gay pha
huy té bao B tir tir nhung dan dén thiéu hut sinh tong hop insulin trudc
va sau sinh. Diéu nay giai thich vi sao can ning luc sinh thap hon va
biéu hién DT sém hon & nhing tré mang dot bién. Khi bénh 1a di
truyén lan, c6 25% nguy co xuét hién bénh ¢ anh chi em rudt nhung &
nhiing gia dinh khong két hon can huyét thong thi nguy co rat thap ¢ thé
hé sau cua bénh nhan.

1.3. Piéu tri

Nguyén tic 1a diéu tri theo co ché bénh sinh. Trong giai doan dau khi
méi duge chan doan hodc khi nhiém toan xé ton, bénh nhan s& dugc diéu
tri bang insulin. Nhitng bénh nhan c6 dot bién gen ABCC8/KCNJ11 s&



dugc diéu tri chuyén doi sang udng (SU) thay thé cho insulin tiém.
Nhiing bénh nhéan c6 dot bién gen trén NST s6 6 s& duoc theo doi dé
xéc dinh thoi diém ngimg thude va tai phat. Nhitng bénh nhéan con lai s&
tiép tuc diéu tri bang insulin theo phuong phép truyén thong.
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Hinh 1.1. So' @6 diéu hoa bai tiét insulin va co ché tac dung ciia SU

Khi SU gan két voi cac SUR dic hiéu trén mang té bao B tuy, kénh
Kare VAN chuyén K* s& bi dong lai. Kénh nay ciing s& bi dong lai dudi
tac dung cua mot s6 chat ma sy chuyén hda can dén vai tro caa insulin
nhu glucose va acid amin qua co ché lam ting nong d6 ATP hay ting ti
I6é ATP/ADP noi bao. Kénh K* dong s& khtr cuc mang té bao do giam
tinh thim K* cua té bao P tuy. Dé can bang dién tich hai bén mang té
bao B, kénh Ca™" s& dugc mé ra. Khi kénh Ca™ mo ra, mot dong thac
Ca*™" s& di vao té bao lam ting ndng d6 Ca™* noi bao. Mot protein noi
bao la calmodulin s& két hop véi Ca*™ qua phan ung phosphoryl héa.
Phirc hop Ca*™-calmodulin s& dua cac hat ché tiét insulin dén sat mang
té bao P tuy va két qua la insulin s& duoc giai phong.

1.4. Két qua diéu tri

Do bénh hiém gap, $6 lugng bénh nhan duoc theo ddi va diéu tri tai
cing mot trung tim it, hau hét cic nghién ctiru déu 1a cac bao cao ca
bénh hodic chum ca bénh vé6i ¢& mau nho, vi vay kho danh gia duoc két
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qua diéu trj l4u dai trén sb luong bénh nhan du 16n co6 thé dai dién cho
nhom bénh nhan DTD so sinh.

Nhiéu nghién ciru bao cao chim ca bénh hoic ca bénh da khang dinh
hiéu qua cua udng SU.

Chuong 2: POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. P6i twong nghién ciru

Dbi tuong nghién ctru gdm 40 bénh nhan duoc chan doan PTD
trude 12 thang tudi, diéu tri va theo doi tai Khoa Noi tiét - Chuyén hoa -
Di truyén, Bénh vién Nhi Trung wong (BVNTU) tir 1/2000 dén 1/2017.
Chon mau theo phuong thirc thuén tién véi cac tiéu chuin: i/ ting
glucose mau xuit hién trude 12 thang tudi, glucose mau lac doi >126
mg/dl (7,0 mmol/l) (d6i duoc dinh nghia 1a khong an it nhét 4 gio & tré
0-1 tudi) hodc glucose mau bat ky > 200 mg/dl (>11,1 mmol/l); ii/ tinh
trang ting glucose mau luc doi kéo dai trén 2 tudn phai didu trji bang
insulin; iii/ bénh nhan va gia dinh chip thuin tham gia nghién ctru. Cac
tiéu chuan loai trir bao gdm: tat ca nhimg trudng hop ting glucose mau
do truyén dung dich c6 glucose; do nhiém tring; bénh nhan va gia dinh
khong ddng y tham gia nghién ciru.

2.2. Phwong phap nghién ciru

Thiét ké nghién ciru: nghién ciru mot loat cic ca bénh bao gdm: phat
hién dot bién mot sb gen, kiéu hinh (lam sang, xét nghiém hoa sinh),
can thiép diéu tri va danh gia két qua diéu tri. Mdi bénh nhan c6 hd so
nghién ctru riéng.

2.2.1 Phit hi¢n dit bién gen gdy DT so sinh va phin tich kiéu gen

Puogc tién hanh tai Phong Xét nghiém Di truyén phén tir, Pai hoc Y,
DPai hoc Exeter, Vuong Quéc Anh.

Bénh phém: 2 ml mau tinh mach bénh nhan va b6, me bénh nhan
dugc chéng dong bang EDTA. DNA dugc chiét tach bang kit thuong
mai cua hang QIAGEN (QIAamp DNA blood mini kit) tai BVNTU.
Exon don doc ciia KCNJ11 dugc khuéch dai bang k¥ thuat PCR va giai
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trinh ty gen theo quy trinh cua Ellard va Flanagan. Phan ung duoc
phan tich trén ABI 3100 -capillary sequencing (Applied
Biosystems) va dugc so sanh vé6i cac trinh tu gen da dugc cong bd
(NM_000525.3).

Nhirng bénh nhan khong c6 dot bién trén gen KCNJ11 s& duoc phan
tich gen ABCC8. 39 exon va viing gan ndi exon-intron dugc khuéch dai
bang cac primer dic hiéu, san pham PCR dugc tinh sach va giai trinh tu
bang hé théng ABI 3730 capillary sequencer (Applied Biosytems,
Warrington, UK) va duoc so sanh véi trinh ty gen dd dwoc cong bd
(NM_000525 va NM_000352.2).

Nhitng bénh nhan khong c6 dot bién trén gen KCNJ11 va ABCCS,
cac gen INS, INSR, EIF2AK3, FOXP3, GATA4, GATA6, GCK, GLIS3,
HNF1B, IER3IP1, PDX1, PTF1A, NEUROD1, NEUROG3, RFX6,
SLC2A2, SLC19A2, WFS1 s& duoc phéan tich cac vung gen ma hoéa va vi
tri gin néi bang phuong phap giai trinh tu gen thé hé mai (Agilent
custom capture v5/lllumina HiSeq; reference sequences at
www.exeterlaboratory.com/genetics/tngs). Sau d6 nhitng dot bién gen
dugc tim thdy (FOXP3 hoic EIF2AK3) s& duoc khang dinh lai bang
phuong phap giai trinh ty Sanger.

Nhitng bénh nhan khéng c6 dot bién cac gen da liét ké trén day s&

dugc phén tich dé phat hién cac bat thudong trén NST s6 6 bang phuong
phap PCR-Methylation va khuéch dai dau do da mdi dwa vao phan tmg
ndi dic hiéu methyl hda (Methylation-Specific Multiplex Ligation-
dependent Probe Amplification: MS-MLPA) st dung kit thuong mai
MRCHolland ME033. K§ thuat nay cho phép phat hién sé luong ban
sao va dang methyl hoa. Qua trinh methyl héa dugc tién hanh cho cac
locus dic hi¢u theo dich nhu: PTP so sinh typ 1, GRBIO,
PEG1/MEST, KCNQ10T1, H19, DLK1 (14g32), SNRPN (15q12),
PEG3/ZIM2, and NESPAS/GNAS-AS1 (20q13.2) DMRs st dung PCR
methyl hoa dic hiéu va pyrosequencing néu can di dugc mo ta bai
Mackay va cs.


http://www.exeterlaboratory.com/genetics/tngs
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Nhing bénh nhan c6 bat thuong methyl hoa trén nhitng locus dic
hi¢u cho DTD so sinh tam thoi s& duge phan tich tim dot bién trén gen
ZFP57. Su thay ddi trinh tu gen ZFP57 dugc xac dinh béng giai trinh tu
tryc tiép hai san phadm khuéch dai PCR bao gém exon 1 (49bp) va céc
exon tur 2-6 (4,8kb) tuong tng. Vi exon 6 c6 chira doan finger zinc co6
trinh tu 13p lai nén s& c6 cac van dé xay ra khi khuéch dai. Vi vay dé
khéc phuc van dé nay, cac exon 2-6 s€ duoc khuéch dai cung nhau

Céac dot bién phat hién dugc & cac bénh nhan nghién ctru s€ dugc so
sanh véi dit lidu tir Human Gene Mutation database (HGMD). Bédi véi cac
ddt bién chua duge bao céo tai cac co sd dir licu trén day s€ dugc kiém tra
dbi chiéu véi dir lidu tai 1000 genomes database tai "MutationTaster".
http://www.mutationtaster.org.

2.2.2. Nghién cvwu lam sang

Kiéu hinh 14m sang, hoa sinh, dugc tién hanh tai BVNTU: l1ap pha
hé, khai thac tién st, bénh sir, kham 1am sang toan dién gém chiéu cao,
can ning, phat hién cac triéu chimg ctia nhiém toan xé t6n: thd nhanh,
dAu hiéu mét nudc, li bi, hdn mé, cac triéu churng khac: co giat, vang da,
b6 bu, ludi to, thoat vi 1o, phat trién tAm than van dong.

Xét nghiém hoa sinh: bénh pham huyét thanh: dinh luong glucose
mau bang phuong phap hexokinase trén may hoa sinh ty dong Beckman
Coulter AU5800/AU680 va thudc thtt dinh luong glucose ORS 6221
ctia haing OLYMPUS. MAau tinh mach duoc thu thap vao budi sang sém
khi bénh nhan ngu day hodc thoi diém bénh nhan dén kham; Dinh
lugng HbAlc: Sir dung may hoa sinh ty dong Beckman Coulter AU680
va thudc thir dinh luong HbA 1c ORS6192 (hdng olympus). Xét nghiém
bao gom 2 quy trinh: dinh luong HbA 1c bang phuong phap mién dich
trc ché canh tranh, dinh lugng Hb toan phan bang k¥ thuat so mau, tir d6
tinh ra ty 16 HbAlc/Hb toan phin dé c6 % HbA1C. Dinh luong insulin
theo phuong phap mién dich hda phat quang trén may sinh hoa ty dong
Hitachi 704 cia My. Dinh lugng nong d6 C-peptid bang phuong phap
mién dich hoa phat quang theo nguyén ly IRMA (Radioimmunometric
assay) va dwoc thuc hién trén may sinh héa tu dong Hitachi 704 cia


http://www.mutationtaster.org/
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M¥; do khi mau déng mach bing phwong phap do quang hoc, thuc hién
trén may do khi médu GEM primer 3000. Po glucose mdu mao mach tai
nha bang may do glucose mau One Touch Ultra: sir dung phuong phap
dién hoa. Theo ddi glucose mau lién tuc 24 gio trong nhicu ngay bang
may do glucose mau lién tuc Ipro.

2.2.3. Diéu tri

Nhiing bénh nhan c6 dot bién gen ABCC8/KCNJ11 s& dugc nhap
vién dé diéu tri chuyén doi tir insulin tiém sang uéng SU theo phac do.
Bit dau licu SU 0,1mg/kg/lan x 2lan/ngay, dinh luong glucose méu mao
mach trude khi udng thude, néu > 7mmol/l > ting dan liéu SU, mdi lan
tang 0,1mg/kg, giit nguyén lidu insulin, néu glucose mau mao mach
truée udng thude < 7 mmol/l, giam lidu insulin 1 nira cho dén khi ubng
SU hoan toan va ngung insulin.

Tat ca bénh nhan duoc theo ddi glucose mau mao mach 5 mau/ngay
(true cac bita dn chinh, 22 gio va 2 gid), HbAIC (3 thang/lan). Két
qua glucose mau va HbA1C dugc danh gia theo hudng dan cua hiép hoi
Dai thao dudng tré em va vi thanh nién thé gi¢i (ISPAD) nam 2014.

Danh gi4 phat trién tam than van dong bang test Raven véi tré > 6
tudi va Denver I véi tré < 6 tudi. Két qua phat trién tim than van dong
dugc danh gia qua 4 muc do: binh thuong (IQ(DQ) > 75%); cham phat
trién nhe (IQ(DQ): tir > 66,7 dén < 75%); cham phat trién mirc do vira
(1Q(DQ) tir > 50 dén < 66,7%); cham phat trién mirc d6 ning tram trong
(1Q(DQ) < 50%).

2.2.4. Xir Iy s6 liéu thong ké

Str dung phian mém SPSS version 12.0 (SPSS Inc., Chicago,
lllinois). Céc sé liéu duge dién ta dudi dang cac phan bd vé tan s6 hoic
cac tham sd théng ké mb ta va duoc thé hién dudi dang ty 1& ph'?m tram,
hoic tri s6 trung binh + SD va trung vi.

2.2.5. Dao dirc nghién ciru

Nghién ctru dugc tién hanh véi su tuan thu vé mat y dic, dugc Ch?ip
thuan cua hoi ddng dao dic, BVNTU, duoc su ddng y cua ddi tugng
nghién ciu.
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Chuong 3: KET QUA NGHIEN CUU

3.1. Phat hi¢n dot bién gen gay bénh PTD so sinh
Trong sb 40 bénh nhan (22 nam, 18 nit) thi 33 bénh nhan c6 dot bién
gen. D& tai tap trung phén tich 33 bénh nhan c6 dot bién gen. Cac gen bi
dot bién la: ABCC8 (33,3%), KCNJ11 (27,3%), INS (18,2%), 6G24
(15,2%), EIF2AK3(3%), FOXP3 (3%). 9/33 bénh nhan BTD so sinh
tam thoi va 24/33 bénh nhan TP so sinh vinh vién.
Bang 3.1. Pic diém 1am sang va dot bién gen khi chin doin

Picdiém | ABCC8 | KCNJLL INS 6024 KF:lgiS:I Chung céc
lam sang (n=11) (n=9) (n=6) (n=5) Wallis) nhém
Tudi thai (tuan)| 39,8£04 | 39014 | 37,3t30 | 385:30 | 0076 | 39+L9
Canndng | 59,036 | 265:05 | 282076 |225+033 | 0226 | 2706 +520
luc sinh (kg)
Can nang lic
sinh <10™ (n) ! 8 2 4
o 14-357
Tudichandodn| o/ o vrrg | 6434439 | Trumgvi | 238+114 | 0076 | o>
(ngay) 1005 Trung vi 45
Toan xé ton (n) 6 8 5 1
Triu chimg
than kinh (n) ! ! 0 0
pH 7,14+02 | 7,06 40,16 | 7,04£022 | 7,16£025 | 0618 | 7,1109
HCO; L2881 04
80+66 | Trungvi : 1514105 | 0216 | 89+83
(mmol/1) 385 | Trung vi 2,65
BE (mmolll) | -17,8484 |-19,6+119| -196+112 |-455+049| 0296 | 17,4+105
Clucose | 0, 116 | 291499 | 3424127 | 37.8£122 | 0462 | 3594113
(mmol/1)
HbAIC (%) | 7.9+24 |864%303| 98+36 |687+104| 0206 | 7.8+28
0,01-052 |0,0002-0,27 0,03-0,17 0-0,52
C-peptide T . T ] 0-0,16 T i T .
nmol/l rung vi rung vi . rung vi rung vi
(nmolfh) 0,08 0085 | Tungvi0IT\ 4 0913 0,08
Xé ton niéu (+) 7 5 5 3
()

Nhén xét: cac bi€u hién 1am sang va xét nghiém hoa sinh khong co
su khac biét giita cac nhom bénh nhan do cac dot bien gen khac nhau.
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3.1.1. Djt bién gen ABCC8

Trong 11 bénh nhan c6 dot bién gen ABCC8, xac dinh dugc 11 dot
bién khac nhau. 8 bénh nhan c6 dot bién sai nghia di hop tir:
€.3547C>T (p. R1183W) (3 bénh nhan); ¢.3458C>G (p.A1153G),
€.1303T>C(p.C435R);  ¢.3596C>T  (p.P1199L); c.4139G>A
(p.R1380H); ¢.1793G>A (p.R598Q) va c.2476C>T (p.R826W). Mot
bénh nhan c6 dot bién vo nghia dong hop tir ¢.2239G>T (p.E747X). Mot
bénh nhan c6 phdi hop mot dot bién sai nghia va mot dot bién vo nghia
€.382G>A(p.E128K)/c.2239G>T(p.E747X). Mot bénh nhan c¢6 phdi
hop mot dot bién sai nghia va dot bién ving cit ndi
¢.4519G>C(p.E1507Q)/c.3403-1G>A (p?). Trong d6 c6 4 dot bién méi
duoc phat hién: p.E747X, p.A1153G, p. E1507Q, p.R598Q.

3.1.2. Djt bién gen KCNJ11

Trong 9 bénh nhan c6 dot bién gen KCNJ11, xac dinh dugc 7 dot
bién sai nghia di hop tir khac nhau: ¢.602G>A (p.R201H) (2 bénh nhan),
€.601C>T (p.R201C) (3 bénh nhan), ¢.149G>A (p.R50Q), c.875A>G
(p.E292G), c.685G>A (p.E229K), c.553A>C (p.K185Q), c.157G>A
(p.G53S). Céc dot bién nay déu khong co ngudn gdc tir bb hoac me.

3.1.3. Bjt bién gen INS

Trong 6 bénh nhan c6 dot bién gen INS, xac dinh dugc 4 dot bién
khac nhau. Bén bénh nhan c6 dot bién sai nghia di hop tir: ¢.157G>A
(p.G53S); ¢.286T>C (p.C96R); ¢.265C>T (p.R8IC) (2 bénh nhan). Hai
bénh nhan c6 dot bién di hop tir ving cit ndi ¢.188-31G>A (p?). Trong
d6 c6 mot dot bién mai c.127T>A (p.C43S). Tit ca cac dot bién phat
hién dugc déu 1a nhitng dot bién khong di truyén tir bd me (de novo
mutation).

3.1.4. Bit thuwong 624

Trong s6 5 bénh nhan c6 dot bién mat methyl hoa hoan toan & ving
biét hoa methyl trén NST sb 6 thi 2/5 bénh nhan c6 dot bién cua gen
ZFP57 va kiéu gen 1a ¢.7450delT/c.7812C>T (1 bénh nhan), bénh nhan
khac c6 3 dot bién di hop tir trong do dot bién mat mot base trén exon 6
dan dén léch khung dich ma gay két thiic phién ma som di truyén tir me
c.398delT (p.L133HfsX49), hai dot bién di hop tir khic ciing trén ving
nay duogc di truyén tir bd ¢.760C>T (p.L254F) va ¢.499C>T (p.R167C);
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mot bénh nhan c6 dot bién gen PLAGL1,; 1 bénh nhan khac ngoai dot
bién trén locus gy DTD so sinh tam thoi TND (6¢24) con dot bién trén
cac locus khac GF2R (6g27), SNRPN (5g11), GRB10 (7p12); 1 bénh
nhan c6 dot bién trén cac locus GRB10 va PEG3.

3.1.5. Cic dpt bién gen trong cdc hji chirng hiém gip

1 bénh nhan c6 dot bién sai nghia ddng hop tir ¢.1894C>T trén exon
12 cia gen EIF2AK3, d6t bién nay dugc di truyén tir bd me. 1 bénh
nhan khac mang dot bién sai nghia di hop tir ¢.1133C>T trén nhiém sic
thé X dugc di truyén tir me.
3.2. Poi chiéu kiéu gen va kiéu hinh ciia cic bénh nhian PTD so

sinh.

3.2.1. Péc diém lam sang va héa sinh ciia cdc thé DT so sinh
3.2.1.1. Pdi thdo dwong so sinh do dét bién gen ABCCS
Bang 3.2. LAm sang va hoa sinh ciia bénh nhan c¢é dgt bién ABCCS

Triéu chirng lam sang, cin lam sang khi chin do4n
Cén i T.hm
2 2. [ndng 14c Tri¢u gian
BN Kiéu gen |Tudi .sinh Toan | chirng |Glucose H HCO3-| BE HbA1C hoi
ngay| > |xaton| than | mmolt | P |mmolit |mmoln| % phuc
bach - .
A kinh théang
phan vi
3 |p.R1183W 45 <3 - - 282 |734| 15 95 | 58
4 |p.E747X 36 <3 - + 309 |736| 4 -18 8
p.E128K/ < . -
5 DET4TX 44 50 | Nang 26,2 |7,03| 37 251 | 10,3
13 | p.A1153G 15 <3 Nhe - 224 | 73| 13 |-154| 35
€.3403-1G>A _
14 JpE15070 96 <3 |Nang - 477 16,99 43 -26 6,7
23 |p.C435R 71 | >10 |Nang - 256 | 71| 63 -22 7,2
24 |p.R1183W 36 | >10 | Nang - 31,7 |708| 33 -26 7,6 6
25 |p.P1199L 48 3 - - 131 |744| 23 -08 | 82
27 |p.R1183W 82 10 | Nang - 30 |689| 51 - 115 14
32 |p.R1380H 72 | >10 |Nang - 531 |690| 3 - 8,7
p.R598Q/ ) i
33 DRE26W 33 10 Nhe 50,1 |7,29| 18 8,8 4

Ghi chl: mau do la cdc dot bién méi chwea dwoc bdo cdo trong y van
(novel mutations); “--": thap khéng do dwoc; “-”: khéng cd “+”: cd
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Nhian xét: Ty 1¢ cao bénh nhan dugc chan doan truge 90 ngay tudi
(10/11) va c6 biéu hién toan xé tén (8/11).
3.2.1.2. Pdi thdo dwong so sinh do ddt bién gen KCNJ11
Bang 3.3. Lam sang va héa sinh ciia bé¢nh nhin cé dot bién gen

KCNJ11
Triéu chitng Iim sang, cin lim sang khi chin do4n
Hoi
P lac Triéu phuc
BN | Kiéugen |Tudi| sinh |Toan xé|ching|Glucose HCO;| BE |HbALC| sau
ngdy | bach | ton | thin | mmol/ PH mmol/llmmol/l| % |chén
phan vi kinh doan
thang
1 | p.R20IH | 44 <3 Néng - 495 | 7,12 - -227 | 97
2 | pR201C | 37 <3 | Nang | + 312 | 69 1 - 84
10 | p.R50Q 160 | 70 Ning - 372 | 69 | 19 |-282| 137 | 6
12 | p.R201C 7 <3 Nhe - 26 72 21 -5,7 54
15 | p.E292G | 45 10 - - 393 | 735|289 | 32 6
16 | p.E229K 52 3 Néng - 43,1 6,9 4 -287 | 51 50
26 | p.R201H 62 10 Néng - 416 | 706 | 3,7 | -26,6 | 10,2
28 | p.K185Q | 72 <3 Ning - 278 | 686 | 36 | -285| 93
30 | p.G53S 100 | 10 Trung - 56 72 | 54 |-199 | 110
binh
Ghi chi: “P”: can nang lic sinh, “--": khong do dwoc - khong
cé “+:ch

Nhan xét: ty 1€ cao bénh nhan khoi phat bénh dudi 2 thang tudi
(5/9), c6 can nang lic sinh < 10 bach phan vi (8/9) va c6 biéu hién

nhiém toan xé& ton khi chan doan (8/9).
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3.2.1.3. Pdi thdo dwong so sinh do ddt bién gen INS

Biang 3.4. Lam sang va héa sinh ciia bé¢nh nhan c¢6 dot bién gen INS

Tri¢u chirng 1dm sang, cin 1im sang khi chin do4n
P lac
BN Kiéugen [Tudi| sinh |Toan xé|Glucose H HCO;3 BE |HbALC
ngay | (bach ton  [(mmol/l) P mmol/l | mmol/l | (%)
phéan vi)
c.127T>A 18
7 50 Ning 24 6,8 2,3 - 8,3
(p.C439) 0
c.188-31G>A | 13
9 40 Nang 34,7 6,9 2 -28,9 12,8
?) 3
c.188-31G>A
18 70 10 Ning 54 7,14 3,6 -23,2 8,5
(P?)
€.286T>C 35 Trung
19 50 . 21 7,23 2 -23 114
(p.C96R) 7 binh
€.265C>T
21 21 10 - 444 | 735 | 214 -3,3 3,9
(p.R89C)
€.265C>T
22 14 50 Nang 27,8 6,8 3 - 13,6
(p.R89C)

Ghi chi: “BN”: bénh nhdn, “--": thap khéng do duwoc, “- "> khong
Nhan xét: tt ca cac bénh nhan co can nang lac sinh tir 10 bach

phan vi trg 1én, 5/6 nhdp vién trong tinh trang toan xé t6n tir trung

binh dén ning.
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3.2.1.4. Pdi thdo dwong so sinh do bat thuwong nhiém sdc thé sé 6

Bang 3.5. Pac diém 1am sang va héa sinh ciia bénh nhan cé dot bién

mit methyl héa viing imprinting

Triéu chirng IAm sang va hoéa sinh khi chin doin
. Hoi
P luc
Ludi| ph
o . | sinh phue
BN Dot bien Tudi béch Toan |Glucose H HCO; | BE HbALQ to, | sau
ac . R
ngay xé tén | mmol/l P mmol/l {[mmol/l| % | ron |diéu tri
phéan -
16i |insulin
vi
) théng
6 |C.7450delT/
23 | 20 - 30 68 | + 18
c.7812C>T
8 | TND (6924),
GF2R(6927),
40 | <3 - 31,1 |732| 21,2 -4,2 8,3 + 55
SNRPN(5q11),GRB
10 (7p12)
11 |c.398delT
(p.L133HfsX49)
15 | <3 - 5 |73 20,7 | 49 | 58 | + 5
¢.499C>T(p.R167C)
¢.760C>T (p.L254F)
20 |GRB10vaPEG3 11 | <3 | Nang 31 6,8 3 - 6,6 + 55
31 |PLAGL1 13 | <3 - 44 3,6 + 3

Ghi chii: “BN”: bénh nhdn, “P”: cdn nang lic sinh, “+”: ¢O “-”:

‘

khong,

--"7 khong do duoc

Nhan xét: 4/5 bénh nhan c6 can nang luc sinh thép < 3 bach phan vi.
2/3 bénh nhan c6 dot bién & cac locus trén gen ZFP57 khong c6 biéu

hién toan xé ton khi chin doan; bénh nhan c6 dot bién & locus GRB10

va PEG3 nhap vién trong tinh trang nhiém toan xé ton rat ning va can

ning luc sinh thap.
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3.3. Két qua diéu tri
3.3.1. Két qud kiém sodt glucose

Biéu d@b 3.1. Két qua kiém soat glucose mau & bénh nhan PTD so

Nhan xét: ty 18 kiém soét glucose mau t6t khi didu tri bang insulin 1a
30,4% va ty 1¢ kiém soat kém con cao 26,1% nhung khi chuyén sang
diéu tri bang SU thi ty 1 kiém soat t6t 1a 87,5% va khong con bénh

14
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Diéu tri bang insulin

7

nhan kiém soat kém.

3.3.2. Két qud theo doi glucose mdu & bénh nhén diéu tri bang
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Nhan xét: khi diéu tri bang sulfonylurea, glucose mau hau hét trong
giéi han binh thuong dong thoi khoang giao dong nho hon so véi diéu
tri bang insulin.

3.3.3. Két qud HbALC khi diéu tri bang insulin va SU

HbA1C (%)

<

12

10

<]

.
H

1
—

P=0,0001

'
—_—

T
Insulin

T
su

Biéu d6 3.3. Két qua HbA1C khi diéu tri biang insulin va SU
Nhan xét: HbA1C cta bénh nhan khi diéu tri béng insulin cao hon
c6 v nghia so véi HbAIC cua bénh nhan khi diéu tri bang SU

(p=0,0001).

3.3.4. Két qud phdt trién tam than vin dong
Bang 3.6. Két qua phat trién tam thin van dong ciia bénh nhén

Dot bién gen

Phat trién tAm thin,
van dong binh thwong

Cham phat trién tim
thén, vin dong vira

va nang

n % n %
ABCCS8 10 90,9 1 91
KCNJ11 8 88,9 1 11,1
INS 6 100 0 0
6924 4 80 1 20
EIF2AK3 1 100 0 0
Tong 29 90,6 3 9,4
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Nhian xét: ty 1€ bénh nhan cham phat trién tdm than vén dong la
9,4%. Tat ca bénh nhan c6 dot bién gen INS phat trién tim than véan
dong binh thuong.

Chwong 4: BAN LUAN

4.1. X4c dinh dot bién gen & bénh nhan dai thao dwong so sinh

Trong sd 40 bénh nhan duoc phéan tich cac gen gy DTD so sinh thi
33 bénh nhan c6 dot bién (82,5%). C4c gen phat hién duoc dot bién la
ABCC8 (33,3%), KCNJ11 (27,2%), INS (18%), 6024 (15%),
EIF2AK3(3%), FOXP3(3%). Ty 1& bénh nhan dugc chan doan trudc 6
thang tudi 1a 96,97% (32/33) v6i do tudi trung binh 1a 54,78+42.32
ngdy, mot bénh nhin duoc chan doan trong vong 6-12 thang voi 357
ngay tudi chiém ty 18 3,03%. Ty 1& phat hién dugc dot bién trong nghién
ctru cua ching t6i tuong ty nhu trong nghién ctru ¢ Ukraina va Trung
Qudc nhung cao hon trong nghién ctru tai Slovakia. Trong d6 dot bién
kénh Karpe trong cac nghién ciru déu 1 nguyén nhan ph bién gay DTD
so sinh va KCNJ11 chiém ty 1& cao nhat thi trong nghién ciru ctia chiing
t6i gen c6 ty 16 dot bién cao nhit lai 1a ABCC8. Sy khéc biét nay c6 thé
do yéu t6 ching toc hodc do ¢& mau nghién ctru chua du 16n, chua can
bang gitta cac nghién ctru va chua dai dién duoc cho quan thé.

4.2. Kiéu gen va kiéu hinh ciia cic bénh nhian PTD so sinh

V& can nang lac sinh, két qua tir bang 3.1 cho thay cin ning luc sinh
trung binh cta cac nhom bénh nhén c6 dot bién KCNJ11, ABCCS8 va bit
thuong NST sb 6 khoang 10 bach phéan vi so voi tudi thai con cia nhom
c6 dot bién INS gan nhu trong gidi han binh thudng. Trong 4 nhom nay,
can nang lic sinh ctia nhom c6 dot bién NST sé 6 la thap nhit. Tuy
nhién khong thay co su khac biét c6 y nghia thong ké khi so sanh can
nang lic sinh cua cac nhém véi nhau.

V& tudi chan doan, két qua trong bang 3.1 cho thiy tudi chdn doan
ctia nhom bénh nhan c6 dot bién NST s6 6 1a thip nhat phi hop véi két
qua trong nghién ctru cua Flanagan va cs (2007). Tuy nhién, bénh nhan
cua ching to6i dugc chan doan muén hon. Piéu nay co thé do triéu
chimg ciia bénh thuong khong rd rang, bénh thuong biéu hién voi triu
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chimg ciia nhiém khuan duong ho hip trén, nhiém khuan tiéu hoa hoic
tham chi 12 bénh nhan chi c6 biéu hién quay khoc ngu it va khong ting
can hoac giam can. Do vay, bénh nhan c6 thé dugc chan doan nham la
bénh nhiém trung trude khi dwoc chan doan 1a DTD.

Trong nghién ctru clia chung t6i, nhém bénh nhan dugc chan doan
som nhat 1a nhom co dot bién NST sb 6 & do tudi 17-40 ngay, bénh
nhan ABCC8 chin doan ¢ do tudi 15-96 ngay, bénh nhan KCNJ11 dugc
chan doan tir 7-160 ngdy, con nhdm bénh nhan c6 dot bién INS thi tudi
chan doan tir 14-357 ngay. Nhu vay tudi chan doan ciing rat khac nhau
gitta cac bénh nhéan, gilra cac nhém, tuy nhién sy khac biét nay ciling
khong c¢6 y nghia thng ké. Diéu nay c6 thé do s6 lugng bénh nhan con
han ché.

Vé triéu chimg 1am sang va can 1am sang khi chan doan, bang 3.1 cho
thiy, bénh nhan c6 dot bién KCNJ11 c6 ty 16 nhap vién vi toan xé ton cao
nhét (8/9 bénh nhén), trong khi chi c¢6 1/5 bénh nhan bat thudng nhidm
sic thé s6 6 c6 biéu hién toan xé ton. Piéu nay phu hop véi tudi chan
doan ctia bénh nhan ¢6 dot bién KCNJ11 mudn nhat. Do chan doan mudn
nén d& co bién chimg toan xé ton. Tinh trang toan xé ton ning véi pH;
HCO3- va BE rat thap.

4.3. Két qua diéu tri

Trong nghién ctru ctia ching t6i, 100% bénh nhan c6 dot bién gen
ABCC8 va KCNJ11 duogc diéu tri thanh cong bang thube udng SU thay
thé cho insulin tiém. Trong d6 c6 4 bénh nhan 13 DTD so sinh tam thoi
hién khong phai dung thudc. Khi chuyén sang diéu tri béng
glibenclamide, két qua kiém soat glucose mau va HbA1C cai thién 15
rét va su khac biét c6 ¥ nghia théng ké (p<0,05) (két qua tir biéu dd
3.2). Khi diéu tri bang glibenclamide, glucose mau 6n dinh hon, dao
dong it hon va HbA1C gan véi gia tri binh thuong hon (két qua tir biéu
dd 3.2 va 3.3). Trong nghién ciru ctia Pearson va cs, 49 bénh nhan duoc
diéu tri v6i SU, 44 bénh nhan c6 thé nging tiém insulin. Kiém soat
glucose méu cai thién ¢ 38 bénh nhan. HbALC trung binh trude diéu tri
SU la 8,1% (7,7-8,6%) giam xudng 6,4% (6,2-6,6) sau khi diéu tri 12
tuan bang SU.
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Két qua tir biéu do 3.1 cho thay, khi diéu tri bang insulin, ty 1& bénh
nhan kiém soat kém chiém 26,1%. Diéu nay ching t6 viéc kiém soat
glucose mau va HbA1C ¢ tré nho la vo cung kho khan va phure tap. Tré
nho bl me hoic dn lién tuc, kho kiém soét glucose mau sau an. Hon nita
tré lai nhay cam véi insulin nén rat dé ha glucose mau sau ti€ém insulin
tac dung nhanh. Khi chuyén sang diéu tri bang SU, két qua kiém soat
glucose mau va HbA1C cai thién rd rét va su khac biét c6 ¥ nghia thong
ké (p<0,05). Khi diéu tri bang SU, glucose mau on dinh hon, dao dong
it hon va HbA1C gin véi gia tri binh thuong hon.

Két qua tir bang 3.6 cho thiy ty 1& tré bi cham phat trién tAm than
van dong chiém 9,4% (3/32). Trong nhitng bénh nhan nay c¢6 hai bénh
nhan c6 dot bién gen KCNJ11/ABCC8 biéu hién triéu chimg than kinh
trong hoi ching DEND va mdt bénh nhan c¢6 dot bién mat methyl hoa
trén cac locus TND (6g24), GF2R (6g27), SNRPN (5qg11), GRB10
(7p12) ¢6 méc viém ndo trong qua trinh diéu tri. Cham phat trién tdm
than ¢ bénh nhan nay c6 thé do ban than dot bién giy nén, ciing co thé
do & thoi diém chan doan bénh nhan c6 mac viém nao phdi hop.

Glyon va cs nghién ctru 10 bénh nhan c6 dot bién gen KCNJ11,
trong d6 co 3 tré co biéu hién ton thuong than kinh trong hoi chung
DEND. Tuy nhién trong 3 bénh nhan nay, 2 bénh nhan khi dugc chén
doan c6 biéu hién nhidm toan xé ton rat ning voi pH 6,9; mot bénh
nhan cham phat trién tm than van dong c6 kém theo kiém soat glucose
méu kém véi HbA1C rat cao 13%. Vi vay nguyén nhan giy r6i loan
than kinh c6 thé do: i) tac dung truc tiép ciia dot bién kénh Karp gay
anh hudng dén chuc nang cua kénh & co, soi truc va vo soi truc, i) hau
quéa cép tinh ciia DTD nhu ha glucose mau ning (trong toan xé ton)
hoidc ting glucose mau rat ning, iii) anh huéng lau dai cua bénh DTD
nhu cac bién chimg, ha glucose mau ning tai phat hodc iv) biéu hién
than kinh khong lién quan dén dot bién kénh Karp hodc DTD.
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KET LUAN

Nghién ctru dot bién gen, kiéu hinh 14m sang va héa sinh, danh gia
két qua dicu tri ching t6i rat ra mot s6 két luan sau:

1. Xac dinh cac dot bién gen giy dai thao duwong so sinh

Ty 1¢ phét hién dot bién gen trong DTD so sinh 14 82,5%. Cac gen
xac dinh dugc gy DTD so sinh 1a: ABCC8 (33,3%), KCNJ11(27,3%),
INS(18,2%), bat thuong NST s6 6 (15,2%), EIF2AK3(3,0%),
FOXP3(3,0%).

Xéac dinh duge 11 d6t bién cua gen ABCCS8; 7 d6t bién cua gen
KCNJ11; 4 dot bién cua gen INS; 1 dot bién cua gen EIF2AK3 va 1 dot
bién ciia gen FOXP3. Trong dé xac dinh duoc 4 dot bién moi cia gen
ABCCS8: dot bién vo nghia p.E747X; cac dot bién sai nghia p.A1153G;
p.E1507Q; p.R598Q, va 1 d6t bién mai cua gen INS 14 p.C43S.

2. Poi chiéu kiéu gen va kiéu hinh PTD so sinh

Ty 18 tré ¢6 can nang lic sinh thap 1a 69,7%. Ty 1& tré c6 biéu hién
toan x& ton khi chan doan 1a 60,6%.

Dic diém hoa sinh tai thoi diém chan doan: HbALC 7,8+2,8(%); C-
peptide thip (0-0,52 nmol/l; trung vi 0,08); glucose mau 35,9+11,3
mmol/Il.

Dot bién gen mi hoa kénh Karp c6 thé gay nén biéu hién than kinh:
KCNJ11 (1 bénh nhan), ABCC8 (1 bénh nhan).

Méi lién quan giita dot bién gen va biéu hién 1am sang: chua tim
thiy mbi lién quan giira biéu hién 14m sang va dot bién gen. C6 mébi lién
quan kha chit chd giita dot bién gen va phuong phap diéu tri: nhitng
bénh nhan c6 dot bién gen ma hoa kénh Karp déu diéu tri thanh cong
bang SU thay thé cho insulin tiém.

3. Két qua didu tri

Ty 1€ bénh nhan BTD so sinh tam thoi 1 24%. Trong do6 ty 1¢ bénh
nhén do bét thuong NST s6 6 1 15%, do dot bién gen KCNJ11 1a 6% va
do d6t bién gen ABCCS la 3%.

Sau thoi gian theo d3i dai nhét 14 9 nim, chwa c6 bénh nhan DTD so
sinh tam thoi nao tai phat
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Tét ca bénh nhan co6 dot bién gen ma hoa kénh Karp déu diéu tri
thanh cong bang thudc udng sulfonylurea thay thé cho insulin tiém.

Bénh nhan diéu tri bing SU kiém so4t glucose mau va HbAlc tot
hon khi diéu tri bang tiém insulin: HbAlc cai thién tét hon (thuong
trong gi6éi han binh thuong), glucose mau dao dong it hon, ty 1€ ha
glucose méau thap hon.

90,9% tré phat trién tm than van dong binh thuong.

KIEN NGHI

Céan xét nghiém glucose méau cho tit ca nhiing tré so sinh c6 can
nang lc sinh thip <10 bach phan vi.

Xét nghiém phan tich gen ABCC8/KCNJ11 cho tit ca nhing tré co
biéu hién DTP so sinh trong nim dau sau sinh.

Xét nghiém phan tich gen ABCC8/KCNJ11 cho bd va me cua nhiing
tré DTD trong nim dau sau sinh c6 dot bién gen dé co ké hoach tu van di
truyén va theo doi phu hop.

Can theo ddi sat va lau dai nhiing truong hop DTD so sinh tam thoi
dé xéac dinh thoi diém tai phat va c6 phuong phéap diéu tri thich hop.

PONG GOP MOI

Nghién ctru toan dién vé nguyén nhan & mic do phan tir, kiéu gen,
kiéu hinh va két qua diéu tri dbi v6i cac bénh nhan DTD so sinh. Két
qua phan tich gen dugc tmg dung trong thyc hanh 14m sang dé Iya chon
phwong phap diéu tri thich hop, cai thién két qua diéu tri va gop phan tu
van di truyén. Dit liéu dot bién gen gop phan bd xung cho dir liéu ngan
hang gen & trong nudc va trén thé gidi. Vi nhitng kiéu hinh 1am sang
hiém (DTD so sinh tam thoi), dit liéu ctia nghién ciru s& bd xung cho dit
liéu cua thé gidi vé tién trién cta bénh.
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INTRODUCTION

1. Imperativeness of the study:

Neonatal Diabetes Mellitus (NDM) is defined as uncontrolled
hyperglycemia that requires treatment with insulin and has an onset in
the first 6 months of life. This is a rare disorder with frequency of
1/500,000 to 1/215,000 live births. NDM may take one of two forms,
depending on the permanence of hyperglycemia: transient neonatal
diabetes mellitus (TNDM) or permanent neonatal diabetes mellitus
(PNDM). The etiology of NDM is genetically heterogeneous,
producing abnormal development or absence of the pancreas or islets,
decreased B-cell mass secondary to increased B-cell apoptosis or
destruction, and B-cell dysfunction that limits insulin secretion

NDM usually manifest nonspecific symptoms for a variety of
illnesses such as gastrointestinal infections or respiratory infections and
is often misdiagnosed or delay. The disease is often detected
accidentally through blood tests or when there are complications of
diabetes ketoacidosis. It will leave severe sequelae even death if not be
treated promptly.

Management of diabetes in the infant is a challenge because infants
cannot communicate effectively their symptoms of hypoglycemia or
hyperglycemia and must rely on an astute caretaker to meet and
recognize their needs. Moreover, when treatment for small infants
requiring little insulin per day translate into very small doses that can
be difficult to measure in a standard insulin syringe and small infant are
sensitive to insulin.

Molecular diagnosis of patients with NDM is important in clinical
practice. The results of the analysis will determine the treatment of
NDM by insulin or oral sulfonylurea and prognostic value of the patient
as well as other members of the patient's families. Treatment for
patients with ABCC8/KCNJ11 genes mutation can be transferred from
subtacuneous insulin to oral sulfonylurea, so that it will improve quality
of life, and reduce treatment costs for patients and families. TNDM
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needs to be closely monitored to determine the remission period to
avoid hypoglycemic complications due to overtreatment as well as to
determine relapse.

In Vietnam, 40 patients were diagnosed with NDM from 2000 to
2017 and managed at National Children’s Hospital (NCH) accounted
8.9% of diabetes mellitus before 15 years.

However, up to now, there has been no full-scale study of causes at
molecular, genetic, phenotypic, and treatment outcomes in patients with
NDM.

2. Aim of study:

1. To indentify gene mutations of patients with NDM.

2. To study correlation between genotype and phenotype of NDM

3. To evaluate the outcome of NDM

3. Thesis contributions for science and clinical practice

NDM is a rare disease. In recent years, modern molecular biology
techniques have been developed that have been used in the diagnosis of
NDM. More evidence suggests that genetic diagnosis improves
treatment outcomes and prognosis of NDM. The patients with
ABCCB8/KCNJ11 gene mutation can be treated with sulfonylurea.
Treatment with sulfonylureas is simpler, more economical and it has a
better glycemic control than insulin. However, in the world including
Vietnam, up to now, no comprehensive study on NDM has been
conducted on the large number of NDM patients. A study published in
2015 was conducted on the largest number of patients. A number of
patients was 1020, but patients were gathered from 79 centers.

Therefore, we has not had a data on diagnosis and treatment for a
bid number of patients in one center. This study was comprehensively
conducted on NDM, providing relatively large data on etiology, clinical
presentation and treatment of patients in one center. The data includes
the types of mutations, genotypes, phenotypes that contribute to human
genetic mutation data in Vietnam and in the world. Furthermore, in
clinical practice, genetic mutation analysis helps clinical doctors to
select the appropriate treatment. The study provides data on the
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treatment of sulfonylureas in a large numbers of patients. The study
also provides practical significance for rebuilding the regimen as well
as optimizing the treatment of diabetes mellitus in infants and young
children.

4. Structure of thesis:

Thesis has 121 pages (without references and appendix) including 7
parts:

+ Introduction: 2 pages

+ Chapter 1: overview 36 pages

+ Chapter 2: participants, materials and methods 15 pages

+ Chapter 3: results 28 pages

+ Chapter 4: discussion 37 pages

+ Conclusion: 2 pages

+ Recommendations and further studies in the future: 1 page

The thesis contains 20 tables, 4 graphs and 22 figures. References
contain 112 papers in English and Vietnamese and several websites.
Appendix contains: DNA Extraction protocol, Raven mark, Denver test
protocol, Primer sequencing of ABCC8, KCNJ11, INS EIF2AK3 genes;
the list of patients and questionnaire

Chapter 1: OVERVIEW

1.1. Definition, term and pathophysiology

Neonatal Diabetes Mellitus (NDM) is defined as uncontrolled
hyperglycemia that requires treatment with insulin and has an onset in
the first 6 months of life, expanded to before 12 months of age recently.

Two type of NDM: TNDM and PNDM. Most of TNDM caused by
imprinting defects on chromosome 6924, has a remarkable clinical
course, involving presentation in infancy, remission, and subsequent
relapse. PNDM requires medical treatment for whole life.

TNDM pathophysiology: Genetic mutation is cause of TNDM in
90% of cases. Recent works suggests that the altered expression
imprinted genes on chromosome 6 result in delay maturation of
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pancreatic islets, B-cells and reduced insulin secretion. It caused a
reduce intrauterine insulin secretion, which as growth factor. That is
why the patient with NDM were born with intra uterous growth
retardation. The main cause is a mutation in the single allele region on
chromosome 6, mainly associated with overexpression of at least two
imprinted genes, PLAGL1 (Pleomorphic adenoma gene-like 1) and
HYMAI (imprinted in hydatidiform mole). For PLAGL1/HYMAI only
the paternal copies of both genes are normally expressed in fetal
tissues, the maternal copies are silent as a result of differential
methylation of the promoter. Any genetic or epigenetic mechanism that
results in overexpressing of these genes causes TND.

PNDM pathophysiology: normally, glucose is transported into the 3
cell by GLUT-2. Glucokinase phosphorylates glucose to glucose-6-
phosphate as the rate-limiting enzyme in glucose metabolism.
Glycolysis increases the ATP/ADP ratio, sensed by the Kare channels.
Increase of the ATP/ADP ratio leads to Kae channel closure, followed
by membrane depolarization resulting in opening of VDCC (voltage-
dependent calcium channels). Influx of calcium triggers exocytosis of
insulin. Within the nucleus, different transcription factors regulating
insulin synthesis are shown. Defective GLUT-2 results in decreased
glucose influx into the B cell. Glucokinase deficiency leads to impaired
glucose phosphorylation, which reduces the generation of ATP.
Activating mutations of the genes encoding the two subunits SUR1 and
Kir6.2 of the pancreatic Karp channel result in channel opening.
Increased potassium outflow leads to hyperpolarization and
stabilization of the membrane potential, thus blocking insulin
exocytosis. Mutations in the INS gene cause abnormal proinsulin
processing within the endoplasmic reticulum, leading to B-cell toxicity.
Mutations in genes encoding transcription factors PDX1, PTF1A,
RFX6, GLIS3, PAX6, NEUROD1 and NEUROG3 cause abnormal
development of pancreas or endocrine cells,.
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1.2. Clinical and gene mutations

TNDM: Intrauterine growth retardation (IUGR) is usually present.
The high rate of IUGR is in keeping with the crucial role of insulin in
fetal growth, especially during the last trimester of pregnancy.
Hyperglycemia, failure to thrive and, in some cases, dehydration occur
after birth. Insulin production is inadequate, requiring exogenous
insulin therapy. Tests are negative for anti-islet antibodies and for HLA
class Il haplotypes conferring susceptibility to type 1 diabetes. Most
patients recover within a year but a few have persistent glucose
intolerance and/or recurrence of diabetes in late childhood or
adulthood. Another feature noted in the neonatal period by many
authors is macroglossia. This was found in 1/3 of cases in the series of
Temple et al and was not related to any specific genetic mechanism. An
umbilical hernia is also occasionally described. Growth-retarded infants
present within the first few days of life with hyperglycemia,
dehydration, and minimal ketosis. Endogenous insulin levels are low or
undetectable, and exogenous insulin is usually required for a mean
duration of 3 months. The condition resolves by 18 months of age, but
type 2 diabetes may recur in early adulthood. Insulin levels were low or
undetectable at presentation but ketonuria was usually absent.There was
no association with HLA antigens common in type 1 diabetes and there
was no evidence that TND was the result of autoimmunity. Islet cell
antibodies were negative

PNDM: The majority of patients with mutations in KCNJ11 have
PNDM rather than TNDM (90 vs. 10%). Mutations in ABCC8 cause
TNDM more frequently (66%). There are no significant differences
between the two subtypes of neonatal diabetes regarding the severity of
intrauterine growth retardation or the age at diagnosis of diabetes.
Patients with Karp channel mutations typically show milder intrauterine
growth retardation and are diagnosed slightly later than patients with
6924 abnormalities, indicating a less severe insulin deficiency during
the last months of intrauterine development and at the time birth. In
Kate-TNDM patients, diabetes usually remits later and relapses earlier
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than in 6g24-TNDM. Presenting clinical features in patients with Kap
channel activating mutations suggest insulin dependency, with low or
undetectable C-peptide levels and frequent presentation with diabetic
ketoacidosis (54). In addition to diabetes, about 20% of patients with
mutations in KCNJ11 were initially found to present with associated
neurological features (7, 54, 55) in keeping with the expression of Katp
channels in neurons and muscle cells. The most severe defect included
marked developmental delay and early-onset epilepsy and became
known as DEND (developmental delay, epilepsy, and neonatal
diabetes) syndrome. An intermediate DEND syndrome characterized by
neonatal diabetes and less severe developmental delay without epilepsy
is more common. Neurological features were considered less frequent
and usually milder in patients with mutations in ABCC8. However, a
recent study suggested that mild neurodevelopmental abnormalities,
including developmental coordination disorder (particularly visual-
spatial dyspraxia) or attention deficits, might be found on detailed
testing in all patients with Karp channel encoding gene mutations.
Heterozygous coding mutations in the INS gene are the second most
common cause of PNDM after Kare channel encoding gene mutations.
The mutation usually results in a misfolded proinsulin molecule that is
trapped and accumulated in the endoplasmic reticulum, leading to
endoplasmic reticulum stress and p-cell apoptosis. The severity of
intrauterine growth retardation in patients with heterozygous INS
mutations is similar to that of patients with Karp channel mutations. In
contrast, diabetes presents at a slightly later age although the ranges
overlap greatly and patients do not present with neurological features as
a direct consequence of the mutation. The majority of heterozygous INS
mutations are sporadic de novo mutations. Only about 20% of probands
have a positive family history of autosomal dominant neonatal diabetes.
Occasionally, INS mutations cause permanent diabetes after 6 months
of age and therefore genetic testing should be considered in certain
situations, especially in patients with antibody-negative type 1 diabetes.
In addition to heterozygous INS mutations, homozygous or compound
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heterozygous mutations causing neonatal diabetes have also been
described. Biallelic mutations do not cause slowly progressive B-cell
destruction but result in a lack of insulin biosynthesis before and after
birth, which explains much lower birth weights and earlier presentation
of diabetes in affected children. As the disease is recessively inherited,
there is a 25% recurrence risk in siblings but, in the absence of
consanguinity, a very low risk for the offspring of a patient.

1.3. Treatment

Treatment based on pathogenesis. In the early stages after diagnosis
or ketoacidosis, patients were treated with insulin. The patients with
ABCCB8/KCNJ11 gene mutation were transferred to oral sulfonylurea
(SU) from subtacuneous insulin injection. The patients with abnormal
of chromosom 6 were closely monitored to determine the remission
period and relapse. Other patients were treated with insulin.
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Figure 1.1. Regulation of Insulin Secretion and mechanism
of SU action
SU bind to the SUR1 subunit of the KATP channel, closing mutant
Katp Channels, which results in membrane depolarization. This process
triggers the opening of voltage-gated calcium channels, causing
calcium influx and a small increase in insulin release.

1.4. Outcome of treatment



8

Due to the rare disease, the number of patients monitored and
treated in one center were low. Most of the studies were case reports or
serries cases with small sample size. Therefore, it is very difficult to
evaluate the long-term outcome on a large number of patients which
can be represented for NDM.

Many studies have confirmed the efficacy of SU

Chapter 2: PARTICIPANTS AND METHODS

2.1. Participants

From January 2000 to January 2017, 40 patients diagnosed and
treated at the Department of Endocrinology, Metabolism and Genetics-
NCH were recruited in the study. Included criterias were
hyperglycemia onset before 12 months of age, fasting blood glucose >
126 mg/dl (7,0 mmol/l) (Fasting is defined as no caloric intake for at
least 4h with children 0-1 year old) or casual plasma glucose
concentration >11.1 mmol/L (200 mg/dl). Hyperglycemia lasting at
least 2 weeks required insulin for treatment. Patients and families
agree to participate in the study. Excluded criterias were
hyperglycemia due to glucose infusion, infection, patients and their
families did not agree to participate in the study.

2.2. Method

This is cases series study investigating identification of gene
mutations, phenotype (clinical and biochemistry), intervene treatment
and outcome.

2.2.1. Identification of gene mutations and genotype analysis

Mutation analysis was performed at molecular genetic laboratory,
Medical school, University of Exeter, UK.

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 at NCH.

The single exon of KCNJ11 was amplified in three overlapping
fragments, as previously described. The 39 exons of ABCC8 were
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analyzed in all patients in whom no KCNJ11 mutation was identified.
The ABCC8 gene was amplified in 38 fragments using previously
described primers (7). PCR products were sequenced using standard
methods on an ABI 3100 or ABI 3730 (Applied Biosystems,
Warrington, U.K.). Sequences were compared with the published
sequences ([KCNJ11 _NM_000525.3] [ABCC8 _ NM_000352.2])
using Staden analysis or Mutation Surveyor version 2.61.

If sequence analysis of the KCNJ11, ABCC8 genes did not identify a
pathogenic mutation, analysis of the coding regions and conserved splice
sites of the INS, INSR, EIF2AK3, FOXP3, GATA4, GATAG, GCK, GLIS3,
HNF1B, IER3IP1, PDX1, PTF1A, NEUROD1, NEUROG3, RFX6,
SLC2A2, SLC19A2, WFS1 and ZFP57 genes by targeted next generation
sequencing (Agilent custom capture Vv5/lllumina HiSeq; reference
sequences at www.exeterlaboratory.com/genetics/tngs). This assay can
also detect partial/whole gene deletions and duplications (Ellard et al
2013 Diabetologia 56: 1958-1963). Mutation confirmation by Sanger
sequencing.

If any mutation was identified, PCR-methylation will be used to
identify mutation on chromosome 6 for specific locus: TND, GRB10,
PEG1/MEST, KCNQ10T1, H19, DLK1 (14g32), SNRPN (15q12),
PEG3/ZIM2, and NESPAS/GNAS-AS1 (20q13.2).

Identified mutations were compared with Human Gene Mutation
database (HGMD)( http://www.hgmd.cf.ac.uk). Unreported identified
variants were compared with 1000 genomes database at "Mutation
Taster". http://www.mutationtaster.org.

2.2.2. Clinical study

Clinical phenotype, biochemistry tests were perfomed at NCH. Data
included pedigree, natural history, examination including weight,
height, symtoms of DKA (tachypnea, dehydration, lethargy, coma) and
other symtom such as convulsion, jaundice, marcroglossia, umblical
hernia, psychomotor development delays, ...

Biochemistry testing: Blood glucose and HbA1C were measured by
automated Beckman Coulter AU2700/ AU 680 system. The specimen
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was taken early in the morning when the patient waked up or when the
patient visits. Hexokinase technology with ORS 6221 reagent of
OLYMPUS and ORS6192 reagent were used for blood glucose test
and HbAlc test, respectively. Insulin and C-peptide were measured
using immunoassay chemiluminiscent technology by automated
biochemistry Hitachi 704; Arterial blood gas was measured by
spectrometry method, using GEM primer 300. Capilary glucose level
were measured at home by One Touch Ultra using electrochemistry
method. Continuous 24-hour glucose measurement in seven days was
monitored by using Ipro.

2.2.3. Treatment

The patients with ABCC8/KCNJ11 gene mutation were transferred
from subtacuneous insulin injection to oral sulfonylurea. The initial
dose of SU is 0.1 mg/kg/dose x2 dose/day, test capilary blood glucose
before breakfast and dinner, if the result > 7mmol/l - increasing SU
dose 0,1mg/kg and keep the insulin dose intact, if the result < 7
mmol/l, decresing insulin dose by half. This process continues until
insulin is completely stopped.

Capilary glucose level were determined in all patients 5 time/day
(before breakfast, lunch, dinner, 22h and 2h), HbA1C was checked in 3
months interval. Raven test was applicated for patients aged more
than 6 years old and Denver 11 test was used for patients age under 6
years old.

Blood glucose level and HbALC level were by using the guiderline
of international society of Pediatrics and Aldolescent Diabetes (ISPAD)
in 2014.

+ Evaluate the psychomotor development: normal (IQ/DQ) > 75%),
mild development delay (1Q/DQ): from > 66,7 to < 75%), moderate
development delay (IQ/DQ) from > 50 to < 66,7%), and severe
(1Q/DQ) < 50%)

2.2.4. Statistical analysis

These analyses were performed using SPSS version 12.0 (SPSS Inc.,
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Chicago, lllinois). 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. 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.

Chapter 3: RESULTS

3.1. Identification of gene mutations

40 patients (22 males, 18 females): 33 patients had gene mutation
(82.5%). The study focused on the analysis of 33 patients with genetic
mutations. The mutation genes include of ABCCS8 (33.3%), KCNJ11
(27.3%), INS (18.2%), 6024 (15.2%), EIF2AK3(3%), FOXP3 (3%). In
33 patients, 9 patients (27.2%) had TNDM and 24 patients (72.7%) had
PNDM.
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Bang 3.1. Clinical characteristics at diagnosis

N ABCC8 | KCNJ1L INS ooa | et
Clinical (n=11) (n=9) (n=6) (n=5) Kruskal-
- - - - Wallis)
GA (week) | 39804 | 300%l4 | 37330 | 38530 | 0076
BW(kg) 204036 | 265:05 | 284076 | 225033 | 0226
BW <10" (n) 7 8 2 4
Diagnosis age 14-357
g( ) % | 5454248 | 643+439 | Trungvi | 238+114 | 0076
y 1015
DKA () 6 8 5 1
Neurological 1 1 0 0
symptoms (n)
oH 714x02 | 7.06+016 | 7042022 | 716025 | 0618
HCO; 1289 2224
8.0+ 6.6 151+105 | 0216
(mmol/l) median 3.85 | Median 2.65
BE (mmolll) | -17.8484 | -196+119 | -19.6 +11.2 | -455+049 | 0.296
Glucose | 510,116 | 201499 | 3424127 | 37.8£122 | 0462
(mmol/l)
HbAIC (%) | 79+24 | 8644303 | 08t36 | 687104 | 0206
003017
C-peptide | 0.01-0,52 |0.0002-0.3 )
0.088+0.082 | Med
(mol/l) | Median 0.08 | Median 0.085 Oe 4'1""“ 0.913
i +
Ketonurine (+) 7 5 5 3

(n)

Comment: there was no signigficant difference among groups in
term of clinical characteristics.

3.1.1. ABCC8 gene mutation
In 11 patients with ABCC8 gene mutation, 11 mutations were

identified:

c.3547C>T

(p.

R1183W),

€.3458C>G

(p.A1153G),

€.1303T>C(p.C435R), ¢.3596C>T (p.P1199L), ¢.4139G>A (p.R1380H),
€.1793G>A (p.R598Q), ¢.2476C>T (p.R826W), ¢.2239G>T(p.E747X),
€.382G>A(p.E128K)/c.2239G>T(p.E747X),
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€.4519G>C(p.E1507Q)/c.3403-1G>A (p?). Among them, there were 4
novel mutations: p.E747X, p.A1153G, p. E1507Q, p.R598Q.

3.1.2. KCNJ11 gen mutation

In 9 patients with  KCNJ11 gene mutation, 7 mutations were
identified: ¢.602G>A (p. R201H), c.601C>T (p.R201C), c.149G>A
(p.R50Q), c.875A>G (p.E292G), c.685G>A (p.E229K), c.553A>C
(p.K185Q), ¢.157G>A (p.G53S).

3.1.3. INS gene mutation

4 different genotypes identified in 6 patients with INS gen mutation
were de novo mutation: ¢.157G>A (p.G53S), ¢.286T>C (p.C96R),
€.265C>T(p.R89C), ¢.188-31G>A (p?). In these mutation, one novel
mutation was ¢.127T>A p.C43S.

3.1.4. 6024 anomalies

Five patients had complete loss of maternal methylation at the TND
differentially methylated region on chromosome 6q24. Five difference
bi-parental inheritance mutations in ZFP57 gene were identified in two
patients: €.7450del T/c.7812C>T, €.398delT
(p.L133HfsX49)/c.760C>T(p.L254F)/c.499C>T  (p.R167C);  one
patient had PLAGL1 gene mutation; one patient had maternal
hypomethylation at the GRB10 and PEG3 loci, other patient had
maternal hypomethylation at the TND (6g24) GF2R (6927), SNRPN
(5q11), GRB10 (7p12);

3.1.5. Gene mutation in rare syndromes

Patient No7 was homozygous for a EIF2AK3 missense
mutation, p.R632W inherited from parents in Wolcot — Rallison
symdrome. Patient No29 had X-link missense mutation which was
€.1133C>T inherited from his mother.
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3.2. Correlation between genotype — phenotype of patients with

NDM

3.2.1. Neonatal diabetes mellitus due to ABCC8 gene mutation

Table 3.2. Clinical, laboratories of patients with ABCC8 gene
mutation

Clinical feature and laboratories at diagnosis

Pt | Genotype Age| BW DKA Neuro |Glucose H HCO3-| BE [HbAL1CRemission
days |Percentile symtom| mmol/l P mmol/l /mmol/l| % | months

3 |p.R1183W 45 <3 - - 282 |734| 15 -9,5 58

4 |p.E747X 36 <3 - + 30,9 |7,36 4 -18 8
p.E128K/

5 44 50 | severe - 262 [(7,03| 3,7 -25,1 | 10,3
p.E747X

13 | p.A1153G 15 <3 [mild - 224 | 71,3 13 -154 | 35
¢.3403-1G>A

14 96 <3 severe - 477 (6,99 43 -26 6,7
Ip.E1507Q

23 | p.C435R 71 >10 | severe - 256 | 7,1 6,3 -22 7.2

24 | p.R1183W 36 >10 | severe - 31,7 (7,08 33 -26 7,6 6

25 | p.P1199L 48 3 - 131 (744 23 -0,8 8,2

27 |p.R1183W 82 10 | severe - 30 (689 51 - 11,5 14

32 | p.R1380H 72 >10 | severe - 53,1 [6,90 3 -- 8,7
p.R598Q/

33 33 10 | Mild - 501 |7,29| 18 -8,8 4
p.R826W

Note: red colour is novel mutation “--” : very low,, “-” not available,

“+7vyes, “DKA”: diabetes ketoacidosis, “Neuro”: Neurological

Comment: Most patients were diagnosed before 90 days of age
(10/11) and presented with ketoacidosis (8/11).
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3.2.2. Neonatal diabetes mellitus due to KCNJ11 gene mutation

Bang 3.3. Clinical, laboratories of patients with KCNJ11 gene

mutation
Clinical feature and laboratories at diagnosis
Pt | Genotype Age| BW DKA Neuro | Glucose H HCO;| BE [HbALC|Remission
day |percentile feature| mmol/l P mmol/l [mmol/l| (%) | months
1 |p.R201H| 44 | <3 | severe - 495 | 7.12 - =227 9.7
2 |p.R201C | 37 | <3 | severe + 31.2 6.9 1 -- 8.4
10 | p.R50Q |[160( 70 severe - 37.2 69 | 19 |-282| 137 6
12 | p.R201C | 7 <3 Mild - 26 7.2 21 | 57 | 54
15 | p.E292G | 45| 10 - - 393 | 735|289 | 32 6
16 | p.E229K | 52 3 severe - 43.1 6.9 4 |-287| 51 50
26 |p.R201H | 62 | 10 severe - 416 | 706 | 3.7 |-26.6| 10.2
28 |p.K185Q | 72| <3 | severe | - 278 | 686 | 36 |-285| 9.3
30 | p.G53S [100| 10 | moderate | - 56 72 | 54 |-199]| 110
Note: “--": very low, “-”: not available, “+” yes, “Pt” patient
“BW?”: Birth weight, “DKA”: Diabetes Ketoacidosis “Neuro’:
Neurological

Comment: More than a half of patients were diagnosed before 2
months of age (5/9), low birth weight < 10 percentild (8/9) and
presented with ketoacidosis (8/9).
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3.2.3. Neonatal diabetes mellitus due to INS gene mutation

Table 3.4. Clinical feature and laboratories of patients with INS
gene mutation

Clinical feature and laboratories at diagnosis
Birth
Pt Genotype |, .e| B Glucose HCO;| BE |HbAIC
weight | DKA pH
(day) (mmol/l) (mmol/l)|(mmol/l) (%)
percentile
7 p.C43S 180 50 severe 24 6.8 2.3 - 8.3
c.188-31G>A
9 133| 40 severe 347 | 69 2 -289 | 128
(P?)
€.188-31G>A
18 70 10 severe 54 7.14 3.6 -23.2 85
(p?)
19 p.C96R 357| 50 |Moderate| 21 7.23 2 -23 114
21 p.R89C 21 10 - 444 | 735 | 214 -3.3 3.9
22 p.R89C 14 50 Severe | 278 | 6.8 3 - 13.6
Note: “pt”: patient, “--": very low, “-”: no, “DKA”: Diabetic

ketoacidosis

Comment: Most of patients did not have low birth weight. 5/6
patients presented with ketoacidocis at diganosis.



3.2.4. Neonatat diabetes due to disorder of chromosom 6
Table 3.5. Clinical, laboratories of patients with chromosom 6
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alteration
Clinical feature, laboratories at diagnosis
c
o) S
= T [~
S = = = 1= %

= — [S] L2 ° = = Q\, o} 5

é Genotype 3 é é E g |3 |0 |5 £

© | Z 'S - | I S £ 2 3| c

o o | € @ @ o | = S S - | ©

22| £ |8 O |lw [T |2 |8
s | X |3 Q | < |E
£ 0 2|2
o ©
- =
6 |c.7450delT + (18
23 | 20 - 30 6.8
€.7812C>CT

8 | TND (6924), + |55
GF2R(6q27),

40 | <3 - |311|732|21.2|-42|83
SNRPN(5q11)GRB
10 (7p12)

11 |c.398delT +15
c.499C>CT 15 | <3 - 56 | 7.3 20.7|-49|5.8
c.760C>CT

20 |GRB10 & PEG3 11 | <3 |Severe| 31 [ 68| 3 | -- |6.6] + |55

31 |PLAGL1 13 | <3 - 44 36|+ 3

Comment: 4/5 patient
patients presented ketoacidosis at diagnosis.

had low birth weight < 3 percentile. 4/5
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3.3. Management outcome
3.3.1. Blood glucose control

14 A

12 A

10 A
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-

T
On Insulin treatment On SU treatment

Figure 3.1. Blood glucose control in PNDM

Comment: On insulin treatment, 18.7% patients had poor glycemic
control. Meanwhile no patient had poor glycemic control when using
SU treatment.

3.3.2. Glycemic control
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Figure 3.2. The glycemic control on insulin and SU treatment
Comment: glycemin control on SU treatment was better than that on
insulin treatment.
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3.3.3. HbA1C level on insulin treatment and SU treatment
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Figure 3.3. Reduction in HbALC levels associated with switching
from Insulin to sulfonylurea therapy
Comment: HbALC levels of patients with insulin treatment were
significally higher than that in patients with SU treatment (p=0.0001).
3.3.4. Psychomotor development
Table 3.18. Psychomotor development results of patients

Moderate/Severe
Normal psychomotor
psychomotor
Mutation development development delay
N % N %
ABCC8 10 90.9 1 9.1
KCNJ11 8 88.9 1 11.1
INS 6 100 0 0
6924 4 80 1 20
EIF2AK3 1 100 0 0
Tong 29 90.6 3 9.4
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Comment: Fequency of patients with severe psychomotor
development delay was high of 9.4%. 100% patients with INS mutation
were normal psychomotor development.

Chapter 4: DISCUSSION

4.1. Identified gene mutation in neonatal diabetes patients

In our comprehensive mutation analysis of a large cohort of 40
patients with NDM enrolled at NCH, we identified gene mutations in
33 patients (82.5%). Mutation genes identified in our cohort included:
ABCC8 (33.3%), KCNJ11 (27.2%), INS (18%), 6024 (15%),
EIF2AK3(3%), FOXP3(3%). Frequence of patients who was diagnosed
before 6 months of age were 96.9% (32/33) with the mean age of
54.7+42.3 days, one case was diagnosed within 6-12 months in the age
of 357 days, accounting 3.0%. The identified mutation rate in our study
was similar to that in Ukrainian and Chinese studies, but higher than
that in Slovakia study. In 33 patients identified genetic mutations, genes
encoding a subunit of Katp channel was common cause of NDM. Among
gene mutations encoded Katp, KCNJ11 gene mutation was the highest.
This difference may be due to ethnicity, race, or size of study sample.
The size of study sample was not enough large, unbalanced between
studies and not representative for the population.

4.2. Correlation between gene mutation and clinical characteristics

About birth weight (BW), the results from Table 3.1 show that the
mean BW of patients with KCNJ11, ABCC8 mutations, and abnormal
of chromosome 6 was about 10 percentile compared to gestational age
and gender. While BW of patients with INS gene mutation was normal.
In these groups, the BW of patients with chromosome 6 abnormal was
the lowest. However, difference was not statistically significant with
P<0.05.

About age of diagnosis, the results from table 3.1 showed that the
age at diagnosis of patients with chromosom 6 abnormal was the
lowest. It was consistent with the results of Flanagan et al 2007.
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However, our patients was diagnosed later due to unclear symtoms.
Patients may be mistaken for infection before being diagnosed with
diabetes.

In our study, the age of patients with chromosom 6 abnormal was
the earliest with 17-40 days old. The diagnosis age of patient with
ABCCS8, KCNJ11 and INS gene mutation were 15-96, 7-160 and 14-357
days of age, respectively. Thus, the age of diagnosis varied widely
among mutation groups, but this difference is not statistically
significant and may be due to small sample size.

About clinical feature and laboratories, the results from table 3.7
showed that hight frequence (8/9) of patients with KCNJ11 gene
mutation presented with DKA at diagnosis while only one-fifth of
patients with chromosome 6 abnormal presented with DKA. This was
consistent with the fact that diagnosis age of patients with KCNJ11
mutation were the latest. Due to delay of diagnosis, the patients were
usually diagnosed with NDM when they had severe DKA.

4.3. Treatment oucome

In our study, 100 patients with ABCC8/KCNJ11 were successfully
transferred from insulin injection to oral SU. Among them, there were 4
patients with TNM. After transfering to SU, glycemic and HbA1C
control were clearly improved and the difference was statistically
significant with P<0.05 (figure 3.2). On SU treatment blood glucose
was more stable, less fluctuating, and HbA1C was quite normal (figure
3.2 and figure 3.3). Pearson et al assessed glycemic control in 49
consecutive patients with Kir6.2 mutations who received appropriate
doses of sulfonylureas. 44 patients (90 percent) successfully
discontinued insulin after receiving sulfonylureas. HbA1C levels were
improved in all patients who were switched to sulfonylurea therapy
(from 8.1 percent before treatment to 6.4 percent after 12 weeks of
treatment, P<0.001).

The results from figure 3.1 showed that 26.1% patients had poor
glycemic control on insulin treatment. This proved that control of blood
glucose and HbALC in young children was extremely difficult and
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compliated. Because young children breast feeding or eating
continuously, it was very difficult to control blood glucose after mean.
Moreover, young children are usually sensitive to insulin so that they
are prone to have hypoglycemia after using rapid-acting insulin. In our
study, after transfering to SU treatment, the results of glycemic and
HbAL1C control clearly were improved and this difference was
statistically significant with P<0.05.

The results from table 3.6 showed that the rate of patients with
psychomotor development delay was 9.4%. Among them, there were
two patients with KCNJ11/ABCC8 gene mutation presented with
clinical presentation of DEND syndromes and one patient with loss of
methylation on TND loci (6924), GF2R (69g27), SNRPN (5q11),
GRB10 (7p12) presented encephalitis during diabetic treatmen.
Retardated psychomotor development in two patients with DEND
syndrome could be caused by the mutation itself or combined disease.

Glyon et al studied on 10 proband with KCNJ11 mutation. Among
them, there were 3 patients having neurological feature in DEND
syndrome.However, 2/3 these patients presented with severe DKA with
pH of 6.9, 1/3 case presented with mental retardation with poor
glycemic control with high level HbA1C of 13%. Therefore, the cause
of neurological disorders can be due to: 1) a direct effect of the mutated
channel altering channel function in muscle, axon and cortex; 2) an
acute consequence of the neonatal diabetes such as severe
hypoglycaemia (ketoacidosis) and very severe hyperglycemia; 3) the
long-term impact of diabetes either diabetes-specific complications or
repeated severe hypoglycaemia or 4) neurological features unrelated to
either the Kir6.2 channel subunit or diabetes.
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CONCLUSIONS

1. Identified gene mutation of neonatal diabetes mellitus

- The rate of gene mutation in NDM was 82.5%.

- The mutation genes causing NDM included of ABCC8 (33.3%),
KCNJ11(27.3%), INS (18.2%), chomosom 6 (15.2%), EIF2AK3(3.0%),
FOXP3(3.0%).

- Identified 11 mutations on ABCC8 gene, 7 mutations on KCNJ11
gene, 4 mutations on INS gene, 1 mutation on EIF2AK3 and 1 mutation
on FOXP3 gene. Among them there were 4 novel mutation on ABCC8:
nonsense p.E747X, misense p.A1153G, p.E1507Q, p.R598Q and one
novel mutation on INS gene: p.C43S

2. Phenotype and correlation phenotype-genotype

The rate of patients with IURG was 69.7%
96.9% patients were diagnosed before 6 months of age. Most of them
was diagnosed in the first 3 months of age.
The rate of patients presented with DKA was 60.6%
At diagnosis: HbA1C 7.8+2.8, blood glucose 35.9+11.3 and C-peptide
0-0.52 nnol/l (median 0.08)
There was not yet correlation between gene mutations and clinical
characteristics.
There was a strong correlation between genetic mutations and ability to
transfer to SU. Patients with ABCC8/KCNJ11 can be transferred to SU
treatment from insulin.

3. Management outcome

- The rate of TND was 24%. The cause of TND was chromosome 6
abnormal of 15%, KCNJ11 gene mutation of 6% and ABCC8 gene
mutation of 6%. After the longest follow-up of 9 years, there was no
relapse in TND patient.

- 100% patients with ABCC8/KCNJ11 were successfully switched to
oral SU from insulin..

- The glycemic and HbALC control on SU treatment was better than
that on insulin treatment.
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- 90.9% patients had normal psychomotor development,

RECOMMENDATIONS

- Blood glucose testing and follow up are needed for all infants with
low birth weight <10 percentile

- It is necessary to performed genetic testing for ABCC8/KCNJ11 in
any patient diagnosed with diabetes before 12 months of age

- ABCCB8/KCNJ11 gene mutation analysis for parents of patients
with NDM is needed to have a suitable genetic counseling and follow-
up plan

NEW CONTRIBUTIONS
This study was comprehensive conducted on molecular genetic
cause, phenotype, genotype and management outcome of NDM.
Genetic analysis results were used in clinical practice to select
appropriate treatments, improve treatment outcomes, and contribute to
genetic counseling.



10.

11.

12.

13.

LIST OF PUBLICATIONS RELATED WITH THESIS

Ngoc Thi Bich Can; Dung Chi Vu; Thao Phuong Bui; Khanh Ngoc Nguyen; Dat
Phu Nguyen; Hoan Thi Nguyen; Maria Craig; Sian Ellard. Molecular genetics in
children with neonatal diabetes at Vietham National Hospital of Pediatrics. Horm
Res Paediatr 2013;80(suppl 1). P2-d2-893. P278

CTB Ngoc, VC Dung, BP Thao, NN Khanh, NT Hoan, DJ Mackay, IK Temple &
M Craig. Transient neonatal diabetes: a report of three cases. Pediatric Diabetes
(2013) 14 (Suppl. 18). P223. Page 137. Travel award

Can Thi Bich Ngoc, Vu Chi Dung, Nguyen Ngoc Khanh, Bui Phuong Thao,
Nguyen Phu Dat, Nguyen Thi Hoan, Sarah Flanagan, Sian Ellard, Deborah
Mackay, Maria Craig. Molecular genetics and management of Vienamese patients
with neonatal diabetes mellitus: a case series report of 16 cases. The 3 Asian
Congress for Inherited Metabolic Diseases. The 55" Annual Meeting of the
Japanese Society for Inherited Metabolic Disease. Vol 29.2013. ISSN 0912-0122.
ETO prize

Ngoc Can Thi Bich, Dung Vu Chi, Thao Bui Phuong, Khanh Nguyen Ngoc, Dat
Nguyen Phu, Sian Ellard, Maria Craig, Hoan Nguyen Thi. The Result of
Sulphonylureas Treatment in Patients with Neonatal Diabetes Mellitus due to
KCNJ1111/ABCC8 gene mutations in Vietnam. Horm Res Paediatr 2014;82(suppl
1). P3-D3-728. P367.

Bich Ngoc Can Thi, Dung Vu Chi, Thao Bui Phuong, Khanh Nguyen Ngoc, Maria
Craig, Sian Ellard, Hoan Nguyen Thi. Neonatal Diabetes Mellitus: Clinical Feature and
Outcome. Horm Res Paediatr 2015;84(suppl 1). P3-690. P357

Ngoc Can Thi Bich, Dung Vu Chi, Thao Bui Phuong, Khanh Nguyen Ngoc,
Louise Docherty, Sian Edwards, Deborah Mackay, Karen Temple, Sian Ellard.
Transient Neonatal Diabetes Mellitus in Hanoi,Vietnam: Clinical Feature and
Outcome. Horm Res Paediatr 2016;86(suppl 1). P1-P255. P225

Can Thi Bich Ngoc, Vu Chi Dung, Bui Phuong Thao, Nguyen Ngoc Khanh,
Nguyen Phu Dat, Maria Craig, Sian Ellard, Nguyen Thi Hoan. Phenotype,
genotype of neonatal diabetes mellitus due to insulin gene mutation. International
Journal of Pediatric Endocrinology 2015, 2015(Suppl 1):P12

Ngoc Thi Bich Can, Dung Chi Vu, Thao Phuong Bui, Khanh Ngoc Nguyen, Sarah
Flanagan, Sian Ellardl, Maria Craig, Dat Phu Nguyen, Hoan Thi Nguyen.
Neonatal diabetes mellitus: genotype, phenotype and outcome. Ann Transl Med
2015;3(S2)- Chen award

Journal of Pediatrics, volume 3, number 3 &4, 2010, tr286-291, tiltle: “ABCCS,
KCNJ11, INS and ZFP57 gene mutations in neonatal diabetic mellitus patients”
Journal of Vietnam Medicine, volume 397, special number, 2012, page 405 — 411,
tile: “Switching from insulin to oral sulfonylureas in patients with neonatal
diabetes mellitus due to Kir6.2 mutation: a case report”

Journal of Medical Research, volume 89, number 4, 2014, p 23-31, Title:
“Treatment results of patients with neonatal diabetes mellitus due to
KCNJ11/ABCC8 gene mutations by sulfonylureas”.

Journal of Practical medicine, volume 945, 2014, page 203-207, tiltle: “ Neonatal
diabetes mellitus: gene mutations and treatment outcome”.

Jounal of Pediatrics, volume 9, number 1, 2016, page 59-65, title: “Transient
neonatal diabetes: clinical characteristic, laboratories and treatment outcome”





