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PAT VAN PE

Bénh Mucopolysaccharide (MPS) 1a mot nhom bénh rdi loan
chuyén hda hiém gap trén thé giéi (khoang 4,5/100000 tré so sinh
séng) do thiéu hut enzym cua lysosom can thiét dé giang hoa
glycosaminoglycans. Bénh di truyén lan trén nhiém sic thé thuong
trir thé MPS 11 12 di truyen Ian trén nhidm sic thé gioi tinh X.

Bénh duoc chia thanh nhiéu thé phu thuéc enzym thiéu hut. Bénh
gay toén thuong da co quan va tién trién ting dan din dén tan phé
hoic tir vong sém trude 10 tudi.

Bénh hiém gap nén d& bi bo sot, cac triéu chiing khong dic hiéu
nén kho chan doan. Bé chan doan xac dinh thé bénh phai dwa vao cac
xét nghiém ky thuat cao ma Viét Nam chua 1am dugc. Trén thé gioi
hién nay diéu tri MPS da c6 nhiéu tién bo. Tuy nhién viéc diéu tri
cling chi c6 hiéu qua cao vai nhitng bénh nhan dugc phat hién bénh
trudc 2,5 tuoi.

Tai Viét Nam bénh nhan MPS thuong dugc chan doan mudn.
Nghién ctu vé MPS con rat it va déu trén mot sb lwong rat it bénh
nhan. Tuy nhién, tai khoa N@i tiét - Chuyén hoa - Di truyén bénh vién
Nhi Trung uong trong nhitng ndm gan ddy luong bénh nhan MPS
ngay cang nhiéu. Pung trudc thyc trang d6 cung véi sy hd tro cua dé
tai nghi dinh thu Viét My vé bénh ri loan chuyén hda nén dé tai:
“Nghién ctru ddc diém 1am sang, can 1am sang va phét hién dot bién
gen cua bénh Mucopolysaccharide & tré em” duoc tién hanh véi 2
muc tiéu:

1. Md td ddc diém lam sang va cdn lam sang ci@a bénh

Mucopolysaccharide ¢ tré em.
2. Xdc dinh dgt bién gen gay bénh Mucopolysaccharide ¢ tré
em duwoc diéu tri tai Bénh vién Nhi Trung wong.
TINH CAP THIET CUA BPE TAI

Tuy la bénh hiém nhung s6 lugng bénh nhan dugc phéat hién ngay
cang nhiéu. Bénh c6 triéu chimg khong dic hiéu nén dé bi bo sot.
Bénh gay ton thuong da co quan tién trién ting dan nén chan doan
muon s& dé lai nhidu di chirng hoic tir vong sém trudc 10 tudi. Ganh
nang bénh tat d6i véi bénh nhén, gia dinh bénh nhan va xa hoi vo
cuing nang né. Piéu tri kém hiéu qua vi phat hién muon. Day 1a bénh
di truyén nhung chung ta chua chan doan trudc sinh hay sang loc so
sinh dugc cho bénh nhan. Khic phuc nhitng vin dé trén dé tai tién
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hanh nghién ciru thoi gian xuat hién triéu ching dau tién, nhitng triéu
chung thuong xuat hién som ¢ bénh nhan MPS, triéu ching 1am
sang, can lam sang dac trung riéng cua ting thé gitp chan doan som
va diéu tri dac hiéu, phan tich gen mot s6 bénh nhan giup tu van di
truyén va sang loc trudc sinh cho gia dinh bénh nhan. Vi thé, dé tai co
tinh cap thiét va cé gié tri thuc tién.
PONG GOP MGI CUA LUAN AN

Luan an nghién ciru trén 56 bénh nhan, day 1a nghién ctru dau tién
& Viét Nam vé bénh MPS c6 qui mé va c6 hé thdng. Luan &n da xac
dinh duogc tudi xuat hién triéu chung dau tién, cac triéu chimg thudng
Xuit hién du tién, cac triéu chung l1am sang, hinh anh X quang dic
trung riéng cho tung thé cua cac bénh nhan MPS ¢ Bénh vién Nhi
Trung wong. Phéan tich gen cho 27 bénh nhan nghién ciru da phat hién
dugc 9 dot bién gen chua ting dugc cong bd va md ta biéu hién 1am
sang di cung v&i mdi dot bién gop phan du béo kiéu hinh cho dot
bién gen trong sang loc trudc sinh va sang loc so sinh. Nghién ctu
dong gop dir liéu cho ngén hang gen.
CAU TRUC LUAN AN

Luan an c6 129 trang chinh thirc, bao gém 04 chwong, 22 bang, 61
hinh: Dit van dé (2 trang), chwong 1- Tong quan (41 trang), chuong
2- Péi twong va phuong phap nghién ciru (12 trang), chuong 3- Két
qua nghién cau (37 trang), chuong 4- Ban luan (34 trang), két luan (2
trang), kién nghi (1 trang). Tai liéu tham khao gom 110 tai liéu, trong
do 6 tiéng Viét, 104 tiéng Anh. C6 51 tai liéu 5 nim tro lai day.
Ngoai ra, luan an con cé 25 trang phu luc.

Chuwong 1: TONG QUAN

1.1. Co ché bénh sinh - thé bénh

Bénh Mucopolysaccharlde (MPS) do thiéu hut 1 trong 11 enzym
cua lysosom can thiét de glang hoa glycosamlnoglycans (GAGs) gay
tich tu GAGs tai cac té bao, cac mo va cac co quan trong co thé. Cac
GAGs chinh la dermatan sulfate (DS), heparan sulfate (HS), keratan
sulfate (KS) va chondroitin sulfate (CS). Viéc lién tuc tich tu GAGs
khong duoc giang hoa 1am phi dai lysosom dan dén phinh to té bao
gay phi dai noi tang. Ty vao mic do tich tu GAGs ma cac triéu
ching 14m sang dugc biéu hién véi cac mire d6 khac nhau.
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Thé MPS I: Do thiéu hyt enzym a -L-Iduronidase: Hoi ching Hurler,
hoi chimg Hurler - Scheie, hoi chang Scheie. Thé MPS 11 (hoi ching
Hunter): Do thiéu hut lduronate-2-sulfatase. Thé MPS Il (hgi chimg
Sanfilippo): do thiéu c4c enzym heparan N-sulfatase (typ A), o-N-
acetylglucosaminidase (typ B); a-glucosaminide acetyltransferase (typ C),
N-acetyl glucosamine 6-sulfatase (typ D). Thé MPS IV: Do thiéu hut
Galactose 6-sulfatase (gdy hoi ching Morquio A), thiéu B -
Galactosidase (hoi chitng Morquio B). Thé MPS VI (hoi chang
Maroteaux-Lamy): Do thiéu hut Arylsulfatase B. Thé MPS VII (hoi
chang Sly): Do thiéu hut B- Glucuronidase. Thé MPS IX (hoi chitng
Natowicz): Do thiéu hut Hyaluronidase.

1.2. Triéu chitng 1am sang, can 1am sang: Bo mit thd, bién dang
xuong, cing khép, cham phat trién tinh than, gan lach to, giam thi
lyc, giam thinh lyc, thoét vi ben hozc ron, ton thuong van tim, tién
trién bénh tang dan. X quang: Bién dang xuong so, gidn ndo that.
Bién dang cac dbt séng, cheén ép tay séng. Xuong suon hinh mai
chéo. Bién dang xwong chi, xwong chau, lodng xwong. Xét nghiém
dinh lugng GAGs trong nud6c tiéu tang cao. Do hoat do cac enzym
dac hiéu (tly theo thé) trong bach cau lympho mau ngoai vi hoac
trong nguyén bao soi nudi ciy giam nhiéu. Phan tich phan tir tim dot
bién céc gen gay bénh

1.3. Pic diém di truyén: MPS 1a bénh di truyén lan nhiém sic thé
thuong trir MPS 11 1a di truyén lan lién két gisi tinh X. Cac gen
IDUA, IDS, SGSH, NAGLU, HGSNAT, GNS, GALNS, GLB1, ARSB,
GUSB mé hoé cho cac enzym thiéu hut gay céc thé bénh tuong Gng.
Pa s6 cac dot bién cua gen 1a cac dot bién diém trong d6 chi yéu la
dot bién sai nghia, rdi dén dot bién tai sip xép Ién, con lai 1a mat
doan mot phan hay toan bo, thém doan, nhan déi nho, dot bién & vi
tri cat noi.

1.4. Chén doan:

1.4.1. Chan doan xac dinh: Khi c6 >1 triéu chiing trong nhiing
triéu ching nghi ngo MPS nhu: Bién dang xwong, cung khap, cham
phét trién tinh than, tang dong, duc giac mac, thoat vi ben hoac ron,
gan va/hoic lach to, tén thuwong van tim, giam thinh luc, lan. Xét
nghiém GAGs nudc tiéu tang cao, hoat dd enzym trong bach cau lym
pho mau ngoai vi hoic trong huyét thanh giam dudi 10% chi s6 binh
thuong. Phan tich gen tim dot bién.
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1.4.2. Chan doan trudc sinh: Ap dung cho tat ca cac bénh nhan
MPS va anh, chi em cta bénh nhan nham phat hién sém dé can thiép
diéu trj trong thai ky, ngay sau dé hoic quyét dinh huy thai cd bénh
ly di truyén khong thé khic phuc duoc.

1.4.3. Sang loc va chan doan so sinh: Sang loc so sinh mé rong cé
hé thdng bang phd khéi kép sic ky long (LC/MS-MS) va nhiing tré
c6 nguy co cao nham phat hién sém bénh nhan MPS dé quan Iy theo
ddi va diéu tri sém nham han ché di chung, giam thap tir vong va tan
phé cho tré em.

1.5. Piéu tri

1.5.1. Biéu tri cu thé: Liéu phap ghép t& bao gdc tir tay xwong, liéu
phéap enzym thay thé, liéu phép gen, liéu phap giam co chat, liéu phép
phan tir nho Chaperone, diéu tri triéu ching, phuc hoi chic nang.

1.5.2. Tu vén di truyén: Phuong phap diéu tri, nudi dudng cua tré
bi bénh, phuong phap phong bénh cho gia dinh, cho cac thanh vién
khéc cua dong ho, kha niang diéu tri bénh di truyén cua thai nhi dé
gia dinh quyét dinh lya chon sinh con hay dinh san.

) . Chuong 2 ) X )
POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Pia diém va thai gian nghién cieu

Nghién ctru duoc tién hanh tai Bénh vién Nhi Trung uong trong
thoi gian t 1/1/2012 dén 31/12/2015.

Cac xét nghiém GAGs nudc tiéu, hoat d6 enzym duogc thuc hién &
phong xét nghiém di truyén bénh vién dai hoc qudc gia Pai Loan.
Phan tich gen & phong xét nghiém di truyén trung tdm Asan - Seoul -
Han Quéc.

2.2. Pbi twong nghién ciru

Bao géom 56 bénh nhan di duoc chan doan mac bénh
Mucopolysaccharide theo tiéu chuan chan doan ciia Thomas J. A.
Lehman va cong su 2011.

2.2.1. Tiéu chudn chen bénh nhan

Bénh nhan dugc chon vao nghién ctu khi dap img cac diéu kién sau:

* Tiéu chuan 1am sang: Bénh nhan c6 > 1 triéu ching trong sb cac
triéu chiing nghi ngd MPS sau: Cham phét trién tinh than (tri nho giam
c6 thé tang dong), bo mit thd (dau to, tran dd, miii tet, canh miii bé to,
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mdi day, ludi to), bién dang xwong khép, cing khép hoic day ching
long 1éo, thodt vi rén hoidc thoat vi ben, Iun, gan va/hoic lach to, tai giam
thinh lec c6 thé diéc, duc gidc mac, ton thuong van tim ¢ thé suy tim,
¢ tién sir gia dinh (I anh, chi, em rudt cia bénh nhan MPS).
* Tjéu chuan xét nghiém: Hoat d6 enzym trong bach cau lympho
mau ngoai Vi hoic trong huyét twong giam (tiéu chuan bat budc khi
chua c6 két qua phan tich gen). Xét nghiém Glycosaminoglycan toan
phan trong nudC tiéu tang.
2.2.2. Tiéu chudn logi trir

Nhiing bénh nhin ma gia dinh khong dong y hop tac tham gia xét
nghiém trong qué trinh nghién ctru. Nhitng bénh nhan MPS thiéu cac
thdng tin can thiét nhu ghi chép khong day du khi thim kham lam
sang, thiéu xét nghiém enzym du 1am sang c6 ddy du triéu ching.
2.3. Phwong phap nghién ctiru
2.3.1. Thiét ké nghién cizu: Nghién cizu nhém ca bénh.
2.3.2. Mdu nghién ciu: C& mau duoc lya chon theo phwong thirc
chon mdu tién ich. Ldy tat ca nhing bénh nhan c6 du tiéu chudn
nghién cuzu tai bénh vién Nhi Trung wong ter 1/1/2012 - 31/12/2015.
2.4. Xir ly va phan tich so liéu
2.4.1. Lam sach sé ligu: Cac phiéu bénh an da thu thdp phai dioc
kiém tra truréc va sau khi nhdp sé lidu.
2.4.2. Cach méa héa: Sé liéu diroc nhdp vao may tinh trén phan mém
Epidata 3.0, cac thong tin diroc ma héa bang sé hodc ky tu riéng.
2.4.3. Xur ly sé ligu: Cac so lidu da thu thap duoc cua nghién cau s&
duogc xu ly theo thuat toan thong ké y hoc trén méy vi tinh bang phan
mém STATA 12.0 dé tinh toan cac théng sé thuc nghiém.
2.5. Pao dirc trong nghién caeu

Pé tai tudn thu chat ché theo dao dirc nghién ctu trong Y hoc. Gia
dinh bénh nhan hoan toan ty nguyén tham gia vao nghién cuu. Céc
thong tin ctia bénh nhan va gia dinh s& dugc dam bao bi mat. Pé tai
duoc su chép thuédn cia hoi déng y duc bénh vién Nhi trung wong
(ngay chap thuan: 21/2/2012).
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) Chuong 3 .
KET QUA NGHIEN CUU

Trong thoi gian tir 1/1/ 2012 dén 31/12/ 2015 ching t6i tién hanh
khéam va chin doan xac dinh thé cho 56 bénh nhan MPS. Xét nghiém
phan tich phan tir duoc thuc hién trén 27 bénh nhan. Két qua thu
duoc nhu sau:

3.1. Pic diém nhém nghién ciru
3.1.1. Phan bé theo nhom tugi

44.6%

<5 tudi

Hinh 3.1. Biéu dé phan bé theo nhom tugi
Nhdn xét: Nhém tudi chin doan gap nhiéu nhat 1a nhém hon 5
tudi (44,6%).
3.1.2. Phan bé theo thé va gidi
Bdng 3.1. Phan bé theo thé va gidi

Nam N Tong | Tyle%
Thé MPS | 1 4 5 8,9
Thé MPS 11 26 1 27 48,2
Thé MPS 111 1 1 2 3,6
Thé MPS IVA 9 4 13 23,2
Thé MPS VI 6 3 9 16,1
Téng 43 (76,8%) | 13(23,2%) | 56 100

Nhdn xét: Nhém MPS 1 chiém ty 1& cao nhat 48,2%. Ty 1& nam
trong nhom nghién ctu khé cao.
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3.2. Pic diém 1am sang va can 1am sang cia bénh nhan MPS
3.2.1. Tuai xuat hién trigu chirng dau tién va tuai chan dodn
Bdng 3.2. Tuai xudat hién trigu charng dau tién va tudi chan dodn

Thébénh | n T”é’r'l;ﬂgtdgﬁ?rt‘igﬂ‘?“ Tudi chin dodin
MPS | 5 6 thang - 2 tudi 8 thang - 7,5 tudi
(1,1£0,5) (3,4£26)
MPS II 27 0 thang - 4 tudi 21 thang - 13,5 tudi
(1,8+1,2) (5,8 +3,9)
MPSIIIA | 1 3 tudi 5,5 tudi
MPSIIIB | 1 2 tudi 5,2 tudi
MPS IVA | 13 0 - 3 tudi 1,3 - 7,5 tudi
(1£0,8) (3,9+1,9)
MPS VI 9 0 - 3 tudi 3 thang - 7,2 tudi
(09+1,3) (3,4%26)
TONG 56 0 - 4 tudi 3 thang - 13,5 tudi
(1,4+1,1) (4,7+32)

Nhdn xét: Tir khi xuat hién triéu chimg dau tién dén khi duoc chan

doan mat khoang thoi

gian tir 2 - 4 nam.

3.2.2. Céc trigu chiing xudt hién ddu tién cia cac bénh nhan MPS
Bing 3.3. Cic triéu chiing xuit hién dau tién ciia cic bénh nhin MPS

mévenn M7 VISR UL N T Gy
S6 luong ca 5 27 2 13 9 56 100
Bién dang xuong 2 12 4 18 | 32,1
Ciing khép 1 | 12 2 | 15 | 26,8
Cham phat trién tinh than 1 7 1 9 |161
Cham noi 5 5 8,9
Tang dong 1 2 3 | 54
Mit thd 1 1 2 | 36
Ram léng 2 2 3,6
Thoét vi ben hoic rén 1 1 2 | 36

Nhdn xét: Triéu chimg déu tién xuat hiép 4] cég bénh nhan MPS
dugc gia dinh phat hi¢n chiem ty I¢ cao nhat la biéu hi¢n bien dang
xuong (32,1%), tiep theo la cing khéop (26,8%), cham phat trien tinh

than (16,1%).
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3.2.3. Cac trigu chimg lam sang cia cac bénh nhan MPS I: (8
thang - 7,5 tuoi), (1 nam - 4 ni).
Bdang 3.4. Cac triéu chieng 1&m sang cia 5 bénh nhan MPS |

Triéu chirng n/N Ty lé (%)
B6 mat tho 5/5 100.0
Bien dang xuong 5/5 100,0
Buc giac mac 5/5 100,0
Cung khaop 4/5 80,0
Bién dang xuong uc 4/5 80,0
Cham phat trién tinh than 4/5 80,0
Giam thinh luc 3/4 75,0
Lun 3/5 60,0
Gan hoac lach to 3/5 60,0
Thoat vi ben hoac ron 3/5 60,0
Ton thuong van tim 2/5 40,0
Co tién sur gia dinh 1/5 20,0

Nhan xét: Cac triéu chirng gap véi ty 1€ cao ¢ bénh nhan MPS |
bao gom Mat tho, bién dang xuong, duc giac mac (5/5 ca), Tlep theo
la cung khorp, bién dang xuong tc, cham phat trién tinh than va giam
thinh luc.

3.2.4. Céc trigu chang lam sang caa cac bénh nhan MPS I1: (21
thang - 13,5 tudi), (26 nam - 1 nik)
Bdang 3.5. Cac tri¢u chang 1&m sang caa 27 bénh nhan MPS 11

Triéu chirng (N=27) n/N Ty 18 (%)
B6 mit thd 27127 100,0
Cting khép 24127 88,8
Cham phat trién tinh than 23/27 85,2
Bién dang xuong 21/27 77,8
Gan hodc lach to 16/27 59,3
Ton thuong van tim 12/26 46,2
Thoat vi ben hoic ron 12/27 44.4
Giam thinh luc 8/25 32,0
Lun 8/27 29,6
Bién dang xuong uc 7127 25,9
C4 tién st gia dinh 7127 25,9
Duc giac mac 0/27 0,0
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Nhdn xét: Bénh nhan MPS 1l ¢é céac triéu chiing bd mat thd, cing
khép, cham phat trién tinh than, bién dang xwong vai ty 1¢ cao. Tiép
theo 1a biéu hién gan lach to, t6n thuong van tim.

3.2.5. Cac tri¢u chirng 1am sang cia cac bgnh nhan MPS 111: (5,2 -
5,5 tudi), (1 nam - 1 niz)
Bdng 3.6. Cac tri¢u chang 1dm sang caa 2 bénh nhan MPS 111

Trigéu chirng BN 1 (111A) BN 2 (111B) Téng
Cham phat trién tinh than + + 2/2
Tang dong + + 2/2
Hung tinh, kich dong + + 2/2
Bién dang xuong + + 2/2
Crng khép - + 1/2
Gan lach to + - 1/2
B§ mat thd + - 1/2
Lun - - 0/2
Bién dang xuong c - - 0/2
Puc gidc mac - - 0/2
Giam thinh luc - - 0/2
Tom thuong van tim - 0/2

Nhdn xét: Chi hai bénh nhan MPS III duoc chan doan va déu c6
triéu chung ting dong, hung tinh d& bi kich dong, cham phat trién
tinh than.

3.2.6. Céc trigu charng 1am sang cia cac bénh nhan MPS IVA: (1,3
- 7,5 tudi), (9 nam - 4 nit).
Bdang 3.7. Cac tri¢u chang 1&m sang cia 13 bénh nhdn MPS IVA

Triéu chirng S0 bénh nhan Ty 1€ (%)
Day chang long léo 13/13 100
Bién dang xuong 12/13 92,3
Bién dang xuong i 12/13 92,3
Lun 8/13 61,5
Giam thinh lyc 7/12 58,3
Cham phét trién tinh than 5/13 38,5
Puc giac mac 4/13 30,8
Ton thuong van tim 4/13 30,8
C4 tién sir gia dinh 3/13 23,1
Bo mat thé 2/13 154
Gan to 1/13 7,7
Cting khép 0/13 0,0
Thoat vi ben hoic ron 0/13 0,0
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Nhan xét: Day chang long 1éo, bién dang xuong, bién dang xuong
trc 1a céc triéu chung chiém ty 1 cao cua cac bénh nhan MPS IVA.
Tiép theo 1a biéu hién lun, giam thinh lyc.

3.2.7. Céc trigu charng 1&m sang caia cac bénh nhan MPS VI
(3 thang - 7,2 tudi)), (6 nam - 3 nix)
Bdng 3.8. Cac tri¢u chang 1am sang cia bénh nhan MPS VI

Triéu chieng (N = 9) n/N Ty 1€ (%)
B6 mat thd 9/9 100,0
Bién dang xuong 7/9 77,8
Cting khép 6/9 66,7
Thoat vi ben hoac ron 6/9 66,7
Bién dang xuong {rc 6/9 66,7
Puc giac mac 5/9 55,6
Ton thuong van tim 4/8 50,0
Nghe kém 2/5 40,0
Cham phét trién tinh than 3/8 37,5
Lun 3/9 33,3
Ram léng 3/9 33,3
Gan to 2/9 22,2
C4 tién sir gia dinh 2/9 22,2

Nhdn xét: Cac triéu chiang bo mat thd, bién dang xuong, cung
khép, thoét vi, bién dang xwong wc chiém ty Ié cao ¢ cac bénh nhan
MPS VI.

3.2.8. Tén thwong xwong trén X quang cia cac thé MPS
Bdng 3.9. Ton thwong xwong trén X-quang cia cac thé MPS

T s M S 1 o
Xuong sugn hinh a5 |25027| 11 | 11 |1013] 509 (5125’/15(2 |
E)f?h%f“fgcgétzg’r‘% 55 |2027| 11 | 11 |11/13] 509 (;‘g”g; \
g?’;ﬁg'e“ cao than | 55 |1118| o1 | o1 | 811 | 37 (527,/5‘%)
m&'nsg‘-’ ndocoton | o5 |9115| 1 | 11 | 210 | 25 (Slfff’o;o )
Bién dang xwong dai | 4/5 | 8/27 | 0/1 | 1/1 |10/13] 5/9 (Efg’g&)
Chen ép tiy doancd | 2/4 | 415 | o/1 | o/ | 8/8 | 24 (jg,/g’%)
Lodng xuong 15 |10027| o1 | o1 | 6113 | 29 (31??’9502 |
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Nhan xét: Xuong suon hinh mai chéo gap véi ty 1é cao nhat ¢ tat
ca cac thé MPS ciing nhu cac bénh nhan MPS néi chung. Hinh anh
bién dang cot séng, ton thuong d6t sbng gap nhiéu ¢ bénh nhan MPS
I, MPS 11, MPS IVA, MPS VI. Giam chiéu cao than d6t song gap
nhiéu & bénh nhan MPS I, MPS I, MPS IVA. Hinh anh chén ép tay
doan cb gap nhiéu ¢ thé MPS IVA. Ton thuong ndo trén MRI gap
nhiéu & bénh nhan MPS 111, MPS 1.

3.2.9. Xét nghiém GAGs trong nwdc tiéu ciia cac bénh nhan MPS
trong nghién ceru
Bdng 3.10. GAGs trong nwéc tiéu ciia cac bgnh nhan MPS

GAGs binh thuong .
Nhom tudi (mg/g creatinine) Nong o GAGs cua
o . . bénh nhan MPS
Gid tri trung binh (Min - Max)
Nhom < 1 tudi 90,76 (20,26 - 312,38) 1738,61 (244 - 1864)
(n=3)
Nh6m 1-3 tudi 56,19 (19,97 - 110,53) 498,50 (112 - 1190)
(n=7)
Nh6m 3- 5 tudi 45,16 (10,74 - 112,02) 528,44 (63 - 1106)
(n =20)
Nh6m > 5 tudi 35,74 (10,77 - 77,5) 477,7(9n(_10292)- 709)

Nhdn xét: Nong do GAGS toan phan trong nudc ticu cua cac bénh
nhan MPS tang cao so véi nong do GAGs chuan.
Bidng 3.11. So sdnh miic ting GAGS trong nudc tiéu giita cic thé bénh

Nong do GAGs
Muc do bénh Cao hon gia tri
C Min - Max X £SD trung binh binh
thuong (lan)
Nhe 111,52 - 505,66 | 379,08 + 90,82 10,3+2.8
Truggng'”h’ 63,04 - 1738,61 | 575,89 + 48,37 13,2+0,9

Nhdn xét: Néng d6 GAGs & nhitng bénh nhan muc dé nhe cao hon
gia tri binh thuong 10 lan, nhitng bénh nhan mic d6 trung binh va
nang thi ndng do GAGs cao gip 13 lan so véi gid trj trung binh cua
GAGs binh thuong.
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3.2.10. Hoat d@9 enzyme cuaa cac bénh nhan MPS nghién ciru
Bing 3.12. Hoat do enzyme ctia cic bénh nhin MPS trong nghién ciru

Thé . o
bénh D’“ht'r‘l';gﬂiftnzym Bénh nhan MPS G':‘htur; :'nh
MPS ) 9
41,8+ 15,9
MPS | o -L-lduronidase 0,43 (0,01 -22,4) amol/mg
= Trong bach cau
(n=5) ( g bach cau) (4,78 £ 9,86) Prot/hrs
496,3 £ 165,7
MPS Il | Iduronate-2-sulphatase | 0,07 (0,00 - 14,99) amol/ml
= Trong huyét t
(n=27) | ( g huyet twong) (0.88+£288) Plasma/4hrs
MPS
Heparan-N-sulphatase 46222
A (Trong bach ciu) 0,03 nmol/mg
(n=1) 90 Prot/24hrs
MPS A-N- 320,4 £131,3
1B acetylglucosaminidase 0,93 nmol/ml
(n=1) (Trong huyét twong) Plasma/17hrs
MPS
\va | Galactose 6-sulphatase | 0,74 (0,01 - 66,24) 15n8r;1%;_;£g2;,8
(n=13) (Trong bach cau) (11,38 +22,18) Prot/17hrs
N-
MPS VI Acety'gz'l':‘;t;’tzasg““e"" 6.28 (0,00-4218) | 922 i|/49'6
N nmol/mg
(n=9) (Arylsulfatase B - (9,97 £13,24) Prot/hrs
Trong bach cau)

Nhdn xét: Hoat d6 enzyme cta cac bénh nhan mic cc thé MPS giam
nang so vai gia tri binh thuong twong (g cta phong xét nghiém.
3.3. Két qua phan tich gen ciia mét sé bénh nhan MPS

Trong nghién curu ¢6 27 bénh nhan dugce lam phén tich gen nhung
c6 4 bénh nhan khong tim thay dot bién. Trong s 23 bénh nhan c6 3
bénh nhan MPS I, 14 bénh nhan MPS Il, 5 bénh nhan MPS IV va 1

bénh nhan

MPS VI.
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3.3.1. Phan bé cac dang dat bién gen ciia bénh nhan
Bdng 3.13. Phan bé céac dang dgt bién ciia 23 bénh nhan MPS

MPS | | MPS Il | MPS IVA | MPS VI
Kiéu dt bién 3bénh |14bgnh| Sbénh | 1bénh | N | %
nhan nhan nhén nhén
Dot bién sai nghia 4 3 2 2 11| 36,6
Dot bién mit doan 2 4 6 | 20,0
Dot bién tai to hop 6 6 | 20,0
Dot bién vo nghia 1 1 1 3 | 100
Dot bién thém doan 2 2 | 6,7
Dot bién vi tri cit ndi 2 2 | 67
Tong (N; %) 5 14 9 2 30 [100.0

'Nhdn xét: Dot bién sai nghia chiém ty I¢ cao nhét trong s6 cac dot
bién cta 23 bénh nhan MPS, dac biét & thé MPS | (4/5)

3.3.2. C4c dpt bién cia gen IDUA va fwong quan kiéu gen - biéu
hi¢gn 1am sang cuia cac bgnh nhan MPS |

Bdng 3.14. Kiéu gen va biéu hién 1am sang cia cac bénh nhan
MPS 1.

Hoat do
enzyme a-L-| GAGs
STT| c.DNA Protein | lduronidase | (mg/gram | Thé Iam sang
(nmol/mg | creatinine)

Prot/hrs)
1 | c.1046A>G | p.D349G 0,43 508,83 Hurler/Scheie
c.750C>T/ | p.Q584X/
2 0,12 1019,5 Hurler
€.1862G>C | p.R621P
.1862G>C/ | p.
3 |© PRO2IPI| g, 1738,61 Hurler

c.1862G>C | p.R621P

Nhdn xét: Bénh nhan sé 1 chi phat hién duoc 1 alen dot bién biéu
hién 1am sang thé trung binh Hurler/Scheie. Bénh nhan s6 2 co dot
bién di hop tr kép va bénh nhan sé 3 co dot bién dong hop tir 1am
sang thé Hurler.
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Phd hé ciia gia dinh bénh nhan MPS | sé 1

R wwnnl

2 3|/45/6 7|8 9

ﬂ
T234 5678 9

710 1112 13 14
Hinh 3.2. Phd h¢ ciia gia dinh bé¢nh nhan MPS | sé 1, niam 2013

Nhén xét: Gia dinh c6 con gai bi bénh MPS 1 thé Hurler/ Scheie.
Trong pha hé khong c6 ai mac bénh giong bénh nhan.

1112 13]14

Kiéu gen ciia bgnh nhan MPS 154 1

GCGCTCCTGA
Binh thuwéarng

Il
“ l

: A I!‘ |i ! |ﬂ'i i “"1‘ |'.'| i .

Y W ,,5 ‘ u 5 AVIVVANY ,}1‘;‘.f‘.l'xl||h‘|/\ /\{.‘,‘,
\f ; i 7 /\HA 1'|7 :{\ Aﬁ ) l/\n"i_\“ l "*“ 5““\ ] \'

(41‘[“ ‘y\' |vl | f ][ ‘I, | Inly[ || f Jll“l““l,’ll \1 Ni
lull li || 'Jl lljl \v i ( | lf/ \ |||\ ‘|[ l‘ f\ [\ /\l | JI "Il ’ |\ v " ‘/‘\l' \l.' it " ‘.ll ‘ll'jf".:] f “l‘i

Hinh 3.3. Minh hea gidi trinh tw gen IDUA ciia bgnh nhan MPS |
sol
Nhdn xét: Bénh nhan mang dot bién sai nghia chua timg duoc cong bd
¢.1046A>G do A bi thay thé thanh G & vi tri 1046 trén gen IDUA.

A

Bénh nhén

3.3.3. CAc dpt bién ciia gen 1DS va fwong quan kiéu gen - biéu hién
Iam sang cia bgnh nhan MPS 11 nghién ciu

Phén tich dot bién gen IDS trén 18 bénh nhan MPS Il phat hién
dot bién & 14 bénh nhan.
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Bdng 3.15. Kiéu gen va biéu hién 1am sang ciia bénh nhan MPS 11.

Hoat d¢
Enzyme
Z- Z- GAGs
Thay doi Thay doi Iduronate-2- Z 18 o3
Stt Nucleotid Protein sulphatase é?;g/n%ﬁg Thé 1am sang
(nmol/mg
plasma/4hrs)
BNs65 | Taitd hop 0,01 835,45 | Trung binh
BNs66 | Taitdhop 0,01 701,22 Ning
BNsd7 | Taitdhop 0,14 755,36 Ning
BNs6é8 | Taitdhop 0,01 473,57 Ning
£ fi o2 Nang (Em trai
BN s6 9 Tai to hgp 2,42 605,46 BN 56 8)
2 LR Ning (Me
BN s6 10 | Taito hop 0 498,5 mang gen)
BNsb11 | c¢.879G>C p.Q293H 0,01 789,59 Ning
BN s 12 |¢.120 122del|  p.L41del 0,01 771,84 Ning
BN sé 13 | ¢.1001A>G p.D334G 0,01 Ning
BN sé 14 C'“%t—pllzg p.L377RfsX16| 0,01 476,36 Nhe
BNs615 | c.473del | p.Y158FfsX55 0.41 532,99 Ning
. Nang (Me
BNs616 | c.814C>T p.Q272X 0,35 479,22 mang gen)
Nang (Em trai
£ bi bénh, me va
BN s 17 | c.1048A>T p.N350Y 0,63 39153 | " o mang
gen)
BNs619 | c.166dup | p.D56GfsX2 0,01 422,79 Nhe

Nhdn xét: C6 9 dot bién khac nhau cua gen IDS dugc phét hién: 6
bénh nhan mang dot bién tai t6 hop (Recombination event) 3 bénh
nhan mang dot bién da dugc mo ta, phéat hién 5 dot bién chua ting
duoc cong bd trén 5 bénh nhan.
Pha h¢ cia gia dinh bgnh nhan MPS I s6 17

VG

CHO IJ;Y(T)
T|Z 3%

2 -
T-’Efzm
mmlele
8 9

M —T—® [HO [HO ] O

st 0 17 13 12|75 16 17 18 20 21|22
OO0 O ® O @] OO0 COOLIOO1O0
071 T2 1314415 1617 1819 2021 22 23 24 25 26 27 28.29 30 31 32 36 34

Hinh 3.4. Phd h¢ ciia gia dinh b¢nh nhan MPS 11 s6 17, nim 2014
Nhdn xét: Gia dinh bénh nhén ¢ 2 anh em cung bi bénh. Me va
chi gai la nguoi mang gen bénh.
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Kiéu gen ciia bénh nhan sé 17
Binh thu'érng % 6T G

[ "

i | : Lo

f ‘\‘ ’ | 5 1 § I | “‘4‘ ", | Nons

g (b (VAR Aa I LA I AT A A AR ATA AR

AL VT T UL HYY LA Il H | AT

“‘\-‘I|"I‘,“\” ARAL RS vy 1Y |
B \a : ‘1 \ A A f

8énh nhan |G TG

M

f | ( | I | f A

A, Aapt Y AT A AR TR [L]ta
H | \"“ A xl“\'x-.‘ I | Il‘n i } (AR 1
| fVUgYy gy vy | UL | (Vv | AR IR
I {1 Bk 8 b9 I (Y h

[\
I
\

: AL WAL

|

Hinh 3.5. Hinh d@nh dét bién cia bénh nhan sé 17 qua phwong
phéap gidi trinh tw gen
Nhdn xét: Bénh nhan mang dot bién sai nghia p.N350Y (d6t bién
chua tirng dugc céng bo).
3.3.4. Cac dét bién ciia gen GALNS trén 5 bénh nhan MPS IVA
nghién cau
Bdng 3.16. Kiéu gen va biéu hién 1am sang cia cac bénh nhan

MPS IVA
Heﬁiz‘;r‘;" GAGs | Thé
Stt c.DNA Protein (nmol/img Qg;g;?rr?e Igm
Prot/17hrs) sang

BN sé [c.1279delG/c.1 | p.V427SfsX14/p.V427Sf

34 |279delG sX14 074 332,73 Nang

BN s6 |C.899-2A>C/

0,67 193,38  [Nin
35 |c.899-2A>C g

BN sb |c.374C>T/c.11

36  |55C>G p.P125L/p.Y385X 0,09 |269,68 |Ning
BN sé |c.1279delG/c.1 | p.V4275fsX14/p.V427Sf 5
43 |279delG sX14 0,01 320,25  [Ning
B'LSO c.871G>A p.A291T 0,02 291,44  |Nang

Nhdn xét: C6 5 dot bién gay bénh khac nhau cua gen GALNS
duoc phat hién. Trong d6 dot bien mat doan chua timng dugc cong bo
p.V427StsX 14 duge xac dinh ¢ hai bénh nhan ¢ dang dong hop tir.
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Két qua gidi trinh tu 1 56 dgt bién gen ciia bgnh nhan MPS IVA

c.1279delG A A N n AN 7
(p.Vamz?s;fs*M) f\ /‘\‘ v“.' N /\ /\\ \/ ‘\ / -.]/\ JAVA!

TCAG GGGT C ACAA

c.374C>T
(p.Pro125Leu)

'{r‘“_ 1/\\ AAANNN / \ A\

T:€ €T GC €6 & A €T

c.1155C>G

CTATTACCGTGGC
t

Hinh 3.6, Hinh zinh gidi trinh ti 1 s6 dgt bién ciia bénh nhin MPS IVA
Nhdn xét: Dot bién mat doan p.V427SfsX14 chua timg duoc
cong b
3.3.5. Pjt bién ciia gen ARSB trén bénh nhan MPS VI trong
nghién ciru
Pha hé ciia gia dmh bénh nhan MPSVI sé 47

h i

2 3 \21 5 6 7TA8 12
Hinh 3.7. Minh hea phd hé ciia gia dinh bénh nhan MPSVI sé 47
nam 2013

Nhdn xét: Trong pha h¢ khdng c6 ai méic bénh gidng bénh nhan.
Kiéu gen cua bénh nhan MPS V1 s6 47

Binh thwéng | |

i IV A i
AR \ \
Y \ it 1[ { ¥

Hinh 3.8. Hinh dnh dot blen cia benh nhan so 47 quaphmmg
phép gidi trinh tu gen

Nhgn xét: Bénh nhan c6 dot bién dong hop tir trén gen ARSB la
dot bien chua tirng dugc cong bo ¢.524A>G (p.Y175C).
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Chuwong 4: BAN LUAN
4.1. Pic diém nhém nghién ciu
4.1.1. Phan bé bénh nhan theo nhom tudi

Két qua nghlen ctru 56 bénh nhan cho thay tudi chan doan cta cac
bénh nhan thuong muon chu yéu > 2,5 tudi (85,7%), dac biét 1a nhém
>3 tudi (44,6%) day chinh 1 nguyén nhan gay han ché cho qué trinh
diéu tri. Nghién cuu cua Vi Chi Diing thi tudi chan doan trung binh
la 58+ 3,7 tqu Mot s6 nudc trén thé gigi bénh MPS dugc chan
doan kha sém bang sang loc so sinh.

4.1.2. Phan bé bénh nhan theo thé bénh va gigi

Ty 1é€ nam/ nix trong nhom nghién ctu 14 76,8% nam va 23,2% nir.
Ty 1¢ nam kha cao do ty I¢ bénh nhan thé MPS 11 gap cao nhét. Ty 18
bénh nhan MPS 11 chiém ty I¢ cao nhat 48,2% ciing giéng nhu nghién
cliu cua Hsiang Yu Lin tai Dai Loan va nghién ctu cua Sung Yoon
Cho & Han Qudc. Nghién ciru & Ptc va Ba Lan thi ty 18 cao nhit 1a
thé MPS I11 48%.

Cac nghién ctru cho thay & cac nuéc chau Au thé MPS 111 ¢6 ty 16
cao nhat trong khi d6 ¢ cac nudc chau A ty 1& gap cao nhat la thé
MPS 1II twong ty nhu nghién ctru ciia chlng toi.

4.2. Pac diem lam sang va can lam sang caa cac bénh nhan mps
trong nghién ciru

4.2.1. Dic diém lim sang ciia cdc bénh nhin MPS trong nghién ciiu
4.2.1.1. Cac bénh nhan MPS | o

Trong nghién ctru cia ching toi tudi chan doan thuong cach kha
xa tuoi xuat hién triéu chung tuong tu nhu nghién ctru cua Alzbeta
Vazna (Czech va Slovak), Latifa Chkioua (Tunisia). Trigu chang
Xuat hién sém la bién dang xwong, citng khop, cham phét trién tinh
than va thoat vi tuong tu nghién ctru cua Latifa va cong su.

Ty 1€ bénh nhé&n c6 biéu hién bd mat thd trong nghién ctu caa
chung t6i twong déng véi nghién ctu cua Tatiana Pineda va Latifa
Chkioua, nghién ctru ciia Wang X co ty 1¢ thip hon. Triéu ching bién
dang xuong, clng khép, cham phét trién tinh than, thoat vi ben hozc
ron, duc giac mac ciing chiém ty 18 cao trong cac nghlen ctu va
thuong xuat hién kha sém. Nhom triéu chang nay goi v tiép can chéan
doan sém bénh MPS I.
4.2.1.2. Cac bénh nhan MPS Il

Trong nghlen ctru cua chdng toi tudi xuat hign tri¢u ching dau
tién cua cac bénh nhan MPS 1l cach kha xa tudi chan doan twong
ddng vai nghién ciru cua Sung Yoon Cho (Han Quéc), Mary Anne D.
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Chiong (Philipin). Cac biéu hién 1am sang dau tién thuong la cham
phét trién tinh than, cing khép, bo mat thd, thoat vi, hay bi nhiém
trung duong ho hap.

Trong nghién ctu chang t6i thay triéu ching bo mat thd chiém ty
I& 100% tuong ddng véi nghién ciu cua Ida VD Schwartz, Sung
Yoon Cho. Ciing khép chiém ty Ié 88,8% thip hon nghién ctu cua
Dimitry A Chistiakov, Dhanya Lakshmi nhung cao hon nghién cuu
cua Uttarilli A. Cham phét trién tinh than 85,2% tuong tur véi nghién cau
caa Dimitry A Chistiakov, lda VD Schwartz. Bién dang xuong 77,8%
thdp hon nghién ctu cua Dhanya Lakshmi nhung cao hon rat nhiéu
nghién ctu caa Uttarilli A, day 1a nhiing triéu ching goi y chin doan
som. Triéu ching gan hoac lach to 59,3%, tén thuong van tim 46,2%,
thoat vi ben hoac rén 44,4%, giam thinh luc chiém 32%, cac triéu ching
nay déu thap hon rat nhiéu cac nghién ciru ciia cac tac gia khac.
4.2.1.3. Cac bénh nhan MPS 111

Trong nghién cau ca 2 bénh nhan déu duoc chian doan mudn. Céc
triéu ching xuat hién sém 1a tang dong, kho tap trung, hay dap pha,
cham phat trién tinh than twong ty nghién ctu cua M.J. Valsta
,Veronica Delgadillo. Ca 2 bénh nhan trong nghién ctru déu biéu hién
tang dong, cham phat trién tinh than, hung tinh, bién dang xuong nhe.
Céc triéu chung khac nhu gan to, bd mat thd, ciing khép nhung nhe
hon cac thé khac. Ca 2 bénh nhan déu khong bi duc giac mac, khdng
c6 ton thuong van tim, chirc ning nghe binh thuong, chiéu cao binh
thuong. Theo M.J. Valsta va cong sy 2007, Frits A Wijburg va cong
sy 2013 triéu chitng cua céc bénh nhan MPS 111 ndi bat 1a cham phat
trién tinh than, tri tu¢ sa st dan, cham biét néi, ting dong, rodi loan
hanh vi, hung tinh, réi loan gidc ngu, co giat. Céc tac gia ciing nhan
xét biéu hién bo mat thd c6 & hau hét cac bénh nhan nhung mirc do
nhe hon va c6 thé xuat hién muon hon cac thé khac. Ngoai ra mot so
bénh nhan ciing ¢ bién dang xuong nhe (gu, veo cot song), giam
thinh luc, thoat vi ben hodc ron, hay viém duong ho hap, viém tai. S6
it bénh nhan c6 gan hoic lach to, c6 thé c6 tén thuong van tim. SO
lugng bénh nhan nghién cau & thé nay con it nén chua boc 16 nhiéu
triéu chimg nhu cac nghién ctru khéc.
4.2.1.4. Cac bénh nhan MPS IVA

Trong nghién ctu cua ching tdi tudi chan doan cia bénh nhan
MPS IVA ciing cach kha xa tudi xuét hién triéu chimg dau tién. Triéu
ching xuét hién sém cua cac bénh nhan nhom nay chi yéu 1a bién
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dang xuwong. Nghién ctu cua ching ti cling twong tu nhu két qua
cua C. J. Hendriksz, Hsiang Yu Lin .

Trong nghién ctu caa chdng téi cac triéu chung 1am sang tuong
tuw voi cdc triéu chung I&m sang trong nghién cuau cta Souhir
Khedhiri, Timothy C Wood: Léng I¢o day chang khép co tay, bién
dang xuong, nguc nho hodc 16m, gu veo cot séng, lun 1a cac tricu
ching noi bat goi y chan doan, ngoai ra cac bénh nhén cling hay méc
viém nhiém duong hé hap, cé thé giam thinh luc, duc gidc mac nhe,
thodt vi ben hozc ron, ton thuong van tim, gan hoac lach to. B6 mat
khong thd va hau nhu it bi cham phét trién tinh than.
4.2.1.5. Cac bénh nhan MPS VI

Tudi chan doan cua bénh nhan MPS VI ciing cach tudi xuét hién
triéu chimg dau tién vai nam tuong ty voi nghién ciiu ciia Agnieszka
Jurecka, Piranit Nik Kantaputra. Triéu chiing duoc phéat hién som la
bién dang xuong. Triéu chiing 1am sang cia cac bénh nhan trong
nghién ctru cua chung toi cling tuwong ty véi nghién cuau caa Maurizio
Scarpa trén 9 bénh nhan Y, Juby Mathew trén 9 bénh nhan An Do
cac bénh nhan déu co biéu hién bo mat thd, lun, bién dang xuong,
cting khép, duc giac mac, mot sé ¢6 gan hoic lach to, ton thwong van
tim, giam thinh lyc, thodt vi ben hoac rén. Biéu hién giam thinh luc,
cham phét trién tinh than trong nghién cau cia chung t6i ciing twong
tu nhu cac nghién ctu khac. Biéu hién duc giac mac, ton thuong van
tim, 10n, ram 16ng, gan hozc lach to c6 ty 1¢ thap hon nhiéu nghién
cau khéc.

4.2.2. Pgc diém can lam sang chinh cia cac bgnh nhan MPS
nghién cau
4.2.2.1. Hinh anh X quang cua cac bénh nhan MPS trong nghién cuu

Két qua nghién cau cua chang toi phi hop vai Elizabeth, Shyn
Jye Chen, Klane K White, Hendriksz. Cac tac gia déu nhan dinh hinh
anh bién dang cot song (gu, veo) va ton thuong dét séng hay gip &
bénh nhan MPS | thé Hurler, MPS 11 thé nang, MPS IVA va MPS VI.
Hinh anh chén ép tiy séng do ton thuwong d6t séng cd gap nhidu &
bénh nhan thé MPS IVA, MPS | (Hurler). Hinh anh xuong suon hinh
méai chéo gap & hau hét cac thé. Hinh anh bién dang xwong dai gip ¢
bénh nhan thé Hurler, MPS 11 thé ning, bénh nhan MPS IV, MPS VI.
Nghién ctru cua Souhir Khedhiri trén hinh anh X quang cua 7 bénh
nhan MPS IVA ¢6 5 bénh nhan c6 chén ép dét Song €0. Nghién cuau
ctia Maurizio Scarpa trén 9 bénh nhan MPS V1Y thi 7/9 bénh nhan



21

(77,8%) biéu hién chén ép tay song va 9/9 bénh nhan (100%) c6 tén
thuong ndo trén phim chyp MRI so néo.

4.2.2.2. Xét nghiém GAGSs nuréc tiéu va hoat dg enzym trong mau cua
cac bénh nhén trong nghién cuiu

Chia bénh nhan thanh 2 nhém theo muc d6 nang caa bénh gém
nhom thé nhe va nhém néang hon (the trung binh va thé nang). Gia tri
trung binh nong d6 GAGs toan phan trong nuéc tiéu ciia nhom nhe
cao gap 10 lan gia tri trung binh GAGs binh thuong trong nudc tiéu
theo cac nhém tuoi. Gia tr trung binh nong do GAGs toan phan trong
nudc tiéu cua nhém niang hon cao gip 13 lan g|a tri trung binh GAGs
binh thudng trong nudc tiéu theo cac nhém tuol

Hoat d6 enzyme o Iduronidase trong bach cau lym pho méau ngoai vi
cua cac bénh nhan MPS | trong nhom nghién ctu giam nhiéu so véi chi
s6 binh thuong. Nghién ciru cia chung toi ciing twong ty Véi két qua
nghién ciru ciia Luning Sun (Trung Quéc), Latifa Chkioua (Tunisia).

GAGs nudc tiéu tang cao, hoat do enzym a-lduronate sulfatase
trong huyét thanh cua cac b¢nh nhan MPS 11 trong nghién ctiu giam
nhiéu so vai chi s6 binh thuong. Nghién ciu cua ching toi ciing
tuong tu voi két qua nghién ctu cua lda VD Schwartz, Dimitry A
Chistiakov, Mary Anne D. Chiong.

GAGs nudc tiéu ting cao, hoat do enzym trong mau cua cac bénh
nhan MPS 111 trong nghién cau giam nhiéu so vai chi s6 binh thuong.
Nghién ctru caa ching t6i ciing twong tu véi két qua nghién ctu cua
Veronica Delgadillo.

GAGs nudc tiéu tang cao, hoat do enzym galactose-6-sulphate
trong bach cau caa cac bénh nhan MPS IVA trong nghién ciru giam
nhiéu so vai chi s6 binh thuong. Nghién ciu cua ching t6i ciing
tuong tu véi két qua nghién ctiru cua Souhir Khedhiri, Sonia Pajares,
Hsiang Yu Lin.

GAGs nudc tiéu tang cao, hoat d6 enzym Arylsulfatase B trong
bach cau cta cac bénh nhan MPS VI trong nghién cau giam nhiéu so
VGi chi s6 binh thuong. Nghién ctru cua chiing toi ciing tuong tu Voi
két qua nghién ctru ciia Azevedo, Marion M Brands.

4.3. Phin tich ddt bién gen trén 27 bénh nhan

Nghién ctu tién hanh phan tich gen cho 27 bénh nhan MPS nhung
ching toi chi phét hién dwuoc dot bién trén 23 bénh nhan, cé 4 bénh
nhan thé MPS II chua phat hién duoc dot bién. Trong sé 23 bénh
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nhan duoc 1am phan tich gen dot bién gap nhiéu nhat 1a dot bién sai
nghia tuong tu v&i nhan dinh cua Rossella P, Latifa Chkioua.
4.3.1. gt bién gen IDUA trén 3 bénh nhan MPS |

Dot bién p.Q584X di dugc béo céo trong nghién ciu cua Guey-
Jen Lee-Chen 2002 (Pai Loan) va Luning Sun 2011 ( Trung Quéc).
Bénh nhan MPS | s6 2 trong nghién cau (p.Q584X/p.R621P) biéu
hién kiéu hinh Hurler. Dot bién p.R621P gip & mot bénh nhan dong
hop tir va gap & bénh nhan khac duéi dang di hop tir kép, bénh nhan
nay mang dot bién p.R621P trén exon 14 va dot bién p.Q584X trén
exon 13. Ca 2 bénh nhan déu c6 kiéu hinh Hurler. Dot bién p.D349G
gay kiéu hinh Hurler/Scheie cho bénh nhan MPS 1 s 1.

Dot bién p.R621P va p.D349G chua ting dugc béo cdo & 1000
genome, dbSNP hoic dit liéu SWISSprot. Nhiing dot bién nay dwoc
du bao 1a dot bién gay bénh sir dung phan mém dy bao (http:/ /
sift.jevi.org (SIFT score 0.00, affected). (SIFT score 0.01, affected);
http:/ /genetics.bwh.harvard.edu/ pph2/.

4.3.2. Pgt bién gen IDS trén 14 bénh nhan MPS 11

Trong 14 bénh nhan MPS Il phét hién dugc dot bién 6 bénh nhan
c6 dot bién tai té hop phirc tap (Recombination event) giira gen IDS
va gia gen. Biéu hién 1am sang 6 bénh nhan nay 1a 5 nang va 1 trung
binh. Nghién cau Susanna Lualdi, Huiwen Zhang, Motomichi
Kosuga ciing phat hién dot bién tai t6 hop phtic tap voi gia gen, bénh
nhan thuong biéu hién lam sang thé ning.

Dot bién mat doan ¢.120-122del (p.L41del) da dugc md ta trong
nghién ctu ciia Chi Hwa Kim 2003. Bénh nhan s6 12 mang dot bién
p.L41del biéu hién 1am sang ning. Dot bién sai nghia & exon 7
€.1001A>G (p.D334G) da duoc Peining Li mo ta trong nghién ctu
1998. Bénh nhan sé 13 mang dot bién p.D334G biéu hién 1am sang
nang. Dot bién sai nghia ¢.879G >C (p.Q293H) da duoc Schroder mo
ta trong nghién ctru 1994. Bénh nhan sé 11 mang dot bién p.Q293H
biéu hién 1am sang nang.

C6 5 bénh nhan (35,7%) mang dot bién chua timg dwoc béo céo
1a dot bién c.166dup (p.D56Gfs*2) (bénh nhan sb 19 kiéu hinh nhe).
Dot bién thém doan ¢.1124 - 1128 dup (p.L377Gfs*10) (bénh nhan
sb 14 kiéu hinh nhe). Dot bién mat doan ¢ exon 4 c.473del
(p.Y158fs) (bénh nhan sé 15 kiéu hinh nang). Pot bién vo nghia
¢.814C>T (p.Q272*) (bénh nhan sé 16 kiéu hinh nang). Dot bién sai
nghia ¢ exon 8 ¢.1048A>T (p.N350Y) (bénh nhan sé 17 kiéu hinh
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nang). 5 dot bién nay chua duoc bao cao ¢ 1000 genome, dbSNP hoic co
so dir lieu SWISSprot va duoc du doan 1a dot bién gay bénh dia vao phan
mém (Xq28.(3)http://siftjeviorg (SIFT score 0.00, affected) (4)http:/
/genetics.bwh.harvard.edu/ pph2/ (1.000, probably damage).

4.3.3. Pgt bién gen GALNS trén 5 bgnh nhan MPS IVA:

Dot bién p.P125L da duoc Anna Caciotti, Tamarozzi md ta. Dot
bién p.Y385X di cung voi dot bién p.P125L trén bénh nhan sb 36
biéu hién 1am sang nang.

Dot bién A291T da duoc md ta trong nghién cau caa S Tomatsu,
Tamarozzi. Trén |am sang biéu hién mirc 46 nang (bénh nhan s 44).

Dot bién vi tri cat ndi ¢.899-2A>C ciing lam sai léch qua trinh dich
khung 1am ngimng sém qué trinh phién méa 1am chudi protein bi cat ngan.
LAm sang bénh nhan biéu hién kiéu hinh nang (bénh nhan s6 35).

Dot bién mét doan p.V427SfsX14 chua timg dugc cong bd xac dinh &
2 bénh nhan & dang dong hop tir (bénh nhan s6 34 va bénh nhan sé 43).
Ca 2 bénh nhéan nay trén 1am sang déu c6 kiéu hinh 1a thé nang.

4.3.4. Pjt bién cia gen ARSB trén 1 bénh nhan MPS VI

Nghién ctu phéan tich gen cho 1 bénh nhan MPS VI. Bénh
nhan ndy mang dot bién sai nghia dong hop tar c.524A>G/
€.524A>G (p.Y175C/p.Y175C) chua tirng dugc mo ta. Bénh
nhan trén 1am sang thay biéu hién kiéu hinh nang.

KET LUAN

Nghién ciru trén 56 bénh nhan MPS duoc chan doan, theo ddi va
diéu tri tai khoa Noi tiét - Chuyén hoa - Di truyén bénh vién Nhi
Trung wong chiing toi rat ra két luan sau:

1. Pic diém lam sang va can lam sang cia bénh nhan
Mucopolysaccharide

C6 5 thé MPS duoc phat hign 1a: MPS 1, 11, 111 (I1IA va 111B),
IVA, V1. Thé MPS 11 1a thé gap voi ty 1é cao nhat 48,2%.

Tudi chan doan thudng muon sau 2,5 tudi

Triéu ching xuit hién sém caa cac bénh nhan MPS gip ty 1é cao
la: Bién dang xuong, cung khop, cham phat trién tinh than, cham néi.

Triéu chiing 1am sang hay gap:

Thé MPS I: B6 mit thd, bién dang xwong, cung khép, duc giac
mac, cham phat trién tinh than.

Thé MPS 11: Bo mat tho, bién dang xwong, ctiing khép, cham phét
trién tinh than va khong duc giac mac.
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Thé MPS I11: Cham phat trién tinh than, tang dong, hung tinh.

Thé MPS IVA: Day chang long 1éo, bién dang xuong, lun, rét it bi
cham phat trién tinh than.

Thé MPS VI: Bo mat thd, bién dang xuong, citng khép, duc giac
mac, it bi cham phat trién tinh than.

Ton thuong xwong trén Xquang: Xuong sudn hinh mai chéo, bién
dang cot séng, bién dang xuong dai, MRI so ndo c6 tén thuong.

2. Céc ddt bién gen giy bénh Mucopolysaccharide & 27 bénh nhan
MPS tai Bénh vién Nhi Trung wong

Trong 56 bénh nhan MPS chung t6i phan tich gen dugc cho 27
bénh nhan trong do: 3 bénh nhan MPS I, 18 bénh nhan MPS I, 5
bénh nhan MPS IV va 1 bénh nhan MPS VI. C6 4 bénh nhan khong
tim thay dot bién (14,8%).

C6 6 loai dot bién duoc tim thiy trong d6 dot bién sai nghia
chiém ty 18 cao nhat 36,6%, dot bién mat doan 20%, dot bién tai to
hop 20%.

Phat hién 9 dot bién chua tirng dugc cong bd trong d6: Thé MPS
I c6 2 dot bién sai nghia 1a p.R621P (Iam sang thé ning) va
p.D349G (thé trung binh). Thé MPS II c6 5 dot bién p.D56GfsX2
(thé nhe); p.L377GfsX10 (thé nhe); p.Y158fs (thé niang); p.Q272X
(thé nang); p.N350Y (thé ning). Thé MPS IVA phat hién 1 dot bién
mat doan p.V427SfsX14 (thé niang). Thé MPS VI phat hién 1 dot
bién sai nghia p.Y175C (thé nang).

KIEN NGHI

1. Nhitng bénh nhan c6 biéu hién bién dang xwong, bo mit thd,
ctng khop, cham phat trién tinh than can dwoc kham chuyén khoa di
truyén 1am sang dé phat hién bénh sém.

2. Can tién hanh sang loc trén tit ca céc tré 1a anh chi em cua
bénh nhan.

3. Trién khai sém phong xét nghiém héa sinh va sinh hoc phan tir
dé chan doan xac dinh bénh MPS tai Viét Nam.

4. Can c6 nghién cau vai s6 Tugng I6n hon dé phat hién nhiéu dot
bién hon trén cac bénh nhan MPS Viét Nam.
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INTRODUCTION

Mucopolysaccharide (MPS) is a rare groups of metabolic disorders (about
4.5/100,000 live births) caused by the absence of lysosomal enzymes needed
to break down glycosaminoglycans. The disease is recessively inherited
on normal chromosome, excepted for MPS Il which is recessively
inherited on X-chromosomes. The disease is divided into many deficient
enzyme-dependent subtypes. The disease causes damanges to multi-
organs and progressive injuries leading to disability or premature death
before the age of 10.

As being rare diseases, this group of disorders is easily missed,
and non-specific symptoms are difficult to diagnose. Diagnosing the
disease must base on the high-tech tests to what Vietnam has no
access. Nowadays, MPS treatment in the world has made a lot of
progress. However, treatment is only effective for patients who are
diagnosed before 2.5 years of age.

In Vietnam, patients with MPS are often diagnosed late.
Researchs on MPS are few and on a very small number of patients.
However, the number of patients with MPS in the Department of
Endocrinology - Metabolism - Genetics of the National Hospital of
Paediatrics is increasing in recent years. Facing this situation, and
with the support of Vietnamese - American protocol on metabolic
disorders, the topic: "Study on clinical, investigation characteristics
and mutation analysis for mucopolysaccharidosis”" was conducted
with two targets:

1. Description of Clinical and Subclinical Characteristics of

Mucopolysaccharide diseases in Children.
2. ldentification of Mucopolysaccharide Gene Mutations in
Children treated at the National Hospital of Paediatrics
THE IMPERATIVENESS OF THE SUBJECT

The disease is rare, but the number of infected patients has been
increasingly reported. The disease has non-specific symptoms and is
easily missed. The disease causes multi-organ and progressive
lesions and, therefore, late diagnosis results in multiple sequelae or
premature death before the age of 10. The burden of illness on
patients, their families and society is extremely heavy. Treatment is
not effective because of late detection. This is a genetic disease, but
we have not yet made a prenatal diagnosis or neonatal screening for
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the patients. To overcome the problems menitoned above, the topic
targets to investigate the onset time of the first symptoms, the usual
early symptoms appearing in patients with MPS, clinical and sub-
clinical symptoms specific for each type that can help diagnose early
and specific treatments, genetic analysis of some patients to help
genetic counseling and prenatal screening for the patient's family.
Therefore, the topic is imperative and of practical value.
NEW CONTRIBUTION OF THESIS

The thesis is based on 56 patients. This is the first large-scale and
systematic study in Vietnam on MPS. The thesis identified the onset
age at which the first symptoms appear, the initial usual symptoms to
appear, the clinical symptoms, the radiological images specific to
each type of MPS patients in the National Hospital of Paediatrics.
Genetic analysis of 27 subject patients detected 9 previously un-
reported genetic mutations and described the clinical manifestations
associated with each mutation that contributed to the phenotypic
prediction for the gene mutation in prenatal screening. and neonatal
screening. The study contributed mutation databases for gene bank.
STRUCTURE OF THESIS

The thesis consists of 129 main pages, including 04 chapters, 22
tables, 62 figures: Introduction (2 pages), Chapter 1 - Overview (41
pages), Chapter 2 - Objectives and research methods (12 pages). Chapter
3 - Results (37 pages), Chapter 4 - Discussion (34 pages), Conclusion (2
pages), Recommendations (1 page). Reference includes 110 documents,
of which 6 in Vietnamese, 104 in English. There are 51 documents from
the last 5 years. In addition, the thesis includes 25 Appendices.

Chapter 1: OVERVIEW

1.1. Mechanism - Type of Disease

Mucopolysaccharide disease (MPS) is caused by the absence of 01 of
11 lysosomal enzymes needed to degrade glycosaminoglycans (GAGS)
causing storage of GAGs in cells, tissues and organs in the body.
GAGs are dermatan sulfate (DS), heparan sulfate (HS), keratan
sulfate (KS) and chondroitin sulfate (CS). The continuous storage of
un-degraded GAGs results in lysosomal hypertrophy, leading to
enlarged cells and causing visceral hypertrophy. Depending on the
level of GAGs accumulation, the clinical symptoms are manifested to
varying degrees.
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MPS 1. Due to deficiency of o-L-lduronidase enzyme: Hurler
syndrome, Hurler-Scheie syndrome, Scheie syndrome. MPS Il (Hunter
syndrome): Due to deficiency of iduronate-2-sulfatase. MPS Il
(Sanfilippo syndrome): due to the absence of heparin N-sulfatase (type A),
a-N-acetylglucosaminidase  (type B) enzymes; oa-glucosaminide
acetyltransferase (type C), N-acetyl glucosamine 6-sulfatase (type D).

MPS 1V: Due to deficiency of Galactose 6-sulfatase (Morquio A
syndrome), B-Galactosidase deficiency (Morquio B syndrome). MPS
VI (Maroteaux-Lamy syndrome): deficiency of Arylsulfatase B.

MPS VII (Sly syndrome): Due to B-Glucuronidase deficiency.

MPS IX (Natowicz syndrome): Due to hyaluronidase deficiency.
1.2. Clinical, subclinical symptoms

Coarse facial features, bone deformity, join stiffness, mental
retardation, hepatosplenomegaly, loss of vision, hearing impairment,
inguinal or umbilical hernia, cardiac valve damage, increasing
disease progression. X-ray: Skull fracture, ventricular dilatation.
Deformation of the vertebrae, spinal cord compression. Oar-shaped
ribs. Deformities of limb, pelvis, osteoporosis bone. Increased
guantitative GAGs tested in the urine. Significantly decreased
specific enzyme activity (depending on each type) measured in
peripheral blood lymphocytes or cultured fibroblasts. Molecular
analysis helped seek for mutant genes
1.3. Genetic characteristics

MPS is a autosomal recessive genetic disease, excluding MPS 11,
which is X-link recessive genetics. IDUA, IDS, SGS, NAGLU,
HGSNAT, GNS, GALNS, GLB1, ARSB, GUSB genes code for absent
enzymes that cause the corresponding diseases. Most of gene
mutations are point mutations, which are mainly missense mutations
and large re-arrangement mutations; the rest are partial or complete
deletion mutaions, insertion, small duplication mutations, mutations
at splicing joints.

1.4. Diagnosis

1.4.1. Definitive diagnosis: When there are >1 symptoms of MPS
suspected symptoms such as bone deformity, joint stiffness, mental
retardation, hyperactivity, corneal clouding, inguinal or umbilical hernia,
splenomegaly or hepatomegaly, cardiac valve damage, hearing
impairment, short stature. Urine tested GAGs elevated, enzyme activity in
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peripheral blood leukocyte or serum leukocytes dropped below 10% of
normal value. Gene analysis helped seek for mutant.

1.4.2. Prenatal diagnosis: Apply to all MPS patients and their
siblings for early detection to intervene during pregnancy,
postpartum or abortion decision with genetic abnormality that is
unable to overcome.

1.4.3. Neonatal diagnosis: In high-risk children for early detection
of MPS patients to manage, follow-up and early treat in order to
reduce sequelae, minimize child mortality and disability.

1.5. Treatment

15.1. Specific treatment: bone marrow stem cell therapy,
replacement enzyme therapy, gene therapy, mitral therapy, Chaperone
small molecule therapy, symptomatic treatment, rehabilitation.

1.5.2. Genetic counseling: Treatment, nursing methods for
disease children, methods to prevent their family, and other members
of the family line, the ability to treat fetal diseases for the family to
choose to give birth or not to give birth.

Chapter 2: OBJECTS AND METHODOLOGY
2.1. Location and Study Time

The study was conducted at the National Hospital of Paediatrics
from January 1, 2012 to December 31, 2015.

Tests of urine GAGs, enzyme activity were performed at the
genetic testing laboratory of the Taiwan National University
Hospital. Genetic analysis was taken at Aasn central genetic testing
laboratory - Seoul - Korea.

The study was conducted at the National Hospital of Paediatrics
from January 1, 2012 to December 31, 2015
2.2. Study Obijects

The study consists of 56 patients diagnosed with
Mucopolysaccharidosis according to the diagnostic criteria of
Thomas J. Lehman et al. 2011
2.2.1. Patients Selection Criteria

Patients were selected for the study when they met the following conditions
* Clinical criteria: Patients with one or more of the following
suspected symptoms of MPS: Mental retardation (memory loss,
hyperactivity may be possible), coarse facial features (big head,
frontal bossing, depressed nasal bridge, flat nose wings, thick lips,
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enlarged tongue), joints deformation, joint stiffness or loose
ligaments, inguinal and umbilical hernia, short stature, splenomegaly
or hepatomegaly, hearing impairment, deaf may be possible, corneal
clouding, cardiac valve damage, heart failure may occur, family
history (siblings of MPS patients).
* Investagation criteria: Decreased enzyme activity in peripheral
blood lymphocytic leucocytes or plasma (compulsory criteria when
gene analysis results are not available). Increased total urinal
Glycosaminoglycan test.
2.2.2. Exclusion criteria

Patients, whose families did not agree to participate in tests during
the study. Patients with MPS who lack the necessary information
such as incomplete records for clinical examination, lack of enzyme
tests though the clinical symptoms were adequate.
2.3. Study Method
2.3.1. Study Design: Case series study
2.3.2. Study Sample: Sample size is selected by the utility model.
All qualified patients at the National Hospital of Paediatrics were
taken for the study from January 1, 2012 to December 31, 2015.
2.4. Data processing and analysis
2.4.1. Data Clean up: The medical records collected must be checked
before and after data entry.
24.2. Encryption Method: The data was entered into computer using Epidata
3.0 software, the information was encoded by numbers or characters.
2.4.3. Data Processing: The collected data of the study will be processed
in accordance wih the computerized medical statistical algorithm using
STATA 12.0 software to calculate the experimental parameters.
2.5. Ethics in the Research

The Study is closely adhered to Research Ethics in Medicine. The
patients’ families voluntarily participated in the study. Information of
the patient and their family will be kept confidential. The subject was
approved by Medical Ethics Board of the National Hospital of
Paediatrics (approval date: February 21, 2012).

Chapter 3: RESULTS

From January 1, 2012 to December 31, 2015 we conducted a
physical examination and diagnosis for 56 MPS patients. Molecular
analysis test was performed on 27 patients. The results are as follows:



3.1. Characteristics of the Studied Cohort

3.1.1. Distribution by Age

44.6%

Figure 3.1. Chart of Distribution by Age

6

5.4%
= 8.9%

from 2,510 5
years old

41.1%

Remark: The most commonly diagnosed group is the age group of
over 5 years (44.6%).
3.1.2. Distribution by Type and Gender

Table 3.1. Distribution by Disease Ty

pe and Gender

Male Female Total Rate %
MPS | 1 4 5 8.9
MPS II 26 1 27 48.2
MPS 111 1 1 2 3.6
MPS IVA 9 4 13 23.2
MPS VI 6 3 9 16.1
Total 43 (76.8%0) | 13 (23.2%) 56 100

Remarks: MPS |1 group holds the highest rate of 48.2%. The male
ratio in the study group is quite high.
3.2. Clinical and Subclinical Characteristics of MPS Patients
3.2.1. Age of the early symptoms and age of diagnosis
Table 3.2. Age of the early symptoms and age of diagnosis

Disease Age of the early . .
type n symptoms Age of diagnosis
MPS | 5 6 months — 2 years 8 months — 7.5 years
(1.1+0.5) (3.4£2.6)
0 months — 4 years 21 months — 13.5 years
MPSII | 27 (18 +1.9) (5.8 +3.9)
MPS I11A 1 3 years 5.5 years
MPS 111B 1 2 years 5.2 years
0 — 3 years 1.3—7.5 years
MPSIVA | 13 (1+0.8) (3.9 +19)
0 — 3 years 3 months — 7.2 years
MPSVI | 9 (0.9%13) (3.4 +2.6)
0 -4 years 3 months — 13.5 years
TOTAL | 56 (L4+1.1) (4.7 £32)
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Remarks: It took 2-4 years from the onset of the first symptoms to

the diagnosis.

3.2.2. The early symptoms of MPS patients

Table 3.3. The early symptoms of MPS patients
Disease type MPS | MPS | MPS | MPS | MPS Téng Ty lé
| 1 i IVA | VI (%)

Number 5 27 2 13 9 56 | 100.0
Bone deformation 2 12 4 18 32.1
Joint Stiffness 1 12 2 15 26.8
Mental retardation 1 7 1 9 16.1
Speech delay 5 5 8.9
Hyperactivity 1 2 3 5.4
Coarse face 1 1 2 3.6
Hirsutism 2 2 3.6
Inguinal and umbilical hernia 1 1 2 3.6

Remarks: The first symptoms in MPS patients detected by the
family holding the highest rate is bone deformation (32.1%),
followed by stiff joint (26.8%), mental retardation (16.1%).
3.2.3. Clinical symptoms of the MPS | patients: (8 months - 7.5

years), (1 boy - 4 girls).

Table 3.4. Clinical symptoms of 5 MPS | patients

Symptoms n/N Rate (%)
Coarse face 5/5 100.0
Bone deformation 5/5 100.0
Corneal clouding 5/5 100.0
Joint stiffness 4/5 80.0
Sternum deformity 4/5 80.0
Mental retardation 4/5 80.0
Hearing impairment 3/4 75.0
Short stature 3/5 60.0
Splenomegaly or hepatomegaly 3/5 60.0
Inguinal and umbilical hernia 3/5 60.0
Cardiac valve damage 2/5 40.0
Family history 1/5 20.0

Remarks: Symptoms are found at a high rate in patients with MPS
I, including: Coarse face, bone deformation, Corneal clouding (5/5
cases). Followed by joint stiffness, sternal deformity, mental

retardation and hearing impairment.
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3.2.4. Clinical symptoms of the MPS |1 patients: (21 months — 13.5

years), (26 boys — 1 girls)

Table 3.5. Clinical symptoms of the MPS 11 patients

Symptomes (N=27) n/N Rate (%)
Coarse facial features 27127 100.0
Joint stiffness 24127 88.8
Mental retardation 23/27 85.2
Bone deformation 21/27 77.8
Splenomegaly or hepatomegaly 16/27 59.3
Cardiac valve damage 12/26 46.2
Inguinal and umbilical hernia 12/27 44.4
Hearing impairment 8/25 32.0
Short stature 8/27 29.6
Sternum deformity 7127 25.9
Family history 727 25.9
Corneal clouding 0/27 0.0

Remarks: MPS Il patients have symptoms of coarse facial feature, joint
stiffness, mental retardation, bone deformation at high rate and followed by
manifestation of hepatosplenomegaly, cardiac valve damage.

3.2.5. Clinical symptoms of MPS 111 patients: (5.2 - 5.5 years), (1 boy - 1girl)
Table 3.6. Clinical symptoms of 2 MPS 111 patients

Symptomes BN 1 (111A) BN 2 (111B) | Total
Mental retardation + + 2/2
Hyperactivity + + 2/2
Aggressive, exciting + + 2/2
Bone deformation + + 2/2
Joint stiffness - + 1/2
Hepatosplenomegaly + - 1/2
Coarse face + - 1/2
Short stature - - 0/2
Sternum deformity - - 0/2
Corneal clouding - - 0/2
Hearing impairment - - 0/2
Cardiac valve damage - - 0/2

Remarks: Only two MPS Il patients were diagnosed and all had
symptoms of hyperactivity, aggresiveness, excitability, mental retardation.




9

3.2.6. Clinical symptoms of MPS IVA patients: (1.3 - 7.5 years of
age), (9 boys - 4 girls).

Table 3.7. Clinical symptoms of 13 MPS IVA patients
Number of

Symptomes patients Rate (%)

Loose ligaments 13/13 100.0
Bone deformation 12/13 92.3
Sternum deformity 12/13 92.3
Short stature 8/13 61.5
Hearing impairment 7/12 58.3
Mental retardation 5/13 38.5
Corneal clouding 4/13 30.8
Cardiac valve damage 4/13 30.8
Family history 3/13 23.1
Coarse face 2/13 154
Hepatomegaly 1/13 7.7

Joint stiffness 0/13 0.0

Inguinal and umbilical hernia 0/13 0.0

Remarks: Loose ligaments, bone deformities, sternum deformity
are symptoms that account for a high proportion of patients with
MPS IVA, followed by Short stature, hearing impairment.

3.2.7. Clinical symptoms of MPS VI patients
(3 months — 7.2 years of age)), (6 boys — 3 girls)
Table 3.8. Clinical symptoms of MPS VI patients

Symptomes (N = 9) nIN Rate (%)
Coarse face 9/9 100.0
Bone deformation 7/9 77.8
Joint stiffness 6/9 66.7
Inguinal and umbilical hernia 6/9 66.7
Sternum deformity 6/9 66.7
Corneal clouding 5/9 55.6
Cardiac valve damage 4/8 50.0
Hearing impairment 2/5 40.0
Mental retardation 3/8 375
Short stature 3/9 33.3
Polytrichia 3/9 33.3
Hepatomegaly 2/9 22.2
Family history 2/9 22.2

Remarks: The symptoms of coarse facial features, bone
deformities, joint stiffness, hernia, and sternal bone deformation are
at high rate in MPS V1 patients.
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3.2.8. Bone damage on X-ray images of the MPS types

Table 3.9. Bone damage on X-ray images of the MPS types
Bone damage on X- | MPS | MPS | MPS | MPS | MPS | MPS Total
ray images [ I | A | B | IVA | VI
Oar-shaped ribs a5 [25027| 11 1013/ 519 | 26/56
(82.1%)
Spinal distortions, 43/56
vertebrae injuries 5/5 | 20/27) 111 11713| 5/9 (76.8%)
Reduced vertebral 27/43
body height 5/5 |11/18| 0/1 8/11 | 3/7 (62.8%)
MRI shows skull 19/37
brain lesion 2/5 |11/15| 11 2/10 | 2/5 (51.4%)
Long bone 28/56
deformation 4/5 | 8/27 | 0/1 10/13| 5/9 (50.0%)
Cervical vertebrae 16/33
compression 2/4 | 4/15 | 0/1 8/8 | 2/4 (48.5%)
. 19/56
Osteoporosis 1/5 |10/27| 0/1 6/13 | 2/9 (33.9%)

Remarks: Oar-shaped ribs symptoms are at the highest rates in all
MPS types as well as MPS patients in general. Images of spinal
deformities, vertebral injuries are common in patients with MPS |,
MPS 11, MPS IVA, MPS VI. Decreased vertebral body height is more
common in patients with MPS I, MPS Il, MPS IVA. Image of spiral
cord compression were seen in MPS IVA. Brain lesions detected by
MRI are more common in patients with MPS 111, MPS 1.

3.2.9. Tests of uninary GAGs of Patients with MPS in the Study
Table 3.10. Uninary GAGs ofPpatients with MPS

Age

Normal GAGs
(mg/g creatinine)
Mean value (Min - Max)

GAGs concentration of
patients with MPS

< 1 year of age

90.76 (20.26 — 312.38)

1738.61 (244 — 1864)

(n=3)
3- 5 years of age 45.16 (10.74 — 112.02) 52842"“(2326)1106)

> 5 years of age

35.74 (10.77 - 77.5)

477.79 (109 — 709)
(n=22)
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Remarks: The total urinary GAGs concentration of MPS patients
is high compared to the standard GAGs level.
Table 3.11. Comparison of urinary GAGs levels between diseases

GAGsSs concentration

_ Higher than the
Disease degree Min - Max X +SD average value
(times)
Mild 111.52 —505.66 [379.08 £ 90.82 | 10.3+2.8
Moderate, | 63 04— 1738.61|575.89£48.37 | 13209
severe

Remarks: GAGs levels in mild patients 10 times higher than
normal values, and 13 times higher in moderate and severe patients

than the normal GAGs.

3.2.10. Enzyme activity of MPS patients in this Study
Table 3.12. Enzyme activity of MPS patients in this Study

Type of |Quantitative defficient|  Patients with Normal value
MPS Enzym MPS
MPSI | a-L-lduronidase | 0.43 (0.01-22.4) 4}};?0*'/#599
(n=5) (in leukocytes) (4.78 £ 9.86) Prot/hrs
MPS Il | Iduronate-2-sulphatase | 0.07 (0.00 - 14.99) 49?}‘;;/%:;5'7
(n=27) (in plasma) (0.88 + 2.88) Plasma/ahrs
MPS 46+22
A He"’g:]all'lz\l'('sg;?ehgase 0.03 nmol/mg
(n=1) Prot/24hrs
MPS A-N- 320.4+131.3
B acetylglucosaminidase 0.93 nmol/ml
(n=1) (in plasma) Plasma/17hrs
'K/PAS Galactose 6-sulphatase | 0.74 (0.01 - 66.24) 15n8rﬁ%|i;§3'8
(n=13) (in leukocytes) (11.38 £ 22.18) Prot/17hrs
N-
MPS VI Acew'gi'li‘)ﬁ;’;i?'”e"" 6.28 (0.00 - 42.18) 9§£Of/;996
(n=9) (Arylsulfatase B - in (9.97 £13.24) Prot/hrs
leukocytes)
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Remarks: The enzyme activity of patients with MPSs greatly reduced
comparing with the corresponding laboratory normal values.
3.3. Gene analysis results of some MPS patients

In the Study, 27 patients were analyzed for genes, but no mutation
was found in 4 patients. Among 23 patients, 3 were with MPS |, 14
with MPS 11, 5 with MPS IV and 1 with MPS VI
3.3.1. Genotype distribution in patients

Table 3.13. Genotype distribution in 23 MPS patients

MPS1 | MPS Il | MPS IVA | MPS VI
Mutation Type 3 1_4 5 patients l n| %
patients | patients patients
Missense mutation 4 3 2 2 11| 36.6
Deletion mutation 2 4 6 | 20.0
Recombination mutation 6 6 | 20.0
Nonsense mutation 1 1 1 3 |10.0
Duplication mutation 2 2| 6.7
Splicing mutation 2 2| 6.7
Total (N; %) 5 14 9 2 30(100.0

Remark: Missense mutation accounted for the highest rate of
mutations in 23 MPS patients, especially in MPS | (4/5)
3.3.2. IDUA gene mutational profile and genotype correlations -
clinical manifestations of patients with MPS |
Table 3.14. Genotype and clinical manifestation of patients with

MPS 1.
Enzyme
activity o -L- GAGs
STT c.DNA Protein Iduronidase (mg/gram Clinical type
(nmol/mg creatinine)
Prot/hrs)
1 c.1046A>G | p.D349G 0.43 508.83 Hurler/Scheie
¢.750C>T/ | p.Q584X/
2 c1862G>C | p. R621P 0.12 1019.50 Hurler
c.1862G>C/ | p.R621P/
3 .1862G>C D.R621P 0.94 1738.61 Hurler

Remarks: In patient 1, only 1 mutant allele was detected, showing
Huren/Scheie average clinical manifestation. Patient 2 had
heterozygous double mutation and patient 3 had Hurler clinical
homozygous mutation.




13
Family tree of patient MPS | Nr. 1

112 3|4 5|6 7|8 9

12 34 56 7 8 g A10 112 13 14

Figure 3.2. Family tree of patient MPS | Nr. 1, 2013

Remarks: The family has a daughter with Hurler/Scheie MPS I. In
the pedigree, no one suffered the disease as the patient.

Genotype of MPS | Nr 1

CTTCCFLT CGCGCTCCTGAGCAACGACAATGCCTTCCTGAGC
Normal

) W il WM .

{CTT e CETACGE GCTCETCA GC CGVC ATGCCTTCCTGA Gf‘

. ‘
Patient | p
! \

Aol

Figure 3.3. lllustrated IDUA gene sequence of MPS | patient Nr. 1

Remarks: Patients carried an un-reported missense mutation ¢.1046A>
G as A were replaced with G at 1046 position on the IDUA gene.

3.3.3. Mutations of IDS gene and genotype correlation - clinical
manifestations of studied MPS 11 patients

Analysis of IDS gene mutation on 18 MPS Il patients detected
mutations in 14 patients.
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Table 3.15. Genotype and clinical manifestations of patients with

MPS I1.
Enzyme
activity
Patients Nucleotid Protein Iduronate-2- (n?g/;“(r;a?n Clinical
change change sulphatase g type
creatinine)
(nmol/mg
plasma/4hrs)
Patient Nr. 5 | Recombination 0.01 835.45 | Moderate
Patient Nr. 6 | Recombination 0.01 701.22 Severe
Patient Nr. 7 | Recombination 0.14 755.36 Severe
Patient Nr. 8 | Recombination 0.01 473.57 Severe
Severe
Patient Nr. 9 Recombination 2.42 605.46 | (Brother of
patient Nr. 8)
Severe
Patient Nr. 10 | Recombination 0 498.50 (Mot_her
carries
gene)
Patient Nr. 11 €.879G>C p.Q293H 0.01 789.59 Severe
PatientNr. 12 | ¢.120_122del | p.L41 deletion 0.01 771.84 Severe
Patient Nr. 13 c.1001A>G p.D334G 0.01 Severe
Patient Nr. 14 |c.1124_1128dup | p.L377RfsX16 0.01 476.36 Mild
Patient Nr. 15 c.473del p.Y158FfsX55 0.41 532.99 Severe
Severe
. (Mother
Patient Nr. 16 c.814C>T p.Q272X 0.35 479.22 carries
gene)
Severe
(brother
suffers
Patient Nr. 17 c.1048A>T p.N350Y 0.63 391.53 disease,
Mother and
sister carry
gene)
Patient Nr. 19 ¢.166dup p.D56GfsX2 0.01 422.79 Mild

Remarks: There 9 different mutations of IDS gene were detected:
6 patients carry recombination mutation, 3 patients carry reported
mutations, and 5 unreported mutations were detected in 5 patients
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Famlly tree of MPFS Il patient Nr. 17 .
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Figure 3.4. Family tree of MPS 11 patient Nr. 17, 2014
Remarks: The patient's family has two siblings with the
same disease. Mother and sister are disease gene carrier.
Genotype of patlent Nr. 17

Normal s
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Figure 3.5. The image of mutation in patient Nr. 17 using gene
sequencing method.

Remarks: Patient carries the missense mutation p.N350Y (un-
reported mutation or novel mutation).
3.3.4. Mutations of GALNS gene on 5 MPS 1V patients of the Study

Table 3.16. Genotype and clinical manifestations of MPS 1VA patients

Enzym

e GAGs :
Item c.DNA Protein activity (mg/gram Clinca
(nmol/mg tini | type
Prot/17hrs) creatinine)
Patient |c.1279delG/c. | p.V427SfsX14/p.V427 0.74 332.73 | Severe
Nr. 34 [1279delG SfsX14
Patient |c.899-2A>C/ 0.67 193.38 | Severe
Nr. 35 |c.899-2A>C
Patient |c.374C>T/c.1 |p.P125L/p.Y385X 0.09 269.68 | Severe
Nr. 36 |155C>G
Patient |c.1279delG/c. | p.V427SfsX14/p.V427
Nr. 43 |1279delG |Sfsx14 001 | 32025 |Severe
ratient | c871G>A | p.A201T 0.02 291.44 | Severe

Remarks: There 5 different pathogenic mutations of GALNS gene

were detected.

In which, the un-reported deletion mutation P.

V427SfsX14 was identified in two patients in homozygous form.
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c.1279delG AN OA A X
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c.374C=>T
(p.Pro125Leu)
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c.1155C=>G

Eripsasy ~ANAANANANN NS
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Figure 3.6. Image of certain mutations sequencing in patients with
MPSIVA
Remarks: Deletion mutation p.V427SfsX14 has not been reported
3.3.5. Mutation of ARSB gene on patient with MPS VI in the Study
Famil;ll tree of MPSVI patient Nr. 47

Figure 3.7. lllustrated image of family tree of MPSVI patient Nr.
47 in 2013
Remarks: No one of the genealogy suffered disease as of the patient.
Genotype of MPS VI patient Nr. 47
Normal ”””””””””””””””””””””””
il

o flls A
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Figure 3.8. The image of mutation in patient Nr. 47 using gene
sequencing method.
Remarks: the patient carries homozygous mutation on ARSB gene
which is un-reported mutation, ¢.524A>G (p.Y175C).
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Chapter 4: DISCUSSION

4.1. Characteristics of the Cohort
4.1.1. Patient Distribution by Age

The study of 56 patients showed that the diagnosis age of the
patients was really late, mostly at > 2.5 years (85.7%), especiallyat
the age of > 5 years (44.6%). This is the major reason that limits the
course of treatment. As per research by Vu Chi Dzung, the average
age of diagnosis is 5.8 £ 3.7 years. In some countries in the world,
MPS disease are diagnosed quite early by neonatal screening.

4.1.2. Patient Distribution by Disease Type and Gender

The ratio of male/female in the cohort was 76.8% male and 23.2%
female. Male rate is relatively high because the patients with MPS I
are of the highest incidence. The incidence of patients with MPS 11
accounts for the highest rate of 48.2%, the same as the Hsiang Yu
Lin’s study in Taiwan and Sung Yoon Cho’s study in Korea. Studies
in Germany and Poland show the highest rate of 48% for MPS IlI.

Studies show that in European countries, MPS Ill takes the
highest rates, whereas in Asian countries the highest rate belongs to
MPS 11 - similar to our study results.

4.2. Clinical and subclinical characteristics of MPS patients in
the Study

4.2.1. Clinical characteristics of MPS patients in the Study

4.2.1.1. Patients with MPS |

In our Study, the age at diagnosis was quite long late away from
the age of symptoms onset, similar to the studies by Alzbeta Vazna
(Czech and Slovak), Latifa Chkioua (Tunisia). The early symptoms
were bone deformation, joint stiffness, mental retardation, and hernia,
similar to the study by Latifa et al.

The proportion of patients with coarse facial features in our Study is
similar to that of Tatiana Pineda and Latifa Chkioua’s study, Wang X's
study has a lower proportion. Symptoms of bone deformities, joint
stiffness, mental retardation, inguinal or umbilical hernia, corneal
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clouding also account for high rate in the studies and often occur quite
early. This group of symptoms suggests an early diagnosis of MPS 1.
4.2.1.2. Patients with MPS 11

In our Study, the age of first symptoms of patients with MPS I
was quite far from the age of diagnosis, similar to that of Sung Yoon
Cho (South Korea), Mary Anne D. Chiong (Philippines) studies. The
first clinical manifestations are usually mental retardation, joint
stiffness, coarse facial features, hernia, or respiratory infection.

In our Study, the coarse facial features accounted for 100%, similar
to that of Ida VD Schwartz, Sung Yoon Cho’s study. Stiff joints
accounted for 88.8%, lower than those of Dimitry A Chistiakov, Dhanya
Lakshmi, but higher than those of Uttarilli A. Mental retardation was
85.2%, similar to that of Dimitry A Chistiakov, Ida VD Schwartz. Bone
deformation was 77.8%, lower than that of Dhanya Lakshmi's study, but
much higher than that of Uttarilli A, suggesting early diagnosis.
Splenomegaly or hepatomegaly symptoms were 59.3%, 46.2% for
cardiac valve damage, inguinal and umbilical hernia - 44.4%, 32% for
hearing imparment, all of these were significantly lower than those of
other authors’s studies.
4.2.1.3. Patients with MPS 111

In the Study, both patients were diagnosed late. Early symptoms
were hyperactivity, attention deficit, hard to concentrate, easy
demolition, mental retardation, similar to that of M.J. Valsta,
Veronica Delgadillo’s studies. Both patients in the Study showed
hyperactivity, mental retardation, aggresiveness, mild bone
deformity. Other symptoms such as hepatomegaly, coarse facial
features, joint stiffness but less than other types. Both patients had no
corneal clouding, no cardiac valve damage, normal hearing function,
normal height. According to M.J. Valsta et al. 2007, Frits A Wijburg
et al.,, 2013, symptoms of MPS Il patients are characterized by
mental retardation, cognitive decline, speech delay, hyperactivity,
behavioral disorder, aggressiveness, sleep disturbance, convulsion.
The authors also commented the coarse facial features were present
in most patients but milder and might appear later than other type. In
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addition, some patients also have mild bone deformities (hump,
scoliosis), hearing loss, inguinal or umbilical hernia, or respiratory
infections, otitis. A small number of patients had splenomegaly or
hepatomegaly, might have cardiac valve damage. The number of
patients of this type was small, therefore the symptoms were not
manifested as many as that of other studies.

4.2.1.4. Patients with MPS IVA

In our study, the diagnosis age of MPS IVA was quite far from the
age at which the first symptoms appeared. Early symptoms of this
group of patients were mainly bone deformities. Our study is also
similar to that of C. J. Hendriksz, Hsiang Yu Lin.

In our Study, the clinical symptoms were similar to those in the
study conducted by Souhir Khedhiri, Timothy C Wood: Loose
ligaments of the wrist joint, bone deformity, protruding or concave
chest, short stature, scoliosis are prominent symptoms, suggestive of
diagnosis. In addition, patients also were vulnerable to respiratory
inflammation, possible hearing imparment, mild corneal clouding,
inguinal or umbilical hernia, splenomegaly or hepatomegaly. The
facial features were not coarse and mental retardation was almost
unlikely present.
4.2.1.5. Patients with MPS VI

The diagnosis age of MPS VI patients is also few years apart from
the onset age of the first symptoms, similar to those of Agnieszka
Jurecka, Piranit Nik Kantaputra’s studies. Early symptoms detected
were bone deformities. The clinical symptoms of the patients in our
Study were similar to that of Maurizio Scarpa’s study on 9 Italian
patients, Juby Mathew’s study on 9 Indian patients who had coarse
facial features, bone deformities, stiff joints, corneal clouding, some
had splenomegaly or hepatomegaly, cardiac valve damage, hearing
impairment, inguinal or umbilical hernia. The expression of hearing
impairment, mental retardation in our study was similar to that of
other studies. Manifestations of corneal clouding, cardiac valves
damage, short stature, hirsutism, splenomegaly or hepatomegaly were
at lower rate than many other studies
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4.2.2. The major subclinical characteristics of patients with MPS of
the Study
4.2.2.1. X-ray images of patients with MPS of the Study

Our results matched with that of Elizabeth, Shyn Jye Chen, Klane
K White, Hendriksz. The authors identified spiral deformities (hump,
scoliosis) and vertebral injuries in patients with severe MPS |, Hurler
MPS II, MPS IVA, and MPS VI. Spinal cord compression was more
common in patients with MPS IVA, MPS | (Hurler). Image of oar-
shaped ribs found in most types. Long bone deformity image was
found in patients with Hurler, severe MPS I, MPS IV, MPS VL. In
Souhir Khedhiri's study on radiography of 7 patients with MPS IVA,
there 5 patients had cervical vertebrae compression. Maurizio
Scarpa's study on 9 Italian patients with MPS VI reported 7 out of 9
patients (77.8%) had cervical vertebrae compression and 9 of 9
patients (100%) had cerebral lesions on MRI scans.
4.2.2.2. Tests of Urinary GAGs and enzyme activity in the blood of
patients in the study

The patients were divided into 2 groups according to the severity
of the disease, including mild and severer (moderate and severe). The
average values of total urinary GAGs of the milder group were 10
times higher than normal urinary GAGs by age groups. The average
values of total urinary GAGs of the severer group were 13 times
higher than that of normal urinary GAGs by age groups.

Enzyme activity of a-lduronidase in peripheral blood lymphocyte
of patients with MPS I in the cohort was significantly lower than the
normal values. Our results were similar to that of Luning Sun
(China), Latifa Chkioua (Tunisia).

Urinary GAGs increased, serum o-lduronate sulfatase enzyme
activity in MPS |1 patients in the study were significantly lower than
the normal values. Our results were similar to that of Ida VD
Schwartz, Dimitry A Chistiakov, Mary Anne D. Chiong.

Urinary GAGs increased, enzyme activity in the blood of patients
with MPS 111 in the study was much lower than normal. Our results
were similar to that of Veronica Delgadillo.
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Urinary GAGs increased, galactose-6-sulphate enzyme activity in
the white blood cells of patients with MPS IVA in the study were
significantly lower than normal. Our results were similar to that of
Souhir Khedhiri, Sonia Pajares, Hsiang Yu Lin.

Urinary GAGs increased, Arylsulfatase B enzyme activity in the
leukocytes of patients with MPS VI in the study was significantly
lower than normal. Our results were similar to that of Azevedo,
Marion M Brands.

4.3. Analysis of Gene Mutations in 23 patients

Gene analysis was conducted on 27 patients with MPS, but
mutations were detected in only 23 patients, no mutation was
detected in 4 patients with MPS Il. Among 23 patients analized for
gene mutations, the most common mutation was missense, similar to
that observed by Rossella P, Latifa Chkioua.

4.3.1. IDUA mutation in 3 patients with MPS |

Mutation p.Q584X was reported in the study by Guey-Jen Lee-
Chen 2002 (Taiwan) and Luning Sun 2011 (China). Patient Nr. 2
with MPS 1 in the study (p.Q584X/p.R621P) showed the Hurler
phenotype. Mutation p.R621P was encountered in a homozygous
patient and in another patient in dual heterozygous form, who carried
the mutation p.R621P on exon 14 and mutation p.Q584X on exon 13.
Both patients had Hurler phenotype. Mutation p.D349G causes
Hurler/Scheie phenotype in MPS | patient number 1.

Mutations p.R621P and p.D349G had never been reported in 1000
genomes, dbSNP or SWISSprot data. These mutations were predicted
to be disease-causing mutants using the prediction software (http:/ /
sift.jcvi.org (SIFT score 0.00, affected). (SIFT score 0.01, affected);
http:/ /genetics.bwh.harvard.edu/ pph2/.

4.3.2. IDS Mutation on 14 patiens with MPS |1

Among 14 patients with MPS 11, 6 patients were detected to have
complex recombination events between IDS gene and the
pseudogene. Clinical manifestations of these 6 patients were severe
in 5 patients and moderate in 1 patient. Studies by Susanna Lualdi,
Huiwen Zhang and Motomichi Kosuga also found complex
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recombinant mutations with pseudo-genes. The patients often had
severe clinical manifestations.

Deletion mutation ¢.120-122del (p.L41del) was reported in Chi
Hwa Kim’s study, 2003. Patient Nr. 12 carried p.L41del mutation
with severe clinical manifestations. The missense mutation at exon 7
€.1001A>G (p.334G) was described by Peining Li in 1998 study.
Patient Nr. 13 carried pD334G mutation with severe clinical
manifestations. Missense mutation ¢.879G>C (p.Q293H) was
described by Schrdder in 1994 study. Patient Nr. 11 carried p.Q293H
mutation with severe clinical manifestations.

Five patients (35.7%) carried mutation that was not reported
before, ¢.166dup (p.56Gfs * 2) (patient Nr. 19 with mild phenotype).

Duplication mutation ¢.1124 - 1128 dup (p.L377Gfs * 10) (patient
Nr. 14 with mild phenotype). Deletion mutation at exon 4 (c.473del)
(p.YY158fs) (patient Nr. 15 with severe phenotype). Nonesense
mutation at ¢.814C>T (p.Q272 *) (patient Nr. 16 with severe
phenotype. Missense mutation at exon 8 c¢.1048A>T (p.N350Y)
(patient Nr. 17 with severe phenotype). These 5 mutations were not
reported in the 1000 genomes, dbSNP or SWISSprot database and
were predicted to be disease mutants using software mém
(Xq28.(3)http://sift.jecvi.org (SIFT score 0.00, affected) (4)http:/
/genetics.bwh.harvard.edu/ pph2/ (1.000, probably damage).

4.3.3. GALNS mutation on 5 patients with MPS IVA:

Mutation p.P125L was described by Anna Caciotti, Tamarozzi.
Mutation p.Y385X was associated with p.P125L mutation in patient
Nr. 36 with severe clinical manifestations.

Mutation p.A291T was described in the study of S. Tomatsu,
Tamarozzi. Clinical manifestations of severity (patient Nr. 44).

Splicing mutation ¢.899-2A>C interferes with the the frame
translation process, which halts early transcription, leading to
truncated protein chain. Clinical manifestations of severe phenotype
(Patient Nr. 35).
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Un-reported deletion mutation p.V427SfsX14 was identified in
two homozygous patients (patient 34 and patient 43). Both of these
patients had clinically severe phenotypes.

4.3.4. ARSB mutation on 1 patient with MPS VI

The Study analized gene for 1 patient with MPS VI. This patient
carried the homozygous missense mutation ¢.524A>G/ ¢.524A>G
(p.Y175C/p.Y175C) that was novel mutation. The patient had
clinical manifestations of severe phenotype.

CONCLUSION

After having study on 56 patients with MPS followed-up and
treated at Department of Endocrinology - Metabolism - Genetics of
the National Hospital of Paediatrics, we have come to following
conclusions:
1. Clinical and subclinical characteristics of patients with
Mucopolysaccharidosis

There 5 types of MPS are detected: MPS I, 11, 111 (I1IA and 111B), IVA,
VI. MPS Il is the most common with the highest incidence of 48.2%.

Late age at diagnosis, usually after age of 2.5

Early symptoms of patients with MPS with high incidence are:
bone deformation, joint stiffness, mental retardation, speech delay.

Common clinical symptoms:

MPS |: coarse facial features, bone deformity, joint stiffness,
corneal clouding, mental retardation.

MPS 1I: coarse facial features, bone deformity, joint stiffness,
mental retardation, no corneal clouding.

MPS I1I: mental retardation, hyperactivity, aggressiveness.

MPS IVA: Loose ligaments, bone deformity, short stature, very
unlikely mental retardation.

MPS VI: coarse facial features, bone deformity, joint stiffness,
corneal clouding, unlikely mental retardation.

X-rays bone damage: oar-shaped ribs, spinal deformities, long
bony deformities, skull lesion detected by MRI.
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2. Mutation spectrum in 27 patients with MPS at the National
Hospital of Paediatrics

Among 56 patients with MPS, gene analysis was performed for 27
patients including 3 MPS | patients, 18 MPS Il patients, 5 MPS IV patients
and 1 MPS VI patient. No mutation was found in 4 patients (14.8%).

There 6 types of mutations were found, in which the missense
mutation was at the highest rate of 36.6%, deletion mutation of 20%,
and recombination mutation of 20%.

Nine un-reported mutations (novel mutations) were detected: two
missense mutations for MPS I: p.R621P (clinically severe type) and
p.D349G (moderate type). Five mutations for MPS II: p.56GfsX2 (mild
type); p.L377GfsX10 (mild type); P.Y158fs (severe type); p.Q272X
(severe type); p.N350Y (severe type). One deletion mutation was
detected for MPS IVA: p.VV427SfsX14 (severe type). One missense
mutation was detected for MPS VI p.Y175C (severe type).

RECOMMENDATIONS

1. Patients with manifestations of bone deformities, coarse facial
features, joint stiffness, mental retardation should have
specialized obstetric consultation for early diagnosis.

2. Screening should be performed on all children who are siblings
of the patients.

3. Early deployment of biochemistry and molecular biological
laboratories to diagnose MPS disease in Vietnam.

4. Larger-scale study is required to detect more mutations in
patients with MPSs in Vietnam.
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