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(57) Sang ché d& xuét ché phdm chira protein idursulfaza-p, tirc 14 protein iduronat-2-
sulfataza t4i t6 hop ciia nguoi, dé didu tri hitu hiéu héi chirg hunter bang cach phan phédi
trire tiép vao hé thin kinh trung wong. Ché phdm theo sang ché lam giam hitu hiéu cac
tri¢u chimg & cé ndo, tuy séng, va cac mo ngoai vi bao g@)m mo tim, mo gan, mo 14 lach,

md phoi, va md than.

Fr

s
I<

=

Glycosamimoghyve an

Crlyeosnanimogly e an
v tromz wie (D15}

- ‘| ong ndhio (D14}
a
i

Ghyrosaminaghycan
trong nia (IH7)

[

-

=
= -
L=
-
e
o E
o =
E A,
.
-
W
[
B o=
=
4]

Clve ogamninoglye am
{ngng protem}
Glycosammoghyoan
{ging proteiu)

- B =l Bl (1]
» = =13 L .
6, ¥ 2P IR - - Eiui &5 3
= g ®e 2 o 2=z =2 =& wy 2B D = &
- = T g =D - o Y
g z = g B e = e T m @
= m e ) = e -'=--~T—':;, = H o= W i
AR - - -
B A B

Clhmit uhae KO Clmpt nhat KO Clwt bt KO

-


CVH140
Textbox
(57)

CVH140
Textbox
(21)    1-2018-02920

CVH140
Placed Image


50458 135

Linh vwe ky thuat dwoc dé cap
Sang ché dé cap dén ché phim diéu tri hoi chiing hunter.
Tinh trang k§ thuit ciia sdng ché

Bénh réi loan chuyén héa mucopolysacarit typ II (hdi chimg hunter) 13 rbi loan di
truyén tich tu mucopolysacarit trong lysosom lién quan dén tinh trang 1an cta nhidm sic
th8 X gay ra bdi tinh trang thiéu hut iduronat-2-sulfataza, 1a enzym cé hoat tinh chuyén
héa mucopolysacarit [1]. Tinh trang thiéu huf iduronat-2-sulfataza dan dén tich tu
glycosaminoglycan khong chuyén hoa trong té bao va dan dén tén thuong tién trién nhiéu
co quan [2]. Trong sé cac glycosaminoglycan khic nhau, dermatan sulfat va heparan
sulfat 13 cdc glycosaminoglycan tich tu chii yéu trong bénh r6i loan chuyén hoéa

mucopolysacarit typ II [2].

Biéu hién 1am sang cua bénh rdi loan chuyén héa mucopolysacarit typ II dugc
phan loai thanh thé ning va thé nhe. Cac d6i tuong bi thé nhe biéu hién céc tri¢u ching
t6n thucmg co quan soma, bao gdbm mit to, gan lach to, loan dudng md& sun, cing khép
va khong cé 16i loan than kinh, trong khi do céac dbi tuong bi thé nang biéu hién cac tridu
chimg suy giam than kinh va tho4i hoa than kinh tién trién ngodi cac triéu chimg trén cac
co quan soma. Nong d6 khong dii cia iduronat-2-sulfataza noi sinh gy tich tu bénh 1y
heparan sulfat va dermatan sulfat trong, vi du tim, gan, hé than kinh trung wong, v.v. Cac
triéu ching bao gdm thoai héa thin kinh va cham phat trién tdm thin xuét hién trong thoi

tho au; va tir vong sém cé the xuat hién do ton thuong co quan trong nao.

Liéu phap thay thé enzym bao gdm buéc cho dbi twong st dung theo dudng toan
than protein va/hodc enzym tu nhién hoc ti td hop. Céc protein dugc chép thuan thuong
duoc tiém tinh mach cho dbi twong va thuong hitu hiéu trong diéu tri cac tridu chimg trén

cac co quan soma cua tinh trang thi€éu hut enzym ndi sinh.

Do protein va/hodc enzym dugc ti€ém tinh mach phan bo han ché vao té€ bao va mé
cta hé thin kinh trung wong, nén phuong phap di€u tri cac bénh c6 roi loan hé than kinh
trung wong di gip nhiéu trd ngai do cic protein va/hodc enzym dugc tiém tinh mach
hoan toan khong qua dugc hang rao mau néo.

Hang rao mau ndo 1a hé cau tric chira t€ bao ndi md c6 chirc nang bao vé€ hé than
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kinh trung wong khéi cac chat ¢6 hai trong dong méu, nhu vi khuan, phén tir kich ¢& lon
(vi du protein) va céc phan tir than nu6c khac, bing cch han ché khuéch tan cac chat nay

qua hang rao méau nio va vao dich ndo tiy va hé than kinh trung uong.

Nhidu ngudi da tin ring hang rao méu néo dé khuéch tan & bé mit nio, cling nhu
khong cé cac phuong phap phén phéi thudc hiru hidu va thich hop, 13 tré ngai rit 16n dé

dat duoc hi€u qua diu tri mong mudn cho bénh 1y bt ky vé n3o.

Hoi chimg hunter anh hudng dén hé thin kinh va do d6 thé hién cac thach thic rat
16n trong diéu tri cac bénh nay bang cac liéu phap truyén théng. Glycosaminoglycan
thuong tich tu rat nhiéu trong noron va mang ndo cua cac déi twgng bi bénh, ddn dén cac

thé khac nhau clia cac triéu ching trén hé than kinh trung wong.

Do d6, vAn cin c6 hé théng @& phan phdi hiru hiu cac duge chit vio ndo. Cu thé
hon, van can ¢6 phuong phép hitu hiéu hon dé phan phéi hoat chét vao hé than kinh trung

uong dé diéu tri r6i loan tich tu mucopolysacarit trong lysosom, nhu hoi ching hunter.

Pé vuot qua dugc hang rac madu ndo, budc tiém vao dich nao tuy hoac ndi ty mac
enzym tai to hop d kiém chung c6 thé din dén mot s6 typ ctia md hinh dong vat bi bénh
rdi loan chuyén héa mucopolysacarit [3-7]. Hon nira, thir nghiém 14m sang pha I/IT ghi
nhin ring budc tiém idursulfaza vao ndi tiy mac dd lam giam ndng dd
glycosaminoglycan trong dich ndo tiy khoang 8090% & tré em bi thé nang cta bénh rbi
loan chuyén héa mucopolysacarit typ II. Tuy nhién, rat nhiéu tac dung khong mong mudn
da duoc ghi nhén trén thir nghiém 1am sang, hau hét cac tac dung khdng mong mubn lién

quan dén su cb cia hé théng phan phéi duoc chét vao ndi tiy mac [8].

Maic du co ché té bio cta thoai hoa thin kinh trong thé nang cia bénh r6i loan
chuyén héa mucopolysacarit typ II hoan toan chua duge biét r5, mot s nghién ctru gan
day da kiém chiing dugc rang mdi tuong quan giita disacarit heparan sulfat va chdm phat
trién tam thin trén nhiéu d6i twong bi bénh r6i loan chuyén héa mucopolysacarit [9, 10].
Ngoai ra, cac nghién ctru trén dong vat da kiém chung thiy ring heparan sulfat c6 thé din
dén réi loan thin kinh trén mo hinh chudt nhit bj bénh réi loan chuyén héa
mucopolysacarit typ III bang cach hoat héa bémr dinh tip trung trén co s& nguyén ven
trong t& bao hinh sao hoic té bao gbc than kinh [11, 12]. Bai b4o Akiyama et al. [13] ghi
nhin ring “glycosaminoglycan bénh 1y” dugc do bang thir nghiém Sensi-Pro Non-

Reducing End HS [14] ¢6 d0 nhay va d0 dic hiéu cao hon hon néng do
2
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glycosaminoglycan tbng sd trong mod ndo cla chudt nhit bi bénh rdi loan chuyén héa
mucopolysacarit typ II [13]. Can cu trén cac dir liéu nay, ndng d6 heparan sulfat tich tu
c6 thé 13 chi thi sinh hoc d& chin doan bénh Iy v& ndo va chirc ning than kinh cta bénh
t6i loan chuyén héa mucopolysacarit typ II c¢6 do nhay cao hon ndng do
glycosaminoglycan téng sd. Tuy nhién, khong thé do dugc ndng d6 heparan sulfat trong
mo ndo trén 1am sang. Do d6, chi thi sinh loc 1dm sang hitu ich biéu thi heparah sulfat
trong md nio can dugc phét hién. Cac tic gia sang ché gia dinh rang ndng d6 heparan
sulfat trong dich ndo tuy co thé 1a mot trong s céac chi thi sinh loc 14m sang néu .tuong

quan v6i ndng do glycosaminoglycan trong mé ndo, ddc biét 1a heparan sulfat.

Protein idursulfaza-f dugc tiém lidu don vao dich n3o tiy theo sang ché duoc
dung nap tt, va 1am gidm déng ké ndng @6 heparan sulfat va glycosaminoglycan trong
ndo va cac mo6 soma khac. Cac tac gia sang ché d3 phat hién thy rang mbi trong quan co
¢ nghia théng ké ty 1¢ thuan cta ndéng d6 heparan sulfat trong dich ndo tiy gitra ndéng do
heparan sulfat trong nio va ndng do glycosaminoglycan trong ndo goi ¥ rang noéng do
heparan sulfat trong dich ndo tiy ¢ thé 13 chi thi sinh hoc hitu ich dé chéan doan bénh Iy
v& ndio & cac ddi twong bi bénh réi loan chuyén héa mucopolysacarit bi rdi loan hé than

kinh trung vong.
Ban chét ky thuit ciia sang ché

Sang ché dé xuit ché phim hiru higu d& phan phdi truc tiép dugc chét vao hé thin
kinh trung wong. Cac tic gia sang ché di phat hién thiy rang protein idursulfaza-B
(protein iduronat-2-sulfataza tai td hop ciia nguoi) dugc phat trién 1am enzym thay thé
hitu hiéu dé diéu tri hoi chimg hunter, c6 thé duoc dua truc tiép vao n3o that cua dbi
tugng thong qua bude st dung qua duong tiém vao dich ndo tiy, sao cho enzym khuéch
tan manh va hitu hiéu qua cac bé mit khac nhau va thim vao cac ving khac nhau qua nio,
bao gdm ving nfo sau. Cac tac gia sang ché da kidm chimg thay ring dugc chét protein
¢4 thé duoc phan phéi bang cach st dung ché phdm don gidn chira nudce mudi va khong
gy ra cac tac dung khong mong mudn qua mic, nhu dép tng mién dich qua muc, & dbi
tugng. Do do, sang ché d& xuét ché phim c6 hiéu lyc 1am sang cao, an toan cho dbi tuong
bi bénh, dé phan phdi truc tiép vao hé than kinh trung wong va diéu tri hdi chimg hunter.

D& diéu tri hoi chimg hunter, van cén c6 hé théng dé phan phéi hitu hiéu cac dugc
chét vao ndo. Phuong phép tiém vao ndi tiy mac, hodc phuong phap tiém dugc chit
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protein vao dich néo tuy, g?m day da dugc nd luc dé diéu tri cac dbi tuong bi hoi chimg
hunter nhung nhiéu tac dung khong mong mudn dd dugc ghi nhin trong thir nghiém 1am
sang [8]. Mdc du hau hét céc tac dung khong mong mudn lién quan dén su cb cua hé
thdng phan phdi duge chit vao noi tiry mac, nhung van ¢an cac phuong phéap khac, nhu
phuong phép st dung qua dudng ti€ém vao dich nao tay dé diéu tri céc db6i tuong bi hoi
chimg hunter. Phuong phap sir dung qua dudng tiém vao dich nfo tay s& 1a phuong phap
hitu hiéu dé phan phdi truc tiép dugc chit vao nio that clia dbi tuong bi bénh, hién khong
¢6 ché pham duoc cép phép vivhoic ché phim dang dugc phat trién dé didu tri hdi ching

hunter bang buéde sir dung qua dudng tiém vao dich ndo tuy.
Sang ché mo ta cac phuong 4n sau:

1. Phwong phap diéu tri hdi ching hunter, bao gdm budc cho dbi twong can didu
tri st dung qua dudng tiém vao dich ndo tiy Jidu hiru hiéu cna ché phim chira protein
idursulfaza-B & nong do nam trong khoang tir 0,1mg/mL dén 60mg/mL, natri clorua &
ndng d6 khoang 150mM, polysorbat 20 & ndéng dd khoang 0,05mg/mL, va c6 d6 pH
khoang 6. |

2. Phuong phap theo phuong an 1, trong do ché phdm nay chuia protein
idursulfaza-p & nong do6 khoang 15mg/mL, natri clorua & ndng do khoang 150mM,
polysorbat 20 & ndng do khoang 0,05mg/mL, va c6 do pH khoang 6.

3. Phuong phép theo phuong 4n 1, trong do liéu hiru hiéu ctia ché pham nay nim
trong khoang tr Img dén 30mg.

4. Phuong phép theo phuong 4n 1, trong do lidu hitu hiéu coa ché phidm nay
khoang 10mg.

— 5. Phuong phap theo phuong an 1, trong d6 budc cho dbi tuong can didu tri sir
dung qua duong tiém vao dich ndo tiy dugc thuc hién ba tudn mot 1an.

6. Phuong phap theo phuong an 1, trong d6 budce cho dbi tugng can diéu tri sir
dung qua duong tiém vao dich ndo tuy dugc thuc hién mdi thang mot lan.

7. Phuong phép theo phuong 4n 1, trong d6 bude cho dbi tugng can diéu tri st
dung qua dudng tiém vao dich ndo tiy duge thuc hién bing hé théng dng thong no thit
bao gdm khoang chira va dng thong dugc ndi v6i khoang chita nay.

8. Phuong phép theo phuong 4n 7, trong d6 phuong phap nay con bao gdm céc
4
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bude:

phau thuat ciy ghép hé thong 6ng thong nio thét, trong d6 khoang chira ctia hé
théng nay duoc dit & gitta da dAu va ndo cta dbi tuong can didu tri va mot du cta dng
théng dugc dét vao bén trong nao that ciia dbi tugng sao cho khoang khong bén trong cua
khoang chtra dugc ndi véi khoang khong bén trong ciia ndo that nho khoang khong bén
trong ctia 6ng thong dé dich nio tay chay tir ndo thit vao khoang chira va nap day khoang
chra nay;

hat dich ndo tiy & thé tich nam trong khoang tir 0,1 dén 5mL ra khéi khoang chira
ctia hé théng dng théng nio that & tbc d6 dong nam trong khoang tir 0,1 dén 60mL/phut;

tiém ché phim diéu tri hdi chirg hunter néu trén & thé tich ndm trong khoang tir
0,1 dén 5mL vao khoang chira ctia hé théng 6ng thong nio that ¢ tdc 6 dong nam trong

khoang tir 0,1 dén 60mL/phut; va

cho ché pham diéu tri hoi chirng hunter néu trén chay tir khoang chira clia hé théng

ng théng néo thit vao ndo that nho dng thong.

9. Phuong phép theo phuong an 1, trong dé budc cho d6i tuong can diéu tri si
dung qua dudng tiém vao dich ndo tiy dugc thuc hién két hop v6i it nhat mot bién thé bd

sung cua li¢u phap thay thé enzym dé diéu tri hoi ching hunter.

10. Phuong phép theo phuong an 9, trong do bién thé bd sung ctia lidu phép thay
thé enzym dé diéu tri hdi ching hunter dugc chon tir nhém bao gdm liéu phap thay thé
enzym st dung qua dudng tiém tinh mach va liéu phép thay thé enzym st dung qua
duong ti€m dudi da.

11. Phuong phép theo phuong an 10, trong d6 bude cho d6i tuong can diéu tri st
dung qua dudng tiém vao dich ndo tiy dugc thuc hién mdi thang mot lan va liéu phép

thay thé enzym str dung qua duong tiém tinh mach dugc thuc hién mdi tudn mot 1an.

12. Phuong phép theo phuong an 10, trong dé budc cho d6i tuong can diéu tri st
dung qua duong tiém vao dich ndo tiy dugc thuc hién ba tudn mot 14n va liéu phép thay

thé enzym st dung qua dudng tiém tinh mach dugc thuc hién mdi tudn mét 14n.

13. Phuong phap theo phuong an 10, trong d6 budc cho d6i tuong can diéu tri st
dung qua dudng tiém vao dich ndo tiy duogc thuc hién mdi thang mot 1an va liéu phap

thay thé enzym st dung qua dudng tiém dudi da dugc thuc hién mdi tudn mot lan.
5
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14. Phuong phap theo phuong an 10, trong d6 budce cho dbi twong cn diéu tr sir
dung qua dudng tiém vao dich ndo tiy dugc thuc hién ba tudn mot 14n va liéu phap thay

thé enzym sir dung qua duong tiém dudi da dugc thyc hién mdi tudn mot 1an.

15. Phuong phép theo phuong 4n 10, trong d6 budc cho dbi twong can diéu tri sir
dung qua dudng tiém vao dich ndo tiy dugc thuc hién mdi thang mot 14n va liéu phap

thay thé enzym st dung qua dudng tiém dudi da dugc thyc hién mdi tudn hai 1an.

16. Phuong phép theo phuong 4n 10, trong d6 bude cho db6i twong can diéu tri sir
dung qua dudng tiém vao dich ndo tiy dugc thuc hién ba tuAn mot 14n va liéu phap thay

thé enzym sir dung qua duong tiém dudi da duge thyc hién mdi tudn hai 1an.

17. Phuong phép theo phuong an 10, trong dé budce cho d6i tuong can diéu tri st
dung qua dudng tiém vao dich ndo tiy dugc thuc hién mdi thang mot lan va lidu phap
thay thé enzym st dung qua dudng tiém tinh mach va liu phap thay thé enzym sir dung

qua duong tiém dudi da du’qé thuc hién xen k& trong khoang thoi gian mot tuan.

18. Phuong phép theo phuong 4n 10, trong d6 bude cho ddi twong cn diéu tri sit
dung qua duong tiém vao dich ndo tiy duoc thuc hién ba tudn mot 14n va liéu phap thay
thé enzym st dung qua dudng tiém tinh mach va liéu phép thay thé enzym st dung qua

dudng tiém dudi da duge thuc hién xen k& trong khoang thoi gian mot tuan.

19. Ché phim didu tri hoi ching hunter dé sir dung qua dudng tiém vao dich néo
tiy, chtra protein idursulfaza-f & ndng d6 nim trong khoang tir 0,1mg/mL dén 60mg/mL,
natri clorua & ndng d6 khoang 150mM, polysorbat 20 & ndng d6 khoing 0,05mg/mL, va
¢ d6 pH khoang 6.

Protein idursulfaza-B dugc st dung qua dudng tiém vao dich ndo tay theo sang
ché d 1am giam ndng @ heparan sulfat va ndng d6 glycosaminoglycan trong ndo va dich

ndo tiy & chudt nhit bi bénh rdi loan chuyén héa mucopolysacarit typ II.

Protein idursulfaza-p duoc st dung qua dudng tiém vao dich ndo tiy theo sang
ché d3 1am giam ndng dd heparan sulfat va ndng d6 glycosaminoglycan trong cac md
soma (ngoai vi) bao gbm tim, phéi, gan, 14 lach va than & chudt nhét bi bénh 1rdi loan
chuyén héa mucopolysacarit typ IL.

Theo sang ché, dic tinh ndng d6 glycosaminoglycan trong ndo c6 thé duoc du
doan tir ndng @6 heparan sulfat trong dich nfo tiy, c6 thé cho phép chan doén dé dang va

6
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an toan hon mirc dd nghiém trong cua tinh trang tich tu glycosaminoglycan trong nao.
M6 ta van tit hinh vé
Fig.1 13 biéu dd thé hién ndng dd glycosaminoglycan trong mo ndo ctia chudt nhit

@6t bién loai bo gen ids (chudt nhit KO) sau khi tiém lidu don cia protein idursulfaza-p

vao dich ndo tuy.

Fig.2 1a biéu dd thé hién ndng d6 heparan sulfat trong dich ndo tiy va md néo cua
chuét nhit dot bién loai bé gen ids (chudt nhit KO) sau khi tiém liéu don cta protein

idursulfaza-P vao dich ndo tiy.

Fig.3 14 d0 thi thé hién mdi twong quan gifta ndng d6 heparan sulfat trong dich ndo
thy va néng dd heparan sulfat trong mo6 ndo cta chudt nhét dot bién loai bo gen ids (chudt
nhét KO) sau khi tiém liéu don cna protein idursulfaza-B vao dich ndo tuy.

Fig.4 la biéu dd thé hién ndng dd glycosaminoglycan trong cdc md soma cta chudt
nhét dot bién loai bo gen ids (chudt nhit KO) sau khi tiém lidu don cia protein
idursulfaza-f vao dich ndo tuy.

Fig.5 12 hinh anh thé hién cAc mé nfio dugc thu nhan & céc thoi diém khéc nhau
sau khi tiém va hién mau bang xanh trypan.

Fig.6 13 biéu dd thé hién ndng do glycosaminoglycan trong mo tim cua chuft nhit
dot bién loai bd gen ids (chudt nhit KO) sau khi tiém lidu don ciia protein idursulfaza-f
vao dich ndo tuy.

Fig.7 1a biéu db thé hién ndng dd glycosaminoglycan trong md phdi cta chudt

‘phét dot bién loai bo gen ids (chudt nhit KO) sau khi tiém liéu don cta protein
idursulfaza-f vao dich ndo tuy.

Fig.8 1a biéu dd thé hién ndng dd glycosaminoglycan trong mo6 gan cua chudt nhit
d6t bién loai bd gen ids (chudt nhit KO) sau khi tiém liéu don cua protein idursulfaza-f
vao dich ndo tiy.

Fig.9 12 biéu dd thé hién ndéng dd glycosaminoglycan trong md 14 lach cua chuft
nhit dot bién loai bo gen ids (chudt nhit KO) sau khi tiém liéu don cta protein

idursulfaza-p vao dich ndo tuy.
Fig.10 13 biéu dd thé hién ndng dd glycosaminoglycan trong md than cia chudt
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nhét dot bién loai bd gen ids (chudt nhit KO) sau khi tiém liéu don cta protein

idursulfaza-P vao dich nio tuy.
M6 ta chi tiét sang ché

Nhur duge mb ta chi tiét dudi ddy, céc tic gia sang ché da phat trién thanh cong
ché phém 4n dinh chia protein idursulfaza-f dé st dung hitu hiéu qua dudng tiém vao

dich ndo tuy.

Theo cac phuong an khéc nhau, sang ché dé xuit ché phim 4n dinh dé st dung
truce tiép qua dudng tiém vao dich ndo tiy chira protein idursulfaza-p, mubi, va chét hoat
dong bé mit polysorbat. Theo mdt s6 phuong an, ché pham 6n dinh nay chta protein
idursulfaza-p & néng do nam trong khoang tur 0,1 dén 60mg/mL (vi du nam trong khoang
tir 0,1 dén 60mg/mL, nim trong khoang tir 0,1 dén 30mg/mL, nim trong khoéang tir 0,3
dén 30mg/mL, ndm trong khoang tr 0,2 dén 20mg/mL, nam trong khoang tir 0,2 dén
6mg/mL, nim trong khodng tir 0,6 dén 6mg/mL, ndm trong khoang tir 5,0 dén 60‘mg/mL,
hodc ndm trong khoang tir 10 dén 60mg/mL). Theo mot s6 phuong an, ché phim 6n dinh
nay chira protein idursulfaza-p & ndéng d6 hodc ndng d6 t6i da duge chon tir 0,1mg/mL,
0,2mg/mL, 0,5mg/mL, 0,6mg/mL, 1mg/mL, 2mg/mL, 5mg/mL, 6mg/mL, 10mg/mL,
[ 5mg/mL, 20mg/mL, 30mg/mL, 40mg/mL, 50mg/mL, 55mg/mL, hoac 60mg/mL.

Theo cac phuong an khéc nhau, sang ché d& xudt ché phidm 6n dinh theo phuong
an bit ky dugc boc 10 trong ban mo ta. Theo mot sd phuong 4n, protein idursulfaza-B
chira protein c6 trinh tu axit amin nhu néu trong SEQ ID NO.1. Theo mot sb phuong an,
protein idursulfaza-B con chira protein c6 trinh tu axit amin nhu ncu trong SEQ ID NO.2.
SEQ ID NO.1 1a protein iduronat-2-sulfataza tai td hop ctia nguoi. SEQ ID NO.2 1a
protein iduronat-2-sulfataza tai td hop ctia ngudi c6 xytesin & vi tri $6 59 duoc thay bang

formyl-glycin (G*).

Theo mdt sé phuong 4n, idursulfaza-B chira khoang 35% mol hodc nhdé hon
protein c6 trinh ty axit amin nhu néu trong SEQ ID NO.1 va khoang 65% mol hodc cao
hon protein c6 trinh ty axit amin nhu néu trong SEQ ID NO.2. Theo mét s6 phuong an,
protein idursulfaza-f chira khoang 20% dén 35% mol protein c6 trinh ty axit amin nhu
néu trong SEQ ID NO.1 va khoang 65% dén 80% mol protein c6 trinh ty axit amin nhu
néu trong SEQ ID NO.2.



50458 9/35

Theo mdt s& phuong an, protein idursulfaza-B chira protein co trinh tu axit amin
c6 d6 twong ddng it nhét bang 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, hodc 98%
so v6i SEQ ID NO.1. Theo mot s6 phuong an, protein idursulfaza-p chira protein c6 trinh
tr axit amin c¢6 d6 tuong ddng it nhit bang 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
hoic 98% so voi SEQ ID NO.2.

Theo mot sb phuong én, ché phdm 6n dinh theo séng ché chira mubi. Theo mot s6
phuong 4an, mubi nay 14 natri clorua (NaCl). Theo mot s6 phuong 4n, ché phim nay chira
NaCl & ndng d6 nim trong khoang tir 0 dén 300mM (vi du nim trong khoang tir 0 dén
250mM, nim trong khoang tir 0 dén 200mM, nim trong khoang tir 0 dén 150mM, nam
ﬁ'ong khoang tir 50 dén 250mM, hodc nim trong khoang tir 100 dén 200mM). Theo mot
s6 phuong 4n, ché phim nay chira NaCl & nbéng do nam trong khoang tir 125 dén 175mM.

Theo mot sb phuong an, ché pham ndy chira NaCl & ndng do khoang 150mM.

Theo cac phuong an khéac nhau, sang ché @& xudt ché pham dn dinh theo phucng
4n bat ky duqc boc 10 trong ban mo ta, trong do ché phim nay cdn chira chét hoat d(}ng
bé mit polysorbat dugc chon tir nhém bao gbm polysorbat 20, polysorbd 40, polysorbat
60, polysorbat 80 va td hop ctia ching. Theo mot s6 phuong é4n, chét hoat dong bé mit
polysorbat 14 polysorbat 20 (Tween 20). Theo mot s6 phuong 4n, ché pham nay chira
polysorbat 20 & ndng d6 nim trong khoang tir 0% dén 0,02% (ndm trong khoang tir 0 dén
0,2mg/mL). Theo mot sd phurong 4n, ché pham nay chira polysorbat 20 & ndéng dé khoang
0,005% (0,05mg/mL).

Theo cac phuong an khac nhau, sang ché @ xuét ché phim 6n dinh theo phuong
&n bt ky dugc boc 19 trong ban mo ta, trong d6 ché phém nay con chua ta dugc dém.
Theo mdt sb phuong 4n, t4 dugc dém duoc chon tir nhém bao gdm phosphat, axetat,
histidin, sucxinat, Tris, va t6 hop cﬁa.chﬁng. Theo mdt sé phuong an, td dugc dém is
phosphat. Theo mot sd phuong an, ché phim nay chtra phosphat & ndéng d6 khong 16n
hon 50mM (vi du khong 16n hon 45mM, 40mM, 35mM, 30mM, 25mM, 20mM, 15mM,
10mM, 5mM, 0,25mM, hodc 0,12mM). Theo mdot sb6 phuong 4n, ché p’hém nay cha
phosphat & né)ng d6 khong 16n hon 20mM. Theo céc khia canh khac nhau, sang ché dé
xuat ché phdm 6n dinh theo phuong an bat ky duoc boc 1 trong ban mé ta, trong d6 ché
phim nay c6 do pH nim trong khoang tir 3,0 dén 8,0 (vi du nim trong khoang tir 4 dén
7,5, ndm trong khoang tir 5,0 dén 8,0, nim trong khoang tir 5,0 dén 7,5, nam trong
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khoang tur 5,0 dén 6,5, nam trong khoang tir 5,0 dén 7.0, ndm trong khoéng tir 5,5 dén 8,0,
nam trong khoang tur 5,5 dén 7.7, nam trong khoang tir 5,5 dén 6,5, ndm trong khoéang tur
6,0 dén 7,5, hodc nim trong khoang tir 6,0 dén 7,0). Theo mot sd phuong 4n, ché phim
nay c6 do pH ndm trong khoang tir 5,5 dén 6,5 (vi du 5,5, 6,0, 6,1, 6,2, 6,3, 6,4, hodc 6,5).
Theo mét sd phurong 4n, ché pham nay c¢6 do pH khoang 6,0.

Theo cac phuong an khac nhau, sang ché d& xuét ché phdm 4n dinh theo phuong
4n bt ky duoc boc 10 trong ban md ta, trong do ché phdm nay 1a ché phim dang 16ng.
Theo céc phuong an khéac nhau, sang ché d@ xuit ché phdm 6n dinh theo phuong 4n bét
ky dugc boc 10 trong bén mo ta, trong d6 ché phdm nay duge bao ché duéi dang bot dong

kho.

Theo mot sb phurong 4n, sang ché d& xut ché phdm 6n dinh dé st dung qua duong
tiém vao dich nfo tiy chira protein idursulfaza-f & ndng dd nim trong khoang tir 0,1 dén
60mg/mL, NaCl & ndng do khoang 150mM, polysorbat 20 & ndng do khoang 0,005%
(0,05mg/mL), va ¢6 do pH khoang 6,0. Theo mot s6 phuong an, ché phdm nay chia
protein idursulfaza-f & ndng d6 khoang 0,1mg/mL, 0,2mg/mL, 0,5mg/mL, 0,6mg/mL,
Img/mL, 2mg/mL, 5mg/mL, 6mg/mL, 10mg/mL, 15mg/mL, 20mg/mL, 30mg/mL,
40mg/mL, 50mg/mL, 55mg/mL, hodc 60mg/mL.

Theo cac khia canh khac nhau, sang ché dé xuét dd chaa chira dang bao ché don
lidu ctia ché phdm 6n dinh theo cac phuong 4n khac nhau dugc md ta trong sang ché.
Theo mot sb phuong 4n, dd chtra nay dugc chon tir éng tiém, lo, chai, hdp, thung chira,
bom tiém bao quan lanh, hodc bom tiém nap sin. Theo mdt sé phuong 4n, dd chira nay la
bom tiém nap san. Theo mot ) phuong 4n, bom ti€ém nap san dugc chon tir bom tiém
]am bang thity tinh bosilicat dugc phu silicon chiu nhiét, bom tiém lam bang thiy tinh
bosilicat dugc phu silicon phun swong, hogc bom ti€ém lam bang nhua déo khong chia
silicon. Theo mdt $6 phuong an, ché phém 4n dinh c6 mit & thé tich nho hon khoang
50ml (vi du nho hon khoang 45mL, 40mL, 35mL, 30mL, 25mL, 20mL, 15mL, 10mL,
SmL, 4mL, 3mL, 2,5mL, 2,0mL, 1,5mL, 1,0mL, hogc 0,5mL). Theo mot s6 phuong 4n,
dd chtra theo sang ché chira ché pham 6n dinh nay & thé tich khoang 6,0mL. Theo mdt sd
phuong an, dd chira theo sang ché chia ché phim 4n dinh & thé tich khoang 3,0mL. Theo
mot sb phuong 4n, 1o dung tich 6,0mL chtra 2,0mL ché phém én dinh nay. Theo mot )
phuong 4n, 1o dung tich 5,0mL chia 1,5mL ché phdm 6n dinh nay. Theo mot s6 phuong
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4n, 1o dung tich 3,0mL chira 1,0mL ché pham 6n dinh nay.

Sang ché ciing mo ti phuong phap diéu tri hoi chimg hunter, bao gbém bude cho
dbi twong can diéu tri st dung qua dudng tiém vao dich ndo tiy ché pham theo phuong

4n bat ky duogc boc 16 trong ban mo ta.

Sang ché ciing mo ta phuong phap diéu tri hoi chung hunter, bao gébm budc cho
dbi tuong can didu tri st dung qua dudng tiém vao dich ndo tiy ché phim chira protein
idursulfaza-p & ndng d6 nim trong khoang tur 0,1 dén 60mg/mL, NaCl & ndéng dd khoang
150mM, polysorbat 20 & ndng dd khoang 0,005% (0,05mg/mL), va c6 do pH khoang 6.

Theo mét s6 phuong 4n, déi twong can diéu tri dugc ciy ghép hé théng 6ng thong
ndo that c6 khoang chtra va 6ng théng, nhu khoang chira Ommaya, dé sir dung qua duong
tiém vao dich no tuy. Theo mét s6 phwong an, budc st dung qua duong tiém vao dich
n3o tay duoc thuc hién bang cach tiém ché phim diéu tri hdi chimg hunter néu trén & tbc
d6 dong ndm trong khoang tur 0,1 dén 60mL/phut, vao khoang chira ciia hé théng 6ng
thong nao that. Theo mdt sb phuong an, dich ndo tiy cia dbi tuong dugce hut & toc d6
dong nim trong khoang tir 0,1 dén 60mL/phit, khéi khoang chira trudc khi tiém ché
pham nay vao dich ndo tiy, sao cho khong lam tang ddng ké thé tich dich ndo tiy cta dbi
tugng sau khi st dung qua duong tiém vao dich ndo tuy, dé ngan ngira tang ap luc trong
nio. Theo mot sb phuong an, ché pham nay dugc tiém vao khoang chira dugc dé chay

qua 6ng théng vao nio that ctia doi tugng bang cach an va nha tir tir khoang chira.

Theo mét sé phuong 4n, budc st dung qua dudng tiém vao dich ndo tuy khong
giy ra cac tac dung khong mong mudn quéa mirc (vi du ddp tng mién dich qua mic) & dbi
twong. Theo mdt sé phuong an, bude sir dung qua duong tiém vao dich ndo tuy khong

gay ra dap ing mién dich qua trung gian té bao T qua muc & ddi tugng.

Theo mdt s phuong 4n, bude st dung qua dudng tiém vao dich ndo tuy ché phdm
nay gitip phan phdi protein idursulfaza-B vao cac mé dich khac nhau trong néo, tiy sbng,
va cac co quan ngoai vi. Theo mot s6 phuong 4n, budc st dung qua dudng tiém vao dich
ndo tay ché pham nay gitip phan phéi protein idursulfaza-B vao cac mé dich ¢ ndo. Theo
mot sb phuong an, cac md dich & ndo bao gdm chét tring va/hogc noron trong chét xam.
Theo mot sd phuong 4n, protein idursulfaza-p dugc phin phéi vao noron, té bao than
kinh dém, té bao quanh mach va/hodc t€ bao mang ndo. Theo mot s6 phuong 4n, protein

idursulfaza-f ciing dugc phin phéi vio noron trong tiy song.
11
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Theo mot sb phuong 4n, budc st dung qua dudng tiém vao dich ndo tay ché pham
nay cling giup phan phéi toan than protein idursulfaza-p vao cac md dich ngoai vi. Theo
mot sé phuong 4n, cdc mod dich ngoai vi duge chon tir nhém bao gbm, nhung khong chi

gi6i han &, mo tim, mo gan, mo 14 lach, md phoi, va/hodc mo than.

Theo mét s& phuong 4n, budc sit dung qua duong tiém vao dich ndo tiy ché pham
nay gitp phan bd lysosom té bao trong md dich & ndo, tay séng noron va/hoic md dich
ngoai vi. Theo mot s6 phuong 4n, buée st dung qua duong tiém vao dich ndo tiy ché
phdm ndy lam giam tich tu glycosaminoglycan trong mo dich & nfo, tay sdng noron

va/hoic mo dich ngoai vi. Theo mot s6 phuong an, tinh trang tich tu glycosaminoglycan
| duoc gidm it nhét 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 1 14n, 1,5 1an, hoic
2 14n so v6i mau dbi ching am (vi du tinh trang tich tu glycosaminoglycan ¢ dbi tuong
trude khi diéu tri hodc sau khi tiém ta dugc 16ng). Theo mot s6 phuong an, budc sir dung
qua duong tiém vao dich ndo tuy ché phdm nay lam gidm tinh trang hinh thanh khong
bao trong noron (vi du by it nhit 20%, 40%, 50%, 60%, 80%, 90%, 1 14n, 1,5 lan, hoic 2

14n so v6i mAu ddi chimg am). Theo mdt sO phuong an, noron chira t€ bao purkinje.

- Theo mét s6 phuong 4n, budc st dung qua dudng tiém vao dich ndo tay ché phdm
ndy lam ting hoat tinh enzym protein idursulfaza-f§ trong mo6 dich & n3o, tiy séng noron
va/hodc mo dich ngoai vi. Theo mot sb6 phuong 4n, hoat tinh enzym protein idursulfaza-f3
dugc gia tang it nhét 1 lan, 2 14n, 3 14n, 4 14n, ndm trong khoang tir 5 l4n, ndm trong
khoang tir 6 lan, 7 14n, 8 14n, 9 14n hodc 10 14n so v6i mau dbi chirmg am (vi du hoat tinh
enzym ndi sinh & déi tugng trude khi diéu tri hogc sau khi tiém té dugc long). Theo mot
s6 phuong 4n, hoat tinh enzym protein idursulfaza-f dugc gia tang it nhat khoang
10nmol/gio/mg, 20nmol/gi€ﬂmg, 40nmol/gid/mg, 50nmol/gio/mg, 60nmol/gid/mg,
70nmol/gio/mg, SOnmoUgiG/mg, 90nmol/gid/mg, 100nmol/gid/mg, 150nmol/gid/mg,
200nmol/gid/mg, 250nmol/gid/mg, 300nmol/gid/mg, 350nmol/gid/mg, 400nmol/gid/mg,
450nmol/gid/mg, 500nmol/gid/mg, 550nmol/gid/mg hodc 600nmol/gid/mg.

Theo mot sb phuong 4n, budc s dung qua duong tiém vao dich ndo tay ché pham
ndy 1am gidm cudng do, mic d6 nghiém trong hodc tan suit hodc tin xuét xuét hién
mudn cua it nhit mot triéu chimg hoic d4u hiéu cua hoi ching hunter. Theo mdt sb
phuong 4n, it nhit mét triéu ching hodc dau hiéu cua hoi ching hunter bao gdm suy

giam nhén thuec; tén thuong chét tring; gidn khoang quang mach trong nhu mé néo, hach
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ndo, thé chai, va/hodc cudng phoi; chimg teo; va/hodc gidn ndo that.

Theo mét sd phuong 4n, budc st dung qua dudng tiém vao dich ndo tiy dugc thuc
hién hai tudn mét 14n. Theo mot sb phuong 4n, buéc st dung qua duong tiém vao dich
ndo tiy duoc thuc hién ba tudn mot 14n. Theo mot sb phuong an, budc st dung qua
duong tiém vao dich ndo tiy dugc thuc hién mdi thang mot 1an. Theo mot s6 phuong 4n,
bude st dung qua duong tiém vao dich ndo tiy dugc thuc hién hai thing mot lan. Theo
mdt s6 phuong 4n, buée st dung nay 12 lién tuc, nhu théng qua bom tiém truyén lién tuc.
Theo mdt sé phuong 4n, budc st dung qua dudng tiém vao dich ndo tiy dugc st dung
két hop v6i budce st dung qua dudng tiém tinh mach. Theo mot s6 phuong 4n, budc sir
dung qua duong tiém tinh mach duoc thuc hién mdi tudn mot lan. Theo mot s6 phuong
an, budc st dung qua duong tiém tinh mach dugc thyc hién hai tuAn mot 14n. Theo mot
$6 phuong 4n, budc st dung qua dudng tiém tinh mach duge thye hién mdi thang mot lan.
Theo mot s phuong 4n, budc st dung qua dudng tiém tinh mach dugc thyc hién hai

thang maot 1an.

Theo mét sb phuong 4n, bude st dung qua dudng tiém tinh mach va buéc st dung
qua dudng tiém vao dich ndo tiy duoc thuc hién trong cung ngay. Theo mot s6 phuong
4n, budc st dung qua dudng tiém tinh mach va budc st dung qua duong ti€ém vao dich
ndo tiy khong dugc thuc hién trong vong mot khodng thoi gian nhét dinh tring nhau,
nhu khong trong vong it nhit 2 ngay, trong vong it nhét 3 ngay, trong vong it nhat 4 ngay,
trong vong it nhit 5 ngdy, trong vong it nhit 6 ngdy, trong vong it nhit 7 ngdy, hoic
trong vong it nhit méot tudn. Theo mot sd phuong 4n, buée st dung qua dudng tiém tinh
mach va budc sir dung qua dudng tiém vao dich ndo tiy dugc thuc hién theo phac dd xen
k&, nhu st dung xen k& hang tuan, cach tuln, hai 1an mbi thang, hoic hang thang. Theo
mot sd phuong 4n, bude st dung qua dudng tiém vao dich ndo tiy thay thé budc st dung
qua dudng tiém tinh mach theo phéac d6 quéan 1y, nhu theo phac dd st dung qua duong
tiém tinh mach hang tudn, cich tuan, hai 14n mdi thang, hoic hang thang, ba lan mot
thang hoic bdn 14n mot thang hodc ndm 14n mot thang trong d6 phac d6 nay c6 thé dugc
thay bang budc st dung qua dudng tiém vao dich ndo tiy thay cho budc st dung qua

duong tiém tinh mach.

Theo mét sb phuong 4n, budc st dung qua dudng tiém tinh mach va bude sir dung

qua duong tiém vao dich nfo tiy dugc thuc hién ludn phién, nhu budc st dung qua
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duong tiém tinh mach dugc thuc hién trudc tién (vi du tiém hang tudn, cach tudn, ba tudn
mot 14n, hai 14n mdi thang, hoic hang thang trong hai tudn, mot thang, hai thang, ba
thang, bdn thang, nam thang, sdu thdng, mot ndm hodc 14u hon), tiép theo thuc hién st
dung qua dudng tiém vao dich ndo tuy (vi du ti€ém hang tuan, cach tudn, ba tudn mot lan,
hai 14n mdi thang, hodc hang thang trong hon hai tudn, mot thang, hai thang, ba thang,
bdn thang, nim thang, sau théng, mdt nim hodc 14u hon). Theo mdt sd phuong an, budc
st dung qua duong tiém vao dich ndo tiy duoc thuc hién trudc tién (vi du hang tuln,
cach tudn, ba tudn mot 14n, hai 1n mdi thang, hang thang, hai thing mot 1an, ba théng
mot 1an dosing trong hai tudn, mot thang, hai thang, ba thang, bdn thang, nam thang, sau
thang, mot nim hodc 1au hon), tiép theo thuc hién buéc sir dung qua duong ti€m tinh
mach (vi du tiém hang tudn, cAch tuln, ba tuAn mot 14n, hai 1an mbi thang, hodc hang
thang trong hon hai tudn, mot thang, hai thang, ba théng, bdn thang, nam thang, sau thang,

mot nam hodc 1au hon).

Theo mot sé phuong 4n, budc st dung qua dudng tiém vao dich ndo tiy khong

duoge str dung két hop véi bude sit dung qua dudng tiém tinh mach.

Theo mdt s6 phuong 4n, budc sit dung qua dudng tiém vao dich ndo tiy khong

duoc st dung két hop v6i lidu phép trc ché mién dich hién hanh.
Vi du thwe hién sang ché

Sang ché s& duoc mo ta chi tiét hon thong qua cac vi du sau. Tuy nhién, nguoi c6
hiéu biét trung binh trong linh vuc ndy sé hiéu ring c4c vi du nay chi nhim muc dich

minh hoa chir khéng gidi han pham vi cua sang ché.
Vidul
1-1: Téng quan

Nghién ctru nay dugc thuc hién dé danh gia tic dung dugc hoc va mdi trong quan
dap ung lidu ciia phuong phép tiém vao dich ndo tiiy lidu don cua protein idursulfaza-B &
chudt nhit bi bénh rdi loan chuyén héa mucopolysacarit typ 1. Ngoai ra, cac tic gia sang
ché d3 do ndng d6 heparan sulfat trong dich ndo tiy va danh gia mdi tuong quan giita
ndng d6 heparan sulfat trong dich nfo tiy va ndéng dd heparan sulfat trong mo6 ndo va
ndng d6 glycosaminoglycan trong md ndo cua chudt nhit bi bénh réi loan chuyén héa

mucopolysacarit typ II.
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Protein idursulfaza-p (ba lidu 3pg, 10pg, va 30ug) dugc tiém vao dich ndo tay, va
ndng dd glycosaminoglycan trong md (nfo, tim, phéi, gan, 14 lach, va than) dugc do sau
khi tiém 7, 14, va 28 ngay. Noéng do heparan sulfat dugc do bing LC/MS-MS trong dich
nio tiy va nao cua chudt nhit. Nong dd glycosaminoglycan tong sd trong nfio va cic md
soma khac ctia toan bd cac nhém dugc diéu tri bang protein idursulfaza-B dugc giam
dang ké. Mirc d6 giam déng ké nay duoc duy tri trong 28 ngay & nhém duoc tiém protein
idursulfaza-p v&i liéu 30pug. Céc tic gia sang ché ciing d3 kiém ching duoc rang ndng do
heparan sulftat d giam trong ca dich nfo tiy va md ndo ctia toan bd cac nhom dugc diéu
tri bang protein idursulfaza-B. Hon nita, cic tic gia sang ché d3 kiém chimg dugc ring
ndéng d6 heparan sulfat trong dich nfo tiy twong quan cé ¥ nghia thng ké v6i ndng do

heparan sulfat trong ndo va ndng d6 glycosaminoglycan trong md néo.

Protein idursulfaza-f theo sang ché duge tiém lidu don vao dich ndo tiy duoc
dung nap t6t, va 1am gidm dang ké ndng dd heparan sulfat va glycosaminoglycan trong
n3o va cac mé soma khac. Céc tac gia sang ché da phat hién thdy ring médi tuong quan co
¥ nghia théng ké ty 1¢ thuan cla ndng d6 heparan sulfat trong dich nfo tuy giira ndng do
heparan sulfat trong ndo va ndng dd glycosaminoglycan trong ndo goi ¥ rang nong do
heparan sulfat trong dich ndo tiy c6 thé 13 chi thi sinh hoc hitu ich dé chan doan bénh ly
v& ndo & ddi trong bi bénh rdi loan chuyén héa mucopolysacarit typ 11 bi r6i loan hé than
kinh trung vong.

1-2: Phuong phép

Dong vat

Céc chudt nhit dot bién loai bd gen ids da biét duoc st dung. Cu thé, gen ids duogc
loai bd khdi doan exon 2 dén doan exon 3 [15]. Chudt nhit KO duoc lai tao tir loai géc
C57BL/6.129S va c¢6 dot bién lan & gen ids. Chudt nhat dbi chimg thé dai dugc lai tao tir
loai géc C57BL/6.129S. Kiéu gen cua toan bd cac chudt nhét duoc kiém chung b'?mg
phan tng chudi polymeaza ADN thu dugc tir manh dudi. Nghién ciu nay dugc chip
thuan boi Institutional Animal Care and Use Committee (Approval No. 20140925005) va

thuc hién theo chinh sach bao vé dong vat do Samsung Biomedical Research Institute,
Séoul, Korea ban hanh.

Thiét ké nghién ciru
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Céc chudt nhét 6 tudn tudi dugc chia ngu nhién thanh 5 nhém (12 chudt nhat mdi
nhém). Cac chudt nhiat KO duoc chia thanh 4 nhém: Cac chudt nhit KO duoc tiém ta
duoc 1ong va cac chudt nhiat KO dugce tiém ba lidu khac nhau (3pg, 10pg, va 30ug) cia
protein idursulfaza-B (Green Cross Corp., Yongin, Korea). Bén chudt nhit mdi nhém
duge gibt chét sau khi tiém 7, 14, va 28 ngay. Nong d6 glycosaminoglycan cua cac mod
khac nhau (ndo, tim, phéi, gan, 14 lach, va than) duoc ph'én tich, va né)ng do heparan

sulfat tir dich nfo tiy va ndo dugc do sau khi tiém 7, 14, va 28 ngay.
Ché pham chira protein idursulfaza-8 dé tiém vao dich ndo tuy

Dung dich t4 dugc léng chita 150mM natri clorua, 0,05mg/mL dung dich Tween
20 (Merck Millipore, Darmstadt, Germany) dugc bao ché. Dung dich dic chtra protein
idursulfaza-f (50mg/mL) dugc pha loang bang ta dugc 10ng dé thu dugc cac ndng dd
0,6mg/mL, 2mg/mL, va 6mg/mL.

Tiém vao dich ndo tuy

Phuong phép tiém liéu don vao dich ndo tiy cua cac chudt nhét dugc thuc hién & 6
tuin tudi. Mdi dung dich duoc chit hoic ta duge 16ng dugce tiém vao dich ndo tiy ctia cac
chu6t nhit & thé tich tdng cong bang SpL. Vao ngay tiém, cac chudt nhit duoc gy mé
bang ché phim xdng hit chia isofluran (Hana Pharm., Korea) va dit vao thiét bi sinh
thiét. Sau khi tao vét rach nho, hdp so dugc boc 10 va lam sach. Phuong phap tiém VA0
dich ndo tiy dugc thuc hién theo phuong phap cai tién d3 biét [16, 17]. Protein
idursulfaza-p hodc ta dugc long, dugc ti€ém vao ndo that bén phai bang kim tiém 31G &
tbc do bang 10mL/phit dugc kiém soat bang bom tiém (Harvard Apparatus, Holliston,
MA, USA) bang cach st dung cac thong s6 (Benchmark, Neurolab, St. Louis, MO):
khoéng cach tir dudi dén thop dau bang 0,58mm, khoang cach tir ndo thit bén dén duong
khép doc béng 1,25mm, va dd sau bﬁng 1,77mm. Vi tri tiém dugc theo doi vé céc triéu
chttng mach bi v& hodc sung mat. Sau d6, kim tiém dugc thao ra sau khi ngimg chuyén
dong 6ng bom tiém 15 gidy dé ngan nglra hién tuong chiy nguoc. Vét rach duoc dong
béng kep vét thuong va cac chudt nhét dugc dit vao bé 6n nhiét & nhiét d6 37°C va theo
ddi sau phau thuat cho dén khi phuc hoi. Toan bo quy trinh ndy dugc thuc hién trong 10
dén 15 phit cho mot chudt nhét. Pé kiém ching phuong phap tiém vao dich ndo tiy
thanh cong, dung dich chit mau dugc tiém vao dich nfo tiy. Ndo dugc thu nhan & cac
thdi didm khac nhau sau khi tiém va hién mau. Phuong phép tiém thich hop vao mot
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trong sb cac ndo thit cho phép phan bd xanh trypan (0,05%) trén phia dugc tiém cta ndo
khoang 10~15 phut sau khi tiém. Su phan bd rong cta xanh trypan & ban cAu nio quan
sat duoc khoang 1 gio sau khi tiém. Phuong phép tiém khong chinh xéc c6 thé dugc phan

biét bdi su thiéu hut mau xanh & ban cAu nio (Fig.5).
Thu nhan dich n3o tiy va mo

Sau khi tiém 7, 14, va 28 ngdy, cac chudt nhat dugc giét chét bang cach tiém
luong du dung dich Alfaxalone (Jurox/biét dugc: Alfaxan) (15mg/kg). Dich ndo tiy dugc
thu nhan tir bé 16n & n3o bing bom tiém lam bang thiy tinh bosilicat (duong kinh ngoai
10mm, dudng kinh trong: 0,75mm) va lanh dong dé do néng d6 heparan sulfat. Mau
trong md ndo cla cic chudt nhét duoc 1am sach bing cach tiém truyén qua tim bang dung
dich dém mubi phosphat trong 1520 phit. M6 ndo dugc thu nhan va lanh dong trén nude
d4 khd. Sau d6, cac miu duge dong nhat va chia thanh hai phan (mot nira dé do ndng do
glycosaminoglycan va mot nira dé do ndng d6 heparan sulfat). C4c md soma khéc (tim,
phoi, gan, 14 lach, va than) cling dugc thu nhan va dbng nhét trong dung dich dém mudi

phosphat.
Do ndng dd glycosaminoglycan tdng s trong cac mo

Cac mAu mé d3 duoc ddng nhét duoc lic qua dém & nhiét do 4°C va ly tAm trong
15 phat & tbc do bing 12000 x g, sau d6 cac dich ndi dugc thu nhan. Nong do
glycosaminoglycan tong s6 duoc bang kit dinh lugng sGAG (Kamiya Biochemicals,
Japan). Trudc tién, SOpL cac miu da dugc ddng nhit duoc 0 v6i guanidin-HC1 (50puL,
8mol/L) & nhiét do phong trong 15 phat. Sau d6, 50uL dung dich STA (0,3% H,SO,,
0,75% Triton X-100) duogc bd sung vao trong 15 phut ¢ nhiét dd phong, va dung dich
chtra xanh alcian dugc bd sung vao dung dich nay trong 15 phit. Sau d6 cac mau duoc ly
tAm trong 15 phit & téc do bang 12000 vong/phit va rira bang dung dich DMSO (40%
DMSO, 0,05mol/L MgCL). Cubi cting, 500uL dung dich Gu-prop (4mol/L guanidin-HCI,
33% 1-propanol, 0,25% Triton X-100) duoc bd sung vao cac hat, va hdn hop dugc dé hoa
tan hoan toan. Ngoai ra, do héip thu dugc doc trén thiét bi X-Mark (Bio-Rad, Hercules,
CA) & budc séng bang 600nm. Nong dd glycosaminoglycan dugc chuin héa theo ndng
do protein, dugc do bang kit dinh luong protein BCA (ThermoFisher, Waltham, MA).
Nong dd glycosaminoglycan dugc biéu dién dudi dang g GAG/mg protein, nhu dugc tinh
todn tir duong chuén biéu dién ndng dd co chat cia glycosaminoglycan, tirc 1a
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chondroitin sulfat-6. Dif liéu ciia mdi mau 13 tri s trung binh ctia 2 phép do lap lai.
Po ndng dd heparan sulfat trong dich no tiy va md néo

N‘E‘mg d6 heparan sulfat trong céc mau dich nfo tiy vd md ndo cua chudt nhat
dugc do bang LC-MS/MS. Céac dung dich gbc chira mdi chat chudn & ndng d6 bing
Smg/mL duoc diéu ché bang cach hoa tan mudi natri ctia heparan sulfat hodc dermatan -
sulfat trong nudc. Cac dung dich gbc chira chét chuén dugc pha lodng bang thé tich nuéc
thich hop dé thu duoc 0,1pg/mL, 0,2pug/mL, 0,5ug/mL, 1,0pg/mL, 2,0pg/mL, 5,0ug/mL,
10pg/mL va 20pg/mL chat chudn va 0,2pg/mL, 2pg/mL va 15pg/mL cdc miu kiém tra
chat luong. Ngoai ra, cac dung dich gbc chira chét chuén & ndng d6 bang Smg/mL dugc
danh diu b?mg doteri dé thu dugc chit chuin ndi 12 heparan sulfat-d6 va dermatan sulfat-
d6. cac dung dich gbc chira chit chudn (20uL) dugc bd sung vao dng thiy tinh thir
nghiém va bay hoi trong didu kién khi nito. Phan cin dugc metanol héa bang cach tron
v6&i 200uL metanol-d4-axetyl clorua (400:64, thé tich/thé tich) va gia nhiét trong 90 phut
& nhiét dd 65°C. Sau khi phan giai metanol, dung mdi dugc 1am bay hoi trong diéu kién
khi nito. Phan cin dugc hoan nguyén trong nuéc (1mL), pha lodng bang hdn hop nude-
metanol-axit formic (950:50:1, thé tich/thé tich/thé tich: dung dich dém A) va dung dich
thu dugc dugce st dung lam dung dich géc chuén ndi. Mau dich nfo tiy cta chudt nhit
duoc ly tdm & tbc do béng 2100 x g va nhiét d6 4°C trong 5 phut va dich ndi duge pha
lodng bang thé tich dung dich dém mudi phosphat twrong dwong. M6 ndo cia chudt dugc
ddng nhét bang 0,01mol/L natri hydroxit (50 hodc 100 1an thé tich ndo). Hon hop dong
nhit dugc G trong 24 gid & nhiét 6 phong va hdn hop ddng nhit (20uL) duge bd sung
vao hdn hop nudc-cloroform (180uL) (4:5, thé tich/thé tich). Sau khi tron, mau duoc ly
tam & tbc do bang 10000 x g va nhiét d6 4°C trong 5 phit va dich ndi dugc pha lodng
bang thé tich dung dich dém mubi phosphat twong dwong. Cac mau nay dugce diéu ché tir
dich nfo tiy va nio dwoc sir dung lam cac mau thir dé phan tich LC-MS/MS. Mau thr tix
dich ndo tiy (4pL) (20puL tr ndo), chét chudn hodc mau kiém tra chét lugng trong éng
thir nghiém dugc lam bay hoi trong didu kién khi nito. B sung HCI-MeOH 3M (50uL)
va 2,2-dimetoxy propan (5pL) vao phan cén va siéu am trong 3 phut, gia nhiét trong 90
phit & nhiét 46 65°C va bay hoi. Phén cén dugc hoan nguyén bing dung dich gbc chuin
ndi (200uL), siéu 4m trong 3 phut va chuyén vao thiét bi loc ly tim, ly tim & toc & béng
10000 x g va nhiét do 4°C trong 3 phit, va dich loc thu dugc dugce phan tich. méi mau
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(5uL) dugc tiém vao thiét bi khdi phd bd ba tr cuc APIS000 (AB/MDS Sciex) duge
trang bi hé théng ACQUITY UPLC (Waters). Mau thir va chuan ndi dugc phén tach trén
cdt ACQUITY UPLC HSS T3 (100 A 1,8um, 2,1mm cich nhau 100mm) dugc gia nhiét
& nhiét dd 40°C. Pha dong ban dau chira 100:0 (thé tich/thé tich) dung dich dém A:dung
dich dém B [nudc-metanol-axit formic (500:500:1, thé tich/thé tich/thé tich)] va rira giai
gradien & toc d6 dong bang 0,4mL/phiit. Qua trinh rira giai dugc thuc hién theo gradien
tuyén tinh, trong d6 dung dich dém B duoc gia tang tir 0% dén 45% trong tir 0,5 dén 4
phat, sau d6 tang dén 60% & 4,01 phit, duy tri & 60% trong 1 phut, sau d6 giam xubng
0% & 5,01 phat, sau d6 duy tri & 0% trong 1phut. Thiét bi khdi phd duoc thuc hién trong
céc ché do thiét 1ap dic hiéu cho ion hoa bing tia dién trong phuong phép ion hoa va kidu
dién tich duong cho d6 phan cyc ion. Nito dugc st dung 1am khi nguoc dong (40 psi) va
khong khi duge st dung lam khi phun swong (50 psi) va khi gia nhiét (40 psi). Céc diéu
kién kiém soét ion bao gdm dién 4p tia ion bing 4,5kV va nhiét 46 miu do Turbo bing
600°C. Pién thé suy giam, dién thé dau vao va ning lugng va cham tuong ting dugc thiét
1ap bang 110V, 8V va 22eV. Dit liéu duoc thu nhan bang nhidu diéu kién kiém soat phan
g (MRM) bing céch sit dung ty s6 khéi fwgng va dién tich ion (m/z) 384—162 dbi voi
heparan sulfat, m/z 426—236 d6i voi dermatan sulfat, m/z 390—162 d6i v6i heparan
sulfat-d6 and m/z 432—162 dbi v&i dermatan sulfat-d6. Dién tich pic, duong chudn, va
ndng d6 do duge dugce tinh toan bang phin mém Analyst phién ban 1.5.1 (AB Scix).

Phén tich thdng ké

Phan tich théng ké duogc thuc hién bing phan mém GraphPad Prism 6. Phép kiém
dinh MannWhitney U dugc st dung dé so sanh muc do khac biét gitta mdi nhom duge
diéu tri b%ng dugc chit va nhom duoc diéu tri béng ta duogc léng & chudt nhit KO. Murc
d6 khac biét véi tri $6 P nho hon 0,05 dugc xem 13 ¢6 v nghia théng ké. Dit liéu duoc
bidu dién dudi dang tri s6 trung binh + sai s chuan. Pé x4c dinh mdi twong quan gitra
néng dd heparan sulfat trong dich nfio tiy va ndéng dd heparan sulfat trong nio va giita
ndng do heparan sulfat trong dich nfo tiy va ndéng do glycosaminoglycan trong nio, cac
thc gia sang ché di danh gi4 73 miu dich ndo tily va md ndo cta chudt nhdt, va dit liéu
duoc phén tich bang phuong phap hdi quy Spearman’s tho va phuong phép hdi quy tuyén
tinh. He s6 tuong quan ndi nhém va khoéang tin cdy 95% dugc tinh toan.

1-3: Két qua
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Trong luong co thé

Trong lugng co thé cua toan bd cac nhém thir nghiém khong thay d6i dang ké
trong thoi gian nghién ciru. Khong c¢é khac biét dang ké v& trong luong cua cac chudt
nhét trong cac nhém duogc didu tri bang protein enzym thay thé qua duong tiém vao dich
nfo tily so v6i cac nhém ddi ching (cac chudt nhét thé dai va cic chudt nhat dot bién loai
bo gen ids khong duge didu tri)). CAc tac gia sang ché ciing khong phat hién dugc diu
hiéu 1am sang bt thuong bét ky trong cac thir nghiém trén toan bd cac nhém duge didu

tri bang protein enzym thay thé qua dudng tiém vao dich ndo tay.

Phuong phap tiém liéu don vao dich ndo tiy cla protein idursulfaza-B da lam
giam glycosaminoglycan trong mo ndo cua chudt nhét dot bién loai bo gen ids (chudt

nhét KO)

Nong do glycosaminoglycan téng sd trong mo nio clia cac chudt nhét dot bién loai
b6 gen ids trong nhém duoc tiém t4 dugc long cao hon déng dé néng do
glycosaminoglycan tong sd trong mo6 nio cia cic chudt nhit thé dai (Fig.1). Noéng do
glycosaminoglycan tdng sd trong mé ndo cla toan bd cdc nhém duge didu tri bang
protein idursulfaza-f dugc giam dang ké so v6i ndng d6 glycosaminoglycan tdng s6
trong md ndo cta cic chudt nhit ddi ching bi bénh sau khi tiém 7 ngay (Fig.1). Tuy
nhién, tinh trang tai tich tu glycosaminoglycan quan sat dugc sau khi tiém 14 ngay & cac
nhém duoc tiém lidu 3pg va 10pg. Sau khi tiém 28 ngay, mic do suy giam déang ké ndng
do glycosaminoglycan dugc duy tri ¢ nhém dugc tiém protein idursulfaza-f véi lidu
30pg mic du ndéng dd glycosaminoglycan tbng s6 hoi cao hon so véi néng do

glycosaminoglycan tong s6 sau khi tiém 7 ngdy va sau khi tiém 14 ngay (Fig.1).

Phuong phép tiém liéu don vao dich ndo tiy cla protein idursulfaza-B di lam
giam HS trong dich ndo tiy va md ndo cua chudt nhét dot bién loai bod gen ids (chudt nhét

KO)

Nong d6 heparan sulfat dugc gia ting déng ké trong dich n3o tily va mo nio ciia
chudt nhit dot bién loai bo gen ids (chuot nhat KO) so véi né)ng d6 heparan sulfat trong
dich nfo tiy va mé no cia chudt nhit dbi chimg thé dai (Fig.2). Sau khi tiém vao dich
ndo tiy 7 ngay, néng dd heparan sulfat trong dich nfo tiy va mo ndo was significantly da
1am giam & toan bd ba nhém duge diéu tri bang protein idursulfaza-B. Mirc d6 gidm déng

ké cta ndng d6 heparan sulfat trong mé nio dugc duy tri qua 28 ngay (Fig.2). Nong do
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heparan sulfat trong dich nfio tiy van gidm sau khi tiém vao dich nfo tiy 14 ngay va sau
khi tiém vao dich nfo tiy 28 ngay. Tuy nhién, mic dd khac biét c6 ¥ nghia théng ké chi
quan sat dugc & nhom dugc diéu tri bang protein idursulfaza-B véi lidu 30ug sau khi tiém

vao dich ndo tuy 28 ngay (Fig.2).

Noéng d6 heparan sulfat trong dich nfo tiy twong quan ty 1& thudn véi ndng dd

heparan sulfat trong mé6 ndo va ndéng do glycosaminoglycan trong mé néo

Nong d6 heparan sulfat trong dich nfo tiy twong quan ty 1& thudn véi ndng do
heparan sulfat tfrong cac miu mo néo cua chudt nhit (r = 0,785, P<0,0001) (Fig.3A). Hon
nita, ndng dd heparan sulfat trong dich nfo tiy ciing twong quan ty 1¢ thuan véi ndng do

glycosaminoglycan trong mé ndo (r = 0,703, P<0,0001) (Fig.3B).

Phuong phép tiém liéu don vio dich ndo tiy cia protein idursulfaza-B di lam
giam ndng do glycosaminoglycan trong c4c md soma cia chudt nhit dot bién loai bé gen

ids (chudt nhit KO)

Céc tac gia sang ché dd do ndng d6 glycosaminoglycan tdng s6 theo phuong phép
tiém liéu don vao dich nfo tily trong cid md ndo va cac mod soma khac (tim, phéi, gan, 14
lach, va than). Tinh trang tich tu glycosaminoglycan duoc phat hién trong toan b cac mo
phéan tich cida chudt nhit dot bién loai bo gen ids dugc tiém t4 dugc 16ng twong tu nhu
chudt nhét thé dai (Fig.4). Sau khi tiém vao dich ndo tiiy 28 ngay, buéc st dung qua
duong tiém vao dich ndo tuy protein idursulfaza-f (30pg) da duy tri mic do suy gidm
dang ké cua glycosaminoglycan tong sd trong toan bo cac mo phan tich (Fig.4). Nong do
glycosaminoglycan trong cac m6 soma sau khi tiém vao dich ndo tuy 7 ngay va sau khi

tiém vao dich ndo tay 14 ngay dugc thé hién trén Fig.6-Fig.10.
1-4: Ban luan

Bénh rdi loan chuyén héa mucopolysacarit typ II 1a thé thudng gip clia bénh 161
loan chuyén héa mucopolysacarit & Chau 4, va khoang 70% dbi tuong bi bénh roi loan
chuyén héa mucopolysacarit typ II & thé nang [18, 19]. Do d6, phan tich bénh 1y vé nio
12 mot trong céc vin dé quan trong va thach thirc nhét trong diéu tri cho ddi tuong bi
bénh 1di loan chuyén héa mucopolysacarit typ II. Phuong phap tiém vao ndi tiy mac
hoic dich nio tiy enzym tai tb hop da d& xudt phuong phép phan phéi duoc chat nay vao

nfo. Trong nghién ciru ndy, cic tic gia sang ché da thuc hién phuong phap tiém liéu don
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vao dich ndo tiy ba liéu khic nhau cta protein idursulfaza-B trén cac chudt nhit dot bién
loai b gen ids 6 tudn tudi dé déanh gia mébi twong quan dap tng lidu va khoang thoi gian

tac dung dugc hoc.

Glycosaminoglycan tong sd trong mo ndo cla toan bd cic nhom dugc didu tri
bang protein idursulfaza-p dugc giam dang ké, va mic do suy giam ding ké ndng do
glycosaminoglycan dugc duy tri trong 28 ngay & nhom dugce tiém protein idursulfaza-f3
v6i liéu 30pg (Fig.1). Mitc d6 giam dang ké cia ndng dd heparan sulfat trong dich ndo
tiy cling quan sat dugc & nhom duoc tiém protein idursulfaza-p véi lidu 30pg sau khi
tiém vao dich nio tiy 28 ngay (Fig.2). Do d0, cac tic gia sang ché di phat hién thiy ring
phwong phép tiém protein idursulfaza-p véi lidu 30pg vio nio thit bén bbn tudn mot 1an
c6 thé 1am giam hiru hiéu va duy tri mirc do suy giam ndéng do glycosaminoglycan tich tu
trong nao & chudt nhét bi bénh rdi loan chuyén h6a mucopolysacarit typ II. Hon nita, cac
két qua ndy c6 thé dong vai trd 13 bang ching quan trong cho viéc quyét dinh lidu va tin
suét tiém trong viéc sir dung trén 14m sang ctia phuong phép tém vao dich nio tity enzym
tai t6 hop mic du kich c¢& ndo va tde d6 chuyén héa khac nhau gitra chudt nhit va ngudi
can duoc xem xét. Tuy nhién, dé tiép tuc danh gia hiéu luc cia enzym st dung qua
dudng tiém vao dich ndo tiy dé cai thién bénh 1y hé than kinh trung wong trong bénh rbi
loan chuyén héa mucopolysacarit typ II, cac tac gia sang ché cidn mé rong nghién ciru va
lap lai thtr nghiém ti€ém va thuc hién danh gia chirc nang bao gém thr nghiém hanh vi va

phan tich m6 hoc cia nao.

Trong sd cac typ khac nhau ciia bénh 16i loan chuyén héa mucopolysacarit, rdi
loan hé than kinh trung uong xuat hién trong thé nang cua bénh r6i loan chuyén hoéa
mucopolysacarit typ I (bénh Hurler), thé ning cia bénh rbéi loan chuyén héa
mﬁcopolysacarit typ I, bénh r6i loan chuyén héa mucopolysacarit typ III, va bénh roi
loan chuyén héa mucopolysacarit typ VIL. Nguoc lai, cac dbi twong bi bénh réi loan
chuyén héa mucopolysacarit typ IV, bénh 16i loan chuyén héa mucopolysacarit typ VI,
thé nhe ctia bénh rdi loan chuyén héa mucopolysacarit typ I (hdi chimg Scheie), va thé
nhe ctia bénh rbi loan chuyén héa mucopolysacarit typ II khéng bi suy giam nhén thirc
[2]. Heparan sulfat 14 mdt trong sd cac glycosaminoglycan tich tu chi yéu trong bénh rdi
loan chuyén héa mucopolysacarit typ I, bénh réi loan chuyén héa mucopolysacarit typ 11,

bénh rbi loan chuyén héa mucopolysacarit typ III, va bénh réi loan chuyén hoa
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mucopolysacarit typ VII [10]. Mot s6 bao cao da kim chung thiy ring heparan sulfat
tich tu trong md ndo giy rdi loan thdn kinh cia cic bénh 0i loan chuyén hoa
mucopolysacarit [9-12]. Hon nita, da kiém chimg duogc rang ndng do heparan sulfat 13 chi
thi sinh hoc dic hiéu va ¢6 d6 nhay cao hon trong m6 ndo cta chudt nhét bi bénh rdi loan
chuyén héa mucopolysacarit typ II [13, 20]. Tuy nhién, khong thé do truc tiép ndng do
heparan sulfat trong md nao trén 1am sang. Do d6, cac tac gia sang ché d phan tich ndng
do heparan sulfat trong dich ndo tiy va xdc dinh mdi tuong quan giita ndng d6 heparan
sulfat trong dich nfo tiy va mé ndo. Céc tac gia sang ché da kiém chimg duoc ring ndng
d6 heparan sulftat duoc gia ting dang ké trong ca dich ndo tiiy va md ndo cia chudt nhit
dot bién loai bd gen ids (chudt nhit KO) so v6i chudt nhit thé dai va di gidm & toan bo
cac nhom duge didu tri bing protein idursulfaza-p (Fig.2). Hon nita, day la nghién ctu
déu tién dé kiém chimg ring ndng d6 heparan sulfat trong dich ndo tiy twong quan c6 ¥
nghia théng ké v6i ndng dd heparan sulfat trong mé nio va ndéng dd glycosaminoglycan
trong mo n3o (Fig.3). Do do, c4c tac gia sang ché cho ring ndng d6 heparan sulftat trong
dich nfo tiy c6 thé 13 mot trong cac chi thi sinh hoc hitu hiéu dé xac dinh néng do
heparan sulfat trong mé no hoic néng do glycosaminoglycan mé néo. Tuy nhién, dé xac
dinh ndng d6 heparan sulfat trong dich néo tiy c6 thé chan doan chinh xac bénh 1y hé
‘than kinh trung wong hay khong, c4c tac gia sang ché cin nghién ctru bo sung bao gébm
phan tich bénh hoc clia md ndo do bénh Iy hé than kinh trung wong ctia bénh rbi loan
chuyén héa mucopolysacarit typ II khong chi do muc do tich tu glycosaminoglycan ma
con do muc do tich tu ciia co chét tht hai, tinh trang viém, va cac thay ddi thoai héa hé
than kinh trung wong {12, 21, 22]. Khi mdi twong quan dugc xac dinh, ndéng do heparan
sulfat trong dich ndo tiy c6 thé 12 thong sb hiru ich d& chidn doan bénh Iy hé thin kinh
trung trong cac thir nghiém 14m sang tiép theo trén cic d6i tugng bi bénh rbi loan chuyén

héa mucopolysacarit typ II bi réi loan hé than kinh trung wong.

Ngoai ra, c4c tic gia sang ché di kiém ching dugc ring buéce st dung qua dudong
tiém vao dich ndo tiy protein idursulfaza-f cling lam gidm dang ké tinh trang tich tu
glycosaminoglycan trong cac mo soma (gan, 14 lach, thén, tim, va phdi) ciing nhu mé nio
theo co ché phu thudc liéu, mic du tic dung 1a khic nhau gitta cac md (Fig.4 va Fig.6-
Fig.10). Mtc d6 giam tich tu glycosaminoglycan quan sat duoc la phu thudc lidu, va céac
tac gia sang ché luu ¥ rang protein idursulfaza-p dugc tiém vao dich ndo tiy véi lidu
bang 30pug c6 thé 1am giam déng ké va duy tri mitc d6 suy giam glycosaminoglycan tich
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tu trong cac moé soma trong 28 ngay, tuong tu nhu trong mo6 ndo. Nhin chung, cac dit li¢u
nay cho thdy qua trinh vin chuyén sinh 1y dugc chét protein tir dich nio tiy dén céc co
quan trong co thé sau khi sir dung qua dudng tiém vao dich ndo tiy, da dé xuit phuong
phap phan phdi hiru hiéu dugc chit enzyme vio ca ndo 1dn céc co quan trong co thé.
Ngoai ra, dich ndo tiy cé thé déng vai trd 1 khoang chira trung gian dé enzym da duogc
tiém vao 'du’(_yc van chuyén tir khoang chita nay vao hé tudn hoan mot cach tir tir sau khi
tiém vao dich nfo tiy. Mic du co ché phan phdi enzyme tir dich nio tiry vao hé tuan hoan
van chua vd‘ufcyc biét 5, nhung di kiém ching duoc ring dich nio tiy chira iduronat-2-
sulfataza c6 thé ndi thong véi hé tudn hoan tinh mach théng qua khoang duéi mang nhén
[6, 23-25]. Tém lai, phuong phéap tiém vao dich nio tiy lidu don clia protein idursulfaza-
B duoc dung nap tot, va lam giam déng ké ndng do heparan sulfat va ndng do
glycosaminoglycan trong md ndo va glycosaminoglycan trong cdc mé6 soma cua chudt
nhit dot bién loai bé gen ids (chudt nhit KO). Hon nita, tac dung nay dugc duy tri sau
khi tiém vao dich ndo tiy 28 ngay, dac biét & lidu 30pg. Ngoai ra, ndng do heparan sulfat
trong dich ndo tiy ¢ thé 13 chi thi sinh hoc hitu ich d& chin do4n bénh Iy vé& nio, do
ndéng do heparan sulfat trong dich nfio thy twong quan ty 1 thuén véi ndéng do heparan

sulfat trong md nio va ndng dd glycosaminoglycan trong mé nao.
1-5: Danh muc trinh tu
SEQ ID NO.1
Chiéu dai: 525

Loai: PRT

24/35

SETQANSTTD
PSRVSFLTGR
TDDSPYSWSF
IQLLEKMKTS
PWMDIRQRED
STITAFTSDH
SASQLMEPGR
DLEEDPYLPG

NPDEFLANFS

ALNVLLIIVD

RPDTTRLYDF

PPYHPSSEKY

ASPFFLAVGY

VQALNISVPY

GWALGEHGEW

QSMDLVELVS

NPRELIAYSQ

DIHAGELYFV

DLRPSLGCYG
NSYWRVHAGN
ENTKTCRGPD
HKPHIPFRYP
GPIPVDFQRK
AKYSNFDVAT
LFPTLAGLAG
YPRPSDIPQW

DSDPLQODHNM

DKLVRSPNID

FSTIPQYFKE

GELHANLLCP

KEFQKLYPLE

IRQSYFASVS

HVPLIFYVPG

LQVPPRCPVP

NSDKPSLKDI

YNDSQGGDLF

24

QLASHSLLFQ

NGYVTMSVGK

VDVLDVPEGT

NITLAPDPEV

YLDTQVGRLL

RTASLPEAGE

SFHVELCREG

KIMGYSIRTI

QLLMP

NAFAQQAVCA

VFHPGISSNH

LPDKQSTEQA

PDGLPPVAYN

SALDDLQLAN

KLFPYLDPFD

KNLLKHFRFR

DYRYTVWVGF



SEQ ID NO.2

Chiéu dai: 525

Loai: PRT

SETQANSTTD
PSRVSFLTGR
TDDSPYSWSF
TIQLLEKMKTS
PWMDIRQRED
STIIAFTSDH
SASQLMEPGR

DLEEDPYLPG

ALNVLLIIVD

RPDTTRLYDF

PPYHPSSEKY

ASPFFLAVGY

VQALNISVPY

GWALGEHGEW

QSMDLVELVS

NPRELIAYSQ

50458

DLRPSLGCYG

NSYWRVHAGN

ENTKTCRGPD

HKPHIPFRYP

GPIPVDFQRK

AKYSNFDVAT

LFPTLAGLAG

YPRPSDIPQW

DKLVRSPNID

FSTIPQYFKE

GELHANLLCP

KEFQKLYPLE

IRQSYFASVS

HVPLIFYVPG

LOVPPRCPVP

NSDKPSLKDI

QLASHSLLFQ

NGYVTMSVGK

VDVLDVPEGT

NITLAPDPEV

YLDTQVGRLL

RTASLPEAGE

SFHVELCREG

KIMGYSIRTI

NAFAQQAVG*A

VFHPGISSNH

LPDKQSTEQA

PDGLPPVAYN

SALDDLQLAN

KLFPYLDPFD

KNLLKHFRFR

DYRYTVWVGF

NPDEFLANFS DIHAGELYFV DSDPLQDHNM YNDSQGGDLF QLLMP

(axit amin & vi tri 86 59 “G*” trén céc sgi cla trinh tw SEQ ID NO.2 1a formyl-
glycin).
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YEU CAU BAO O

pham dicu tri hoi chimg hunter d¢ st dung qua duong tiém vao dich ndo tay, chia

(@2

[.Ch
protein idursulfaza-p & ndng do nim trong khoang tir 0,1mg/mL dén 60mg/ml, natri
clorua & ndng do khoang 150mM, polysorbat 20 & ndng do khodng 0,05mg/mL, phosphat
& ndng do 1én dén SmM va c6 do pH khoang 6, trong d6 bude sir dung qua dudng tiém
vao dich ndo tiy dugce thuc hién bing hé théng fmg théng ndo thét bao gém khoang chira

va Ong thong duge noi véi khoang chira nay.

2. Ché pham theo diém 1, trong do ché pham nay chira protein idursulfaza-f§ ¢ nong dd
khoang 15mg/mlL, natri clorua & nong do khoang 150mM, polysorbat 20 ¢ nong do

khoang 0,05mg/mL, va ¢6 dé pH khoang 6.
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DANH MUC TRINH TU

<120> CHE PHAM PIEU TRI HOI CHUNG HUNTER

<130> 16PCT12002P
<150> US 62/272,843
<151> 2015 dén 12-30
<150> US 62/369,970
<151> 2016-08-02
<160> 2

<170> KoPatentIn 3,0
<210> 1

<211> 525

<212> PRT

<213> Trinh tu chua biét

<220>

<223> Protein idursulfaza-p

<400> 1
Ser Glu Thr Gln Ala Asn
1 5
Ile Ile Val Asp Asp Leu
20
Leu Val Arg Ser Pro Asn
35
Phe Gln Asn Ala Phe Ala
50 55
Ser Phe Leu Thr Gly Arg
65 70
Asn Ser Tyr Trp Arg Val
85
Tyr Phe Lys Glu Asn Gly
100
His Pro Gly Ile Ser Ser
115
Ser Phe Pro Pro Tyr His
130 135
Thr Cys Arg Gly Pro Asp
145 150
Val Asp Val Leu Asp Val
165
Thr Glu Gln Ala Ile Gln
180
Pro Phe Phe Leu Ala Val
195
Tyr Pro Lys Glu Phe Gln
210 215
Ala Pro Asp Pro Glu Val
225 230
Pro Trp Met Asp Ile Arg
245
Ser Val Pro Tyr Gly Pro
260
Gln Ser Tyr Phe Ala Ser
275
Leu Leu Ser Ala Leu Asp
290 . 295
Ala Phe Thr Ser Asp His
305 310
Ala Lys Tyr Ser Asn Phe
325
Tyr Val Pro Gly Arg Thr
340
Phe Pro Tyr Leu Asp Pro
355
Gly Arg Gln Ser Met Asp
370 375
Leu Ala Gly Leu Ala Gly
385 390
Ser Phe His Val Glu Leu
405
Phe Arg Phe Arg Asp Leu
420
Arg Glu Leu Ile Ala Tyr
435
Gln Trp Asn Ser Asp Lys
450 455
Tyr Ser Ile Arg Thr Ile

Ser Thr Thr
10
Arg Pro Ser
25

Asp Ala Leu

Leu Gly Cys
30

Ile Asp Gln Leu Ala Ser

40
Gln Gln Ala

Arg Pro Asp

45
Val Cys Ala
60
Thr Thr Arg
75

His Ala Gly Asn Phe Ser

90
Tyr Val Thr
105
Asn His Thr
120

Met Ser Val

110

Asp Asp Ser
125

Pro Ser Ser Glu Lys Tyr

140

Gly Glu Leu His Ala Asn
155
Pro Glu Gly Thr Leu Pro

170

Leu Leu Glu Lys Met Lys

185
Gly Tyr His
200
Lys Leu Tyr

190
Lys Pro His
205
Pro Leu Glu
220

Pro Asp Gly Leu Pro Pro
235
Gln Arg Glu Asp Val Gln

250
Ile Pro Val
265
Val Ser Tyr
280

Asp Phe Gln

270

Leu Asp Thr
285

Asp Leu Gln Leu Ala Asn

Gly Trp Ala

300
Leu Gly Glu

315

Asp Val Ala
330
Ala Ser Leu
345
Phe Asp Ser
360
Leu Val Glu

Leu Gln Val

Thr His Val

Pro Glu Ala
350
Ala Ser Gln
365
Leu Val Ser
380
Pro Pro Arg

395

Cys Arg Glu
410
Glu Glu Asp
425
Ser Gln Tyr
440
Pro Ser Leu

Asp Tyr Arg

Gly Lys Asn

Pro Tyr Leu
430
Pro Arg Pro
445
Lys Asp Ile
460
Tyr Thr Val

Asn
15
Tyr
His
Pro
Leu
Thr
95
Gly
Pro
Glu
Leu
Asp
175
Thr
Ile
Asn
val
Ala
255
Arg
Gln
Ser
His
Pro
335
Gly
Leu
Leu
Cys
Leu
415
Pro
Ser

Lys

Trp

34

Val
Gly
Ser
Ser
Tyxr
80
Ile
Lys
Tyr
Asn
Leu
160
Lys
Ser
Pro
Ile
Ala
240
Leu
Lys
Val
Thr
Gly
320
Leu
Glu
Met
Phe
Pro
400
Leu
Gly
Asp

Ile

Val

Asp
Leu
Arg
Asp
Pro
Val
Ser
Thr
Cys
Gln
Ala
Phe
Thr
Tyr
Asn
Ile
Gly
Ile
Glu
Ile
Lys
Glu

Pro

Lys
Asn
Ile
Met

Gly

Leu
Lys
Leu
Val
Phe
Gln
Phe
Trp
Lys
Pro
Ser
Ser
Arg
Leu
Asn
Ile
Arg
Arg
Ile
Trp
Phe
Leu
Pro
Thr
Pro
His
Pro
Pro
Gly

Phe
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465 470 475 480

Asn Pro Asp Glu Phe Leu Ala Asn Phe Ser Asp Ile His Ala Gly Glu
485 490 495

Leu Tyr Phe Val Asp Ser Asp Pro Leu Gln Asp His Asn Met Tyr Asn

500 505 510
Asp Ser Gln Gly Gly Asp Leu Phe Gln Leu Leu Met Pro
515 520 525

<210> 2

<211> 525

<212> PRT

<213> Trinh tu chua biét

<220>

<223> Protein idursulfaza-p (xystein & vi tri sb 59 dugc cai bién sau dich m3 thanh

formylglycin)
<220>
<221> Trinh tu cai bién
<222> (59)
<223> Formyl héa, (axit amin & vi tri sbé 59 1a formylglycin
<400> 2
Ser Glu Thr Gln Ala Asn Ser Thr Thr Asp Ala Leu Asn Val Leu Leu
1 5 10 15
Ile Ile Val Asp Asp Leu Arg Pro Ser Leu Gly Cys Tyr Gly Asp Lys
: 20 25 30
Leu Val Arg Ser Pro Asn Ile Asp Gln Leu Ala Ser His Ser Leu Leu
35 40 45
Phe Gln Asn Ala Phe Ala Gln Gln Ala Val Gly Ala Pro Ser Arg Val
50 55 60
Ser Phe Leu Thr Gly Arg Arg Pro Asp Thr Thr Arg Leu Tyr Asp Phe
€5 70 75 80
Asn Ser Tyr Trp Arg Val His Ala Gly Asn Phe Ser Thr Ile Pro Gln
85 90 95
Tyr Phe Lys Glu Asn Gly Tyr Val Thr Met Ser Val Gly Lys Val Phe
100 105 110
His Pro Gly Ile Ser Ser Asn His Thr Asp Asp Ser Pro Tyr Ser Trp
115 120 125
Ser Phe Pro Pro Tyr His Pro Ser Ser Glu Lys Tyr Glu Asn Thr Lys
130 135 140
Thr Cys Arg Gly Pro Asp Gly Glu Leu His Ala Asn Leu Leu Cys Pro
145 150 155 160
Val Asp Val Leu Asp Val Pro Glu Gly Thr Leu Pro Asp Lys Gln Ser
165 170 175
Thr Glu Gln Ala Ile Gln Leu Leu Glu Lys Met Lys Thr Ser Ala Ser
180 185 190
Pro Phe Phe Leu Ala Val Gly Tyr His Lys Pro His Ile Pro Phe Arg
195 200 : 205
Tyr Pro Lys Glu Phe Gln Lys Leu Tyr Pro Leu Glu Asn Ile Thr Leu
210 215 220
Ala Pro Asp Pro Glu Val Pro Asp Gly Leu Pro Pro Val Ala Tyr Asn
225 230 235 240
Pro Trp Met Asp Ile Arg Gln Arg Glu Asp Val Gln Ala Leu Asn Ile
245 250 255
Ser Val Pro Tyr Gly Pro Ile Pro Val Asp Phe Gln Arg Lys Ile Arg
260 265 : 270
Gln Ser Tyr Phe Ala Ser Val Ser Tyr Leu Asp Thr Gln Val Gly Arg
275 280 285
Leu Leu Ser Ala Leu Asp Asp Leu Gln Leu Ala Asn Ser Thr Ile Ile
290 295 300
Ala Phe Thr Ser Asp His Gly Trp Ala Leu Gly Glu His Gly Glu Trp
305 310 315 320
Ala Lys Tyr Ser Asn Phe Asp Val Ala Thr His Val Pro Leu Ile Phe
325 330 335
Tyr Val Pro Gly Arg Thr Ala Ser Leu Pro Glu Ala Gly Glu Lys Leu
340 345 350
Phe Pro Tyr Leu Asp Pro Phe Asp Ser Ala Ser Gln Leu Met Glu Pro
355 360 365
Gly Arg Gln Ser Met Asp Leu Val Glu Leu Val Ser Leu Phe Pro Thr
370 375 380
Leu Ala Gly Leu Ala Gly Leu Gln Val Pro Pro Arg Cys Pro Val Pro
385 390 395 400
Ser Phe His Val Glu Leu Cys Arg Glu Gly Lys Asn Leu Leu Lys His
405 410 415
Phe Arg Phe Arg Asp Leu Glu Glu Asp Pro Tyr Leu Pro Gly Asn Pro
420 425 430
Arg Glu Leu Ile Ala Tyr Ser Gln Tyr Pro Arg Pro Ser Asp Ile Pro
435 440 445
Gln Trp Asn Ser Asp Lys Pro Ser Leu Lys Asp Ile Lys Ile Met Gly
450 455 460
Tyr'Ser Ile Arg Thr Ile Asp Tyr Arg Tyr Thr Val Trp Val Gly Phe
465 470 475 480

35
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Asn Pro Asp Glu Phe Leu Ala Asn Phe Ser Asp Ile His Ala Gly Glu
485 490 495
Leu Tyr Phe Val Asp Ser Asp Pro Leu Gln Asp His Asn Met Tyr Asn
500 505 510
Asp Ser Glmn Gly Gly Asp Leu Phe Gln Leu Leu Met Pro
515 520 525
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