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Linh vie k§ thuét dwgc dé cip

Sang ché d& cap dén oligome dbi nghia d& bod qua exon, bao gdm trinh ty
nucleotit bd trg cho hai hodc nhiéu trinh tuy khac nhau & exon dich. Cu thé hon, sang
ché dé cap dén oligome d6i nghia gay ra su bd qua exon 44 trong gen dystrophin ctia
nguoi, va dugc phém chira oligome.
Tinh trang ky thuét cia sang ché

Chung loan dudng co Duchenne (Duchenne Muscular Dystrophy - DMD) la
dang phd bién nhét ctia chimg loan dudng co ting tién do di truyén anh huéng dén
khoang 3500 tré trai méi sinh. Mac dAu cé4c chtic ning van dong 1a hiém khi di biét &
ngudi khoe manh & giai doan vi thanh nién va tho 4u, sy yéu co quan sat thiy ¢ tré tr
4 dén 5 tudi. Sau do, sy yéu co tién trién dén méit kha nang di lai khi khoang 12 tudi
va chét do sy thiéu ning hd hap va tim khi vio gian doan tudi gira 20 va 29. DMD 1a
chting rbi loan nghiém trong. Hién nay, khong c6 phuong phép didu tri ndo hiéu qua
cho DMD, va ¢6 mong muén rét 16n d6i véi viée phét trién tic nhan didu tri méi.

DMD dugc biét 13 giy ra boi sy dot bién trong gen dystrophin. Gen
dystrophin n3m trén nhidm sic thd X va 1a gen rit 16n bao gbm 2,2 triéu cp nuleotit
cia ADN. ADN duoc phién ma thanh céc tidn than mARN, va c4c intron dugc loai bo
bang su cit bo dé tbng hop mARN véi khoang 13,993 bazo, trong d6 79 exon dugc
két hop cting nhau. mARN duoc dich ma thanh 3.685 axit amin d& tao thanh protein
dystrophin. Protein dystrophin lién quan dén su duy tri su dn dinh mang trong céc té
bao co va cAn dé gitip cac té bao co it bi phé hity. Gen dystrophin ¢ bénh nhan méc
DMD c6 dot bién va do d6, protein dystrophin, 1a protein chure ning & té bao co hiém
khi duoc biéu hién. Do d6, chu triic ctia cac t€ bao co khong thé dugc duy tri trong co
thé otia bénh nhan méc DMD, din dén sy tran lugng 16n clia céc ion canxi vao cac té

bao co. Hau qua 13, dap Gmg dang viém xay ra dé thuc diy su xo hoa khién cac t€ bao
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co chi c6 thé dugc tao ra véi trd ngai.

Chumg loan dudng co Becker (Becker Muscular Dystrophy - BMD) ciling
duoc gy ra bdi sy dot bién trong gen dystrophin. Céc hi ching lién quan dén sy yéu
co nhung thudng c6 tién trinh yéu co nhe va cham, khi so v6i DMD. Trong nhiéu
truong hop, su khoi phat cua bénh 13 & ngudi truong thanh. Cac khac biét trong céc
hdi chimg 18m sang gitta DMD va BMD dugc xem la thude vé viéc lidu khung doc
clia cAc axit amin trong qué trinh dich m& ciia mARN dystrophin thanh protein
dystrophin ¢6 bi ngit quing béi s dot bién hay khong (tai lidu phi séng ché 1). Cu
thé hon, trong DMD, sy c¢6 mét cua dot bién dich chuyén khung doc axit amin khién
cho sy biéu hién cia protein dystrophin chitc nang bi hity bo, trong khi trong MBD,
protein dystrophin déng vai trd chirc néng, mac du thiéu sét, dugc san xuit vi khung
doc axit amin 13 bao thu, trong khi mot phén cla céac exon bi x6a bo do sy dot bién.

Su bd qua exon dugc mong doi 1a déng vai trd lam phuong phap diéu tri
DMD. Phuong phap nay lién quan dén su bién dbi viéc cat ndi dé& khoi phuc khung
doc axit amin cia mARN dystrophin va gdy cam Ung su biéu hién cia protein
dystrophin ¢6 chtc ning dugc khéi phuc mot phan (tai liéu phi sang ché 2). Phin
trinh tu axit amin, 1a dich dé bod qua exon, s& bi mét. Vi 1y do ndy, protein dystrophin
duoc bidu hién bing didu tri ndy tré nén ngén hon so véi protein binh thudng nhung
vi khung doc axit amin dugc duy tri, chitc ndng dé 8n dinh té bao co dugc giit lai mot
phin. Hau qua 13, dugc mong doi rang su bd qua céc exon s& din DMD dén céc hoi
chung tuong tu véi cac hdi chimg cia BMD, 1a nhe hon. Phuong phap bd qua cac
exon da trai qua cac thir nghiém trén dong vét sir dung chudt va ché va hién nay dang
dugc dénh gia trong cac thir nghiém 14m sang & bénh nhan 1a ngudi méc DMD.

Su bo qua exon co thé dugc cam tmg bang cach lién két cac axit nucleic ddi
nghia hudng dich 1a vi tri cét ndi ddu 5' hodc 3' hodc ca hai vi tri, hodc vi tri cac exon

bén trong. Exon s& chi dugc bao gom trong mARN khi ca hai vi tri cat ndi cia nd
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dugc nhén dién boi phire spliceosome. Do vay, sy bd qua exon ¢6 thé duogc cam Ung
béng cach huéng dich cac vi tri cit nbi v6i cac axit amin dbi nghia. Ngoai ra, su lién
két cua protein SR ma gidu serin va arginin, v6i ving trinh tu ting cudng cét ndi
trong exon (Exonic Splicing Enhancer - ESE) dugc xem la cin thiét cho exon dé
dugc nhéin dién boi co ché cit ndi. Do d6, su bd qua exon c6 thé duoc giam di béng
cach hudng dich ESE.

Vi su d6t bit ctia gen dystrophin c6 thé thay d6i phu thudc vao bénh nhén
méic DMD, céc axit nucleic d6i nghia can duoc thiét ké dua trén vi tri hodc loai dot
bién gen tuong tmg. DA cé vai nghién ciu v& cac axit nucleic ddi nghia ma gy ra su
bd qua exon v6i mot trinh ty tién tiép 1am dich cho exon don tron gen dystrophin (Tai
lidu sang ché sé 1 dén 6 va Tai lidu phi séng ché 1 va 2). Ciing nhu vdy, da duoc bdo
céo rang hai loai axit nucleic d61 nghia huéng dich cing exon trong gen dystrophin 1a
duoc trdn voi nhau va cho phép hoat dong (hudng dich kép), hoat dong bd qua cd thé
duge tang cudng khi so v6i viéc st dung mdi axit nucleic d6i nghia mot minh (Tai
liéu sang ché 7).

Tuy nhién, khéng c6 nghién ctru nao truée day thé hién axit nucleic d6i nghia
& dang mach don dugc lién két (loai dugc lién két) huéng dich hai hode nhiéu vi tri
trong cung exon thé hién hoat tinh bo qua (Tai ligu sang ché 1).

Céc tai lidu vé tinh trang k¥ thuat

Tai liéu sang ché

Tai lidu sang ché 1: Cong bd don qudc t& WO 2004/048570
Tai lidu sang ché 2: Cong bd don qudc & WO 2009/139630
Tai lidu séng ché 3: Cong bb don qudc t& WO 2010/048586
Tai liéu séng ché 4: US 2010/0168212

Tai liéu sang ché 5: Cong bb don qudc t& WO 2011/057350

Tai lidu séng ché 6: Cong bb don qudc t& WO 2006/000057
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Tai liéu sang ché 7: Cong bd don quéc t& WO 2007/135105
Tai liéu phi sang ché
Tai 1i€u phi sang ché 1: Annemicke Aartsma-Rus et al., (2002) Neuromuscular
Disorders 12: S71-S77
Tai liéu phi sang ché 2: Wilton S. D., e t al., Molecular Therapy 2007: 15: p. 1288-96
Ban chit ky thuit ciia sing ché
VAan @ can phai duoc giai quyét boi sang ché

Trong cac trudng hop nay, dbi twong chinh cua séng ché 1a @ cung cép
oligome d6i nghia loai dugc lién két méi, oligome nay gdy ra sy bd qua exon bing
cach hudng dich hai trinh tru nucleotit khéc nhau trong cung exon & gen dystrophin,
va tac nhan diéu tri ching loan dudng co chira oligome nay.
Phuong tién gidi quyét van dé

Céc tac gia sang ché da thyc hién cac nghién ctru siu rong v& ndi dung cac k§
thuét dugc md ta trong céc tai liéu mo ta trén déy a cAu tric cia gen dystrophin gen,
v.v., va kbt qua 13 da thdy ring oligome dbi nghia thu dwoc bang cach lién két cac
oligome huéng dich hai vi tri khac nhau trong exon 44 ¢ gen dystrophin ctia ngudi c6
thé gay ra su bd qua exon nay. Dua trén phét hién nay, cac tac gia sang ché d3 hoan
thién sang ché.

D6 13, sang ché 12 nhu sau.
[1]

Oligome déi nghia c6 chidu dai 1a 15 dén 30 bazo trong d6

(a) oligome don vi tht nhat chia trinh ty nucleotit bd trg cho trinh ty
nucleotit thir nhit gdm 7 dén 15 bazo ndi tiép trong exon dich; va

(b) oligome don vi thit hai chira trinh tu nucleotit bd trg cho trinh ty nucleotit
thir hai gdm 7 dén 15 bazo nbi tiép trong exon dich

duoc lién két, trong d6
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trinh tu nucleotit thit nhat va trinh tw nucleotit th hai 12 khong néi tiép hodc
gbi 1én nhau, va

oligome ddi nghia gay ra sy bo qua exon dich, hodc mubi duge dung hoic
hydrat cua no.

[2]

Oligome d6i nghia theo [1], trong d6 oligome don vi thi nhét va/hoic
oligome don vi tht hai chira trinh tw nucleotit bd trg cho mot phﬁn trinh ty nucleotit
cua intron gén k& vé6i exon dich, hodic mubi duoc dung hoic hydrat ctia nd.

[3]

Oligome d6i nghia theo [1] hodc [2], trong d6 exon dich exon trong gen
dystrophin ctia ngudi, hodc mubi duge dung ho#ic hydrat cia né.
[4]

Oligome ddi nghia theo [1] hogc [2], trong d6 trinh ty nucleotit thir nhét 13
trinh tu nucleotit gbm 7 dén 15 bazo ndi tiép dugc chon tir trinh ty nucleotit dugc
bidu didn béi SEQ ID NO: 1, hozc mudi duge dung hozc hydrat cua no.

[5]

Oligome dbi nghia theo bét ky mot trong sé cac didm tix [1] dén [3], trong d6
trinh tu nucleotit thit hai 1a trinh ty nucleotit gém 7 dén 15 bazo nbi tiép duoc chon tir
trinh tu nucleotit dugc biéu dién bdi SEQ ID NO: 2, hodc mubi duge dung hodc
hydrat cua no.

[6]

Oligome d6i nghia theo [1] hodc [2], trong do hai oligome don vi dugc chon
i nhém bao gdm tir nhém tir (c) dén (e) duoc lién két:

(c) oligome don vi chira trinh tyr nucleotit bd trg cho trinh ty nucleotit gém 7
dén 15 bazo nbi tiép duoc chon tir trinh ty nucleotit dugc biéu dién boi SEQ ID NO:

3;
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(d) oligome don vi chira trinh ty nucleotit bd tro cho trinh tu nucleotit gém 7
dn 15 bazo ndi tiép duge chon ti trinh ty nucleotit duoc biéu dién boi SEQ ID NO:
4; va

(e) oligome don vi chtra trinh ty nucleotit bd trg cho trinh ty nucleotit gbm 7
dén 15 bazo ndi tiép duge chon tir trinh ty nucleotit dugc biéu dién boi SEQ ID NO:
5, hodc mubi dugc dung hodc hydrat cta no.

[7]

Oligome ddi nghia theo [1] hogc [2], bao gbm trinh ty nucleotit dugc chon tir
nhém bao gdm cac SEQ ID No: 6 dén 9, hoge mubi duge dung hodc hydrat clia né.
[8]

Oligome d6i nghia theo diém bat ki trong sb céc diém tir [1] dén [7], 12
oligonucleotit, hodc mubi duge dung hodc hydrat cuia nd.

[9]

Oligome dbi nghia theo [8], trong d6 gbc dudng va /hodc ving lién két véi
phosphat cua it nhit mét nucleotit chu thanh oligonucleotit dugc cai bién, hoic mudi
duoc dung hozc hydrat cta nd.

[10]

Oligome d6i nghia theo [8] hodc [9], trong d6 gbc dudng cua it nhét mot
nucleotit cdu thanh oligonucleotit 1 riboza trong d6 nhém 2'-OH dugc thay bing
nhém bét ky trong sé cdc nhom bao gdm OR, R, R'OR, SH, SR, NHz, NHR, NR2, N3,
CN, F, Cl, Br va I (trong d6 R 14 alkyl hodc aryl va R' 1a alkylen), hodc mubi duge
dung ho#c hydrat ctia no.

[11]

Oligome d5i nghia theo diém bt k¥ trong s6 cac diém [8] dén [10], trong d6

ving lién két véi phosphat cta it nhit mdt nucleotit ciu thanh oligonucleotit 1a nhém

bat ky trong s6 cac nhém bao gdm lién két phosphorothioat, lién két
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phosphorodithioat, lién két alkylphosphonat, lién két phosphoramidat va lién két
boranophosphat, hodc mudi dugc dung ho#c hydrat cua nod.
[12]

Oligome déi nghia theo diém bét ki trong s6 céc diém ti [1] dén [7], 1a
oligome morpholino, hodc mudi dugc dung hoic hydrat cta né.
[13]

Oligome dbi nghia theo diém [12], 13 oligome morpholino, hogc mubi duge
dung hodc hydrat ctia no.
[14]

Oligome dbi nghia theo [12] hoéc [13], trong do d4u 5' ¢6 cong thirc hoa hoc
bét trong s céc cong thirc tir (1) dén (3) dudi day, hodc mudi dugc dung hoic hydrat
cua no.

Cong thuc 1

N OTNH2
L] o
N CHs N 3
| / — ' /CH3
O:}?—-N\ .O—-_F"-N “CH
O CHs 0 ? OH
(1) (2) (3)
[15]

Duoc phém & didu tri ching loan dudng co, chira oligome d6i nghia lam
thanh phin hoat tinh theo didm bt ky trong s cac diém tir [1] dén [14], hodc mudi
duogc dung hodc hydrat cua nd.

[16]
Duoc phédm theo [15], chira chit mang dugc dung.

[17]
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Phuong phép diéu tri ching loan dudng co, bao gdm cho bénh nhin méc
chung loan dudng co str dung oligome d6i nghia, hozic mudi dugc dung hodc hydrat
cia n6 theo didm bét k¥ trong sb cac diém tir [1] dén [12] hodc duge pham theo [1]
hodc [16].

[18]

Phuong phép diéu tri theo [17], trong d6 bénh nhan méc chimg loan dudng
co ¢6 (cac) dot bién duge huéng dich 1a d& bo qua exon 44 trong gen dystrophin.
[19]

Phuong phap diéu trj theo [17] hogc [18], trong d6 bénh nhén 1a ngudi.
[20]

St dung oligome d6i nghia hodc mubi duge dung hodic hydrat cia nd theo
diém bét ky trong s céc diém tir [1] dén [14] trong san xuit dugc phim dé diéu tri
chiig loan dudng co.

[21]

Oligome dbi nghia, hogc mudi duoc dung ho#c hydrat ciia né theo diém bat
k¥ trong s6 [1] dén [14], dugc 4p dung dé diéu trj ching loan dudng co.
[22]

Oligome dbi nghia, hogc mubi duoc dung hodc hydrat cua né theo [21] trong
d6 bénh nhin méc ching loan dudng co trong didu tri nay c6 (cac) dot bién duoc
huéng dich 13 dé bo qua exon 44 trong gen dystrophin.

[23]

Oligome dbi nghia theo [21] hodc [22], hodc mubi dugc dung ho#c hydrat

cta no, trong d6 bénh nhén 1a nguoi.
[24]
Phuong phép san xudt oligome ddi nghia theo [1], bao gbm céc budc

Lién két
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(a) oligome don vi thk nhit chta trinh tu nucleotit bd tro cho trinh ty
nucleotit thr nhat gdm 7 dén 15 bazo ndi tiép trong exon dich; va

(b) oligome don vi thit hai chira trinh tu nucleotit bd trg cho trinh ty nucleotit
thtt hai gdm 7 dén 15 bazo nbi tiép trong exon dich
d4 tao thanh oligome dbi nghiia c6 chiéu dai 12 15 dén 30 bazo, trong dé
trinh tu nucleotit thit nhét va trinh tu nucleotit thir hai 1a khong ndi tiép hoic gbi 1én
nhau.
[25]

Phuong phap theo [24], phuong phép con bao gbm cac bude:
do hiéu qua bo qua bai oligome d6i nghia thu dugc; va
lua chon oligome dbi nghia c6 hiéu qua bo qua vuot qua gia tri tham chiéu.
[26]

Phuong phap sang loc oligome d6i nghfa, bao gbm cac budc:

(a) lya chon

(i) oligome don vi th nhét chira trinh tu nucleotit bd trg cho trinh tu
nucleotit thir nhit gém 7 dén 15 bazo ndi tiép trong exon dich; va

(ii) oligome don vi thir hai chtra trinh tur nucleotit bd trg cho trinh tw nucleotit
thir hai gdm 7 dén 15 bazo nbi tiép trong exon dich, trong d6
trinh tw nucleotit thir nhit va trinh tw nucleotit th hai 1a khong néi tiép hozc gbi 1én
nhau;

(b) lién két oligome don vi thit nhét va oligome don vi thir hai d8 tao thanh
oligome d6i nghia c6 chidu dai 1a 15 dén 30 bazo;

(c) do hiéu qua bo qua boi oligome d6i nghia thu dugc trong bude (b); va

(d) lya chon oligome d6i nghia c6 hiéu qua bo qua vuot qua gié tri tham
chiéu.

Hiéu qua cia sang ché

-10-



31145

Oligome dbi nghia theo sang ché c6 thé gay ra sy bo qua exon 44 trong gen
dystrophin ctia nguoi véi higu qua cao. Tuong tu, céc triéu chung cua ching loan
dudng co Duchenne ¢6 thé dugc 1am gidm mot cach c6 hiéu qua bang cach dung
dugc phim theo sdng ché.

MO ta vin tit cic hinh vé

Fig. 1 thé hién hiéu qua ciia su bd qua exon 44 trong gen dystrophin clia ngudi
& dong té bao té bao sarcoma co van (dong té bao RD).

Fig. 2 thé hién hiéu qua bd qua exon 44 trong gen dystrophin ctia ngudi & cac
t& bao sacom co van ngudi (cc t& bao RD) & cdc ndng do twong Umg cua Céc
oligome.

Fig. 3 thé hién hiéu qua bo qua exon 44 trong gen dystrophin ctia ngudi & cac
té bao sacom co van nguoi (cac té bao RD) & cac ndng do tuong ung cla cic
oligome.

Fig. 4 thé hién hiéu qua bo qua exon 44 trong gen dystrophin ciia ngudi & cac
t& bao sacom co van ngudi (cac t8 bao RD) & c4c ndng do twong UGng cla cac
oligome.

Fig. 5 thé hién hiéu qua bo qua exon 44 trong gen dystrophin clla ngudi & céac
t& bao sacom co van ngudi (cac té bao RD) & céc ndng do twong Ung cla céac
oligome.

Fig. 6 thé hién hiéu qua bo qua exon 44 trong gen dystrophin ctia ngudi ¢ cac
t8 bao sacom co van nguoi (cac t& bao RD) & céc ndng d6 twong tng clia céc
oligome.

Fig. 7 thé hién hiéu qua bo qua exon 44 trong gen dystrophin ctia ngudi ¢ céac
t& bao sacom co van nguoi (cac té bao RD) & céc ndng d6 twong Ung cla céc
oligome.

Fig. 8 thé hién hiéu qua bo qua exon 44 trong gen dystrophin clia ngudi & cac

-11-
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t4 bao sacom co van ngudi (cac té bao RD) & cac ndng dd tuong Ung cua cac
oligome.

Fig. 9 thé hién hiéu qua bo qua exon 44 trong gen dystrophin ciia ngudi & cac
t& bao sacom co van ngudi (cac t& bao RD) & cac ndng do tuong Ung cua cic
oligome.

Fig. 10 thé hién hiéu qua bd qua exon 44 trong gen dystrophin cta ngudi & cac
t& bao sacom co vAn ngudi (céc té bao RD) & cac ndng do tuong Ung cla céc
oligome.

Fig. 11 thé hién hiéu quéa bo qua exon 44 trong gen dystrophin ctia ngudi & cac
t& bao sacom co van ngudi (cac t& bao RD) & cac ndng do tuong Ung cla céc
oligome.

Fig. 12 thé hién higu qua bd qua exon 44 trong gen dystrophin ctla ngudi ¢ cac
t& bao sacom co van ngudi (cic t& bao RD) & céc ndng d§ tuwong tng cla cac
oligome.

Fig. 13 thé hién hiu qua bd qua exon 44 trong gen dystrophin cua nguoi & cac
t& bao sacom co van ngudi (cic t& bao RD) & cic ndng d6 twong mg cia cic
oligome.

Fig. 14 thé hién hiéu qua bo qua exon 44 trong gen dystrophin clia ngudi ¢ cac
té bao sacom co van ngudi (cc t& bao RD) & céc ndng do twong Umg cla céc
oligome.

Fig. 15 thé hién hiéu qua bo qua exon 44 trong gen dystrophin clia ngudi & cac
té bao sacom co van ngudi (cac té bao RD) & céc ndng d6 tuwong mg cua céc
oligome.

Fig. 16 thé hién hiéu qua bo qua exon 44 trong gen dystrophin ciia ngudi ¢ cac
té bao sacom co van ngudi (cac té bao RD) & cic ndng do twong Umg cua cic

oligome.

-12-



31145

Fig. 17 thé hién hidu qua bé qua exon 44 trong gen dystrophin ctia nguoi & cac
t& bao sacom co van ngudi (céac t& bao RD) & céc ndng dd twong ung cla céc
oligome.

Fig. 18 thé hién hidu qua bo qua exon 44 trong gen dystrophin ctia ngudi & cac
t& bao sacom co van nguodi (céc té bao RD) & céc ndng dd tuong Ung cua cic
oligome.

Fig. 19 thé hién hiéu qua bd qua exon 44 trong gen dystrophin cia ngudi & céc
t& bao sacom co van nguoi (cac t& bao RD) & céc ndng do twong ung cia cic
oligome.

Fig. 20 thé hién hiéu qua bd qua exon 44 trong gen dystrophin cila ngudi & cac
t& bao sacom co van nguoi (cac t& bao RD) & cac ndng d6 tuong Ung cla cac
oligome.

Fig. 21 thé hién hiéu quéa bo qua exon 44 trong gen dystrophin ctia ngudi & cac
t& bao sacom co van ngudi (céc té bao RD) & céac ndng dd tuong Ung cua cac
oligome.

Fig. 22 thé hién hiéu qua bo qua exon 44 trong gen dystrophin ctia ngudi ¢ cac
t& bao sacom co van nguoi (cac t& bao RD) & céc ndng do tuong Ung cla cac
oligome.

Fig. 23 thé hién hiéu qua bo qua exon 44 trong gen dystrophin ctia ngudi & céc
t& bao sacom co van nguoi (céc té bao RD) & céc ndng d6 tuong Ung cua cac
oligome.

Fig. 24 thé hién hiéu qua bé qua exon 44 trong gen dystrophin clia ngudi ¢ cac
té bao sacom co van ngudi (cac t& bao RD) ¢ cac ndng do tuong Ung cla cac
oligome.

Fig. 25 thé hién hidu qua bo qua exon 44 trong gen dystrophin clia nguoi & cac

t4 bao sacom co van ngudi (cac té bao RD) 0 cac ndng do tuong Ung cla cac
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oligome.

Fig. 26 thé hién hidu qua bd qua exon 44 trong gen dystrophin clia nguoi & cac
t& bao sacom co van ngudi (cac té bao RD) & céc ndng d6 tuong Ung cla céic
oligome.

FIG. 27 thé hién su so sanh v& hidu qua bo qua exon 44 trong gen dystrophin
clia nguoi & cac té bao sacom co van ngudi (cac té bao RD) gitta dang dugc lién két
va hdn hop cua hai oligome don vi huéng dich céc vi tri khéc nhau.

FIG. 28 thé hién su so sanh vé hiéu quéa bd qua exon 44 trong gen dystrophin
cua nguoi & cac té bao sacom co van ngudi (cac té bao RD) giita dang dugc lién két
va hdn hop cua hai oligome don vi hudng dich céc vi tri khac nhau.

FIG. 29 thé hién sy so sanh v& hiéu qua bd qua exon 44 trong gen dystrophin
clia ngudi & céc té bao sacom co van ngudi (cac t& bao RD) gifta dang duoc lién két
va hdn hop cia hai oligome don vi huéng dich cac vi tri khac nhau.

FIG. 30 thé hién su so sanh vé& higu qua bo qua exon 44 trong gen dystrophin
clia nguoi & cac té bao sacom co van ngudi (cac té bao RD) gifta mdi dang riéng &,
dang dugc lién két va hdn hop cuia hai oligome don vi hudng dich céc vi tri khac
nhau.

FIG. 31 thé hién su so sanh vé& hi€u qua bo qua exon 44 trong gen dystrophin
ctia nguoi & cac té bao sacom co vAn nguoi (cac té bao RD) gitta mdi dang riéng ¢,
dang dugc lién két va hdn hop cua hai oligome don vi huéng dich cac vi tri khac
nhau.

Fig. 32 thé hién hiéu qua bd qua exon 44 trong gen dystrophin ciia ngudi trong
céc nguyén bio soi tir bénh nhan DMD 13 ngudi véi sy x6a exon 45.

MG ta chi tiét sang ché
Sau day, sang ché dugc mo ta chi tiét. Cac phuong an dugc mo ta dudi déy

nhim d& duoc thé hién bing cach vi du chi dé mo ta sang che ma khong gi6i han sang
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ché & cac phuong 4n ndy. Sang ché c6 thé duogc thuc hanh theo nhiéu cach khéc nhau,
ma khong chéch khoéi ban chit cua séng ché.

T4t ca cac cong bd, don sang ché dugc cong bé, cac patent va céc tai lidu
khéc dugc trich dén & trong ban mo ta nay la dugc két hop toan b vao day dé tham
khao. Ban mo ta nay két hop bing cac tham chiu noi dung cua ban mo ta va cac hinh
v& trong don patent Nhat Ban (s6 2014-124157) ndp ngay 17/06/2014, sang ché yéu
cau hudng quyén uu tién tir don nay.

1. Oligome dbi nghia

Séng ché d& xuét oligome d6i nghia c6 chiéu dai 12 15 dén 30 bazo trong d6

(a) oligome don vi thd nhat chira trinh ty nucleotit bd trg cho trinh tu
nucleotit thtr nhit gdm 7 dén 15 bazo ndi tiép trong exon dich; va

(b) oligome don vi thit hai chira trinh tu nucleotit b6 trg cho trinh ty nucleotit
thi hai gdm 7 dén 15 bazo nbi tiép trong exon dich
duoc lién két, trong d6
trinh tu nucleotit thir nhit va trinh ty nucleotit thir hai 13 khong néi tiép hoic gbi 1én
nhau, va oligome d6i nghia gy ra sy bé qua exon dich, hodc mudi dugc dung hodc
hydrat cta no.

Sau day, “oligome d6i nghia, hodc mudi dugc dung hozic hydrat ctia né” co
thé dugc goi chung la “oligome d6i nghia”.

Oligome ddi nghia dugc mo ta trén déy ¢6 thé duoc san xudt bing phwong
phap dé sing xuht bao gdm budc lién két

(a) oligome don vi thu nhét chira trinh tu nucleotit bd trg cho trinh tu
nucleotit thir nhét gdm 7 dén 15 bazo ndi tiép trong exon dich; va

(b) oligome don vi thir hai chira trinh tu nucleotit bd tro cho trinh ty nucleotit
thtt hai gém 7 dén 15 bazo nbi tiép trong exon dich

dé tao thanh oligome d6i nghia c6 chidu dai 13 15 dén 30 bazo, trong d6
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trinh tw nucleotit thit nhit va trinh tw nucleotit thir hai 12 khong néi tiép hodc gdi 1én
nhau.

Phuong phap san xuét c6 thé bao gbm thém:
budc do hiéu qua bo qua boi oligome d6i nghia thu dugc; va
budc thit hai 13 lua chon oligome ddi nghia cé hiéu qua bo qua vugt qua gia tri tham
chiéu.

Trong budc tht hai ciia phwong phéap san xuit mod ta trén day, hiéu qua bod

~quaco thé duoc xé4c dinh nhu sau. mARN cho gen chira exon dich dugc thu tir céc té
bao thir nghiém; trong mARN, muic polynucleotit "A" cua sgi trong do exon dich
duoc bd qua va muc polynucleotit "B" ciia soi trong d6 exon dich khong duoc bd qua
duoc do. Sir dung cac gia tri do "A" va "B", hiéu qua dugc tinh toan theo phuong
trinh sau:

Hiéu qua bo qua (%) =A/(A+B)x 100

Theo cach khac, dé tinh toan hidu qua bd qua, cong bb don quéc té
W02012/029986 ¢6 thé duge tham khao.

Trong budc thit hai, hidu qua bo qua used lam gid tri tham chiéu 12 10% hodc
16n hon, 20% hodc 16n hon, 30% hodc 16n hon, 40% hodc 16n hon, 50% hodc 16n
hon, 60% hoidc 16n hon, 70% hozc 16n hon, 80% hodc 16n hon hodc 90% hodc 16n
hon.

Bing cach lién két nhidu oligome don vi nhu d€ cp trén ddy, oligome a6i
nghia c6 hoat tinh bo qua duge cai thién c6 the thu duge tham chi khi mdi oligome
don vi cé hoat tinh bé qua thdp (ho#ic khong c6 hoat tinh bd qua).

Sang ché ciing dé xudt phurong phép sang loc oligome d6i nghia, bao gdm:

(a) lya chon

(i) oligome don vi thtt nhit chia trinh ty nucleotit bd trg' cho trinh tw

nucleotit th nhat gdm 7 dén 15 bazo nbi tiép trong exon dich; va
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(ii) oligome don vi thir hai chua trinh ty nucleotit b trg cho trinh ty nucleotit
thir hai gbm 7 dén 15 bazo ndi tiép trong exon dich, trong d6
trinh tu nucleotit thit nhit va trinh ty nucleotit thit hai 12 khong ndi tiép hoac gbi 1én
nhau;

(b) lign két oligome don vi thit nhit va oligome don vi thit hai d8 tao thanh
oligome ddi nghia c6 chidu dai 1a 15 dén 30 bazo;

(¢) do hiéu qua bd qua béi oligome d6i nghia thu dugc trong budc (b); va

(d) lya chon oligome dbi nghia c6 hiu qua boé qua vugt qua gia tri tham
chiéu.

Trong oligome d6i nghia dugc mo ta trén day, cac oligome don vi th nhét va
oligome don vi thr hai c6 thé duoc lién két theo cach trong d6 mot trong sb cac
oligome don vi thi nhét va oligome don vi thir hai ndm & phia d4u 5' hodc 3' so voi
oligome kia. Theo mot phuong an, oligome don vi thu nhét 12 ndm phia dau 5', va
oligome don vi thir hai la nim phia dAu 3' cho viée lién két.

Tuong tu, oligome dbi nghia ¢6 thé bao gdm oligome don vi thi ba chtra
trinh tu nucleotit bd trg cho trinh ty nucleotit thir ba gdm 7 dén 15 bazo nbi tiép trong
exon dich.

Nhu dugce sir dung & ddy, thuat ngtt "lién két" d& cap dén thuét ngir trong d6
hai oligome don vi dugc lién két tryc tiép voi nhau hofc thudt ngit trong d6 hai
oligome don vi dugc lién két véi nhau thong qua cu lién két. Khi hai oligome don vi
dugc lién két truc tiép v4i nhau, sau do dau 3' cua oligome don vi ndm phia dau 5'va
diu 5' cta oligome don vi khac ndm phia ddu 3' tao thanh lién két phosphat hogc
nhém thé hién dudi day. Vi du vé chu lién két bao gom (mach) axit nucleic gbm 1 dén
5 gbc cling nhu clu lién két da biét thuong duge st dung dé lién két cac axit nucleic
hodc cac din xuit axit nucleic morpholino, nhu 3-aminopropyl, sucxinyl, 2,2'-

dietanolsulfonyl va alkylamino mach dai (LCAA).
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Cong thuc 2
SN
NaVa¥aVel
WaVavaVa
WaVaVaVa
Z—P—X 7=—P—X
7—p——X 2 Y L

trong d6 X biéu din -OH, -CH:R!, -O-CHR', -S-CHzR', -NR’R? hofic F ;

R! bidu dién H hoic alkyl ;

R? va R3, ¢6 thé giéng nhau hodc khac nhau, mbi géc bidu dién H, alkyl,
xycloalkyl hodc aryl;

Y1 biéu dién O, S, CHz hodc NR';

Y, biéu didn O, S hoic NR!;

7 bidu didn O hoic S.

Oligome don vi thi nhét va/hodc oligome don vi thir hai c6 thé chira trinh tu
nucleotit bd trg cho mot phan trinh ty nucleotit cua intron gan k& véi exon dich. Theo
phuong 4n trong d6, vi dy, cac oligome don vi thir nhét va oligome don vi tht hai
duoc lién két v6i nhau theo cach trong d6 oligome don vi thi nhét 13 n3m phia dau 5'
va oligome don vi thit hai 12 ndm phia dau 3', phia dAu 5' cta oligome don vi thir nhét
¢6 thé bao gém trinh tu nucleotit bd trg cho trinh ty nucleotit & gé‘m v6i ddu 3' cla
intron gé‘m k& phia ddu 5' cua exon dich, va/hodc phia dau 3' cia oligome don vi thi
hai co thé chtra trinh ty nucleotit bd trg cho trinh ty nucleotit & gé‘m d4u 5' ctia intron
gln ké véi phia dau 3' cuia exon dich.

Oligome don vi thu nhét va/hodc oligome don vi thir hai c6 thé ch@a trinh ty
nucleotit bd trg cho mdt phan trinh ty nucleotit cua ving trinh tu tdng cudng cét ndi

trong exon (Exonic Splicing Enhancer - ESE) cua exon dich.
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Exon dich khong bi gidi han mot cach cu thé. Theo mot phuwong 4n, exon
dich 12 exon trong gen ngudi va ngoai ra la exon trong gen dystrophin ctia ngudi.

Cu th8 hon, exon dich 12 exon 44 trong gen dystrophin cia nguoi.

Do d6, theo mdt phuong 4n, sang ché d& xuit oligome d6i nghia giy ra su bo
qua exon 44 trong gen dystrophin cua nguoi (sau day dugc d@ cép 12 "oligome theo
sang ché"). Sau day, chu triic ctia oligome d6i nghia theo sang ché s& duoc mo ta chi
tiét.

Exon 44 trong gen dystrophin cua ngudi

Trong sang ché, thuat ngit “gen” nhdm c6 nghia 12 gen thudc bd gen va cling
bao gdm cDNA, tién mARN va mARN. Tét hon 13, gen 12 tién mARN, d6 14 pre-
mARN.

Trong hé gen ngudi, gen dystrophin cua ngudi ndm & locus Xp21.2. Gen
dystrophin ctia ngudi c6 kich thude 12 3,0 Mbp va 1a gen 16n nhAt trong s cac gen
ngudi da biét. Tuy nhién, cac ving mé hoa clia gen dystrophin ctia ngudi chi la 14kb,
phan b thanh 79 exon trong subt gen dystrophin ctia ngudi (Roberts, RG, et al.,
Genomics, 16: 536-538 (1993)). Pre-mARN, 1a doan phién ma ctia gen dystrophin
clia ngudi, trai qua viéce cit ndi dé tao thanh mARN cudi 12 14 kb. Trinh tuy nucleotit
cua gen dystrophin kiéu dai ctia ngudi 1a da biét (GenBank Accession No.
NM_004006).

Trinh ty nucleotit ctia exon 44 trong gen dystrophin kiéu dai ctia ngudi duoc
thé hién boi SEQ ID NO: 10.

Theo mdt phuong 4n, oligome theo sang ché dugc thiét ké dé gy ra su bo
qua exon 44 trong gen dystrophin cta ngudi, nho do cai bién protein dugc méi hoa boi
loai gen dystrophin cuia DMD thanh loai protein dystrophin ciia BMD. Do do, exon
44 trong gen dystrophin 13 dich cua sy bo qua exon boi oligome d61 nghia theo sang

ché bao gém ca dang dai va dang dot bién.

-19-



31145

Cu thé 13, cac dot bién exon 44 cta gen dystrophin ctia ngudi bao gbm cac
polynucleotit duoc x4c dinh trong () hodc (II) dudi day.

(I) Polynucleotit lai dugc trong cac didu kién nghidém ngdt véi polynucleotit
chtra trinh tuy nucleotit bd sung véi trinh tu nucleotit cua SEQ ID NO: 10; va,

(IT) Polynucleotide bao gbm trinh tw nucleotit c6 it nhit 90% d6 ddng nhét
véi trinh tu nucleotit cia SEQ ID NO: 10.

Nhu duoc su dung ¢ day, thuét ngir "polynucleotit" c6 dung y chi ADN hodc ARN.

Nhu duge st dung trong ban mo ta nay, thuat nglt "polynucleotit ma lai dugc
trong cac diéu kién nghiém ngat" d& cap dén, vi dy, polynucleotit thu dugc bang cach
lai khuén lac, lai vét tan, lai Southern hodc k¥ thuét lai twong tu, st dung lam doan
do, toan bd hodc mot ph?m polynucleotit chira trinh tu nucleotit bd sung v6i trinh ty
nucleotit ctia, vi du, SEQ ID NO: 10. Phuong phap lai c¢6 thé duge s dung bao gbm
c4c phuong phap dugc md ta trong, vi dy, "Sambrook & Russell, Molecular Cloning:
A Laboratory Manual Vol. 3, Cold Spring Harbor, Laboratory Press 2001," "Ausubel,
Current Protocols in Molecular Biology, John Wiley & Sons 1987-1997," v.v.

Nhu duge st dung & ddy, thuat nglt "trinh tur nucleotit bd sung" khong chi
gi6i han & céc trinh tu nucleotit ma tao thanh céc cap Watson-Crick v6i céc trinh tu
nucleotit dich, ma cling nhim d& bao gdm céc trinh ty nucleotit ma tao thanh céc cdp
bazo Wobble. Nhu dugc st dung & day, thuét nglt cap Watson-Crick d& cap dén cdp
nucleobazo trong d6 céc lién két hydro dugc tao thanh gilta adenin-thymin, adenin-
uraxil hodc guanin-xytosin, va thudt ngir cap bazo Wobble d& cap dén cdp nucleobazo
trong d6 céc lién két hydro dugc tao thanh gifta guanin-uraxil, inosin-uraxil, inosin-
adenin hodc inosin-xytosin. Nhu dugc st dung ¢ déy, thuét ngir "trinh ty nucleotit bd
sung" khong chi d& cap dén trinh ty nucleotit 100% bb trg cho trinh tu nucleotit dich
ma con d& cép déntrinh tu nucleotit b6 sung ma cd thé bao gém, vi dy, 1 dén 3,1

hoic 2, hodc mot nucleotide khong bd sung cho trinh tw nucleotit dich.
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Nhu dugc sir dung trong ban md ta nay, thuat ngilt “cac diéu kién nghiém
ngat” co thé 1a bat ky trong s6 cac didu kién nghiém ngt thap, cac didu kién nghiém
ngit vira phai hodc cac didu kién nghiém ngt cao. Thuét ngilt "cac didu kién nghiém
ngat thap" 13, vi dy, 5x SSC, 5x dung dich Denhardt, SDS 0,5%, formamit 50% &
32°C. Thuét nglt "cac didu kién nghiém ngdt vira phai" 1a, vi du, 5x SSC, 5x dung
dich Denhardt, SDS 0,5%, formamit 50% © 42°C, hoac 5x SSC, SDS 1%, Tris-HCl
50 mM (pH 7,5), formamit 50% & 42°C. Thuat ngit "cac diéu kién nghiém ngit cao"
13, vi du, 5x SSC, 5x dung dich Denhardt, SDS 0,5%, formamit 50% & 50°C hodc 0,2
x SSC, SDS 0,1% & 65°C. Trong céc didu kién nay, polynucleotit v&i d tuong ddng
cao hon dugc mong doi 1a thu dugc mot cach hiéu qua & cac nhiét do cao hon, mac
du nhiéu yéu t§ lién quan dén su nghiém nggt d8 lai bao gdm nhiét do, doan do
concentration, né)ng dd doan do, d§ manh ion, thoi gian, néng do mudi va cac yéu 6
khéc, va ngudi ¢ hidu biét trung binh trong linh vuc c6 thé lwa chon mdt cach thich
hop céac yéu té ndy dé dat dugc sy nghiém ngét tuong ty.

Khi céc kit ¢6 ban trén thi trudng dugc st dung dé lai, vi du, an Alkphos
Direct Labeling va Detection System (GE Healthcare) c6 thé duoc st dung. Trong
truong hop ndy, theo phuong phap kém theo, sau khi nudi cdy v6i méu do duge dén
nhan qua dém, mang duge rira bang dém rua so by chia 0,1% (khdi luong/thé tich)
SDS & 55°C, nhd d6 phat hién céc polynucleotit duoc lai. Theo cach khéc, trong san
xuét mau do dua trén toan bd hodc mot phén trinh ty nucleotit bd trg cho trinh tu
nucleotit ctia SEQ ID NO: 10, viée lai co thé dugc phat hién voi kit do axit nucleic
DIG (Roche Diagnostics) khi mAu do dugc gén nhin voi digoxigenin (DIG) su dung
thubc thir c6 sin trén thi truong (vi du, PCR Labeling Mix (Roche Diagnostics), V.v.).

Ngoai cac polynucleotit dugc mb ta trén day, cac polynucleotit khac 6 thé
duoc lai bao gém cac polynucleotit c6 90% hoidc cao hon, 91% hodc cao hon, 92%

hodc cao hon, 93% hodc cao hon, 94% hodc cao hon, 95% hodc cao hon, 96% hoaq
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cao hon, 97% hoic cao hon, 98% hodc cao hon, 99% hodc cao hon, 99,1% hodc cao
hon, 99,2% hoic cao hon, 99,3% hodc cao hon, 99,4% ho#c cao hon, 99,5% hodc cao
hon, 99,6% hodc cao hon, 99,7% hodc cao hon, 99,8% ho#c cao hon hodc 99,9%
hodc cao hon d ddng nhét vé6i polynucleotit cia SEQ ID NO: 1 hodc 2, nhu dugc
tinh todn boi phin mém tim kiém su ddng nhit BLAST st dung céc thong s6 mic
dinh.

D6 ddng nhit gitta céc trinh tu nucleotit c6 thé duge xéc dinh sir dung thudt
toan BLAST (Basic Local Alignment Search Tool) boi Karlin va Altschul (Proc. Natl.
Acad. Sci. USA 872264-2268, 1990; Proc. Natl. Acad. Sci. USA 90: 5873, 1993). Cac
chuong trinh BLASTN va BLASTX dya trén thuét toan BLAST d& dugc phat trién
(Altschul SF, et al: J. Mol. Biol. 215: 403, 1990). Khi trinh tu nucleotit dugc doc trinh
try st dung BLASTN, céc thong s6 13, vi dy, didm s6=100 va do dai chudi ki ty=12.
Khi BLAST va Gapped BLAST dugc si dung, céc thong s6 mic dinh trong mdi
chuong trinh ¢6 thé dugc st dung.

Oligome theo sang ché cuy thé 13 oligome dé\i nghia c6 chidu dai 12 15 dén 30
bazo trong d6 hai oligome don vi duge chon tur nh\ém bao gdm (a) va (b) sau day
duoc lién két:

(a) oligome don vi chira trinh ty nucleotit bd trg cho trinh ty nucleotit gém 7
dén 15 bazo ndi tiép duge chon tir trinh ty nucleotit dugc biéu dién boi SEQ ID NO:
I;va

(b) oligome don vi chtra trinh tu nucleotit bb tro cho trinh tu nucleotit g(‘Sm 7
dén 15 bazo nbi tiép dugc chon tir trinh ty nucleotit dugc biéu dién boi SEQ ID NO:
2.

Vi du, trinh ty nucleotit thi nhét cé thé 13 trinh ty nucleotit gbm 7 dén 15

bazo ndi tiép duogc chon tir trinh tu nucleotit dugc biéu dién boéi SEQ ID NO: 1,
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va/hodc trinh ty nucleotit thi hai cé thé 1a trinh tw nucleotit gdm 7 dén 15 bazo nbi
tiép duoc chon tir trinh tw nucleotit duoc biéu dién boi SEQ ID NO: 2.

Tét hon 13, oligome theo sang ché 13 oligome dbi nghia c6 chidu dai 12 15 dén
30 bazo trong d6 hai oligome don vi duge chon tir nhom bao gdm oligome tir (c) dén
(¢) dusi day dugc lién két:

(c) oligome don vi chira trinh tur bd trg cho trinh ty nucleotit gdbm 7 dén 15
bazo nbi tiép duge chon tir trinh tu nucleotit duogc bidu dién boi SEQ ID NO: 3;

(d) oligome don vi chua trinh tur bd tro cho trinh ty nucleotit gbm 7 dén 15
bazo ndi tiép dugc chon ti trinh tw nucleotit duoc bicu din bai SEQ ID NO: 4; va

(e) oligome don vi chira trinh tu bd trg cho trinh ty nucleotit gbm 7 dén 15
bazo ndi tiép dugc chon tir trinh tw nucleotit dugc bidu dién boi SEQ ID NO: 5.

( day, c4c trinh ty nucleotit duoc bidu didn boi SEQ ID NOs: 1 va 2 la céc
trinh tu twong tng gdm céc bazo tir thir nhét dén thir 44 va bazo tir 58 dén 115 tir dau
5 cua trinh tu nucleotit ctia exon 44 (SEQ ID NO: 10) trong gen dystrophin kidu dai
cla nguoi.

Trinh tu nucleotit dugc biéu dién bsi SEQ ID NO: 3 1a trinh tu gbm cac bazo
tir 18 dén 34 tir dAu 5° cua trinh tu nucleotit cia exon 44 (SEQ ID NO: 10) trong gen
dystrophin kidu dai cua ngudi. Tuong tu, céc trinh tu nucleotit dugc bidu dién boi
SEQ ID NOs: 4 va 5 la c4c trinh ty twong mg gbm bazo thir 61 dén 77 va bazo thu
88 dén 104.

Kich thude cua mdi oligome don vi tlr (a) dén (e) (sau day dugc goi mdt cach
don gian 1a "cac don vi") 12 chidu dai gom 7 dn 15 bazo v t6t hon 1a chiéu dai gdm
8 dén 15 bazo, chidu dai gdm 9 dén 15 bazo, chiéu dai gdm 10 dén 15 bazo, chiéu dai
gdm 10 dén 14 bazo, chiéu dai gdm 10 dén 13 bazo hofc chiéu dai gdm 11 dén 13
bazo. Céc don vi tir (a) dén (e) ¢6 thé c6 cung kich thudc hodc ¢6 cac kich thude khac

nhau.
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P& lya chon hai oligome don vi tir nhém bao gbm (a) va (b), hai oligome don
vi ¢6 thé 13 t6 hop cla céc oligome don vi gidng nhau hogc ¢6 thé 1a t6 hop cua cac
oligome don vi khac nhau. Cy thé 13, hai oligome don vi c6 thé 13 td hop cuta (a) va
() hoiic t& hop cta (b) va (b) hodc c6 thé 1 t hop cua (a) va (b).

Dé lya chon hai oligome don vi tir nh6m bao gbm (c) va (e), hai oligome don
vi 6 thé 12 t6 hop cta cac oligome don vi gidng nhau hodc ¢6 thé 12 t6 hop cua céc
oligome don vi khéac nhau. Tét hon 13, hai don vi 1a dugc lya chon mot cach tuong
mg tr c4c loai khac nhau. Khi, vi du, (c) dugc lya chon 12 mét don vi, don vi khac
tt hon 1a (d) hodc (e). Tuong ty, khi (d) dugc chon 1a mot don vi, don vi khac tdt
hon 12 (c) hotc (). Tuong tw, khi (e) dugce chon 1a mot don vi, don vi khac t6t hon 13
(c) hodc (d).

Khi cac don vi (a) va (b) dugc lya chon, mot trong hai don vi dugc chon ¢
thé nim phia dAu 5'. Khi cic don vi (a) va (b) duoc lua chon, don vi (a) tot hon 12
duoc lién két & phia dau 3'.

Khi hai don vi dugc lya chon tlr (¢) dén (e), mot trong hai don vi duoc chon
¢6 thé nim phia diu 5. Khi cac don vi (¢) va (d) dugc lya chon, don vi (c) tt hon 12
duoc lién két & phia du 3'. Khi cdc don vi (d) va (e) duge lya chon, don vi (d) t6t
hon 13 duoc lién két & phia du 3'. Khi cac don vi () va (e) dugc lua chon, don vi (©)
t6t hon 12 dugc lidn két & phia dau 3.

Nhu dwoc st dung & ddy, thudt ngit "lién két" & cap dén viée lién két tryc
tiép ctia hai don vi dugc chon tir (a) va (b) hogc hai don vi duge chon tir (c) dén (e).
Cu thé 13, thut ngtt "khi hai don vi dugc lién két" ¢6 nghia 1a ddu 3' ctia don vi ndm
phia dAu 5' va diu 5' cua don vi ndm phia dau 3' tao thanh lién két phosphat hodc
nhém dugce thé hién dudi day.

Cong thtic 3
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SavaVave b b
ol Z——h X e Z=—=P—X
Z—P—X Ys Y4 L
oV VoV NAVaVaV) ALAS JVJJU"

trong d6 X bidu dién —OH, -CHzR!, -O-CH2R, -S-CHaR', -NR?R? hoic F;

R! bidu dién H hoic alkyl ;

R? va R3, c6 thé gidng nhau hodc khic nhau, mdi gbc bidu dién H, alkyl,
xycloalkyl hodc aryl;

Y, bidu dién O, S, CH hodic NR';

Y, biéu dién O, S hodc NR';

Z biu dién O hodc S.

Thuét ngit "gdy ra sy bo qua exon 44 trong gen dystrophin ctia ngudi" nham
cO nghia ring bang cach lién két oligome theo sang ché dén vi tri twong ting v6i exon
44 cia san phim phién ma (vi dy, pre-mARN) cua gen dystrophin cta nguoi, vi dy,
do d6 din dén sy tao thanh mARN trudng thanh ma khong co6 su dich chuyén khung
codon, trinh tuy nucleotit twong Gng v6i dau 5' ctia exon 46 dugc cit nbi & trinh ty
nucleotit twong ung véi diu 3' cua exon 43 trong cac bénh nhdn DMD véi su x0a
exon 45 khi san phdm phién mé trai qua sy ct ndi.

O day, thudt ngtt "lién két" dugc mo ta trén day nhdm c6 nghia ring khi
oligome theo sang ché duoc két hop véi doan phién méa cua gen dystrophin cta
ngudi, ca hai dugc lai trong cac diu kién sinh ly dé tao thanh axit nucleic soi doi.
Thuat ngit "trong cic diéu kién sinh ly" d3 cap dén cac didu kién thiét 14p dé bét
chuéc mdi trudng in vivo vé khia canh do pH, thanh phin mubi va nhiét do. Cac diéu

kién 13, vi dy, 25 dén 40°C, t6t hon 12 37°C, pH 5 dén 8, tot hon 12 pH 7,4 va 150 mM
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ndng d6 mudi natri clorua.

Viéc liéu su bé qua exon 44 trong gen dystrophin cua ngudi duge gdy ra hay
khong c6 thé dugc xac nhan bing cach dua oligome theo sang ché vao té bao biéu
hién dystrophin (vi du, cac t& bao sarcoma co van cua ngudi), phong dai ving xung
quanh exon 44 cia mARN ctia gen dystrophin cua nguoi tt RNA tbng cta té bao biéu
hién dystrophin béng PCR theo thoi gian thyc va thyc hién PCR 16ng hoic phan tich
trinh tu trén san phém dugc phong dai cua PCR.

Hiéu qua bo qua cé th& duoc xac dinh nhu sau. mARN cho gen dystrophin
cua ngudi dugce thu tir cac té bao thir nghiém; trong mARN, mirc polynucleotit "A"
cta soi trong d6 exon 44 dugc bd qua va muc polynucleotit "B" clia soi trong do exon
44 khéng duge bo qua dugc do. St dung cac gié tri do "A" va "B", hiu qua duoc
tinh toan theo phuong trinh sau:

Hiéu qua bé qua (%) =A/(A+B) x 100

Theo cach khac, dé tinh toan hiéu qua bo qua, cdng bd don quéc té
W02012/029986 c6 thé duge tham khao.

Tét hon 13, oligome ddi nghia theo sang ché gy ra sy bo qua exon dich (vi
du, exon 44) vé6i hiéu qua bo qua 1a 10% hodc cao hon, 20% hodc cao hon, 30% hoac
cao hon, 40% hoic cao hon, 50% hodc cao hon, 60% hoic cao hon, 70% hoéc cao
hon, 80% hoic cao hon, hodc 90% hodc cao hon.

Oligome dbi nghia theo sang ché bao gbm, vi du, oligonucleotit, oligome
morpholino hoic oligome peptit axit nucleic (Peptide Nucleic Acid - PNA), ¢6 do dai
14 15 dén 30 nucleotit. Chidu dai tét hon 1a ti 16 dén 30, tir 17 dén 30, tir 18 dén 30,
i 19 dén 30, tir 20 dén 30, tr 20 dén 29, tlx 20 dén 28, tix 20 dén 27, tir 20 dén 26, ti
21 dén 26, hodc tir 22 dén 26 bazo va morpholino céc oligome 13 dugc uu tién.

Cac oligonucleotit dugc md ta trén day (sau day dugc dé cap 1a

"oligonucleotit theo sang ché") 13 oligome theo sang ché chira cac nucleotit 1am cac
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don vi cAu triic. Céc nucleotit ndy c6 thé 13 bit ky trong s6 cac ribonucleotit,
deoxyribonucleotit va cac nucleotit cai bién.

Nucleotit cai bién d& cap dén nucleotit c6 toan bd hodc mot phﬁn cac bazo
nito dugc cai bién, cac géc duodng va/hodc cac vung lién két phosphat, tao thanh
ribonucleotit hodc deoxyribonucleotit.

Bazo nito bao gém, vi dy, adenin, guanin, hypoxanthin, xytosin, thymin,
uraxil, va cac bazo cai bién ctia né. Vi vu vé cic bazo cai bién nay bao gdm, nhung
khong chi giéi han ¢, pseudouracil, 3-metyluracil, dihydrouracil, 5 -alkylcytosines (vi
du, 5-metylcytosine), 5-alkyluracils (vi du, 5-etyluracil), 5-halouracils (5-
bromouracil), 6-azapyrimidine, 6-alkylpyrimidines (6-metyluracil), 2-thiouracil, 4-
thiouracil, 4-axetylcytosine, 5-(carboxyhydroxymetyl) uracil, 5'-
carboxymetylaminometyl-2-thiouracil, 5-carboxymetylaminometyluracil, 1-
metyladenine, 1-metylhypoxanthine, 2,2-dimetylguanine, 3-metylcytosine, 2-
metyladenine, 2-metylguanine, N6-metyladenine, 7-metylguanine, 5-
metoxyaminometyl-2-thiouracil, 5 -metylaminometyluracil, 5-
metylcarbonylmetyluracil, 5-metyloxyuracil, 5-metyl-2-thiouracil, 2-metylthio-N6-
isopentenyladenine, axit uraxil-5-oxyaxetic, 2-thiocytosine, purine, 2,6-
diaminopurine, 2-aminopurine, isoguanine, indole, imidazole, xanthine, v.v..

Su cai bién gbe dudng c6 thé bao gbm, vi dy, céc cai bién & vi tri 2’ cla
dudng riboza va cic cai bién & céac vi tri khac cia duong. Sy cai bién & vi tri 2' cia
riboza bao gém su thay thé nhém 2'-OH cuia riboza v4i OR, R, R'OR, SH, SR, NHz,
NHR, NR», N3, CN, F, Cl, Br hodc I, trong d6 R 13 alkyl hodc aryl vaR'1a alkylen.

Su cai bién céc vi tri khic ciia duong bao gbm, vi dy, sy thay thé cua O & vi
tri 4' ctia riboza hodc deoxyriboza véi S, tao cAu nbi gitta vi tri 2' va 4' cia duong, vi
dy, axit nucleic bi khoa (Locked Nucleic Acid - LNA) ho#c céc axit nucleic duoc tao

chu ndi bing 2-0,4'-C-etylen (2'-O,4'-C-Etylene-bridged Nucleic Acids - ENA),

-27-



31145

nhung khong chi giéi han & do.

Sy cai bién ving lién két véi phosphat bao gbm, vi dy, cai bién bang cich
lién két phosphodieste véi lién két phosphorothioat, lién két phosphorodithioat, lién
két alkyl phosphonat, lién két phosphoroamidat hodc lién két boranophosphat (Enya
et al: Bioorganic & Medicinal Chemistry 2008, 18, 9154-9160 ) (cf., vi du, cac cong
bé don trong nude cia Nhat Ban cta cie don PCT s6 2006/129594 va 2006/038608).

Alkyl tét hon 1a alkyl mach thing hodc mach nhanh c6 tir 1 dén 6 nguyén tur
cacbon. Céc vi du cu thé bao gdm metyl, etyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, fert-pentyl, n-hexyl va isohexyl.
Alkyl c6 thé tlly y dugc thé. Vi du v& cac phan tit thé nay 1a halogen, alkoxy, Xyano
va nitro. Alkyl c6 thé dugc thé bing mot dén ba phéan tir thé nhu vay.

Xycloalkyl t6t hon 13 xycloalkyl ¢ 5 dén 12 nguyén tir cacbon. Céc vi du cu
thd bao gdm cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl va
cyclododecyl.

Halogen bao gdm flo, clo, brom va iot.

Alkoxy 1a alkoxy mach thing hogc mach nhéanh c6 1 dén 6 nguyén tir cacbon
nhu metoxy, etoxy, n-propoxy, iSopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-
butoxy, n-pentyloxy, isopentyloxy, n-hexyloxy, isohexyloxy, v.v.. Trong s6 cac nhém
khac, alkoxy co 1 dén 3 nguyén ti cacbon 12 duge uvu tién.

Aryl t6t hon 13 aryl c6 6 dén 10 nguyén tir cacbon. Cac vi du cu thé bao gdbm
phenyl, a-naphthyl va B-naphthyl. Trong s6 cac nhém khéc, wu tién 1a phenyl. Aryl co
thé tiy y duoc thé. Vi du v& cac phan t thé nay 1a alkyl, halogen, alkoxy, Xyano va
nitro. Aryl ¢6 thé dugc thé bang mot dén ba phan tir thé nhu vay.

Trong sang ché nay, alkylen t8t hon 13 alkylen mach théng hodc mach nhanh
¢6 1 dén 6 nguyén tt cacbon. Céc vi du cu thé bao gdm metylen, etylene, trimetylen,

tetrametylen, pentametylen, hexametylen, 2-(etyl) trimetylen va 1-(metyl)
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tetrametylen.

Axyl bao gdm alkanoyl hodc aroyl mach thing hodc mach nhanh. Vi du vé
c4c alkanoyl bao gém formyl, axetyl, 2-metylaxetyl, 2,2-dimetylaxetyl, propionyl,
butyryl, isobutyryl, pentanoyl, 2,2-dimetylpropionyl, hexanoyl, etc. Vi du vé aroyl
bao gdm benzoyl, toluoyl va naphthoyl. Aroyl c6 thé thy y dugc thé & cac vi tri ¢6 thé
thé va c6 thé duge thé bang (cac) alkyl.

T6t hon 13, oligonucleotit theo sdng ché 13 oligome theo séng ché chira don vi
chu triac dugc thé hién boi cong thie chung dudi ddy trong d6 nhom -OH ¢ vi tri 2'

ctia riboza dugc thé bing metoxy va ving lién két véi phosphat 1a lién két

phosphorothioat:
Cong thic 4
158
o* "0
O(_Base
G OCHs

trong d6 bazo thé hién bazo nito.

Oligonucleotit theo sang ché c6 thé dé dérig duoc tong hop str dung cac dung
cu tdng hop tu dong (vi du, AKTA oligopilot cong 10/100 (GE Healthcare)). Theo
céch khac, su tong hop cling c6 thé dugc giao cho t6 chirc 1a bén thir ba (vi du,
Promega Inc., Takara Co.), v.v..

Oligome morpholino dugc md ta trén day la oligome theo sang ché chia don
vi cAu tric thé hién boi cong thirc chung dudi day:

Cong thuc 5
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trong d6 bazo cd y nghia nhu dugc xac dinh trén day, va,

W biéu didn nhom duoc thé hién boi bat ky mot trong sb cac cac nhom sau day:

Cong thurc 6
NaVa¥aVp
Na¥aVaVa
A S
Ze—PR=X Z=—P—X
7—P—X ¥, Y, L
SN VAVAVAYS NaVa¥a¥s MV

trong d6 X bidu dién -CHaR!, -O-CH2R!, -S-CHaR', -NR?R3 hoic F;

R! biéu dién H hoic alkyl ;

R? va R3, ¢6 thé gidng nhau hodic khéc nhau, mdi gbc bidu dién H, alkyl,
xycloalkyl hogc aryl;

Y1 biéu dién O, S, CHz hogic NR';

Y, biéu dién O, S hodc NR!;

Z biéu dién O hodc S.

Tét hon 13, oligome morpholino 12 oligome chtra don vi cAu truc thé hién boi

cong thirc chung dudi déy (phosphorodiamidate oligome morpholino (sau ddy duoc
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& cap 1a "PMO")).

Cong thuc 7

wanaanns

(o}
RZ _PZ
o
R3 ‘\[Oj/ Bazo
N
|

trong d6 bazo, R? va R? c6 y nghia nhu dugc xéc dinh trén day.
Oligome morpholino c6 thé dugc san xuét theo, vi dy, WO 1991/009033 hodc
WO 2009/064471. Cu thé 13, PMO c6 thé dugc san xuét boi quy trinh duge md ta

trong WO 2009/064471 hodc W02013/100190.

Phuong phéap san xudt PMO
Phuong 4n ctia PMO 13, vi dy, hop chit thé hién boi cong thite chung () dudi

day (sau day goi 1a PMO (I)).

Cong thuc 8
H—r——0
K[O]/ Bazo
r2 N

/ 1 — @
B RS O In \\[Oj/ Bazo
\
H

(1)

trong d6 bazo, R* va R3 ¢6 y nghia nhu dugc x4c dinh trén day; va,

n 12 s6 nguyén tir 1 dén 99, tét hon 1a s6 nguyén x4c dinh tir 18 dén 28.

PMO (I) c6 thé duge san xuét theo phuong phép da bidt, vi du, c6 thé duge
san xudt bing cach thyc hién céc quy trinh theo c4c budc sau day.

Céc hop chat va cac chat phan ung dugc sir dung trong cac budc dudi day
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khong bi gioi han mét cach cy thé mién 1a ching thudng duge si dung dé tao thanh
PMO.

Tuong tu, cac bude dudi day co thé duoc thyc hién bing phuong phép pha
16ng hogc phuong phép pha rén (str dyng céc dung cu tbng hop pha rin tu dong c6
ban trén thi trudng hodc cac dung cu tbng hop didu khién bing tay). Trong san xuét
PMO bing phuong phép pha rén, mong mudn 12 st dung céc dung cu tbng hop tu
dong chu y khia canh céc quy trinh thuc hién don gian va sy tbng hop chinh x4c.

(1) Bu6c A:

Hop chét thé hién boi cong thirc chung (IT) dudi day (sau day duge @& cap 1a

hop chét (1)) duge cho phan Gng véi axit @ tao thanh hop chét thé hién bdi cong

thire chung (ITT) dudi day (sau day duoc d8 cap 1a hop chét (T1ID)):

[Cong thirc 9]
L—--—~—0 T L—;O i
\\(OTB" K[O =4
Axit S
SN-P———0 > | Royp—1-0
L R’ 0 dn-1 K[Oj/ap L R?' | 0 _n-.'lktoj/ap
L N
(r 1) ! (1o

trong d6 n, R* va R? ¢6 ¥ nghia nhu dugc xac dinh trén day;

mdi B ddc 14p 1a bazo nito cb thé thy y dugc bao vé;

T bidu dién trityl, monometoxytrityl hodc dimetoxytrityl; va,

L bidu didn hydrogen, axyl hoic nhém thé hién béi cong thirc chung (IV) duéi day

(sau day dugc d& cép 1a nhém (IV)).

Cong thuc 10

Chét mang rin Chu lién két

(V)
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"Bazo nito" cia B? bao gém "bazo nito" gidng trong bazo, véi diéu kién 13
nhém amino ho#c nhém hydroxy trong bazo nito duoc thé hién boi BP ¢6 thé duoc
bao vé.

Nhém bao vé amino nhu vy khong bi gidi han mot cach cu thé mién la né
duoc st dung 1am nhom bao vé cho céc axit nucleic. Cac vi du cu thé bao gém
benzoyl, 4-metoxybenzoyl, axetyl, propionyl, butyryl, isobutyryl, phenylaxetyl,
phenoxyaxetyl, 4-tert-butylphenoxyaxetyl, 4-isopropylphenoxyaxetyl va
(dimetylamino)metylen. Céc vi du cu thé vé& nhém bao vé cho nhém hydroxy bao
gbm 2-xyanoetyl, 4-nitrophenetyl, phenylsulfonyletyl, metylsulfonyletyl va
trimetylsilyletyl, va phenyl, c6 th dugc thé bang 1 dén 5 nhém thu dién tir & cée vi
tri thay thé tity ¥, diphenylcarbamoyl, dimetylcarbamoyl, dietylcarbamoyl,
metylphenylcarbamoyl, 1-pyrolidinylcarbamoyl, morpholinocarbamoyl, 4-(tert-
butylcarboxy) benzyl, 4-[(dimetylamino)carboxy]benzyl va 4-(phenylcarboxy)benzyl,
(cling xem, vi du, WO 2009/064471).

"Chét mang rin" khong bi gidi han mot céch cy thé min 1 no 13 chit mang
¢6 thé str dung cho phan Ung pha rén ca céc axit nucleic. Mong muén d6i véi chét
mang rén 13 ¢6 céc dic tinh sau day: Vi dy, (i) n6 hoa tan mdt cach han ché trong céc
chit phan ing ma c6 thé duoc sir dung dé tbng hop cac chét din xuit morpholino axit
nucleic (vi dy, diclometan, axetonitril, tetrazol, N-metylimidazol, pyridin, axetic
anhydrit, lutidin, axit trifloaxetic); (i) né én dinh vé mat héa hoc d6i v&i cac chét
phan ting c6 thé st dung d& tdng hop cac chét din xuét morpholino axit nucleic; (iii)
16 c6 thé bi bién dbi v& mat héa hoc; (iv) né ¢6 thé dugc mang dién boi cac chét dén
xuét morpholino axit nucleic; (v) né c6 do manh du d8 chiu dugc 4p sudt cao qua cac
xtr 1y; va (vi) c6 khoang dudng kinh hat va sy phan b6 ddng nhét. Cu thé 13,
polystyren c6 thé phdng duoc (vi du, nhua aminometyl polystyren 1% tao lién két

chéo vGi dibenzylbenzen (200-400 16) (2,4-3,0 mmol/g) (san xudt boi Tokyo
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Chemical Industry), nhwa polystyren dugc aminometylat-HCl [dibenzylbenzen 1%,
100-200 18] (san xuét béi Peptide Institute, Inc.)), polystyren khong phdng dugc (vi
dy, Primer Support (san xuit bdi GE Healthcare)), polystyren dugc gén PEG (vi du,
nhua NH2-PEG (san xuAt bdi Watanabe Chemical Co.), nhya TentaGel), thuy tinh ¢6
13 dugc kidm soat (Controlled Pore Glass- CPG) (san xuét bdi, vi du, CPG), oxalyl-
CPG (ciing xem, vi dy, Alul et al., Nucleic Acids Research, Vol. 19, 1527 (1991)),
chit phu trg tao dan xut véi aminopolyetylen glycol TentaGel (vi du, Wright et al.,
cf,, Tetrahedron Letters, Vol. 34, 3373 (1993)), va copolyme cua Poros-
polystyren/divinylbenzen.

"Chét tao lién két" c6 thé dugc st dung 1a chét tao lién két da biét, thuong
duoc st dung 8 ndi cac axit nucleic hodc céc dan xuét morpholino axit nucleic. Cac
vi dy bao gdm 3-aminopropyl, succinyl, 2,2'-diethanolsulfonyl va alkyl amino mach
dai (Long Chain Alkyl Amino -LCAA).

Budc nay co thé duoc thyc hién bang céach cho hop chét (IT) phan Ung v6i
axit.

"Axit" ¢6 thé duge sir dung trong budc nay bao gém, vi du, axit trifloaxetic,
axit dicloaxetic va axit tricloaxetic. Axit dugc sir dung 1a thich hop trong khodng tu,
vi dy, 0,1 mol duwong luong dén 1000 mol duong luong dya trén 1 mol hop chét (ID),
t5t hon 12 ndm trong khoang 1 mol duong lugng dén 100 mol duong lugng dua trén 1
mol hop chét (I).

Amin hitu co c6 thé dugc sir dung phdi hop véi axit duge md ta trén day.
Amin hitu co khéng bi giéi han mdt cach déc biét va bao gém, vi du, trietylamin.
Luong amin hiru co duge su dung mot cach thich hgp trong khoang tir, vi du, 0,01
mol duong luong dén 10 mol dwong lugng, va tbt hon 14 trong khoang tir 0,1 mol
duong luong dén 2 mol duong lugng, dya trén 1 mol axit.

Khi mudi hoic hdn hop axit va amin hitu co dugc sir dung trong budc nay,
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mubi hodc hdén hop bao gérn, vi duy, mudi hodc hdn hop cua axit trifloaxetic va
trietylamin, va cu thé hon, hén hop cta 1 duong lugng ciia trietylamin va 2 duong
luong cua axit trifloaxetic.

Axit ¢6 thé duge st dung trong budc ndy cling c6 thé dugc sir dung & dang
chét pha lofing véi dung méi thich hop & ndng d6 13 0,1% dén 30%. Dung moi khong
bi gi6i han mot cach cy thé mién 14 né 1a tro @i v&i phan tng, va bao gdm, vi du,
diclometan, axetonitril, rugu cdn (etanol, isopropanol, trifloetanol, v.v.), nudc, hodc
hdn hop cta no.

Nhiét d6 phan ung trong phan Gng dugc md ta trén day tdt hon 13 trong
khoang tir, vi d, 10°C dén 50°C, tét hon nira 13, trong khoang t 20°C dén 40°C, va
tdt nhét 13, trong khoang tir 25°C dén 35°C.

Thoi gian phadn Ung ¢ thé thay dbi phu thudc vao loai axit st dung va nhiét
do phan tng, va thich hop 1a trong khoang tir 0,1 phut dén 24 gid ndi chung, va t6t
hon 14 trong khoang tir 1 phut dén 5 gid.

Sau khi hoan thanh buéc nay, bazo co thé dugc thém vao, néu cn, dé trung
hoa axit con lai trong hé thdng. "Bazo" khong bi gi6i han mot cach cu thé va bao
gdm, vi dy, diisopropylamin. Bazo cling co thé dugc st dung & dang chét pha lodng
v6i dung mdi thich hgp & ndng 46 12 0,1% (thé tich/thé tich) dén 30% (thé tich/thé
tich).

Dung méi dugc ding trong budc nay khong bi giéi han mdt cach cu thé mién
12 n6 tro voi phan Gng, va bao gdm diclometan, axetonitril, rugu cdn (etanol,
isopropanol, trifloetanol, v.v.), nuée, va hdn hop cua nd. Nhiét do phén ing t6t hon 1a
trong khodng tl, vi dy, 10°C dén 50°C, ¢t hon nita 13, trong khoang tir 20°C dén
40°C, va tot nhét 13, trong khoang tlr 25°C dén 35°C.

Thoi gian phan tmg c6 thé thay d6i phu thudc vao loai bazo st dung va nhiét

d6 phan ting, va thich hop la trong khoang tir 0,1 phut dén 24 gid nodi chung, va t6t
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hon 13 trong khoang tir 1 phut dén 5 gio.

Trong hop chét (IT), hop chit c6 cong thirc chung (la) dudi day (sau day goi
12 hop chét (Ila)), trong d6 n 12 1 va L 1a nhém (IV), c6 thé duge san xuét theo quy
trinh sau day.

Cong thue 11

 Chét mang rin | Caulién
: ket

L0
\[::sjsp
"
1

trong d6 BP, T, chét tao lién két va chét mang rén c6 y nghia nhu dugc xac dinh trén

(Ia)

day.
Budc 1:

Hop chit thé hién boi cong thie chung (V) dudi day dugc cho phan ung vdi
t4c nhan axyl hoa d& tao thanh hop cht thé hién boi cong thire chung (VI) duéi day
(sau day dugc d8 cap 1a hop chét (VI)).

Cong thuc 12

Cau lién

f:LjH . R —o .
O H:Q
L —~ J
T T
BNES (V1)

trong d6 BF, T va chét tao lién két c6 y nghia nhu duoc xac dinh trén day; va,
R* bidu di2n hydroxy, halogen, nhém carboxyl hoéc amino.

Buéc ndy c6 thé dugce thuc hién bang cac quy trinh da biét d& dua vao céc
chét tao lién két, stt dung hop chét (V) 1am vat liéu khéi dau.

Cu thé, hop chét thé hién boi cong thic chung (VIa) dudi day c6 th8 dwgc san
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xuét bing cach thuc hién phuong phap da biét d& este hoa, st dung hop chét (V) va
anhydrit sucxinic.
Cong thuc 13

0]

HON

0

o K[o]/BP
N
1

(VI a)
trong d6 BP va T ¢6 ¥ nghia nhu dugc xac dmh trén day.
Budc 2:
Hop chét (VI) dugc cho phan tmng v&i chét mang ran bang tic nhan ngung tu
{8 tao thanh hop chét (I1a).

Cong thuc 14
Ro, B L o, g°
J — J
M
|
T

(V1) {(11a)

trong d6 BF, R%, T, chét tao lién Kbt va chét mang rén c6 ¥ nghia nhu duge xéc dinh
trén day.

Bude nay c6 thé dugc thuc hién st dung hop chat (VI) va chit mang rén theo
quy trinh da biét lam phan Gng ngung tu.

Trong hop chét (IT), hop chét thé hién béi cong thire chung (I1a2) dudi day
trong d6 n 13 tir 2 dén 99 va L 1a nhém thé hién boi cong thirc chung (IV) c6 thé dugc
san xuét bing st dung hop chat (Ila) 1am vat liéu khoi dAu va lap lai budc A va bude
B cta phuong phép san xuht PMO dugc md ta trong ban md ta v& s 1An mong mudn.

Cong thuc 15
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0. _BF

J

rz. N
vb—1o
R y | P
N
.‘!
(11a2)

trong d6 B, R4, R?, T, chit tao lién két va chit mang rén c6 y nghia nhu duoc xac
dinh trén day; va,
n'latir 1 dén 98.

Trong hop chét (1), hop chét c6 cong thirc chung (IIb) dudi day trong donla
1 va L 13 hydro co thé duoc didu ché bing quy trinh dugc mo ta trong, vi du, WO
1991/009033.

Cong thuc 16

OH
"
w
;

1Ib)
trong d6 B va T ¢6 ¥ nghia nhu dugc x4c dinh trén day.

Trong hop chét (IT), hop chét thé hién boi cong thire chung (IIb2) dudi day
trong d6 n 1a tir 2 dén 99 va L 1a hydo co thé dugc san xut bang st dung hop chét
(ITb) 1am v4t liu khoi ddu va I3p lai budc A va bude B ctia phuong phép san xuét
PMO dugc md ta trong ban md ta v& 56 13n mong mudn.

Cong thuc 17
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B T
H—t—0
KEOTBP
N
R2
SN-P———0
R @O P
i in K[oj/s
N
(11 b2) T

trong d6 BF, n', R%, R? va T c6 nghia nhu dugc x4c dinh trén day.

Trong hop chét (II), hop chét dugc bidu didn béi cong thire chung (IIc) dudi
day trong d6n1a 1 va L 1a axyl c6 thé duge didu ché bing cach thuc hién quy trinh da
biét 14 phan ng axyl hoa, sir dung hop chét (ITb).

Cong thuc 18

5
R ~o
"
h
N

I1¢c)
trong d6 BY va T c6 y nghia gidéng nhu duge xé4c dinh trén day; va,
RS biu dién axyl.

Trong hop chét (I1), hop chat duge bidu didn béi cong thirc chung (IIc2) dudi
day trong d6n1a 2 dén 99 va L 1a axyl ¢ thé dugc diéu ché bang cach sir dung hop
chét (IIc) 1am vét liéu khoi dAu va lap lai budc A va bude B cla phuong phap san
xult PMO dugc mo ta trong ban md ta vé sb 1an mong mudn.

Cong thtc 19

R5___:__O —1
Tr*
RN
SN-P———0
LR o p K[oj/BP

(11 c2)
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trong d6 BF, n', R%, R3, R® va T c6 § nghia giéng nhu duge x4c dinh trén day.
(2) Buéc B

Hop chét (IIT) duge cho phan Ung v6i hop chit monome morpholino véi sy
¢6 mit cia bazo dé tao thanh hop chét thé hién béi cong thirc chung (VII) dudi day

(sau day duge dé cap 12 hop chit (VID):

Cong thuc 20
L——o0 i L——0 7
0. .B* 0. B
j/ Hop chét monome morpholino j/
‘ N ol SN
zjm—lﬁ————o é;“;N—%—————O
- X ? 3 P
| B 6 Mk[oj‘a LR o _Mktoj,a
“N N &
(111} H R?sN;,f.- 0

(Vi) N7
+
trong d6 BY, L, n, R?, R va T ¢6 y nghia nhu dugc xac dinh trén day.
Bude nay ¢ thé duoc thuc hién bang cach cho hgp chét (IIT) phan tng voi
hop chét monome morpholino v6i sy c6 mat cua bazo.

Hop chit monome morpholino bao gdm, vi dy, cac hop chét thé hién boi

cong thirc chung (VIII) dudi day:

Cong thuc 21
Cl
2
Rs\’N_I:Dzo
R® o
"
N
|
4
(VIIID)

trong d6 BF, R%, R va T c6 y nghia nhu dugc xé4c dinh trén day.
"Bazo" ¢6 thé dugc st dung trong budc nay bao gdm, vi du, diisopropylamin,
trietylamin va N-etylmorpholin. Luong bazo duogc sir dung thich hop la trong khoang

t 1 mol duong luong dén 1000 mol duong luong dua trén 1 mol ctia hop chét (11D),
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t6t hon 13, 10 mol duong luong dén 100 mol duong lugng dya trén 1 mol cua hop
chét (IID).

Hop chét monome morpholino va bazo ¢6 thé dugc sir dung trong budc nay
cling ¢6 thé dugce st dung lam chit pha lodng véi dung mdi thich hop & ndng do 12
0,1% dén 30%. Dung mdi khong bi gi6i han mot cach cy thé mién 12 né tro v4i phan
ung, va bao g@)m, vi du, N,N-dimetylimidazolidone, N-metylpiperidone, DMF,
diclometan, axetonitril, tetrahydrofuran, hodc hén hop ctia nd.

Nhiét do phan tmg t6t hon 1 trong khoang tir, vi du, 0°C dén 100°C, va tét
hon nita 13, trong khoang tir 10°C dén 50°C.

Thoi gian phéan tmg ¢6 thé thay d6i phu thudc vao loai bazo dugc sir dung va
nhiét do phan tng, va thich hop 13 trong khoang tir 1 phut dén 48 gid ndi chung, va
t5t hon 12 trong khoang tir 30 phat dén 24 gio.

Ngoai ra, sau khi hoan thanh budc ndy, tdc nhan axyl héa c6 thé dugc thém
vao, néu can. "Tac nhan axyl héa" bao gém, vi du, axetic anhydrit, axetyl clorua va
phenoxyaxetic anhydrit. T4c nhan axyl héa cling co thé duoc st dung 1am chét pha
lodng v6i dung mdi thich hop ¢ ndng d6 13 0,1% dén 30%. Dung mbi khong bi gi6i
han mot cach cu thé mién 1a n6 1a tro dbi v6i phéan tmg, va bao gém, vi du,
diclometan, axetonitril, rugu cdn (etanol, isopropanol, trifloetanol, v.v.), nudc, hodc
hdn hop ctia no.

Néu can, bazo nhu pyridin, lutidin, collidin, trietylamin, diisopropyletylamin,
N-etylmorpholin, v.v. cling ¢6 thé dugc st dung phdi hop véi téc nhén axyl hoa.
Luong tac nhan axyl hoa thich hop 12 trong khoang tir 0,1 ‘'mol duong luong dén
10000 mol duong lugng, va t6t hon 1a trong khoang tir 1 mol duong luong dén 1000
mol duong lugng. Luong bazo thich hop 14 trong khoang ti, vi du, 0,1 mol duong
luong dén 100 mol duong luong, va tdt hon 13 trong khoang tir 1 mol duong lugng

dén 10 mol duong luong, dya trén 1 mol tac nhén axyl hoa.
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Nhiét 46 phan ng trong phan ing nay tdt hon 1a trong khoéang tir 10°C dén
50°C, tbt hon nita 13, trong khoang tir 10°C dén 50°C, t6t hon nhiéu nita 13, trong
khoang tir 20°C dén 40°C, va tdt nhét 13, trong khoéng tir 25°C dén 35°C. Thoi gian
phan ung c6 thé thay dbi phy thudc vao loai tic nhan axyl hoa duoc sir dung va nhiét
do6 phén tmg, va thich hop 12 trong khoang tir 0,1 phut dén 24 gid noi chung, va t6t
hon 14 trong khoang tir 1 phut dén 5 gio.

(3) Budc C:
Trong hop chét (VII) dugce tao ra trong bude B, nhém bao vé dugc loai bd sir

dung tac nhan khir bao vé dé tao thanh hop chét thé hién béi céng thie chung (IX).

Cong thitc 22
_ , N B
Lo ] o
1WG j/Bg \Toj# Bazo
P s N
R, . 3 R,
X :N ,é: 7&».;;.,.,,4____@ : . RSﬂ‘ﬂ “? ST Q
3 1 o i g
- : Q —n L 0.~ B - O dn s D\.(SBazc'
T )
N N
T F e 1
VT LN

trong d6 bazo, BF, L, n, R% R? va T ¢4 ¥ nghia nhu dugc x4c dinh trén day.

Budc ndy ¢6 thé dugc thye hién bing cach cho hop chat (VII) phan ung véi
tac nhan khr bao vé.

"T4c nhan khir bao v&" bao gém, vi dy, nudc amoniac dim dic va metylamin.
"T4c nhan khir bao v&" duoc ding trong budc ndy cling co thé duoc st dung 1am chét
pha lodng v6i, vi du, nudc, metanol, etanol, ruou isopropyl, axetonitril,
tetrahydrofuran, DMEF, N,N-dimetylinidazolidon, N-metylpiperidon, hodc hdn hop
cta cac dung mdi nay. Trong sé cac chit ndy, uu tién 13 etanol. Lugng tac nhén khu
bao vé& duoc str dung thich hop 1 trong khoang ttr, 1 mol duong lugng dén 100000

mol duong lugng, va t6t hon 13 trong khoang tir 10 mol duong lugng dén 1000 mol
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duong luong, dya trén 1 mol cita hop chét (VID).

Nhiét dd phan tng thich hop 13 trong khoang tir 15°C dén 75°C, tt hon 13,
trong khoang tir 40°C dén 70°C, va tét hon nita 13, trong khoang tir 50°C dén 60°C.
Thoi gian phan tmg d& khir bao vé c6 thé thay dbi phu thuc vao loai hop chét (VID),
nhiét d6 phan tmg, v.v., va thich hop 1 trong khodng tir 10 phut dén 30 gio, tét hon 1a
30 phit dén 24 gid, va tt hon nita 12 trong khodng tir 5 gio dén 20 gio.

(4) Buée D:
PMO (I) duoc san xuét bing cach cho hop chét (IX) dugc tao ra trong bude C

phéan ing v6i axit:

Cong thirc 23
Hoem ) bw——-«f:i ]
_ D _Baw ’ - (0. Bazo
LT
“ N R
L Ry P —0 g R;Nw{’ g
L R O ln L\{Q _Bazd jj_ k. O Jn iﬂ Q. . Bazo
() (7
N W
i ¥
T i

trong d6 bazo, n, R?, R3 va T c¢6 y nghia nhu duoc xéc dinh trén day.

Buéc nay c6 thé duoc thyc hién bing cach thém axit vao hop chit (IX).

"Axit" c6 thé dugc st dung trong budc nay bao gdm, vi dy, axit axit
tricloaxetic, axit dicloaxetic, axit axetic, axit phosphoric, axit clohydric, v.v.. Axit
dugc st dung duge st dung mot cach thich hop dé cho phép dung dich c6 do pH
trong khoang tir 0,1 dén 4,0, va t8t hon nita 13, trong khoéang tir pH 1,0 dén 3,0. Dung
mdi khong bi giéi han mét cach cu thé midn 12 n6 tro v6i phan tmg, va bao gbm, Vi
du, axetonitril, nwéc, hodc hdn hop ctia cac dung mdi clia chung.

Nhiét d6 phan tmg thich hop 1 trong khoang tir 10°C dén 50°C, tbt hon 12

trong khoang tr 20°C dén 40°C, va tot hon nita 13, trong khoang tir 25°C dén 35°C.



31145

Thoi gian phan Gng dé khir bao vé ¢6 thé thay ddi phy thudc vao kind cua hop chét
(IX), nhiét d6 phan tmg, v.v., va thich hop 14 trong khoang tir 0,1 phut dén 5 giv, tot
hon Ia 1 phit dén 1 gid, va tt hon nita 12 trong khoang tir 1 phut dén 30 phit.

PMO (I) ¢6 thé thu duoc bang céch cho hén hop phan Ung thu duge trong
budc nay vao cac phuong phap tach va tinh sach thong thuong nhu chiét, co dic,
trung hoa, loc, tach béng ly tam, két tinh lai, sic ky cot pha dao Cs dén Cus, séc ky cot
trao dbi ion, séc ky cot trao d4i anion, sic ky cot loc gel, séc ky 1ong hiéu ndng cao,
tAm tach, siéu loc, v.v., riéng r€ hodc & dang phdi hop ciia cac phuong phéap nay. Do
d6, PMO (I) mong mudn c6 thé dugc phan tach va tinh sach (cling xem, vi dy, WO
1991/09033).

Trong tinh sach PMO (I) st dung séc ky pha dao, vi du, hdn hop dung dich
20 mM trietylamin/dém axetate va axetonitril co thé dugc st dung lam dung moi rura
giai.

Trong tinh sach PMO (I) st dung sic ky trao dbi ion, vi du, hdn hop dung
dich cta dung dich mudi 1 M va dung dich nudc natri hydroxit 10 mM c6 thé duoc
str dung 1am dung moi ria giai.

Peptit axit nucleic dugc md ta trén day 13 oligome theo sang ché c6 nhom
duge bidu dién béng cong thirc chung sau day 1a don vi chu tric:

Cong thuc 24

trong d6 bazo c6 y nghia nhu dugc xé4c dinh trén day.

Céc peptit axit nucleic c6 thé duoc san xuét bing cach tham khao dén, vi du,
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céc tai liéu sau day.

1) P.E.Nielsen, M. Egholm, R. H. Berg, O. Buchardt, Science, 254, 1497 (1991)
2) M. Egholm, O. Buchardt, P. E. Nielsen, R. H. Berg, Jacs., 114, 1895 (1992)

3) K.L.Dueholm, M. Egholm, C. Behrens, L. Christensen, H. F. Hansen, T.

Vulpius, K. H. Petersen, R. H. Berg, P. E. Nielsen, O. Buchardt, J. Org. Chem., 59,
5767 (1994)

4) L. Christensen, R. Fitzpatrick, B. Gildea, K. H. Petersen, H. F. Hansen, T. Koch,

M. Egholm, O. Buchardt, P. E. Nielsen, J.
Coull, R. H. Berg, J. Pept. Sci., 1, 175 (1995)
5) T.Koch, H. F. Hansen, P. Andersen, T. Larsen, H. G. Batz, K. Otteson, H. Orum,

7. Pept. Res., 49, 80 (1997)
Trong oligome theo sang ché, dau 5' co thé 12 cAu triic héa hoc bat ky tir (1) dén

(3) dusi day, va tbt hon 1a (3)-OH.

Cong thtrc 25
N O<_NH;
[ j -CH3
N" CHs N CH,
O=P~N O=F"N-en
0 CHs 0 3 OH
(1) (2) (3)

Sau ddy, cac nhom dugc thé hién bsi (1), (2) va (3) trén day dugc d& cép dén
fuong g 1a "nhém (1)", "nhém (2)" va "nhém 3)".
2. Dugc phim

Oligome theo sang ché gy ra sy bo qua exon 44 trong gen dystrophin. Do
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d6, dugc mong doi ring céc tinh trang cta ching loan dudng co c6 thé duge giam
nhe bing cach sir dung duge phim chira oligome theo sing ché cho bénh nhan DMD,
ngudi c6 dot bién dich 12 bd qua exon 44, d6 1a dot bién bién ddi thanh trong khung
bdi su bé qua exon 44. Tuong tu, quy trinh san xuét oligome theo sang ché ma ¢é
chidu dai chudi ngin, 14 don gidn va chi phi san xuét oligome theo séng ché co thé
duoc giam di.

Theo phuong an khéc, sang ché d& xuét duoc phédm dé didu tri chung loan
dudng co, chita oligome theo sang ché 1am thanh phan hoat tinh, mudi dugc dung
hodc hydrat cua no (sau day dugc dé cap 1a "duge phim theo séng ché").

Vi du vé mubi duge dung cua oligome theo sang ché chira trong dugc phim
theo séng ché 1a cac mudi kim loai kiém nhu céc mudi cta natri, kali va lithi; cac
mudi kim loai kiém thd nhw cdc mudi clia canxi va magie; cac mudi kim loai nhu céc
mudi ctia nhdm, sét, kém, dE‘mg, niken, coban, v.v.; cac mudi amoni; cic mudi amin
hitu co nhu cac mudi cua t-octylamin, dibenzylamin, morpholin, glucosamin,
phenylglyxin alkyl este, etylenediamin, N-metylglucamin, guanidin, dietylamin,
trietylamin, dicyclohexylamin, N, N' -dibenzyletylendiamin, cloroprocain, procain,
dietanolamin, N-benzylphenetylamin, piperazin, tetrametylamoni,
tris(hydroxymetyl)aminometan; cac mubi hydrohalua nhu cic mubi cua hydroflorat,
hydroclorua, hydrobromua va hydroiodua; mudi cia cac axit vd co nhu nitrat,
perclorat, sulfat, phosphat, V.v.; cac sulfonat alkan thép nhu metansulfonat,
triflometansulfonat va etansulfonat; cac arylsulfonat nhu benzensulfonat va p-
toluensulfonat; cac mudi cta axit hitu co nhu axetat, malat, fumarat, sucxinat, xitrat,
tartarat, oxalat, maleat, v.v.; va , cac mudi axit amin nhu mubi cua glyxin, lysin,
arginin, ornithin, axit glutamic va axit aspartic. Cac mudi ndy c6 thé dugc diéu ché
bang cac phuong phép da biét. Theo cach khac, oligome theo sang ché chira trong

dugc phém theo sang co thé & dang hydrat cta no.
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Pudng ding dugc phdm theo séng ché khong bi gisi han mot cach cu thé
midn 12 né 1a dudng duge duge dung, va co thé duoc chon phy thudc vao phuong
phap didu tri. Xét dén viéc dé cép dén cac mo co, duoc vu tién 13 ding trong tinh
mach, ding trong dong mach, dung trong co, ding duéi da, ding qua dudng miéng,
dung cho mo, ding qua da, v.v. Ngoai ra, céc dang lidu ding kha thi cho ché phim
theo séng ché khong bi gi6i han mdt cach cu thé, va bao gbm, vi dy, cac dang ti€ém
khéc nhau, cac tac nhan ding dudng miéng, cac thudc nho, cac dang xong hit, cac
thudc md, cac thude xuc, v.v.

Trong viéc dung oligome theo sang ché cho bénh nhén méc chung loan
dudng co, dugc pham theo sang ché 6t hon 13 chtra chit mang dé thuc day su clp
oligome dén cic mé co. Cht mang nay khong bi gidi han mot cach cu thé mién 12 n6
14 dugc dung, va céc vi dy bao gbm céc chit mang cation nhu cation liposome, cation
polyme, v.v., hodc céac chit mang st dung vo virut. C4c cation liposome 13, vi dy, cac
liposome chira 2-O-(2-dietylaminoetyl)carabamoyl—1,3-O-dioleoy1glycer01 va cac
phospholipit 1am cic hop phan chinh (sau déy dugc d& cap 1a "liposome A"),
Oligofectamine (nhan hi¢u da dang ky) (san xuét boi Invitrogen Corp.), Lipofectin
(nhan hiéu da dang ky) (san xuit boi Invitrogen Corp.), Lipofectamine (nhén hiéu da
dang ky) (san xudt boi Invitrogen Corp.), Lipofectamine 2000 (nh#n hiéu da ding ky)
(san xuét boi Invitrogen Corp.), DMRIE-C (nhén hiéu da ding ky) (san xuét boi
Invitrogen Corp.), GeneSilencer (nhan hiéu da dang ky) (san xuit boi Gene Therapy
Systems), TransMessenger (nhdn hiéu di dang ky) (sén xuit bdi QIAGEN, Inc.),
TransIT TKO (nhdn hi¢u dd dang ky) (san xuat bdi Mirus) va Nucleofector 1I
(Lonza). Trong s& cac chit khac, liposome A 13 dugc uu tién. Vi du v& céc cation
polyme 13 JetSI (nhdn hiéu da dang ky) (san xuét boi Qbiogene, Inc.) va Jet-PEI
(nhin hiéu da déng ky) (polyetylenimin, san xuét boi Qbiogene, Inc.). Vi du vé céc

chét mang st dung vo virut 12 GenomeOne (nhan higu da dang ky) (HVIJ-E liposome,
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san xuét boi Ishihara Sangyo). Theo cach khac, cac dung cu'y té duwoc mo ta trong
patent Nhat Ban s& 2924179 va cac chit mang cation dugc md ta trong Cong bb lai
don ndi dia Nhat Ban ctia cac don PCT s6 2006/129594 va 2008/096690 ciing c6 thé
duoc st dung.

Nong do cua oligome theo sang ché chua trong dugc pham theo séng ché ¢6
thé thay dbi phu thudc vao loai chét mang, v.v., va thich hop la trong khoang tr 0,1
nM dén 100 pM, tét hon 13 ndm trong khoang 1 nM dén 10 uM, va tot hon nira 1a
nam trong khoang tir 10 nM dén 1 uM. Ty 1& khdi luong clia oligome theo sang ché
c6 trong dugc phim theo sang ché va chét mang (chit mang/oligome theo sang ché)
6 thé thay dbi phu thudc vao tinh chét oligome, loai chét mang, v.v., va thich hop la
ndm trong khoang tir 0,1 dén 100, tét hon 1a ndm trong khoang 1 dén 50, va t6t hon
nita 12 ndm trong khoang tir 10 dén 20.

Ngoai oligome theo sang ché va chit mang dugc md ta trén day, cac chét phy
gia dugc dung cling co thé tly ¥ dugc dwa vao dang bao ché cta dugc pham theo
sang ché. Vi dy vé céc phu gia ndy 12 cdc chit h3 tro nhil héa (vi du, cac axit béo c6 6
dén 22 nguyén t& cacbon va cac mudi duoc dung ctia ching, albumin va dextran), cac
chit &n dinh (vi dy, cholesterol va axit phosphatidic), cac chét 1am déng truong (vi du,
natri clorua, glucoza, maltoza, lactoza, sucroza, trehaloza), va cac chét kiém soét pH
(vi du, axit clohydric, axit sulfuric, axit phosphoric, axit axetic, natri hydroxit, kali
hydroxit va trietanolamin). Mgt hodc nhidu cac chit phu gia nay c6 thé dugc st dung.
Ham luong cua chit phy gia trong dugc phim theo sang ché thich hop 1a 90% khi
luong hodc nhé hon, 6t hon 1a 70% khéi lrong hodc nho hon va tét hon nita 13, 50%
khdi lugng hodc nho hon.

Duoc phim theo sang ché c6 thé dugc bao ché béng cach thém oligome theo
sang ché vao dich phan tan chét mang va khudy hon hop thich hgp. Cac chit phu gia

¢6 thé duoc thém vao & bude thich hop trude hoic sau khi thém oligome theo sang
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ché. Dung mdi dang nudce co thé duoc st dung trong khi thém oligome theo sang ché
khong bi gi6i han mot cach cu thd midn 13 n6 13 dugc dung, va cac vi du 1a nude tiém
duoc hodc nude cht tiém duoc, chét long dién ly nhu mubi sinh 1y, v.v., va dich
dudng nhu dich dudng glucoza, dich dudng mantoza, V.. Nguoi co hidu biét trung
binh trong linh vuc ¢6 thé chon lya mot cach thich hop céc didu kién vé pH va nhiét
d6 cho myc dich nay.

Dugc phim theo sang ché c6 thé dugc bao ché thanh, vi du, dang long va
dang bao ché dong khd ctia né. Dang bao ché dong khd c6 thé duge tao ra bang céch
lam dong kho duogc phdm theo sang ché & dang long theo cich thong thuong. Viéc
dong khd c6 thé duge thuc hién, vi du, biing cach tiét tring mot cach thich hop dugc
phém theo séng ché & dang long, phan tan cac phﬁn vao thiét bi chira dang lo, tién
hanh 1am dong so bd trong 2 gid & cac didu kién khoang -40 dén -20°C, tién hanh 1am
kho so bd & khoang 0 dén 10°C trong diéu kién ap suét giam, va sau do tién hanh 1am
Kho thir chp & khoang 15 dén 25°C trong 4p suét giam. Nhin chung, dang bao ché
dong khd ciia duge phim theo sang ché c6 thé thu dugc bing cach thay thé ham
luong trong 10 bang khi nito va déng nép lo.

Dang bao ché d6ng kho cia dugc phim theo séng ché néi chung c6 thé dugc
str dung trén co s& hoan nguyén bang cach thém dung dich thich hop tuy ¥ (chét 16ng
hoan nguyén) va hoa tan lai dang bao ché. Chét 16ng hoan nguyén nhu vy bao gbm
aude tiem duge, mudi sinh 1y va cac chét long d& truyén khéc. Theé tich chét long
hoan nguyén c6 thé thay ddi phu thudc vao y dinh st dung, V.., khong bi gidi han
mét cach cu thé, va thich hop 13 16n hon tir 0,5 dén 2 13n so véi thé tich trude khi
dong khd hodc khong 1on hon 500 mL.

Mong mubn 12 khéng ché 1idu dung dugc pham theo séng ché, bang cach xem
xét cac yéu td sau: loai va dang lidu dung cta oligome theo sang ché bao gdm; cac

tinh trang ctia bénh nhén bao gém tudi, thé trong, v.v.; dudng dung; va cac dac tinh va
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mutc do cta bénh. Lidu ding hang ngay dugc tinh toan 1a luong oligome d6i nghia
theo sang ché thudng trong khoang tir 0,1 mg dén 10 g/ngudi, va t6t hon 12 1 mg dén
1 g/ngudi. Khoang tri s nay doi khi c6 thé thay ddi phu thudc vao loai bénh dich,
dudng dung va phén tir dich. Do do, lidu ding nho hon khoang nay c6 thé da trong
mot sd trudong hop va nguoc lai, lidu ding cao hon khoang ndy ddi khi ¢6 thé dugc
yéu clu. Dugc phém ¢6 thé duge dung tir mot dén vai 1An mdt ngay hodc & cac
khoang céach tir mdt ngay dén vai ngay.

Theo phuong an khéc cua dugc phim theo sang ché, d& xult dugc pham chua
vector ¢6 kha ning biéu hién oligonucleotit theo sang ché va chit mang dugc mo ta
trén day. Vector biéu hién nhu vy c6 thd 1a vector c6 kha ning bidu hién nhiéu
oligonucleotit theo sang ché. Dugc phim c6 thé duoc bao ché véi cac chét phy gia
dugc dung khi trong trudng hop duoc phim theo séang ché chira oligome theo sang
ché. Ndong dd cta vector biéu hién chita trong dugc phim c6 thé thay d6i phy thudc
vao loai chit mang, v.v., va thich hop 13 trong khoang tir 0,1 nM dén 100 pM, t5t hon
14 trong khoang tir 1 nM dén 10 pM, va t4t hon nita 12 trong khoang tir 10 nM dén 1
uM. Ty 1€ khdi luong cua vector biéu hién chira trong duge phim va chét mang (chét
mang/vector biéu hién) c6 thé thay dbi phy thudc vao tinh chit cia vector biéu hién,
loai cht mang, v.v., va thich hop 14 trong khodng tir 0,1 dén 100, tbt hon 1a trong
khoang tir 1 dén 50, va t6t hon nira 13 trong khoang tir 10 dén 20. Ham lugng chét
mang chura trong dugc pham 13 nhu trong trudng hop dugc pham theo sang ché chira
oligome theo sang ché, va phuong phap d8 san xuét 1 gidng nhu trong trudng hop
v&i dugc pham theo séng ché.

Sau ddy, sang ché will be dugc mo ta chi tiét hon v6i sy tham chiéu dén céc
vi du thyc hién va céc vi du thir nghiém dudi day, nhung sang ché khong bi gioi han

& cac vi dy nay.
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Vi du thue hién sang ché
Vi dy tham chiéu 1

Axit 4-{[(28, 6R)-6-( 4-Benzamido-2-oxopvrimidin-1-vl)-4-tritvlmorpholin-2-vlL

metoxy-4-oxobutanoic dugc tai 1én nhua amino polystyren

Bude 1: San xut axit 4-{[(2S,6R)-6-(4-benzamido-2—oxopyrimidin-1(2H)-y1)- 4-
tritylmorpholin-2-yl|metoxy} -4-oxobutanoic

Trong moi trudng agon, 3,44 g N-{1-[(2R, 6S)-6-(hydroxymetyl)- 4-
tritylrnorpholin—2-y1]-2-0X0-1,2-dihydropyrimidin—4-yl}benzamide va 1,1 g 4-
dimetylaminopyridine (4-DMAP) dugc tao huyén pht trong 50 mL diclometan, va
0,90 g anhydrit sucxinic dugc thém vao huyén phu, sau dé khudy & nhiét do phong
trong 3 giv. Thém vao hdn hop phan tmg 10 mL metanol, va cd dic hdn hop trong &p
suét giam. Phan con lai dugc chiét st dung etyl axetat va dung dich nudc kali
hydrophosphat 0,5 M. Lop hiru co thu dugc duge rira ndi tiép bang dung dich nudc
kali hydrophosphat 0,5M, nudc va nudc mudi theo thir ty da néu. Lép hitu co thu
duoc duge 1am khd qua natri sulfat va duoc co dic trong &p sudt giam dé tao thanh
4,0 g san pham.
Budc 2: San xudt axit 4-{[(28,6R)-6-(4-benzamido-2-oxopyrimidin—1-y1)-4-
tritylmorpholin-Z-yl]metoxy} _4-oxobutanoic dugc tai 1én nhya amino polystyren

Sau khi 4,0 g axit 4-{[(2S,6R)-6-(4-benzamido-Z-oxopyrimidin-1(2H)-y1)-4-
tritylmorpholin—Z-yl]metoxy} _4-oxobutanoic dugc hoa tan trong 200 mL pyridin (d&
duoc tach nudce), 0,73 g 4-DMAP vall5g 1-ety1-3-(3-dimetylaminopropyl)carbo-
diimit hydroclorua dugc thém vao dung dich. Sau d6, 25,0 g chét hd trg Primer nhya
amino polystyren 200 (san xuét béi GE Healthcare Japan Co., Ltd., 17-5214-97) va
8,5 mL trietylamin dugc thém vao hdn hop, sau d6 l4c & nhiét do phong trong 4 ngay.
Sau khi hoan thanh phan Umg, nhua dugc léy ra bang cach loc. Nhya thu duoc dugc

rira ndi tiép bang pyridin, metanol va diclometan theo thé tw d néu, va duge lam kho
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trong 4p suét giam. Thém vao nhya thu dugc 200 mL tetrahydrofuran (dang tach
nuéce), 15 mL anhydrit axetic va 15 mL 2,6-lutidin, va hén hop duoc lac & nhiét do
phong trong 2 gio. Nhya dugc 14y ra bang cach loc, dugc rira néi tiép bang pyridine,
metanol va diclometan theo thi ty dd néu va dugc lam kho trong ap suét giam dé tao
thanh 26,7 g san pham.

Luong tai ciia san phém dugc xac dinh tir luong mong cua trityl trén g nhua
bing cach do do hip thu UV & 409 nm sir dung phuong phép da biét. Luong tai cia
nhya 1 192,2 pmol/g.

Céc diéu kién do UV

Thiét bi: U-2910 (Hitachi, Ltd.)

Dung moi: axit metansulfonic

Budc séng: 265 nm

Tri s €: 45000
Vi du tham chiéu 2
Axit  4-{[(2S, 6R)-6-(5 -metyl-2,4-dioxopyrimidin-1-yl)-4- tritylmorpholin-2-yl]
metoxy}-4-oxobutanoic dugc tai 1én nhua polystyren

Hop chét néu & d& muc duge san xuét theo phuong phap tuong tu nhu trong
Vi du tham khao 1, ngoai trir 1-[(2R,6S)-6-(hydroxymetyl)-4-trity1morpholin-2-yl]-5-
metylpyrimidin-2,4(1H,3H)-dion duoc sir dung trong budc nay, thay cho N-{1-
[(2R,6 S)—6-(hydroxymetyl)-4-tritylmorph01in-2-yl] -2-0x0-1,2-dihydropyrimidin-4-
yl}benzamit dugc sir dung trong bude 1 ctia Vi du tham khao 1.

Luong tai cia san phdm dugc xé4c dinh tir lugng mong cla trityl trén g nhua
bang cach do dd hép thu UV & 409 nm si dung phuong phap da biét. Lugng tai cla
nhya 13 164,0 pmol/g.

Vi du tham khéo 3

Axit 4-{[(2S, 6R)-6-(6-benzamido purine-9-yl)-4-tritylmorpholin—Z-yl] metoxy}-4-
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oxobutanoic dugc tai 1én nhya amino polystyren
Hop chéit néu & d& muc duogc san xudt theo cach tuong ty nhu trong Vi du
tham khao 1, ngoai trir vi€c N-{9-[(2R,6S)-6-(hydroxyrnetyl)-4-tritylmorpholin—2-yl]
purine-6-yl} benzamido dugc sir dung trong bugc nay, thay cho N-{1-[(2R,6S)-6-
(hydroxymetyl)-4-trity1morpholin—2-yl] -2-0x0-1,2-
dihydropyrimidin-4-yl}benzamit dugc su dung trong buéc 1 cua Vi du tham khao 1.
Luong tai cua san phém duge xac dinh tir luong mong cua trityl trén g nhyua
bing cach do do hip thy UV & 409 nm sir dung phuong phép da biét. Luong tai cua
nhua 13 185,7 pmol/g.
Vi du tham khdo 4
Axit 4-{{(2S, 6R)—6-{6-2-Xyanoetoxy}-2-[(2-phenoxyaxety1) amino] purin-9-yl}-4-
tritylmorpholin-Z-yl}metoxy}-4-0xobutanoic duogc tai 1én nhya amino polystyren
Hop chét néu & d& muc dugc san xuét theo cach tuwong ty nhu trong Vi du
tham khao 1, ngoai trir vi€c N-{6-(2-xyanoetoxy)-9-[(2R,6S)-6-(hydroxymetyl)-4-
tritylmorpholin-2-yl] purin-2-yl} -2-phenoxyaxetoamido dugc su dung trong budc
nay, thay cho N—{1—[(2R,6S)-6-(hydroxymetyl)-4-trity1morpholin—2-y1]-2-oxo-1,2-
dihydropyrimidin-4-yl} benzamit dugc st dung trong bude 1 cua Vi du tham khéo 1.
Luong tai cua san phdm dugc xéc dinh tir lugng mong cha trityl trén g nhya
bing cach do @0 hip thy UV & 409 nm sir dung phuong phap d3 biét. Lugng tai cua
nhua 13 164,8 pmol/g.
Theo mo ta trong Vi du 1 dudi day, PMO thé hién boi PMO s6 1-118 trong
bang 1 duoc tbng hop. PMO s6 119 va 120 duoc mua cua Gene Tools, LLC. PMO
duoc tdng hop duge hoa tan trong nude 8 tiém (san xudt boi Otsuka Pharmaceutical

Factory, Inc.).
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Bang 1-1
Bang 1
PMO Trinh ty dich ndm trén Chuy SEQID

No. exon 44 NO:
1 11-23 & 91-103 Péu 5': nhém (3) 11
2 11-23 & 61-73 Diu 5" nhém (3) 12
3 11-23 & 71-83 DPAu 5" nhém (3) 13
4 21-33 & 91-103 Piu 5" nhém (3) 14
5 21-33 & 81-93 Diu 5" nhém (3) 15
6 21-33 & 101-113 Dau 5": nhém (3) 16
7 21-33 & 61-73 DPAu 5" nhém (3) 17
8 21-33 & 71-83 Piu 5': nhém (3) 18
9 21-35 & 101-115 Péu 5': nhém (3) 19
10 11-25 & 91-105 DPAiu 5': nhém (3) 20
11 16-25 & 101-115 Diu 5" nhém (3) 21
12 21-35 & 91-105 Diu 5" nhém (3) 22
13 11-23 & 101-113 Pau 5" nhém (3) 23
14 23-35 & 91-103 Piu 5'": nhém (3) 24
15 19-31 & 91-103 Piu 5" nhém (3) :
16 21-33 & 89-101 Piu 5" nhém (3) 26
17 11-23 & 81-93 Piu 5" nhém (3) 27
18 19-31 & 93-105 DPAu 5" nhém (3) 28
19 23-35 & 89-101 DPAu 5" nhém (3) 29
20 23-35 & 93-105 Plu 5" nhém (3) 30
21 22-33 & 92-103 Piu 5" nhém (3) 31
22 91-103 & 21-33 Dau 5": nhém (3) 32
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23 22-32 & 92-102 Déu 5': nhém (3) 33
24 22-31 & 93-102 Piu 5": nhém (3) 34
25 19-31 & 59-71 Pau 5" nhém (3) 35
26 21-33 & 93-105 PAiu 5': nhém (3) 36
27 21-33 & 63-75 Piu 5" nhém (3) 37
28 19-31 & 61-73 Pau 5" nhém (3) 38
29 19-31 & 63-75 DPAu 5" nhém (3) 39
30 21-33 & 59-71 Dau 5": nhém (3) 40
31 23-35 & 61-73 Piu 5": nhém (3) 41
32 23-35 & 63-75 Péu 5': nhém (3) 42
33 23-35 & 59-71 DPAu 5': nhém (3) 43
34 19-31 & 89-101 Piu 5" nhém (3) 6
35 61-73 & 91-103 Piu 5": nhém (3) 44
36 61-73 & 72-84 Diu 5': nhém (3) 45
37 24-33 & 62-71 Diu 5" nhém (3) 46
38 24-33 & 65-74 Piu 5" nhém (3) 47
39 61-70 & 75-84 Piu 5': nhém (3) 48
40 22-31 & 65-74 Dau 5" nhém (3) 49
41 17-29 & 91-103 Piu 5" nhém (3) 50
42 33-44 & 62-74 Piu 5" nhém (3) 51
43 26-37 & 65-76 PAu 5" nhém (3) 52
44 23-33 & 61-71 Diu 5" nhém (3) 53
45 23-33 & 65-75 Piu 5" nhém (3) 7
46 22-32 & 64-74 Piu 5" nhém (3) 54
47 59-68 & 77-86 Diu 5" nhém (3) 55
48 58-70 & 75-87 PAu 5': nhém (3) 56
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49 22-33 & 63-74 Piu 5" nhém (3) 8
50 61-73 & 81-93 PAu 5": nhém (3) 57
51 93-103 & 25-35 DPAu 5" nhém (3) 58
52 17-29 ATT 91-102 Piu 5" nhém (3) 59
53 92-103 & 22-33 Piu 5" nhém (3) 60
54 91-103 & 19-31 Piu 5" nhém (3) 61
55 61-73 & 19-31 Dau 5": nhém (3) 62
56 61-73 & 85-97 Piu 5" nhém (3) 63
57 69-81 CTCC 61-68 Piu 5'": nhém (3) 64
58 93-105 & 23-35 Diu 5" nhém (3) 65
59 90-103 & 25-36 Diu 5" nhém (3) 66
60 CT-[61-76]-AC Piu 5" nhém (3) 67
61 84-96 & 21-33 Diu 5" nhém (3) 68
62 81-93 & 23-35 Diu 5" nhém (3) 69
63 CC-[61-80]-CC Piu 5": nhém (3) 70
64 CTT-[61-78]-CCC Diu 5': nhém (3) 71
65 84-93 & 23-33 DPAu 5" nhém (3) 72
66 89-101 & 19-31 Piu 5" nhém (3) 73
67 91-103 & 61-73 Dau 5" nhém (3) 74
68 61-71 & 91-105 Piu 5" nhém (3) 75
69 20-30 & 89-99 Piu 5': nhém (3) 76
70 64-74 & 93-103 Piu 5": nhém (3) 77
71 20-31 & 89-100 Diu 5" nhém (3) 78
72 1-13 & 76-88 Piu 5": nhém (3) 79
73 64-75 & 92-103 Piu 5": nhém (3) 9
74 99-108 & 19-34 Piu 5": nhém (3) 80
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75 58-67 & 76-85 Piu 5" nhém (3) 81
76 58-67 & 77-86 Déu 5': nhém (3) 82
77 23-33 & 92-102 PAu 5'": nhém (3) 83
78 20-30 & 90-100 PAu 5" nhém (3) 84
79 93-104 & 22-33 Péu 5'": nhém (3) 85
80 93-103 & 23-33 Dau 5" nhém (3) 86
81 64-73 & 76-85 Péu 5" nhém (3) 87
82 64-74 & 86-95 DPAu 5" nhém (3) 88
83 58-66 & 77-85 Déu 5'": nhém (3) 89
84 64-73 & 84-93 Piu 5" nhém (3) 90
85 21-31 & 90-100 Piu 5'": nhém (3) 91
86 20-30 & 87-97 DAu 5': nhém (3) 92
87 27-36 & 89-97 DPAu 5" nhém (3) 93
88 20-29 ATT 91-100 Pau 5': nhém (3) 94
89 20-29 ATT 91-97 Déu 5" nhém (3) 95
90 20-29 & 88-97 DPAu 5" nhém (3) 96
91 22-31 & 63-74 Dau 5" nhém (3) 97
92 64-76 & 96-102 +C Piu 5': nhém (3) 98
93 58-68 & 77-85 +C Piu 5': nhém (3) 99
94 22-36 & 89-97 Pau 5" nhém (3) 100
95 19-31 & 89-100 Dau 5" nhém (3) 101
96 22-31 & 87-97 Piu 5': nhém (3) 102
97 -1-11 & 62-73 Pau 5" nhém (3) 103
98 -1-11 & 89-100 Dau 5': nhém (3) 104
99 -1-11 & 20-31 Piu 5" nhém (3) 105
100 20-31 & 89-101 Pau 5" nhém (3) 106
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101 19-31 & 90-101 Piu 5": nhém (3) 107
102 20-31 & 90-101 Piu 5" nhém (3) 108
103 -1-13 & 76-82 Diu 5": nhém (3) 109
104 -1-10 & 63-73 Pau 5': nhém (3) 110
105 -1-10 & 90-100 Déu 5" nhém (3) 111
106 -1-10 & 20-30 Pau 5": nhom (3) 112
107 20-31 & 91-101 Dau 5" nhém (3) 113
19-31 & 89-101 Piu 5": nhém (3)
108 . 6
Pau 3": axetyl hoa
109 20-31 Piu 5": nhém (3) 114
110 65-75 PAu 5': nhém (3) 115
111 23-33 Péu 5": nhém (3) 116
112 92-103 Déu 5': nhém (3) 117
113 64-75 Déu 5": nhém (3) 118
114 89-101 Péu 5": nhém (3) 119
115 19-31 Dau 5" nhém (3) 120
20-31 & 89-101 Piu 5" nhém (3)
116 . 106
Pau 3" axetyl hoa
117 63-74 Déu 5": nhém (3) 121
118 22-33 Piu 5": nhém (3) 122
119 59-68 Déu 5°: nhém (2) 123
120 77-86 Diu 5°: nhém (2) 124
Vidul

LA bazo & dau 5°, axit 0,2 g 4-{[(2S, 6R)-6-(4-benzamide-Z-oxopyrimidin—

1(2H)-yl)-4- tritylmorpholin-Z-yl]metoxy} 4-oxobutanoic dugc tai
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aminopolystyren (Vi du tham khéo 1), axit 4-{[(2S, 6R)-6-(5-metyl-2,4-
dioxopyrimidine-1-yl)-4-tritylmorpholin-2-yl] metoxy}-4-oxobutanoic duogc tai 1én
nhya aminopolystyren (Vi du tham khéo 2), axit 4-{[(2S, 6R)-6-(6-benzamido purin-
9-y1)-4-tritylmorpholin-2-yl] ~ metoxy} -4-oxobutanoic dugc tai 1én nhya
aminopolystyren (Vi du tham khéo 3), hodc axit 4-{{(2S, 6R)-6-{6-(2-xyanoetoxy)-
2-[(2-phenoxyaxetyl) amino] purin—9-y1}-4-trity1rnorpholin—2-y1}metoxy}-4-
oxobutanoic duogc tai 1én nhya aminopolystyren (Vi du tham khao 4), dugc nap vao
cot ¢6 bd loc. Sau do, chu trinh tong hop duoc thé hién dudi day dugc bit dau su
dung may tdng hop oligonucleotit (AKTA Oligopilot 10 plus). Hop chét monome
morpholino mong mubn duoc thém vao trong mdi chu trinh bét cip dé tao thanh trinh
tu bazo duge md ta trong bang 1 (xem bang 2 dudi day).

Dung dich khir bao vé 13 dung dich diclometan chtra 3% (khéi lugng/thé tich)
axit trifloaxetic. Dung dich trung hoa va rira dugc su dung 13 dung dich thu dugc
bang cach hoa tan N,N-diisopropyletylamin thanh 10% (thé tich/thé tich) va
tetrahydrofuran thanh 5% (thé tich/thé tich) trong diclometan chira 35% (the tich/thé
tich) axetonitril. Dung dich bt ciip A duge sir dung 1a dung dich thu duoc bang cach
hoa tan hop chit monome morpholino trong tetrahydrofuran thanh 0,10 M. Dung dich
bit cip B dugc s dung 12 dung dich thu dugc bang cach hoa tan N,N-
diisopropyletylamin thanh 20% (thé tich/thé tich) va tetrahydrofuran thanh 10% (thé
tich/thé tich) trong axetonitril. Dung dich khai mao dugc s dung 13 dung dich thu
duoc bing céch hoa tan 20% (thé tich/thé tich) axetic anhydrit va 30% (the tich/thé
tich) 2,6-lutidin trong axetonitril.

Nhuya aminopolystyren dugc tai véi PMO duogc tong hop trén day dugc thu
hi tir binh phan tmg va dugc 1am kho & nhiét do phong trong it nhét 2 gio trong ap
sut giam. PMO duoc lam khd dugc tai 1én nhya aminopolystyren resin dugc nap vao

trong binh phén ung, va 5 mL nude amoniac 28% -etanol (1/4) dugc thém vao. Hbn
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hop duoc khudy & 55°C trong 15 gid. Nhya aminopolystyren dugc tach bang cach loc
va duoc rira bang 1 mL nudce-etanol (1/4). Dich loc thu dugce duge cb déc trong ap
suét giam. Phan cin thu duge duge hoa tan trong 10 mL hén hop dung méi cia axit
axetic 20 mM — dém trietylamin (&ém TEAA) va axetonitril (4/ 1) va duge loc qua
mang loc. Dich loc thu duge dugce tinh sach bang HPLC pha déo. Cic didu kién su

dung 13 nhu duoc thé hién trong bang 3 dudi day.

Bang 3
Cot XBridge 5 pm C18 (Waters, ¢19x50 mm, 1 CV=14 mL)
Tbc d6 dong 10 mL/phut
Nhiét dd cot Nhiét d6 phong
Dung dich A Pém TEAA 20mM
Dung dich B CH:CN
Gradient (B) dam dac 10—70% /15 CvV

CV: thé tich cot

MB3i phan doan dugc phén tich, va san phdm dich duoc thu hdi va duge o
dic trong ap suit giam. Thém vao phin cb dic con lai 0,5 mL dung dich nudc axit
phosphoric 2M, va hdn hop duogc khudy trong 15 phut. Ngoai ra, 2 mL dung dich
nuéc natri hydroxit 2 M dugc thém vao @& chuyén hdn hop thanh mdi trudong kiém,
tiép theo 12 loc qua mang loc (0,45 pm).

Dung dich nudc thu dugc chira san phém dich dugc tinh sach béng cdt nhya
trao ddi anion. Cac diéu kién duge sir dung 1a nhu dugc thé hién trong bang 4 dudi
day.

M3i phan doan dugc phan tich (trén HPLC) va san pham dich thu duogc &
dang dung dich nu6c. Thém vao dung dich nugc thu duge dém phosphat 0,1 M
(pH 6,0) dé trung hoa. Tiép theo, hdn hop thu duge duge khir mudi bang HPLC pha

dao trong céc diéu kién dugc mo ta trong bang 5 dudi day.
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Bang 5
Cot XBridge 5pm C8 (Waters, ¢10x50 mm, 1CvV=4
mL)
Tbc do dong 4 mL/phut
Nhiét do cot 60°C
Dung dich A nudc
Dung dich B CH:CN
Gradient (B) ddm dc 0—50%/ 20CV

San phdm dich dugc thu hdi va hdn hop duge cd dic trong ap suit giam.
Phén con lai thu dugc duge hoa tan trong nuéce. Dung dich nuéce thu dugce duoc dong
khong dé tao thanh hop chat dich 1a chit rin nhu bong mau tréng.

Céc gia tri tinh todn va gia tri phat hi¢n dugc cua ESI-TOF-MS dugc thé hién

trong bang 6 dudi day.

Béng 6-1

Bang 6

PMO sb. | Trinh tu dich trong exon 44 |  Tinh toan Phat hién
1 H44 11-23_91-103 8539,94 8539,52
2 H44 11-23_61-73 8551,97 8552,69
3 H44 11-23_71-83 8533,95 8535,46
4 H44 21-33_91-103 8507,92 8507,71
5 H44 21-33_81-93 8543,96 8543,98
6 H44 21-33_101-113 8534,95 8535,75
7 H44 21-33_61-73 8519,95 8520,14
8 H44 21-33_71-83 8501,93 8501,81
9 H44 21-35_101-115 9882,42 9882,06
10 H44 11-25_91-105 9869,39 9870,94
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11 H44 16-25_101-115 8226,85 8227,78
12 H44 21-35_91-105 9855,39 9855,53
13 H44 11-23_101-113 8566,97 8566,58
14 H44 23-35_91-103 8540,94 8541,52
15 H44 19-31_91-103 8491,92 8491,90
16 H44 21-33_89-101 8541,94 8541,87
17 H44 11-23_81-93 8575,98 8576,67
18 H44 19-31_93-105 8475,92 8476,50
19 H44 23-35_89-101 8574,96 8574,70
20 H44 23-35_93-105 8524,94 8524,71
21 H44 22-33_92-103 7822,69 7823,21
22 H44 91-103_21-33 8507,92 8508,59
23 H44 22-32_92-102 717747 7177,58
24 H44 22-31_93-102 6492,24 6492,03
25 H44 19-31_59-71 8478,94 8478,90
26 H44 21-33_93-105 8491,92 8492,33
27 H44 21-33_63-75 8470,93 8471,00
28 H44 19-31_61-73 8503,95 8503,87
29 H44 19-31_63-75 8454,93 8454,94
30 H44 21-33_59-71 8494,94 8494,90
31 H44 23-35_61-73 8552,97 8552,40
32 H44 23-35_63-75 8503,95 8504,17
33 H44 23-35_59-71 8527,96 8527,97
34 H44 19-31_89-101 8525,94 8525,93
35 H44 61-73_91-103 8595,95 8595,95
36 H44 61-73_72-84 8589,96 8590,03
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37 | H44_24-33_62-71 6520,27 6519,69
38 | H44 24-33_65-74 6520,27 6520,36
39 | H44 61-70_75-84 6574,28 6573,63
40 | H44 22-31 65-74 6495,26 6495,21
41 | H44_17-29 91-103 8515,93 8515,62
42 | H44_33-44 62-74 8254,88 8254,88
43 | H44_26-37_65-76 7876,75 7876,96
44 | H44 23-33_61-71 7189,50 7189,75
45 | H44 23-33_65-75 7180,49 7180,75
46 | H44 22-32 64-74 7165,49 7165,64
47 | H44_59-68_77-86 6559,28 6559,32
48 | H44 58-70_75-87 8566,97 8567,64
49 | H44 22-33_63-74 7810,71 7810,77
50 | H44 61-73_81-93 8631,99 8632,04
51 | H44 93-103_25-35 7195,49 7195,55
52 | H44_17-29 ATT 91-102 9185,16 9186,41
53 | H44 92-103_22-33 7822,69 7822,17
54 | H44 91-103_19-31 8491,92 8491,77
55 | H44 61-73_19-31 8503,95 8503,41
56 | H44 61-73_85-97 8591,98 8591,55
57 | H44 69-81_ CTCC_61-68 8164,83 8165,78
58 | H44 93-105_23-35 8524,94 8525,05
59 | H44_90-103_25-36 8558,96 8558,71
60 | CT-[H44 61-76]-AC 6534,27 6534,04
61 | H44 84-96 21-33 8518,95 8518,86
62 | H44 81-93 23-35 8576,98 8577,13
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63 CC-[H44_61-80]-CC 7819,72 7818,92
64 CTT-[H44_61-78]-CCC 7825,71 7825,02
65 H44 84-93_23-33 6883,40 6882,97
66 H44 89-101_19-31 8525,94 8526,46
67 H44 91-103_61-73 8595,95 8595,17
68 H44 61-71_91-105 8579,95 8579,71
69 H44 20-30_89-99 7186,48 7186,30
70 H44 64-74_93-103 7201,48 7202,00
71 H44 20-31_89-100 7831,70 7831,77
72 H44 1-13_76-88 8551,97 8552,42
73 H44 64-75_92-103 7861,70 7861,72
74 H44 99-108_19-34 8583,97 8583,87
75 H44 58-67_76-85 6534,27 6533,87
76 H44 58-67_77-86 6543,28 6542,70
77 H44 23-33_92-102 7177,47 7176,76
78 H44 20-30_90-100 7161,47 7161,32
79 H44 93-104_22-33 7822,69 7823,23
80 H44 93-103_23-33 7177,47 7177,09
81 H44 64-73_76-85 6550,27 6549,41
82 H44 64-74_86-95 6922,41 6921,39
83 H44 58-66_77-85 5889,05 5888,11
84 H44 64-73_84-93 6592,30 6591,14
85 H44 21-31_90-100 7161,47 7160,62
86 H44 20-30_87-97 7179,49 7178,65
87 H44 27-36_89-97 6214,17 6213,81
88 H44 20-29_ATT 91-100 7506,58 7505,79
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89 | H44 20-29 ATT 91-97 6491,24 6490,34
90 | H44 20-29 88-97 6525,26 6523,73
91 | H44 22-31_63-74 7140,48 7139,34
92 | H44 64-76_96-102+C 6871,37 6869,58
93 | H44 58-68_77-85+C 6874,39 6872,78
94 | H44 22-36_89-97 7858,73 7859,53
95  |H44 19-31_89-100 8170,82 8171,89
96 | H44 22-31_87-97 6849,38 6849,17
97 | H44 -1-11_62-73 7898,74 7899,01
98 | H44 -1-11_89-100 7904,73 7904,14
99 | H44 -1-11_20-31 7794,71 7794,30
100 | H44 20-31_89-101 8186,82 8186,63
101 | H44_19-31_90-101 8170,82 8170,92
102 | H44 20-31_90-101 7831,70 7831,48
103 |H44 -1-13_76-82 6849,38 6348,35
104 | H44 -1-10_63-73 7213,51 7211,46
105 | H44 -1-10_90-100 7219,50 7218,65
106 | H44 -1-10_20-30 7149,49 7151,40
107 | H44 20-31_91-101 7492,58 7493,67
108 | H44 19-31_89-101(N-Ac) 8567,95 8568,51
109 | H44 20-31 3816,34 3816,82
110 | H44 65-75 3565,25 3565,61
111 |H44 23-33 3526,24 3526,57
112 |H44 92-103 3892,34 3892,71
113 | H44_64-75 3880,36 3880,72

| H44_89-101 4281,48 4282,08
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115 H44 19-31 4155,46 4156,03
116 H44 20-31_89-101(N-Ac) 8228,83 8229,03
117 H44 _63-74 3880,36 3880,21
118 H44 22-33 3841,35 3841,30

Vi du thr nghiém 1
Thir nghiém in vitro

St dung kit Amaxa Cell Line Nucleofector L trén Nucleofector II (Lonza),
0,1 dén 30 pM cua céc oligome d6i nghia trong bang 1 dugc chuyén nhiém véi 3,5x
105 ctia cac t& bao RD (dong & bao sacom co van cia ngudi). Chuong trinh T-030
dugc st dung.

Sau khi chuyén nhiém, cac t4 bao dugc nudi cdy trong ba dém trong 2 mL
mbi trudong thiét yéu toi thiéu cua Eagle (Eagle's Minimal Essential Medium -
EMEM) (san xuét boi Sigma, sau day goi 12 nhu véy) chira 10% huyét thanh bao thai
bo (fetal calf serum -FCS) (san xuit boi Invitrogen) trong diéu kién 37°C va COz 5%.

Cac té bao duoc rira mot 13n v&i PBS (san xuét boi Nissui, sau day goi 14 nhu
véy) va 350 pl dém RLT (san xuét boi Qiagen) chira 1% 2-mercaptoethanol (san xuét
boi Nacalai Tesque) duge thém vao cac t& bao. Sau khi céc té bao dugc dé ¢ nhiét do
phong trong vai phut dé dung giai cac t& bio, san phim dung giai dugc thu vao thiét
bi lam dong nhét QIAshredder (san xut boi Qiagen). Sau do dich dung giai dugc ly
tam & 15,000 vong/phit trong 2 phit dé tao thanh dich ddng nhét. ARN tbng dugc
chiét theo phuong phép kém véi kit RNeasy Mini (san xudt béi Qiagen). Nong dd
RNA tdng dugc chiét dugc xac dinh st dung NanoDrop ND-1000 (séan xuét boi
LMS).

PCR theo thdi gian thuc mdt budc duge thuc hién véi 400 ng RNA tbng da

chiét str dung kit PCT thoi gian thue QIAGEN OneStep (san xuit boi Qiagen). Dung
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dich phan Ung dugc chuén bi theo phuong phép di kem véi kit. PTC-100 (san xuét
bdi MJ Research) hoic TaKaRa PCR Thermal Cycler Dice Touch (san xuét boi
Takara Bio) dugc st dung lam thiét bi chu trinh nhiét. Chuong trinh PCR thoi gian
thuc st dung 13 nhu sau.

50°C, 30 phut: phan g phién méi nguoc

95°C, 15 phut: hoat héa polymeraza, bét hoat transcriptaza dao, bién tinh nhiét cua
cADN

[94°C, 30 gidy; 60°C, 30 gidy; 72 °C, 1 phut] x 35 chu trinh: Khuéch dai PCR

72°C, 10 phut: kéo dai lan cubi

Céc trinh ty bazo ciia mdi xudi va mdi nguoc st dung cho PCT thoi gian thyc

duoc dua ra dudi day.

Mdi xubi : 5°- GCTCAGGTCGGATTGACATT -3’ (SEQ ID NO: 125)

Mdi nguoc : 5’- GGGCAACTCTTCCACCAGTA -3’ (SEQ ID NO: 126)

Sén phém phan tng, 1 pL ctia PCR trén day dugc phén tich sir dung thiét bi
Bioanalyzer (san xut bai Agilent Technologies, Inc.).

Polynucleotit mirc “A” clia s¢i c6 sy bo qua exon 44 va polynucleotit mirc
“B” cua soi khong c6 su bo qua exon 44 duge do. Dua trén cac gia tri do “A” va “B”
ndy, hiéu qua bo qua dugce xéc dinh bang phuong trinh dudi day:

Hiéu qua bo qua (%)=A/(A+B) x 100
Céc két qua thi nghiém

Két qua duge thé hién trén céc FIG. tir Fig. 1 dén Fig. 26. Thir nghi¢ém nay
cho thiy rang, oligome theo séng ché thu dugc bang céch lién két cac oligome don vi
ngén dugc chon tir bazo thir nhit dén 44 (SEQ ID NO: 1) va bazo thi 58 dén 115
(SEQ ID NO: 2), mdt céch tuong Ung, tr dau 5' cia trinh tu nucleotit cia exon 44
(SEQ ID NO: 10) trong gen dystrophin kiéu dai cta ngudi gy ra sy bo qua exon 44

mot cach hiéu qua.

-67-



31145

Vi du thir nghiém 2

Thir nghiém in vitro

Céc thir nghiém dugce thyuc hién nhu Vi du thir nghiém 1 ngoai trlr viée 3,5x 105 té

bao RD (dong t& bao sacom co van ngudi) dugce chuyén nhiém véi céc oligome theo

sang ché cia PMO sb 34, 100, 45, 73, 49 va 47 ¢ dang don hodc & dang trong d6 hai

oligome don vi cdu thanh mbi oligome dugc bao ¢dm & dang don hogc trong hdn

hop, & ndng do 1, 3 hodc 10 uM, sir dung kit Amaxa Cell Line Nucleofector L trén

Nucleofector IT (Lonza). Chuong trinh T-030 dugc st dung. Cac t6 hop cua céc trinh

ty d& chuyén nhiém 13 nhu sau.

Bang 7

T hop céc trinh ty duge chuyén nhiém

T6 hop céc trinh tu Nong do cta oligome
dugc chuyén nhidm (uUM)
1 | PMO No.34 1uM
2 PMO No.115 hodic PMO No.114 hogc hén hop | 1uM mdi loai
3 | PMO No.100 1pM
4 | PMO No.109 hoic PMO No.114 hogc hdn hop | 1pM mdi loai
; PMO No.45 1uM
6 PMO No.111 hosic PMO No.110 hogc hdn hop | 1pM mdi loai
7 | PMO No.73 1pM
3 | PMO No.113 hoic PMO No.112 hogc hén hop | 1pM mbi loai
9 | PMO No.49 1uM
; PMO No.117 hodic PMO No.118 hogc hén hop | 1uM mdi loai
11 | PMO No.47 3 hozc 10uM
12 | PMO No.119 hoic PMO No.120 hodc hdn hop | 3 hodc 10uM mbi loai
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Céc két qua thir nghiém

Két qua dugce thé hién trén cac FIG. 27 dén 31. Thit nghiém nay cho thy
ring, m3i trong s& cac PMO s6 110 dén 115, PMO sb 117 va PMO s6 118 huéng
dich vi tri trén exon 44 khong thé gy ra su bo qua exon 44 boi ban than nd. Thu
nghiém nay ciing tiét 16 rang, nhu so sinh véi céc hdn hop ciia hai axit nucleic d6i
nghia hudng dich cac vi tri khac nhau trén exon 44 (hén hop ciia PMO No. 114 va
PMO No. 115; hdn hop cua PMO No. 109 va PMO No. 114; hdn hgp ciia PMO No.
110 va PMO No. 111; hdn hop ctia PMO No. 112 va PMO No. 113; hén hop cua
PMO No. 117 va PMO No. 118; va hdn hop ctia PMO No. 119 va PMO No. 120),
céc oligome theo sang ché cua PMO No. 34, PMO No. 100, PMO No. 45, PMO No.
73, PMO No. 49 va PMO No. 47, trong do mdi oligome don Vi tuong ting dugc lién
két v&i nhau, gy ra sy bo qua exon 44 vé&i higu qua cao.

Vi du thir nghiém 3
Thir nghiém in vitro sit dung nguyén bao soi ngudi

Hoat tinh bd qua exon 44 dugc xéc dinh bing cach sir dung céc t& bao GM05112
(c4c nguyén bao soi thu duqc tir bénh nhan mic DMD 14 ngudi véi sy x6a exon 45,
Coriell Institute for Medical Research). La mbi trudong sinh trudng, mdi truong Eagle
duge bién ddi cia Dulbecco duge sit dung: H3n hop dinh dudng F-12 (DMEM/F-12)
(Life Technologies) chita 10% FCS (HyClone Laboratories, Inc.) va 1%
Penicillin/Streptmycin (P/S) (Sigma-Aldrich, Inc.) va t& bao dwoc nudi cdy trong diéu
kién 37°C va 5% COa.

Céac té bao dugc nudi cAy trong binh T225 va 2,5 mL retrovirut (ZsGreenl
coexpression) biéu hién myoD thu dugc tir ngudi (SEQ ID NO: 127) va ndng 4o cudi
12 8 pg/mL cua polybren (Sigma-Aldrich, Inc.) dugc thém vao 30 mL mdi truong sinh
truomg. Sau khi 1 & 32°C trong 2 ngdy, mdi trudng dugc dbi thanh moi trudng sinh

trudng méi va viéc 0 dugc tiép tuc & 37°C trong 3 ngay. Céac nguyén bao soi dugc
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bién nap MyoD duong tinh ZsGreenl dugc thu boi thiét bi BD FACSAria Cell Sorter
(BD Bioscience). Cac té bao thu dugc duge tao huyén phu trong mdi trudng biét hoa
(DMEM/F-12 chua 2% huyét thanh ngwa (LifeTechnologies), 1% P/S va ITS Liquid
Media Supplement (Sigma-Aldrich, Inc.)) va chy vio dia & mat do 9.4 x 10* t&
bao/giéng vao dia 24 giéng duge phu collagen. Mdi truong duoc thay ctr mdi 2 dén 3
ngly va viéc u dugc tiép tuc dé biét hoa vao cac dng myotube.
Vao ngay thir 7 sau khi cAy vao dia 24 giéng, mdi truong dugc thay thé bang

mdi trudng biét héa, va 10 uM cua cac oligome PMO No. 34, 45 , 49 va 73 duogc
thém vao d6 & ndng do cudi. Sau khi cac t& bao dugc U trong 2, mdi trudng dugc thay
bing moi trudng biét hoa khong ¢4 PMO, va céc té bao duge i thém 5 ngay nira. Sau
d6 céc té bao dugc thu lai @8 tach ARN tdng sir dung kit RNeasy Mini (QIAGEN).
PCR thoi gian thyc duge thyc hién v6i 50 ng ARN tbng tach dugc st dung kit
QIAGEN OneStep RT-PCR. Dung dich phan ung dugc chuén bi theo phuong phép di
kém véi kit. iCycler (san xudt boi Bio-Rad Laboratories) duoc su dung 1am thiét bi
chu trinh nhiét. Chuong trinh PCR thoi gian thuc st dung 1a nhu sau.

50°C, 30 phut: phan ing phién ma ngugc

95°C, 15 phut: hoat hoa polymeraza, bt hoat transcriptaza déo, bién tinh nhiét cta
cADN

[94°C, 1 phut; 60°C, 1 phut; 72 °C, 1 phut] x 35 chu trinh: Khuéch dai PCR

72°C, 7 phut: kéo dai 1an cudi

Céc trinh ty bazo clua mdi xudi va mdi nguge st dung cho PCT thoi gian thyue

duoc dua ra dudi day.

Mdi xudi : 5°- GCTCAGGTCGGATTGACATT -3’ (SEQ ID NO: 125)

Modi nguge * 5’ GGGCAACTCTTCCACCAGTA -3’ (SEQ ID NO: 126)
1 pL san phim PCR dugc phén tich boi Experion ADN 1K Analysis Kits

(Bio-Rad Laboratories) st dung Experion Electrophoresis  Station (Bio-Rad
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Laboratories). Thir nghiém ADN 1K dugc lya chon trén Experion Software phién ban
3.2 (Bio-Rad Laboratories) va dugc do. Mtc (A) cla chudi xung quanh 317 bp va
muc (B) cua chudi xung quanh 465 bp dugc xéc dinh (don vi: nmol/L). Hi¢u qué bo
qua (%) dugc xac dinh bing phuong trinh sau ddy st dung Excel 2007 SP3
(Microsoft).

Hiéu qua bé qua (%) =A/(A+B)x 100
Céc két qua thir nghiém

Céc két qua dugce thé hién trén FIG. 32. Thir nghiém nay cho thdy rang, cac
oligome dbi nghia theo sang ché ciia PMO Nos.34, 45, 49 va 73, c6 thé giy ra sy bo
qua exon 44 véi hiéu qua cao & cac té bao tir bénh nhan mic DMD véi sy x6a exon
45.
Kha ning ing dyng trong cong nghiép

Cac két qua thir nghiém trong cac vi du thir nghiém chimg minh ring céc
oligome theo sang ché trong d6 cac oligome ngan dugc lién két gay ra sy bo qua exon
44 trong céc té bao RD. Do d6, cac oligome theo sang ché 13 cuc k¥ hitu dung dé diéu

tri DMD.
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YEU CAU BAO HQ
1. Oligome dbi nghia bao gdm trinh tu nucleotit duge chon tur nhém bao gém céc

SEQ ID NO tu 6 dén 9, 55 va 106, va bao gdbm sy boé qua exon 44 trong gen’

dystrophin ¢ nguoi, hodc mudi hodc hydrat duge dung cua nd.

2. Oligome dbi nghia theo diém 1, trong d6 oligome d6i nghia nay 1 oligonucleotit,

hodc mudi hodc hydrat dugc dung cta nob.

3. Oligome ddi nghia theo diém 2, trong d6 gbc dudng va/hodc vung lién két véi
phosphat cua it nhét mot nucleotit cAu thanh oligonucleotit dugc cai bién, hodc mudi

hodc hydrat duge dung ctia no.

4. Oligome dbi nghia theo diém 2 ho#c 3, trong do gbc dudng cua it nhét mot
nucleotit cAu thanh oligonucleotit 13 riboza trong d6 nhém 2'-OH dugc thay thé bang
nhém bét ky duge chon tir nhém bao gbm trong s6 cac nhém bao gdm OR, R, R'OR,
SH, SR, NH;, NHR, NR2, N3, CN, F, Cl, Br va I (trong dO R 14 alkyl ho#c aryl va R’

12 alkylen), hodc mudi hodc hydrat dugc dung cuia né.

5. Oligome d6i nghia theo diém bét ky trong sé cac didm tir 2 dén 4, trong d6 ving
lién két v&i phosphat cta it nhit mdt nucleotit chu thanh oligonucleotit ving bét ky
dugce chon tir nhém bao gbm lién két phosphorothioat, lién két phosphorodithioat,
Jién két alkylphosphonat, lién két phosphoramidat va lién két boranophosphat, hodc

mubi hodc hydrat dugc dung ctia nd.

6. Oligome d6i nghia theo diém 1 hoic 2, trong do6 oligome d61 nghia nay 1a oligome

morpholino, hodc mudi hoic hydrat dugc dung ctia nd.

7. Oligome d6i nghia theo diém 6, trong d6 oligome dbi nghia nay la oligome

phosphorodiamidat morholino, hodc mudi hoic hydrat duge dung cua no.

8. Oligome ddi nghia theo diém 6 hoic 7, trong dé dau 5' c6 cong thirc hoa hoc bat ky

trong s& cac cong thirc héa hoc tir (1) dén (3) duéi day, hodc mudi hozc hydrat dugc
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dung cua no:

QQT/Q\vaﬁ\oéﬁ\yzos,a¢<OHw,,H".

(1)

o

‘ "-vr’/CH’3
=P-=N__ . S
T NCHy S
L
(2) Ay

9. Dugc phém d8 didu tri chimg loan dudng co, chira oligome d6i nghia theo diém bt

ky trong sé cac diém tir 1 dén 8, hodc mudi hodc hydrat dugc dung cua né lam hoat

chét.

10. Dugc phim theo diém 9, trong d6 dugc phim nay con chia chit mang dugc

dung.
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<211> 45
<212> ADN

<213> Nhén tao

220>
<223> Axit nucleic téng hop

<400> 1
ggcgatttga cagatctgtt gagaaatggc ggcgttttca ttatg
45

<210> 2
<211> 58
<212> ADN

<213> ©Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 2
taatcagtgg ctaacagaag ctgaacagtt tctcagaaag acacaaattc ctgagaat
58

<210> 3
<211> 17
<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 3
ttgagaaatg gcggcgt
17

-74-



31145

<210> 4
<211> 17
<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic téng hop

<400> 4
tcagtggcta acagaag
17

<210> 5

<211> 17

<212> ADN

<213> Nhan tao

<220>
<223> Axit nucleic téng hop

<400> 5
tctcagaaag acacaaa
17

<210> 6

<211> 26

<212> ADN

<213> ©Nhan tao

<220>
<223> Axit nucleic téng hop

<400> 6

gtgtctttcet gagccgcecat ttctca
26

<210> 17

<211> 22

<212> ADN

<213> ©Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 7
tctgttagcce acgccgecat tt
22

-75-



31145

attcctg agaattggga

<210> 8

<211> 24

<212> ADN

<213> Nhén tao

<220>

<223> Axit nucleic téng hop

<400> 8

ctgttagcca ctcgccgeca tttc

24

<210> 9

<211> 24

<212> ADN

<213> Nhéan tao

<220>

<223> Axit nucleic tdng hop
<400> 9

ttgtgtecttt cttctgttag ccac

24

<210> 10

<211> 148

<212> ADN

<213> Nguoil hién dai

<400> 10

gcgatttgac agatctgttg agaaatggcg gcgttttcat tatgatataa agatatttaa
60

tcagtggcta acagaagctg aacagtttct cagaaagaca caa
120

acatgctaaa tacaaatggt atcttaag

148

<210>
<211>
<212>
<213>

<220>
<223>

<400>

11

26

ADN

Nhan tao

Axit nucleic tdng hop

11

-76-



31145

ttgtgtcttt ctgtctcaac agatct

26

<210> 12

<211> 26

<212> ADN

<213> Nhéan tao

<220>
<223> BAxit nucleic téng hop

<400> 12

tgttagccac tgatctcaac agatct
26

<210> 13

<211> 26

<212> ADN

<213> ©Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 13

gttcagcttc tgttctcaac agatct
26

<210> 14

<211> 26

<212> ADN

<213> Nhén tao

<220>
<223> BAxit nucleic téng hop

<400> 14

ttgtgtcttt ctgcgccgec atttct
26

<210> 15

<211> 26

<212> ADN

<213> Nhén tao

<220>
<223> BAxit nucleic tdng hop

<400> 15

-77-



31145

ctgagaaact gttcgccgcc atttct

26

<210> 16
<211> 26
<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 16

tctcaggaat ttgcgccgcce atttct
26

<210> 17

<211> 26

<212> ADN

<213> Nhén tao

<220>
<223> BAxit nucleic tdng hop

<400> 17

tgttagccac tgacgccgcec atttct
26

<210> 18

<211> 26

<212> ADN

<213> Nhan tao

<220>
<223> Axit nucleic tdéng hop

<400> 18

gttcagcttc tgtcgccgec atttct
26

<210> 19

<211> 30

<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic téng hop

<400> 19

-78-



31145

attctcagga atttgaacgc cgccatttct
30

<210> 20
<211> 30
<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 20
atttgtgtct ttctgtttct caacagatct
30

<210> 21
<211> 25
<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 21

attctcagga atttgtttct caaca
25

<210> 22

<211> 30

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 22
atttgtgtct ttctgaacgc cgccatttct
30

<210> 23
<211> 26
<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdéng hop

<400> 23

-79-



31145

tctcaggaat ttgtctcaac agatct

26

<210> 24
<211> 26
<212> ADN

<213> ©Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 24

ttgtgtcttt ctgaacgccg ccattt
26

<210> 25

<211> 26

<212> ADN

<213> Nhén tao

<220>
<223> BAxit nucleic téng hop

<400> 25

ttgtgtcttt ctgccgecat ttctca
26

<210> 26

<211> 26

<212> ADN

<213> Nhan tao

<220>
<223> Axit nucleic tdng hop

<400> 26

gtgtctttct gagcgccgcece atttct
26

<210> 27

<211> 26

<212> ADN
<213> Nhéan tao

<220>
<223> Axit nucleic téng hop

<400> 21

-80-



31145

ctgagaaact gtttctcaac agatct

26

<210> 28
<211> 26
<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 28

atttgtgtct ttcccgccat ttctca
26

<210> 29

<211> 26

<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic téng hop

<400> 29

gtgtctttct gagaacgccg ccattt
26

<210> 30

<211> 26

<212> ADN
<213> Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 30

atttgtgtct ttcaacgccg ccattt
26

<210> 31

<211> 24

<212> ADN
<213> ©Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 31

-81-



31145

ttgtgtcttt ctcgccgceca tttc

24

<210> 32
<211> 26
<212> ADN

<213> Nhan tao

<220>
<223> Bxit nucleic téng hop

<400> 32

cgccgecatt tctttgtgtc tttctg
26

<210> 33

<211> 22

<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 33

tgtgtctttce tgccgecatt tc
22

<210> 34

<211> 20

<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic tdéng hop

<400> 34

tgtgtcttte ccgccattte
20

<210> 35

<211> 26

<212> ADN
<213> Nhén tao

<220>
<223> Bxit nucleic tdng hop

<400> 35

-82-



31145

ttagccactg attccgccat ttctcea

26
<210> 36
<211> 26

<212> ADN
<213> Nhéan tao

<220>
<223> BAxit nucleic tdng hop

<400> 36

atttgtgtct ttccgccgec atttct
26

<210> 37

<211> 26

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 37

tctgttagcc actcgccgcec atttct
26

<210> 38

<211> 26

<212> ADN
<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 38

tgttagccac tgaccgccat ttctca
26

<210> 39

<211> 26

<212> ADN

<213> Nhan tao

<220>
<223> Axit nucleic tdng hop

<400> 39

-83-



31145

tctgttagcc actccgecat ttctca

26

<210> 40
<211> 26
<212> ADN

<213> Nhéan tao

<220>
<223> Bxit nucleic tdng hop

<400> 40

ttagccactg attcgcecgcece atttct
26

<210> 41

<211> 26

<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 41

tgttagccac tgaaacgccg ccattt
26

<210> 42

<211> 26

<212> ADN

<213> Nhéan tao

<220>
<223> Bxit nucleic tdng hop

<400> 42

tctgttagcc actaacgcecg ccattt
26

<210> 43

<211> 26

<212> ADN

<213> Nhén tao

<220>
<223> Bxit nucleic téng hop

<400> 43



31145

ttagccactg attaacgccg ccattt

26

<210> 44
<211> 26
<212> ADN

<213> Nhén tao

<220>
<223> BAxit nucleic téng hop

<400> 44

ttgtgtcttt ctgtgttagc cactga
26

<210> 45

<211> 26

<212> ADN

<213> Nhén tao

<220>
<223> Bxit nucleic téng hop

<400> 45

tgttcagctt ctgtgttagc cactga
26

<210> 46

<211> 20

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 46

ttagccactg cgccgccatt
20

<210> 47

<211> 20

<212> ADN

<213> ©Nhén tao

<220>
<223> BAxit nucleic tdng hop

<400> 47

-85-



31145

ctgttagcca cgccgcecatt

20

<210> 48
<211> 20
<212> ADN

<213> Nhéan tao

<220>
<223> BAxit nucleic téng hop

<400> 48

tgttcagctt tagccactga
20

<210> 49

<211> 20

<212> ADN

<213> Nhén tao

<220>
<223> BAxit nucleic tdng hop

<400> 49

ctgttagcca ccgccatttc
20

<210> 50

<211> 26

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 50

ttgtgtcttt ctggccattt ctcaac
26

<210> 51

<211> 25

<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 51

-86-



31145

ctgttagcca ctgcataatg aaaac

25

<210> 52
<211> 24
<212> ADN

<213> ©Nhan tao

<220>
<223> Axit nucleic tdng hop

<400> 52

ttctgttagc caaaaacgcc gcca
24

<210> 53

<211> 22

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdéng hop

<400> 53

ttagccactg acgccgccat tt
22

<210> 54

<211> 22

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 54

ctgttagcca cgccgecatt tc
22

<210> 55

<211> 20

<212> ADN

<213> Nhén tao

<220>
<223> BAxit nucleic tdng hop

<400> 55

-87-



31145

actgttcagc gccactgatt

20

<210> 56
<211> 26
<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic téng hop

<400> 56

aactgttcag ctttagccac tgatta
26

<210> 57

<211> 26

<212> ADN

<213> Nhén tao

<220>
<223> BAxit nucleic tdng hop

<400> 57

ctgagaaact gtttgttagc cactga
26

<210> 58

<211> 22

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 58

aacgccgcca tttgtgtctt tc
22

<210> 59

<211> 28

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 59

-88-



31145

tgtgtctttc tgttagccat ttctcaac
28

<210> 60
<211> 24
<212> ADN

<213> ©Nhan tao

<220>
<223> Axit nucleic téng hop

<400> 60

cgccgecatt tcttgtgtct ttct
24

<210> 61

<211> 26

<212> ADN
<213> Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 61

ccgccattte tcattgtgtc tttctg
26

<210> 62

<211> 26

<212> ADN

<213> Nhan tao

<220>
<223> Axit nucleic téng hop

<400> 62

ccgccattte tcatgttagc cactga
26

<210> 63

<211> 26

<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 63

-89-



31145

ctttctgaga aactgttagc cactga

26

<210> 64
<211> 25
<212> ADN

<213> ©Nhén tao

<220>
<223> BAxit nucleic téng hop

<400> 64

gccactgacc tctcagcttc tgtta
25

<210> 65

<211> 26

<212> ADN

<213> Nhén tao

<220>
<223> BAxit nucleic téng hop

<400> 65

aacgccgcca tttatttgtg tectttc
26

<210> 66

<211> 26

<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 66

aaacgccgcce atttgtgtct ttctga
26

<210> 67

<211> 20

<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 67

-90-



31145

ctttctgtta gccactgaac

20

<210> 68
<211> 26
<212> ADN

<213> ©Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 68

cgccgecatt tcttttetga gaaact
26

<210> 69

<211> 26

<212> ADN

<213> ©Nhan tao

<220>
<223> Axit nucleic téng hop

<400> 69

aacgccgcca tttctgagaa actgtt
26

<210> 70

<211> 24

<212> ADN

<213> Nhén tao

220>
<223> Axit nucleic tdng hop

<400> 70

cccagcttct gttagccact gacc
24

<210> 71

<211> 24

<212> ADN

<213> Nhéan tao

<220>
<223> Bxit nucleic tdng hop

<400> 71

-01-



31145

cttgcttctg ttagccactg accc

24

<210> 72
<211> 21
<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic téng hop

<400> 72

cgccgccatt tctgagaaac t
21

<210> 73

<211> 26

<212> ADN

<213> Nhéan tao

<220>
<223> Bxit nucleic tdng hop

<400> 73

ccgccattte tcagtgtctt tctgag
26

<210> 74

<211> 26

<212> ADN

<213> Nhén tao

<220>
<223> Bxit nucleic tdng hop

<400> 74
tgttagccac tgattgtgtc tttctg
26

<210> 75
<211> 26
<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdéng hop

<400> 75

-92-



31145

atttgtgtct ttctgttagc cactga

26

<210> 76
<211> 22
<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 76

gtctttctga gcgccatttc tc
22

<210> 77

<211> 22

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 77

ttgtgtcttt cctgttagcc ac
22

<210> 78

<211> 24

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 78

tgtctttctg agccgccatt tctc
24

<210> 79

<211> 26

<212> ADN

<213> Nhan tao

<220>
<223> Axit nucleic téng hop

<400> 79

-03-



31145

aaactgttca gcttctgtca aatcgc

26

<210> 80
<211> 26
<212> ADN

<213> Nhéan tao

<220>
<223> Bxit nucleic tdng hop

<400> 80

acgccgccat ttctcaggaa tttgtg
26

<210> 81

<211> 20

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 81

ctgttcagct ccactgatta
20

<210> 82

<211> 20

<212> ADN

<213> ©Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 82

actgttcagc ccactgatta
20

<210> 83

<211> 22

<212> ADN
<213> ©Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 83

-94-



31145

tgtgtctttc tcgccgecat tt

22

<210> 84
<211> 22
<212> ADN

<213> Nhén tao

<220>
<223> BAxit nucleic téng hop

<400> 84

tgtctttctg acgccattte tc
22

<210> 85

<211> 24

<212> ADN

<213> Nhéan tao

<220>
<223> BAxit nucleic téng hop

<400> 85

cgccgecatt tctttgtgte tttc
24

<210> 86

<211> 22

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 86

cgccgecatt tttgtgtett tc
22

<210> 87

<211> 20

<212> ADN

<213> Nhan tao

<220>
<223> Axit nucleic téng hop

<400> 87

-05-



31145

ctgttcagct tgttagccac

20

<210> 88
<211> 21
<212> ADN

<213> Nhan tao

<220>
<223> Axit nucleic téng hop

<400> 88

ttctgagaaa ctgttagcca C
21

<210> 89

<211> 18

<212> ADN

<213> ©Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 89
ctgttcagcc actgatta
18

<210> 90

<211> 20

<212> ADN

<213> Nhan tao

<220>
<223> Axit nucleic téng hop

<400> 90

ctgagaaact tgttagccac
20

<210> 91

<211> 22

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 91

-96-



31145

tgtctttctg accgccattt ct

22

<210> 92
<211> 22
<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 92

ctttctgaga acgccatttc tc
22

<210> 93

<211> 19

<212> ADN

<213> Nhan tao

<220>
<223> BAxit nucleic tdng hop

<400> 93

ctttctgaga aacgccgcc
19

<210> 94

<211> 23

<212> ADN
<213> Nhan tao

<220>
<223> BAxit nucleic tdng hop

<400> 94

tgtctttctyg ttagccattt ctc
23

<210> 95

<211> 20

<212> ADN
<213> Nhan tao

<220>
<223> BAxit nucleic tdng hop

<400> 95

-97-



31145

ctttctgtta gccatttctce

20

<210> 96
<211> 20
<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 96

ctttctgaga gccatttctc
20

<210> 97

<211> 22

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 97

ctgttagcca ctccgeccatt tc
22

<210> 98

<211> 21

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 98

ctgtgtcttt ctgttagcca ¢
21

<210> 99

<211> 21

<212> ADN

<213> ©Nhan tao

<220>
<223> Axit nucleic tdng hop

<400> 99

-08-



31145

ctgttcagcg ccactgatta c

21

<210> 100
<211> 24
<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 100

ctttctgaga aacgccgcca tttc
24

<210> 101

<211> 25

<212> ADN

<213> ©Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 101

tgtctttctg agccgecatt tctca
25

<210> 102

<211> 21

<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 102

ctttctgaga accgccattt c
21

<210> 103

<211> 24

<212> ADN

<213> ©Nhén tao

<220>
<223> BAxit nucleic téng hop

<400> 103

-990-



31145

tgttagccac tgtgtcaaat cgcc

24

<210> 104
<211> 24
<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdéng hop

<400> 104

tgtctttctyg agtgtcaaat cgcc
24

<210> 105

<211> 24

<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 105

ccgccattte tctgtcaaat cgcc
24

<210> 106

<211> 25

<212> ADN

<213> Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 106

gtgtctttct gagccgecat ttctce
25

<210> 107

<211> 25

<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 107

-100-



31145

gtgtctttct gaccgccatt tctca

25

<210> 108
<211> 24
<212> ADN

<213> Nhén tao

<220>
<223> BAxit nucleic tdéng hop

<400> 108

gtgtctttct gaccgccatt tctc
24

<210> 109

<211> 21

<212> ADN

<213> Nhan tao

<220>
<223> Axit nucleic tdng hop

<400> 109

ttcagcttct gtcaaatcgc C
21

<210> 110

<211> 22

<212> ADN

<213> ©Nhén tao

<220>
<223> Axit nucleic tdng hop

<400> 110

tgttagccac tgtcaaatcg cc
22

<210> 111

<211> 22

<212> ADN

<213> Nhan tao

<220>
<223> Axit nucleic tdng hop

<400> 111

-101-



31145

tgtctttctg agtcaaatcg ccC

22
<210> 112
<211> 22

<212> ADN
<213> Nhén tao

<220>
<223> BAxit nucleic téng hop

<400> 112

cgccatttcet cgtcaaatcg cc
22

<210> 113

<211> 23

<212> ADN

<213> Nhan tao

<220>
<223> Axit nucleic tdng hop

<400> 113

gtgtctttct gccgecattt cte
23

<210> 114

<211> 12

<212> ADN
<213> Nhéan tao

<220>
<223> Axit nucleic tdng hop

<400> 114
ccgecattte tc
12

<210> 115
<211> 11
<212> ADN

<213> Nhén tao

<220>
<223> Bxit nucleic tdng hop

<400> 115

-102-



31145

tctgttagcc a

11

<210> 116
<211> 11
<212> ADN

<213> Nhén tao

<220>
<223> Axit nucleic téng hop

<400> 116
cgccgecatt t
11

<210> 117
<211> 12
<212> ADN

<213> ©Nhén tao

<220>
<223> Axit nucleic téng hop
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