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(57) Sang ché dé cap dén cac din xuat axit nucleic peptit nham dich vi tri cét ndi
3' ctia exon 4 trong tién MARN SCN9A & nguoi. Cac dan xuat axit nucleic peptit
c6 kha ning tao ra (cac) bién thé ghép ndi mMARN SCNOIA thiéu exon 4 SCNIA
trong cac té bao, va hiru ich dé diéu tri dau mot cach an toan hoic céc tinh trang
lien quan dén hoat dong ctia Na,1.7.
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Linh vue k§ thuit dwoc dé cip

Sang ché dé cap dén cac dan xuét axit nucleic peptit nhim dich bd thé tién
mARN gen SCN9A & ngudi dé diéu tri cac con dau va rdi loan qua trung gian la
kiéu phu Na, 1.7 ctia kénh natri cam tmg dién thé, va yéu ciu hudng quyén uu tién
ctia Don tam thoi ndp tai Hoa Ky s 62/449,738 vao ngdy 24 thang 1 nam 2017,

dugc tham chiéu dé tich hop tron ven vao tai liéu nay.
Tinh trang k§ thuit cia sing ché

Céc kénh natri cam {mg dién thé (c4c VGSC) 14 cac protein xuyén mang
gbm cac don vi phu o va B. VGSC hoat dong nhu mét ctra ngd cho cac ion natri
di qua mang té bao. Hoat dong cua kénh natri dugc tao ra bdi don vi phu a. Kiéu
phu VGSC dugc x4c dinh theo kiéu phu cia don vi phu o -. DPén nay, co it nhét
10 kiéu phu ctia VGSC, tirc 1a Na,1.1, Na,1.2, ..., Na,1.9 va Na,.

MBbi kiéu phu VGSC c¢6 mét don vi phu o riéng biét, va dugc du dinh dé
hién thi vai trd sinh ly déc trung tuy thude vao trinh tu biéu hién. Vi dy, kiéu phu
Na,1.2 dugc bidu hién & cac no-ron trung tdm va duong nhu c6 lién quan dén
chimg dong kinh. [Human Mol. Genet. vol 24 (5), 1459-1468 (2015)]. Kiéu phu
Na, 1.5 dugc thé hién phong phu trong cac té bao co tim. Su trc ché Na, 1.5 ¢6 thé
gdy ra hoi chimg QT dai va dot tir. [Cdm nang Exp. Duge dién. vol 221, 137-168
(2014)] kiéu phu Na, 1.7 duoc thé hién phong pht trong cac hach ré& lung tuy sdng
(dorsél root ganglia). Su diéu chinh ting hoat dong ctia Na,1.7 gy ra ching do
dau dau chi. [J. Med. Genet. tap 41, 171 -174 (2004)] Trong khi d6, nguoi thiéu
hoat dong di truyén Na, 1.7 (nghia 1a bénh ly vé kénh ctia gen SCN9A) khéng cam
théy dau dit doi, mac du nhitng nguoi ndy dugc phat hién la binh thuong trong

cac chirc nang cam gidc khac. [Thién nhién, tap 444, 894-898 (2006)].
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Tetrodotoxin (TTX) 12 mot chat doc than kinh dwoc phat hién trong ¢4 néc.
TTX cuc ky doc hai va LDsp sau phiic mac cua n6 1a 10 pg/Kg & chudt. [Doc 16
tap 6, 693-755 (2014)]. TTX vao qua dudng miéng c6 thé gy ra liét nhe méi va
ludi, qua man, d6 md hdi, dau dau, run, té liét, tim tai, co giat, tiéu chay, dau bung,
ha huyét ap, suy hé hp, rbi loan nhip tim, hén mé, v.v.. TTX duoc biét 1a gay ra
céc tac dong bét loi nhu vay bang cach gén két khong dic hidu véi cac vi tri hoat
dong cua cac kiéu phu VGSC. Do d6, viée G ché khong dic hiéu céc kiéu phu
VGSC s€ gy ra cac tac dung phu nghiém trong.

Lidocain 1a mot chat e ché VGSC khéng dic hiéu, va di duoc st dung
rong rai nhu mot tic nhan gay té cuc bo. Khi tiém tinh mach, lidocain cé thé gay
ra tac dung phu khéng mong mudn nhu co giat co, nén mira, nhip tim khong déu,
budn ngy, v.v.. Cc tac dung phu nhu vay dugc coi 1a do sy (e ché khong dic hidu
ctia cac kiéu phu ciia VGSC. Tuy nhién, su tic ché Na, 1.5 v6i lidocain s& hiru ich
d& didu tri nhip nhanh th4t. Tuy nhién, viéc st dung lidocain c¢6 hé théng duge coi
1a khéng mong muén trong diéu tri cac con dau man tinh do cac tc dung phu phat
sinh tir su e ché khong dic hiéu cua cac kiéu phu cua kénh natri.

Bénh ly vé kénh cta gen SCN9A: gen SCN9A (kiéu phu 9A ctia kénh natri)
mi héa don vi phu o ctia kidu phu Na,1.7 ciia VGSC. C6 mot s6 lugng rat it nguoi
khéng cam thiy dau nghiém trong nhung 1a binh thudng trong céc chirc ning cam
gidc khac. Nhitng nguoi nhu vdy da dugc thdy c6 gen SCN9A bi dot bién dé ma
héa kiéu phu Na,1.7 khong chtic nang. [Nature vol 444, 894-898 (2006)]. Diéu
nay dugc goi 12 bénh ly vé kénh ctia gen SCNIA.. Céc kiéu hinh hanh vi ctia bénh
ly vé kénh cua gen SCNY9A & nguoi duge tai tao kha nhiéu & chudt bi loai trir
SCNOA. [PLoS One 9 (9): 105895 (2014)] Do d6, su tic ché chon lgc kiéu phu
Na, 1.7 sé& hitu ich dé diéu tri dau mén tinh mot cach an toan & nguoi bénh.

Céc chét tc ché c6 chon loc kiéu phu Na,1.7 dang phan t&r nho: Phan anh
chtrc ndng sinh ly ctia VGSC, céc vi tri hoat dong cua cac kiéu phu VGSC tuong
tu nhu cAu trac 3D cua ching. Bf?mg cach nham dich truc tiép vao vi tri hoat dong

véi cac chat e ché phéan tir nho, viéc tc ché chon loc kiéu phu Na,1.7 s€ rat kho
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khan. Lidocain va tetrodotoxin 13 nhitng vi du dién hinh cho céc chit (rc ché khong
chon lgc nhu vay dbi véi cac kiéu phu VGSC. (xem Hinh 1A)

Céc chat trc ché Na,1.7 ¢6 do chon loc khiém tén so véi Na,1.5 (khoang 8
lan) da duogc xac dinh théng qua mot dot sang loc théng lugng cao véi mot thu
vién gdm 200,000 hop chét dé xac dinh cac chit rc ché chon loc Nav1.8. [J. Gen.
Physiol. vol 131(5), 399-405 (2008)]. Mot dan xuét 1-benzazepin-2one d duoc
phat hién dé trc ché mot cach chon loc Na,1.7 trén Nay1.5 v6i dd chon loc khiém
tén Na,1.7 (khoang 8 1an) bang xét nghiém dién sinh 1y hoc (xem Hinh 1B)

Cho dén nay, mot sb cht trc ché ¢6 chon loc kiéu phu Na,1.7 dang phan tir
nhé da duge boc 19, va mot sb d duge danh giad & nguoi bénh. (xem Hinh 1C). Vi
du, funapit (XEN-402/TV-45070) da duoc danh gia ¢ mot sb it bénh nhan do dau
dau chi. [Pain vol 153, 80-85 (2012)] Mic du funapit cho thay hoat déng giam
dau, funapit di cho thiy céc tac dung phu lién quan dén viéc diéu tri va giéi han
lidu bao gébm chéng mit va budn ngi & mot phan tuong dbi 16n bénh nhéan diang
ky chita bénh. Cac tac dung phu Hé than kinh trung wong cho théy réng do chon
loc Na,1.7 cua funapit c6 1€ khdng du cao dé diéu tri dau mén tinh mét cach an
toan.

Raxatrigin (CNV1014802/GSK-1014802) tic ché Na, 1.7 ciing nhu cac kiéu
phu VGSC khac. Tuy nhién, raxatrigin da dugc tuyén bd 14 dé e ché hoat dong
chlrc nang cua kénh natri béng cach dn dinh ¢6 chon loc trang thai bét hoat cua
kénh natri. Mic di raxatrigin e ché cac kiéu phu ctia kénh natri trong Hé than
kinh trung wong, nhung n6 dugc dung nap tdt & lidu diéu tri. [Duoc phcfm J.
11/03/2016.Na,1.7: mot kénh m&i dé diéu tri dau]. Raxatrigen cho thiy hoat dong
giam dau t6t & bénh nhan dau day than kinh sinh ba, miic du cic bénh nhén da
duoc dang ky danh gia 1am sang duya trén céc tiéu chi tim mach nghiém ngit do
doc tinh tim tiém an tir d6 chon loc Na,1.7 tuong d6i kém.

PF-05089771 1a chét (rc ché chon loc Navl.7 véi ICso 1a 11 nM. PF-
05089771 dugc tuyén bd la dé on dinh dang khong hoat dong cua Nayl.7.
[Biophysical J. vol 108 (2) Suppl., 1573a-1574a (2015)]. Tiém nang diéu tri cia

PF-05089771 duogc danh gid & bénh nhan do dau dau chi hodc dau rang sau khi
3
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nh6 riang khon. Mét phan tich duge déng hoc cua PF-05089771 cho thdy ring
nong do thude thip trong mé dich chiu trach nhiém cho chtng dau than kinh c6
thé 1a mét 10 giai thich kha di cho hoat dong giam dau kém & ngudi bénh. [Clin.
Duoc dong hoc. vol 55 (7), 875-87 (2016)]. Mac du PF-05089771 da dugc tuyén
bd 14 ¢6 kha ndng chon loc Na, 1.7 tuyét voi so v6i Nay 1.5, kich thudce phén tir cua
né dudng nhu qua 16n dé thé hién sy phan phdi tot dén cac mé hé than kinh trung
wong gay lo ngai trong diéu tri dau than kinh man tinh.

Céc chit (rc ché c6 chon loc kiéu phu Na,1.7 dang phan tir nhé da duoc
xem xét v& mit cdu trac. [Bioorg. Med. Chem. Lett. vol 24, 3690-3699 (2014)].
Kich thudc phan tir ctia céc chét trc ché chon loc Na, 1.7 nhu vy ¢6 xu huéng 16n
hon dang ké so voi lidocain, mot chét trc ché khong chon loc cua cac kiéu phu
VGSC. b6 chon loc Na,1.7 da duogc cai thién bé“mg cach lam cho kich thudc phan
t0r 16n. Mdi chit te ché chon loc Na,1.7 duge coi la gén két v6i mot mién riéng
biét bén trong protein Na,1.7 va mién gan két thay doi tuy thudc vao cdu tric hoa
hoc ctia chét (e ché. Trd tréu thay, hiéu qua giam dau cua thude e ché chon loc
Na, 1.7 khéng manh va khéng dap tmg duge ky vong dugc dé xuét tir nhiing phat
hién ¢ nhiing nguoi méc bénh 1y vé kénh cia gen SCNIA. [Expert Opin. Ther.
Targets vol 20(8), 975-983 (2016)].

Céc loai chit tre ché chon loc Nay1.7 khéac: doc t6 peptit ProTx-II tr noc
doc nhén tarantula da duoc théy 1a rc ché chon loc Nay1.7 so véi céac kiéu phu
VGSC khac. Tuy nhién, noc doc cho thay hoat dong giam dau yéu trong cac mau
dong vat dau viém cip tinh. [Mol. Pharmacol. vol 74, 1476-1484 (2008)]. Miac
du dién sinh 1y cha peptit noc déc duoc danh gia trong cac té bao HEK-293 duoc
thiét ké dé thé hién ddi dao timg kiéu phu ctia VGSC, ProTx-II ¢6 thé khong gén
két véi vi tri hoat dong ctia Na, 1.7 trong cac té bao than kinh nguyén phat (primary
neuronal cells). Céc t& bao than kinh nguyén phét biéu hién Na,1.7 bao gdm céc
trinh tu a- va -, trong khi cac t& bao HEK-293 thuong duoc thiét ké dé chi biéu
hién 6n dinh trinh tu o cua mdi kiéu phu VGSC.

Ssm6a, mdt peptit 46 mer duoc tach ra tir noc doc rét, da dugc phat hién dé

{rc ché chon loc Nay 1.7 so véi céc kiéu phu VGSC khéc. ICspre ché chon loc Na,
4
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1,7 14 0,3 nM trong céc té bao HEK-293 dugc thiét ké dé biéu hién qua muc
(overexpress) Na,1.7. Peptit noc doc clia rét cho thay hiéu qua giam dau twong
dwong v6i morphin bang thir nghiém formol & chudt, mét mé hinh dau viém cAp
tinh. Peptit 46 mer ciing trc ché dong natri trong céc t& bao DRG & chudt. Mic di
peptit noc doc cho théy su 6n dinh manh mé trong huyét thanh, hoat dong giam
dau chi kéo dai trong vai gio. [Proc. Nat. Acad. Sci. USA vol 110(43), 17534-
17539 (2013)].

SVmabl la mot khang thé don dong nhém dich chon loc Nay1.7 so véi cac
kiéu phu VGSC khéc trong céc t& bao HEK-293 biéu hién qua mirc mdi kiéu phu
VGSC. SVmab! tc ché chon loc dong natri dugce Na,1.7 got 1én vai ICsy 1a 30
nM trong cac té bao HEK-293. Khang thé don dong cho thdy hoat dong giam dau
rd rét khi tiém tinh mach (¢ muc 50 mg/Kg), hodc tiém tinh mach (10 g, tac la
khoang 0,5 mg/Kg) chdng lai thir nghiém formol & chudt. Khang thé don dong
cho théy hoat dong giam dau rd rét khi tiém tinh mach (¢ mtc 50 mg/Kg) hoac
tiém tinh mach (10 g, tirc 1a ca 0,5 mg/Kg) chong lai thir nghiém formol & chudt.
Dua trén su khac biét vé hiéu lyc giam dau cta hai duong ding, su @ ché Na, 1.7
& tily sdng hodc hé than kinh trung wong phai 14 tac nhan chinh trong hoat dong
giam dau chéng lai thir nghiém formol. [Cell vol 157(6), 1393-1404 (2014)]

Khéac biét vé hinh théi trong su déng gop ctia Nay1.7 vao cam giac dau: Gan
day cac DRG ¢ nguoi tu céac tinh nguyén vién khée manh da dugc danh gia bang
phuong phap qPCR vé& muc d6 biéu hién tuong ddi cia cac kiéu phu VGSC.
[Neurosci. Bull. DOI 10.1007/s12264-017-0132-3, xuét ban truc tuyén ngay 19
thang 4 (2017)] Trong cac DRG & ngudi, biéu hién ctia kiéu phu Na, 1.7 12 khoang
50% tdng sb biéu hién VGSC. Na,1.8 dong gbp vao khoang 12%. Thoi gian 1 té
bao than kinh DRG & nguoi trong 24 gid véi paclitaxel duge diéu chinh ting
Na, 1.7 nhung khong phai Na, 1.8, chi ra rang Na,1.7 phai 13 phan nhém phu quan
trong hon dbi voi bénh 1y than kinh so v6i Na,1.8 & ngudi Nhitng phat hién nay
hd tro manh mé& cho cac kiéu hinh quan sat dugc trong bénh 1y vé kénh cia gen

SCN9A & ngudi. [Nature vol 444, 894-898 (2006)]
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Trong khi d6, suw déng gép cua Na,1.8 da chiém 48% toan b biéu hién
VGSC trong DRG & chudt. Déng gop cua Nay1.7 1a 18% trong DRG tir nhiing
con chudt CD chua bao gio duoc dem ra thi nghiém (8 dén 10 tudn tudi). Do do,
nén than trong trong viéc ngoai suy dit liéu dau & dong vat d6i véi lieu diéu tri &
nguoi. Tuong tu nhu vay, cdc md hinh dau & dong vat can dugc danh gia c4n thén,
tinh dén muc do biéu hién Na,1.7 trong mé dich.

Tién mARN: Théng tin di truyén duoc mang trén ADN (axit 2-deoxyriboza
nucleic). ADN duoc phién ma dé tao ra tién mARN (tién axit ribonucleic thong
tin) trong nhan. Tién mARN & dong vat cé v thudng bao gdm cac exon va intron,
va exon va intron duoc két ndi voi nhau. Cac exon va intron duge danh sé nhu
dugc minh hoa trong Hinh 1D.

Su ghép ndi cua tién mARN: tién mARN dugc xir ly thanh mARN sau khi
loai bd cac intron bang mot loat cac phan tng phirc hop dugc goi chung 1a "su
ghép ndi" nhu duoc minh hoa bing so do & Hinh 2A. [Ann. Rev. Biochem. 72(1),
291-336 (2003); Nature Rev. Mol. Cell Biol. 6(5), 386-398 (2005); Nature Rev.
Mol. Cell Biol. 15(2), 108-121 (2014)].

Qua trinh cét ndi duoc bat dau bang cach hinh thanh "phirc hop spliceosome
~E" (trc 1a phtrc hop spliceosome ban dAu) gitra tién mARN va cac nhén t6 dap
tng cét nbi. Trong "phirc hop spliceosome E", Ul gén két v6i khép ndi cia exon
N va intron N, va U2AF35 gén két v6i khép ndi cta intron N va exon (N+1). Nhu
vay, cac khép ndi ctia exon/intron hodc intron/exon rat quan trong dbi v6i su hinh
thanh phtrc hop spliceosome sém. "Phiic hop spliceosome E" phat trién thanh
"phurc hop spliceosome A" khi tao phirc thém vé1 U2. "Phie hop spliceosome A"
trai qua mot loat cac phan tmg phtc hop dé x6a hoic tach intron dé ndi cac exon
lan céan vdi nhau.

Téng hop protein ribosom: Protein dugc mi héa boi mARN (axit
ribonucleic thong tin). Dé dap tmg véi sy kich thich té bao hodc mét cach tu phat,
ADN duoc phién mé dé tao ra tién mARN (tién axit ribonucleic théng tin) trong
nhan. Céc intron cla tién mARN dugc tach ra bing enzyme dé tao ra mARN, sau

d6 duge chuyén vao té bao chét. Trong té bao chit, mét phirc hop cua bd may
6



47258 7/121

dich ma goi 1a ribosom gén két voi mARN va thuc hién qué trinh téng hop protein
khi n6 quét cac thong tin di truyén duge ma hoa doc theo mARN. [Biochemistry
vol 41, 4503-4510 (2002); Cancer Res. vol 48, 2659-2668 (1988)].

Oligonucleotit d6i nghia (Antisense Oligonucleotit-ASO): Mot
oligonucleotit gin két v6i axit nucleic bao gdbm ADN, mARN va tién mARN theo
kiéu trinh tu dic biét (tirc 12 bo sung) duoc goi 1a oligonucleotit d6i nghia (ASO).

Vi du, néu mot ASO gfm két chat ché véi mot mARN trong té bao chét, thi
ASO c¢6 thé trc ché su tong hop protein ribosom doc theo mARN. ASO can phai
¢6 mit bén trong té bao chat dé (rc ché sy tong hop protein ribosom cua protein
dich cta no.

Néu mot ASO gin két chit ché v6i mot tién mARN trong nhan, thi ASO
c6 thé trc ché hodc didu chinh su ghép ndi cua tién mARN thanh mARN. ASO
can phai ¢6 mat bén trong nhan dé tc ché hoic diéu chinh sy ghép ndi cua tién
mARN thanh mARN. Su trc ché dbi nghia cua viéc ghép ndi nhu vay tao ra mot
mARN hoidc cdac mARN thiéu exon ma ASO nhdm vao. (Cac) mARN nhu vay
duoc goi 1a "(cac) bién thé ghép nbi" va ma héa (cac) protein nhé hon protein
duoc ma hoa bdi mARN c6 chiéu dai day du.

V& nguyén tic, viée ghép ndi ¢6 thé bi gidn doan do tic ché sy hinh thanh
"phire hop spliceosome E". Néu mot ASO gén két chit ch& voi mot khdp ndi cia
exon-intron (5'— 3'), tirc 1a "vi tri cit ndi 5' ", thi ASO s& ngan chin sy hinh thanh
phirc hop gitra tién mARN va nhan t6 U1, va ngin chin sy hinh thanh "phirc hop
spliceosome E". Tuong ty nhu vay, "phtrc hop spliceosome E" khong thé duoc
hinh thanh néu mot ASO gén két chat ché v6i mot khép ndi intron-exon (5'— 3"),
tire 14 "vi trf cat ndi 3' . Vi tri cat ndi 3' va vi trf cit ndi 5' duge minh hoa béng SO
d6 trong Hinh 2B.

Cac oligoﬁucleotit khéng tu nhién: Cac oligonucleotit ADN hodc ARN dé
bi thoai hoa bdi cac nucleaza ndi sinh, lam han ché kha nang s dung dé trj liéu
cta ching. Cho dén nay, nhiéu loai oligonucleotit khong tw nhién (nghia 1a khong
c6 trong tu nhién) da dugc phat trién va nghién ctu chuyén sau. [Clin. Exp.

Pharmacol. Physiol. tap 33, 533-540 (2006)] Mot s6 trong sb chiing cho thiy su
7
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4n dinh trao d6i chit m& rong so véi ADN va ARN. Hinh 3A 14 cac cAu tric héa
hoc cua mdt sb oligonucleotit khéng tu nhién tidu biéu. Cac oligonucleotit nhu
vay du doén s& gan két voi axit nucleic bd sung nhu ADN hodc ARN.

Oligonucleotit Phosphorothioat: Oligonucleotit phosphorothioat (PTO) la
mdt chét twong tu ADN véi mot trong nhitng nguyén tir oxy phosphat khung dugc
thé bang mot nguyén tir luu huynh trén mdi monome. Mot su thay d6i cAu tric
nho nhu vay da lam cho PTO chéng lai su thoai héa bdi cac nucleaza mot cach
tuong dbi. [Ann. Rev. Biochem. vol 54,367-402 (1985)].

Phén 4nh su twong dong trong céu triic cia khung ctia PTO va ADN, c4 hai
déu thAm nhép kém vao mang té bao trong hau hét céc loai té bao ctia dong vt c6
vii. Tuy nhién, dbi véi mét sé loai té bao biéu hién doi dao (céc) chit van chuyén
ctia ADN, thi ADN va PTO cho thiy sur thAm nhdp vao té bao tét. PTO duoc tiép
nhan mdt cach c¢6 hé thdng dugc biét 1a d& dang phan phéi dén gan va than. [Axit
nucleic Res. tap 25, 3290-3296 (1997)].

Pé tao diéu kién cho su thAm nhap té bao ctia PTO trong 6ng nghiém,
phuong phap lipofection da dugc str dung phé bién. Tuy nhién, phuong phép
lipofection lam thay d6i tinh chét vat ly ctia mang té bao, gy doc tinh té bao, va
do d6 sé khong ly tudng cho viéc stir dung dé diéu tri trong co thé séng mdt cach
lau dai.

Trong 30 ndm qua, cac PTO d6i nghia va cac bién thé cua PTO da duoc
danh gia lam sang dé diéu tri ung thu, roi loan mién dich, cac bénh chuyén hoa,
v.v. [Biochemistry vol 41, 4503-4510 (2002); Clin. Exp. Pharmacol. Physiol. vol
33, 533-540 (2006)]. Nhiéu mg cir vién thudc d6i nghia nhu vay di khong duoc
phét trién thanh cong mét phan do tinh thim té bao kém ctia PTO. Dé khic phuc
tinh trang thim té bao kém, PTO can phai dugc dung ¢ lidu cao cho hoat dong tri
liéu. Tuy nhién, cac PTO dugc biét 1a c6 lién quan dén doc tinh gi61 han lidu bao
gbm tang thoi gian dong méu, kich hoat bd sung, bénh dng than, kich hoat té bao
Kupffer, va kich thich mién dich bao gém lach to, tdng san bach huyét, tham
" nhiém té bao don nhan. [Clin. Clin. Exp. Pharmacol. Physiol. vol 33, 533-540
(2006)].
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Nhiéu PTO ddi nghia d& dugc phat hién thé hién hoat tinh 14m sang ddi véi
céc bénh véi sy déng gép dang ké tir gan hodc than. Mipomersen 12 mot chét
tuong tw PTO trc ché su tong hop apoB-100, mét protein lién quan dén van chuyén
cholesterol LDL. Mipomersen biéu thi hoat tinh 14m sang trong mot quan thé bénh
nhan xo vita dong mach rat c6 thé 1a do sy phan phdi wu tién cta né dén gan.
[Circulation vol 118 (7), 743-753 (2008)]. ISIS-113715 12 mot chat twong tu PTO
d6i nghia trc ché sy tong hop protein tyrosin phosphataza 1B (PTP1B), va da dugc
phét hién thiy hoat dong tri liéu & bénh nhén tiéu duong typ IL [Curr. Opin. Mol.
Ther. vol 6,331-336 (2004)]

Axit nucleic dang khéa (Locked Nucleic Acid): Trong axit nucleic dang
khéa (LNA), vong ribose khung ctia ARN bi han ché v& mit cdu tric dé tang ai
luc gén két d6i v61 ARN hodc ADN. Do d6, LNA c6 thé duogc coi 12 mét chit
tuong tu ADN hodc ARN c6 ai luc cao. [Biochemistry vol 45, 7347-7355 (2006)].
LNA ciing cho thay tinh thim té bao kém.

Oligonucleotit Phosphorodiamidat Morpholino: Trong oligonucleotit
phosphorodiamidat morpholino (PMO), phosphat va 2-deoxyriboza khung cta
ADN duqé thé bang phosphoramidat va morpholin twong ung. [Appl. Microbiol.
Biotechnol. tap 71, 575-586 (2006)] Trong khi khung ADN bi tich dién 4m, khung
PMO khéng bj tich dién. Do d6, gin két gitra PMO va mARN khéng c6 luc day
tinh dién gitra cac khung, va c¢6 xu huéng manh hon so véi gan két gitra ADN va
mARN. Vi PMO khac biét r0 rét so vdi ADN trong céu tric hoa hoc, PMO sé&
khong duoc nhéan biét boi chét van chuyén thude gan, cac chit nay nhan biét ADN
hodc ARN. Tuy nhién, PMO khéng dé dang xdm nhap mang té bao.

Axit Nucleic Peptit: Axit Nucleic Peptit (PNA) la mot polypeptit véi N-(2-
amintyl) glyxin 14 khung don vi, va duoc phat hién boi Tién si Nielsen va dong
nghiép. [Khoa hoc tap 254, 1497-1500 (1991)]. Céu trac héa hoc va danh phap
viét tat cia PNA duoc minh hoa trong Hinh 3B. Giéng nhu ADN va ARN, PNA
cling gan két mot cach chon loc véi axit nucleic bd sung. [T nhién (London) tap

365, 566-568 (1992)]. Trong gin két véi axit nucleic bd sung, ddu N- cia PNA
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duge coi 14 tuong duong voi "dau 5' " cia ADN hodc ARN va dau C cia PNA
tuwong duong véi "dau 3' " cia ADN hoic ARN.

Gidng nhu PMO, khung PNA khong tich dién. Do d6, gin két gitta PNA
va ARN c¢6 xu hudng manh hon gén két gitta ADN va ARN. Do PNA khac biét
0 rét voi ADN trong cAu truc héa hoc, PNA s& khong dugc cong nhéan boi chét
véan chuyén gan nhén biét ADN, va cho thiy tinh trang phan phéi mé khac véi
tinh trang phan phi mé ctia ADN hoic PTO. Tuy nhién, PNA ciing thAm nhap
kém vao mang té bao cta dong vat co vi. (Adv. Dfug Delivery Rev. tap 55, 267-
280, 2003).

Nucleobazo duge stra doi dé cai thién tinh thAm mang cia PNA: PNA duoc
tao ra c6 tinh thAm cao dbi véi mang té bao dong vat c6 via bang cach dua céc
nucleobazo bién doi véi lipit cation hodc tuong duong cong hoéa tri cia nd. Cac
cAu tric héa hoc cuia cac nucleobazo bién d6i nhu vay duogc thé hién trong Hinh
3C. Céc nucleobazo bién doi nhu vy cia xytosin, adenin va guanin da duoc phat
hién dé sinh ra giéng lai c6 thé du doan va bd sung véi guanin, thymin, va xytosin,
mot cach tuong Ung. [PCT Appl. No. PCT/KR2009/001256; EP2268607;
US8680253].

Viéc két qu cac nucleobazo da bi bién dbi nhu vay vao PNA mo phong
c4c tinh hubng cta phuong phép lipofection. Bing phuong phép lipofection, cac
phén tir oligonucleotit véi khung phosphat duogc boc bang céc phan tir lipit cation
nhu lipofectamin, va cac phuc hop lipofectamin/oligonucleotit nhu vay c6 xu
hudng x4m nhép vao mang té bao kha dé dang so véi cac phan tir oligonucleotit
tran.

Ngoai kha nang thAm mang t6t, nhing dan xuit PNA bi bién d6i nay da
dugc phat hién thay ai lyc cuc manh d6i v6i axit nucleic bo sung. Vi du: gidi thidu
4 dén 5 nucleobazo bién dbi trén cac dan xudt PNA 11-mer dén 13-mer d& dang
mang lai mtc tang Ty, 1a 20°C hodc cao hon trong sy hinh thanh kép vé1 ADN b6
sung. Céc dan xuit PNA nhu vay rat nhay cam véi bat cip sai véi bazo don. Mot
su bat cap sai voi bazo don dan dén sy mit Ty, tir 11 dén 22°C tuy thudc vao loai

bazo bi bién dbi cling nhu trinh ty PNA.
10



47258 11/121

ARN can thiép kich thudc nhé (siARN): ARN can thiép kich thudc nhé
(siARN) dé cdp dén ARN soi kép gdm 20-25 cip co sd. [Microbiol. Mol. Biol,
Rev. tap 67 (4), 657-685 (2003)] Soi ddi nghia ctia siARN bang cach nao do tuong
tac voi protein dé tao thanh mot "Phirc hop im ling do ARN gay ra" (RISC). Sau
do, RISC gan két v6i mot phan nhét dinh cia mARN bb sung cho soi dbi nghia
cuia sSitARN. mARN phtrc hgp v6i RISC nay trai qua su phéan tach. Nhu vay siARN
bang cach xtc tac giy ra su phan tach cia mARN dich ciia nd, va do d6 trc ché su
biéu hién protein théng qua mARN. RISC khéng phai lic ndo ciing gin két véi
trinh ty bo sung diy di trong mARN dich cia n6, diéu nay lam ting mdi lo ngai
lién quan dén tac dung ngoai dich cia liéu phap siARN. Gidng nhu cac nhém
oligonucleotit khac c6 khung ADN hodc ARN, siARN c6 tinh thim té bao kém
va do do6 c¢6 xu hudng té ra hoat dong tri liéu trong 6ng nghiém hodc trong co thé
séng kém trir khi duoc didu ché ding cach hodc dugc bién ddi héa hoc dé c6 tinh
thAm mang tot.

SCN9A siARN: Mot nghién ctru trude day da tiét 16 cac siARN nhim vao
trinh tu 19 mer [(5' — 3") GAUUAUGGCUACACGAGCU] bén trong exon 8§ cua
mARN SCN9A ¢ nguoi. [[US Patent 8§183221] sau khi tiém truyén, cac siARN
duoc tuyén bd hoat dong tri liu trong cdc mo hinh dong vat cia dau than kinh va
dau do viém. Céc siARN duoc cho 1a didu chinh giam biéu hién Na, 1.7 trong céc
té bao DRG & chudt.

ASO SCNO9A: cic ASO 2'-O-metoxyetyl PTO nhim dich bd thé mARN
SCN9A & chudt duoc danh gia vé kha ning we ché biéu hién protein Na,1.7 cla
chung trong DRG & chudt khi tiém dudi da mot miii 30 mg ASO cho mdi déi
tuong. Mot ASO dé tre ché su biéu hién cia protein Na,1.7 trong DRG hon 80%
trong tudn tht 4 sau tiém. Cac ASO SCNOA nay di tc ché con dau mét cach co
hoc trong xét nghiém Randall-Selitto. Hiéu qua twong quan 1én véi mirc do biéu
hién cua protein Na,1.7 trong DRG. [Pain, Mohan and Fitzsimmons et al. in

press].

11
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Uc ché d6i nghia cta cit ndi tién mARN SCN9A: Cho dén nay, khéng c6
trudmg hop nao ghi nhan vé cac ASO SCN9A tao ra sy cit ndi thay thé cua tién
mARN SCNOIA.

Ban chét k§ thuit cia sang ché

Muc dich cua sang ché nay 1a cung cAp mét din xuét axit nucleic peptit

duge biéu thi boi Cong thire I (Formula I) hodc mubi duoc dung ctia né:

X g M ML {,- ------ ﬁ,}_ wo L N A
b N e N \f N f‘*\f z Cong thic I
! H - H H
i T, 5., T 5

trong do:

n 12 mot s6 nguyén nam trong khoang tir 10 dén 25;

Hop chét c6 Cong thirc I ¢6 it nhat mot phan trung lap bo sung 10 mer véi
trinh tu tién mARN 14 mer cia [(5' — 3') UGUUUAGGUACACU] bén trong
tién mARN SCN9A & nguoi;

Hop chit c6 Cong thirc I bo sung day di cho tién mARN SCNIA & ngudi,
hodc bd sung mot phén cho tién mARN SCN9A & nguoi voi mot hodc hai vi tri
bét cip sai;

S1,So, ..., Sn1, Su, Ty, To, .., Ty, va T,y mot cach doce 1ap thé hién deuterido
[D], hydrido [H], alkyl duoc thé hoac khong duoc thé, hodc gbe aryl dugc thé
hoac khéng dugc thé;

X va Y modt cach doc lap thé hién hydrido, formyl [HC (=O)-],
aminocacbonyl [NH2-C(=0)-], aminothiocacbonyl [NH2-C(=S)-], alkyl duoc thé
hodc khong dugce thé, aryl dugc thé hodc khong dugc thé, alkylaxyl dugc thé hodc
khong duge thé, arylaxyl dugc thé hodc khong duge thé, alkyldxycacbonyl duoc
thé hodc khong duoc thé, aryloxycacbonyl duoc thé hoic khoéng duogc thé,

alkylamincacbonyl dugc thé hozc khong duge thé, arylamincacbonyl dugc thé

12



47258 13/121

hodc khoéng dugc thé, alkylaminthiocacbonyl dugc thé hoac khong dugc thé,
arylaminthiocacbonyl dugc thé hodc khéng dugce thé, alkyloxythiocacbonyl dirgce
thé hoac khong duoc thé, aryloxythiocacbonyl dugc thé hoac khong duoc thé,
alkylsulfonyl duoc thé hoic khong dugc thé, arylsulfonyl duge thé hodic khéng
duoc thé, gbec alkylphosphonyl duoc thé hoic khéng duoc thé, hoic gbe
arylphosphonyl dugc thé hodc khong duoc thé;

Z thé hién hydrido, hydroxy, alkyloxy duoc thé hodc khong duoc thé,
aryloxy duoc thé hoac khéng dugc thé, amin dugc thé hoic khong dugc thé, alkyl
duoc thé hodc khong duogc thé, hodc géc aryl duoc thé hodc khong dugc thé;

B, By, , Bu.1, va B, dugce chon mdt cach doc 1ap tur cac nucleobazo tu
nhién bao gdom adenin, thymin, guanin, xytosin va uraxin va cic nucleobazo
khong tu nhién; va

it nhat bon trong 36 By, By, ..., Bn. va B, duoc chon mét cach doc lap tur cac
nucleobazo khong tu nhién véi mat géc amino dugc thé hoac khong dugc thé gén
két cong hoa tri v6i gbe nucleobazo.

Hop chét c6 Cong thic I gay ra viéc nhdy "exon 4" trong tién mARN
SCN9A & nguoi, tao ra (cac) bién thé ghép néi mARN SCN9A & ngudi thiéu
"exon 4", va do do rat hitu ich dé diéu tri dau, hodc céc diéu kién lién quan dén

hoat dong cua Na,1.7.
M@ ti viin tit cac hinh vé

Hinh 1A. Céc cAu tric héa hoc cua lidocain va tetrodotoxin, chét uc ché
phan tir nho khéng chon loc cua cac kénh natri cam tng dign thé.

Hinh 1B. Mot chét trc ché 1-benzazepin-2one cuia Na,1.7 cho théy do chon
loc khiém ton ctia Nay1.7 so véi Na,1.5.

Hinh 1C. Céc cu tric hoéa hoc cua funapit, raxatrigen va PF-05089771,
cac cht trc ché phéan tir nhé ¢é chon loc cua cac kénh natri cam g dién thé.

Hinh 2A. So dd minh hoa viéc dénh sb exon va intron bén trong tién
mARN.

Hinh 2B. So d6 minh hoa qua trinh cét n61 dan dén su x6a intron N.

13
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Hinh 2C. So dd minh hoa vi tri cit ndi 3 'va vi tri cit ndi 5' lién quan dén
phtrc hop splicesome E.

Hinh 3A. Cau tric héa hoc dién hinh ctia ADN va céc axit nucleic khong
tu nhién.

Hinh 3B. Minh hoa c4u tric héa hoc va thuét ngii viét tit cua PNA.

Hinh 3C. Vi du vé c4c nucleobazo bién dbi duoc sir dung dé cai thién tinh
tham té bao cua axit nucleic peptit.

Hinh 4. Vi du vé cac nucleobazo (bi bién déi) tu nhién hodc khong tu nhién
c6 thé lua chon lam dan xuét axit nucleic peptit ciia Cong thirc I

Hinh 5A. Vi du vé cac géc alkyl duogc thé hodc khong duogc thé, c6 thé lua
chon lam dén xuét axit nucleic peptit ctia Cong thire L.

Hinh 5B. Vi du vé alkylaxyl duogc thé hoic khong dugc thé, va céc géc
arylaxyl duoc thé hoidc khong duoc thé, c6 thé lua chon 1am dan xuét axit nucleic
peptit cua Cong thurc 1.

Hinh 5C. Vi du vé alkylamin duoc thé, arylamin duoc thé, aryl dugc thé
vhoéc khong dugc thé, alkylsulfonyl duoc thé hodc khoéng duogc thé, arylsulfonyl
duge thé hodc khong duoc thé, alkylphosphonyl duoc thé hodc khéng duoc thé,
céc gbe arylphosphonyl duoc thé hoic khong duoc thé, c6 thé lua chon lam dan
xudt axit nucleic peptit cia C6ng thire I.

Hinh 5D. Vi du vé alkyloxycacbonyl duoc thé hodc khéng duogc thé,
aryloxycacbonyl duoc thé hoic khong dugc thé, alkylaminocacbonyl duoc thé
hodc khong dugc thé, va cac géc arylaminocacbonyl duoc thé hoac khéng dugc
thé, c6 thé lua chon 1am dan xuét axit nucleic peptit ctia Cong thirc 1.

Hinh SE. Vi du vé alkyloxythiocacbonyl dugc thé hoac khéng duoc thé,
alkylaminothiocacbonyl duoc thé hodc khong dugc thé, arylaminothiocacbonyl
duoc thé hodc khong duge thé, va cac gbe alkyloxythiocacbonyl dugc thé hosdc
khong duoc thé, c6 thé lua chon lam dan xuit axit nucleic peptit ctia cong thirc 1.

Hinh 6. Cac cAu trac héa hoc cia cac monome PNA duoc viét tat 1a A
(adenin), G (guanin), T (thymin), C (xytosin), C (pOq), A (p), A (pOq), G (p) va

G (pOq).
14



47258 15/121

Hinh 7. Céc cAu tric hoa hoc clia céc chit viét tit dung dé mé ta nhom thé
cho dau N- hoic dau C- trong Hop chat ¢6 Cong thirc 1.

Hinh 8. CAu triic héa hoc ciia dn xuit PNA 14 mer dugc biéu thi 1a "(N
— C) Fethoc-TA (5) AA (5) TA (5) -CGC (102) -AA (5) AA (5) A-NH,"

Hinh 9. CAu tric héa hoc cta dan xuit PNA 16 mer duoc viét tat 1a "N —
C) Fethoc-AG (5) khoang (5) CT-TA (5) C-GC (102) AA (5) AA (202) -A- Lys-
NH,".

Hinh 10. C4u tric héa hoc ctia cac monome Fmoc-PNA duge sir dung dé
téng hop cac dan xuat PNA cia sang ché nay.

Hinh 11. So d0 minh hoa mét chu ky kéo dai monome dién hinh dugc ap
dung trong SPPS ciia sang ché nay.

Hinh 12A. Biéu d6 sic ky HPLC pha dao ci5 ciia "ASO 2" trude khi tinh
ché HPLC.

Hinh 12B. Biéu dd sic ky HPLC pha dao Cg cia "ASO 2" sau khi tinh ché
HPLC.

Hinh 13. Dit liéu phd khéi luong ES-TOF thu duge nho diéu tri bing "ASO
2" sau khi tinh ché HPLC.

Hinh 14A. Dit liéu dién di cta cac san phdm RT-PCR 16ng SCN9A trong
céc té bao PC3 duge xir ly bang "ASO 7" trong 5 giv & 0 (d6i chimg am - negative
control), 10 hodc 100 zM. |

Hinh 14B. Dit liéu giai trinh ty Sanger cluia dai san phém PCR dugc chi
dinh dé nhay Exon 21-23.

Hinh 14C. Dit liéu dién di cua cac san phém RT-PCR léng nhau cua
SCN9A trong cac té bao PC3 dugc xir Iy bang "ASO 7" trong 24 gio & 0 (kiém
soat am), 1, 10, 100 hodc 1.000 aM.

Hinh 15A. Dit liéu gPCR ciia mARN SCNOYA c¢6 do dai day du trong cac
té bao PC3 dugc xir ly bang "ASO 7" & 0 (kiém soat am), 0,1, 1 hodc 10 aM trong
24 gi6. cADN duoc tdng hop bang PCR mot budc. (thanh 15i theo 15i tiéu chuén;

va * véi p <0,05).

15
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Hinh ISB_. Dit liéu gPCR ctia mARN SCNOA c6 do dai day du trong céc
té bao PC3 dugc xtr Iy bang "ASO 7" & 0 (kiém soét 4m), 0,1, 1 hodc 10 aM trong
24 gio. cADN dé duoc tong hop bang cach sir dung hexamers ngau nhién. (thanh
16i theo 161 tiéu chuan; va ** véi p <0,05).

Hinh 16A. Su d4o nguoc cua di cam dau (allodynia) gdy ra boi su thét
L5/L6 & chudt SD dugc tiém dudi da nhd diéu tri bing "ASO 7" & 0 (dbi ching
am), 1, 3 hosc 6 pmol/Kg, 2 ngay mét lan. Ngudng von Frey cho thudc pregabalin
30 mpk da duoc thém vao biang cach ap dung dit liéu lich str ndi bd. (* vé6i p <0,05
theo thir nghi€m t ciia nha nghién ctru).

Hinh 16B. Sy dao nguoc cia allodynia gy ra boi SNL (su thit L5/L6) &
chuét SD duoc tiém dudi da "ASO 2" & 0 (ddi chimg 4m), 20 pmol/Kg QD, 100
pmol/Kg QD, 500 pmol/Kg QD va 100 pmol/Kg Q2D. Ngudng von Frey cho
thudc pregabalin 30 mpk di dugc thém vao bang cach ap dung dit lidu lich st noi
bd. (* véi p <0,05 theo thir nghiém t ciia nha nghién ctru)

Hinh 17A. Céc tin hiéu trung binh (average traces) cua cuong do huynh
quang té bao (trai) trong céc té bao than kinh DRG L5 & chudt "that L5/L6" sau
30 gio G nho diéu tri bang "ASO 7" ¢ 0 (d6i ching 4m), 100 hodc 1.000 zM cing
v6i hinh anh huynh quang mau cta mét té bao than kinh DRG duoc xtr ly bang
"CoroNa Green" (phai).

Hinh 17B. Céc tin hiéu trung binh cta cuong d6 huynh quang té bao trong
c4c té bao than kinh DRG L5 & chudt ma khong ¢6 "su that L5/L6" sau 30 gio t
nhd didu tri bang "ASO 7" & 0 (di chimg 4m), 100 hosc 1.000 zM.

Hinh 18A. Su dao nguoc cua allodynia gay ra boi DPNP ¢ chudt duoc tiém
dudi da vai 100 bmol/Kg "ASO 1". (thanh 13i theo 15i tiéu chuén; * véi p <0,05
theo thir nghiém t cua nha nghién ctru)

Hinh 18B. Su dao nguoc cua allodynia gy ra boi DPNP ¢ chut dugc tiém
dudi da véi 60 pmol/Kg "ASO 2" hodc 30 pmol/Kg "ASO 6" trong cac ngay 0, 2
va 4. Ngudng von Frey khong c6 DPNP da dugc thém vao bing cach ap dung dit
liéu lich str ndi bo. (thanh 16i theo 16i tiéu chudn; * va ** véi p <0,05 va p <0,01

theo thur nghiém t cua nha nghién ctru, moét cach tuong Umg)
16
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Hinh 19A. Uc ché con dau gy ra béi mili tiém intraplantar 5% formol &
nhiing con chudt duoc tiém dudi da nho didu trj bang "ASO 7" & murc 0 (d6i chimg
am), 10, 30 hozc 100 pmol/Kg. (thanh 18i do 15i tiéu chudn; * p <0,05 theo thir
nghiém t cua nha nghién ciru)

Hinh 19B. Uc ché con dau giy ra béi miii tiém intraplantar 5% formol &
nhimng con chudt duoc tiém dudi da nho didu tri bang "ASO 10" & muc 0 (dbi
ching 4m), 15, 50 hodc 150 pmol/Kg. (thanh 18i do 13i tiéu chuan; * p <0,05 theo
thir nghiém t cla nha nghién clru)

Hinh 20A. Hinh anh THC dai dién theo nhém dbi véi biéu hién Navl.7
trong DRG L5 & chudt dugc tiém dudi da nho diéu tri bang "ASO 7" & 0 (dbi
ching am), 1, 6 hodc 30 pmol/Kg.

Hinh 20B. Mirc d6 biéu hién Na, 1.7 tuong ddi trong DRG L5 & chudt duoc
tiém dudi da nho didu tri bang "ASO 7" & 0 (kiém soat 4m), 1, 6 hodic 30 pmol/Kg.
(thanh 151 theo 151 tiéu chuén; * v6i p <0,05 va ** véi p <0,01 theo thir nghiém t
cua nha nghién ciru) _

Hinh 21A. Su déo nguogc cua allodynia & chudt thit L5/L6 bang viéc tiém
dudi da "ASO 10" & muc 1 (tang lén 30 pmol/Kg trong Ngay 3 va 7), 3 va 10
pmol/Kg. (thanh 13i theo 15i tiéu chuan; * véi p <0,05 theo thir nghiém t ctia nha
nghién cuu).

Hinh 21B. Su dao nguoc cua allodynia & chudt that L5/L6 bang cach tiém
dudi da "ASO 10" & mirc 100 pmol/Kg, cit 4 hodc 5 ngay mot 1an, hoic bing cach
ubng thude pregabalin 30 mpk.

Hinh 22. Hinh 4nh IHC cua biéu hién Na,1.7 (mau d6), than té bao than
kinh (mau xanh 14 cdy) va nhan (mau xanh) véi cic mau tay séng ldy tir nhém
diéu tri "ASO 10" duoc dinh lugng trong Ngay 0 va 4 (hinh anh bang trén cing)
va tir nhém kiém soat &m (hinh anh bang dudi cung). (N =3 mdi nhém)

Hinh 23A. Dit liéu Western blot vé biéu hién Na,1.7 trong céc t& bao than
kinh DRG L5 duoc xtr ly bang "ASO 10" trong 24 gio ¢ 0 (d6i chimg am), 10,
100 hoéac 1,000 zM.

17
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Hinh 23B. Dit liéu qPCR vé mARN SCN9A c6 d6 dai day di véi su téng
hogp cADN bang phuong phap PCR mét bude (hinh bén trai) va tong hop cADN
bang cach sir dung hexamers ngéu nhién (hinh bén phai) trong céc t& bao than
kinh DRG L5 dugc xur ly béng "ASO 10" &6 0 (kiém soat am), 10, 30, 100 hodc
300 zM trong 24 gid. (thanh 15 theo 15i tiéu chudn; * véi p <0,05 va ** véi p
<0,01 theo thir nghiém t cia nha nghién ciru)

Hinh 23C. Trung binh gdp dit liéu dong natri trong céc té bao than kinh
DRG L5 dugce xir Iy bang "ASO 10" trong khoang 6 gio & 0 (d6i chimg am), 10,
30 hodc 100 zM (hinh bén trai); va cac tin hi€u trung binh ctia dit liéu dong natri
gOp dbi vai cac té bao kiém soat 4m va céc té bao duge xir Iy véi 100 zM "ASO
10" trong khoang 6 gid (hinh bén phai). Dit liéu dong natri da duge gép nhu binh
thudng so véi kich thuée té bao. (N dé cap dén s6 lugng té bao dugc gop dé phan
tich dir liéu cho mdi nhém; thanh 161 theo 161 tiéu chuén va * véi p <0,05 theo thur
nghiém t cua nha nghién ctru)

Hinh 24A. Su dao nguoc cia allodynia giy ra béi that L5/L6 & chudt SD
duoc tiém dudi da nho diéu tri bang "ASO 7" & 0 (d6i chimg 4m), 5, 25, 125 hoic
625 fmol/Kg trong cac ngay 0, 3 va 6. Nhom xur ly bang thudc pregabalin 30
mg/Kg po dugc dua vao lam dbi ching duong tinh. (N=28 mdi nhém; va thanh
161 theo 13i tiéu chuan)

Hinh 24B. Thay doi ngudng dau bang thir nghiém Randall-Selitto & chudt
duoc tiem dudi da nho didu tri bang "ASO 2" & mirc 0 (d6i chimg 4m) hodc 100
pmol/Kg trong Ngay 0 va 1. (thanh 15i theo 15i tiéu chuin; * v6i p <0,05 theo thi

nghiém t cua nha nghién ctru)
M3 té chi tiét sang ché

Muc dich ctia sang ché nay 1a dé cap dén dén xuat axit nucleic peptit duogc

biéu thi béi Cong thire I (Formula I) hozic mudi duge dung cia né:
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trong do:

n 1& mot s6 nguyén nam trong khoang tir 10 dén 25;

Hop chit c6 Cong thire I ¢6 it nhit mét phan tring ldp bb sung 10 mer véi
trinh tu tién mARN 14 mer cta [(5' — 3') UGUUUAGGUACACU] bén trong
tién mARN SCNIA & ngudi;

Hop chit c¢6 Cong thirc I bd sung ddy di cho tién mARN SCN9A & nguoi,
hodc bd sung mdt phan cho tién mARN SCN9A & ngudi v6i mot hodc hai vi tri
bat cap sai;

S1,S2, ., Snet, Su, T, Ta, ..., Tot, va T, mot cach doc l4p thé hién deuterido
[D], hydrido [Hj, alkyl dugc thé hodc khong dugc thé, hodc gdc aryl dugc thé
hodc khong duoc thé;

X va Y mot cach doc lap thé hién hydrido, formyl [HC (=0)-],
aminocacbonyl [NH2-C(=0)-], aminothiocacbonyl [NH2-C(=S)-], alkyl duoc thé
hodc khoéng dugc thé, aryl dugc thé hodc khong dugc thé, alkylaxyl dugc thé hodc
khong dugc thé, arylaxyl dugc thé hodc khong duge thé, alkyloxycacbonyl dugc
thé hoac khong dugc thé_, aryloxycacbonyl duoc thé hoic khong duogc thé,
alkylaminocacbonyl duoc thé hodc khong dugc thé, arylaminocacbonyl dugc thé
hoac khoéng dugc thé, alkylaminothiocacbonyl dugc thé hoic khong dugc thé,
arylaminothiocacbonyl duoc thé hodc khong duoc thé, alkyloxythiocacbonyl
duoc thé hodc khong dugc thé, aryloxythiocacbonyl dugc thé hoac khong dugc
thé, alkylsulfonyl dugc thé hoac khong dugc thé, arylsulfonyl duogc thé hoic
khong duoc thé, gbe alkylphosphonyl dugc thé hodc khéng duogc thé, hoic gc
arylphosphonyl dugc thé hodc khong dugc thé;
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Z thé hién hydrido, hydroxy, alkyloxy dugc thé hodc khéng dugc thé,
aryloxy dugc thé hoic khéng dugc thé, amino dugc thé hoic khéng duogc thé,
alkyl dugc thé hodc khong dugc thé, hodc géc aryl duoc thé hoac khéng dugc thé;

B1, By, ..., Buy, va By duoc chon mdt cach doc 18p tir cac nucleobazo ty
nhién bao gébm adenin, thymin, guanin, xytosin va uraxin va cic nucleobazo
khong tu nhién; va

it nhat bon trong s6 By, By, ..., Bn, va B, dugce chon mot cach doc 1ap tir
cac nucleobazo khong tu nhién véi mot gbe amino dugce thé hoic khong duoc thé
gan két cong héé tri v6i gbe nucleobazo.

Hop chit c6 Cong thirc I gy ra viéc nhay "exon 4" trong tién mARN
SCN9A & ngudi, tao ra (cac) bién thé ghép ndi mARN SCNOA & ngudi thiéu
"exon 4", va do do rat hitu ich dé diéu tri dau, hodc cac diéu kién lién quan dén
hoat dong cua Na,1.7.

Trong mot s6 phuong 4n cia Hop chit ¢6 Cong thuc I, n 1a mét sé nguyén
duoc chontir 11, 12,13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23 va 24.

Hop chét c6 Cong thic 1 gin két bd sung vao vi tri cit ndi 3 kéo dai qua
diém nbi clia intron 3 va exon 4 bén trong tién mARN SCN9A & nguoi duge doc
ra tr ADN b6 gen [Trinh ty tham chiéu NCBI: NC_000002.12]. Trinh tu 14 mer
cua [(5' — 3") UGUUUAGGUACACU] bén trong tién mARN SCNIA & ngudi
1a mot trinh tu ctia vi tri cat ndi 3 ' bao g@)m 7-mer ti "intron 3" va 7-mer tu "exon
4" Nhu vy, trinh tu tién mARN 14-mer c6 thé duge biéu dién theo quy uéc 14
[(5' — 3") uguuuag | GUACACU], trong d6 céc trinh tu intron va exon dugc biéu
thi bang céc chit cai "thuong" va "viét hoa" mot cach twong ing, va mbi ndi gitta

"intron 3" va "exon 4" dugc dénh du bang " |

Su biéu thi theo quy udc cho tién mARN duoc minh hoa rd hon béng trinh
tu 30 mer cta [(5' — 3') gaaucuuguguuuag | GUACACUUUUACUGG] kéo dai
qua mdi ndi ciia "intron 3" va "exon 4" bén trong tién mARN SCNOA & nguoi.
Viéc danh s exon c6 thé thay doi tiry theo ban sao mARN SCN9A duge ghi chép.
Viéc cung cép trinh ty SCN9A 30-mer 1a dé xac dinh mét cach dat khoat vi tri cit
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ndi dich ctia hop chét c6 Cong thirc I bat ké viéc danh sé exon coa tién mARN
SCN9A dugc ghi chép.

Céc cau triic héa hoc ctia cac nucleobazo tur nhién (tic 14 tim thay trong tur
nhién) hodc khéng tu nhién (tirc 13 khéng c6 trong ty nhién) trong dan xuat PNA
c¢6 Cong thire I dugc minh hoa bing vi du trong Hinh 4. Céc nucleobazo ti nhién
hodc khong ty nhién cua sang ché nay bao gém nhung khéong giéi han céc
nucleobazo dugc dua ra trong Hinh 4. Viée cung ¢ip cac nucleobazo tw nhién va
khong tu nhién nhu vay 1a cac vi du minh hoa cho su da dang cta cac nucleobazo
¢6 thé chip nhén dugc, va do dé khong nén duoc hiéu dé giéi han pham vi ctia
sang ché nay.

Céc nhom thé duoc thong qua dé mo ta dan xuat PNA ¢6 Cong thirc I duge
minh hoa trong Hinh 5A dén 5E. Hinh 5 A dua ra céc vi du cho cac gbc alkyl
duoc thé hodc khong dugce thé. Cac géc alkylaxyl dugc thé hoac khong duoc thé
va cac goc arylaxyl duge thé hoic khong duoc thé dugc minh hoa trong Hinh 5B.
Hinh 5C minh hoa cac vi du vé alkylamin dugc thé, arylamin duoc thé, aryl duogc
thé hodc khéng dugc thé, alkylsulfonyl duoc thé hodc khéng dugc thé,
arylsulfonyl duoc thé hodc khong dugc thé, alkylphosphonyl dugc thé hoic khong
duoc thé, va cac gbe arylphosphonyl duoc thé hoic khong dugc thé. Hinh 5D dua
ra céc vi du vé alkyloxycacbonyl dugc thé hodc khong duoc thé, aryloxycacbonyl
duoc thé hodc khéng dugc thé, alkylaminocacbonyl dugc thé hodc khéng dugc
thé, va cac gdc arylaminocacbonyl duoc thé hodc khong duge thé. Trong Hinh
SE, dua ra céc vi du vé alkyloxythiocacbonyl dugc thé hoac khong duogc thé,
alkylaminothiocacbonyl duoc thé hoic khéng duoc thé, arylaminothiocacbonyl
duoc thé hodc khong dugc thé, va cac gbc alkyloxythiocacbonyl dugc thé hodc
khong dugc thé. Viéc cung cip cac nhém thé nhu vay 1a dé minh hoa sy da dang
clia cic nhém thé ¢6 thé chip nhan duoc, va do d6 khong nén duogc hiéu dé gisi
han pham vi cta sang ché. Ngudi cé hiéu biét trong linh vuc nay c6 thé dé dang
nhan ra ring trinh tu oligonucleotit 13 yéu t6 quan trong déi véi gin két dic hidu
theo trinh tu ctia oligonucleotit voi trinh ty tién mARN dich 1én cac nhém thé &

dau N hoac dau C.
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Hop chét c6 Cong thuc I gén két chat ché véi ADN bo sung nhu duoc minh
hoa trong tinh trang k§ thuat true ddy [PCT/KR2009/001256]. Su bét cip gitta
dan xult PNA c6 Cong thirc I va ADN hoic ARN bd sung ¢ d6 dai day di cua
noé tao ra mot gia tri Ty, qua cao dé duoc xac dinh mét cach chic chin trong dung
dich dém. Hop chit PNA cta Cong thure [ mang lai gia tri Tp, cao v6éi cac ADN bd
sung c6 chiéu dai ngén hon.

Hop chét cia Cong thic I gan két chit ché véi vi tri cat ndi dich 3' ctia tién
mARN SCN9A .(”y nguoi dugc phién ma tor gen SCN9A & nguoi, va can trd su
hinh thanh "phtrc hop sém splicesome" lién quan dén exon dich cua hop chit noi
trén. Do hop chit ciia sang ché nay ngan chin triét dé su hinh thanh "phtrc hop
s6m splicesome", "exon 4" SCNOA bi cit ra dé tao ra (céc) bién thé ghép ndi
mARN SCNO9A thiéu "exon 4". Két qua 13, hop chit cta sang ché nay gay ra su
nhay "exon 4" trong mARN SCN9A.

Do ai lvc manh mé& cua hop chét néi trén d6i véi trinh tu tién mARN bb
sung, hop chét cia sang ché nay ciing c6 thé gén két chat ché véi trinh tu tién
mARN bd sung mét phan v6i mét hodc hai vi tri bét cdp sai va gdy ra su nhay
exon dich bén trong tién mARN SCN9A. Vi duy, ngay ca khi mot dan xuét PNA
14 mer ctia Cong thue I c6 mot vi tri bét cap sai duy nhét véi tién mARN SCN9A,
thi ASO SCN9A 14-mer van gy ra nhdy "exon 4" trong mARN SCN9A.

Hop chét ctia Cong thirc T ¢6 tinh thim té bao tot va c6 thé dé dang duoc
dua vao té bao dudi dang oligonucleotit "tran" nhu duge minh hoa bang vi du
trong tinh trang k¥ thuét trude day [PCT/KR2009/001256]. Nhu vay, hop chét
clia sang ché nay gay ra su nhay "exon 4" trong tién mARN SCN9A dé tao ra
(cac) bién thé ghép néi mARN SCN9A thiéu "exon 4" SCN9A trong céc té bao
duge xtr 1y bang hop chét c6 Céng thic I dudi dang oligonucleotit ”trén". Hop
chét néi trén khong yéu cau bat ky phuong tién hoic cong thitc nao dé phan phbi
vao té bao dé ¢6 tiém nang gay ra su nhay exon dich mot cch hiéu qua trong cac
té bao. Hop chit c6 Cong thirc I dé dang gay ra su nhay "exon 4" SCN9 trong cac
té bao duge xtr ly bang hop chat clia sang ché nay dudi dang oligonucleotit "tran"
& ndng do dudi 10-15 mol mai lit.
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Cac té bao duoc xir ly bang hop chit cé Céng thic I duéi dang
"oligonucleotit tran" biéu 16 ndng d6 mARN SCN9A c6 do dai day du thip hon,
va do d6 cho thdy hoat dong chirc ning ctia Na,1.7 yéu hon so véi céc t& bao
khéng duoc xir ly hop chat. Hop chét c6 Cong thic I e ché biéu hién Na,1.7
trong céc té bao than kinh hodc mé véi viée sir dung c6 hé théng dudi dang
"oligonucleotit tran ". Nhu vay, hop chit néi trén rit hitu ich dé diéu tri dau hoic
rbi loan lién quan dén biéu hién qua muc ctia Na,1.7.

Dan xuit PNA ¢6 Cong thiic I ¢6 thé duge st dung mot cach hé théng duéi
dang oligonucleotit "trAn" dé gay ra su nhay "exon 4" SCN9A trong cac mé dich,
va do dé tre ché sy biéu hién cia mARN SCN9A c6 do dai ddy du. Hop chét c6
Cong thirc I khong yéu cau mét cong thirc cu thé dé ting su phan phéi c6 hé thng
dén céc md dich cho hoat dong tri li€u hodc sinh hoc dy dinh. Thong thuong, hop
chét c6 Cong thirc I duoc hoa tan trong PBS hodc nuée mudi sinh 1y, va duogce st
dung mdt cach c6 hé théng dé kich thich hoat dong tri li€u mong mubn trong céc
mo dich. Cac hop chét ctia sang ché nay khéng can duge diéu ché nhiéu hoic tran
lan dé kich thich céc hoat tinh tri liéu c6 hé thong.

Hop chét c6 Cong thic I ¢6 thé duogc st dung dudi dang két hop véi axit
hodc bazo dugce dung bao gdm nhung khong gidi han trong sb natri hydroxit, kali
hydroxit, axit hydrocloric, axit metanesulfonic, axit xitric, axit trifloroaxetic, v.v.

Dén xuit PNA c6 Cong thuc I hodc loai mudi duoc dung cia né c6 thé
duoc str dung cho mot dbi tuong voi sy két hop véi mét td duge duge dung bao
gb6m nhung khéng gidi han trong sb axit xitric, axit hydrocloric, axit tartaric, axit
stearic, polyetylenglycol, polypropylenglycol, etanol, isopropanol, natri
bicacbonat, nudc cét, chét bao quan, v.v.

Hop chét cua sang ché c6 thé dugce str dung mdt cach c6 hé théng cho mot
déi tuong véi lidu didu tri tir 1 fmol/Kg dén cao hon 1nmol/Kg, c6 thé s& thay d6i
tuy theo sy phan-chia lidu, didu kién hodc tinh trang cua dbi tuong, v.v.

DPuoc uu tién 1a mot dan xut PNA c6 Cong thtre I, hodc mudi duoc dung
cua no:

trong do,
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n 12 mét sé nguyén nam trong khoang tir 10 dén 25;

Hop chét ¢6 Cong thic I ¢6 it nhdt mét phan tring 1ap bd sung 10 mer cho
trinh tu tién mARN 14-mer cia [(5' — 3') UGUUUAGGUACACU] bén trong
tién mARN SCN9A & nguoi;

Hop chét c6 Cong thirc I bd sung day du cho tién mARN SCN9A & ngudi,
hodc bd sung mot pha‘in cho tién mARN SCN9A & nguoi véi mot hodc hai vi tri
bat cap sai;

S1, S2,...,801, Sn, T1, To, ..., Ty va T, mot cach doc 1ap thé hién deuterido,
hydrido, alkyl dugc thé hodc khéng dugce thé, hodc gdc aryl dugc thé hoic khong
duoc thé;

X va Y mot cach doc lap thé hién hydrido, formyl, aminocacbonyl,
aminothiocacbonyl, alkyl duogc thé hoic khong dugc thé, aryl duogc thé hoic
khong duogc thé, alkylaxyl dugc thé hoic khong dugc thé, arylaxyl dugc thé hodc
khong dugc thé, alkyloxycacbonyldugc thé  hoac khéng duoc thé,
aryloxycacbonyl dugc thé hoic khong duge thé, alkylaminocacbonyl dugc thé
hoic khong dugc thé, arylaminocacbonyl duoc thé hodc khoéng duoc thé,
alkylaminothiocacbonyl duogc thé hodc khong duoc thé, arylaminothiocacbonyl
duogc thé hoic khong dugc thé, alkyloxythiocacbonyl dugc thé hodc khéng dugc
thé, aryloxythioéacbonyl duoge thé hoic khong duge thé, alkylsulfonyl duge thé
hoic khong duoc thé, arylsulfonyl dugc thé hodc khong dugc thé, gbc
alkylphosphonyl dugc thé hodc khong dugc thé, hoic gbc arylphosphonyl dugc
thé hoic khéng dugc thé;

Z thé hién hydrido, hydroxy, alkyloxy dugc thé hodc khong dugc thé,
aryloxy duogc thé" hoac khong dugc thé, amin duoc thé hodc khong duoc thé, alkyl
duoc thé hodc khong dugc thé, hoic géc aryl dugc thé hoic khoéng duogc thé;

Bi, Bo, ..., Bui, va B, duoc chon mot cach doc lap tur cac nucleobazo tu
nhién bao gém adenin, thymin, guanin, xytosin va uraxin va cic nucleobazo

khong tu nhién; va
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{t nhét bén trong s6 By, By, ..., Bn va B, duoc chon mot cach doc lap tur cac
nucleobazo khong tu nhién dugce thé hién béng Cong thuc II, Cong thirc III hoac
Cong thue IV:

Ry

A "y NH, 2
’ . N .
y .y T
bt H e, y N
é’_ } N7 "N "HH NN N
= -~ ! e L R
m/ H | Ly, R 3 \"f R
“‘r«lx “a R, Ry
I
Céng thire IT Cong thive I Céng thirc IV
trong do,

R1, Ry, R3, Ry, Rsva Rg duogc lua chon mét cach doc 1ap tir hydrido, va géc
alkyl duoc thé hodc khong duogc thé;
L, L, va L; 1a mot gén két cong hoa tri dugce thé hién béng Cong thuc V

gan ket cong hoa tri gifta nhom amino bazo véi goc nucleobazo:

f-/{—'?'l‘\\_ P ________ \l\ ,-’/Q‘ms 'O Fhit T
B N o T Cong thitc V
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trong do,

QvaQpla géc metylen (-CH2-) dugc thé hodc khong dugc thé va Qn duoc
lién két truc tiép v61 nhom amino bazo;

Qa2, Qs, ..., va Q.1 duge chon mot cach doc lap tir metylen duoc thé hoic
khong duoc thé, oxy (-O-), luu huynh (-S-) va gbc amino dugc thé hoic khong
duge thé [-N(H)-, hoic -N (nhém thé)-]; va,

m 14 mdt s6 nguyén ndm trong khoang tir 1 dén 15.

Trong mdt sb phuong 4n nhét dinh nhu vay, Si, Sa, ..., Su1, Sn, T1, Ta, ...,
Ta.1, and T, mot cach doe 1ap thé hién deuterido hoic géc hydrido va Z thé hién
hydrido, hydroxy, alkyloxy dugc thé hodc khong dugc thé, aryloxy duoc thé hoic
khong duge thé, gbc amino duoc thé hodc khong duoc thé. Trong cac phuong 4n
khac nhu vay, it nhét mot trong cac Sy, S, ..., Sn-1, Sn, T1, T2, ..., Th-l, va Tomot
cach doc lap thé hién alkyl dugc thé hoac khong dugc thé, hodc géc aryl dugc thé
hoac khéng dugc thé, va/hodc Z thé hién alkyl duogc thé hodc khong duogc thé hodc
gbe aryl dugc thé hoic khong duoc thé.

Trong mét s6 phuong an, m trong Cong thirc V 1a mot s6 nguyén duoc chon

tr2,3,4,5,6,7,8,9,10, 11, 12, 13 va 14.

Diéu dang-quan tdm la mot oligome PNA cua Cong thtrc I, hodc mudi duoc
dung ctia no:

trong do,

n 12 mot sb nguyén nam trong khoang tir 11 dén 21;

Hop chét ¢6 Cong thirc I ¢6 it nhat mét phan tring l3p bo sung 10 mer cho
trinh tu tién mARN 14-mer cta [(5' — 3') UGUUUAGGUACACU] bén trong
tién mARN SCN9A & ngudi;

Hop chit ¢ Cong thirc 1 bd sung day di cho tien mARN SCNOA & nguoi,
hodc bo sung mot phén cho tién mARN SCNOA & nguoi vi mdt hodc hai vi tri
bét cap sai;

S1, S2, -y Snct, Sny T1, Ta, .., Toot va Ty 12 gbc hydrido;
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X va Y mdt cach doc lap thé hién hydrido, alkyl dugc thé hogc khong dugc
thé, aryl dugc thé hoic khong dugc thé, alkylaxyl dugc thé hodc khong duge thé,
arylaxyl duoc thé hodc khong dugc thé, alkyloxycacbonyl dugc thé hoic khong
duge thé, aryloxycacbonyl dugc thé hodc khong dugc thé, alkylaminocacbonyl
duoc thé hoic khong duoc thé, arylaminocacbonyl dugc thé hodc khong dugc thé,
alkylsulfonyl dugc thé hodc khong dugc thé, hoic gbc arylsulfonyl dugc thé hosc
khong duogc thé;

Z thé hién géc afnino duoc thé hodc khong duogc thé;

Bi, By, ..., Bui, va B, duge chon mdt cach doc 1ap tir cac nucleobazo tu
nhién bao gébm adenin, thymin, guanin, xytosin va uraxin va cic nucleobazo
khong tu nhién;

it nhit bon trong s6 By, By, ..., Bo, va B, dugce chon mét cach doc 1ap tir
cac nucleobazo khong tu nhién dugc thé hién béng Cong thuc II, Cong thuc III
hodc Cong thtrc IV;

Ry, Ry, Rs, Ry, Rsva Rg duoc lua chon mot cach doc lap tir hydrido, va géc
alkyl dugc thé hodc khong duoc thé;

Q va Qu 12 gbc metylen dugc thé hodc khéng duogc thé, va Q,, dugce lién
két truc tiép véi nhém amino bazo;

Q,, Qs, ... va Qu.1 dugc lya chon mot cach doc 1ap tir metylen duge thé hodc
khéng dugc thé, oxy va gbc amino; va

m 1a mot s6 nguyén nam trong khoang tir 1 dén 11.

Trong mdt phuong én clia oligome PNA ctia Cong thire I, hodc mudi duoc
dung cliand, X va'Y mét cach doc lap thé hién hydrido, alkyl dugc thé hodc khong
duogc thé, aryl dugc thé hodc khong duoc thé, alkylaxyl dugc thé hoac khong dugc
thé, arylaxyl dugc thé hodc khong dugc thé, alkyloxycacbonyl duoc thé hoic
khéng dugc thé hoic gbc aryloxycacbonyl dugc thé hogc khong dugc thé.

Trong mot phuong én khéac cia oligome PNA ctia Cong thire I, hodc mudi
duoc dung cua no, it nhat mot trong sd6 X va Y dai dién mdt cac doc lap voi

alkylaminocacbonyl dugc thé hodc khong duoc thé, arylaminocacbonyl dugc thé
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hodc khong duoc thé, alkylsulfonyl duoc thé hoic khong duoc thé, hoac géc
arylsulfonyl duoc thé hoic khong duoc thé.

Pugc quan tam dac biét [a mot dan xuit PNA c6 Cong thuc I, hoac mudi
dugc dung cua no:

trong do,

n 12 mot s6 nguyén nam trong khoang tir 11 dén 19;

Hop chét c6 Cong thirc I ¢6 it nhét mot phan tring 13p bd sung 10 mer cho
trinh tu tién mARN 14-mer cta [(5' — 3") UGUUUAGGUACACU] bén trong
tién mARN SCN9A & nguoi;

Hop chét c6 Cong thic I bd sung day du cho tién mARN SCN9A & ngudi;

S1,S2, oy oty Sny T1, Ta, .., Tt va Ty, 12 gbe hydrido;

X va'Y mot cach doc 1ap thé hién hydrido, alkyl dugc thé hodc khéng dugc
thé, aryl dugc thé hodc khoéng duogc thé, alkylaxyl duogc thé hozic khong duoc thé,
arylaxyl dugc thé hodc khong duge thé, alkyloxycacbonyl thay dugc thé hodc
khéng dugc thé, alkylaminocacbonyl dugc thé hodc khong dugc thé, alkylsulfonyl
duoc thé hodc khong duge thé, hodc gbe arylsulfonyl duge thé hoidc khong dugc
thé;

Z thé hién géc amino duoc thé hodc khong duoc thé; »

By, Bo, ..., Buy, va B, duoc chon mot cach doc 1ap tir cac nucleobazo tu
nhién bao gébm adenin, thymin, guanin, xytosin va uraxin va céc nucleobazo
khong tu nhién;

it nhét bon trong s6 By, By, ..., Bu, va B, duoc chon mot cach doc lap tir
cac nucleobazo khong tu nhién duogc thé hién bang Céng thirc I, Cong thirc I
hodc Cong thuc IV;

R1, Ry, R3, Ry, Rsva Rg dugc lua chon mot cach doc l1ap tur hydrido, va géc
alkyl duoc thé hodc khong duoc thé;

Q; va Qn 12 gbc metylen, va Qn dugc gén két truc tiép véi nhom amino
bazo;

Qa,, Qs, ... va Qu.; dugc chon mot cach doc lap tir metylen, oxy va gbe
amino; \}e‘l
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m 12 mot s6 nguyén nam trong khoang tir 1 dén 9.

Trong mdt phuong an cta oligome PNA cua Cong thuc I, hodc mudi dugc
dung ctia nd, X va Y mot cach doc lap thé hién hydrido, alkylaxyl dugc thé hosc
khong duoc thé, hoic gde alkyloxycacbonyl duge thé hodc khong dugc thé.

Trong mdt phuong an khac cia oligome PNA ctia Cong thirc I, hodc mudi
duoc dung cua nd, it nhét mot trong s6 X va 'Y mot cach doc 1ap thé hién alkyl
duoc thé hoic khong duogc thé, aryl dugc thé hodc khong dugce thé, arylaxyl
duoc thé hodc khong dugc thé, alkylaminocacbonyl dugc thé hoic khong duoc
thé, alkylsulfonyl dugc thé hoic khong dugc thé, hoac géc arylsulfonyl dugc thé
hodc khong dugc thé.

Dugc quan tAm cao 1a mot oligome PNA cua Cong thire I, hodc mubi duoc
dung cua no:

trong do,

n 12 mot s6 nguyén nam trong khoang tir 11 dén 19;

Hop chét c6 Cong thire I ¢6 it nhét mot phan trung ldp bd sung 10 mer cho
trinh tu tién mARN 14-mer cta [(5' — 3") UGUUUAGGUACACU] bén trong
tien mARN SCN9A & nguoi; - -

Hop chét c6 Cong thire I b sung diy du cho tién mARN SCN9A & ngudi;

S1. Sa, .oy Sut, Sny T1, Ta, ..y Tot va T, 12 gdc hydrido;

X va'Y mot cach doc lap thé hién hydrido, alkyl dugc thé hodc khong duogc
thé, aryl dugc thé hoac khong dugc thé, alkylaxyl dugc thé hoic khong duge thé,
arylaxyl dugc thé hoic khong duoc thé, hodc gbc alkyloxycacbonyl duge thé hoic
khong duoc thé;

Z thé hién géc amino duoc thé hodc khong duoc thé;

By, By, ..., Bui, va B, duoc chon mot cach dc 1ap tir cac nucleobazo tu
nhién bao gdm adenin, thymin, guanin, xytosin va uraxin va cac nucleobazo

khong tu nhién;
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it nhat bén trong s6 By, Bs, ..., B, va B, duoc chon mét cach doc lap tir
cac nucleobazo khong tu nhién dugce thé hién bing Céng thirc II, Coéng thirc III
hoac Cong thuc 1V;

Ry, R; va Rs 1a gbc hydrido va Ry, Ry va Re mét cach doc lap thé hién
hydrido, hodc gbc alkyl dugc thé hodc khong dugc thé;

QvaQpla géc metylen, va Qn dugc lién két truc tiép v61 nhém amino
bazo;

Q2, Qs, ..., VA Qmei duoc chon mot cach doc 1ap tir metylen, géc oXy; va,

m 1a mot s6 nguyén ndm trong khoang tir 1 dén 8.

Trong mdt phuong an cta oligome PNA ctia Cong thirc I, hodc mudi dugc
dung cta no, X va Y mot cach doc lap thé hién hydrido, alkylaxyl dugc thé hoac
khong duoc thé, hodc gbc alkyloxycacbonyl duoc thé hoac khong duoc thé.

Trong mdt phuong an khac cua oligome PNA cua Cong thure I, hodc mudi
duogc dung cta no, it nhét mot trong s6 X va 'Y mot cach doc lap thé hién alkyl
duoc thé hoac khong duogc thé, aryl dugc thé hoac khong duogc thé, hodc arylaxyl
duoc thé, hoic khéng duogc thé.

Pugc quan tAm nhiéu hon 1a mot dan xuit PNA c6 Cong thirc I, hodc mubi
duogc dung cua no: |

trong do,

n 12 mot sb nguyén nam trong khoang tir 11 dén 19;

Hop chét c6 Cong thire I 6 it nhAt mot phén trung 13p bo sung 10 mer cho
trinh tu tién mARN 14-mer cta [(5' — 3') UGUUUAGGUACACU] bén trong
tien mARN SCNOA & ngudi;

Hop chét c6 Cong thirc 1 bd sung diy du cho tién mARN SCN9A & ngudi;

S1, S, ..y Sut, Sny T4, Ta, ..y Tot va Ty 12 gbe hydrido;

X va Y mot cach doc 1ap thé hién hydrido, alkylaxyl dugc thé hodc khong
duoc thé, arylaxyl dugc thé hoic khong duogc thé, hodc géc alkyloxycacbonyl
duoc thé hodc khong duge thé;

Z thé hién géc amino dugc thé hodc khong duoc thé;
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Bi, By, ..., Bui, va B, dugce chon mot cach doc 1ap tuor adenin, thymin,
guanin, xytosin, va cac nucleobazo khong tu nhién;

it nhat nim trong s6 By, By, ..., B va B, dugce chon mét cach doc 1ap tir
cac nucleobazo khong tu nhién dugc thé hién béng Cong thire 11, Cong thie 11T
hodc Cong thic IV;

Ry, Ry, R3, Ry, Rs va Ry 12 gbc hydrido;

Q, va Qn 1 gbe metylen, va Q, duoc lién két truc tiép véi nhém amino
bazo;

Qa, Qs, ..., va Q. dugce chon mot cach doc 14p tir metylen va géc 0Xy; va,

m 1a mot s6 nguyén nam trong khoang tir 1 dén 8.

Trong mot phuong an cua oligome PNA cta Cong thire I, hodc mudi duoc
dung cua nd, X va Y mot cach doc lap thé hién hydrido, alkylaxyl dugc thé hoac
khéng duogce thé, hoic gbe alkyloxycacbonyl dugc thé hodc khong dugc thé. |

Trong mot phuong an cua oligome PNA cua Cong thire I, hoac mudi duoc
dung cta nod, it nhat mot trong s6 X va 'Y mot cach doc 1ap thé hién gbe arylaxyl
duoc thé hoac khong dugc thé.

Duoc quan tam cao nhét 12 mot dan xuét PNA ¢6 Cong thuc I, hodc mudi
duoc dung cia no:

trong do,

n 12 mot s6 nguyén nam trong khoang tir 11 dén 19;

Hop chat c6 Cong thic 1 ¢6 it nhit mot phan tring 13p bo sung 10 mer cho
trinh tu tién mARN 14-mer cta [(5' — 3') UGUUUAGGUACACU] bén trong
tién mARN SCN9A & ngudi;

Hop chat ¢6 Cong thirc 1 bd sung diy du cho tién mARN SCNIA & ngudi;

S1, S2, vy Socty Sn, T1, Ta, .y Toot va Ty 12 gbc hydrido;

X 1a gbc hydrido;

Y thé hién alkylaxyl duoc thé hodc khong dugc thé, arylaxyl dugc thé hoic
khong duogc thé, hodc géc alkyloxycacbonylduoc thé hodc khoéng duoc thé;

7. thé hién géc amino duoc thé hoic khong duogc thé;
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Bi, By, ..., Bui, va B, dugc chon mdt cach doc 1ap tur adenin, thymin,,
guanin, xytosin, va cac nucleobazo khong tu nhién;

it nhat nim trong s6 By, By, ..., Bn va B, dugce chon mot cach ddc 1ap tir
cac nucleobazo khong tu nhién dugce thé hién béng Cong thuc 11, Cong thirc III
hodc Cong thirc 1V;

Ry, Ry, R3, Ry Rs va Ry 12 gdc hydrido;

L, thé hién -(CH2)2-O-(CH2)2-, -CH2-O-(CH2)2-, -CH2-O-(CH2)3-, -
CH2-0-(CH2)4-, hogc -CH2-O-(CH2)5- v6i dau bén phai duge lién két truc tiép
v61 nhom amino bazo; va,

L, va L; dugc chon mot cach doc lap tor -(CH2)2-, -(CH2)3-, -(CH2)4-, -
(CH2)5-, -(CH2)6-, -(CH2)7-, -(CH2)8-, -(CH2)2-O-(CH2)2-, -(CH2)3-O-
(CH2)2-, and -(CH2)2-O-(CH2)3- vé6i dau bén phai duge lién két truc tiép véi
nhom amino bazo.

Trong modt phuong an cua oligome PNA cua Cong thirc I, hodc mudi dugc
dung cua no, Y thé hién gbc alkylaxyl duoc thé hodc khong dugc thé hoic gbe
alkyloxycacbonyl duoc thé hodc khong dugc thé.

Trong mot phuong an khac ctia oligome PNA ctia Cong thire 1, hodc mudi
dugc dung cﬁa no, Y thé hién arylaxyl dugc thé hoac khoéng duogc thé.

Duogc quan tam dédc biét 1a mot dan xuit PNA c6 Céng thire I, duge chon
tir nhom céac hop chit dugc dua ra dudi day, hoac mudi duge dung cua no:

(N — C) Fethoc-TA(5)A-A(5)AG(6)-TG(6)T-A(5)CC(102)-TA(5)A-
A(5)-NHy;

(N — C) Fethoc-TA(5)A-A(4)AG(6)-TG(6)T-A(5)CC(103)-TA(5)A-A-
NHo;

(N — C) Fmoc-TA(5)A-A(4)AG(6)-TG(6)T-A(5)CC(103)-TA(5)A-A-
NHo,;

(N — C) Piv-Leu-TA(5)A-A(5)AG(302)-TG(6)T-A(5)CC(102)-
TA(5)A-A(5)-NHoy;

(N — C) Fethoc-TA(5)T-A(5)AG(6)-TG(6)T-A(5)CC(102)-TA(5)A-

A(5)-NHy;
32



47258 33/121

(N — C) Benzoyl-Gly-TA(202)A-A(5)AG(6)-TG(6)T-A(5)CT-TA(5)A-
Lys-NHoy;

(N — C) Fethoc-AA(5)G-TG(6)T-A(5)CC(102)-TAA(5)-A-NHy;

(N — C) Fethoc-AA(5)G-CG(6)T-A(5)CC(102)-TAA(5)-A-NHy;

(N — C) Fmoc-AA(5)G-TG(6)T-A(5)CC(102)-TAA(5)-A-NHy;

(N — C) Benzensulfonyl-AA(5)G-TG(6)T-A(5)CC(102)-TAA(5)-A-
NH,;

(N — C) Ac-AA(5)G-TG(6)T-A(5)CC(102)-TAA(5)-A-NHjy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(3)A-A(5)-NHy;

(N — C) Fmoc-AA(5)G-TG(6)T-AC(102)C-TAA(5)-A-NHo,;

(N — C) Metyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(3)A-A(5)-Gly-Arg-
NH;;

(N — C) Fethoc-A(5)AG-TG(6)T-A(5)CC(102)-TAA-A(5)-NHy;

(N — C) Ac-Val-A(5)AG-TG(6)T-A(5)CC(102)-TAA-A(5)-NH,;

(N — C) Fethoc-AAG(6)-TG(6)T-A(5)CC(102)-TA(5)A-A-NHo,;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)-NH,,

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)AC(102)-TA(5)T-A(5)C-NHy;

(N — C) H-AA(5)G-TG(202)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-Lys-Leu-AA(5)G-TG(5)T-A(5)CC(102)-TA(202)A-
A(5)C-Lys-NHo;

(N — C) [N-(2-Phenyletyl)amin]cacbonyl-AA(3)G-TG(5)T-

A(S)CC(105)—TA(5)A-A(5)C-NH2;

(N — C) N,N-Phenyl-Me-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-
A(4)C-NHy;

(N — C) Fethoc-AA(5)G-TA(5)T-A(5)CC(102)-TG(5)A-A(5)C-NHy;

(N — C) p-Toluenesulfonyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-
A(5)C-NHy;

(N — C) p-Toluenesulfonyl-AA(5)G-TG(203)T-A(5)CC(102)-

TA(5)A-A(5)C-Lys-NHy;
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(N — C) Fethoc-AA(5)G-TG(203)T-A(5)CC(103)-TA(7)A-A(5)C-
NHoy;

(N — C) n-Propyl-AA(5)G-TG(5)T-A(5)CC(103)-TA(5)A-A(5)C-NHy;

(N — C) Benzoyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Benzyl-AA(5)G-TG(5)T-A(5)CC(103)-TA(5)A-A(5)C-NHy;

(N — C) Benzoyl-AA(5)G-TG(3)T-A(5)CC(202)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-Leu-
Lys-NHoy;

(N — C) Piv-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHoy;

(N — C) Fethoc-TA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-AA(5)C-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Metylsulfonyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-
NH,;

(N — C) n-Hexyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) n-Hexanoyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-
NH,;

(N — C) n-Hexanoyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(8)A-A(5)C-
NHy; | N | |

(N — C) Fethoc-AA(3)G-TG(202)T-A(5)CC(102)-TA(5)A-A(5)C-NHoz;

(N — C) Fethoc-AA(3)G-TG(202)T-A(5)CC(103)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-AA(3)G-TG(202)T-A(5)CC(202)-TA(5)A-A(5)C-NHy;

(N — C) FAM-HEX-HEX-AA(3)G-TG(202)T-A(5)CC(202)-TA(5)A-
A(5)C-NHy;

(N — C) Fethoc-A(5)GT-G(5)TA(5)-CC(102)T-A(5)AA(5)-C-NHp;

(N — C) Fethoc-AG(5)T-G(7)TA-CC(102)T-AA(6)A-C-NHy,

(N — C) Fethoc-AA(6)G-TG(5)T-A(6)CC(102)-TA(6)A-A(6)C-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(3)CA-
C(105)AA-NHoy;

(N — C) Fethoc-AA(5)G-TCT-A(5)CC(102)-TA(5)A-A(3)CA-

C(105)AA-NHy;
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(N — C) Fethoc-AA(5)G-TCT-A(5)CC(102)-TA(5)A-A(3)CA(3)-CTA-
NH;;

(N — C) Fethoc-TG(5)T-A(5)CC(102)-TA(5)A-A(3)CA-CA(7)A-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(B)CA(5)-C-
NH;;

(N — C) Fethoc-TG(5)T-A(5)CC(102)-TA(5)A-A(3)CA(5)-C-NHoy;

(N — C) p-Toluenesulfonyl-TG(203)T-A(5)CC(102)-TA(5)A-A(3)CA-
C-Lys-NHy;

(N — C) Fethoc-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(5)A-NHy;

(N — C) Piv-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(5)A-NHy;

(N — C) Benzoyl-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(5)A-NHy;

(N — C) Propionyl-TG(5)T-A(5)CC(202)-TA(5)A-A(B)CA-CA(5)A-
NHo;

(N — C) Fethoc-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(5)A-Arg-
Val-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)G-NHy;

(N — C) Fethoc-AG(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)G-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)CA-NH,;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)GG-NHy;
va,

(N — C) Fethoc-AA(5)G-TG(5)T-ACC(102)-TA(5)A-A(5)CA(5)-C-
NH;:

trong do,

A, G, T va C 1a cdc monome PNA véi nucleobazo tu nhién la adenin,
guanin, thymin va xytosin, m¢t cach tuong ung;

C (pOq), A (p), A (pOq), G (p) va G (pOq) la cdc monome PNA co
nucleobazo khong ty nhién dugc thé hién béng cong thie VI, Cong thirc VII,
Cong thirc VIII, Cong thirc IX va Cong thire X, mot cach tuong tmg;
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trong do,

p va q la cac sb nguyén; va,

cac chit viét tit cho cac nhém thé dau N- va C- duoc dinh nghia cu thé nhu
sau: "Fmoc-" 1a tén viét tat cta "[(9-fluorenyl) metyloxy] cacbonyl-"; "Fethoc-"
cho "[2- (9—ﬂu0rényl) etyl-1-oxy] cacbonyl"; "Ac-" cho "axetyl-"; "n-Hexanoyl-"
cho "1- (n-hexanoyl) -"; "Benzoyl-" cho "benzencabonyl-"; "Piv-" cho "pivalyl-";
"n-Propyl-" cho "1- (n-propyl) -"; "n-Hexyl-" cho "1- (n-hexyl) -"; "H-" cho
"hydrido-";  "p-Toluenesulfonyl" cho  "(4-metylbenzen)  -1-sulfonyl-";
"Benzensulfonyl" cho "benzen-1-sulfonyl-"; "Metylsulfonyl" cho "metyl-1-
sulfonyl-"; "-Lys-" cho gbc axit amin "lysin"; "-Val-" cho gdc axit amin "valin";
"_Leu-" cho gdc axit amin "leuxin"; "-Arg-" cho gbc axit amin "arginin"; "-Gly-"
cho gbc axit amin "glyxin"; "[N- (2-Phenyletyl) amin] cacbonyl-" cho "[N-1- (2-
phenyletyl) -amin] cacbonyl-"; "Benzyl-" cho "1- (phenyl) metyl-"; "Phenyl-" cho
"phenyl-"; "Me-" cho "metyl-"; "-HEX-" cho "6-amin-1-hexanoyl-", "FAM-" cho
"5, hodc 6-fluorescein-cacbonyl-" (hén hop dong phan) va "-NH 2 " cho nhém
amin khong duogc thé ".

Hinh 6 cung cép chung cac ciu trac héa hoc cho cic monome PNA duoc
viét tit 1a A, G, T, C, C (pOq), A (p), A (pOq), G (p) va G (pOq). Nhu d thao
luan trong tinh trang k¥ thuat truge day [PCT/KR2009/001256], C (pOq) dugc

coi la mot monome PNA bién do6i thé hién "xytosin" do su lai tao ua thich cia né
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véi "guanin”. A (p) va A (pOq) dugc cot la cdc monome PNA bién d6i dong vai
trd nhu 14 "adenin" do 4i lyc chat ch& cta ching ddi véi "thymin". Tuong tw nhu
vay G (p) va G (pOq) duogc coi la cac monome PNA bién d6i twong duong véi
"guanin" nh& vao su ghép déi bazo bd sung cua chiing véi "xytosin".

Hinh 7 cung cip mdt cach rd rang céc ciu tric héa hoc cho mot loat cac
chit viét tit cho cac nhom thé duogc sir dung dé tao ra su da dang trong dau N-
hodc ddu C- cua dan suat PNA cua cong thic 1.

DPé minh hoa cho céc chit viét tit cho cac din xuét PNA, cdu tric hoa hoc
cho dan xuit PNA 14 mer dugc ky hiéu 1a "(N — C) Fethoc-TA(5)A-A(5)TA(5)-
CGC(102)-AA(5)A-A(5)A-NH2" dugc dua ra trong Hinh 8. Theo mt minh hoa
khac, cAu tric héa hoc cho din xuat PNA 16 mer duoc viét tit 13 "(N — C) Fethoc-
AG(5)C-A(5)CT-TA(5)C-GC(102)A-A(5)AA(202)-A-Lys-NH2" dugc dua ra
trong Hinh 9.

Mot trinh ty PNA 14 mer cta "(N — C) Fethoc-AA(3)G-TG(202)T-
A(5)CC(102)-TA(5)A-A(5)C-NH2" tuong duong véi trinh ty ADN cta "(5' —
3"y AAG-TGT-ACC-TAA-AC", c6 phan tring lip bo sung 14 mer véi trinh tu
tién mARN 20 mer nhu duge danh ddu " in d@m " va " gach chén " trong [(5' —
3") uuguguuuag | GUACACUUUU] trai dai qua méi ndi cua intron 3 va exon 4
bén trong tién mARN SCN9A & ngudi.

Mot trinh ty PNA 18 mer cia (N — C) Fethoc-AA(5)G-TG(5)T-
A(5)CC(102)-TA(5)A-A(B)CA-C(105)AA-NH2" tuong duong véi trinh tu
ADN ctia" (5' — 3') AAG-TGT-ACC-TAA-ACA-CAA", c¢6 phan tring lip bd
sung 18 mer v6i trinh tu tién mARN 20-mer SCN9A nhu duge danh diu" in ddm

"va " gach chan " trong [(5 '— 3') uuguguuuag | GUACACUUUU].

Mot trinh tw PNA 18 mer ctia "(N — C) Fethoc-AA (5) G-TCT-A (5) CC
(102) -TA (5) AA (3) khoang (3) -CTA-NH; " twong duong voi trinh tu ADN
cia "(5 '— 3') AAG-TCT-ACC-TAA-ACA-CTA", c6 phan tring 13p bo sung 16
mer v&i trinh tu tién mARN SCN9A 20-mer duoc danh dau " in dam " "va" gach

chan "trong [(5' — 3') u"u"guguuuag | GUA"C"ACUUUU]. Nhu vay, PNA 18
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mer c6 hai diém bét cip sai don v6i vi tri cét ndi 3' ctia exon 4 trong tién mARN
SCNOYA & ngudi. Hai bat cap sai don nay duoc tim thiy trong intron 3 va trong
exon 4 dugc danh diu bang dau ngodc kép (" ").

Trinh ty PNA 14-mer ctia "(N — C) Fethoc-AA (5) G-TG (5) TA (5) CC
(102) -TA (5) AA (5) G-NH ; " tuong duong véi trinh tw ADN cua "(5 '— 3')
AAG-TGT-ACC-TAA-AG", ma c6 phan trang lip bd sung 13 mer véi trinh tur
tién mARN SCN9A 20 mer dugce danh ddu 13 " in ddm " va " gach chin " trong
[(5'— 3') uugu"g"uuuag | GUACACUUUU]. Nhu vdy, PNA 14 mer c6 mét bt

cp sai don véi vi trf cét ndi 3' clia exon 4 trong tién mARN SCN9A & ngudi. Bit

cép sai don dugc tim thiy trong intron 3 duge danh dau bang dau ngoic kép (" ").
Quy trinh chung dé diéu ché cac Oligome PNA

Céc cac oligome PNA dugc téng hop bang phuong phép tong hop peptit
pha rin (SPPS) dya trén héa - Fmoc (Fmoc-chemistry) theo phuong phap duoc
bdc 16 trong tinh trang k¥ thuat trude day [US 6,133,444; WO 96/40685] voi cac
stra d6i nho néu can. Chat lam rin (solid support) duoc sir dung trong nghién ciru
nay la H-Rink Amit-ChemMatrix dugc mua tr PCAS BioMatrix Inc. (Quebec,
Canada). Cac monome Fmoc-PNA véi nucleobazo bién ddi di duoc tong hop nhu
mo ta trong tinh trang ki thuat trude day [PCT/KR 2009/001256] hodc v6i cac sua
ddi nho. Cac monome Fmoc-PNA nhu vy véi mot nucleobazo bién doi va cac
monome Fmoc-PNA véi nucleobazo tu nhién da dugc st dung dé téng hop cac
dan xuit PNA trong sang ché nay. Cac monome Fmoc-PNA véi nucleobazo bién
d6i duge thé hién trong Hinh 10. Tuy nhién, d6i véi mot ngudi c6 hiéu biét trong
linh vuc nay, rd rang co rAt nhiéu bién thé nho cho cic nhém bao vé trén cac
monome PNA nhu vay. Do d6, cac monome Fmoc-PNA trong Hinh 10 nén dugc
liy 1am vi du, va do d6 khong nén 14y dé gi6i han pham vi clia sang ché nay. Cac
cac oligome PNA duogc tinh ché bang HPLC pha dao C s (nudc/axetonitril hozic
nuéc/metanol véi 0,1% TFA) va duoc dic trung béi Phuong phap phd khéi lugng
bao gdom ESI/TOF/MS.
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Hinh 11 minh hoa so d6 mét chu ky kéo dai monome dién hinh duoc ép
dung trong SPPS ciia nghién clru nay, va cac chi tiét tong hop duoc thé hién dudi
day. Tuy nhién, d6i voi mot ngudi c6 hiéu biét trong linh vuc ndy, rd rang c6 thé
c6 rat nhiéu bién thé nhé trong viéc thuc hién cac phan tmg SPPS nhu viy mot
c4ch hiéu qua trén bo tong hop peptit tu dong hoic bo téng hop peptit thu cong.
Mbi buédc phan 1"rng duoc dua ra ngin gon nhu sau.

[Hoat héa keo H-Rink-ChemMatrix] 0,01 mmol (khoang 20 mg keo) keo
ChemMatrix trong 1,5 ml piperidin/DMF 20% dugc tron trong 6ng libra trong 20
phtt va dung dich DeFmoc dugc loc ra. Keo duge rira trong 30 gidy mdi 1an véi
1,5 mL metylen clorua (MC), 1,5 mL dimetylformamit (DMF), 1,5 mL MC, 1,5
mL DMF va 1,5 mL MC. Céc amin tu do thu dugc trén chit 1am rin (solid
support) dd dugc bét cip hoic v6i mot monome Fmoc-PNA hodc véi mot dan
xuit axit amin duoc bao vé boi Fmoc.

[DeFmoc] Keo dugc tron trong 1,5 ml piperidin/DMF 20% trong 7 phit,
va dung dich DeFmoc duogc loc ra. Keo dugc rua trong 30 gidy mdi 1an véi 1,5
mL MC, 1,5 mL DMF, 1,5 mL MC, 1,5 mL DMF va 1,5 mL MC. Cac amin tu do
thu duoc trén chit 1am rin (solid support) ngay lap tirc bat cip véi mot monome
Fmoc-PNA. ‘ 7

[Bét cip v6i monome Fmoc-PNA] C4c amin tu do trén chit lam rén (solid
support) dugc bat cdp v6i mot monome Fmoc-PNA nhu sau. 0,04 mmol cua mot
monome Fmoc-PNA, 0,05 mmol HBTU [2-(1H -benzotriazol-1-yl)-1,1,3,3-
tetrametyluronium hexa fluoro-phosphat], va 10 mmol DIEA (NN -
diisopropyletylamin) dugc U trong 2 phut trong 1 mL DMF khan, va b sung céc
amin tu do vao keo. Dung dich keo duoc khudy tron trong 1 gid va moi truong
phan mg dugc loc ra. Sau do, keo duoc rtra trong 30 gidy mdi 14n v6i 1,5 m L
MC, 1,5 mL DMF va 1,5 mL MC.

[Gan mii] Sau phan tmg bét cip, cac amin tw do khdng phan ting dugc gén
mil bang cach lic trong 5 phut trong 1,5 ml dung dich gan mii (anhydrid axetic
5% va 2,6-1eutic{in 6% trong DMF). Sau dé, dung dich gén mi duoc loc va rira

trong 30 gidy mdi lan véi 1,5 mL MC, 1,5 mL DMF va 1,5 mL MC.
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[Gén gdc "Fethoc-" vao dau N] Goc "Fethoc-" dugc gin vio dau N bing
phan tng cua amin tu do trén keo v6i "Fethoc-OSu" trong céac diéu kién bét cip
co ban thong thudong. CAu tric héa hoc ciia "Fethoc-OSu" [CAS s6 179337-69-0,
Ca0 H17NOs, MW 351.36] dugc dua ra nhu sau.

Fethoc-OSu J’Z 0}&
07N N “1

B

(
A
&

[Su phan tach tu keo] Cac oligome PNA gin két véi keo duogce tach ra khoi
keo bang cach lic trong 3 gio trong 1,5 ml dung dich phéan tach (2,5% tri-
isopropylsilan va 2,5% nudc trong axit trifloroaxetic). Keo duoc loc ra va dich
loc dugc c6 dac dudi ap suat da duoc giam di. Du lugng thu dugc duoc nghién
nho bang dietylete va két tia thu dugce duogc thu thap bang cach loc dé tinh ché
bang HPLC pha dao.

[Phan tich va tinh ché HPLC] Sau khi phén tach tir keo, sén pham tho cta
mdi din xuit PNA duoc tinh ché biang HPLC pha dao Cg tach nudc/axetonitril
hoidc nude/metanol (phuong phap gradient) chira TFA 0,1%. Hinh 12A va 12B la
cac biéu dd sic ky HPLC mau cho "ASO 2" trudce va sau khi tinh ché HPLC, mdt

cach tuong tng. Trinh ty oligome cua "ASO 2" duoc dua ra trong Bang 1.
" Vi du thwe hién sang ché

Céc vi du vé tong hop dan xuét PNA cé Cong thic I

Dé nhim dich bd sung vao vi tri cat nbi 3' kéo dai qua diém ndi cia intron
3 va exon 4 bén trong tién mARN SCN9A & ngudi, cac dan xuit PNA cua sang
ché nay da dugc diéu ché theo cac quy trinh tong hop duoc dua ra & trén hoic véi
c4c stra dbi nho. Viée cung cap cac dan xuit PNA nhu vy nhim vao tién mARN
SCN9A & ngudi 1a dé minh hoa cho cic dan xuét PNA c6 Céng thirc I, va khong

nén duoc hiéu dé gidi han pham vi cta sang ché nay.
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Bang 1 cung cap cac dan xuat PNA nham b6 sung vao vi tri cat noi 3' cua

"exon 4" trong tién mARN SCN9A & ngudi cliing véi dit liéu dic trung ¢6 chu trac

theo phuong phap khdi phd. Viée cung cip cac ASO SCNIA trong Bang 1 13 dé

minh hoa cho cc dan xuit PNA c6 Céng thic [, va khong nén duge hiéu 1a dé

2161 han pham vi cua sang ché nay.

Bang 1. Céc dan xuat PNA nhim bd sung vao vi tri cit nbi 3' kéo dai qua diém

néi cta intron 3 va exon 4 bén trong tién mARN SCNOA & ngudi cling véi dit lidu

dic trung c6 cu tric bang phuong phap phd khéi.

Khéi luong chinh
Vi du Xac, m/z
Trinh ty PNA (N — C)
PNA ly quan
thuyét.® | sat.®
ASO Fethoc-TA(5)A-A(5)AG(6)-TG(6)T-
5398,60 | 5398,58
1 A(5)CC(102)-TA(5)A-A(5)-NH,
ASO Fethoc-AA(5)G-TG(6)T-A(5)CC(102)-
4282,97 | 4284,99
2 TAA(5)-A-NH,
ASO Fethoc-AA(5)G-TG(6)T-AC(102)C-
4182,87 | 4182,89
3 TAA(5)-A-NH,
ASO Fethoc-A(5)AG-TG(6)T-A(5)CC(102)-
4282,97 | 4283,00
4 TAA-A(5)-NH,
ASO - Fethoc-AAG(6)-TG(6)T-A(5)CC(102)-
4281,98 | 4282,05
5 TA(5)A-A-NH,
ASO Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-
4369,06 | 4369,08
6 TA(5)A-A(5)-NH,
ASO Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-
4620,16 | 4620,14
7 TA(5)A-A(5)C-NH,
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ASO Fethoc-A(5)GT-G(5)TA(5)-CC(102)T-
4345,04 | 4345,08
8 A(5)AA(5)-C-NH;
ASO Fethoc-AA(6)G-TG(5)T-A(6)CC(102)-
4676,22 | 4676,25
9 TA(6)A-A(6)C-NH,
ASO Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-
4660,16 | 4660,15
10 TA(5)A-A(5)G-NH,
ASO Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-
4895,27 | 4895,20
11 TA(5)A-A(5)CA-NH,
ASO Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-
4951,27 | 4951,26
12 TA(5)A-A(5)GG-NH;
ASO Fethoc-AA(5)G-TG(5)T-ACC(102)-
5146,37 | 5146,35
13 TA(5)A-A(5)CA(5)-C-NH,
ASO Benzoyl-AA(5)G-TG(5)T-A(5)CC(102)-
Y ©) GIT-AEICE102) 4488,10 | 4488,06
14 TA(5)A-A(5)C-NH;
ASO Piv-AA(5)G-TG(5)T-A(5)CC(102)-
4468,13 | 4468,04
15 TA(5)A-A(5)C-NH,
ASO Fethoc-AA(5)G-TA(5)T-A(5)CC(102)-
4620,16 | 4620,14
16 TG(5)A-A(5)C-NH»
ASO p-Toluenesulfonyl-AA(5)G-TG(203)T-
4682,17 | 4682,15
17 A(5)CC(102)-TA(5)A-A(5)C-Lys-NH;
ASO n-Hexanoyl-AA(5)G-TG(5)T-
4524,19 | 4524,20
18 A(5)CC(102)-TA(8)A-A(5)C-NH,
ASO Fethoc-Lys-Leu-AA(5)G-TG(5)T-
4991,41 | 4991,37
19 A(5)CC(102)-TA(202)A-A(5)C-Lys-NH;
ASO [N-(2-Phenyletyl)amin]cacbonyl-
"0 AA(3)G-TG(5)T-A(5)CC(105)-TA(5)A-A(5)C- | 4545,16 | 4545,15
NH,
ASO H-AA(5)G-TG(202)T-A(5)CC(102)-
4386,05 | 4386,03
21 TA(5)A-A(5)C-NH,
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ASO n-Propyl-AA(5)G-TG(5)T-A(5)CC(103)-
> ©) OYT-AG)CC103) 4440,14 | 4440,06
22 TA(5)A-A(5)C-NH,
ASO N,N-Phenyl-Me-AA(5)G-TG(5)T-
4460,10 | 4460,09
23 A(5)CC(102)-TA(5)A-A(4)C-NH,
ASO Benzoyl-AA(5)G-TG(3)T-A(5)CC(202)-
4474,08 | 4474,11
24 TA(5)A-A(5)C-NH,
ASO p-Toluenesulfonyl-TG(203)T-
4238,92 | 4238,95
25 A(5)CC(102)-TA(5)A-A(3)CA-C-Lys-NH,
ASO Fethoc-AA(5)G-TG(5)T-A(5)AC(102)-
4635,16 | 4635,14
26 TA(5)T-A(5)C-NH;

% khéi luong chinh x4c vé mat 1y thuyét, ® khdi lwong chinh x4c quan st
duoc

Hinh 12A 1a biéu dd séc ky theo Phuong phép sic ky 1éng hidu ning cao
(HPLC) thu dugc véi san pham "ASO 2" thd. San phdm thé dugc tinh ché bing
HPLC diéu ché pha dao C,3 (RP). Hinh 12B 1a biéu do séc ky HPLC cho san pham
"ASO 2" da tinh ché. D6 tinh khiét cua "ASO 2" dugc cai thién rd rét nhd qué
trinh tinh ché bang HPLC diéu ché. Hinh 13 cung cap pho khéi ESI-TOF thu duoc
v6i san phdm duge tinh ché "ASO 2", Viée cung cép dit liéu phan tich cho "ASO
2" 1a dé minh hoa cach céc dan xudt PNA c6 Cong thic I di duoc tinh ché va xac
dinh trong sang ché nay, va khong nén dugc hiéu dé giéi han pham vi cia sang
ché nay.

Ai luc gén két cia cac dan xudt PNA ddi véi ADN bo sung

Cé4c din xuét PNA trong Bang 1 da duoc danh gia vé ai luc gin két cta
ching dbi véi cac ADN 10-mer b6 sung nhdm dich vao dau N hodc dau C cua
PNA. 4i luc gin két dugc danh gia bang gid tri T cho song cong gitta PNA va
ADN bd sung 10 mer. Su song cong giita cac dan xuét PNA trong Bang 1 va ADN
bd sung day di cho thay gia tri Try qua cao dé duoc xac dinh mét cach dang tin
cy trong dung dich dém nudc, vi dung dich dém cé xu hudng s61 trong qua trinh

do T
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Gi4 tri T dugc xéc dinh trén may quang phé UV/Vis nhu sau. Mot dung
dich hon hop ctia 4 pM céc oligome PNA va 4 pM bb sung ADN 10-mer trong 4
mL dung dich dém chtra nude (d6 pH 7, 16, natri phosphat 10 mM, NaCl 100
mM) trong 6ng lvu mau polypropylen 15 ml, hon hgp duge 1 & 900C trong vong
mot phut va tur tir ha nhiét do Xuéng nhiét d6 méi truong. Sau d6, dung dich duoc
chuyén vao mét cuvette UV thach anh 3 ml ¢6 nép day kin khi va chiu phép do
Twm trén may quang phd UV/Visible & 260nm nhu dugc mo ta trong tinh trang k¥
thuat truge day [PCT/KR2009/001256] hodc véi nhiing sua d6i nhod. Cac ADN

bd sung 10 mer cho phép do Ty, d3 dugc mua tlir Bione (www.bione.com, Dajeon,

Han Quéc) va duoc sir dung ma khong can tinh ché thém.

Céc gia tri Tp, duge quan sat ctia cac dan xuit PNA c6 Céng thic I 13 rét
cao ddi véi gén két bd sung vao ADN 10-mer va dugc cung cép trong Bang 2 &
dang khong dugc hiéu chinh. Vi dy, "ASO 7" cho théy mot gia tri Ty, 77,0C dé
cip doi véi ADN 10-mer bé sung [tic 12 (5' — 3') AGG-TAC-ACT-T] nhim dich
dau cudi N- 10-mer & PNA duoc danh diu "dam" va "gach chan" trong [(N — C)
Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NH;]. Trong khi do,
"ASO 7" cho thdy mot T 69,0 C dé cip doi véi ADN 10-mer bd sung [tirc 1a(5

' 3" GTT-TAG-GTA-C] nhim dich dau cubi C 10-mer trong PNA 1a dugc ddnh -
dau "dam" va "gach chan" trong [(N — C) Fethoc-AA (5) GT G(5) TA (5) CC
(102) -TA (5) AA (5) C - NH,].

Bang 2. Gia tri T, gilta cac PNA trong Bang 1 va ADN bd sung 10mer nhim dich
hosic diu N hodc dau C ctia PNA.

Gia tri Ty, °C
PNA
ADN 10mer véi dau N ADN 10mer véi dau C
ASO 2 74,0 65,0
ASO 4 77,0 66,0
ASO 5 78,0 66,0
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ASO 6 75,0 72,0
ASO 7 77,0 69,0
ASO 8 78,1 70,0
ASO 10 79,0 74,0

Céc vi du vé hoat tinh sinh hoc cta cac dan xuit PNA c6 Cong thuce I

Cac dan xuit PNA c6 Céng thic I dugc danh gia cho cic hoat dong sinh
hoc trong phong thi nghiém va trong co thé. Céc vi du sinh hoc duoc cung cip
duéi day 13 dé minh hoa hoat dong chéng lai cac dan xuit PNA c6 Cong thiic I
trong té bao cling nhu & dong vat, va do d6 khong nén dugce hiéu dé giéi han pham

vi ctia sang ché dbi véi cac hop chét duoc liét ké trong Bang 1.

Vidu 1. Nhéy Exon gdy ra nho diéu tri bing "ASO 7" trong céc té bao PC3
(A).

"ASO 7" duoc chi dinh trong Bang 1 1a ASO 14 mer gén két bd sung véi
trinh tu 14 mer cua vi tri cat ndi 3 qua mdi ndi cta intron 3 va exon 4 trong tién
mARN SCNOA & ngudi. Trinh ty dich 14-mer bén trong vi tri cit ndi 3' dugc danh
dAu "dam" va "gach chan" trong [(5' — 3') uugu guuuag | GUACACUU UU]..

"ASO 7" ¢6 phan tring lap bd sung 6 mer véi intron 3 va phan tring 1ap bd sung
8 mer v&i exon 4.

Vi cac té bao PC3 (Cat. S6 CRL1435, ATCC) dugc biét 1a biéu hién rét
phong phtt mARN SCNO9A & nguoi [Br. J. Dugc dién. vol 156, 420-431 (2009)],
"ASO 7" duoc danh gia vé kha ning tao ra sy nhay ctia exon 4 trong cac té bao
PC3 nhu sau.

[Nudi ciy té bao & Piéu tri bang ASO] Céc té bao PC3 duoc nudi ciy trong
dia nuéi cdy 60 mm chtra 5 ml méi trudng F-12K duoc xir ly bang "ASO 7" & 0
(d6i chirmg 4m), 1, 10 hozc 100 zM.

[Tach xuit ARN & Tong hop cADN bang phuong phap PCR mdt buéc]
Sau khi G nho diéu tri bang "ASO 7" trong 5 gio, téng s6 ARN duoc chiét Xuét

45



47258 46/121

bang cach st dung B6 tach chiét ARN pho quat (Cat. S5 9767, Takara) theo hudng
dan ctia nha san xuat. Mau ARN 200 ng da bi phan tmg sao chép nguoc 25 pL st
dung bod Super Script® One-Step RT-PCR véi Platinum® Taq polymeraza (Cat.
S 10928-042, Invitrogen) chéng lai mot bo mdi dic hiéu exon clia [exon 2 tinh
tién: (5 '— 3') CTTTCTCCTTTCAGTCCTCT; va exon 9 ddo nguoc: (5 ‘% 3"
CGTCTGTTGGTAAAGGTTTT] theo cac diéu kién chu ky sau: 50°C trong 30
pht va 94°C trong 2 phut, sau d6 1a 15 chu ky 30 gidy ¢ 94°C, 30 gidy ¢ 55°C, va
2 phut ¢ 72°C.

[Khuéch dai PCR 16ng nhau] 1 pL cADN sau d6 d3 bj phan timg PCR 1ong
nhau 20 uL (Cat. va exon 9n reverse: (5' — 3') GCTAAGAAGGC-
CCAGCTGAA] theo cac diéu kién chu ky sau: 95 C trong 2 phut tiép theo 34 chu
ky 30 giay tai 95C, 30 gidy tai 55°C, va 1 phat 6 72 C.

[Nhan dién céc san pham nhay Exon] Céc san phim PCR d3 dugc phan
tach dién di trén gel agarose 2%. Cac dai c6 kich thude dich dugce thu thap va
phén tich bdi phuong phép giai trinh tu Sanger.

Hinh 14A cung cép dit lidu dién di ctia cac san phim PCR 1ong nhau, trong
d6 cac t& bao duge xir Iy bang "ASO 7" mang lai mét dai PCR manh c6 thé gan
cho viéc nhay Exon 4-5. Tuy nhién, bang PCR cho mARN SCN9A ¢6 chiéu dai
day du c6 xu huéng 1a manh hon trong céc mau duoc xir Iy véi 10 hodc 100 zM
ASO so v6i mau dbi chimg am. Kiéu phan tng lidu la trong PCR 1dng nhau ¢
thé 12 do sy diéu hoa phién ma béi "ARN vong tron exon intron (EICIARN)" dugc
tich Iy trong qua trinh nhay Exon nho diéu tri bang "ASO 7 ". [Nature Struc.Mol
Biol. vol 22 (3), 256-264 (2015)] San phim PCR nhay Exon dugc x4c nhén béi
dai trinh ty Sanger la nhay Exon 4-5 nhu trong Hinh 14B.

Vi du 2. Nhay Exon gdy ra nho diéu tri bing "ASO 7" trong céc t& bao PC3
(B).

"ASO 7" duogc danh gia vé kha ning tao ra viéc nhiy "exon 4" trong cac té

bao PC3 nhu trong "Vi du 1", trir khi c6 ghi chi khac. Trong thi nghiém nay, cac
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té bao PC3 duoc xit Iy bing "SCN-ASO 27" & 0 (d6i chimg am tinh), 1, 10, 100
va 1,000 aM trong 24 gi¢. Phan img PCR léng nhau duogc thuc hién d6i véi mot
b6 mdi cna [exon 3/6_tinh tién: (5 '— 3') GGACCAAAAATGTCGAGCCT; va
exon 9 _déo nguoc: (5'— 3') GCTAAGAAGGCCCAGCTGAA] dugc thiét ké dé
khuéch dai san phém ¢6 trinh tw mdi ndi cta exon 3 va exon 6.

Trinh ty mdi ctia "SCN-exon 3/6_tinh tién" nhan ra "diém ndi ctia exon 3
va exon 6" ¢6 chon loc hon "mdi ndi cua exon 3 va exon 4" duogc phat hién trong
ARN thong tin SCN9A ¢6 du do dai. Trinh ty mdi dugc thiét ké dé phat hién bién
thé c&t nbi SCN9A thiéu cac exon 4-5 nhay cam hon so v6i ARN thong tin SCN9A
dt d6 dai. Mot mdi nhay Exon nhu vy sé& hitu ich dé phat hién cac bién thé cit
nbi ARN thong tin v6i d6 6n dinh trao doi chat kém, vi cac ARN thong tin dt do
dai ¢6 xu hudng cho thay sy 6n dinh trao ddi chét tét dat duoc qua qua trinh tién
trién trong hang ty nam.

Hinh 14C cung cap dit liéu dién di ctia cac san pham PCR 10ng nhau, trong
d6 cac té bao duge xur ly béng "ASO 7" mang lai mdt dai PCR manh c6 thé gan
cho viéc nhay Exon 4-5. San pham PCR nhay Exon d4 dugc x4c nhan béi dai trinh
tu Sanger la nhay Exon 4-5.

Vi du 3. Phuong phap qPCR cho mARN SCN9A trong céac té bao PC3 dugc
xir ly bang "ASO 7" (A)

"ASO 7" duoc dénh gia boi phuong phap qPCR 16ng nhau SCN9A vé kha
nang tao ra nhitng thay d6i vé mtic dd mARN SCN9A & ngudi trong céc té bao
PC3 nhu dugc mo ta dudi day. .

[Didu tri bing ASO] Céc té bao PC3 dugc xir Iy bang "ASO 7" & 0 (doi
ching 4m), 0,1, 1 hodc 10 aM. (2 dia nu6i ciy cho mdi néng do ASO)

[Tach xudt ARN & Tdéng hop cADN bing phuong phap PCR mot budc]
Sau khi G nho diéu tri bang "ASO 7" trong 24 gio, tong ARN duoc chiét xudt va
chiu su khuéch dai PCR mét bude nhu mé ta trong "Vidu 1".

[Khuéch dai gPCR 16ng nhau] Cac dung dich cADN d3 dugc pha lodng 100

lAn va 1 pL coa mdi san pham PCR dugc pha lodng dd phan tng véi phén tng
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PCR thoi gian thyc 20 pL dbi véi mot bé mdi cu thé exon cta [exon 3 tinh tién:
(5 — 3" TGACCATGAATAACCCAC; va exon 4 reverse: (5' — 3')
GCAAGGATTTTTACAAGT] theo cac didu kién chu ky sau: 95 C trong 30 gidy
tiép theo 1a 40 chu ky 5 gidy & 957, va 30 gidy tai 60°C. Phan (mg qPCR dugc
theo ddi voi dau do TaqMan cia [(5 '— 3') 5,6-FAM-GGACCAAAA-Zen-
ATGTCGAGTACAC-3IABKFQ] nhim vao ngi ba clia exon 3 va exon 4 trong
mARN SCNOA c6 do dai day du.

Hinh 15A tom tat dit lidu gPCR dugc quan sat, trong d6 mirc mARN
SCNO9A c6 du do dai da giam dang ké (thir nghiém t ctia nha nghién ctru) trong
céc té bao duoc xir Iy bang "ASO 7" khoang 35 ~ 45%.

Vi du 4. Phuong phap qPCR cho mARN SCNO9A trong cac té bao PC3
duoc xir Iy bang "ASO 7" (B)

"ASO 7" dugc danh gia bsi phuong phap qPCR 16ng nhau SCN9A vé kha
nang tao ra nhiing thay dbi vé mtrc dd mARN SCN9A & ngudi trong céc té bao
PC3 nhu trong "Vi du 3", trir khi c¢6 ghi chu khac. cADN dugc téng hop bang
cach str dung hexamers ngau nhién va chiu phan ing gPCR SCN9A chéng lai dau
do TagMan.

Hinh 15B cung cip dit liéu qPCR dugc quan sit, trong d6 mirc mARN
SCN9A c6 d6 dai day du giam déng ké (Thor nghiém t ctia nha nghién ctu) trong
céc té bao duoge xir Iy bang "ASO 7" khoang 50 ~ 60%.

Vi du 5. Gy bénh 1y than kinh cot sbng & chudt bang thit day than kinh
cot séng L5/L6.

Thét day than kinh cot séng (SNL) gay ra bén ly than kinh trong cac hach
ré lung tay séng' (DRG) va tily song, va di duoc st dung f(f)ng rdi nhu mot mo
hinh cho cac loai dau do than kinh. [Pain vol 50 (3), 355-363 (1992)] Tuy nhién,
¢6 nhidu cach SNL tiy thudc vao cach bé day than kinh cot song duge that. M
do va thoi gian ctia bénh ly than kinh trong DRG duong nhu thay doi tuy thudce
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vao cach that bé day than kinh cot séng. [Pain vol 43 (2), 205-218 (1990)] Theo
kinh nghiém ndi o, viéc thit hai day than kinh cot song L5 va L6 (nghia 13 "that
L5/L6") gay ra bénh than kinh nghiém trong hon va kéo dai hon that mét day than
kinh cot séng L5 (tirc 1a "thét L5").

[Phau thuat SNL véi viée that L5/L6] cac con chudt SD duc dugc gdy mé
bing zoletil/rompun. Sau d6, ddy than kinh cot song L5 va L6 (bén trai) 16 ra va
duoc thit lai. Sau do, co va da da dugce dong lai va cét theo quy trinh vo tring
thich hop.

[Gay dau than kinh] 6 dén 7 ngay sau khi phau thuat SNL, chan & bén bi
thit duge kich thich bang cach ghi von Frey bang may gdy mé von Frey dién tir
(Model Number 2390, IITC Inc. Life Science) nhu dugc m6 ta dudi day. Chim
diém bang thiét bi Von Frey duoc thuc hién hang ngay cho dén khi phan nhom dé
danh gia duoc ly.

[Chdm diém bing thiét bi Von Frey dién tir] Sau khi 6n dinh dudi 30 pht,
mdi con vat trong chudng nhua dugc tity chinh dé chdm diém von Frey, chan sau
clia mdi con vat d bi von Frey chidm diém 6 1an véi khoang thoi gian vai phut
gifta cac lan ghi diém. Piém sb tir diém sb dau tién da bi loai bé vi cac con vat
khéng 6n dinh trong lan ghi diém dau tién. Trong sb nim diém con lai, diém cao
nhét va thép nhét da bi loai trtr. Sau d6, trung binh ctia ba diém con lai duoc léy

la diém von Frey cho con vat.

Vi du 6. Su ddo nguoc cua di cdm dau nho didu tri béng "ASO 7" & chudt
bi bénh than kinh c6t séng. (1)

"ASO 7" ta mdt ASO SCN9A 14 mer bd sung mot phan cho tién mARN
SCNOIA & chuot duogc léy dit liéu tir ADN genomic & chudt [Trinh ty tham chiéu
NCBI: NC_000002.12] v61 mot bét cap sai don & dau 3'. Trinh tu 13-dich cua
"ASO 7" trong tién mARN cuia chudt SCN9A duoc chi dinh "dam" va "gach chan"
nhu duge ddnh déu trong trinh tu tién mARN 20-bit SCNIA ctia [(5 '— 3') uuuc
"¢ "wuuag | GUACACUU UUJ, trong d6 bét cip sai don dugc phét hién trong

intron 3 duoc danh diu bang dau trich dan (" ").
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"ASO 7" dugc danh gia vé kha nang dao nguoc di cdm dau & chut bi bénh
than kinh cot sdng gdy ra boi "that L5/L6" nhu mé ta dudi day.

[Phau thuat va phan nhom SNL (SNL Surgery and Grouping)] Vao ngay -
10, cac con chudt SD duc (6 tudn tudi, Phong thi nghiém Harlan, Y) d& bj "that
L5 L6". Pong vat duoc kich thich bing cach ghi diém von Frey tir Ngay -4 hang
ngay. Trong Ngay 0, 30 con vat dd duoc chon dya trén diém sb von Frey riéng 1é
trong Ngay 0 va dugc chi dinh vao 4 nhom cua nhém d6i chimg am (nghia 1a
khong Diéu tri bang ASO) va ba nhém diéu tri 1, 3 va 6 pmol/Kg "ASO 7". (6
hodc 9 dong vat mdi nhom)

[Diéu tri bé‘lng ASO va chim diém Von Frey] Chuot dugc tiém dudi da
"ASO 7" & 0 (dbi chimg 4m), 1, 3 hodc 6 pmol/Kg vao budi chiéu trong cac ngay
0,2, 4, 6,8 va 10. Di cam dau duoc ghi diém bang phuong phép tinh diém von
Frey dién tir dugc mo ta trong "Vi du 5" vao budi sang. ASO dugc quan ly dudi
dang oligonucleotit "tran", nhu duoc hoa tan trong PBS.

[Reversal of Allodynia (Su ddo nguoc di cam dau)] Hinh 16A tom tit cac
két qua quan sat dugc clia cac diém von Frey. Cac dong vat trong nhém d6i chimg
Am cho thdy diém von Frey trung binh (ngudng vat vi vi thiéu thudc) 6n dinh
trong khoang tir 6 dén 7 g trong khoang thoi gian 12 ngdy sau khi phan nhém.
"ASO 7" di dao nguoc dang ké (thtr nghiém t ctia nha nghién ctru) di cam dau tir
ngdy thtt 4 tro di. Mic di hoat dong tri liéu c6 thé so sanh & tat ca cac nhém diéu
tri, nhom 6 pmol/Kg bét ddu cho thay hoat dong tri liéu tir Ngay 2 ding lidu dau
tién.

Mic du khéng c6 so sanh d6i ching duong tinh trong d4nh gia cu thé nay,
nhung diém sé von Frey tir 10 dén 12 g thuong duoc quan sat theo cac danh gia
noi bd & chudt (voi "that L5/L6") bang duong ubng v6i thude pregabalin & murc
30 mg/Kg. Do d6, hiéu qua cua "ASO 7" ¢ mirc 1 dén 6 pmol/Kg s& tuong duong
v6i thube pregabalin 30 mg/Kg trong md hinh dau than kinh cu thé nay.

Vi du 7. Su dao nguge cua di cam dau (Allodynia) bang "ASO 2" & chudt

bi bénh than kinh cot song.
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"ASO 2" dugc chi dinh trong Bang 1 1a2 ASO 13 diém b sung day du cho
vi tri cit ndi 3 'kéo dai qua mbi ndi cia intron 3 va exon 4 trong tién mARN
SCN9A & ngudi nhu duge danh dau "dam" va "gach chan" trong [( 5 '— 3') uugug
uuuag | GUACACUU UUJ. "ASO 2" ¢6 16p phti 5 mer véi intron 3 va 16p phu

8 mer v&i exon 4. Trinh tu dich ciia "ASO 2" dugc bao ton trong tién mARN ciia
chugt SCNIA.

"ASO 2" dugc danh gia vé kha nang dao ngugc di cam dau & chudt bi bénh
than kinh cot séng gay ra béi "thit L5/L6" nhu mé ta trong "Vi du 6", trir khi c6
ghi chu khac.

[Phan nhém va diéu tri béng ASO] Cac con chudt SD duc (5 tudn tudi,
Phong thi nghiém Harlan, Y) d& dugc tién hanh SNL trong Ngay -16. Trong Ngay
0, 30 con chudt duoc chon va chi dinh thanh 5 nhém ctia nhém débi chimg am
(nghia 1a khong Diéu tri bang ASO) va bbn nhém diéu tri 20 pmol/Kg QD (nghia
la hang ngay mét lan), 100 pmol/Kg QD, 500 pmol/Kg QD va 100 pmol/Kg Q2D
(tic la ctr sau hai ngay mot lan) "ASO 2". (6 con trén moi nhém) Cac con vat
duoc tiém dudi da nhd didu tri bang "ASO 2" trong cac ngay tir 0 dén 13 theo lich
trinh dung thube ciia QD va Q2D. ASO dugc quéan ly duéi dang oligonucleotit
"tran", nhu duoc hoa tan trong PBS. |

[Cho diém di cam dau (Allodynia Scoring)] Di cam dau dugc cho diém
trong Ngay 0 dén 14 theo phuong phép von Frey dugc md ta trong "Vi du 5".
Trong ngay 7, chan phai (bén khong thit) da duoc ghi diém von Frey.

[Su ddo nguoc cla di cam dau (Reversal of Allodynia)] Hinh 16B tom tét
cac két qua quan sat duoc cla cac diém s von Frey. Cac dong vét trong nhom
d6i chimg am cho thay diém von Frey trung binh 6n dinh trong khoang tir 6 dén
8 g trong khoang thoi gian 14 ngay sau khi phan nhom.

Trong trudong hop chan & bén bi thit, di cam dau (allodynia) da dao nguoc
dang ké (thir nghiém t ctia nha nghién ctru) vao Ngdy 1 va sau d6 & cac dong vt
duoc tiém ASO lac 20 pmol/Kg QD, 100 pmol/Kg Q2D va 500 pmol/Kg QD
ngoai trir nhém 100 pmol/Kg. Tuy nhién, vao ngay 14, di cdm dau (allodynia)

cling dugc dao ngugc dang ké trong 100 pmol/Kg QD.
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Trong truong hgp chan & bén khong bi that, diém sb von Frey cia cac nhém
Diéu tri bang ASO trong Ngay 7 cao hon diém sb ctia nhém ddi ching am. Piém
s6 von Frey quan sat duoc 1a 15,3 g (d6i chimg 4m), 17,6 g (20 pmol/Kg QD),
19,2 g (100 pmol/Kg QD), 20,1 g (100 pmol/Kg Q2D) va 19,5 g (500 pmol/Kg
QD). Tuy nhién, khong ¢6 su khéc biét dang ké gifta cdc nhém Diéu tri bing ASO

va nhom doi chirmg am.

Vi du 8. Uc ché dong natri bang "ASO 7" trong cac té bao DRG L5 & chudt
duoc kich hoat bing viéc thét day than kinh cot sdng L5/L6.

Dong natri té bao thuong duge do bang kep rap ndi. Khi céc ion natri dugc
dua vao té bao, ndng do ion natri trong té bao sé& tang 1én. C6 thé danh gia muc do
natri ndi té bao bing cach sir dung thudc nhudém nhay véi ion natri. "CoroNa
Green" 12 mot loai thudc nhudém c6 chét tao cang dic hiéu ion natri thudc loai ete
vong (crown ether). Sau khi tao cang véi ion natri, "CoroNa Green" phat ra huynh
quang mau xanh 14 cdy. "CoroNa Green" da duoc sir dung dé do gian tiép nong
dd natri trong té bao. Murc natri duge do bf?mg "CoroNa Green" dugc phéat hién c6
mdi tuong quan tot véi dong ion natri dugc do bang kep rap nbi ion natri. [Proc.
Natl. Acad. Sci. USA, Khoa hoc Hoa Ky tap 106 (38), 16145-16150 (2009)]

"ASO 7" duge danh gia vé kha ning didu chinh dong ion natri trong cic té
bao DRG cua chudt bang cach str dung "CoroNa Green" nhu sau.

[Trich xuat DRG (Extraction of DRG)] Vao ngay 0, cac con chudt SD duc
(6 tuan tudi, Phong thi nghiém Harlan, Y) duoc "that L5/L6" nhu mb ta trong "Vi
du 5". Tung con chudt dugc chdm diém von Frey trong khoang thoi gian 4 tuan.
Vao ngay 31, mdt con chudt cho thiy diém Voh Frey thap di bi lam vét hy sinh
dé trich xuit DRG L5 cé bén trai (bén thét) va bén phai (bén khong that). Cac
DRG duoc ngam trong 0,5 mL PBS ngay sau khi chiét.

[Diéu ché cac té bao than kinh DRG L5 (Reversal of Allodynia)] Céc té
bao DRG duoc diéu ché theo cac quy trinh duoc tiét 16 trong tai lidu [Phuong
phdp Mol Biol. tap 846, 179-187 (2012); PLoS Mot tap 8 (4); 60558 (2013)],

dugc md ta ngan gon trong loat bai nhu sau: (D DRG duge chuyén vao mot dng
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dién t&r 1,5 mL cha 0,2 ml 0,125% colagenaza (colagenaza loai IV, Cat. sb
C5138-100MG, Sigma.) trong HBSS ( cén bang Salt Solution ctia Hank, Cat.t. S5
14025-092, Life Technologies), xét nho thanh timg miéng cang nhé cang tét bang
kéo, va 01 trong 20 phut trong mot 16ng 4p CO, 637 C duéi 5% CO, va 95% RH;
@ 50uL 0,25% trypsin/EDTA d3 dugce thém vao 6ng dién tr, dugc giilr trong tu
Am thém 10 phut nita; Q 6ng dién tir duoc sac voi 1 mL moi truong DMEM hoan
chinh va chiu su ling dong ly tim & 600g trong 5 phut; @ két qua bi dinh chi
trong 4 mL mai trudng Neurobasal-A (Neurobasal® Medium, Cat. S621103-049,
Gibco) duoc bd sung 2X B-27 (B-27 © B6 sung khong chtra huyét thanh, Cat. S6
17504- 044, Gibco), 1X penicillin-streptomycin, 1X L-glutamin va 1 mL huyén
phu té bao da duoc cdy cn than 1én mot tim kinh phii laminin (Cat. S6 GG-25-
1.5-laminin, Neuvitro) dugc dit trong mot Dia vin héa 35 mm; (& mot ngay sau
khi gieo hat, dia nuéi céy duogc sac cAn than vé6i 1 ml moi truong Neurobasal-A
twoi khac; ® Hai ngay sau khi wvom, moéi truong dugc thé bang 2 mL mdi truong
Neurobasal-A tuoi bd sung 1 p M Ara-C (xytosin-D-arabinofuranosit, Cat.
C1768-100MG, Sigma) dé ngan chan c6 chon loc su phat trién cua céc té bao khac
ngoai té bao than kinh DRG; @ Bén ngay sau khi gieo hat, méi truong dugc thé
mot 1an nita bang 2 mL méi trudng Neurobasal-A tuoi bb sung 1uM Ara-C; va
Nam hodc sau ngay sau khi gieo hat, cac té bao than kinh DRG da dugc xir ly
bing ASO.

[X{r ly bing ASO & thir nghiém CoroNa (ASO Treatment & CoroNa
Assay)] Cac té bao than kinh DRG L5 ¢6 "thit L5/L6" hodc khong c¢6 "that L5/L6"
duge xu Iy bang "ASO 7" & 0 (461 chimg 4m), 100 hozc 1,000 zM. 30 gid sau,
céc té bao duoc rira béng 2 mL HBSS, va sau do6 dugc sac béng 2 mL HBSS méi.
Sau do, cac té bao duge xir ly béng 5 mM "CoroNa xanh" (Cat. No. C36676, Life
Technologies) & 37 C. 30 phut sau, cac té bao dugc rira 2 1an véi 2 mL HBSS va
duge sac bang 2 mL HBSS tuoi. Dia nudi cdy duoc gan trén kinh hién vi huynh

quang Olympus (Model BX53, Olympus) dugc trang bi camera CCD deé lién tuc
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chup anh huynh quang mau xanh 14 cay cua cac té bao. Cac té bao dugc xir Iy séu
bang NaCl 10 mM, va sau d6 nhiing thay d6i vé cudng do huynh quang cia té
bao dugc ghi lai bang k§ thuat sb trong khoang thoi gian 300 gidy. C6 4 dén 5 té
bao trén mdi khung, tirc 13 trén mdi nong do ASO. Cuong d6 huynh quang tir mdi
té bao riéng 1é dugc theo ddi & do phan giai thir hai. Céc tin hiéu cta cudng do
huynh quang ndi bao tu cac té bao riéng 1é dugc tinh trung binh bang chwong trinh
Imagel (phién ban 1.50i, NIH) va céac tin hiéu trung binh duoc thé hién trong Hinh
13A va 13B déi véi cac té bao "thdt L5/L6" va "khong thit L5/L6", mot cach
twong tng. Tin hiéu cuong dd huynh quang trung binh dugc ldy 1a tin hiéu néng
do natri trong té bao riéng 1& ddi véi cac té bao duoc xir Iy bing "ASO 7" & mic
0 (d6i chung 4m), 100 hodc 1,000 zM.

[Két qua khao nghiém CoroNa (CoroNa Assay Results)] Trong cac té bao
than kinh DRG duoc kich thich bang "that L5/L6" [x.Hinh 17A ], phuong phap
didu tri nho didu trj bing "ASO 7" & 100 zM hodc 1 aM d tic ché 18 rét cudng do
huynh quang trung binh cua té bao. Vi du, tai thoi diém 150 gidy, cuong d6 huynh
quang trung binh cua té bao (tirc 12 dong natri) gidm 80 ~ 85% trong céc té bao
duoc xur ly bang ASO.

Trong céc té bao than kinh DRG khéng "that L5/L6 " [x.Hinh 17B], viéc
xtr ly bang "ASO 7" & mirc 1 aM gy ra sy giam cuong do huynh quang trung
binh cta té bao. Tuy nhién, mirc giam quan sat dugc 1a khoang 50% tai thoi diém
150 giay va khong dugc danh dAu nhu trong céc té bao duoc kich thich bang "su
that 15/L.6". Hon nita, viéc xtr ly bang "ASO 7" & 100 zM da that bai trong viéc
{rc ché dong natri trong céc té bao than kinh ma khéong c6 "kich thich L5/L6".

Céc té bao than kinh DRG khong c6 kich thich thin kinh dugc biét 1a thé
hién cac kiéu phu khac nhau cua VGSC bao gém Na,1.7, Na,1.8, Na,1.2, v.v.
Kiéu phu Nav1.7 cho thdy su déng gép han ché vao toan bo dong natri trong cic
t& bao thin kinh DRG ma khong can kich thich. [Nar Comm. tap 3, S6 bai viét
791: DOI: 10.1038/ncomms1795 (2012)] Cac té bao than kinh DRG chudt khong
¢6 "su thit L5/L6" ¢6 thé md phong cac té bao than kinh DRG nhu vay ma khong

¢6 bénh ly than kinh. Su tic ché quan sat dugc ctia dong natri trong céc té bao
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DRG ma khéng cé "su thit L5/L6" ¢ thé chi phan anh sy déng gop cta dong
natri tir kiéu phy Na,1.7.

Trong khi dé, cac té bao than kinh dugc biét 1 didu chinh ting biéu hién
Nav1.7 dé dap ung véi bénh Iy than kinh dai dang. [J Biol Héa. tap 279 (28),
29341-29350 (2004); J Neurosci. vol 28 (26), 6652-6658 (2008)] Céc té bao than
kinh DRG chuét véi "su thit L5/L6" ¢6 thé mo phong cac té bao thin kinh DRG
v6i bénh 1y than kinh. "ASO 7" & ¢4 100 zM va 1 aM d3 e ché dong natri 80 ~
85% trong cac té bao than kinh duoc kich thich boi "su thit L5/L6". Sy tc ché
cao hon ctia dong natri bang "ASO 7" trong cac té bao DRG véi "sy thit L5/L6"
phu hop véi sy diéu hoa ciia Nay1.7 trong cac té bao than kinh béi bénh ly than
kinh man tinh.

Két hop cac phat hién quan sat dugc trong cac té bao than kinh DRG chudt
c6 va khong c6 "su that L5/16", "ASO 7" dugc két luan 14 c6 tac dung uc ché
chon loc biéu hién cta kiéu phy Na,1.7. "ASO 7" dudong nhu tc ché biéu hién
Na,1.7 manh hon & céc té bao than kinh c¢6 bénh 1y than kinh so véi céc té bao
khong c6 bénh 1y than kinh.

Vidu 9. Bao ngugc di cam dau nho didu tri bf?mg "ASO 1" & chuot bi dau
than kinh ngoai bién do tiéu dudng.

"ASO 1" duge chi dinh trong Bang 1 13 ASO 16-mer b sung diy du cho
vi tri cit ndi 3 'kéo dai qua diém ndi cta intron 3 va exon 4 trong tién mARN
SCN9A & ngudi nhu duoc danh dau "dam" va "gach chan" trong trinh tur tién
mARN SCNOA 25 -mer clia [(5' — 3") uuguguuuag | GUACACUUUUACUGG].
"ASO 1" ¢6 doan trung 1dp 5 mer véi intron 3 va doan trung 1ap 11 mer vdi exon
4."ASO 1" bd sung day du cho tién mARN SCN9A & chudt.

"ASO 1" dugc danh gia vé kha nang dao ngugc di cam dau do con dau than
kinh ngoai bién lién quan dén bénh tiéu duong (DPNP) & chudt.

[Gay dau than kinh ngoai bién lién quan dén bénh tiéu duong va sy phan
nhom (Induction of DPNP and Grouping)] Trong ngay 0, streptozotocin hoa tan

trong citrat dém (pH 6) 1a ndi phiic mac quan ly tai 60 mg/Kg dé chudt SD nam
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ning 200 g khoang dé giy ra bénh tiéu duong loai L[ J. Ethnopharmacol. vol 72
(1-2), 69-76 (2000)] Vao ngay 10, chudt bi DPNP dugc phan ngau nhién thanh 2
nhém d6i chimg 4m (chi xe, PBS) va 100 pmol/Kg "ASO 1" va dya trén diém s6
von Frey cua tung dong vat trong Ngay 10 bang cach sir dung cac vi chat von Frey
nhu dugc mo ta dudi day. (N =8 moi nhém)

[Ghi diém Von Frey theo phuong phap Lén & Xubng (Von Frey Scoring
by Up & Down Method)] Di cam dau (allodynia) dugc ghi diém bing mot bd vi
chét von Frey (Touch Test ®) theo phuong phap "Lén & Xubng". [J Neurosci. Cdc
phuong phdp vol 53 (1), 55-63 (1994)]

[St dung ASO & ghi diém di cam dau (allodynia)] "ASO 1" dugc hoa tan
trong PBS va tiém dudi da cho chudt trong céc ngay 11, 13, 15, 17 va 19. Di cam
dau (allodynia) da dugc ghi 2 gio sau lidu trong cac ngay 11, 13, 15, 17 va 19, va
thém vao do 1a ngay 21 va 23 dé danh gia thoi gian ctia hoat dong tri liéu sau ligu
cubi cung.

[Su ddo ngugc cia di cam dau (Reversal of Allodynia)] Hinh 18A tom tat
céc két qua quan sat duge clia cac diém von Frey. Cac dong vit trong nhém déi
ching am cho thdy ngudng von Frey 6n dinh trong khoang tir 6 dén 7 g trong
khoéng thoi gian tir ngay 10 dén 23. Trong cdc dong vat nhan duge "ASO 1" &
tdc d6 100 pmol/Kg, di cam dau dang ké (thtr nghiém t cta nha nghién ctu) da
dao nguoc khoang 80% sau 2 gio sau lidu dau tién, tic 12 vao ngay 11. Hoat dong
tri liéu hoi tdng nhung tang dan dén 90% khi ASO dugc lip di lap lai cho dén
ngay 19. Do hoat dong tri liéu da dugc rira sach hoan toan sau 2 ngay dung lidu
cudi cling, tirc 1 vao ngay 21, "ASO 1" ¢ thé khong c6 thoi gian ban hiy dugc
ly dt 1au dé hd tro lich dung thudc mdi ngay hai 1an, tic 12 Q2D.

Tuy nhién, "ASO 1" cho thay thoi gian khéi phat cia mot vai gid trong su
dao nguoc cua allodynia néu duogc dénh gia bang diém sé von Frey trong Ngay

11.

Vi du 10. Su dao ngugc cia di cam dau (Reversal of Allodynia) nho diéu

tri bang "ASO 2" va "ASO 6" & chudt bi DPNP.
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"ASO 6" 1a mdt ASO 13 mer gin két bd sung véi chudi 13 mer cua vi tri
cét ndi 3 'kéo dai qua diém ndi cua intron 3 va exon 4 trong tién mARN SCNIA
6 nguoi duogc danh dAu "boi dam" va "gach chan" trong trinh ty tién mARN

SCNOA 25-mer cta [(5' — 3") uuguguuuag | GUACACUUUUACUGG]. "ASO

6" ¢6 16p phil 5 mer véi intron 3 va 16p phu 8 mer v6i exon 4. Mac du "ASO 2"
va "ASO 6" nhim vao ciing mot trinh ty trong tién mARN SCN9A & ngudi, "ASO
6" duoc coi la ¢o6 ai luc manh hon d6i v&i ARN bb sung hon [a "ASO 2".

"ASO 2" va "ASO 6" da dugc danh gia vé kha nang d4o nguoc di cam dau
do DPNP ggoi ra & chudt nhu duge mo ta trong "Vi du 9", trir khi cé ghi chu khéc.

Bénh tiéu dudng dugc gy ra & cac con chudt SD duc (6 tuan tudi, Phong
thi nghiém Harlan, Y) bang cach tiém streptozotocin trong mang bung véi lidu 60
- mg/Kg trong ngay -10. Trong Ngay 0, 18 dong vat co6 diém von Frey thip nhat da
duoc chon va gan cho ba nhém déi ching am (chi xe, PBS), 60 pmol/Kg "ASO
2" va 30 pmol/Kg "ASO 6". (N = 6 mdi nhém) Chudt dugc tiém dudi da bang xe
hoidc ASO hoa tan trong PBS trong cac ngay 0, 2 va 4. Di cam dau (allodynia)
duoc tinh diém bang phuong phép von Frey dién tir nhu dugc mé ta trong "Vi du
st

[Su dao nguoc cia di cam dau (Reversal of Allodynia)] Hinh 18B tém tat
cac diém von Frey dugc quan sat. Cac dong vat trong nhém d6i chimg am cho
thiy ngudng von Frey trung binh 6n dinh ¢ khoang 10 dén 12 g trong khoang thoi
gian tir ngdy 0 dén 9.

O nhirng dong vat nhan duge 60 pmol/Kg "ASO 2", di cdm dau da dan dan
tr& lai mire co ban ma khong c6 bénh 1y than kinh tiéu duong (ttc 1a mic d6 hoi
phuc hoan toan theo ngudng lich st trong nha) trong Ngay 4 dang lidu dau tién
vao Ngay 0. Hoaf dong tri liéu dang ké (thir nghiém t ciia nha nghién ctru) van ton
tai trong 3 ngay nita sau khi dung lidu cudi cung trong Ngay 4.

Trong cac dong vat nhan dugc 30 pmol/Kg "ASO 6", hoat dong tri liéu
dang ké (thtr nghiém t cia nha nghién ctru) di dién ra trong Ngay 2, va ton tai
thém 4 ngay nita sau lidu cudi ciing vao Ngay 4. Do d6, "ASO 6" da dao ngugc

allodynia manh hon so nho diéu tri bang "ASO 2". Khong gidng nhu "ASO 1"
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trong "Vi du 9", "ASO 6" cho théy thoi gian hoat dong tri liéu du dai dé hd tro
lich dung thudc 2 14n mdi tuan & chudt.

[Cac kiéu khac (Miscellaneous)] Khi bénh tiéu dudng van ton tai, dong vat
trong nhém kiém soét tidu cuc c¢6 diu hidu suy sup vé thé chat trong qu4 trinh ghi
diém von Frey. Cac dong vat trong cac nhom diéu tri rat sdng dong va phan ung

véi thir thach von Frey, phu hgp véi hoat dong tri liéu cia cac ASO.

Vi du 11. Hoat dong gidm dau cﬁa "ASO 7" trong thr nghiém formol &
chudt.

Con dau giy ra do mii tiém intraplantar 20 pL 2% formol giam rd rét ¢
chudt KO SCNO9A toan cAu. Mtrc do tre ché 1a 73% va 86% dbi voi Giai doan I (0
dén 10 phut sau khi tiém formol) va Giai doan II (15 dén 45 phut sau khi tiém
formol). [PLoS One vol 9 (9), 105895 (thang 9 nam 2014)]

"ASO 7" ¢6 mdt bt cap sai don ¢ dau 5' ctia chudt SCN9A trudc mARN
va duoc danh gid vé hoat tinh giam dau ctia né trong thr nghiém formol & chudt
nhu sau.

[Phan nhém va diéu tri bang ASO] Trong Ngdy -6, 24 con céc con chudt
SD duc (6 tudn tudi, Phong thi nghiém Harlan, Y) dugc phan ngau nhién vao 4
nhém déi chimg 4m tinh (khong didu tri bing ASO) va ba nhém diéu tri bang
"ASO 7" gdbm 10, 30 va 100 pmol/Kg. (N =6 moi nhém) Mdi nhém dong vat
duoc tiém dudi da "ASO 7" & muc 0 (d6i chung 4m), 10, 30 hozc 100 pmol/Kg
trong Ngay -6 va -2. "ASO 7" di dugc pha lodng trong PBS dé tiém.

[Thir nghiém formol (Formalin Test)] Vao ngay 0, con dau cap tinh duoc
giy ra do mii tiém intraplantar 50 pL 5% formol & chan sau bén trai. Ngay sau
khi tiém formol, mdi con chudt di dugce quay video riéng trong mot gio sau khi
tiém formol. Video dugc phét lai dé ghi diém truc quan cac phan tng dau cho
tirng con vat thi nghiém.

[Hoat dong giam dau] Hinh 19A tom tat cac diém dau dugc quan sat theo
nhém tai cac thdi diém khac nhau sau khi tiém formol. Céc phéan tmg dau & Giai

doan II (AUC trong khoang tur 10 dén 40 phat) da giam déng ké (* p <0,05 khi
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thtr nghiém t cua nha nghién ctru) xubng 33%, 36% va 32% trong cac nhém diéu
tri 10, 30 va 100 pmol/Kg, twong ung. Trong khi do6, cidc phan ung dau & Giai
doan I (AUC trong khoang tir 0 dén 10 phiit) giam 14%, 40% va 43% ma khong
c6 ¥ nghia théng ké trong cac nhém diéu tri 1an luot 13 10, 30 va 100 pmol/Kg.

Vi du 12. Hoat dong giam dau ctia "ASO 10" trong thir nghi€ém formol &
chuot.

"ASO 10" dugc chi dinh trong Bang 1 1a SCN9A ASO 14 phén b sung
mdt phan cho tién mARN SCNIA & ngudi v6i mot su khong khép duy nhit & dau
5 'cla trinh tu tién mARN dich dugc danh dau 1a "dam" va "gach chan" trong
SCN9A 25-mer tién mARN trinh tu cic [(5' — 3') uugu "g" uuuag |
GUACACUU UUACUGQG], trong d6 khong phu hop duy nhat trong intron 3
duge danh ddu bang déu trich din (" "). Trong khi d6, "ASO 10" hoan toan bd

sung cho vi trf cat ndi 3 'kéo dai qua diém ndi ctia intron 3 va exon 4 trong chudt
SCNOA truéc mARN nhu duge danh ddu " ddm " va " gach chin " trong tién t6
SCN9A 20 diém -mARN trinh tu cta [(5 '— 3') uuuc cuuuag | GUACACUU

UU]. "ASO 10" ¢6 sy trung 1dp 6 mer v6i intron 3 va 8 mer chdng chéo véi exon
4.

"ASO 10" dugc danh gid vé hoat tinh giam dau ctia n6 trong thir nghiém
formol & chudt nhu duge mo ta trong "Vidu 11", trir khi ¢6 ghi cht khac.

[Phan nhém va Piéu tri bing ASO] 36 con cac con chudt SD duc (7 tuan
tudi, Phong thi nghiém Harlan, Y) duoc phan ngau nhién vao bdn nhém dbi ching
am tinh (khong Diéu tri bing ASO) va ba nhém diéu trj "ASO 10" gom 15, 50 va
150 pmol/Kildgam. (N = 9 mdi nhém) Mdi nhém dong vat duge tiém dudi da nho
diéu tri bang "ASO 10" & mtc 0 (dbi chimg am), 15, 50 hodc 150 pmol/Kg trong
Ngay -6 va -2. ASO dugc quan ly nhu da giai thé trong PBS.

[Hoat dong giam dau] Hinh 19B tom tit cac diém dau quan sat theo nhom
tai cac thoi diém khac nhau. Cac phan tmg dau & Giai doan I (AUC trong khoang
tir 10 dén 40 phut) giam déang ké (thir nghiém t ctia nha nghién cir) lan luot 13
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17% va 4 1% trong cac nhom diéu tri 15 va 50 pmol/Kg. Tdi n khi d6, phan tmg
dau ¢ giai doan I (AUC gitta 0 va 10 phut) gidm dang ké 38% va 50% trong nhém
diéu tri tir 15 dén 50 pmol/Kg, tuong ung.

That tha vi, nhém 150 pmol/Kg khong thé hién thi hoat dong tri lidu ca
trong Giai doan I va Giai doan II. "ASO 10" ¢ 150 pmol/Kg s€ 1a qua lidu gay ra
su diéu hoa phién ma béi "ARN vong tron exon intron (EIciARN)" dugc tich Ity
trong qué trinh nhay Exon nho diéu trj bang "ASO 10 ". [Nature Struc.Mol Biol.
tap 22 (3), 256-264 (2015)].

Vi du 13. Uc ché biéu hién Nav1.7 trong DRG L5 nho diéu tri bang "ASO
7" & nhitng con chudt bi t6n throng v6i mili tiém Intraplantar formol.

"ASO 7" dugc THC (héa md mién dich) dénh gia vé kha niang cta né dé tic
ché sy biéu hién cta Na,1.7 trong DRG L5 cta céc con chudt SD duc bi ton
thuong véi mii tiém Intraplantar formol nhu sau.

[Didu tri bang ASO va tiém formol (ASO Treatment and Formalin
Injection)] Vao ngay -5, cac con chudt SD duc (6 tudn tudi, Phong thi nghiém
Harlan, Y) dugc phan ngiu nhién vao 4 nhém ddi chimg am tinh (khéng Diéu tri
bang ASO) va ba nhém didu tri "ASO 7" cua 1, 6 va 30 pmol/Kg. MObi nhom dong
vat dugc tiém dudi da "ASO 7" & muc 0 (d6i chimg am), 1, 6 hodc 3 0 pmol/Kg
trong c4c ngdy -5 va -1. "ASO 7" da dugc pha loang trong PBS va dugc sur dung
dé tiém. Trong ngay 0, tat ca cac dong vat da dugc tiém mot miii tiém intraplantar
formol 50 pL. 5%.

[Trich xuat DRG L5 va Na,1.7 IHC] Vao ngay 8, nhiing con chudt dugc
gdy mé bing zoletil/rompun va dugc 14y mau DRG L5 ctia bén dugc tiém chinh
thire. (N = 2 mdi nhém) Cac mau DRG phai tuan theo Na,1.7 IHC nhu duge mo
t4 ngén gon dudi day.

Cac mAu DRG duogc phén tich bang cryo va duge bao vé mién dich nbi tiép
v6i khang thé khang Na, 1.7 chinh (Cat. S6 ASC-008, Alomon) véi ty 1é pha lodng
1:500, v6i khang IgG thir cép (Cat s6 BA -1100, Vector) vé6i d§ pha lodng 1: 200,

va sau do6 v6i Dylight 594-steptavidin (Cat s6 SA-5594, Vector, CA, USA) véi do
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pha lodng 1:200 dé gén thé huynh quang mau dé. Hinh anh THC duoc chup trén
may quét slide Zeiss cho biéu thirc Na,1.7 trong DRG.

[Uc ché biéu hién Na,1.7 trong DRG L5] Hinh 20A cung cép mot bd anh
dai dién ctia Na,1.7 IHC theo nhém. Biéu hién Na, 1.7 trong DRG cao dang cha y
& nhom ddi chimg 4m so vé6i biéu hién & nhom Diéu tri bing ASO.

Mirc dd mau do trong mdi hinh anh IHC riéng 1é duogc ghi bang ky thuat 56
bang cach sir dung chuong trinh NTH ImageJ va céc cap do riéng 1é duoc phan
tich théng ké theo nhém. (N = 2 mdi nhém) Hinh 20B tém tit mic biéu thirc
Nay1.7 duogc dinh luwong k¥ thuat s6 theo nhém. Mrc dd biéu hién Navl.7 giam
dang ké (thtr nghiém t ctia nha nghién ctu) khoang 50 ~ 60% trong tat ca céac

nhom Diéu trj bang ASO.

Vi du 14. Sy dao nguge cia di cam dau (Allodynia) & chudt bi bénh than
kinh cot séng nhd didu tri bang "ASO 10" (1).

"ASO 10" dugc danh gia vé kha ning dao nguoc di cam dau & chudt bi
bénh than kinh cot séng gay ra béi "su that L5/L6" nhu mé ta trong "Vi du 6" trir
khi c¢6 ghi chua khéc.

[phan nhém] Vao ngay -14, cac con chudt SD duc (5 tuan tudi, Phong thi ,
nghiém Harlan, Y) di bi "that L5/L6". Trong Ngay 0, 36 dong vat dd duge chon
dua trén diém sb von Frey ca nhan ciia chiing trong Ngay 0 va dugc chi dinh cho
4 nhém ctia nhém déi chimg am (nghia 1 khéng Diéu tri bang ASO), ba nhém
Didu tri bang ASO 121, 3 va 10 pmol/Kg. (N = 9 mdi nhom)

[Biéu tri béng ASO va chdm diém Von Frey] Chudt dugc tiém dudi da Véo
budi chidu "ASO 10" & 0 (ddi ching am), 3 va 10 pmol/Kg trong cac ngay 0, 3 va
7. Trong nhém diéu tri 1 pmol/Kg, lidu ban dau 13 1 pmol/Kg vao ngay 0, sau d6
tang 1én 30 pmol/Kg trong ngay 3 va 7 do thiéu hoat dong tri liéu vao luc 1
pmol/Kg trong ngay 2 va 3.

[Su ddo ngugc cua di cam dau] Hinh 21A tom tat cac diém von Frey duoc

quan sat. Cac dong vat trong nhom d6i chimg am cho thiy diém von Frey trung
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binh (ngudng vat va vi thiéu thudc) 6n dinh trong khoang tir 6 dén 7 g trong
khoang thoi gian 9 ngay sau khi phan nhom.

Allodynia d& dugc dao nguoc dan dan va dang ké trong khoang thoi gian
mdot tudn boi chinh quyén nho diéu tri bang "ASO 10" & mirc 3 dén 30 pmol/Kg.
Céc hoat dong tri liéu dugc dua ra cho diém von Frey cua khoang 13 g cho tat ca
céc nhom diéu tri.

Tuy nhién, trong nhom 1 pmol/Kg, hoat dong tri li€u bat dau ting sau khi
tang lidu tir 1 pmol/Kg 1&n 30 pmol/Kg trong ngay 3. Allodynia di ddo nguoc
dang ké khoang 40% trong Ngay 6 sau khi tdng lidu 1én 30 pmol/Kg, néu ngudng
nén lich str ctia khoang 18 g duoc lay 1a diém von Frey ma khéng can that "L5/L6".
Hiéu qua giam dau tang 1én khoang 60% trong ngay 8.

Trong nhém 3 pmol/Kg, allodynia da duoc ddo nguoc dang ké (thtr nghiém
t ciia nha nghién ctru) vao Ngay 6 voi hiéu qua khiém tén (khoang 40 ~ 50%).
Hiéu qua diéu tri tang 1én 65 + % trong ngay 8.

Trong nhém 10 pmol/Kg, allodynia da dao nguoc dang ké trong Ngay 4 voéi
hiéu qua khoang 25 ~30%. Hiéu qua diéu tri tang 1én khoang 60% trong ngay 9.

Tuy nhién, hidu qua van tri tré tir ngdy 6.

Vi du 15. Su d4o nguoc cua di cam dau (Allodynia) & chudt bi bénh than
kinh ¢t séng nhd diéu tri bang "ASO 10"

"ASO 10" duoc danh gia vé kha ning dao nguoc di cam dau & chudt bi
bénh than kinh ¢t sdng gay ra boi "that L5/L6" nhu md té trong "Vi du 6" trir khi
c6 ghi chu khac.

[Phan nhoém] Vao ngay -10, cac con chudt SD duc (6 tuan tudi, Phong thi
nghiém Harlan, Y) da bi "that L5/L6". Trong Ngay 0, 36 dong vat da dugc chon
dua trén diém s6 von Frey c4 nhén ctia chung trong Ngay 0 va duoc chi dinh ngau
nhién cho 4 nhém ctia nhém ddi chimg am (nghfa la khong Diéu tri bang ASO),
mdi nhém Didu tri bing ASO 100 pmol/Kg méi 1An 4 hodc 5 ngay va nhém kiém

soat duong tinh voi thudc pregabalin 30 mg/Kg. (N=9 mdi nhém)
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[Diéu tri bang ASO va chdm diém Von Frey] Chudt dugc tiém dudi da vao
budi chiéu "ASO 10" & 0 (dbi chimg 4m), 100 pmol/Kg trong Ngay 0 va 4, 100
pmol/Kg trong Ngay 0 va 5. Allodynia da duoc ghi vao budi sang hang ngdy.
Nhimg con chudt ctia nhém kiém soat duong tinh dugc ding bang duong ubng
v6i thube pregabalin 30 mg/Kg mot giod trude khi ghi diém von Frey. ASO dugc
quén ly nhu dé giai thé trong PBS.

[Su dao ngugce cia di cam dau (Reversal of Allodynia)] Hinh 21B tém tat
c4c diém von Frey dugc quan sat. Cac dong vat trong nhom d6i chimg 4m cho
thiy diém von Frey trung binh (ngudng vat vi vi thiéu thudc) 6n dinh trong
khoang tir 6 dén 7 g trong khoang thoi gian 7 ngay sau 14n Pidu trj bing ASO dau
tién. Nhitng con chudt trong nhéom 30 mg/Kg thudc pregabalin cho thay diém von
Frey trung binh khoang 10 ~ 11 g, mdc du diém s6 quan sat duoc trong Ngay 7 1a
khoang 13 g do thudc an than.

Trong nhém Diéu tri bang ASO cit sau 4 ngay mdt lan, allodynia di dao
nguoc dang ké (thir nghiém t ctia nha nghién ctru) trong tat ca cac lan thir nghiém
trong Ngay 3, 6 va 7, va vuot trdi hon dang ké so v6i thube pregabalin 30 mg/Kg
trong Ngay 3 va 6. Do do, tin suit ding thudc ctr sau 4 ngdy mot 1an & chudt
duong nhu 1a phu hgp dé duy tri hoat dong tri liéu vuot trdi so voi thube pregabalin
30 mpk. Can luu ¥ ring allodynia d4 dugce dao ngugc trong Ngay 8 dé dat 90%
murc co ban ma khong ¢6 bénh 1y than kinh cot séng chéng lai bdi canh lich sir
trong nha.

Trong nhém Diéu tri béng ASO ctr sau 5 ngay mot lan, allodynia da dugc
dao nguoc dang ké (thir nghiém t ctia nha nghién ctru) trong tat ca cac lan thu
nghiém trong Ngay 3, 6 va 7, va vuot troi hon dang ké so v6i thudc pregabalin 30
mg/Kg chi trong Ngay 3. Do 4o, tan suét dung thudc ctr sau 5 ngay lai xuét hién
qué lau dé dam bao hoat dong tri liéu vuot troi hon dang ké so vé6i thudce pregabalin
30 mg/Kg.

[Na,1.7 Biéu hién & tay sdng] Vao ngay 7, dong vat dugc gy mé bang
zoletil/rompun, dugc tudi mau bang PBS b sung chinh thic dé bao vé tinh toan

ven cau tric cua tuy song va dugce lay mau tiy song. (N =3 mo6i nhom) Cac mau
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ty séng duge xir Iy thanh khdi parafin va duoc xir Iy THC theo trinh tu cho biéu
hién Nay1.7 (nhuém mau dé) vé6i khang thé Na,1.7 (Cat. S6 ASC-008, Alomon)
va dbi véi co thé té bao than kinh (nhudém mau xanh 14 ciy) v6i khang thé Neu
(Cat. S6 Ab104224, Abcam). Hat nhan dugc nhuém bang DAPI (mau xanh).

Hinh 22 cung cip hinh anh IHC dugc chup trén may quét slide Zeiss. Mirc
d6 bidu hién Nay1.7 giam rd rét trong cic mau tiy séng ctia nhém Diéu tri bing
ASO véi lidu trong Ngay 0 va 4 so v6i mic do biéu hién trong cac miu tiy song
ctia nhém ddi chimg 4m. Do d6, ASO dudong nhu di phan phdi dé dang dén tiy

song va uc ché su biéu hién ctia Nay1.7 trong tuy song khi tiém dudi da.

Vidu 16. Uc ché biéu hién Na,1.7 trong cac té bao than kinh DRG & chudt
nho diéu tri bang "ASO 10",

"ASO 10" duoc danh gia vé kha ning tc ché su biéu hién cua Na,1.7 trong
cac té bao than kinh DRG L5 cua chudt nhu mé ta dudi day.

[Diéu ché té bao than kinh DRG L5] cac con chudt SD duc (7 tudn tudi,
Phong thi nghiém Harlan, Y) da bi budc chat "thit L5/L6" nhu md ta trong "Vi
du 5". 7 ngay sau do, 4 con chu¢t da duoc gdy mé bang zoletil/rompun dé trich
xuét DRG L5 cua bén that. Cac DRG dugc gop chung va xur ly dé didu ché cac té
bao than kinh DRG nhu dugc mé ta trong "Vi du 8"

[Diéu tri bing ASO] Céc té bao than kinh DRG dugc xtr ly bing "ASO 10"
& 0 (d6i chimg am), 10, 100 hozc 1.000 zM trong 24 gid, va sau d6 bi ly giai dé
lam mo vét thuong cua phuong Tay dbi véi khang thé Na,1.7 (Cat. Khong.
ab85015, Abcam) tham do dau C ctia protein Na,1.7. B -actin d3 dugc thim do dé
tham khao. Céc dung dich gdc "ASO 10" di dugc hoa tan trong DDW va dugce
chia thanh méi truong nudi cay.

[Uc ché biéu hién Na,1.7] Hinh 23 A cung cip dit liéu blot phia tay thu dugc
v6i cac té bao than kinh DRG dugc xir Iy bang "ASO 10" & 0 (dbi chimg 4m), 10,
100 hoac 1,000 zM. Tét ca cac lysate mang lai mot dai manh & muc 170 ~ 200K,
do s& 1a chat chuyén hoa cua protein Na,1.7. Déi protein Na,1.7 ¢6 d§ dai day du

duoc phat hién & murc 220 ~ 240K chi v6i cac lysates cua d6i chimg 4m va 10 zM
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"ASO 10". Do d6, biéu hién Na,1.7 da bi tc ché hoan toan trong cac té bao than
kinh DRG ctia chudt sau khi 01 24 gid nho diéu tri bang "ASO 10" & 100 dén 1.000
zM. '

"ASO 10" 14 ASO 14 mer bd sung day du cho tién mARN cua chudt
SCN9A, trong khi "ASO 7" 14 ASO 14-mer bb sung day du cho tién mARN
SCN9A & ngudi. Cac cAu hinh trc ché SCNYA thu duoc nho diéu tri bing "ASO
10" trong céc té bao than kinh chudt c6 thé dugc du doan ngoai suy thanh céac cAu

hinh trc ché SCN9A ctia "ASO 7" trong céc té bao than kinh & nguoi.

Vi du 17. PCR dinh luong (qPCR) cho mARN SCN9A trong cac té bao
than kinh DRG & chudt duge xir Iy bang "ASO 10" véi cADN duge téng hop béing
PCR mot budc.

"ASO 10" duge danh gia bdi phuong phap qPCR 16ng nhau SCNOA vé kha
nang tao ra nhiing thay dbi vé mirc 0 mARN SCN9A cua chudt trong céc té bao
DRG cuia chudt nhu duge mo ta dudi day.

[Biéu ché cac té bao than kinh DRG L5] Mét con chudt SD duc (6 tuan
tudi, Phong thi nghiém Harlan, Y) da dugce gdy mé biang zoletil/rompun dé trich
xuit DRG L5s. Cac miu DRG L5 d& duge xtr Iy nhu mo ta trong "Vi du 8" dé
diéu ché céc té bao than kinh DRG LS.

[Didu tri bing ASO] Céc té bao than kinh Rat DRG L5 duge xtr ly bang
"ASO 10" & 0 (dbi chimg a4m), 10, 30, 100 hozc 300 zM. (1 dia nudi cdy trén mdi
ndng do6 ASO) Cac dung dich gbc "ASO 10" dd dugc hoa tan trong DDW va duge
chia thanh méi truong nubi ciy.

[Trich xuat ARN & Tong hop cADN bang phuong phap PCR mét budc]
Sau khi 1 nho diéu tri bing "ASO 10" trong 24 gid, tong ARN dugc chiét xuat tir
c4c té bao bang ééch stir dung Kit chiét tach ARN phé quat (Cat. S6 9767, Takara)
theo huéng dan ctia nha sin xuat. Mau ARN 200 ng di bi phan ng sao chép
nguoc 25 pl st dung bd cong cu One Step RT-PCR (Invitrogen, Hoa Ky) chéng
lai mot bd mdi dic hiéu exon cua [exon 2_tinh tién: (5'— 3') CAATCTTCCG-

TTTCAACGCC, va exon 10 reverse: (5 '— 3"
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ACCACAGCCAGGATCAAGTT] theo cac diéu kién chu trinh sau: 50°C trong
30 phut va 94°C trong 2 phtt, sau d6 1a 15 chu ky 30 gidy ¢ 94°C, 30 gidy & 55°C,
va 2 phuat ¢ 72°C.

[Su khuéch dai qPCR dang léng] Cac dung dich cADN (nhan déi trén mdi
noéng do ASO) da dugc pha loang 100 14n va 1 pL mdi dung dich cADN pha losng
da chiu phan ung PCR thoi gian thuc 20 withL voi diu do TagMan (Cat. Sb
Rn01514993 mH, ThermoFisher) nhém dich giao 16 gitta exon 3 va exon 4 trong
SCNOA tién mARN theo céc didu kién chu ky sau: 95°C trong 30 gidy tiép theo
1a 40 chu ky 5 gidy 6 95C, va 30 gidy tai 60°C.

Hinh bén trai trong Hinh 23B tom tt dit liéu qPCR duoc quan sat, trong d6
mtrc mARN SCNO9A c6 do dai day du giam dang ké (thir nghiém t ctia nha nghién
ctru) trong cac té bao dugc xir 1y bang "ASO 10" khoang 50 ~ 60%.

Vi du 18. PCR dinh lugng (qPCR) cho mARN SCN9A trong cac té bao
than kinh DRG & chudt duoc diéu tri béng "ASO 10" véi su téng hop cADN véi
Hexamers ngau nhién.

"ASO 10" duoc qPCR SCN9A danh gi4 v& kha ning tic ché su biéu hién
ctia mARN SCN9A trong céc t& bao than kinh DRG L5 ctia chugt. ARN téng
duoc didu ché nhu mb ta trong "Vi du 15 SCN9A" va chiu sy téng hop cADN
bang cach str dung hexamers ngau nhién. Cac dung dich cADN (nhan dbi trén moi
nong dé ASO) da dugc pha lodng 100 lin va 1 pL ctia mdi san pham PCR dugc
pha lodng di bi phan ung PCR thoi gian thye 20 L véi diu do TagMan nhim
vao diém ndi ciia SCNOA exon 3 va exon 4 céc diéu kién chu trinh sau: 95°C
trong 30 gidy tiép theo 40 chu ky 5 gidy & 95°C va 30 gidy & 60°C.

Céac dung dich cADN ciing da duoc khuéch dai qPCR cho ARN théng tin
GAPDH. Céc gia tri Ct cia ARN thong tin SCN9A da dugc chuan héa so véi cac
gia tri Ct cia GAPDH ARN thong tin.

Hinh bén phai trong Hinh 23B cung cap dit liéu qPCR SCN9A dugc chuan
héa theo GAPDH. Mic d6 biéu hién mARN SCNOA chidu dai diy di giam déng
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ké (tht nghiém t cta nha nghién ciru) trong cac té bao dugc xir Iy nho diéu tri

bang "ASO 10" khoang 45 ~ 75%.

Vi du 19. Uc ché dong natri trong cac té bao than kinh DRG L5 nho didu
tri bang "ASO 10" (1).

"ASO 10" dugc danh gia vé kha ning trc ché dong natri trong cac té bao
than kinh DRG L5 ctia chudt nhu sau.

[Didu ché t& bao than kinh DRG] cac con chudt SD dyc (5 tuan tudi,
Daehan Biolink, Han Quéc, www.dbl.co.kr) da bi budc chit "that L5/L6" nhu md
ta trong "Vi du 5". 10 dén 14 ngay sau khi that, chudt dugc gy mé bang
zoletil/rompun dé chiét xudt DRG L5 ctia bén thit. Cac té bao than kinh DRG LS5
da dugc diéu ché nhu mo ta dudi day.

@ DRG L5 duogc chiét xuit acutely tir chudt dugc Chuyén thanh mot 1,5

mL e-6ng chira 0,2 ml 0,125% colagenaza (colagenaza Loai IV, Cat. No. C5138-
100MG, Sigma) trong HBSS (Balanced Salt Solution cua Hank, Cat S6. 14025-
092, Life Technologies), x4t nhé thanh timg miéng cang nhé cang t6t bang kéo,
va sau do6 u trong 20 phtt trong mot 16ng 4p CO, 637°C dudi 5% CO, va 95% rh;
@ sau do6 50 pL 0,25% trypsin/EDTA da dugc thém vao éng dién ti, duogc gilt
trong tu Am thém 10 phut nita; e—éng bi budc t61 vira DMEM 1 mL hoan tat,
va chiu lang ly tdm tai 600g trong 5 phut; @ sau d6 cac vién két qua dugc treo va
véan chuyén nhu dugc niém phong trong 6ng falcon 15 mL chtra khoang 15 mL
Neurobasal-A moéi trudng; B Sau khi vén chuyén khoang mat gio, 0,5 ml huyén
phu té bao da duoc gieo cén than vao mdt tdm kinh duoc phil bang gd duoc dit
trong mot cai dia nudi céy 24 giéng; ® tAm nén van hoa duoc U trong ti nudi cdy
CO, & 37°C trong 2 gidr dé gén céc té bao 1én tAm kinh.

[Diéu tri bdng ASO] Céc té bao than kinh DRG LS duge diéu ché nhu trén
dugc xtr ly bang "ASO 10" & 0 (d6i chimg 4m), 10, 30 hodc 100 zM va dugc giit
trong 1dng 4p trong 4 gid. Cac dung dich gbc ASO di duge diéu ché trong DDW

67



47258 68/121 |

b6 sung 0,1% (v/v) Tween80. Mdi dung dich gbc (bao gdm ca phuong tién chi
danh cho déi chimg 4m) duoc phan bd vao méi trudng nudi cay dé chira 0,0001%
(v/v) Tween80 cho cac thir nghiém kep va.

[Xét nghiém kep rap ndi thi céng] Sau dé, cac té bao than kinh DRG phai
chiu cac xét nghiém kep kep thu cong hién tai bang natri trén thiét bj kep v4 natri
(B6 khuéch dai Axopatch 200B, Dung cu Axon). Céc thir nghiém kep va thuong
mét 4 gidr. Do d6, cac t& bao duoc coi 1a da duge xir Iy bang ASO trong 4 dén 8
gio (tuc la trung binh khoang 6 gi0).

[Phan tich & phan tich dit liéu] Thi nghiém trén duoc lap lai trong nhiéu
lan doc 1ap dé ting sirc manh thong ké cho mdi lidu ASO. Chi c6 dit liéu hién tai
natri tir cac té bao nhay cam TTX dugc dua vao nhém dé phan tich théng ke.

Hinh 23C tém tat dit liéu dong natri tong hop dugc chuén hoa theo kich
thude té bao clia cic t& bao than kinh DRG. Dong natri giam dan khi ndng do
ASO tang tir 10 zM 1én 100 zM. Dong natri giam dang ké khoang 40% trong cac
t& bao duge xir Iy v6i 100 zM "ASO 10" trong khoang 6 gio trung binh. Cho rang
céc té bao thin kinh DRG khong chi thé hién Na,1.7 ma con céc kiéu phu khac
ctia kénh natri cam img dién thé, nén giam muc do quan sat cua khoang 40% trong
dong natri & 100 z2M "ASO 10" nhu duge danh déu cho Na,1.7 ha gue nho diéu
tri bang "ASO 10"

Vi du 20. Uc ché dong natri trong té bao than kinh DRG L5 nho diéu tri
bang "ASO 10" (2).

Danh gia ndi bd cia chudt tir mot s6 nha cung cép cho théy mirc do biéu
hién Na,1.7 trong DRG LS s€ thay dbi nhiéu theo tudi va nha cung cip. "ASO 10"
duge danh gia vé kha ning trc ché dong natri trong céc té bao than kinh DRG L5
cua chuot & mot nguén khac nhu mé ta trong "Vi du 19", trir khi c6 ghi chu khac.

[Diéu ché té bao than kinh DRG] céc con chuét SD duc (5 tuan tudi, Phong
thi nghiém Harlan/Envigo, Dan Mach) d4 bi bugc chit "that L5/L6" nhu mé ta
trong "Vi du 5". 10 dén 14 ngay sau khi thit, chudt duoc gdy mé bing
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zoletil/rompun dé chiét xuét DRG L5 clia bén that. Céc té bao than kinh DRG L5
d3 duge diéu ché nhu mo ta dudi day.

[Diéu tri bang ASO] Céac té bao than kinh DRG L5 duoc diéu ché nhu trén
duge xir Iy bang "ASO 10" & 0 (d6i ching 4m) hodc 100 zM, va dugc gitt trong
16ng 4p trong 4 gid. Cac dung dich gbc ASO vi vay di dugc didu ché trong DDW.

Dong natri binh thuong héa so véi kich thude té bao déng ké (p <0,05)
giam khoang 55% trong cac té bao duge xtr 1y véi 100 zM "ASO 10" trong khoang
6 gio trung binh. (N = 14 cho d6i chimg am; va N = 15 cho 100 zM "ASO 10")
Dong natri dugc chudn hoa cho ddi chimg 4m cao hon 37% trong vi du nay so véi
"Vidu 19". Do d6, su dong gop cua Nay1.7 vao dong natri trong cac t& bao than
kinh DRG nén cao hon déang ké & nhiing con chudt tir Phong thi nghiém Harlan

cua vi du ndy so voi nhitng con chudt tir Daehan Biolink cta "Vi du 19"

Vidu21. Su dao nguoc ctia di cam dau (Allodynia) nho diéu tri bang "ASO
7" & chuot bi bérih than kinh cot séng. (2) ’

"ASO 7" dugc danh gia vé kha ning dao nguoc di cam dau & chudt bi bénh
than kinh cot sdng gy ra boi "that L5/L6" nhu mo ta trong "Vi du 6", trir khi ¢6
ghi chu khéc. 7 ] 7

[Phau thuat va phan nhém SNL ((SNL Surgery and Grouping)] Vao ngay -
10, cac con chudt SD duc (5 tudn tudi, Daehan Biolink, Han Quéc,
www.dbl.co.kr) da bi "that L5/L6". Trong Ngay 0, 48 dong vét d dugc chon dua
trén diém sé von Frey c4 nhan thip nhét trong Ngay 0 va dugc phan ngau nhién
va0 6 nhom cta nhém ddi ching am tinh (nghia 1 khong Diéu tri bing ASO),
thudc pregabalin 30 mg/Kg va bén nhom diéu tri 5, 25, 125 va 625 fmol/Kg "ASO
7". (8 con mdi nhém)

[Diéu tri bang ASO va chdm diém Von Frey] Chuét dugc tiém dudi da
"ASO 7" & 0 (d6i chimg 4m), 1, 3 hogic 6 pmol/Kg vao bubi chiéu trong cac ngay
0,3, 6 va 9. Allodynia dugc ghi diém bang phuong phép tinh diém von Frey dién

tor duoc mo ta trong "Vi du 5" vao budi sang. thube pregabalin dugc dung bang
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dudng udng mot gid truée mdi dip ghi diém von Fret. ASO duogc quan ly dudi
dang hoa tan trong PBS b6 sung 0,1% Tween80.

[Reversal of Allodynia] Hinh 24 A tém tit cac két qua quan sat dugc cia
céc diém von Frey. Cac dong vt trong nhém ddi ching am cho thay diém von
Frey trung binh (ngudng vat va vi thiéu thube ) 6n dinh ¢ khoang 6 g trong Ngay
4 dén 8.Trong khi d6, nhém thude pregabalin 30 mg/Kg (nghia 1a nhém dbi chimg
duong) cho thdy diém von Frey trung binh 6n dinh & muc 10 g. Cho rang diém s
von Frey trung binh ctia khoang 21 g dd duoc quan sat thay & nhiing dong vt
ngay tho (nghia 1a khong can thét va diéu tri), di cam dau di dugc dao nguoc dang
ké trong céc ngay 2,4 va 6 dén 20 dén 30% trong nhém diéu tri pregabalin.

"ASO 7" d& dao nguoc dang ké (thtr nghiém t ctia nha nghién ctru) su mat
ngll & Ngay 2 dén 8 & miic 5 fmol/Kg, trong Ngay 2, 4 va 6 & 25 va 125 fmol/Kg,
va trong Ngay 4 va 6 & muc 625 fmol/Kg. Nhom tich cyc nhét 1 nhém 5 fmol/Kg,
mac du khong c¢6 su khac biét dang ké gifra cac nhém Pidu tri bang ASO. thudc
pregabalin cling ddo nguoc dang ké allodynia tir 20 dén 30% trong Ngay 2 dén 8.
Nhém tich cue nhat 1a nhém 5 fmol/Kg cho thy su dao nguge 40% ctia allodynia,
maéc du khong c6 su khac biét dang ké gifta cac nhém Diéu tri bing ASO. Tuy
nhién, hiéu qua ciia cdc nhém diéu tri khong khac biét déng ké so vé6i higu qua

ctia nhém pregabalin.

Vi du 22. Hoat dong giam dau cta "ASO 2" chéng lai chimg dau do viém
ban man tinh & chuot.

"ASO 2" dugc danh gia vé kha ning tic ché con dau viém ban mén tinh &
nhiing con chudt bi t6n thwong véi mili tiém Intraplantar thudc bo trg day du clia
Freund (FCA) nhu dugc mo ta dudi day.

[Gay viém ban mén tinh] Trong ngay -17, chuét SD nam (7 tuan tudi) nhan
duoc tiém ndi plantar 100 pL. Fkhoang (Cat. No. F5881-6X10ML, Sigma) trong
chén sau bén trau.

[Ghi diém dau do viém & phan nhém] Pau viém & chén sau trai duogc ghi

bing thir nghiém Randall-Selitto bang thiét bi Randall-Selitto dién tir [Model
~ 70
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2390, IITC Life Science]. Chudt duoc tha trén vong trong 10 phut trude khi ghi
diém dau. (N = 5 mdi nhém)

Trong ngay 0, 10 con vét 6n dinh cho thiy diém dau thp nhit trong vai
ngay da duogc chon dé phan nhom. 10 dong vat dugc chi dinh vao hai nhom cua
nhém dbi chimg am tinh (khong Didu tri bing ASO) va nhém didu tri ("ASO 2"
100 pmol/Kg).

[Danh gia diéu tri va giam dau bang ASO] Cac dong vét trong nhém diéu
tri d4 nhan dugc "ASO 2" vao luc 100 pmol/Kg vao chiéu ngay 0 va sang ngay 1.
ASO d3 duge giai thé trong PBS va tiém duéi da. Pau dugc dénh gid 2 gidr sau
liéu vao ngay 1 va bubi sdng vao ngay 4.

[Hoat dong giam dau] Hinh 24B tom tit cac diém dau quan sat duoc.
Ngudng dau cia nhém Diéu tri bing ASO trong Ngay 1 ting 1én khoang 27 g so
v6i gia tri trong Ngay 0, trong khi ngudng cua nhém d6i chimg am giam xudng
con 3 g. Ngudng dau trude khi gy ra phu chan 13 khoang 23 g. Do do, viéc dung
ASO d3 ddo nguoc hoan toan con dau do viém ma khong bi phu chan. Tuy nhién,

hoat dong giam dau ctia "ASO 2" dé bi loai bé hoan toan trong Ngay 4.
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Yéu cau bao ho

1. DAn xuét axit nucleic peptit duoc thé hién bang cong thirc I (Formula I),

hoac muoi dugc dung cua nod:

ooy
A /\\_,« M f”\_ Céng thivc I
H

trong do,

n 12 mot s6 nguyén nam trong khoang tur 10 dén 25; »

Hop chéit ¢6 Cong thirc I ¢6 it nhét mot phan trang ldp bo sung 10 mer véi
trinh tu tién mARN 14 mer cua [(5' — 3') UGUUUAGGUACACU] bén trong
tien mARN SCNOA & ngudi;

Hop chét ¢6 Cong thirc I bd sung day du cho tién mARN SCNOA & ngudi,
hodc bd sung mot phén cho tién mARN SCNOA & ngudi véi mot hodc hai vi tri
bét cap sai; | ‘

S1, Sy, ooy Suct, Si, T1, T, <., Toor, va T, mot céch doc lap thé hién deuterido
[D], hydrido [H], alkyl duoc thé hodc khong dugc thé, hoic gbc aryl duge thé
hoéac khong dugc thé;

X va Y mot cach doc lap thé hién hydrido, formyl [HC (=0)-],
aminocacbonyl [NH2-C(=0)-], aminothiocacbonyl [NH2-C(=S)-], alkyl dugc thé
hodc khong dugc thé, aryl duoc thé hodc khong duoc thé, alkylaxyl duoc thé hodc
khéng duoc thé, arylaxyl dugc thé hodc khong duogc thé, alkyloxycacbonyl duge
thé hodc khong dugc thé, aryloxycacbonyl dugc thé hodc khong dugc thé,
alkylaminocacbony! duoc thé hodc khong dugc thé, arylaminocacbonyl duge thé
hodc khong duoc thé, alkylaminothiocacbonyl dugc thé hodc khong duoc thé,
arylaminothiocacbonyl duogc thé hoac khéng dugc thé, alkyloxythiocacbony!

duoc thé hodc khong duge thé, aryloxythiocacbonyl dugc thé hodc khéng dugc
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thé, alkylsulfonyl dugc thé hoic khoéng dugc thé, arylsulfonyl duogc thé hoac
khong duoc thé, gbe alkylphosphonyl dugc thé hozc khong dugc thé, hodc gbc
arylphosphonyl duoc thé hodc khong duoc thé;

Z thé hién hydrido, hydroxy, alkyloxy dugc thé hodc khong duogc thé,
aryloxy dugc thé hoic khong duogc thé, amino duoc thé hodc khong duogc thé,
alkyl duoc thé hodc khong dugce thé, hodc géc aryl duoc thé hodc khong dugc thé;

B, Bo, ..., Bo.iva B, dugc chon mét cach doc 1dp tr cac nucleobazo ty nhién
bao gdm adenin, thymin, guanin, xytosin va uraxin va céc nucleobazo khong tur
nhién; va

it nhit bdn trong s6 By, Ba, ..., Bai va B, dugc chon mot cach doc 1ap tur
cac nucleobazo khong tu nhién véi gbc aminoo dugc thé hodc khong duogc thé

gan két cong hoa tri voi gdc nucleobazo.

2. DAn xuét axit nucleic peptit theo diém 1 hozc mudi duoc dung ctia né:

trong do,

n 12 mot s6 nguyén nam trong khoang tir 10 dén 25;

Hop chat c6 Cong thirc 1 c6 it nhat mét phan trang 13p bo sung 10 mer cho
trinh tu tién mARN 14-mer cta [(5' — 3") UGUUUAGGUACACU] bén trong
tién mARN SCN9A & ngudi;

Hop chét ¢c6 Cong thirc 1 bd sung day du cho tien mARN SCN9A & ngudi,
hodc bd sung mét phan cho tien mARN SCN9A & ngudi véi mot hodc hai vi tri
bat cap sai;

S1, S2,....Sn-1, S, T4, To, ..., Tn1 va T, mot cach doc lap thé hién deuterido,
hydrido, alkyl dugc thé hoac khong dugc thé, hodc gbe aryl duoc thé hodc khong
duoc thé;

| X va Y mot cach doc lap thé hién hydrido, formyl, aminocacbonyl,
aminothiocacbonyl, alkyl dugc thé hodc khong duogc thé, aryl duoc thé hodc
khong dugc thé, alkylaxyl dugc thé hoic khong duoc thé, arylaxyl duge thé hodc
khong dugc thé, alkyloxycacbonyldugc thé  hodc khong dugc thé,

aryloxycacbony!l duoc thé hoic khéng duoc thé, alkylaminocacbonyl duoc thé
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hodac khong dugc thé, arylaminocacbonyl dugc thé hoic khong dugc thé,
alkylaminothiocécbonyl duoc thé hodc khong dugc thé, arylaminothiocacbonyl
duoc thé hoic khong duoc thé, alkyloxythiocacbonyl dugc thé hoic khong dugce
thé, aryloxythiocacbonyl duoc thé hodc khong duoc thé, alkylsulfonyl dugc thé
hoac khong dugc thé, arylsulfonyl duoc thé hoic khong dugc thé, géc
alkylphosphonyl dugc thé hodc khong duoc thé, hoic gbc arylphosphonyl dugc
thé hodc khong duoc thé;

7 thé hién hydrido, hydroxy, alkyloxy dugc thé hodc khéng duogc thé,
aryloxy duogc thé hoic khong dugc thé, amino duoc thé hoic khong dugc thé,
alkyl dugc thé hodc khong dugc thé, hodc géc aryl dugc thé hoic khong dugc thé;

Bi, By, ..., Buy va B, duoc chon mot cach dc lap tr cac nucleobazo tu
nhién bao gébm adenin, thymin, guanin, xytosin va uraxin va cic nucleobazo
khong tu nhién; va

it nhit bon trong s6 By, By, ..., Bn.1 va B, dugce chon mot cach ddc 14p tir cac
nucleobazo khong tu nhién duoc thé hién bing Cong thirc 11, Cong thirc 111 hodc

Cong thac IV:

a
N - NH,
/ . 8] /ICQ- WH
LY N
" ¢ jl i <A PN
/A N ™ NH TN NH
I o pere | o L| .
| i 1 L_;._\__\_H-R; ’HP\IV LF
- -, 1
r]‘ 20 L 1,
-
Céng thiee IT Céng thee TIT Céng thiec IV

trong do, '

Ri, Ry, R3, Ry, Rs va Rg duge chon mdt cach doc 1ap tur hydrido, va géc
alkyl duoc thé hodc khong dugc thé;

L., L, va L; 1a mdt gén két cong hoa tri dugc thé hién bang Cong thirc V

gan két cong hoa tri gitta nhém amino bazo véi goc nucleobazo:

iy ph ~ /{/- -------- \]H\ '//Q,n.-x;ﬂi-‘ Céng thive V
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trong do,

Q,; va Qp 1a gbc metylen (-CH2-) duoc thé hoic khéng duoc thé va Qm
duoc lién két truc tiép vGi nhém amino bazo;

Qa, Qs, ..., va Qp.1 dugc chon mot cach doc 1ap tir metylen duge thé hodc
khong duoc thé, oxy (-O-), luu huynh (-S-) va gbc amino duoc thé hoic khong
duoc thé [-N(H) -, hodc -N (nhém thé)-]; va,

m 12 mét s6 nguyén nam trong khoang tir 1 dén 15.

3. Dan xudt axit nucleic peptit theo diém 2, trong do6 Si1, Sa, ..., Sp-1, Sn, T1, T, - .,
Th.1, and T,, mot cach doc 1ap thé hién deuterido hodc géc hydrido va Z thé hién
hydrido, hydroxy, alkyloxy dugc thé hodc khong duogc thé, aryloxy dugc thé hoic

khong dugc thé, gbe aminoo’ dugc thé hodc khong duoc thé.

4. Dan xudt axit nucleic peptit theo diém 2, trong d6 it nhit mot trong sb cac Sy,
Sy, . Sots S T1, Ta, -, Tot, va To mdt cach doc 1ap thé hién alkyl duoc thé
hodc khong duoc thé, hoic géc aryl dugc thé hoic khong dugc thé, va/hoic Z thé
hién alkyl duoc thé hodc khong duge thé hodc gbc aryl dugc thé hoic khong dugc
the.

5. Dan xuét axit nucleic peptit theo diém 2 hodc mudi dugc dung ctia né:

trong do,

n 1a mot s6 nguyén nam trong khoang tir 11 dén 21;

Hop chét ¢6 Cong thirc I ¢6 it nhit mot phan tring 13p bo sung 10 mer cho
trinh tu tién mARN 14-mer cua [(5' — 3") UGUUUAGGUACACU] bén trong
tién mARN SCNOA & ngudi;

Hop chét c6 Cong thirc I bd sung day du cho tién mARN SCN9A & ngudi,
hodc bd sung mot phén cho tién mARN SCNOA & nguoi vi mét hodic hai vi tri
bat cap sai;

S1, Sy, oo, Soet, Su, T, T, os, Tra va Ty 1 géc hydrido;
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X va' Y mét cach doc 1ap thé hién hydrido, alkyl dugc thé hogc khong dugc
thé, aryl duoc thé hozc khong dugc thé, alkylaxyl duoc thé hodc khong duoc thé,
arylaxyl duoc thé hodc khong dugc thé, alkyloxycacbonyl duoc thé hodc khong
duoc thé, aryloxycacbony!l duogc thé hoac\ khong dugc thé, alkylaminocacbonyl
duoc thé hoic khong dugc thé, arylaminocacbonyl dugc thé hoac khong dugc thé,
alkylsulfonyl dugc thé hoac khong dugc thé, hodc géc arylsulfonyl duogc thé hodc
khong dugc thé;

Z thé hién géc aminoo dugc thé hoic khong duoc thé;

B, By, ..., By va Bn duge chon mot cach doc 1ap tir cac nucleobazo tu
nhién bao gém adenin, thymin, guanin, xytosin va uraxin va cac nucleobazo
khong tu nhién;

it nhat bon trong s6 By, By, ..., Bn va Bn dugce chon moét cach doc lap tir
cac nucleobazo khong tu nhién duoc thé hién bang Cong thire IT, Cong thirc III
hodc Cong thuc IV;

Ri, Ry, R, Ry, Rs va Rg dugce chon mot cach doc 1ap tir hydrido, va géc
alkyl duoc thé hodc khong duge thé;

Q; va Qu1a gbc metylen dugc thé hodc khéng duoc thé, va Qm duge lién
két truc tiép voi nhém amino bazo;

Q», Q3, ... va Qu.1 duge lya chon mot cach doc lap tir metylen dugc thé hodc
khong duoc thé, oxy va gdc aminoo; va

m 1a mot s6 nguyén nam trong khoang tir 1 dén 11.

6. DAn xuét axit nucleic peptit theo diém 5, trong d6 X va Y mot cach doc 1ap thé
hién hydrido, alkyl dugc thé hoic khong duoc thé, aryl dugc thé hodc khong dugc
thé, alkylaxyl duoc thé hoac khong dugc thé, arylaxyl duoc thé hoac khong duoc
thé, alkyloxycacbonyl dugc thé hodc khong duogc thé hoic gdc aryloxycacbonyl
duoc thé hoac khong dugc thé.

7. Dan xuét axit nucleic peptit theo diém 5, trong d6 it nhat mot trong sOXvay

mot cach doc 1ap thé hién alkylaminocacbonyl duoc thé hoic khéng dugc thé,
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arylaminocacbonyl dugc thé hoac khong dugc thé, alkylsulfonyl dugc thé hoic

khong duogc thé, hoic gbe arylsulfonyl dugc thé hoic khéng duoc thé.

8. Dan xuit axit nucleic peptit theo diém 2 hoic mudi duge dung cua no:

trong do,

n 12 mot s6 nguyén ndm trong khoang tir 11 dén 19;

Hop chét c6 Cong thire I ¢6 it nhit mot phan trang 13p bd sung 10 mer cho
trinh tu tién mARN 14-mer cua [(5' — 3") UGUUUAGGUACACU] bén trong
tién mARN SCN9A & ngudi;

Hop chét c6 Cong thire I bd sung day du cho tién mARN SCN9A & nguoi;

S1, S2 ..y Sty Smy T, T, .., Tay va Ty 12 gbc hydrido;

X va'Y mot cach doc lap thé hién hydrido, alkyl dugc thé hoac khong duoc
thé, aryl dugc thé hodc khong duoc thé, alkylaxyl dugc thé hoic khong duogc thé,
arylaxyl duogc thé hoic khong duoc thé, alkyloxycacbonyl dugc thé hoac khong
duoc thé, alkylaminocacbonyl dugc thé hodc khong dugc thé, alkylsulfonyl duoc
thé hoac khong duqc thé, hodc géc arylsulfonyl dugc thé hoac khéng duoc thé;

7 thé hién géc aminoo dugc thé hodc khong duogc thé;

Bi, B, ..., Bui, va B, dugc chon mdt cach doc 1ap tir cac nucleobazo tu
nhién bao gé“)m adenin, thymin, guanin, xytosin va uraxin va cic nucleobazo
khong tu nhién;

it nhét bon trong s6 By, By, ..., Bn, va B, dugce chon mot cach doc 1ap tur
cac nucleobazo khong tu nhién duoc thé hién bang Cong thirc I, Cong thirc 11
hoac Cong thic IV;

Ri, Ry, R3, Ry, Rs va Rg duge chon mot cach doc lap tir hydrido, va géc
alkyl duogc thé hodc khong duoc thé;

Q1 va Qn 1a gbc metylen, va Qy, duoc lién két truc tiép voi nhém amino
bazo;

Q,, Qs, ... va Quq duge chon mot cach doc 1ap tr metylen, oxy va géc
amino; va

m 14 mot s6 nguyén nam trong khoang tir 1 dén 9.
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9. DAn xuét axit nucleic peptit theo diém 8, trong d6 X va Y mot cach doc 1ap thé
hién hydrido, alkylaxyl dugc thé hoic khong duoc thé, hoac géc
alkyloxycacbonyl dugc thé hoic khong duoc thé.

10. DAn xuét axit nucleic peptit ctia diém 8, trong d6 it nhit mét trong sb X va Y
doc lap thé hién alkyl dugc thé hoac khong duogc thé, aryl dugc thé hoac khong
duoc thé, arylaxyl dugc thé hodc khong dugc thé, alkylaminocacbonyl duoc thé
hodc khong dugc thé, alkylsulfonyl dugc thé hodc khong dugc thé, hoic géc
arylsulfonyl duoc thé hodc khéng duoc thé.

11. Dan xuét axit nucleic peptit theo diém 2 hodc mudi duoc dung ctia né:

trong do, -

n 12 mot s6 nguyén nam trong khoang tir 11 dén 19;

Hop chét c6 Cong thic I ¢6 it nhit mot phan tring lap bd sung 10 mer cho
trinh tu tién mARN 14-mer cta [(5' — 3") UGUUUAGGUACACU] bén trong
tién mARN SCNIA & ngudi;

Hop chét c¢6 Cong thirc I b sung diy du cho tién mARN SCN9A & ngudi;

S1, S2. ..y Sut, Suy T1, Ta, .y Toy va Ty, 12 gbc hydrido;

X va'Y mot cach doc lap thé hién hydrido, alkyl dugc thé hoic khong duoc
thé, aryl duogc thé hodc khong dugc thé, alkylaxyl dugc thé hoac khong duogc thé,
arylaxyl duoc thé hoic khong duoc thé, hodc gbc alkyloxycacbonyl dugc thé hoic
khong dugc thé;

Z thé hién géc amino duogc thé hoic khong duoc thé;

By, By, ..., Bui, va B, dugce chon mét cach dc lap tir cac nucleobazo tu
nhién bao gdom adenin, thymin, guanin, xytosin va uraxin va cac nucleobazo
khong tu nhién;

it nht bon trong s6 By, By, ..., Bui, va B, dugce chon mot cach doc 1ap tir
cac nucleobazo khong tu nhién duoc thé hién bang Céng thic 11, Cong thire 111

hoac Cong thuc 1V;
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Ry, R; va Rs 1a gdc hydrido va Ry, Ry va R¢ mdt cach doc 1ap thé hién
hydrido, hoic gbc alkyl dugc thé hodc khong duoc thé;

Q; va Qn 12 gbc metylen, va Qn dugc gén két truc tiép voi nhém amino
bazo;

Q2, Qs, ..., va Q1 duge chon mot cach ddc 1ap tir metylen, géc oXy; Va,

m 1& mot s6 nguyén ndm trong khoang tir 1 dén 8.

12. DAn xuét axit nucleic peptit theo diém 11, trong d6 X va Y mot cach doc 1ap
thé hién hydrido, alkylaxyl dugc thé hodc khong dugce thé, hoac géc
alkyloxycacbonyl duoc thé hodc khong dugc thé.

13. Dan xuét axit nucleic peptit theo diém 11, trong d6 it nhat mot trong s6 X va
Y ddc lap thé hién alkyl duoc thé hodc khéng duge thé, aryl duge thé hodc khong

duoc thé, hodc géc arylaxyl dugc thé hodc khong duoc thé.

14. DAan xuét axit nucleic peptit theo diém 2 hodc mudi duge dung cta no:

trong do, | |

n 12 mot sb nguyén nam trong khoang tur 11 dén 19;

Hop chat c6 Cong thirc I ¢6 it nhit mot phan tring 13p bd sung 10 mer cho
trinh tu tién mARN 14-mer ctia [(5' — 3') UGUUUAGGUACACU] bén trong
tién mARN SCN9A & ngudi;

Hop chit c6 Cong thic I b sung ddy @i cho tién mARN SCNIA & ngudi;

S1. S, .oy Sty Smy T1, Ta, .y Tt va Ty 12 gbc hydrido;

X va Y mot cach doc 1ap thé hién hydrido, alkylaxyl dugc thé hosc khong
dugc thé, arylaxyl duge thé hoac khong duge thé, hoic gbc alkyloxycacbonyldugc
thé hodc khong dugc thé;

7 thé hién géc aminoo dugc thé hodc khong duoc thé;

B., By, ..., Boi, va B, dugc chon mot cach doc lap tir adenin, thymin,,

guanin, xytosin, va cac nucleobazo khong tu nhién;
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it nhat nam trong s6 By, B, ..., Bai va B, duoc chon mot cach doc lap tu
céc nucleobazo khong tu nhién dugc thé hién bang Cong thirc I, Cong thirc III
hoac Cong thic 1V;

Ry, Ry, R3, Ry, Rs va Rg 1a gbe hydrido;

Q; va Qn 1a gbc metylen, va Q,, dugc lién két truc tiép véi nhém amino
bazo;

Qa, Q3, ..., va Qu.1 dugce chon mdt cach doc 1ap tir metylen va goc 0XY; va,

m la mot sb nguyén nam trong khoang tir 1 dén 8.

15. DAn xuét axit nucleic peptit theo diém 14, trong d6 X va Y mot cach doc 1ap
thé hién hydrido, alkylaxyl duoc thé hoic khong duogc thé, hoac géc
alkyloxycacbonyl dugc thé hodc khong dugc thé.

16. DAn xuét axit nucleic peptit theo diém 14, trong d6 it nhit mét trong s6 X va

Y mdt cach doc 1ap thé hién arylaxyl duoc thé hozc khong dugc thé.

17. DAn xuét axit nucleic peptit theo diém 2, hodc mubi duoc dung clia né:
trong do,

n 12 mot s6 nguyén nam trong khoang tir 11 dén 19;

Hop chét ¢6 Cong thire I ¢6 it nhit mét phén trang 13p bo sung 10 mer cho
trinh tu tién mARN 14-mer cta [(5' — 3") UGUUUAGGUACACU] bén trong
tién mARN SCN9A & ngudi;

Hop chat c6 Cong thic | bd sung day du cho tién mARN SCNIA & ngudi;

S1, S5, -y Sacty Sn, T1, Ta, .y Tt va Ty, 12 gbc hydrido;

X 1a gbc hydrido;

Y thé hién alkylaxyl duoc thé hoic khong dugc thé, arylaxyl duoc thé hosc
khéng dugc thé, hodc gbc alkyloxycacbonyl dugc thé hodc khong dugc thé;

Z thé hién géc aminoo duoc thé hodc khong dugc thé;

B, B, ..., By, va Bn dugc chon mdt cach doc 1dp tir adenin, thymin,,

guanin, xytosin, va cac nucleobazo khong tu nhién;
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it nhit nam trong s6 By, Bo, ..., B va B, dugc chon mot cach doc 1ap tir
cac nucleobazo khong tu nhién duoc thé hién bﬁng Cong thtc 11, Cong thic I1I
hoac Cong thuc 1V;

Ry, Ry, R3, Ry RsvaRg la géc hydrido;

L1 thé hién -(CH2)-O-(CHa)-, -CHa-O~(CHa)-, -CHy-O-(CHa)s-, -CHa-O-(CHa)s-,
hoiac -CHy-0-(CHy)s- vOi dau bén phai dugc lién két truc tiép v61 nhom amino bazo;
va,

[.2 va L3 dugce chon mot cach doc 1ap tir -(CHa)z-, -(CHa)s-, -(CHz)4-, -(CH2)s-,
-(CHa)6-, -(CHz)7-, -(CHa2)s-, -(CH2)2-O-(CHz)2-, -(CH2)3-O-(CHa)2-, va -(CH2)2-O-(CHa)3- voi

dau bén phai dugc lién ket tryc tiep véi nhom amino bazo.

18. Dan xuét axit nucleic peptit theo diém 17, trong d6 Y thé hién gbc alkylaxyl
duoc thé hoic khong duge thé hodc gbc alkyloxycacbonyl dugc thé hodc khéng

duoc thé.

19. Dan xuét axit nucleic peptit theo diém 17, trong d6 Y thé hién arylaxyl duoc
thé hogic khong dugc thé.

20. Dan xuét axit nucleic peptit theo diém 1, dugc chon tﬁ nhém céc dan xuét
axit nucleic peptit dugc dua ra dudi day, hoic mudi duoc dung ctia né:

(N — C) Fethoc-TA(5)A-A(5)AG(6)-TG(6)T-A(5)CC(102)-TA(5)A-
A(5)-NHy;

(N — C) Fethoc-TA(5)A-A(4)AG(6)-TG(6)T-A(5)CC(103)-TA(5)A-A-
NH,;

(N — C) Fmoc-TA(5)A-A(4)AG(6)-TG(6)T-A(5)CC(103)-TA(5)A-A-
NHo;

(N — C) Piv-Leu-TA(5)A-A(5)AG(302)-TG(6)T-A(5)CC(102)-
TA(5)A-A(5)-NHo;

(N — C) Fethoc-TA(5)T-A(5)AG(6)-TG(6)T-A(5)CC(102)-TA(5)A-
A(5)-NHy;
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(N — C) Benzoyl-Gly-TA(202)A-A(5)AG(6)-TG(6)T-A(5)CT-TA(5)A-
Lys-NHy;

(N — C) Fethoc-AA(5)G-TG(6)T-A(5)CC(102)-TAA(S)-A-NHy;

(N — C) Fethoc-AA(5)G-CG(6)T-A(5)CC(102)-TAA(S)-A-NHy;

(N — C) Fmoc-AA(5)G-TG(6)T-A(5)CC(102)-TAA(5)-A-NHo;

(N — C) Benzensulfonyl-AA(5)G-TG(6)T-A(5)CC(102)-TAA(5)-A-
NH;; |

(N — C) Ac-AA(5)G-TG(6)T-A(5)CC(102)-TAA(5)-A-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(3)A-A(5)-NHy;

(N — C) Fmoc-AA(5)G-TG(6)T-AC(102)C-TAA(5)-A-NHp;

(N — C) Metyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(3)A-A(5)-Gly-Arg-
NH;;

(N — C) Fethoc-A(5)AG-TG(6)T-A(5)CC(102)-TAA-A(5)-NH;

(N — C) Ac-Val-A(5)AG-TG(6)T-A(5)CC(102)-TAA-A(5)-NHy;

(N — C) Fethoc-AAG(6)-TG(6)T-A(5)CC(102)-TA(5)A-A-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)AC(102)-TA(5)T-A(5)C-NHa;

(N — C) H-AA(5)G-TG(202)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-Lys-Leu-AA(5)G-TG(5)T-A(5)CC(102)-TA(202)A-
A(5)C-Lys-NHy;

(N — C) [N-(2-Phenyletyl)amin]cacbonyl-AA(3)G-TG(5)T-
A(5)CC(105)-TA(5)A-A(5)C-NHy;

(N—C) N,N-Phenyl—Me-AA(S)G-TG(S)T—A(S)CC(IOZ)—TA(S)A—
A(4)C-NHoy;

(N — C) Fethoc-AA(5)G-TA(5)T-A(5)CC(102)-TG(5)A-A(5)C-NHoy;

(N — C) p-Toluenesulfonyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-
A(5)C-NHoy;

(N — C) p-Toluenesulfonyl-AA(5)G-TG(203)T-A(5)CC(102)-TA(5)A-
A(5)C-Lys-NHy;
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(N — C) Fethoc-AA(5)G-TG(203)T-A(5)CC(103)-TA(7)A-A(5)C-NHy;

(N — C) n-Propyl-AA(5)G-TG(5)T-A(5)CC(103)-TA(5)A-A(5)C-NHy;

(N — C) Benzoyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Benzyl-AA(5)G-TG(5)T-A(5)CC(103)-TA(5)A-A(5)C-NHy;

(N — C) Benzoyl-AA(5)G-TG(3)T-A(5)CC(202)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-Leu-
Lys-NHoy;

(N — C) Piv-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-TA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHo;

(N — C) Fethoc-AA(5)C-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Metylsulfonyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-
NHy;

(N — C) n-Hexyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) n-Hexanoyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)C-
NHo;

(N — C) n-Hexanoyl-AA(5)G-TG(5)T-A(5)CC(102)-TA(8)A-A(5)C-
NHo;

(N — C) Fethoc-AA(3)G-TG(202)T-A(5)CC(102)-TA(5)A-A(5)C-NHy;

(N — C) Fethoc-AA(3)G-TG(202)T-A(5)CC(103)-TA(5)A-A(5)C-NHz;

(N — C) Fethoc-AA(3)G-TG(202)T-A(5)CC(202)-TA(5)A-A(5)C-NHy;

(N — C) FAM-HEX-HEX-AA(3)G-TG(202)T-A(5)CC(202)-TA(5)A-
A(5)C-NHy;

(N — C) Fethoc-A(5)GT-G(5)TA(5)-CC(102)T-A(5)AA(5)-C-NHy;

(N — C) Fethoc-AG(5)T-G(7)TA-CC(102)T-AA(6)A-C-NHo;

(N — C) Fethoc-AA(6)G-TG(5)T-A(6)CC(102)-TA(6)A-A(6)C-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(3)CA-
C(105)AA-NH,;

(N — C) Fethoc-AA(5)G-TCT-A(5)CC(102)-TA(5)A-A(3)CA-
C(105)AA-NH,;
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(N — C) Fethoc-AA(5)G-TCT-A(5)CC(102)-TA(5)A-A(3)CA(3)-CTA-
NH,;

(N — C) Fethoc-TG(5)T-A(5)CC(102)-TA(5)A-A(3)CA-CA(7)A-NHoy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(3)CA(5)-C-
NHo,; |

(N — C) Fethoc-TG(5)T-A(5)CC(102)-TA(5)A-A(3)CA(5)-C-NHy;

(N — C) p-Toluenesulfonyl-TG(203)T-A(5)CC(102)-TA(5)A-A(3)CA-
C-Lys-NHy;

(N — C) Fethoc-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(5)A-NHy;

(N — C) Piv-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(5)A-NH;

(N — C) Benzoyl-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(5)A-NH;

(N — C) Propionyl-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(S)A-
NH;;

(N — C) Fethoc-TG(5)T-A(5)CC(202)-TA(5)A-A(3)CA-CA(S)A-Arg-
Val-NHj;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)G-NHy;

(N — C) Fethoc-AG(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)G-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)CA-NHy;

(N — C) Fethoc-AA(5)G-TG(5)T-A(5)CC(102)-TA(5)A-A(5)GG-NH;
and,

(N — C) Fethoc-AA(5)G-TG(5)T-ACC(102)-TA(5)A-A(5)CA(5)-C-
NHo,:

trong do,

A, G, T va C 1a cac monome PNA v6i mdt nucleobazo tur nhién 1a adenin,
guanin, thymin va xytosin tuong tng;

C (pOq), A (p), A (pOq), G (p) va G (pOq) la cac monome PNA v6i mot
nucleobazo khong tu nhién dugc thé hién bang cong thirc VI, Cong thic VII,
Cong thtre VIII, Cong thie IX va Cong thuc X, twong ung;
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Cang thirc X

p va q la cac so nguyén; va,

cac chit viét tit cho cac nhom thé dau N- va C- duoc dinh nghia cu thé nhu

sau: "Fmoc-" 1a tén viét tit cta "[(9-fluorenyl) metyloxy] cacbonyl-"; "Fethoc-"

cho "[2- (9-fluorenyl) etyl-1-oxy] cacbonyl"; "Ac-" cho "axetyl-"; "n-Hexanoyl-"

cho "1- (n-hexanoyl) -"; "Benzoyl-" cho "benzencabonyl-"; "Piv-" cho "pivalyl-";

"n-Propyl-" cho "1- (n-propyl) -"; "n-Hexyl-" cho "1- (n-hexyl) "; "H-" cho

"hydrido-";

"p-Toluenesulfonyl"

cho

"(4-metylbenzen)

-1-sulfonyl-";

"Benzensulfonyl" cho "benzen-1-sulfonyl-"; "Metylsulfonyl" cho "metyl-1-

sulfonyl-"; "-Lys-" cho gdc axit amin "lysin"; "-Val-" cho gbc axit amin "valin";

"_Leu-" cho goc axit amin "leuxin"; "-Arg-" cho goc axit amin "arginin"; "-Gly-"

cho gbc axit amin "glyxin"; "[N- (2-Phenyletyl) amin] cacbonyl-" cho "[N-1- (2-

phenyletyl) -amin] cacbonyl-"; "Benzyl-" cho "1- (phenyl) metyl-"; "Phenyl-" cho

"phenyl-"; "Me-" cho "metyl-"; "-HEX-" cho "6-amin-1-hexanoyl-", "FAM-" cho

"5 hoiic 6-fluorescein-cacbonyl-" (hdn hop dong phan) va "-NH, " cho nhém

amino khong duoc thé".
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