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(57) Sang ché dé cép dén phuong phap san xuat hat nano ARN dugc bao nang lipit,
bao gdm cac budc a) cho dung dich nudc bao gom ARN chay qua Ong thir nhét cé
duong kinh trong (ID) khoang tir 0,17 (0,254 cm) dén 0,132" (0,33528 cm); b) cho dung
dich etanol bao gdm lipit chay qua ong thir hai ¢6 ID nam trong khoang tir 0,005
(0,0127 cm) dén 0,02” (0,0508 cm) véi téc d6 chay bang mdt phan ba toc do chay cia
dung dich nudc qua ong thir nhét, trong d6 lipit bao gom lipit cation; va ¢) trén dung
dich etanol v6i dung dich nuée bang cach cho dung dich etanol va dung dich nuéc chay
vao modun tron ciu thanh boi éng thir hai duoc ndi vudéng goc v6i dng thir nhat; trong
d6 qué trinh tron tao ra dong dung dich ra trong éng thir nhit bao gém dong chay réi
ctia ARN va lipit voi luong tir khoang 10% dén 75% thé tich/thé tich etanol, v trong

d6 cac hat nano ARN duoc bao nang lipit ¢6 c4u trac hai 16p.
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Linh vue k thuit dwoe dé cap

Sang ché dé cap dén phuong phap san xuit hat nano ARN dugc bao nang lipit.

Tinh trang kj thuét ciia sang ché

Lipit duoc sir dung lam nguyén liéu dé phan phdi axit ribonucleic (ARN) do
ching c6 kha ning tao cac hat nano lipit bao nang ARN dé phan phdi téi cac té béo dich
khi dung ngoai rudt. (Zimmermann, 2006, Nature, doi:10.1038/nature04688).

Céc phuong phap khac nhau dé san xuat cac hat nano ARN dugc bao nang lipit
1a d3 biét. Vi dy, WO 2001/005373 boc 16 cac k§ thuat dé diéu ché cac hat nano ARN
duoc bao nang lipit st dung quy trinh loai ti€ém etanol béng thiét bi tron tinh dé tao ra
mdi trudng chiy rdi, ma sau khi tao tai nho dwugc két véi véi phan tir diéu tri. US
2004/0142025 bdce 16 cac ky thuat dé tao ra cac hat nano ARN dugc bao nang lipit st
dung qua trinh tron khéng chay rdi va ddy pha loing timg buéc theo trinh ty. US
6,843,942 boc 16 phuong phap tron khong chay rdi dé tao ra cac hat bang cach phun
lipit trong 6ng dung dich hiru co qua voi phun vao axit nucleic trong dong dung dich
nudce di qua voi phun. US 9,005,654 bdc 10 siARN bao nang trong hat nano lipit (lipid
nanoparticle - LNP) sit dung qua trinh trén chay rbi, tai d6 lipit va ARN 1a cac dong ddi
nhau di vao khoang troén hinh chit T tir cic nhanh d6i nhau voi téc d6 gan nhu bang
nhau dé tao ra dung dich etanol 45-60% bao gdm cac tii, ma dugc thu gom va sau d6
dwoc pha loang tiép (phuong phap pha lodng truc tiép). US 9,404,127 boc 16 phan 16n
LNP dugc san xuat bang phuong phap pha loang truc tiép c6 hinh thai khong phai dang
tAm, tirc 13, cu trac khéng phai hai 16p. |

Cén phai cai tién quy trinh va thiét bj dé tao ra cac hat nano ARN duoc bao nang
lipit, gdm ca viéc san xuat voi quy mé 1én dang tin cay dong thoi toi wu héa dugce ¢

hat va tinh déng nhat.

Ban chit ki thuit ciia sang ché
Sang ché dé xuat phuong phéap san xuat hat nano ARN dugc bao nang lipit, bao

gdm cic budc a) cho dung dich nudc bao gdbm ARN chay qua éng thir nhat c6 duong
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kinh trong (inner diameter - ID) nam trong khoang tir 0,1 (0,254 cm) dén 0,132"
(0,33528 cm); b) cho dung dich etanol bao gom lipit chay qua 6ng th hai c6 ID nim
trong khoang tir 0,005 (0,0127 cm) dén 0,02” (0,0508 cm) véi toc d6 chay bang mot
phan ba toc do chay ciia dung dich nuéc qua bng thir nhat, trong do6 lipit bao gdm lipit
cation; va c¢) trdn dung dich etanol v6i dung dich nude béng cach cho dung dich etanol
va dung dich nudc chay vao moédun tron chu thanh boi 6ng thir hai dugc nbi vuéng goc
v6i bng thir nhit; trong d6 qua trinh trén tao ra dong dung dich ra trong 6ng thir nhat
bao gdm dong chay rbi chira ARN va lipit trong khoang tr 10% dén 75% thé tich/thé
tich etanol, va trong d6 cac hat nano ARN dugc bao nang lipit cé cAu truc hai 16p.

Theo mdt s6 phuong an, tc do chay ra it nhat 1a 200 ml/phut. Theo phuong 4n
khac, dong dwoc gom c6 s6 Reynolds it nhat bang 2.000.

Theo mét s6 phuong 4n, dung dich nuéc duge bom qua bng thir nhat bang bom
HPLC thtr nhét, tdt hon 13 v6i 4p suat nguoc it nhat bang 10 psi, 25 psi, 50 psi, 75 psi,
hodc 100 psi. Tt hon 13, ng thir nhat c6 ID bang 0,132 (0,335 cm), va dung dich nude
duoc bom véi tdc dd chay it nhat bang 30 ml/phit, 45 ml/phut, 60 ml/phut, 75 ml/pht,
90 ml/phut, 105 ml/phut, 120 ml/phut, 150 ml/phat, 225 ml/phut, 262,5 ml/phut, 300
ml/phut, hodc 450 ml/phut.

Theo mdt s6 phuong an, dung dich etanol dugc bom qua 6ng thir hai bang bom
HPLC thtr hai, t6t hon 1a véi 4p suét ngugc it nhét bang 40 psi, 80 psi, 150 psi, 300 psi,
hodc 400 psi. Tét hon 14, dng thir hai ¢6 ID bang 0,007 (0,018 cm), 0,01 (0,0254 cm),
hodc 0,02” (0,0508 cm); va dung dich etanol dugc bom voi tdc do chay it nhét béng 10
ml/phut, 15 ml/phut, 20 ml/phiat, 25 ml/phut, 30 ml/phut, 35 ml/phut, 40 ml/phut, 50
ml/phut, 60 ml/phut, hodc 75 ml/phut, 87,5 ml/phut, 100 ml/phit, hodc 150 ml/phut.

Tt hon 14, dung dich dang nudc va etanol dugc duy tri ¢ 15-20 °C.

Theo mot sb phuong an, modun trén ciu thanh boi dng thir hai dugce gan vudng
gbc trén dng thir nhat, trong d6 bng thir nhét c6 phan hé qua thanh, trong d6 phan ho c6
kich c& duong kinh bén ngoai cua éng thir hai, va trong d6 éng thir hai duge 1am vira
khit qua phén hé dé cho phép di chuyén lién tuc dung dich thir hai trong 6ng thir hai
trong dung dich thir nhét trong éng thir nhat. Modun tron tot hon 1a dwoc cau thanh béi

ong thép khong gi.
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Theo mot s6 phuong 4n, sang ché dé xuat phuong phép con bao gbém bom dung
dich dém pha loing qua dng thi ba, va tron dung dich dém pha loing v6i dung dich ra
bang cach dua dung dich dém pha lodng vao dung dich ra & ving nbi Y dé tao ra dung
dich ra da dwoc pha loang. Tt hon 13, dung dich dém pha lodng bao gbém 15 mM Tris,
50 mM NaCl, 9% sucroza, dd pH = 7,5; 10 mM Tris, 50 mM NaCl, 9% sucroza, d6 pH
= 7,5; 50 mM phosphat, d6 pH = 6,0; 20 mM HEPES, 50 mM NaCl, 9% sucroza, do
pH = 7,4; hoac 50 mM HEPES, 50 mM NaCl, 9% sucroza, d6 pH = 7,4. Tét hon 14,
dung dich ra da dugc pha lodng bao gém 6,25% etanol; 8,25% etanol; hodc 12,5%
etanol.

Theo mdt sé phuong an, chi tiét ndi Y nim & goc khoang 45°. Tét hon 13, chi
tiét ndi Y céu thanh boi polyete ete keton (PEEK).

Theo mét s6 phwong an, dung dich dém pha lodng dugc bom qua 6ng thi ba véi
tdc do chay 400-900 mL/phit, va éng thit ba c6 ID bang 0,25” (0,635 cm).

Theo khia canh khac, sang ché dé xuat cac hat nano ARN dugc bao nang lipit
duoc san xuat boi phuong phap duogc boc 16 & day.

Theo khia canh khéc, sang ché dé xuét hat nano ARN dugc bao nang lipit bao
gdm ARN, duogc san xuat boi quy trinh bao gdm cac bude a) cho dung dich nuéce bao
gdm ARN chay qua 6ng thir nhét c6 dudng kinh trong (ID) nam trong khoang tir 0,17
(0,254 cm) dén 0,132” (0,33528 cm); b) cho dung dich etanol bao gém lipit chay qua
éng thi hai c6 ID nim trong khoang tir 0,005 (0,0127 cm) dén 0,02 (0,0508 cm) véi
téc d6 chay bang mot phan ba téc do chay ciia dung dich nuéc qua ong thi nhét, trong
d6 lipit bao gdm lipit cation; va c) tron dung dich etanol vi dung dich nude bang cach
cho dung dich etanol va dung dich nudc chiy vao mddun tron cu thanh béi dng thi hai
duoc nbi vudbng goc voi ong thir nhit; trong d6 qua trinh tron tao ra dong dung dich ra
trong 6ng thir nhat bao gdm dong chay rdi chita ARN va lipit trong khoang tir 10% dén
75% thé tich/thé tich etanol trong dong chay rdi. Cac hat nano ARN dugc bao nang lipit
duogc san xuat bai quy trinh duge boc 16 & ddy ¢ cau tric hai 16p, tic 13, hinh thai dang
tAm. Tt hon 13, c4c hat nano ARN duoc bao nang lipit ¢6 ¢& hat trung binh nhé hon 70
nm, 80 nm, 90 nm, hodc 100 nm; chi s6 da phan tan (PDI) nhd hon 0,09, 0,07, hodc
0,05; va mirc bao nang lén hon 94%, 96%, hodc 98% ARN. Tét hon 13, ¢& mé 1a 0,05
dén it nhét 30 g ARN, va sir bién thién vé c& hat trung binh giita cdc mé nhé hon 10%.
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Theo khia canh khac nita, sang ché d& xuit thiét bi san xuit cac hat nano lipit
bao gdm ARN, bao gdm dng thir nhit ¢6 ID ndm trong khoang tir 0,1 (0,254 cm) dén
0,132” (0,33528 cm); duoc ndi mdt diu véi bom HPLC thir nhat va & dau con lai v6i
moédun tron, trong d6 bom HPLC thur nhét dugc tao ciu hinh dé bom dung dich nudc
bao gdbm ARN qua dng thir nhat véi téc d6 chay it nhét bang 150 ml/pht; bé chira thir
nhét duoc ndi voi bom HPLC thi nhit, trong d6 bé chira thir nhat chira dung dich nuér;
éng thu hai c6 ID ndm trong khoang tir 0,005 (0,0127 cm) dén 0,02” (0,0508 cm)
duge ndi mot diu véi bom HPLC thir hai va & dau con lai véi modun tron, trong d6
bom HPLC thir hai duoc tao cu hinh dé bom dung dich etanol bao gdm lipit qua dng
thit hai v6i tde @6 chay 16n hon 50 ml/phut, va trong d6 éng thir hai duge ndi vudng goc
v6i dng thir nhit & médun tron; bé chira thir hai duge ndi v6i bom HPLC thy hai, trong
d6 bé chira thir hai chira dung dich etanol, trong do thiét bi dugc tao cau hinh dé tron
dung dich etanol véi dung dich nudc bang cach dua dung dich etanol vao dung dich
nude & ving nam trong médun tron dé tao ra dung dich ra; va trong d6 dong dung dich
ra tao ra dong chay roi.

Theo mdt s6 phuong 4n, thiét bi dugc boc 16 & day t6t hon 1a c6 mdédun tron
trong d6 ng thir hai kéo dai qua thanh ctia dng thir nhit va mot phan vao phia trong ctia
éng thir nhét; hodc dng thi hai kéo dai t6i thanh ctia éng thir nhat va két ndi ong thu
nhét.

MBS ta vin tit cac hinh vé

Fig. 1 thé hién luu db ddi v6i mdt phuwong 4n ctia quy trinh san xudt cac hat nano
lipit. Céc lipit dugc hoa tan trong etanol, ARN dugc hoa tan trong dung dich dém nude
axit (vi du, dung dich dém xitrat), ca hai dugc loc v6 trung. Cac dung dich dugc tron
boi quy trinh duge mo ta & day dé tao ra cac hat, ma duoc phan tich vé PDI va ¢& hat
(particle size - PS). Cac hat dugc co6 va tinh ché biang cach loc dong tiép tuyén
(tangential flow filtration - TFF) dé loai etanol va ARN khéng gén két, va PDI va PS
duoc kiém tra tiép. Nong do6 ciia cac hat sau d6 dugc diéu chinh theo tong nong 46 ARN
do duogc. Cac hat dugc loc vo trung, dugc nap, hoan thanh va dong lanh.

Fig. 2 thé hién bang ché phim ARN lipit lam vi dy, gom cd hat.

Fig. 3 thé hién bang ché phim ARN lipit 1am vi dy, gom c& hat va c& me.

4
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Fig. 4 thé hién thiét bi san xuét cac hat nano ARN duoc bao nang lipit. Dung
dich nu6e bao gdbm ARN duoc van chuyén béi bom HPLC qua éng bao gdm cac ving
éng PEEK c6 ID 0,03’ (0,0762 cm), chi tiét ndi PEEL ¢6 ID 0,05°°, éng silicon
0,0625”, va 6ng silicon ¢6 ID 0,122” (0,30988 cm), va thép khong gi c6 ID 0,132”
(0,335 cm). Dung dich hiru co bao gdm céc lipit duge van chuyén boi bom HPLC qua
éng, vi dy, bao gdm céc vung éng PEEK c6 ID 0,03 (0,0762 cm), chi tiét ndi PEEK
c6 ID 0,02 (0,0508 cm), thép khong gi ¢6 ID 0,01 (0,0254 cm). Dung dich hiru co
dugc bom vao dung dich nudc ¢ goc 90 do ¢ vung tron. Ong silicon ¢6 ID 0,122”
(0,30988 cm) van chuyén dau ra lipit-ARN di dugc tron véi éng polypropylen c6 ID
0,25 (0,635 cm) ma hop nhat & goc 45 do véi dung dich dém pha lodng trong ving
pha loing. Ong ma hop nhat & goc 45 @ v6i dung dich dém pha lodng trong ving pha
loding c6 thé duoc pha lodng theo diy dé gom 1, 2, 3 hoic 4 ving pha lodng cla éng o
goc 45 do dbi voi quy trinh pha lodng. Sau quy trinh pha lodng, cac hat d3 dugc pha
lodng dugc gom trong binh boc thép khong gi dugc duy tri ¢ 15-20 °C. Cac hat con
duoge xt 1y bang cach loc dong tiép tuyén st dung bom nhu dong, mang ngin hoic ly
tam.

Fig. 5 thé hién modun tron chi tiét hon. Axit nucleic trong dung dich dém duoc
van chuyén qua nhénh vao gém dng thép khéng gi thir nhit (vi dy, ID 0,100-0,132”
(0,254-0,335 cm)). Cc lipit trong etanol dugc van chuyén qua 6ng thép khong gi thir
hai (vi dy, ID 0,005-0,010” (0,0127-0,0254 cm)) ma dwoc gin vudng goc voi dng thi
nhét. L3 trén thanh cua éng thir nhét cho phép van chuyén chit 1ong tir ng thir hai dén
phén bén trong ciia 6ng thir nhat. Cac hat nano ARN duoc bao nang lipit thu dugc tix
viéc tron di ra qua nhanh ra clia ong thir nhét.

Fig. 6A thé hién kha ning m& rong quy md cua quy trinh duge mé ta trong Vi
du 1. C& hat duy tri khéng qua 80 nm ddi véi cic mé 0,05 g,0,5¢g, 1 g,3 g, 15 g, va 30
g ARN.

Fig. 6B thé hién kha ning tai san xudt cia cac hat nano lipit duoc san xuét béi
quy trinh dugc mé ta trong Vi du 1. C& hat dugc duy tri nho hon 80 nm ddi voi mé 15
g vabamé 30 g.

Fig. 7 thé hién cac hinh anh cryo-TEM clia cac hat nano ARN dugc bao nang
lipit. Hinh anh bén trai thé hién cac hat nano mang ARN, phan 16n trong s6 chiing 1a
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ciu trlic dang tAm don nhét hinh cau. Db phong dai 52000 l4n, khung ti 1€ 200 nm. Hinh
anh bén phai thé hién d6 phong dai 16n 110.000 1an, khung ti 1& 100 nm.

M3 ta chi tiét sang ché

Cén hiéu rang cac dang khac nhau ctia k§ thuat theo séng ché s& 12 hién nhién
d6i véi nguoi ¢6 hiéu biét trung binh trong linh vyc ky thuat tr phan boc 16 ndy, trong
do6 cac dang khac nhau cia ky thuat theo sang ché duge thé hién va dugc mo ta béng
cach minh hoa. Nhan thiy ring k¥ thuét theo sang ché c6 thé c6 cac dang khéac va cac
dang khéc nhau va mét vai chi tiét ciia n6 ¢6 thé bién dbi theo cic khia canh khac khac
nhau, tit ca chung déu khong nim ngoai pham vi ctia k¥ thuét theo sing ché. Theo do,
ban chat k¥ thuat cua sang ché, cac hinh v& va phén m6 ta chi tiét sang ché duogc dé cap
t61 nhu 14 c6 ban chit minh hoa va khong gi¢i han pham vi sang ché.

Chu don da phat hién ra quy trinh trdn lipit va axit ribonucleic soi don hodc soi
kép (single stranded ribonucleic acid - ssARN hodc double stranded ribonucleic acid -
dsARN) st dung dong chay rdi dé tao ra cac hat nano ARN duoc bao nang lipit ma tao
ra cac hat don phan tan gén nho hon 100 nm c¢6 hinh thai dang tAm, tirc 14, gém cAu trac
hai 16p. Quy trinh nay c6 thé mé rong téi hon 30 g ARN. Céc hat nano ARN dugc bao
nang lipit bao gdm ARN duoc sin xuit béi céc quy trinh duge mé td & day 1a hitu ich
dé phan phéi ARN in vivo va c6 d6 an toan va hi¢u qua cai thién khi dung dudng tinh
mach & cac mo hinh dong vét.

Theo mot khia canh, sang ché dé xuat phuong phap san xudt hat nano ARN
duoc bao nang lipit, bao gdm cac bude a) cho dung dich nudc bao gom ARN chay qua
éng thir nhat c6 dudng kinh trong (ID) ndm trong khoang tir 0,17 (0,254 cm) dén 0,132~
(0,335 cm); b) cho dung dich etanol bao gom lipit chay qua bng th hai c6 ID ndm trong
khoang tir 0,005” (0,0127 cm) dén 0,02” (0,0508 cm) véi tbe do chay bang mot phan
ba téc d6 chay ctia dung dich nuée qua bng thir nhét, trong do lipit bao gdm lipit cation;
va c) tron dung dich etanol véi dung dich nudce bang cach cho dung dich etanol va dung
dich nuéc chay vao modun tron cau thanh boi dng thir hai dugc ndi vudng goc véi dng
thir nhat; trong d6 qua trinh tron tao ra dong dung dich ra trong 6ng thir nhit bao gdom

dong chay rdi chita ARN va lipit trong khoang ttr 10% dén 75% thé tich/thé tich etanol,
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va trong d6 cac hat nano ARN dugc bao nang lipit cé chu truc hai 16p va lipit bao gdm

lipit cation c¢6 Cong thuc I:

R7
O
RS\XG/Ls\N)J\LT/’U\R/N\RS
Lﬁ\ y
F|<6 M

hodc mubi duoc dung hoic solvat clia ching, trong d6 mdi R® va R duge chon doc 1ap
tr nhém céu thanh bai C1.Csi alkyl mach théng hodc mach nhanh, C,.Cs; alkenyl hodc
C2.Cs alkynyl va cholesteryl; mdi L’ va LS dugc chon doc 1ap tir nhoém céu thanh béi
C1.Caoalkyl mach thang va C».Caoalkenyl; X° 14 -C(O)O- hogc -OC(0)-; X¢1a -C(O)O-
hoiic -OC(0)-; X’ 1a S hodc O; L7 khdng c6 mit hoic 14 alkyl bac thap; R*1a C1.Csalkyl
mach théng hodc mach nhanh; va mdi R7 va R® dugc chon doc 14p tir nhom ciu thanh
boi hydro va C1.Cs alkyl mach thang hoic mach nhanh.

Theo khia canh khéc, sang ché dé xuit hat nano ARN duoc bao nang lipit dugc
san xuét boi phuong phap nhu duge thé hién & day.

Theo khia canh khac nira, sang ché dé xuat hat nano ARN dugc bao nang lipit
duoc san xuét boi quy trinh, trong dé quy trinh bao gém cac budc a) cho dung dich
nude bao gdm ARN chay qua ong thir nhét c6 dudng kinh trong (ID) nam trong khoang
tr 0,17 (0,254 cm) (0,254cm) dén 0,132” (0,335 cm); b) cho dung dich etanol bao gém
lipit chay qua dng thtr hai ¢6 ID ndm trong khoang tir 0,005” (0,0127 cm) dén 0,02
(0,0508 cm) voi téc dd chay bang mot phan ba tc do chdy ctia dung dich nuéce qua ong
thir nhét, trong d6 lipit bao gdm lipit cation; va c) tron dung dich etanol v6i dung dich
nude bang cach cho dung dich etanol va dung dich nuge chay vao médun tron cau thanh
boi dng thir hai duoc ndi vudng goc voi 6ng thir nhat; trong d6 qua trinh tron tao ra
dong dung dich ra trong éng thir nhit bao gdm dong chay rdi chira ARN va lipit trong
khoang tir 10% dén 75% thé tich/thé tich etanol, va trong do6 cac hat nano ARN dugc
bao nang lipit c6 cau trac hai 16p, va trong d6 cac hat nano ARN duoc bao nang lipit ¢6

c4u truc hai 16p va lipit bao gdm lipit cation c6 Céng thire L.
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Theo mét s6 phuong 4n, dong dung dich ra trong dng thir nhit bao gém dong
chay roi chita ARN va lipit trong khoang 10% dén khoang 50% thé tich/thé tich etanol.

Theo mét s phuong 4n, dong dung dich ra trong 6ng thir nhit bao gdm dong
chay rbi chira ARN va lipit trong khoang 16% dén khoang 50% thé tich/thé tich etanol.

Theo mdt sb phuong 4n, dong dung dich ra trong bng thir nhat bao gébm dong
chay rdi chira ARN va lipit trong khoang 10%, 15%, 20%, 25%, 30%, 35%, 40%, 44%,
50%, 55%, 60%, 70% hodc 75% thé tich/thé tich etanol.

Theo mdt s6 phwong 4n, dau ra c6 toc d6 chay it nhat bang 200 ml/phut.

Theo mdt sb phuong 4n, tbe d6 chay cua dau ra c6 sé Reynolds it nhit bing
2.000.

Theo mdt s6 phurong 4n, dung dich nudc duge bom qua bng thir nhat bang bom
HPLC thir nhat.

Theo mét sb phuong an, dung dich nuéc duge bom véi ap suat nguoc it nhét
bang 10 psi, 25 psi, 50 psi, 75 psi, hodc 100 psi.

Theo mot sb phuong an, éng thir nhit c6 ID bang 0,132” (0,335 cm).

Theo mét sb phuong 4n, dung dich nuéc duge bom véi tée do chay it nhit bang
30 ml/phit, 45 ml/phut, 60 ml/phut, 75 ml/phuat, 90 ml/phut, 105 ml/phut, 120 ml/phut,
150 ml/phut, 225 ml/phat, 262,5 ml/phut, 300 ml/phut, hodc 450 ml/phut.

Theo mét sé phuong an, dung dich nuéc bao gdm ARN bao gdm tir khoang 2
mM dén 50 mM dung dich dém xitrat, & d6 pH nidm trong khoang tir 3,0 dén 4,5.

Theo mdt sé phuong 4n, dung dich nudc bao gobm ARN con bao gbm tir khoang
10 mM dén 200 mM NaCl.

Theo mdt s6 phuong an, dung dich etanol dugc bom qua 6ng thir hai bang bom
HPLC tht hai.

Theo mot s6 phuong an, dung dich etanol dugc bom véi ap suit nguoc it nhat
bang 40 psi, 80 psi, 150 psi, 300 psi, hodc 400 psi.

Theo mot sé phuong an, dng thir hai ¢6 ID bang 0,007” (0,018 cm), 0,017
(0,0254 cm), hoac 0,02 (0,0508 cm).

Theo mét s phuong an, dung dich etanol dugc bom véi toe d6 chay it nhat bang
10 ml/phut, 15 ml/phut, 20 ml/phit, 25 ml/phuat, 30 ml/phat, 35 ml/phuat, 40 ml/phut, 50
ml/phit, 60 ml/phut, hodc 75 ml/phut, 87,5 nﬂ/phl'lt, 100 ml/phut, hodc 150 ml/phut.
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Theo mét sb phwong 4n, hdn hop thir nhét va thi hai duge duy tri & 15-20 °C.

Theo mét sé phuwong 4n, médun tron ciu thanh boi dng thir hai dugce gan vuong
gbc trén 6ng thir nhat, trong d6 bng thir nhat c6 phan hd qua thanh, trong d6 phan ho c6
c& bang khoang duong kinh ngodi ctia bng thi hai, va trong d6 Ong thir hai duoc lam
vira khit qua phén ho dé cho phép di chuyén lién tuc dung dich thir hai trong 6ng thir
hai vao dung dich thir nhit trong dng thir nhat.

Theo mdt s6 phwong 4n, mddun tron cau thanh béi dng thép khong gi.

Theo mét sb phuong 4an, phuong phap con bao gdm budc bom dung dich dém
pha loding qua 6ng thir ba, va tron dung dich dém pha lodng véi dung dich ra bang cach
dua dung dich dém pha loang vao dung dich ra ¢ viing nbi Y dé tao ra dung dich ra da
duogc pha loadng.

Theo mot sé phuong an, phwrong phép con bao gom buéc bom dung dich dém
pha lodng thir nhat qua dng thi ba va tron dung dich dém pha lodng thu nhit véi dung
dich ra bing cach dua dung dich dém pha lodng thir nhét vio dung dich ra & ving néi
hinh chit Y thir nhat dé tao ra dung dich ra d4 dugc pha lodng thir nhat.

Theo mét sé phuong an, dung dich dém pha loang thir nhat bao gdém tir khoang
10 mM dén 20 mM dung dich dém Tris, tir khoang 45 mM dén 55 mM NaCl, va tir
khoang 8% dén 10% sucroza, & do pH tir khoang 7,4 dén 8.5.

Theo mot sé phuwong an, dung dich dém pha loang thir nhit bao gdm tir khodng
10 mM dén 20 mM dung dich dém Tris, dén khoang 45 mM dén 55 mM NaCl, va tr
khoang 8% va 10% sucroza, & do pH tir khoang 7,4 dén 8,5 va ARN la siARN.

Theo mot s6 phuong an, phwong phap con bao gdm budc bom dung dich dém
pha loang thir hai qua 6ng thir tu, va tron dung dich dém pha loang thr hai v6i dung
dich ra da dugc pha loang thir nhét bang cach dua dung dich dém pha lodng thir hai vao
dung dich ra d4 duoc pha loang thir nhét & viing ndi hinh chit Y th hai dé tao ra dung
dich ra da dugc pha loang thir hai.

Theo mot sb phuong an, dung dich dém pha loing thir nhat bao gbm tir khoang
40 mM dén 90 mM dung dich dém phosphat, & d6 pH tir khoang 6,0 dén 6,5; va dung
dich dém pha loang thir hai bao gdm tir khodng 20 mM dén 50 mM dung dich dém
HEPES, tir khoang 50 mM dén 300 mM NaCl, tir khoang 0% dén 15% sucroza, & do
pH tir khoang 7,4 dén 8,5.
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Theo mét s6 phuong an, dung dich dém pha lodng thir hai bao gbm tir khoang
20 mM dén 50 mM dung dich dém HEPES, tr khoang 50 mM dén 300 mM NaCl, tir
khoang 0% dén 15% sucroza, & d6 pH tir khoang 7.4 dén 8.5.

Theo mét sé phuong an, dung dich dém pha loang thtr hai con bao gbm tir
khoang 25 mM dén 100 mM NaCl.

Theo mét sé phuong 4n, dung dich dém pha lodng thir nhit bao gém tir khoang
40 mM dén 90 mM dung dich dém phosphat, & d6 pH tir khoang 6,0 d&én 6,5 va ARN
la mARN.

Theo mot s6 phuong an, dung dich dém pha lodng thir nhit bao gdm tir khoang
40 mM dén 90 mM dung dich dém phosphat, & d6 pH tir khoang 6,0 dén 6,5; va dung
dich dém pha lodng tht hai bao gdm tir khoang 20 mM dén 50 mM dung dich dém
HEPES, tir khoang 50 mM dén 300 mM NaCl, tir khoang 0% dén 15% sucroza, & do
pH tir khoang 7,4 dén 8,5 va ARN la mARN.

Theo mét sé phuong an, dung dich dém pha lodng bao gbm tir khoang 5 dén 25
mM Tris, tir 15 dén 75 mM NaCl, tir khoang 3 dén 12% sucroza & d§ pH tir khoang 7,0
dén 8,5; tir khoang 5 dén 20 mM Tris, tir khoang 20 dén 70 mM NaCl, tir khoang 3 dén
12% sucroza & d6 pH tir khoang 7,0 dén 8,5; tir khoang 20 dén 65 mM phosphat & do
pH tir khodng 5,5 dén 8,0; tir khoang 10 dén 30 mM HEPES, tir khoang 25 dén 75 mM
NaCl, tir khoang 5 dén 12% sucroza & do pH tu khoang 7,0 dén 8,5; hoac tir khoang 25
dén 65 mM HEPES, tir khoang 25 dén 65 mM NaCl, tir khoang 3 dén 12% sucroza &
do pH tur khoang 7,0 dén 8,5. Theo mét s6 phuong an, dung dich dém pha lodng bao
gdm 15 mM Tris, 50 mM NaCl, 9% sucroza, dd pH = 7,5; 10 mM Tris, 50 mM NaCl,
9% sucroza & d6 pH = 7,5; 45 mM phosphat, d6 pH = 6,0; 20 mM HEPES, 50 mM
NaCl, 9% sucroza ¢ do pH tir khoang 7,4 dén 8,0; hoic 50 mM HEPES, 50 mM NaCl,
9% sucroza ¢ do pH tur khoang 7,4 dén 8,0. Theo mot ) phuong an, dung dich dém pha
lodng bao gém 15 mM Tris, 50 mM NaCl, 9% sucroza, d6 pH = 7,5; 10 mM Tris, 50
mM NaCl, 9% sucroza ¢ d6 pH = 7,5; 45 mM phosphat, d6 pH = 6,0; 20 mM HEPES,
50 mM NaCl, 9% sucroza & d6 pH tir 7,4 dén 8,0; hoic 50 mM HEPES, 50 mM NaCl,
9% sucroza ¢ do pH tir 7,4 dén 8,0.

Theo mét sé phuong an, dung dich ra dd dugc pha loang bao g6m 6,25% etanol;

8,25% etanol; 8,3% etanol; hodc 12,5% etanol.
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Theo mot sé phuong 4n, chi tiét ndi Y dugc ndi & goc khoang 45°.

Theo mét s6 phwong an, chi tiét ndi Y céu thanh béi polyete ete keton.

Theo mét s6 phuwong an, dung dich dém pha loing dugc bom qua b6ng thir ba véi
téc do chay 400-900 mL/phut.

Theo mét sé phuong 4n, 6ng thit ba ¢6 ID bang 0,25” (0,635 cm).

Theo mét s6 phuong an, ARN dugc bao nang boi hat nano lipit it nhat 13 70%,
75%, 80%, hodc 85% ARN dugc tron voi lipit.

" Theo mét sé phuong 4n, lipit trong hat nano ARN dugc bao nang lipit it nhat 1a
70%, 75%, 80%, hoac 85% lipit dugc tron vo1 ARN.

Theo mét s6 phuwong an, X' 1a S.

Theo mdt sb phuong 4n, mdi R” va R duogc chon doc lap tir nhom cAu thanh béi
metyl, etyl va isopropyl.

Theo mdt sé phuong 4n, mdi LS va LS doc lap 1a C1.Cio alkyl. Theo mét sb
phuong an, L® 1a C1.C3 alkyl, va L 1a C1.Cs alkyl. Theo mot s6 phuong 4n, L¢ 1a C1.C2
alkyl. Theo mdt s phuong 4n, L’ va L mdi 1a mach thang C7 alkyl. Theo mot s6 phuong
an, mbi L3va LS 1a Co alkyl mach thing.

Theo mét sé phuong 4n, mdi RS va R® doc 1ap 1a alkenyl. Theo mot s6 phuong
an, R%1a alkenyl. Theo mot s6 phuwong an, R® 14 C2.Cy alkenyl. Theo mét s6 phuong an,
alkenyl ctia m6i R®va R°ddc 1ap bao gdm mot lién két d6i. Theo mot s6 phuong 4n,
mdi RSva RC1a alkyl. Theo mot s6 phuong 4an, R’ 14 alkan mach nhanh. Theo mot s6
phuong 4n, mdi R%va R dwgc chon doc 1ap tir nhém céu thanh béi Co alkyl, Co alkenyl
va Co alkynyl. Theo mdt sé phuwong 4n, mdi R3va RS dugc chon doc lap tir nhém cau
thanh béi C) alkyl, C1; alkenyl, va Ci1 alkynyl. Theo mét sb phuong 4n, mdi R®va
R duoc chon doc lap tir nhém cau thanh boi C7 alkyl, Cyalkenyl, va C7alkynyl. Theo
mot sb phuong an, R’ 12 —CH((CH2),CH3)2 hoac —CH((CH2)pCH3)((CH2)p-1CHs), trong
d6 p bing 4-8. Theo mot sd phuong an, p bang 5 va L*1a C1.Cs alkyl. Theo mdt so
phuong an, p bang 6 va L*1a Cs alkyl. Theo mot s6 phuong 4n, p bang 7. Theo mot s6
phuong 4n, p bing 8 va L’ 1a C1.Cs alkyl. Theo mot sb phuong 4n, R® céu thanh béi —
CH((CH2),CH3)((CHa)p-1CH3), trong d6 p bang 7 hoic 8.

Theo mét sé phuong 4n, R*14 etylen hodc propylen. Theo mot sé phuong an,

R*1a n-propylen hoic isobutylen.
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Theo mét s6 phuong 4n, L7 khéng c6 mit, R*13 etylen, X712 S vamdi R’ vaR%1a
metyl. Theo mot sb phwong 4n, L7 khéng c6 mit, R* 14 n-propylen, X7 1a S va méi R7 va
R®1a metyl. Theo mdt s6 phuong an, L7 khéng c6 mit, R*1a etylen, X712 S va mdi R7 va
R®1a etyl.

Theo mot s6 phuong an, lipit cation dugc chon tir nhom cAu thanh boi
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Theo mét s6 phuong an, hat nano ARN dugc bao nang lipit c6 ¢ hat trung binh
nhé hon khoang 100 nm. Theo mét s6 phuong 4n, hat nano ARN dugc bao nang lipit
c6 ¢& hat trung binh khoang 55 nm dén khoang 85 nm.

Theo mdt s6 phuong an, hat nano ARN duge bao nang lipit bao nang it nhat
khoang 50% ARN. Theo mot sO phuong 4n, hat nano ARN duoc bao nang lipit bao
nang it nhat khoang 85% ARN.

Theo mét s6 phuong 4n, hat nano ARN dugc bao nang lipit con bao gom lipit
trg gitp dugc chon tr nhém ciu thanh boi dioleoylphosphatidyl etanolamin (DOPE),
dimyristoylphosphatidyl cholin (DMPC), distearoylphosphatidyl cholin (DSPC),
dimyristoylphosphatidyl glyxerol (DMPG), dipalmitoyl phosphatidylcholin (DPPC), va
phosphatidylcholin  (PC). Theo mot s6 phuong 4n, lipit trg gip la
distearoylphosphatidylcholin (DSPC).

Theo mét s phwong an, hat nano ARN dugc bao nang lipit con bao gdém
cholesterol.

Theo mdt sé phuong 4n, hat nano ARN dugc bao nang lipit con bao gom thé
tiép hop polyetylen glycol (PEG)-lipit. Theo mt s6 phuong 4n, thé tiép hop PEG-lipit
14 PEG-DMG. Theo mdt sé phuong 4n, PEG-DMG la PEG2000-DMG (Dimyristoyl
glyxerol).

Theo mot sé phwong 4n, phén lipit ctia hat nano ARN dugc bao nang lipit bao
gdm khoang 48 % mol dén khoang 66 % mol lipit cation c6 thé ion héa, khoang 2 %
mol dén khoang 12 % mol DSPC, khoang 25 % mol dén khoang 42 % mol cholesterol,
va khoang 0,5 % mol dén khodng 3 % mol PEG2000-DMG. Theo mdt s6 phuong én,
phan lipit ctia hat nano ARN dugc bao nang lipit bao g6m khoang 50 % mol dén khoang
61 % mol lipit cation c6 thé ion héa, khodng 5 % mol dén khoang 9 % mol DSPC,
khoang 29 % mol dén khoang 38 % mol cholesterol, va khoang 1 % mol dén khoang 2
% mol PEG2000-DMG. Theo mét sd phuong an, phﬁn lipit cia hat nano ARN duoc
bao nang lipit bao gdbm khoang 56 % mol dén khoang 58 % mol lipit cation c6 thé ion
héa, khoang 6 % mol dén khoang 8 % mol DSPC, khoang 31 % mol dén khoang 34 %
mol cholesterol, va khoang 1,25 % mol dén khoang 1,75 % mol PEG2000-DMG.

Theo mét sb phuong an, hat nano ARN dugc bao nang lipit ¢6 téng ty 1& khi

luong lipit: ARN khoéang 50:1 dén khoang 3:1. Theo mot s6 phuong an, hat nano ARN
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duoc bao nang lipit c6 tong ty 18 khéi lugng lipit: ARN khoang 50:1 dén khoang 5:1.
Theo mot s6 phuong an, hat nano ARN duge bao nang lipit c6 téng ty 16 khi lugng
lipit: ARN khoang 50:1 dén khoang 10:1. Theo mét sé phurong 4n, hat nano ARN dugc
bao nang lipit ¢6 tong ty 1& khéi lrong lipit: ARN khoéng 40:1 dén khoang 20:1. Theo
mot s6 phuong 4n, hat nano ARN dugc bao nang lipit c6 tong ty 1& khéi luong lipit: ARN
khoang 35:1 dén khoang 25:1. Theo mot s6 phuong an, hat nano ARN dugc bao nang
lipit c6 tong ty 1& khdi lwong lipit: ARN khoang 28:1 dén khoang 32:1. Theo mét sé
phuong an, hat nano ARN dugc bao nang lipit cé téng ty 1& khdi lwong lipit: ARN
khoang 29:1 dén khoang 31:1.

Theo mét sé phuong an, hat nano ARN dugc bao nang lipit bao gom lipit
cation:DOTAP:DSPC:Cholesterol:PEG véi ty 1€ phﬁn tram mol 1a 25:25:10:38,5:1,5,
25:25:10:37:3, 25:25:10:35:5, 20:20:7:51,5:1,5, 25:20:10:42:3, 20:30:13:32:5,
25:20:10:40:5, 25:25:13:35,5:1,5, 25:30:7:35:3, 30:20:13:34:3, 30:25:7:33:3,
30:30:10:25,8:1,5, 15:20:13:49:3, 20:20:13:44:3, 20:25:13:39:3, 15:25:13:44:3,
20:25:13:39:3, 25:25:13:34:3, 30:20:13:34:3, hoac 30:30:13:29:3.

Theo mot sd phuong an, hat nano ARN dugc bao nang lipit bao gém tur khoang
20% khéi luong/khéi luong va 60% khéi luong/khdi lwong lipit cation. Theo mot sd
phuong an, hat nano ARN duoc bao nang lipit bao gdm nho6 hon khoang 90% khoi
luong/khéi lugng lipit cation.

Theo mdt s6 phurong an, hat nano ARN duge bao nang lipit bao gbm tir khoang
5% khéi luong/khéi lwong va 30% khéi luong/khéi lugng lipit tro gitip.

Theo mét sb phuong an, hat nano ARN dugc bao nang lipit bao g6m tir khoang
0% khéi luong/khéi luong va 60% khéi lugng/khédi lugng cholesterol.

Theo mdt s6 phuong an, hat nano ARN duge bao nang lipit bao gom tir khoang
0,5% khéi luong/khdi luong va 15% khéi luong/khdi lugng polyetylen glycol (PEG).

Theo mdt s6 phuong an, hat nano ARN duge bao nang lipit bao g6m tir khodng
5% khdi luong/khéi luong va 25% khbi lugng/khdi luong lipit trung hoa.

Theo mot sb phuong an, hat nano ARN dugc bao nang lipit bao gbm tir khoang
0% khdi luong/khdi lwong va 30% khéi lugng/khdi lwong phospholipit.

Theo mdt sé phuong an, hat nano ARN dugc bao nang lipit bao gbm ty 1& mol

nim trong khoang tir 1,5:1 dén 9:1 cholesterol: ARN.
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Theo mot sé phuong 4n, hat nano ARN dugc bao nang lipit bao gbm ty 1& mol
nim trong khoang tir 0,5:1 dén 5:1 PEG:mARN.

Theo mot s§ phuong an, hat nano ARN dugc bao nang lipit bao gbm ty 1& mol
nim trong khoang tir 0,25:1 dén 4:1 lipit trg gitip: ARN.

Theo mot sb phuong an, hat nano ARN dugc bao nang lipit bao gdm ty 1& mol
nim trong khoang tir 1:1 dén 7:1 liptit cation:ARN. Theo mot s6 phuong an, hat nano
ARN duoc bao nang lipit bao gdm tir khoang 10% khdi lugng/khéi lugng va 98% khbi
luong/khéi lwong lipit cation c6 Cong thitc I. Theo mot s6 phuong 4n, hat nano ARN
dugc bao nang lipit bao gém ty 1& mol nim trong khoang tir 5,4:1 dén 15,4:1 lipit
cation:ARN. Theo mét s6 phuong 4n, hat nano ARN dugc bao nang lipit bao gom lipit
cation % mol va/hoac ty 1€ lipit cation:ARN nhu duoc thé hién trén FIG. 2. Theo mét
s6 phuong 4n, hat nano ARN dugc bao nang lipit bao gdm ché pham lipit cation va/hodc
% mol lipit nhu dugc thé hién trén FIG. 3.

Theo mot sb phuong 4n, ARN duoc chon tir nhém cau thanh bdi tARN (ARN
chuyén), snARN (ARN nhin nho), rARN (ARN ribosom), mARN (ARN thong tin),
ARN d6i nghia, siARN (ARN cén tré nhod) va ARN tu sao chép.

Theo mot s6 phuong 4n, ¢& hat trung binh nh6 hon 70 nm, 80 nm, 90 nm, hoac
100 nm.

Theo mot sb phuong an, chi sb da phéan tan nhé hon 0,05, 0,07, hoac 0,09.

Theo mdt sb phuong an, ty 1€ phﬁn tram ctia ARN bao nang 16n hon 90%, 94%,
96%, hodc 98%.

Theo mét s6 phuong 4n, c& mé 1a 0,05 dén 100 g ARN. Theo mot s6 phuong
4n, c& mé 12 0,05 dén 30 g ARN.

Theo mot s6 phuong an, su bién thién ctia c& hat trung binh giita cac mé nho

hon 10%.

Nucleotit tir nhién va duoc cai bién

To6t hon 1a mARN duoc mé ta & ddy bao gom mét hoac nhicu nucleotit dugc cai
bién hoa hoc. Cac vi du vé cdc monome axit nucleic gom cac nucleotit dugc cai bién
hoa hoc, dugc cai bién va khéng ¢6 trong tu nhién, gom cac nucleotit bat ky nhu vay

duoc biét trong linh vyc k¥ thuat. Cac nucleotit c6 thé dugc cai bién nhan tao & phﬁn
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bazo hodc phin duong. Trong ti nhién, hiu hét cac nucleotit bao gém cac nucleotit
“khong duge cai bién” hodc “ty nhién”, ma gdm cac bazo purin adenin (A) va guanin
(G), va cac bazo pyrimidin thymin (T), xytosin (C) va uraxin (U). Cac bazo nay thuong
duoc cb dinh voi roboza hodc deoxy roboza & vi tri 1'. Viée st dung cac polynucleotit
mARN bao gdm nucleotit dugc cai bién hoa hoc dirge thé hién 1a dé cai thién sy biéu
hién mARN, tdc do biéu hién, thoi gian ban thai vi/hodc ndng d protein dugc biéu
hién. Cac polynucleotit mARN bao gdm nucleotit duoc cai bién héa hoc ciing 1a hiru
ich trong viéc t6i uu héa su dinh vi protein tir d6 tranh dwgc cac dép tng sinh hoc ¢6
hai nhu cac dap ting mién dich va/hodc cac con dudng thodi bién.

Céac vi du vé cac nucleotit dugc cai bién hodc duoc cai bién hoa hoc g61n 5-
hydroxyxytidin, 5-alkylxytidin, 5-hydroxyalkylxytidin, 5-carboxyxytidin, 5-
formylxytidin, 5-alkoxyxytidin, 5-alkynylxytidin, 5-haloxytidin, 2-thioxytidin, N4-
alkylxytidin, N*-aminoxytidin, N*-axetylxytidin, va N* N*-dialkylxytidin.

Cac vi du vé céc nucleotit duoc cai bién hodc duoc cai bién hoéa hoc g61n 5-
hydroxyxytidin, 5-metylxytidin, 5-hydroxymetylxytidin, 5-carboxyxytidin, 5-
formylxytidin, 5-metoxyxytidin, 5-propynylxytidin, 5-bromoxytidin, 5-iodoxytidin, 2-
thioxytidin; N*metylxytidin, N*aminoxytidin, N*-axetylxytidin, va N*N*
dimetylxytidin.

Cac vi du vé cac nucleotit duogc cai bién hodc duoc cai bién hoa hoc gSm 5-
hydroxyuridin, ~ 5-alkyluridin,  5-hydroxyalkyluridin,  5-carboxyuridin, 5-
carboxyalkylesteruridin, 5-formyluridin, 5-alkoxyuridin, 5-alkynyluridin, 5-halouridin,
2-thiouridin, va 6-alkyluridin.

Céac vi du vé cac nucleotit duoc cai bién hodc duoc cai bién héa hoc gém 5-
hydroxyuridin, ~ 5-metyluridin, ~ 5-hydroxymetyluridin,  5-carboxyuridin,  5-
carboxymetylesteruridin, 5-formyluridin, 5-metoxyuridin (cling dugc dé cap o day la
“5MeOU”), 5-propynyluridin, 5-bromouridin, 5-florouridin, 5-iodouridin, 2-thiouridin,
va 6-metyluridin.

Céac vi du vé cac nucleotit duoc cai bién hodc duoc cai bién hoa hoc gém 5-
metoxycarbonylmetyl-2-thiouridin, 5-metylaminometyl-2-thiouridin, 5-
carbamoylmetyluridin, 5-carbamoylmetyl-2'-O-metyluridin, 1-metyl-3-(3-amino-3-

carboxypropy)pseudouridin, 5-metylaminometyl-2-selenouridin, 5-
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carboxymetyluridin, 5-metyldihydrouridin, 5-taurinometyluridin, 5-taurinometyl-2-
thiouridin, 5-(isopentenylaminometyl)uridin, 2'-O-metylpseudouridin, 2-thio-2'0O-
metyluridin, va 3,2'-O-dimetyluridin.

Céac vi du vé cac nucleotit duoc cai bién hodc dugc cai bién hoa hoc g6m Ne¢-
metyladenosin, 2-aminoadenosin, 3-metyladenosin, 8-azaadenosin, 7-deazaadenosin,
8-oxoadenosin, 8-bromoadenosin, 2-metylthio-NS-metyladenosin, Ne6-
isopentenyladenosin, 2-metylthio-N®-isopentenyladenosin, N®-(cis-
hydroxyisopentenyl)adenosin, 2-metylthio-N°-(cis-hydroxyisopentenyl)adenosin, N°-
glyxinylcarbamoyladenosin, NC¢-threonylcarbamoyl-adenosin, NC-metyl-N°-
threonylcarbamoyl-adenosin, ~2-metylthio-N°-threonylcarbamoyl-adenosin, N N°-
dimetyladenosin, N¢-hydroxynorvalylcarbamoyladenosin, 2-metylthio-N°-
hydroxynorvalylcarbamoyl-adenosin, ~ N°-axetyl-adenosin, ~ 7-metyl-adenin,  2-
metylthio-adenin, 2-metoxy-adenin, alpha-thio-adenosin, 2'-O-metyl-adenosin, N®2'-
O-dimetyl-adenosin, N®NS,2'-O-trimetyl-adenosin, 1,2'-O-dimetyl-adenosin, 2'-O-
ribosyladenosin, 2-amino-N°-metyl-purin, 1-thio-adenosin, 2'-F-ara-adenosin, 2'-F-
adenosin, 2'-OH-ara-adenosin, va N°-(19-amino-pentaoxanonadexyl)-adenosin.

Céc vi du vé cac nucleotit dugc cai bién hoic dugc cai bién hoa hoc gém NL
alkylguanosin, N2-alkylguanosin, thienoguanosin, 7-deazaguanosin, 8-oxoguanosin, 8-
bromoguanosin, O6-alkylguanosin, xanthosin, inosin, va Nl-alkylinosin.

Céc vi du vé cac nucleotit duoc cai bién hodc dwoc cai bién héa hoc gém NL
metylguanosin, N2-metylguanosin, thienoguanosin, 7-deazaguanosin, 8-oxoguanosin,
8-bromoguanosin, O6-metylguanosin, xanthosin, inosin, va Nl-metylinosin.

Céc vi du vé cac nucleotit duge cai bién hodc duge cai bién hoa hoc gom
pseudouridin. Cac vi du vé pseudouridin gom N'-alkylpseudouridin, N
xycloalkylpseudouridin, N'-hydroxypseudouridin, N'-hydroxyalkylpseudouridin, N'-
phenylpseudouridin, N-phenylalkylpseudouridin, N'-aminoalkylpseudouridin, N°-
alkylpseudouridin, NS-alkylpseudouridin, Ne-alkoxypseudouridin, N¢-
hydroxypseudouridin, N°-hydroxyalkylpseudouridin, N®-morpholinopseudouridin, N°-
phenylpseudouridin, va N°-halopseudouridin. Céc vi du vé pseudouridin gom N'-alkyl-
NS-alkylpseudouridin, Nlalkyl-N®-alkoxypseudouridin, Nlalkyl-NS-
hydroxypseudouridin, Nlalkyl-N¢-hydroxyalkylpseudouridin, Nl-alkyl-N¢-
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morpholinopseudouridin, ~ N'-alkyl-N®-phenylpseudouridin, ~ va  Nl-alkyl-NS-
halopseudouridin. Trong céc vi du nay, cic phan tir thé alkyl, xycloalkyl, va phenyl c6
thé khong duoc thé, hodc con duoc thé béng cac phén tir thé alkyl, halo, haloalkyl,
amino, hodac nitro.

Céc vi dy vé pseudouridin gdm N'-metylpseudouridin (cling dugc dé cap o day
la “N1IMPU”), Nl-etylpseudouridin, Nlpropylpseudouridin, NL
xyclopropylpseudouridin, N-phenylpseudouridin, Nl-aminometylpseudouridin, N°-
metylpseudouridin, N!-hydroxypseudouridin, va N'-hydroxymetylpseudouridin.

Céc vi du vé ciac monome axit nucleic gém cac nucleotit duoc cai bién va dugc
c4i bién héa hoc, gdm céac nucleotit bat ky nhu vay dugc biét trong linh vuc k¥ thuat.

Céc vi du v& monome nucleotit duoc cai bién va duoc cai bién hoa hoc gém cac
nucleotit bat ky nhu vay duogc biét trong linh vuc ky thuat, vi dy, 2'-O-metyl
ribonucleotit, 2'-O-metyl purin nucleotit, 2'-deoxy-2'-flo ribonucleotit, 2'-deoxy-2'-flo
pyrimidin nucleotit, 2'-deoxy ribonucleotit, 2'-deoxy purin nucleotit, nucleotit bazo
chinh tic, 5-C-metyl-nucleotit, va gbc monome deoxyabazo nghich dao.

Céac vi du vé monome nucleotit dugc cai bién va duoc cai bién hoa hoc génl
nucleotit duoc 6n dinh dau 3', 3'-glyxeryl nucleotit, nucleotit abazo nghich dao 3', va
thymidin nghich dao 3".

Céac vi du vé monome nucleotit dugc cai bién va duoc cai bién héa hoc gém
nucleotit cua axit nucleic duoc khoa (locked nucleic acid nucleotide - LNA), nucleotit
2'-0,4'-C-metylen-(D-ribofuranosyl), nucleotit 2'-metoxyetoxy (MOE) , 2'-metyl-thio-
etyl, 2'-deoxy-2'-flo nucleotit, va 2'-O-metyl nucleotit. Theo mot phuong 4n lam vi duy,
monome dugc cai bién 12 nucleotit cua axit nucleic dugc khoa (LNA).

Céc vi du vé monome nucleotit dugc cai bién va duogc cai bién héa hoc g@)m 2
’ 4" -bigiéihan2’ -O-metoxyetyl (¢cMOE) va ADN dugc cai bién 2’ -O-Etyl (cEt).

Céc vi du vé monome nucleotit duoc cai bién va dugc cai bién hoa hoc gém 2'-
amino nucleotit, 2'-O-amino nucleotit, 2'-C-alyl nucleotit, va 2'-O-alyl nucleotit.

Cacvidu vé monome nucleotit dugc cai bién va duogc cai bién hoa hoc gém Ne-

metyladenosin nucleotit.
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Céc vi du v& monome nucleotit dugc cai bién va duogc cai bién héa hoc gﬁ“)m cac
monome nucleotit véi cac bazo dugc cai bién 5-(3-amino)propyluridin, 5-(2-
mercapto)etyluridin, 5-bromouridin; 8-bromoguanosin, hodc 7-deazaadenosin.

Céac vi du v& monome nucleotit duoc cai bién va duge cai bién héa hoc gém
nucleotit duoc thé 2'-O-aminopropyl.

Céac vi du vé monome nucleotit duoc cai bién va dugc cai bién hoa hoc gém
viéc thay thé nhém 2'-OH cia nucleotit v6i 2'-R, 2'-OR, 2'-halogen, 2°-SR, hodc 2
amino, trong do R c6 thé 1a H, alkyl, alkenyl, hoic alkynyl.

Vi du vé cac cai bién bazo duge moé ta trén day co thé duoc két hop véi cac cai
bién bd sung ciia nucleosit hodc cau tric nucleotit, gdm cac cai bién dudng va cac cai
bién lién két. Cac monome nucleotit duoc cai bién hoac dugc cai bién hoa hoc nhat dinh
c6 thé duoc tim théy trong tur nhién.

Cac cai bién nucleotit dugc wu tién gom N'-metylpseudouridin va 5-

metoxyuridin.

5' Cap

Céu tric Cap trén dau 5' cia mARN (hoic ARN tu sao chép), duogc thé hién
trong tAt c& céc vi sinh vat c6 nhan dién hinh (va mot s6 virut) la quan trong dé 6n dinh
mARN in vivo. Cac ciu tric Cap xuét hién trong tu nhién bao gom gbc ribo-guanosin
ma duogc metyl hoa & vi tri N7 ctia bazo guanin. 7-metylguanosin (m’G) nay dwoc lién
két qua ddu 5’ - dén 5 -triphosphat & dau 5' clia phan tir mARN. Sy c6 mit ctia
doan m’Gppp trén dau 5' 1a can thiét dé dot bién mARN vi n6 bao vé mARN khoi sur
thoai bién boi exonucleaza, thuin tién cho viéc van chuyén mARN tir nhan dén té bao
chit va dong vai tro quan trong trong viéc lip rap phic hop khéi dau dich ma
(Cell 9:645-653, (1976); Nature 266:235, (1977); Federation of Experimental
Biologists Society Letter 96:1-11, (1978); Cell 40:223-24, (1985); Prog. Nuc. Acid
Res. 35:173-207, (1988); Ann. Rev. Biochem. 68:913-963, (1999);va J Biol.
Chem. 274:30337-3040, (1999)).

Chi cac mARN nay méi c6 cau tric Cap duoc hoat dong trong qué trinh dich
ma phu thugc Cap; “su cat ngon” mARN lam mat hiu nhu toan toan hoat tinh khuén

miu cia chung d6i voi su tong hop protein (Nature, 255:33-37, (1975); J. Biol.
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Chem., vol. 253:5228-5231, (1978); va Proc. Natl. Acad. Sci. USA, 72:1189-1193
(1975)).

Yéu té khac cia mARN cta sinh vat c6 nhan dién hinh 13 sy c6 mit ciia cac géc
2" -O-metyl nucleosit ¢ vi tri phién ma 1 (Cap 1), va trong mot s6 truong hop, ¢ cac vi
trf phién ma 1 va 2 (Cap 2). Qua trinh 2'-O-metyl héa mARN tao ra hi€éu quéa dich ma
mARN cao hon in vivo (Proc. Natl. Acad. Sci. USA, 77:3952-3956 (1980)) va con cai
thién tinh dn dinh nucleaza cia mARN duoc gin mii & dau 5. mARN véi Cap 1 (va
Cap 2) 12 déu phén biét cho phép té bao nhan dién d4u 5' ciia mARN thién ¥, va trong
mdt sb trudmg hop, dé phan biét ddi véi cac phién ma co ngudn goe tir yéu to di truyén
lay nhiém (Nucleic Acid Research 43: 482-492 (2015)).

Mot s6 vi du vé ciu tric 5' cap va cac phuong phap didu ché mARN bao gom
cau tric nay dugc dwa ra trong WO 2015/051169A2, WO 2015/061491, US
2018/0273576, va cac US Patent sb 8,093,367, 8,304,529, va U.S. s6 10,487,105. Theo
mot s6 phuong an, 5' cap 1a m’GpppAmpG, ma duge biét trong linh vuc k¥ thuat. Theo
mot s6 phuong 4an, 5' cap 1a m’GpppG hoidc m’GpppGm, ma la da biét trong linh vyc
ky thuat. Cac cong thiic cau tric d61 v6i cac phuong an cua céu tric 5' cap duge dua ra

dudi day.

Theo mét s phwong 4n, mARN duge mé ta & diy bao gbm 5' cap c6 céu tric
c6 Cong thtc (Cap I).

R2

P
0 P
B! \{P}/ \mRNA
n (Cap ]

trong d6 B! 1a nucleobazo tu nhién hoac dugc cai bién; mdi R! va R? doc lap duge chon
tur halogen, OH, va OCH3; mbi P doc lap dugc chon tir nhom céu thanh bai phosphat,
phophorothioat, va boranophosphat; n bing 0, 1, 2 hodc 3; mMARN thé hién mARN theo
séng ché duoc lién két & dau 5' cia n6. Theo mot s6 phuong an B! 1a G, m’G, hodc A.
Theo mot sé phuong an, n bang 0. Theo mot s6 phuwong an, B! 1a A hodc m°A va R! 1a
OCHs; trong d6 G 1a guanin, m’G la 7-metylguanin, A 1a adenin, va m®A 1a N°-
metyladenin.
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Theo mot s6 phuong an, mARN dugc mo ta ¢ day bao gom 5' cap c6 cau trac

c6 Cong thire (Cap II).

\mRNA (Cap II)
trong d6 mdi B! va B2 doc lap 1a nucleobazo tu nhién hodc duge cai bién; mdi R!, R?,
va R3 ddc 1ap dugc chon tir halogen, OH, va OCHs, mdi P doc 1ap duoc chon tir nhém
cau thanh bai phosphat, phophorothioat, va boranophosphat; mARN thé hién mARN
theo sang ché duoc lién két & dau 5' ciia no; n bﬁng 0, 1, 2 hodc 3; va L! 1a phosphat,
phosphorothioat, hodc boranophospat, trong dé it nhat mot trong s6 R!, R?, va R3 1a OH.
Theo mot sé phuong 4n B! 1a G, m’G, hodc A. Theo mdt s6 phuong an, n bang 0. Theo
mot sb phuong an, B'1a A hodc m°A va R! 1a OCHs; trong d6 G 1a guanin, m’G 1a 7-

metylguanin, A 13 adenin, va m°A 12 N°-metyladenin.

Theo mét s6 phuong an, mARN dugc mo6 td ¢ day bao gom 5' cap c6 cau tric

c6 Cong thuc (Cap III).

RZ
R Pl LP ,
P o B
O n
g
P, R3
O g3

mRNA R* (Cap III)
trong d6 mdi B!, B2, va B doc lap la nucleobazo tu nhién hodc duoc cai bién; mdi R!,
R2, R3, va R* doc 1ap duoc chon tir halogen, OH, va OCHs; mdi P doc 1ap duoc chon tir
nhém céu thanh boi phosphat, phosphorothioat, va boranophosphat; mARN thé hién
mARN theo sang ché duoc lién két & dau 5' ciia nd; n bang 0, 1, 2 hoge 3; va L' 1a

phosphat, phosphorothioat, hoiac boranophospat, trong do it nhat mot trong sé R!, R,
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R3, va R* 1a OH. Theo mét sé phuong 4n B! 1a G, m’G, hodc A. Theo mét sé phuong
4n, B! 13 A hodc m°A va R! 1a OCHj3; trong d6 G la guanin, m’G 13 7-metylguanin, A
14 adenin, va m°A 1a NS-metyladenin. Theo mét s6 phurong 4n, n bang 1.

Theo mdt sé phuong an, mARN duge mé ta & diy bao gom chét tvong dong

m’GpppG 5' cap c6 céu triic ¢6 Cong thire (Cap IV).

- 0
(Sv {1
N \[Pk o N W S,
O U
i
o A (Cap IV)

trong d6, mdi R!, R?, vaR?ddc 1ap dugce chon tir halogen, OH, va OCHs; mdi P doc 1ap
dugc chon tir nhém cédu thanh bai phosphat, phosphorothioat, va boranophosphat;
mARN thé hién mARN theo sang ché duoc lién két & dau 5' cha nd; n be"xng 0, 1, 2 hodc
3; va L! 1a phosphat, phosphorothioat, hodc boranophospat, trong do it nhat mot trong
s6 R, R2, va R? 1a OH. Theo mét sb phuong an, 5' cap 1a m’GpppG trong d6 mdi RY,
R2, vaR®1a OH, n bing 1, va L! 1a phosphat. Theo mot s6 phuong 4n, n béng 1. Theo
mdt s6 phuong an, mdi R! va R? 1a OH, R*1a OCHs, mdi P la phosphat tai do cac lién
két phosphodieste dugc tao ra, mARN 1a mARN theo sing ché dugc lién két & dau 5'
ctia n6, n bang 1, va L! 1a phosphat.
Theo mét s6 phuong 4n, mARN duge mé ta & day bao gdm chit twong dong
m’Gpppm’G 5' cap c6 cau trac c6 Cong thirc (Cap V).
1 R
R \N+ ,

</ NH

0 NP /k

N &

N \{P}/ o N NH,
n

o]

L' R3

° I (Cap V)
trong d6, mdi R, R%, vaR?® doc lap dugc chon tir halogen, OH, va OCHs; moi P doc lap
duoc chon tir nhém cdu thanh béi phosphat, phosphorothioat, va boranophosphat;
mARN thé hién mARN theo sang ché duoc lién két & dau 5' cuanéd; n bfmg 0, 1, 2 hoac
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3; va L! 1a phosphat, phosphorothioat, hoac boranophospat, trong do it nhat mot trong
s6 R!, R2, va R® 1a OH. Theo mét sé phuong an, n bang 0.

Theo mét s§ phuong 4n, mARN duge mé ta & ddy bao gdm m’Gpppm’GpN,
chét tuong déng 5', trong d6 N 1a nucleotit ty nhién hodc dugc cai bién, chat tuong déng

5' ¢ cau triic 6 Cong thire (Cap V).

MRNA R (Cap VI)

trong d6 B 12 nucleobazo tu nhién hodc dugc cai bién; mdi RY, R, R3, vaR*doc lap
duoc chon tir halogen, OH, va OCHs: mdi P doc l1ap dugc chon tir nhom cAu thanh boi
phosphat, phosphorothioat, va boranophosphat; mARN thé hién mARN theo sang ché
duoc lién két & d4u 5' ctia nd; n bﬁng 0, 1, 2 hodc 3; va L! 1a phosphat, phosphorothioat,
hodc boranophospat, trong do it nhat mét trong s6 R, R?, R?,va R* 1a OH. Theo mdt s6
phuong 4n B! 1 G, m’G, hodc A. Theo mét sé phuong 4n, B! 12 A hodc m°A va R! 1a
OCHs; trong d6 G 1a guanin, m’G 1d 7-metylguanin, A 13 adenin, vd mSA 1a N°-
metyladenin. Theo mét s6 phuong an, n bang 1.

Theo mdt sé phuong 4n, mARN dugc mb ta & day bao gém m’Gpppm’GpG
chét twong dong 5' ¢6 cau tric c6 Cong thirc (Cap VII).

RZ
R! 0o
N+
/2
o P . ) < / NH
N N 0 N N/
HN— 7 > NH,
N+
HN \ R -
o)
o) N
Y
L N\%\(
/ NH
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trong d6, mdi R}, R2, R3, va R* déc 1ap dugc chon tir halogen, OH, va OCHs, mdi P doc
1ap dwoc chon tir nhém cAu thanh bdi phosphat, phosphorothioat, va boranophosphat;
mARN thé hién mARN theo sang ché duoc lién két & dau 5' ctia n6; n br:ing 0, 1, 2 hoac
3; va L! 1a phosphat, phosphorothioat, hoac boranophospat, trong 4o it nhat mot trong
s R!, R, R, vaR* 1a OH. Theo mdt sb phuong 4n, n bang 1.

Theo mdt sb phuong 4n, mARN dugc mé ta & day bao gom m’Gpppm’Gpm’G
chét twong ddng 5' ¢ cau triac c6 Cong thirc (Cap VIII).

NH, (Cap VIII)

trong d6, mdi R!, R2, R3, va R* ddc lap dugc chon tir halogen, OH, va OCHs; mbi P doc
lap dugc chon tir nhém chu thanh bai phosphat, phosphorothioat, va boranophosphat;
mARN thé hién mARN theo sang ché duoc lién két & dau 5' ciia nd; n bﬁng 0, 1, 2 hoac
3; va L! 1a phosphat, phosphorothioat, hoac boranophospat, trong do it nhat mot trong
s6 R, R2, R3, vaR*1a OH. Theo mdt s6 phuong an, n bang 1.

Theo mét sé phuong 4n, mARN dugc mé ta & diy bao gom m’GpppA chét
twong dong 5' cap c6 cau tric c6 Cong thire (Cap IX).

2 NH,

X
4 N
N N; P\H/ P\&‘i% l N)
HN—Z  \ /. "
\iﬁi%’\l\ L1 RS
o} THRNA (Cap IX)
trong d6, mdi R}, R2, va R3 doc lap duogc chon tir halogen, OH, va OCHs, mdi P dc lap
duge chon tir nhém cdu thanh béi phosphat, phosphorothioat, va boranophosphat;
mARN thé hién mARN theo sang ché duoc lién két ¢ dau 5' cia né; n béng 0, 1, 2 hoac
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3; va L! 1a phosphat, phosphorothioat, hodc boranophospat, trong do it nhat mot trong
s6 R!, R2, va R? [a OH. Theo mdt sé phuong 4n, n bang 1.

Theo mét s6 phuong 4n, mARN dugc mé ta & day bao gdm m’GpppApN chat
twrong ddng 5° cap, trong d6 N 1a nucleotit tu nhién hoac duogc cai bién, va 5' cap c6 cau
triic c6 Cong thue (Cap X).

R?

e

N

H2N‘</N ) 7/\l\ P

HN R®
o o)
mRNA iy (Cap X)
trong d6 B? 1a nucleobazo ty nhién hodc dugc cai bién; mdi RY, R2, R3, vaR*doc lap
duogc chon tir halogen, OH, va OCHs; moi P doc 1ap duge chon tir nhém cAu thanh boi
phosphat, phosphoréthioat, va boranophosphat; mARN thé hién mARN theo sang ché
duoc lién két & ddu 5' cia no; n bang 0, 1, 2 hoidc 3; va L! 1a phosphat, phosphorothioat,
hodc boranophospat, trong do it nhit mét trong sé R!, R%, R3, vaR* la OH. Theo mot )
phuong 4n B? 1 G, m’G, A hodc m°A; trong d6 G 1a guanin, m’G la 7-metylguanin, A

14 adenin, va mSA 1a N6-metyladenin. Theo mot sb phuong 4n, n bang 1.
Theo mot s6 phuong 4n, mARN duge mé ti & day bao gdm m’GpppAmpG chat

tuong dong 5' cap c6 cAu tric c6 Cong thire (Cap XI).

R2

R NH,
/N N
g P\[P]'P <N | JN
N N O =
HN-</N \ W
2 N
AN P,
HN OCHy
o o
L /=N

/ N
mRNA W/Kfo
R4
e
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trong d6, mdi RY, R, vaR*doc 1ap dugc chon tir halogen, OH, va OCHs, méi P ddc 1ap
duwoc chon tir nhém céu thanh boi phosphat, phosphorothioat, va boranophosphat;
mARN thé hién mARN theo sang ché dugc lién két & dau 5' ciia n6; n béng 0, 1, 2 hoac
3; va L! 1a phosphat, phosphorothioat, hoac boranophospat, trong 4o it nhat mot trong
sé RY, R2, vaR* la OH. Theo mét sb phuong an, hop chit c6 Cong thire Cap XI 1a
m’GpppAmpG, trong d6 mdi R!, R2, vaR* 1a OH, n bang 1, va L' 14 lién két phosphat.

Theo mot s6 phwong 4n, n bing 1.

Theo mdt s phuong 4n, mARN dugc mé ta & diy bao gom m’GpppApm’G
chét twong ddng 5' ¢6 ciu tric c6 Cong thirc (Cap XII).

R2

R1\(S\/
N / \
2N—</ }v" ) N_/

7/
/=

mRNA NW
4 = O
R

N NH

HoN (Cap XII)
trong d6, mdi RY, R2, R?, vaR* ddc lap dugc chon tir halogen, OH, va OCH;s; mdi P doc
1ap dwoc chon tir nhém ciu thanh boi phosphat, phosphorothioat, va boranophosphat;
mARN thé hién mARN theo sang ché duoc lién két & dau 5' cia nd; n bﬁng 0, 1, 2 hoac
3; va L! 1a phosphat, phosphorothioat, hodc boranophospat, trong do it nhat mot trong
s R1, R2, R?, vaR* 1a OH. Theo mét s6 phuong an, n bang 1.

Theo mét s phuong 4n, mARN duge mb ta ¢ day bao gom m’GpppAmpm’G

chit twong ddng 5' cap cé cau tric c6 Cong thire (Cap XIII).
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trong d6, mdi R!, R?, va R*ddc lap duogc chon tir halogen, OH, va OCHs; mdi P doc lap
dugc chon tr nhém céu thanh béi phosphat, phosphorothioat, va boranophosphat;
mARN thé hién mARN theo sang ché dugc lién két & dau 5' ciia nd; n béng 0, 1, 2 hoac
3; va L! 1a phosphat, phosphorothioat, hodc boranophospat, trong do it nhit mot trong
s6 R1, R2, vaR* 1a OH. Theo mét s6 phuong 4n, n bang 1.

ARN c6 thé chira cdu triic 5' trinucleotit cap nhu dugc méd ta boi US
2018/0105551A1, toan bd ndi dung clia nd dwoc két hop vao day bang cach vién dan.

ARN tu nhién c6 thé c6 khung chinh phosphat. ARN nhu duge md ta & day co
thé chira cac loai khung chinh khac va cac bazo gdm axit nucleoic peptit,
phosphothionat, phosphoramidat, —phosphorothioat, va/hodc cac lién két

metylphosphonat.

Lipit cation

Ché pham lipit t6t hon la gom lipit cation thich hop dé tao ra liposom cation
hodc hat nano lipit. Cac lipit cation dugc nghién ctru rong rai dé phan phéi axit nucleic
do chiing c6 thé gin két véi cac mang tich dién 4m va tao ra qua trinh hép thu. Nhin
chung, cac lipit cation 1a ludng tinh chira nhém din dau ua nude duong, hai (hodc nhiéu
hon) dudi wa lipit, hodc phin steroit va phan ndi giita hai mién nay. Tt hon 1a, lipit
cation mang dién tich duong thuc ¢ khoang pH sinh ly. Céc liposom cation vé mit
truyén théng hé théng phan phéi khong phai virut duge sir dung phd bién nhat dbi véi
oligonucleotit, gdm ADN plasmit, oligo dbi nghia, va siARN/ARN kep téc nho-
shRNA). Céc lipit cation, nhu DOTAP, (l,2-dioleoyl-3- trimetylamoni-propan) va
DOTMA (N-[1-(2,3-dioleoyloxy)propyl]-N,N,N-trimetyl- amoni metyl sulfat) c6 thé

36

36/102



49205

tao ra cac phirc hgp hodc cac lipoplex véi axit nucleic tich dién am bang cach twong tac
tinh dién, tao ra hiéu qua chuyén nhiém in vitro cao.

Trong ché pham lipit va phuwong phap san xudt ché phim theo sing ché, lipit
cation c6 thé la, vi du, N,N-dioleyl-N,N-dimetylamoni clorua (DODAC), N,N-
distearyl-N,N-dimetylamoni bromua (DDAB), 1,2-dioleoyltrimetylamonipropan clorua
(DOTAP) (ciing da biét 1a N-(2,3-dioleoyloxy)propyl)-N,N,N-trimetylamoni clorua va
mudi 1,2-Dioleyloxy-3-trimetylaminopropan clorua), N-(1-(2,3-dioleyloxy)propyl)-
N,N,N-trimetylamoni clorua (DOTMA), N,N-dimetyl-2,3-dioleyloxy)propylamin
(DODMA), 1,2-DiLinoleyloxy-N,N-dimetylaminopropan (DLinDMA), 1,2-
Dilinolenyloxy-N,N-dimetylaminopropan (DLenDMA), 1,2-di-y-linolenyloxy-N,N-
dimetylaminopropan (y-DLenDMA), 1,2-Dilinoleylcarbamoyloxy-3-
dimetylaminopropan (DLin-C-DAP), 1,2-Dilinoleyoxy-3-
(dimetylamino)axetoxypropan (DLin-DAC), 1,2-Dilinoleyoxy-3-morpholinopropan
(DLin-MA), 1,2-Dilinoleoyl-3-dimetylaminopropan (DLinDAP), 1,2-Dilinoleylthio-3-
dimetylaminopropan (DLin-S-DMA), 1-Linoleoyl-2-linoleyloxy-3-
dimetylaminopropan (DLin-2-DMAP), mudi 1,2-Dilinoleyloxy-3-trimetylaminopropan
clorua (DLin-TMA.CI), mudi 1,2-Dilinoleoyl-3-trimetylaminopropan clorua (DLin-
TAP.C), 1,2-Dilinoleyloxy-3-(N-metylpiperazino)propan (DLin-MPZ), hoac 3-(N,N-
Dilinoleylamino)-1,2-propandiol ~ (DLinAP),  3-(N,N-Dioleylamino)-1,2-propandiol
(DOAP), 1,2-Dilinoleyloxo-3-(2-N,N- dimetylamino)etoxypropan (DLin-EG-DMA),
2,2-Dilinoleyl-4-dimetylaminometyl-[1,3]-dioxolan (DLin-K-DMA) hodac chét twong
dong ciia  chang,  (3aR,5s,6aS)-N,N-dimetyl-2,2-di((9Z,12Z)-octadeca-9,12-
dienyl)tetrahydro-3aH-xyclopenta[d][1,3]dioxol-5-amin, (62,92,282,317)-
heptatriaconta-6,9,28,3 1-tetraen-19-yl4-(dimetylamino)butanoat (MC3), LI'-(2-(4-(2-
((2-(bis(2-hydroxydodexyl)amino)etyl)(2-hydroxydodexyl)amino)etyl)piperazin-1-
yl)etylazanediyl)didodecan-2-ol  (C12-200), 2,2-dilinoleyl-4-(2-dimetylaminoetyl)-
[1,3]-dioxolan (DLin-K-C2-DMA), 2,2-dilinoleyl-4-dimetylaminometyl-[1,3]-dioxolan
(DLin-K-DMA), (672,97,287.,31Z)-heptatriaconta-6,9,28 31-tetraen-19-yl  4-
(dimetylamino) butanoat (DLin-M-C3-DMA), 3-((6Z,9Z,28Z7,31Z)-heptatriaconta-
6,9,28,3 I-tetraen-19-yloxy)-N,N-dimetylpropan-l-amin (MC3 ete), 4-((62,92,287,31
Z)-heptatriaconta-6,9,28,31-tetraen-19-yloxy)-N,N-dimetylbutan-l-amin (MC4 ete),
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hodc dang két hop bat ky ctia chiing. Cac lipit cation khac gbm, nhung khong chi gi6i
han &, N,N-distearyl-N,N-dimetylamoni bromua (DDAB), 3P-(N-(N'.N'-
dimetylaminoetan)- carbamoyl)cholesterol (DC-Choi), N-(I-(2,3-dioleyloxy)propyl)-
N-2-(sperminecarboxamido)etyl)-N,N-dimetylamoni trifluoraxetat (DOSPA),
dioctadexylamidoglycyl carboxyspermin (DOGS), 1,2-dileoyl-sn-3-phosphoetanolamin
(DOPE), 1,2-dioleoyl-3-dimetylamoni propan (DODAP), N-(1,2-dimyristyloxyprop-3-
y1)-N,N-dimetyl-N-hydroxyetyl amoni bromua (DMRIE), va 2,2-Dilinoleyl-4-
dimetylaminoetyl-[1,3]-dioxolan (XTC). Ngoai ra, cac ché pham thuong mai cia cac
lipit cation c6 thé duoc st dung, nhu, vi du, LIPOFECTIN (gém DOTMA va DOPE,
6 sdn tir GIBCO/BRL), va Lipofectamin (bao gdm DOSPA va DOPE, c6 sin tur
GIBCO/BRL).

Cac lipit cation thich hop khac duge bdc 16 trong Céng bd don québc té s6 WO
09/086558, WO 09/127060, WO 10/048536, WO 10/054406, WO 10/088537, WO
10/129709, va WO 2011/153493; Céng bd sang ché My s6 2011/0256175,
2012/0128760, va 2012/0027803; Patent My s6 8,158,601; va Love et al., PNAS,
107(5), 1864-69, 2010, ndi dung cua ching dugc két hop vao day béng cach vién dan.

Cac lipit cation thich hop khac gom céc lipit c¢6 cac nhém axit béo khac va cac
nhém dialkylamino khéc, gdm céc lipit, trong d6 cac phan tir alkyl 14 khac nhau (vi du,
N-etyl- N-metylamino-, va N-propyl-N-etylamino-). Cac lipit nay 1a mdt phan cua
nhém phu cua cac lipit cation duge goi 1a cac lipit amino. Theo mot s6 phuong 4n cua
ché pham lipit dugc mé ta & day, lipit cation 1a lipit amino. Nhin chung, lipit amino c6
mach axyl kém bao hoa hon dugc tao cd don gian hon, cu thé 1a khi cac phirc hop phai
c¢6 ¢& nho hon khoang 0,3 micron, nhim muc dich loc v6 trung. Cac lipit amino chira
céc axit béo khong bdo hoa v6i chiéu dai mach cacbon nim trong khoang tir C14 dén
C22 c6 thé duoc str dung. Cac khung khac ciing co thé dugc sir dung dé tach nhém
amino va axit béo hodc phan alkyl béo cita lipit amino.

Theo mét s6 phuong an, ché pham lipit va phuong phap san xuat ché pham nay
bao gdm lipit cation c6 Cong thirc I theo don sang ché PCT/EP2017/064066. Trong ban
mé t& nay, phin boc 16 ciia PCT/EP2017/064066 ciing dugc két hop vao day bang cach

vién dan.
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Theo mét s6 phuong 4n, amino hodc céc lipit cation theo sang ché co thé duoc
ion héa va c6 it nhit mot nhém cé thé proton héa hodic khir proton (“lipit cation c6 thé
ion h6a”), sao cho lipit dugce tich dién duong ¢ d pH ¢ hodc dudi d6 pH sinh ly (vi du,
d6 pH = 7,4), va trung hoa ¢ d6 pH thu hai, t6t hon 14 & hodc trén dd pH sinh ly. Puong
nhién, s& hiéu ring viéc bd sung hodc loai proton 1a ham ctia dd pH 13 quy trinh can
bang, va vién dan téi lipit mang dién tich hodc trung hoa dé chi ban chét cia cac loai
chiém vu thé va khong doi hoi tit ca lipit c6 mit & dang mang dién tich hoidc trung hoa.
Céc lipit ¢6 nhiéu hon mot nhém cé thé proton hoéa hodc khtr proton, hodc 1a ludng tinh,
khong dugc loai trir khai viéc sir dung trong sang ché. Theo cc phuong an nhat dinh,
cac lipit c6 thé proton hoéa cé pKa ctia nhém cé thé proton hoa nam trong khoang tir
khoang 4 dén khoang 11. Theo mdt s6 phuong 4n, lipit cation c6 thé ion hoéa c6 pKa
khoang tir 5 dén khoang 7, Theo mét s6 phuong an, pKa cua lipit cation c6 thé ion hoa

khoang tir 6 dén khoang 7.

Theo mét sb phuong an, ché pham lipit va phuong phap san xudt ché pham nay

bao gdm lipit cation c6 thé ion héa c6 Cong thuc I:

o7
O
RS\XG/ Ls\N/H\ L7/X7\ 0 e
LG\ y
FLG M

hodc mudi duge dung hodc solvat ciia ching, trong d6 mdi R’ va R® dugc chon doc lap
tr nhém ciu thanh boi C;.Cs; alkyl mach théng hoac mach nhanh , C,.Cs; alkenyl hoac
C2.C31 alkynyl va cholesteryl; mdi L3va LS dugc chon doc 1ap tir nhém cau thanh boi
C1.Cyoalkyl va C».Cyo alkenyl mach théng; X31a -C(0)0-, tai d6 -C(0)O-R6 dugc tao ra
hodc -OC(0)- tai d6 -OC(0)-R6 duoe tao ra; X°1a -C(0)O- tai d6 -C(0)O-R? dugc tao
ra hodc -OC(0)- tai d6 -OC(0)-R® dugc tao ra; X’ 1a S hodc O; L7 khong c6 mit hoac
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alkyl bac thip; R*1a C,.Cs alkyl mach thang hosic mach nhanh; va mdi R”va R® dugc
chon doc lap tir nhém cau thanh béi hydro va Ci.Csalkyl mach thang hodc mach nhanh.

Theo mét s6 phuong an, X’ 13 S.

Theo mét s6 phwong an, X° 1a -C(0)O-, tai d6 -C(0)O-R® duoc tao ra va X61a -
C(0)O0- tai d6 -C(0)O-R? dugc tao ra.

Theo mdt s phuong 4n, mdi R va R® duogc chon doc 1ap tir nhém cAu thanh béi
metyl, etyl va isopropyl.

Theo mdt sé phuong 4n, mdi L’ va LS doc lap 1a C1.Co alkyl. Theo mot sb
phuong 4n, L’ 13 C1.Cs alkyl, va LS 1a C1.Cs alkyl. Theo mét s6 phuong 4n, L® 1a C1.C;
alkyl. Theo mét sé phuong an, mdi L va L8 1a C7 alkyl mach thang. Theo mot s6 phwong
an, mdi L’ va LS 1 Cy alkyl mach thing.

Theo mét sé phuong 4n, mdi R® va R® doc lap 13 alkenyl. Theo mét s6 phuong
an, R61a alkenyl. Theo mot sb phwong 4n, RS1a C.Co alkenyl. Theo mot s6 phuong én,
alkenyl bao gdm mot lién két dbi. Theo mot s6 phuong &n, mdi R®va R°1a alkyl. Theo
mdt s6 phuong 4n, R® 14 alkyl mach nhéanh. Theo mdt s6 phwong 4n, mdi R® va Ré dugc
chon doc 1ap tir nhém cau thanh béi Co alkyl, Co alkenyl va Co alkynyl. Theo mot sO
phuong 4n, mdi R® va R dugc chon ddc 1ap tir nhom cAu thanh béi Cy; alkyl, Ci1 alkenyl
va C11 alkynyl. Theo mot s§ phuong 4n, mdi R®va R® dugc chon doc 1ap tir nhém cau
thanh béi C7 alkyl, C7 alkenyl va C7 alkynyl. Theo mét sb phuong an, R® 1a —
CH((CH>),CH3)> hodc —CH((CH2),CH3)((CH2),-1CH3), trong do6 p bﬁng 4-8. Theo mot
s& phuong 4n, p bing 5 va L31a C;.Cs alkyl. Theo mot sb phuong 4n, p bang 6 va L’ la
Cs alkyl. Theo mét sb phuwong an, p bang 7. Theo mot s6 phwong an, p bang 8 va L’ la
C1.C; alkyl. Theo mét sb phuong 4an, R® céu thanh  boi
—CH((CH,),CH3)((CHa),.1CH3), trong d6 p bang 7 hoic 8.

Theo mét sé phuong 4n, R*1a etylen hodc propylen. Theo mdt s6 phuong an,
R*1a n-propylen hodc isobutylen.

Theo mét sb phwong 4n, L khéong c6 mat, R*1a etylen, X712 S va méi R7va R® la
metyl. Theo mot sé phuong an, L7 khong c6 mat, R*1a n-propylen, X”1a S va mdi R va
R®1a metyl. Theo mdt s phuong an, L7 khong ¢6 mat, R*14 etylen, X712 S va mbi R’ va

R¥1a etyl.
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Theo mot sé phuong 4n, X713 S, X° 13 -C(0)O-, tai d6 -C(O)O-R duogc tao ra,
X613 -C(0)O- tai d6 -C(0)O-R? dugc tao ra, moéi L va Léddc 1ap 1a C3.C7 alkyl mach
théng, L7 khéng c6 mit, R® 1a ~CH((CH2),CH3)2, va R®1a C7.C12 alkenyl. Theo mét s6

phuong 4n khéc, p bang 6 va R®14 Co alkenyl.

Theo mot s6 phuong an, ché pham lipit va phuong phap san xudt ché pham nay

bao gdm lipit cation c6 thé ion héa dugc chon tir nhom c4u thanh boi
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Theo mdt s6 phuwong an, ché pham lipit bao gbm lipit cation c6 thé ion héa
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Theo cac phuong 4n, mét hodc nhidu lipit bat ky dugc dé cap & day co thé dugce
loai trir mét cach rd rang.

Lipit tro giup va sterol

Ché pham mARN-lipit theo sang ché va phuong phap san xuat ché pham nay
can bao gdm lipit trg gitip, ma co thé dugc dung dé chi 1a lipit trung hoa trg gitp, lipit
khong cation, lipit trg giup khong cation, lipit anion, lipit trg' gitip anion, hodc lipit
trung hoa. Nhéan thiy ring cac ché pham lipit, cu thé 13 cac liposom cation va céc hat
nano lipit ¢6 kha nang hap thu té bao ting néu cac lipit trg gitip c6 mit trong ché pham.
(Curr. Drug Metab. 2014; 15(9):882-92). Vi du, mét s6 nghién ctru da chi ra réng cac
lipit trung hoa va ludng tinh nhu 1,2-dioleoylsn-glycero-3-phosphatidylcholin (DOPC),
Di-Oleoyl-Phosphatidyl-Etanoalamin  (DOPE) va 1,2-DiStearoyl-sn-glycero-3-
Phosphocholin (DSPC), ¢6 tinh kich thich dung hop (tirc 1a, thuan tién cho viéc dung
hop) 16n hon so véi cac lipit cation, c6 thé anh huéng dén cac dic diém da hinh cia cac
phirc hop axit lipit-nucleic, thic d4y qué trinh dich chuyén tir pha dang tAm sang pha
luc giac, va tir 6 cam ung qua trinh dung hop va pha vo mang té bao. (Nanomedicine
(Lond). 2014 Jan;9(1):105-20]. Ngoai ra, viéc st dung lipit trg giup co thé giup lam
giam cac tic dung bat loi c6 thé bét ky tir viéc sir dung nhiéu lipit cation phd bién nhu
tinh gy ddc va tinh sinh mién dich.

Cac vi du khong gi6i han vé céc lipit khéng cation thich hgp cho ché pham lipit
theo sang ché va phuong phap san xuat ché phdm nay gdm cac phospholipit nhu
lecithin,  phosphatidyletanolamin,  lysolecithin,  lysophosphatidyletanolamin,
phosphatidylserin, phosphatidylinositol, sphingomyelin, sphingomyelin cua qua tring
(egg sphingomyelin - ESM), cephalin, cardiolipin, axit phosphatidic, cerebrosit,
dicetylphosphat, distearoylphosphatidylcholin (DSPC), dioleoylphosphatidylcholin
(DOPC), dipalmitoylphosphatidylcholin (DPPC), dioleoylphosphatidylglyxerol
(DOPG), dipalmitoylphosphatidylglyxerol (DPPG), dioleoylphosphatidyletanolamin
(DOPE), palmitoyloleoyl-phosphatidylcholin (POPC), palmitoyloleoyl-
phosphatidyletanolamin (POPE), palmitoyloleyol-phosphatidylglyxerol (POPG),
dioleoylphosphatidyletanolamin 4-(N-maleimidometyl)-xyclohexan-1-carboxylat
(DOPE-mal), dipalmitoyl-phosphatidyletanolamin (DPPE), dimyristoyl-
phosphatidyletanolamin ~ (DMPE),  distearoyl-phosphatidyletanolamin  (DSPE),
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monometyl-phosphatidyletanolamin, ~dimetyl-phosphatidyletanolamin, dielaidoyl-
phosphatidyletanolamin (DEPE), stearoyloleoyl-phosphatidyletanolamin (SOPE),
lysophosphatidylcholin, dilinoleoylphosphatidylcholin, va céac hén hop ctia ching. Cac
diaxylphosphatidylcholin va diaxylphosphatidyletanolamin phospholipit khac cting ¢
thé duoc sir dung. Cac nhém axyl trong cac lipit nay t6t hon 1 cac nhom axyl c6 ngudn
gbc tir cac axit béo c6 mach Cio-Cas cacbon, vi dy, lauroyl, myristoyl, palmitoyl,
stearoyl, hoac oleoyl.

Céc vi du bd sung vé cac lipit khong cation gbm sterol nhur cholesterol va céc
dan xuit ciia ching. Mot nghién ciu da két luan ring dbi véi lipit trg gitip, cholesterol
lam ting khong gian cta céac dién tich cua 16p lipit phan cach véi axit nucleic tao nén
su phan bd dién tich pht hgp véi dién tich ctia nucleic nim gan hon. (J. R. Soc. Interface.
2012 Mar 7; 9(68): 548-561). Cac vi du khong gidi han vé cac dan xuét cholesterol
gbm cac chat trong ddng phan cuc nhu So-cholestanol, Sa-coprostanol, cholesteryl-(2'-
hydroxy)-etyl ete, cholesteryl-(4'- hydroxy)-butyl ete, va 6-ketocholestanol; cac chat
twong dong khong phan cuc nhu Sa-cholestan, cholestenon, 5o-cholestanon, So-
cholestanon, va cholesteryl decanoat; va cic hon hgp cua chung. Theo cac phuong an
dwoc wu tién, din xudt cholesterol 13 chit twong dong phan cuc nhu cholesteryl-(4'-
hydroxy)-butyl ete.

Theo mét sé phuong an, lipit trg gitip c6 mat trong ché pham lipit bao gbm hoic
cAu thanh boi hén hop ctia mot hodc nhiéu phospholipit va cholesterol hodc dan xuét
cua chung. Theo cac phuong an khéac, lipit trung hoa ¢6 mat trong ché pham lipit bao
gdm hoc cau thanh bai mét hodc nhiéu phospholipits, vi du, ché pham lipit khong chira
cholesterol. Theo cac phuong an khac nira, lipit trung hoa c6 mat trong ché pham lipit
bao gém hodc céu thanh boi cholesterol hodc dan xuét cua chung, vi du, ché phém lipit
khong chira phospholipit.

Céc vi du khéc vé lipit tro gitip gdm cac lipit khong chita phospho nhu, vi du,
stearylamin, dodexylamin, hexadexylamin, axetyl palmitat, glyxerol rixinoleat,
hexadexyl stearat, isopropyl myristat, polyme acrylic ludng tinh, trietanolamin-lauryl
sulfat, amit cua axit béo dugc polyetyloxyl hoa bang alky-aryl sulfat,

dioctadexyldimetyl amoni bromua, xeramit, va sphingomyelin.
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Theo mdt sb phuong 4n, lipit tro gitp bao gbm tir khoang 2 % mol dén khoang
20 % mol, tir khoang 3 % mol dén khoang 18 % mol, tir khodng 4 % mol dén khoang
16 % mol, khoang 5 % mol dén khoang 14 % mol, tir khoang 6 % mol dén khoang 12
% mol, tir khoang 5 % mol dén khoang 10 % mol, tir khoang 5 % mol dén khoang 9 %
mol, hodic khoang 2 % mol, khoang 3 % mol, khoang 4 % mol, khoang 5 % mol, khoang
6 % mol, khoang 7 % mol, khoang 8 % mol, khoang 9 % mol, khoang 10 % mol, khoang
11 % mol, hodc khoang 12 % mol (hodc phén doan bat ky clia chiing ho#ic khoang nam
trong do) cua lipit toan phan c6 mit trong ché pham lipit.

Cholesterol hodc din xut cholesterol trong ché pham lipit va phuong phap san
xudt ché phdm nay c6 thé bao gdm lén dén khoang 40 % mol, khoang 45 % mol, khoang
50 % mol, khoang 55 % mol, hodc khoang 60 % mol lipit toan phin c6 mit trong ché
pham lipit. Theo mdt sé phuong an, cholesterol hoic dan xuét cholesterol bao gdm
khoang 15 % mol dén khoang 45 % mol, khoang 20 % mol dén khoang 40 % mol,
khoang 25 % mol dén khoang 35 % mol, hodc khoang 28 % mol dén khoang 35 % mol;
hoic khoang 25 % mol, khoang 26 % mol, khoang 27 % mol, khoang 28 % mol, khoang
29 % mol, khoang 30 % mol, khoang 31 % mol, khoang 32 % mol, khodng 33 % mol,
khoang 34 % mol, khoang 35 % mol, khoang 36 % mol, hodc khoang 37 % mol lipit
toan phan cé mit trong ché pham lipit.

Theo mét s6 phuong an, thanh phan phospholipit trong hon hop c6 thé bao gém
tir khoang 2 % mol dén khoang 20 % mol, tir khoang 3 % mol dén khoang 18 % mol,
tir khoang 4 mol % dén khoang 16 mol %, khoang 5 mol % dén khoang 14 mol %, tir
khoang 6 mol % dén khoang 12 % mol, tir khoang 5 % mol dén khoang 10 % mol, tir
khoang 5 % mol dén khoang 9 % mol, hodc khoang 2 % mol, khoang 3 % mol, khoang
4 % mol, khoang 5 % mol, khoang 6 % mol, khoang 7 % mol, khoang 8 % mol, khoang
9 % mol, khoang 10 % mol, khoang 11 % mol, hodc khoang 12 % mol (hodc phan doan
bat ky ciia chiing hodic khoang nim trong do) cua lipit toan phan c6 mit trong ché pham
lipit.

Ty 1& phan tram cua lipit trg gitp c6 mit trong ché pham lipit va phwong phap
san xuat ché pham nay la lugng dich, va lugng thuc té cta lipit tro gitip c6 mit trong

ché pham c6 thé thay ddi, vi du, boi £ 5 % mol.
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Ché pham lipit chira hop chét lipit cation hodc hop chét lipit cation c6 thé ion
hoa ¢6 thé duoc tinh theo mol khoang 30-70% hop chét lipit cation, khoang 25-40 %
cholesterol, khoang 2-15% lipit trg gitp, va khoang 0,5-5% lipit polyetylen glycol
(PEG), trong do ty 1& phan tram 14 cua lipit todn phin c6 mit trong ché pham. Theo mét
s& phuong an, ché pham 14 khoang 40-65% hop chét lipit cation, khodng 25- 35%
cholesterol, khoang 3-9% lipit trg giup, va khoang 0,5-3% PEG-lipit, trong do ty 1€ phan
tram 14 cta lipit toan phan c6 mit trong ché pham.

Ché phidm c6 thé 1a ché pham hat lipit, vi du chira 8-30% hop chat axit nucleic,
5-30% lipit trg gitip, va 0-20% cholesterol; 4-25% lipit cation, 4-25% lipit tr¢ gitp, 2-
25% cholesterol, 10- 35% cholesterol-PEG, va 5% cholesterol-amin; hoédc 2-30% lipit
cation, 2-30% lipit tro' gitip, 1- 15% cholesterol, 2- 35% cholesterol-PEG, va 1-20%
cholesterol-amin; hodc 1én dén 90% lipit cation va 2-10% lipit trg gitip, hodc thadm chi
la 100% lipit cation.

Thé tiép hop lipit

Céc hat nano ARN duogc bao nang lipit dugec mo ta ¢ day co thé con bao gdm
thé tiép hop lipit. Lipit duoc tiép hop 14 hiru ich trong d6 né ngan can sy tich tu cua cac
hat. Céc lipit duoc tiép hop thich hop gdm, nhung khéng chi gi¢i han &, thé tiép hop
PEG-lipit, thé tiép hop cationic-polyme-lipit, va cac hon hop cua chiung. Hon nira, cic
thi phan phéi lipit c6 thé dugc sir dung dé hudng dich dic hiéu bang cach gén véi cac
phéi tir (vi du, khang thé, peptit, va cacbohydrat) véi bé mit cia chung hodc véi dau
tan cung cua mach PEG di duoc gin két (Front Pharmacol. 2015 Dec 1; 6:286).

Theo phuong 4n dugc uu tién, thé tiép hop lipit 14 PEG-lipit. Thé vii cua
polyetylen glycol (PEG) trong ché pham lipit 12 16p bao hodc phéi tir bé mat, ky thuat
dugc dung dé chi qua trinh PEG hoa, giup bao vé cac hat nano khoi hé mién dich va
chung thoat khoéi su hap thu hé Iuéi ndi moé (reticuloendothelial system - RES)
(Nanomedicine (Lond). 2011 Jun;6(4):715-28]. Qua trinh PEG hoéa dugc st dung rong
rdi dé 6n dinh ché pham lipit va tai trong ctia chung thong qua cac co ché vat ly, hoa
hoc va sinh hoc. Céac lipit PEG tuong tur chét tiy rira (vi du, PEG-DSPE) c6 thé di vao
ché pham lipit dé tao ra 16p dugc hydrat va hang rao khong gian trén bé mat. Dya vao
murc 4 PEG héa, nhin chung 16p bé mit c¢6 thé duoc chia thanh hai loai, 16p tuong tu
dang ban chai va 16p tuong tw ciy ndm. D4i voi hop chat duge 6n dinh PEG-DSPE,
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PEG s& tao cu hinh ciy nim v6i miic PEG héa thap (thuong nhé hon 5 % mol) va s&
chuyén sang c4u hinh dang ban chai khi ham lugng cua PEG-DSPE tang hon mirc nhat
dinh (Journal of Nanomaterials. 2011;2011:12). Nhén thiy rang qua trinh PEG héa ting
dan 61 viée ting dang ké thoi gian ban thai tudn hoan cta cac ché pham lipit (Annu.
Rev. Biomed. Eng. 2011 Aug 15; 13():507-30;J. Control Release. 2010 Aug
3;145(3):178-81].

Céc vi du thich hop vé PEG-lipit gdm, nhung khong chi gi6i han ¢, PEG duoc
lién hop v6i dialkyloxypropyl (PEG-DAA), PEG dugc lién hop véi diaxylglyxerol
(PEG-DAG), PEG duoc lién hgp voi phospholipit nhu phosphatidyletanolamin (PEG-
PE), PEG dugc tiép hop voi xeramit, PEG duorc tiép hop véi cholesterol hoac dAn xuét
ctia chiing, va cac hon hop cua ching.

PEG la mach thing, polyme hoa tan trong nuéc cua cac don vi lap etylen PEG
v6i1 hai nhém hydroxyl tan cung. PEG dugc phan loai boi khéi luong phén tir cia chiing
vda gdm cac chit sau: monometoxypolyetylen glycol (MePEG-OH),
monometoxypolyetylen glycol- sucxinat (MePEG-S), monometoxypolyetylen glycol-
sucxinimidyl sucxinat (MePEG-S-NHS), monometoxypolyetylen glycol-amin
(MePEG-NHb), monometoxypolyetylen glycol-tresylat (MePEG-TRES),
monometoxypolyetylen glycol-imidazolyl-carbonyl (MePEG-IM), ciing nhu cac hop
chét nhu vay chira nhém hydroxyl tan cung thay cho nhém metoxy tan cung (vi dy, HO-
PEG-S, HO-PEG-S-NHS, HO-PEG-NH>).

Gbc PEG cua thé tiép hop PEG-lipit dugc mo ta & day c6 thé bao gom khdi
luong phan tir trung binh nim trong khoang tir khoang 550 dalton dén khoang 10.000
dalton. Trong cac truong hop nhét dinh, gbc PEG c6 khdi lugng phan tir trung binh tir
khoang 750 dalton dén khoang 5.000 dalton (vi du, tir khoang 1.000 dalton dén khoang
5.000 dalton, tir khoang 1.500 dalton dén khoang 3.000 dalton, tir khoang 750 dalton
dén khoang 3.000 dalton, tir khoang 750 dalton dén khoang 2.000 dalton). Theo céc
phuong an dugc wu tién, gbc PEG c6 khoi lugng phan tir trung binh khoang 2.000 dalton
hodc khoang 750 dalton. Khéi lrong phan tir trung binh c6 thé 14 gia tri bt ky hodc can
gia tri trong cac khoang da néu, gbm cac dau mut.

Trong céc truong hop nhét dinh, PEG c6 thé duoc thé tily ¥ bang nhém alkyl,

alkoxy, axyl, hodc aryl. PEG c6 thé dugc tiép hop truc tiép véi lipit hodc c6 thé dugc
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lien két v6i lipit qua gbe lién két. Goc lién két thich hop dé lién hop PEG véi lipit ¢6
thé duoc str dung gdm, vi dy, cac gbc lién két khong chira este va cac gbc lién két chira
este. Theo phuong an dugc uu tién, gbe lién két 13 cac gde lién két khong chira este.
Céc gbc lién két khong chira este thich hop g6m, nhung khong chi gi6i han &, amido (-
C(O)NH-), amino (-NR-), carbonyl (-C(O)-), carbamat (-NHC(O)O-), urea (-
NHC(O)NH-), disulfua (-S-S-), ete (-O-), sucxinyl (-(O)CCH.CH2C(O)-),
sucxinamidyl (-NHC(O)CH>CH>C(O)NH-), ete, ciing nhu dang két hop ctia chung (nhu
lien két chira ca gbe lién két carbamat va gbc lién két amido). Theo phurong 4n duoc wu
tién, lién két carbamat duoc st dung dé lién hop PEG véi lipit.

Theo cac phuong an khac, gdc lién két chira este duoc sir dung dé lién hop PEG
v6i lipit. Cac gboc lién két chira este thich hop gom, vi du, cacbonat
(-OC(0)0-), sucxinoyl, phosphat este (-O-(O)POH-O-), sulfonat este, va dang két hop
cua chung.

Phosphatidyletanolamin c6 nhiéu nhém mach axyl cps chiéu dai mach va mirc
d6 bio hoa thay dbi c6 thé dugc tiép hop voi PEG dé tao ra thé tiép hop lipit. Céc
phosphatidyletanolamin nhu vy 1a c6 san thuong mai hodc ¢ thé dugc phan 1ap hoic
tdng hop str dung cac ky thuat thong thuong da biét dbi voi ngudi c6 hiéu biét trung
binh trong linh vuc k¥ thuat. Phosphatidyletanolamin chira cac axit béo bao hoa hoac
khéng bio hoa v6i chiéu dai mach cacbon nim trong khoang tir C10 dén C20 duoc uu
tién. Phosphatidyletanolamin v6i cac axit béo khong bao hoa mot hodc hai lan va hén
hop ctia cac axit béo bdo hoa va khong bdo hoa cling co thé duoc sit dung. Cac
phosphatidyletanolamin thich hop g6m, nhung khéng chi giéi han &, dimyristoyl-
phosphatidyletanolamin  (DMPE), dipalmitoyl-phosphatidyletanolamin  (DPPE),
dioleoyl-phosphatidyletanolamin (DOPE), va distearoyl-phosphatidyletanolamin
(DSPE).

Theo mdt sé phuong éan, thé tiép hop PEG-DAA la thé tiép hopPEG-
didexyloxypropyl (Cho), thé tiép hop PEG-dilauryloxypropyl (C12), thé tiép hop PEG-
dimyristyloxypropyl (C14), thé tiép hop PEG-dipalmityloxypropyl (Cis) , hodc thé tiép
hop PEG-distearyloxypropyl (Cis). Theo cac phuong 4n nay, PEG tdt hon 1a c6 khoi
luong phan tr trung binh khoang 750 hoac khoang 2.000 dalton. Theo cac phuong an
cu thé, nhém hydroxyl tan cing cua PEG duoc thé bang nhom metyl.
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Ngoai ra cac dang néu trén, cac polyme ua nudc khac co thé duogc str dung thay
cho PEG. Céc vi du vé cac polyme thich hop c6 thé dugc sir dung thay cho PEG gdm,
nhung khéng chi gidi han &, polyvinylpyrolidon, polymetyloxazolin, polyetyloxazolin,
polyhydroxypropyl, metacrylamit, polymetacrylamit, va polydimetylacrylamit, axit
polylactic, axit polyglycolic, va xenlulza duoc tao dan xuit nhu hydroxymetylxenluloza
hodc hydroxyetylxenluloza.

Theo mot sé phuong an, thé tiép hop lipit (vi du, PEG-lipit) bao gbm tir khodng
0,1 % mol dén khoang 2 % mol, tir khoang 0,5 % mol dén khoang 2 % mol, tir khodng
1 % mol dén khoang 2 % mol, tir khoang 0,6 % mol dén khoang 1,9 % mol, tir khoang
0,7 % mol dén khoang 1,8 % mol, tur khoang 0,8 % mol dén khoang 1,7 % mol, tir
khoang 0,9 % mol dén khoang 1,6 % mol, tir khoang 0,9 % mol dén khoang 1,8 % mol,
tir khoang 1 % mol dén khoang 1,8 % mol, tir khoang 1 % mol dén khoang 1,7 % mol,
tir khoang 1,2 % mol dén khoang 1,8 % mol, tir khoang 1,2 % mol dén khoang 1,7 %
mol, tir khoang 1,3 % mol dén khoang 1,6 % mol, hodc tir khodng 1,4 % mol dén khoang
1,6 % mol (hodc phan doan bat ky ctia chiing hodc khodng trong d6) cua lipit toan phan
c6 mit trong ché pham lipit. Theo cac phuong 4n khac, thé tiép hop lipit (vi du, PEG-
lipit) bao gom khoang 0,5%, 0,6%, 0,7%, 0,8%, 0,9%, 1,0%, 1,2%, 1,3%, 1,4%, 1,5%,
1,6%, 1,7%, 1,8%, 1,9%, 2,0%, 2,5%, 3,0%, 3,5%, 4,0%, 4,5%, hodc 5%, (hodc phan
doan bat ky ctia chiing hoic khoang trong do) cua lipit toan phin c¢6 mit trong ché pham
lipit va phuong phép san xuat ché phdm nay. Luong c6 thé la gié tri bat ky hodc cén gia
tri nm trong cac khoang da néu, gdm cac dau mut.

Ty 1¢ phan trim cua thé tiép hop lipit (vi du, PEG-lipit) c6 mit trong ché phdm
lipit theo sang ché va phuong phap san xuét ché pham nay 1a luong dich, va lrong thuc
té cta thé tiép hop lipit c6 mit trong ché phdm c6 thé thay d6i, vi dy, = 0,5 % mol.
Ngudi cé hidu biét trung binh trong linh vuc c6 thé nhan thiy ring ndng d6 ciia thé tiép
hop lipit c6 thé thay déi phu thudc vao thé tiép hop lipit di ding va téc d¢ tai d6 ché
pham lipit trd nén c6 tinh kich thich dung hop.

Ché phim hat nano ARN duoc bao nang lipit

Fig. 1 14 vi du vé gian do thé hién phuong phap san xuét cac hat nano ARN dugc

bao nang lipit dugc mo ta ¢ day.
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Hinh théi cta 16p tron cdu thanh béi dng thir nhit dé van chuyén dung dich nuéc
c6 duong kinh trong (ID) 16m hon 0,1” (0,254 cm), tt hon la ID 16n hon 0,132
(0,33528 cm); va bng thir hai dé van chuyén dung dich etanol cau thanh boi ID 16m hon
0,005” (0,0127 cm), t&t hon 14 16n hon 0,01” (0,0254 cm); trong d6 dng thit hai (hitu
co) giao v6i dng thir nhat (nuéc) & goc vudng hodc gin goc vudng. Toc do chay ra trong
qua trinh tron it nhét 14 200 ml/phut, tot hon 14 it nhét 1a 300 ml/phut.

Phuong phéap duge moé ta & day tao ra dung dich ARN trong nudc bao gom ARN
didu tri, vi du, duoc diéu ché theo quy trinh thyc hanh san xudt thudc t6t (Good
Manufacturing Practice - GMP), dugc hoa tan trong dung dich nudc bao gbm dung dich
dém, vi du, xitrat. Phuong phéap theo sang ché cling dé xuét dung dich hiru co bao gdbm
mot hodc nhiéu lipit, vi du, lipit loai 1am sang dugc tdng hop theo GMP, dugc san xuat
bang cach hoa tan lipit trong dung méi hiru co c6 thé trén voi nudce. Trong phuwong phap
duge mé ta & day, dung méi hitu co ¢6 thé tron voi nude, tét hon 14 1a alkanol bac thap,
vi du, etanol. Tét hon 13, ca hai dung dich nay dugc loc v6 trung va néng d6 cua chung
duogc diéu chinh.

Dung dich lipit hitu co dugc trén véi dung dich nude bao gém axit nucleic dé
tao ra hat nano ARN dugc bao nang lipit ¢6 hinh thai dang tam, tirc 13, gém hai 16p lipit.
Theo mdt khia canh, axit nucleic dugc bao nang trong cac hat nano ARN duoc bao nang
lipit v&i viée tao thanh cAu trac dang tAm.

Phuong phép duge mé ta & day dugc dé cap téi bude dua lién tiép dung dich
lipit vao dung dich nuéc trong moé1 trudong tron, t6t hon 1a truc giao trong modun tron.
Hén hop tron pha lodng dung dich lipit voi dung dich nude véi 20%, 22,5%, 25%,
27,5%, hoac 30% etanol, tdt hon 1a 25% etanol, va tao ra cac hat nano ARN dugc bao
nang lipit trong dong chay roi.

Sau khi tao ra cac hat nano ARN duogc bao nang lipit, hén hop dugc pha loang
lién tuc boi dung dich dém dén 7,5%, 10%, 12,5%, hodc 15%, tt hon 1a dén nho hon
12,5% etanol, ma con lam 6n dinh cac hat nano ARN dugc bao nang lipit va tang kha
nang bao nang cua axit nucleic.

Céc hat nano ARN dugc bao nang lipit dugc c¢6 bang cach loc dong tiép tuyén,
t6t hon 12 bing thiét bi loc soi 16. Cac hat nano ARN dugc bao nang lipit da dugc cd

duoc dua vao siéu loc step dé loai alkanol va thay thé dung dich dém. Nong do axit
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nucleic duoc didu chinh bing cach pha loing. Ché pham thu dugc duge loc v tring va
dugc nap vao cac lo. Quy trinh hién s€ dugc thao luén chi tiét hon trong phan mé ta

duoi day sir dung cac budc nhu duge dua ra trén FIG. 1.

Hoa tan lipit va hoa tan ARN

Theo mot phuwong an, cac hat nano ARN dugc bao nang lipit dugc san xudt boi
phuong phap duge mo6 ta ¢ day ¢ dang lap rép da phan tir chira ARN va lipit, trong d6
ARN duoc bao nang it nhit mot phin bing cach bat cip ion véi cac lipit cation.

Cd& duoc uu tién ddi voi cac hat nano duoc bao nang lipit bao g6m ARN tao ra
boi phuong phap dugc mé ta ¢ day c6 duong kinh khoang 50-200 nm, t6t hon 1a, véi
su phan b kich c& trong d6 kich ¢& trung binh (vi dy, duong kinh) la khoang 70 nm
dén khoang 150 nm, va t6t hon nira 1a kich ¢ trung binh nhé hon khoang 100 nm.

Theo cac khia canh nhat dinh, cic hat nano lipit ctia phin mb ta & dy gbm bén
thanh phan lipit: lipit trg' gitip; cholesterol; PEG-lipit; va lipit cation c6 thé ion hoa. Tot
hon 14, lipit tr¢ giup 1a DSPC, PEG-lipit 1a PEG-DMG va lipit cation ¢ thé ion hoéa la
lipit cation c6 thé ion héa. Theo cac phuong 4n nhit dinh, ndng do dung moéi hiru co
trong d6 lipit duoc hoa tan la khoang 45% thé tich/thé tich dén khoang 90% thé tich/thé
tich. Theo c4c khia canh dugc wu tién nhét dinh, dung méi hitu co 14 alkanol bac thap.
Cac alkanol bac thép thich hop gém, vi dy, metanol, etanol, propanol, butanol, pentanol,
cac chit dong phén cua chiing va dang két hop cua ching. Dung méi t6t hon 1a etanol
véi ndng d6 khoang 50-90% thé tich/thé tich. TSt hon 14, lipit chiém thé tich khoang 1
mL/g dén khoang 5 mL/g.

Cac lipit dugc hoa tan su dung, vi du, may khudy & trén & nhiét do thich hop.
Theo mét khia canh, ndng d6 lipit toan phan ciia dung dich khoang 49,4 mg/mL. Theo
cac khia canh duoc uu tién nhét dinh, ARN bao gé)m trong dung dich nudc (vi dy, dung
dich dém) va duoc pha loang t6i nong dé cudi. Tét hon 14, nong do cudi khoang 0,55
mg/mL trong dung dich dém xitrat, véi do pH khoang 3,5.

ARN t6t hon 1a ARN soi kép (double-stranded RNA - dsARN), mARN, hodc
ARN tu sao chép. Kich c& cua dsARN la tir 10 cap bazo dén mot vai tram bazo, tot hon
1a nhé hon 30 cap bazo, tét nhét 13 nho hon 25 cdp bazo. Kich ¢& ciia mARN la tir 10

va mot vai nghin bazo trong mot so1.
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Budc tao hat nano ARN duoc bao nang lipit

Sau khi dung dich hitu co va dung dich nudc dugc diéu ché, chung duogc trén
véi nhau st dung thiét bi dwge mé ta chi tiét dudi day. Tom lai, thiét bi cAu thanh boi
6ng thir nhat dé van chuyén dung dich ARN trong nudc va bng thir hai dé van chuyén
dung dich lipit hitu co, trong do 6ng thir hai giao v6i 6ng thir nhit goc theo cach vudng
goc trong moédun tron. Hai dung dich nay duoc bom qua céc éng twong ving bang cach
tach cac bom HPLC va duoc tron trong ving ctia ong thir nhit vuéng goc trong modun
tron. Tét hon 13, dung dich ARN trong nudce dwoc bom véi toe 6 16n hon gap 2,0, 2,5,
3,0, 3,25, hodc 3,5 lan, tot hon 1a gé'lp 3,0 lan, so voi dung dich lipit hitu co. Khi tron hai
dung dich nay & vung trdn, cac hat nano ARN da duoc bao nang lipit dugc tao ra.

Téc do bom va kich ¢& ciia dng thir nhat trong ving cia modun tron cung cap
cho quy trinh tron bao gdm dong chay rbi. Trong dong hoc chit luu, sy chay
réi hodic dong chay rdi 1a sw van chuyén chat luu duge dac trung béi sy thay déi hon
d6n vé 4p suét va van toc chay. Déi 1ap véi dong phan tang, dong chay roi xuat hién khi
chat luu chéy trong cic 16p song song, ma khong lam pha v& gitra cac 16p do. Dong
chay rbi thuong rat khong déu, va viée cap nang luong sin co trong dong chay rdi b
xu huéng thuc dy sy dong nhat hoa (tron) ciia hdn hop chét luu. Pic trung nay phu
hop voi toe d9 trén ting cudng va ting cao vé khéi luong, mémen va ning lugng van
chuyén trong dong duoc goi 1a “tinh khuéch tan”. Cac dic trung khéc ctia dong chay rdi
gbm “tinh luan chuyén” vi cic dong chay rdi ¢6 co ché tao xoay ba chiéu manh dugc
biét 1a sur kéo xoay va “tiéu tan” vi sy chdy r6i 1am tiéu tan nhanh do ning luong dong
hoc duge chuyén hoa thanh ning luong noi tai boi tmg suét trugt nhét. Qua trinh tron
chay 161 duge vuot troi boi su di chuyén ng?lu nhién & quy mé nho (dugc so sanh véi
dong ban dau) clia cac boc trong chat luu ma mang chung vao moi quan hé gan hon
hodc khoang cach gan hon va co thé chia min va tron l1an ching vao nhau hon. Céc quy
trinh duoc mé ta & day dé tron dung dich lipit va dung dich nudc dé bao nang ARN
trong cac hat nano lipit tao ra trung khdp véi viéc tao ra chung v6i hiéu qua bao nang
16n hon 95%.

Céc hat nano lipit thuong dugc tao ra ¢ nhiét d¢ phong, nhung cac hat nano lipit

¢6 thé duge tao ra ¢ nhiét dd cao hon theo sang ché. Khong c6 yéu cau chung doi voi
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ché pham dém. Trén thuc té, céc quy trinh va thiét b theo sang ché c6 thé tao ra tai lipit
bang cach tron lipit trong etanol véi ARN trong dung dich nude.

Theo mdt phuong 4an, cac hat nano lipit tao ra khi céc lipit dwoc hoa tan trong
dung méi hitu co, vi du, etanol, dugc pha loang tiing budc by tron vdi dung dich dém
nudc, trude tién bang cach trén cac dong nudce va lipit voi nhau trong médun tron t6i
ndng do cubi ciia dung mdi hitu co t6t hon 12 gitra 25-40%. Nong d6 lipit, dung méi va
chét tan thu duoc c6 thé duogc gifr 6n dinh thoéng qua quy trinh tao tai nho. Sau khi tao
ban dau, hdn hop lipit-ARN ban dau con duogc hoa tan bang cich bo sung dung dich
dém, tdt hon 12 dén khoang 6,0%, 6,25%, 7,0% 7,5%, 10%, 12,5%, hodc 15% dung moéi
hitu co, tot nhat 14 6,25% 6,25%, 7,0% 7,5%, 10%, hodc 12,5%.

Quy trinh lién tuc dugc mo ta & day hoan toan co thé duoc mo rong. Theo mot
khia canh, cac hat nano ARN duoc bao nang lipit dugc tao ra c6 duong kinh trung binh
nho hon khoang 80 nm, khéng c6 quy trinh co hoc-ning luong nhu dun mang,

sonication hoac vi hoéa long.

Cac hat nano ARN duogc bao nang lipit

Cac hat nano ARN duoc bao nang lipit dugc bdc 10 ¢ day bao gém hat nano
hodc hai 16p phén tir lipit. Ngoai lipit cation, vi dy, lipit cation c6 thé ion hoa), hat nano
ARN duoc bao nang lipit bao gom lipit trung hoa hodc polyme.

Theo mot sb phuong an, ARN dugc bao nang hoan toan trong phén lipit cua hat
nano lipit sao cho ARN trong cac hat nano ARN dugc bao nang lipit bén trong dung
dich nuéc ddi voi su thoai bién nucleaza. Theo cac phuong én khac, cac hat nano ARN
dugc bao nang lipit duoc mé ta ¢ diy vé co ban la khong doc dbi véi dong vat co va
nhu nguoi. Cac hat nano ARN dugc bao nang lipit thuong c6 duong kinh trung binh 1a
tir 30 nm dén 150 nm, tir 40 nm dén 150 nm, tir 50 nm dén 150 nm, tir 60 nm dén 130
nm, tir 70 nm dén 110 nm, hodc tir 70 dén 90 nm. Céac hat nano ARN duoc bao nang
lipit dugc mé ta ¢ ddy cling thuong co ty 1€ lipit: ARN (ty 1€ khéi lugng/khdi lwong) 1a
tir 1:1 dén 100:1, tir 1:1 dén 50:1, tir 2:1 dén 25:1, tir 3:1 dn 20:1, tir 5:1 dén 15:1, hodc
tr 5:1 dén 10:1, hodc tir 10:1 dén 14:1, hodc tr 9:1 dén 20:1. Theo mot sb phuong an,
ché phdm c6 tong ty 1¢ khdi luong lipit: ARN nim trong khoang tir 50:1 dén 10:1. Theo

mdt s6 phuong an, ché pham c6 tong ty 1& khoi lwong lipit: ARN nim trong khoang tir
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40:1 dén 20:1. Theo mot sb phuong an, ché phidm c6 tong ty 1& khéi luong lipit: ARN
nim trong khoang tir 35:1 dén 25:1. Theo mot sb phuong an, ché pham co tong ty 1&
khéi luong lipit: ARN nam trong khoang tir 28:1 dén 32:1.

Theo cac phuong an dugc wu tién, cac hat lipit bao gom ARN, lipit cation (vi
du, mot hoac nhiéu lipit cation hodc cac mudi cua chung dugc md ta ¢ day),
phospholipit, va lipit dugc tao tiép hop tc ché sy tich tu cua cac hat (vi du, mot hodc
nhiéu thé tiép hop PEG-lipit). Cac hat nano ARN dugc bao nang lipit c6 thé ciing gom
cholesterol. Cac hat nano ARN duoc bao nang lipit cé thé bao gé)m itnhét 1, 2,3, 4, 5,
6,7,8,9, 10, hoac nhiéu ARN khac nhau biéu hién mot hoic nhiéu polypeptit.

Trong cac hat nano ARN dugc bao nang lipit ARN c6 thé dugc bao nang hoan
toan trong phan lipit cia hat, tir d6 bao vé ARN tir su thoai bién nucleaza. Theo cic
phuong an duoc uu tién, cac hat nano ARN dugc bao nang lipit bao gém ARN duoc
bao nang hoan toan trong phan lipit ciia hat, tir d6 bdo vé ARN khoi su thoai bién
nucleaza. Trong céc truong hop nhét dinh, ARN trong hat lipit vé co ban khéng bi thodi
hoa sau khi phoi nhiém hat v&i nucleaza ¢ 37 °C trong it nhét 20, 30, 45, hodc 60 phut.
Theo céc truong hop nhit dinh khac, ARN trong hat lipit vé co ban khong bi thoai hoa
sau khi u hat trong huyét thanh ¢ 37 °C trong it nhét 30, 45, hoic 60 phut hodc it nhét
2,3,4,5,6,7,8,9,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, hodc 36 gi0. Theo
cac phuong an khac, ARN duoc tao phirc hop véi lipit cation cua cac hat nano ARN
duoc bao nang lipit. Mot trong s cac loi ich ctia ché pham theo sang ché d6 1a cic hat
nano ARN dugc bao nang lipit vé co ban la khong doc dbi vai dong vat co6 v nhu
nguoi.

Theo cac phuong an khéc, sang ché dé xuat ché pham hat axit nucleic-lipit bao
gOm rat nhiéu hat axit nucleic-lipit.

Hat lipit bao gdbm ARN ma dugc bao nang hoan toan trong phan lipit cta cac
hat, sao cho tir 30% dén 100%, tir 40% dén 100%, tir 50% dén 100%, tir 60% dén 100%,
i 70% dén 100%, tir 80% dén 100%, tir 90% dén 100%, tir 30% dén 95%, tir 40% dén
95%, tir 50% dén 95%, tir 60% dén 95%, tir 70% dén 95%, tir 80% dén 95%, tir 85%
dén 95%, tir 90% dén 95%, tir 30% dén 90%, tir 40% dén 90%, tir 50% dén 90%, tr
60% dén 90%, tir 70% dén 90%, tir 80% dén 90%, hodc it nhat 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
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97%, 98%, hodc 99% (hodc phén doan bét ky cta chiing ho#c khoang trong do) cac hat
c6 ARN dugc bao nang trong do.

Phu thudc vao viée sir dung di dinh cta cac hat nano ARN duoc bao nang lipit,
cac ty 1& cua cac thanh phan c6 thé thay d6i va hiéu qua phan phéi ctia ché phim cu thé

c6 thé dugc do sir dung cac thir nghiém da biét trong linh vuc k¥ thuat nay.

Pha lodng cac hat nano ARN duoc bao nang lipit

Sau khi tron dung dich lipit hitu co vao dung dich ARN trong nudc, mirc d§ bao
nang ARN c6 thé dugc ting cudng néu huyén phu ctia cic hat nano ARN duogc bao
nang lipit con dugc pha lodng trude khi loai ARN tur do. Theo mot phwong én dung dich
dém c6 thé c6 hai luong 1a 15 mM Tris, 50 mM NaCl, 9% sucroza, 6 pH = 7.5 ¢ 1am
giam ndng do etanol xubng 8,25%. Theo phuong an khac dung dich dém co6 thé co ba
lugng 1& 10 mM Tris, 50 mM NaCl, 9% sucroza, 46 pH = 7,5 dé lam giam nong do
etanol xudng 6,25%. Theo phuong 4n khac dung dich dém co thé c6 mot luong 1a 50
mM dung dich dém phosphat, 46 pH = 6,0 dé lam giam nf‘)ng do etanol dén 12,5%. Theo
phuong an khac dung dich dém c6 thé c6 hai luong 1a 50 mM dung dich dém phosphat,
d6 pH = 6,0 dé lam giam ndng d9 etanol xuéng 8,3%. Theo phuong an khac dung dich
dém coé thé co ba luong 12 50 mM dung dich dém phosphat, d6 pH = 6,0 dé lam giam
ndng do etanol xubng 6,25%. Theo phuong 4n khac dung dich dém co thé co ba lugng
la 20 mM HEPES, 50 mM NaCl, 9% sucroza, d6 pH ="7,4 dé 1am giam néng do etanol
xubng 6,25%. Theo phuong an khac dung dich dém c6 thé ¢6 1-3 luong 50 mM dung
dich dém phosphat, 6 pH = 6,0, ba luong la 10 mM Tris, 50 mM NaCl, 9% sucroza,
d6 pH = 7,5 dé lam giam ndng d¢ etanol xudng 6,25%.

Céc hat nano ARN duoc bao nang lipit da dugc pha lodng sau d6 dugc tuy y thu
gom trong binh dugc duy tri ¢ 15-20°C va cho phép u tir vai phut dén hai gio trudc
buéc pha loing thit hai v6i 10 mM Tris, 50 mM NaCl, 9% sucroza, d6 pH = 7,5 hoac

budc co.

C6 miu
Cac hat nano ARN duoc bao nang lipit da dugc pha lodng c6 thé duoc c6, vi du,

bang cach loc dong tiép tuyén (TFF) sit dung mang loc rong (mang mPES Kros,
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Spectrum Laboratories, Inc., Rancho Dominguez, California), thy y qua bom nhu dong
hodc bom mang ngan 4 pittdng hodc bom ly tdm (dya trén nguyén ly dém tir trudng).
Phuong phap c6 la da biét trong linh vuc k¥ thuat nay va c6 thé r3 rang 13 hién nhién

d6i v6i ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuét.

Loai ARN tu do va thay thé dung dich dém

Viée ¢6 c6 thé duoc tién hanh sau d6 bing cach loc thim tach déi véi 7-10 thé
tich cia 10 mM Tris, 50 mM NaCl, 9% sucroza, d0 pH = 7,5 dé loai dung mdi htru co
va ARN khéng gin két. Tét hon 13, dung dich loc thdm tach dugc bd sung théng qua
thiét bi trao dbi nhiét sao cho nhiét do san xuat dugc duy tri  15-20 °C. Ché phdm con

c6 thé duoc cb dé hudng dich dang c6 ARN duge bao ché toan phén > 3 mg/mL.

Loc vo6 trung

Nong do ARN trong ché pham cia cac hat nano ARN duoc bao nang lipit can
sau d6 duoc do bai IPRP-HPLC (Sac ky 16ng hiéu ning cao pha dao cdp ion) va duoc
didu chinh t6i ~2 mg/mL (1,85 dén 2,3 mg/mL) bang cich pha loang v&i 10 mM Tris,
50 mM NaCl, 9% sucroza, 46 pH = 7,5 chira glyxerol sao cho ndng do cudi cua glyxerol
trong ché pham bing 5%. Cac hat nano ARN duoc bao nang lipit da duoc loc tham tach
duoc loc vo trung qua thiét bi loc loai v6 trung 0,2 pm (PES) & néng do lipit 56-69
mg/mL.

Loc vo trung
Sau d6, ché phim dugc loc c¢6 thé duge loc v trung vao cac ng thiy tinh, dwgc

day bang nit, day nat va dugc dit & -20 hodc -70 + 5 °C.

Ban mb ta & day dua ra thiét b tién hanh céc quy trinh dugc md ta trén day. Fig.
4 1a vi du vé so dd cua thiét bj theo mot phuong 4n cua ban mé ta & day.

Dung dich nuéc bao gém ARN duogc van chuyén boi bom HPLC qua ong, vi
du, bao gdm cac ving éng PEEK c6 ID 0,03’ (0,0762 cm), chi tiét ni PEEL CO ID
0,05, éng silicon 0,0625”, va dng silicon ¢6 ID 0,122” (0,30988 cm), va thép khong
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gi c6 ID 0,132 (0,335 cm). Dung dich hiru co bao gbm lipit duoc van chuyén boi bom
HPLC qua 5ng bao gém, vi dy, cac vung 6ng PEEK c6 ID 0,03’ (0,0762 cm), chi tiét
ndi PEEK CO ID 0,02” (0,0508 cm), thép khong gi c6 ID 0,017 (0,0254 cm). Dung dich
hitu co dugc bom vao dung dich nude & goc 90 d6 trong moédun tron. Do do, dung dich
hitu co bao gdm lipit duge dua vao dung dich nude véi dong vudng goc voi dong dung
dich nuéc. Viéc dua vao & cac goc bén phai cia hudng dong xuat hién trong médun
tron nhu duoc minh hoa trén FIG. 5, va cac két qua trong qua trinh tron chay rdi, trong
cac diéu kién duoc bo vao mot cach cén than trong cac diéu kién dé dam bao réng qua
trinh bao nang hat nano lipit cia ARN duoc tao ra theo cach c6 thé chép nhan lién quan
dén c& hat, dang huyén phu, va hiéu qua bao nang. Ong chira lipit-ARN da duoc tron
sau do van chuyén cac hat nano ARN dugc bao nang lipit vao vung trdn thir hai, vi duy,
qua dng polypropylen 0,25°* (0,635 cm) ID ma hop nhét & goc 45 36 voi dung dich dém
pha lodng trong ving pha lodng, va cac hat nano ARN duogc bao nang lipit da dugc pha
lodng duoc gom trong binh boc thép khong gi dugc duy tri ¢ 15-20 °C. Céc hat con
duogc xir 1y, vi du, bang cach loc dong tiép tuyén sir dung mang ngin hodc bom ly tm.
Theo mdt phuong &n, khu vuc tron 1a médun tron trong d6 dung dich lipit hiru
co duoc phan phdi vao dong dung dich ARN trong nudc, tt hon la & goc khoang 90°.
Ong thép khong gi c6 ID 0,132” (0,335 cm) (3,35 mm) th® nhét van chuyén dung dich
ARN trong nudc c6 mot 16 trén thanh cua nd nim giira cac du cia no. Ong thtr hai c6
ID 0,017 (0,0254 cm), OD 0,0625” dugc gén vudng goc bang cach loc qua 16 nim trén
thanh cta ng thir nhat cho phép van chuyén chét long tir dng thi hai vao bén trong cua
bng thir nhét (Xem FIG. 5). Theo céc khia canh dwogc wu tién, cac hinh dang dugc xac
dinh & rang va kich c¢& co thé tai san xuit ciia cac hat nano ARN duoc bao nang lipit
duoc diéu ché sir dung tdc do chay ciia dung dich ARN trong nudc t6t hon 14 gap ba lan
tdc do chay ctia dung dich lipit hitu co. Céac thi c6 hinh dang duoc xac dinh rd rang va
kich c& c6 thé tai san xuat ciling duoc diéu ché bang cach thay doi tdc do chay cia cac
duong chat huu, vi du, dé dam bao qua trinh tron hiéu qua trong mot s6 truong hop.
Fig. 5 thé hién médun tron va dong luc dong lién quan theo mot phwong an. So
v6i cac hé thong da biét trudc, sang ché @ xudt dong chay rdi va toc do truot gia ting.

Vi dy, sang ché dua ra mot cach c6 loi dong chay roi (N:>2000) trong moi truong tron
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v6i tde do trugt tir khoang 500/gidy dén khoang 3300/gidy véi tbe do chay (ca hai dudng
dong) nam trong khoang tir 0,1 L/phiit dén khoang 0,3 L/phut.

Ban mé ta & day dua ra thiét bi c6 loc dong tiép tuyén st dung mang loc rong
(mang mPES Kros, Spectrum Laboratories, Inc., Rancho Dominguez, California) va

bom mang ngan 4 pittong hodc bom ly tam.

Duoc phim

Céc hat nano ARN dugc bao nang lipit duge m6 ta ¢ day la hiru ich lam cac
thanh phin trong dugc pham. Cac dugc phim nay thudong gom chit mang duoc dung
ngoai cic hat nano ARN dugc bao nang lipit. Phén théo ludn xuyén sudt vé chat mang
duoc dung la cé san trong Available in Gennaro (2000) Remington: The Science and
Practice of Pharmacy. 20th edition, ISBN: 0683306472, duoc két hop toan bo vao day
bang cach vién dan.

Dugc pham duogc mé ta & day co thé gdm cac hat nano lipit in nuéc tinh khiét
(vi du nude dé tiém) hodc trong dung dich dém, vi du, dung dich dém phosphat, dung
dich dém Tris, dung dich dém borat, dung dich dém sucxinat, dung dich dém histidin,
hodc dung dich dém xitrat. Cac mudi dém s& thuong duge gdm trong khoang 5-20 mM.

Dugc pham nhu dugc mé ti & dy co thé c6 d6 pH nam trong khoang tir 5,0 dén
9,5, vi du, ndm trong khoang tur 6,0 dén 8,0.

Dugc pham nhu duge mé ta & day co thé gdbm mubi natri (vi du natri clorua) dé
tao ra tinh truong. Mudi natri c6 thé 13 NaCl & nong @6 10 + 2 mg/ml, vi du, khoang 9
mg/ml.

Duoc phdm nhu dugc mé ta ¢ day cé thé gdm chat cang héa ion kim loai. Cac
duoc phim nay c6 thé kéo dai d6 6n dinh ARN bang cach loai ion c6 thé thuc dy qua
trinh thuy phan phosphodieste, vi du, mot hodc nhiéu EDTA, EGTA, BAPTA, hoic axit
pentetic. Cac chat cang héa nay t6t hon 1 & ndng d6 nam trong khoang tir 10-500 pM,
vi du, 0,1 mM. Mudi xitrat, nhu natri xitrat, c6 thé cling tac dong nhu chét cang hoa,
dong thoi ciing tao ra hoat tinh dém theo cach c6 loi.

Duoc phidm nhu duge mé ta & day tét hon 1a c6 do thim thiu ndm trong khoang
fr 200 mOsnvkg dén 400 mOsmv/kg, vi du, nam trong khoang 240-360 mOsm/kg, hodc
nim trong khoang 290-310 mOsm/kg.
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Dugec phim nhu dugc mé ta & day t6t hon 14 gdbm mot hodc nhiéu chit bao quan,
nhu thiomersal hodc 2-phenoxyetanol. Ché pham khong chira thity ngan dugc wu tién
nhit.

Duoc pham nhu duge mo ta & day t6t hon 1a duogc v6 tring.

Duogc phém nhu dugc mo ta 6 day t6t hon 1a khong toéa nhiét vi du chira <1 EU
(don vi ngoai doc td, thudc do tiéu chuén) trén mot lidu, va tot hon 1a <0,1 EU trén mot
liéu.

Dugc pham nhu duge mé ta & day t6t hon la khong chira gluten.

Duge phim nhu dugc mé ta & day c6 thé dugc bio ché & dang liéu don vi. Theo
mot s6 phuong an liéu don vi c6 thé c6 thé co thé tich ndm trong khoang tir 0,1-1,0 mL,
vi duy, khoang 0,5 mL.

Duoc phém c6 thé dugce bao ché o dang c6 thé tiém, nhu dung dich hoic huyén
phi.. Duoc pham c6 thé duge bao ché dé ding cho phdi, vi du bing cach may xong, sir
dung dang phun min. Duoc phém c6 thé dugc bao ché dé dung cho mili, tai hodc mét,
vi du ¢ dang phun hodc giot.

Duoc phém bao gém lugng hiru hiéu mién dich cta cac hat nano lipit, ciing nhu
céc thanh phan khac bét ky, néu can.

Duoc pham nhu dugc mé ta & day cling 1a thich hop dé ding qua thiét bi phan
phéi, vi du, xi lanh, 6ng phun, may phun, may x6ng, hodc miéng dan trén da, ma c6 thé
duoc st dung dé dung duoc pham cho ddi twong cé xuong song.

Cac hat nano ARN duoc bao nang lipit nhu dugc mé ta & day khong chira

ribosom.

Cac dinh nghia

Cac thuat ngit “xap xi” hodc “khoang” nhu dugc ap dung v6i mot hodc nhiéu
gia tri quan tam, dé chi gia tri tuong tu v6i gia tri tham chiéu duoc dé cap. Theo cac
phuong an nhat dinh, thuét ngir “xap xi” hodc “khoang” dé chi khoang gia tri nam trong
+/~10% gié tri duge dé cap néu khong 6 chi din khac hodc chi din hién nhién khac tir
nglt canh (ngoai trur trong do s6 nay co thé vurgt qua 100% gia tri kha dung).

Cac thuat nglr “duoc lién két v6i”, “dugce tao tiép hop”, “dugc gén két”, “dugc

gan” va “dugc ndi”, khi dugc sir dung doi voi hai hodc nhiéu goc, co nghia la cac goc
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duoc lién két hoic ndi v6i nhau theo cach sinh 1y, truc tiép ho#c qua mot hodc nhiéu
gbc bd sung ma dong vai trd 12 tic nhan lién két, dé tao ra cu tric 1a di 6n dinh sao
cho céc gbc dugc lién két sinh 1y trong cac diéu kién trong do chu tric nay duoc st
dung, vi du, cac diéu kién sinh ly. “Sy lién két” cén thiét khong theo cach nghiém ngit
qua gan két héa hoc cong héa tri truc tiép. C6 thé ciing goi ¥ gin két ion hodc hydro
hodc tinh két ndi trén co sé lai hoa du on dinh sao cho céc thuc thé “duoc lién két” giira
duogc su lién két sinh 1y.

Trong phéan yéu cau bao ho, cac vt pham nhu “mot” c6 thé c6 nghia mot hodc
nhidu hon néu khong chi ra theo cach dbi 1ap hodc chi din hién nhién khéc tir ngi¥ canh.
Phan yéu cau bao ho hoic phén mo ta gém “hodc” nam trong khoang tir mot hodc nhiéu
thanh phé‘m cua nhom duogc coi la thoa man néu mot, nhidu hon mot, hoic tat cac thanh
phén ciia nhém cé mit trong, dugc dung trong, hodc theo cach khac lién quan t6i san
phém hodc quy trinh nhét dinh néu khong duogc chi ra theo cach dbi 1ap hodc chi dan
hién nhién khac tir ngir canh. Phan boc 16 gdm cac phuong an trong d6 mot cach chinh
x4c mot thanh phan clia nhom cé mit trong, duge dung trong, hodc theo cach khac lién
quan t6i san pham hodc quy trinh nhat dinh. Phin boc 16 gdm cac phwong 4n trong do
nhidu hon mot, hodc tt ca cac thanh phan ctia nhém c6 mit trong, duge ding trong,
hoiic theo cach khac lién quan t6i san pham hodc quy trinh nhét dinh.

Thuét ngit “axyl”, nhu duge st dung ¢ day, la nhom hydro hodc alkyl (vi du,
nhom haloalkyl), nhu dwoc dinh nghia & day, tirc 1a dugc gan v6i nhém phan tir ban dau
thong qua nhom carbonyl, nhu dugc dinh nghia ¢ day, va dugc minh hoa béi formyl
(tirc 13, nhém carboxyaldehyt), axetyl, trifluoroaxetyl, propionyl, butanoyl va tuong tu.
Céc nhom axyl khong duge thé lam vi du gdm tur 1 dén 7, tir 1 dén 11, hodc tir 1 dén 21
cacbon. Theo mét s6 phuong an, nhém alkyl con duge thé bang 1, 2, 3, hoic 4 phan tir
thé nhu dugce mé ta o day.

Thuat ngit “alkenyl”, nhu dugc sir dung ¢ day, 1a nhom mach thfmg hoac mach
nhénh héa tri mot, néu khong dugc chi ra theo cach khac, fir 2 dén 20 cacbon (vi du, tir
2 dén 6 hoic tir 2 dén 10 cacbon) chita mot hoe nhiéu lién két doi cacbon-cacbon va
duoc minh hoa bdi etenyl, 1-propenyl, 2-propenyl, 2-metyl-1-propenyl, 1-butenyl, 2-
butenyl, va tuong tu. Alkenyl gom ca chat dong phan cis va trans. Cac nhom alkenyl c6
thé ty ¥ dugc thé bing 1, 2, 3, hodc 4 nhém thé dugce lua chon, mot cach doc lap, ti
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amino, aryl, xycloalkyl, hodc heteroxyclyl (vi du, heteroaryl), nhu dwgc dinh nghia &
day, hoac nhém bat ky trong s6 cac nhom thé alkyl lam vi du dugc mo ta ¢ day.

Thuat ngit “alkoxy” 13 phan tir thé hoa hoc c6 Céng thirc —hodc, trong d6 R 1a
nhém C.20 alkyl (vi du, Ci6 hodc Ci.10 alkyl), néu khong duogc chi ra theo cach khac.
Cac nhom alkoxy lam vi du gdm metoxy, etoxy, propoxy (vi du, n-propoxy va
isopropoxy), t-butoxy, va tuong tyr. Theo mot s6 phuong an, nhém alkyl c6 thé con dugc
thé bé'mg 1, 2, 3, hodc 4 nhém thé nhu duoc dinh nghia & day (vi du, hydroxy hodc
alkoxy).

Thuét ngir “alkyl”, nhu dugc sur dung ¢ day, gbm ca hai nhém bio hoa mach
thrfmg va mach nhanh tir 1 dén 20 cacbon (vi du, tir 1 dén 10 hodc tur 1 dén 6), néu khong
duoc chi ra theo cach khac. Cac nhom alkyl dwoc ldy lam vi du 12 metyl, etyl, n- va iso-
propyl, n-, sec-, iso- va tert-butyl, neopentyl, va tuong tw. Thuat ngtr “alkyl béc thap”
c6 nghia 1a nhom c6 mot dén sau cacbon trong mach ma mach nay cé thé mach thang
hodc mach nhanh. Céc vi du khong gidi han vé c4c nhom alkyl thich hop gém metyl,
etyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl, va hexyl.

Thuéat ngit “alkynyl” nhu duge sit dung ¢ day, la nhom mach thang hodc mach
nhanh héa tri mot tr 2 dén 20 nguyén tir cacbon (vi du, tir 2 dén 4, tir 2 dén 6, hodc tir
2 dn 10 cacbon) chira lién két ba cacbon-cacbon va dugc minh hoa béi etynyl, 1-
propynyl, va twong ty. Cac nhém alkynyl cé thé tuy ¥ duoc thé bang 1, 2, 3, hodc 4
nhém thé duge chon, mot cach doc 1ap, tir aryl, xycloalkyl, hodc heteroxyclyl (vi du,
heteroaryl), nhu duoc dinh nghia & day, hodc nhom bét ky trong sb cac nhém thé alkyl
lam vi dy dugc mo ta ¢ day.

Thuat ngit “lipit ludng tinh” hodc “lipit ludng ai” c6 nghia la nguyén li¢u trong
d6 phéan ki nudc ctia nguyén liéu lipit hudng vao pha ki nudc, ddng thoi phan ua nuée
dinh hudng ra ngoai pha nudc. Céac dic tinh wa nudc xuét phat tir sy c6 mat cua cac
nhém phan cuc hodc mang dién tich nhu cacbohydrat, phosphat, carboxylic, sulfato,
amino, sulfhydryl, nitro, hydroxyl, va cac nhom tuong tu khéac. Tinh ki nude c6 thé
duoc dem lai boi thé viii cia cac nhém khong phan cuc gdm, nhung khéng chi gi6i han
&, nhoém hydrocacbon béo khong bdo hoa va bio hoa mach dai va cac nhom nay duoc

thé bai mot hodc nhiéu (cic) nhom thom, béo vong, hodc di vong. Cac vi du vé cac hop
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chét ludng tinh gém, nhung khong chi giéi han &, phospholipit, aminolipit, va
sphingolipit.
Thuat ngit “lipit anion™ ¢ nghia 1a lipit dugc tich dién am & do pH sinh ly. Cac

lipit nay gdm, nhung khéng chi gi6i han &, phosphatidylglyxerol, cardiolipin,

diaxylphosphatidylserins, axit diaxylphosphatidic, N-dodecanoyl
phosphatidyletanolamin, N-sucxinyl phosphatidyletanolamin, N-
glutarylphosphatidyletanolamin, lysylphosphatidylglyxerol,

palmitoyloleyolphosphatidylglyxerol (POPG), va cdc nhom cai bién anion khic duoc
ndi v6i cac lipit trung hoa.

“Dbi nghia” 1a polynucleotit gy can tr& chitc ning cua ADN va/hodc ARN.
Diéu nay dan t6i viée kim him sy biéu hién.

“Dung dich nrdc” dé chi ché pham bao gdm toan bg, hodic mot phan, nuée.

Thuét ngir “4p suit ngugc” dé chi tinh khang hodc luc d6i nguoc voi dong chat
lwu mong mudn théng qua éng din, 1am gidm ma sat va sut ap luc. Chét luu dugc huéng
to1, o xu hudng chay ra tu viung ap suét cao va vao ving ap suat thap.

Thuét ngir “bao gdm” dugc du dinh theo nghia mé& va cho phép nhung khong
yéu cau gdm ca cic yéu t6 hodc budc bo sung. Khi thuat ngit “bao goém” duoc sir dung
o day, thuat ngtr “cAu thanh boi” do do cling dugc bao ham va boc 16.

Thuét ngit “ché phadm” c6 nghia 1a san pham bao goém cac thanh phan cu thé voi
luong cu thé, cling nhu san pham bét ky ma tao ra, mot cach truc tiép hodc gian tiép, tir
viec két hop cac thanh phén cu thé véi luong cu thé.

Thuét ngir “hoa chat c6 san thuong mai” va cic hoa chét sir dung trong cic vi
du dugc néu ¢ day cod thé thu dugce tir cac nguén thwong mai tiéu chuén, trong do6 céc
ngudn nay goém, Vi du, Acros Organics (Pittsburgh, Pa.), Sigma-Adrich Chemical
(Milwaukee, Wis.), Avocado Research (Lancashire, U.K.), Bionet (Cornwall, U.K.),
Boron Molecular (Research Triangle Park, N.C.), Combi-Blocks (San Diego, Calif.),
Eastman Organic Chemicals, Eastman Kodak Company (Rochester, N.Y.), Fisher
Scientific Co. (Pittsburgh, Pa.), Frontier Scientific (Logan, Utah), ICN Biomedicals,
Inc. (Costa Mesa, Calif.), Lancaster Synthesis (Windham, N.H.), Maybridge Chemical
Co. (Cornwall, U.K.), Pierce Chemical Co. (Rockford, Ill.), Riedel de Haen (Hannover,
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Germany), Spectrum Quality Product, Inc. (New Brunswick, N.J.), TCI America
(Portland, Oreg.), and Wako Chemicals USA, Inc. (Richmond, Va.).

Thuat ngtr “biéu hién” cla trinh tu axit nucleic dé chi mot hodc nhiéu sy kién
sau: (1) tao ra khuén mau ARN tir trinh tw ADN (vi dy, by phién mi); (2) xur 1y san
pham phién ma ARN (vi du, bang cach ghép ndi, thém bét, tao 5' cap, va/hodc xu 1y
dau 3"); (3) dich md ARN tanh polypeptit hodc protein; va (4) cai bién sau dich ma
polypeptit hodc protein.

“Pugc bao nang hoan toan” ¢ nghia la ARN trong hat axit nucleic-lipit khong
bi thoai bién dang ké sau khi phot nhiém voi huyét thanh hodc thu nghiém nucleaza co
thé thoai bién dang k& ARN tu do. Khi dwgc bao nang hoan toan, tét hon 1a nhé hon
25% axit nucleic trong hat dugc thoai bién trong khi xir Iy ¢6 thé thudng lam thoai bién
100% axit nucleic tu do, tét hon nita la nhé hon 10%, va tot nhat 1a nho hon 5% axit
nucleic trong hat dugc thoai bién. “Duoc bao nang hoan toan” ciing c6 nghia la hat axit
nucleic-lipit khéng bi phan hity nhanh chong thanh cac thanh phan ctia ching khi ding
in vivo.

Trong ngit canh cua axit nucleic, qua trinh bao nang hoan toan c6 thé duogc xac
dinh bang cach tién hanh thir nghiém loai tritr nhu¢m huynh quang khong thAm mang,
sir dung thudc nhudm c6 tinh phat huynh quang tang cuong khi dugce lién két voi axit
nucleic. Bao nang dugc xdc dinh bang cach bo sung thuéc nhudém vao ché pham
liposom, do kha nang phat huynh quang thu duoc, va so sanh n6 véi kha nang phat
huynh quang dugc quan sat khi bd sung lugng nho chét tiy khong ion. Viée pha v& qua
trung gian chat tay clia hai 16p liposom gidi phong axit nucleic dugc bao nang, cho phép
no twong tac voi thudc nhuém khong thé thAm mang. Qua trinh bao nang axit nucleic
c6 thé duoc tinh toan 1a E = (Io - I)/Io, trong d6 I va Io dé chi cuong d6 phat huynh quang
trude va sau khi bd sung chit tay.

“Gen” dé chi trinh tu axit nucleic (vi du, ADN) bao gém trinh ty ma hoa can dé
tao ra polypeptit hodc tién chat (vi du, virut hecpet don gian). Polypeptit c6 thé dugc
ma héa béi trinh tu ma hoéa c6 chidu dai ddy du hodc boi phan bat ky cua trinh ty ma
héa véi diéu kién hoat tinh mong mudn hodc dic tinh chirc nang (vi dy, hoat tinh enzym,
gan két phoi tir, dan truyén tin hiéu, va tuong tw) cua polypeptit c6 chiéu dai day du

hodc doan cua ching duoc gitr lai.
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Thuat nglr “lipit ki nudc” cé nghia 1a hop chét cé cac nhom khong phan cuc
gdm, nhung khong chi gi6i han &, nhém hydrocacbon béo khong bio hoa va bao hoa
mach dai va cac nhém nay tuy y dugc thé boi mot hodc nhiéu /(cac) nhém thom, béo
vong, hoac di vong. Cac vi du thich hop gém, nhung khong chi giéi han o,
diaxylglyxerol, dialkylglyxerol, N-N-dialkylamino, 1,2-diaxyloxy-3-aminopropan, va
1,2-dialkyl-3-aminopropan.

Luong hodc liéu “hitu hiéu mién dich” 1 lugng hoic lidu du dé tao ra phan tng
mién dich & déi twong tai d6 tinh min dich duoc thiét lap & ddi twong. Tinh midn dich
c6 thé duoc danh gia, vi du, béng thir nghiém chuén dd khang thé dé xac dinh xem c6
&0 khang thé chdng lai cac bénh 1ay nhidm nhét dinh duge phat hién & dbi twong hay
khoéng.

“Hinh thai dang tAm” dé chi cdu trac hai 16p. Hinh thai dang tim, ciu trac hai
16p cua cac hat lipit dugce boc 10 ¢ day co thé duoc xac dinh sir dung cac k¥ thuat phan
tich, vi du, bang cac hinh anh cryo-TEM.

Thuat ngir “lipit” c6 nghia la hop chit hitu co bao gdm este clia axit béo va
duoc dic trung boi tinh khong hoa tan trong nudc, ma hoa tan trong nhiéu dung méi
hiru co. Cac lipit thuong dugce chia thanh it nhat ba nhom: (1) “lipit don gian”, gdm cac
chét béo va dau ciing nhu sap; (2) “lipit hop phan”, gdm cac phospholipit va glycolipit;
va (3) “lipit duoc tao dan xut” nhu steroit.

Thuét ngit “thé tiép hop lipit” c6 nghia 1a lipit dugc tao tiép hop trc ché sy tich
tu cua cac hat lipit. Céc thé tiép hop lipit gom, nhung khéng chi gi¢i han &, thé tiép hop
PEG-lipit nhu, vi du, PEG dugc lién hop voi dialkyloxypropyl (vi du, thé tiép hop PEG-
DAA), PEG duoc lién hgp véi diaxylglyxerol (vi du, thé tiép hop PEG-DAG), PEG
dugc lién hop véi cholesterol, PEG dugc lién hop véi phosphatidyletanolamin, va PEG
duge tiép hop voi xeramit, lipit PEG cation, thé tiép hop polyoxazolin (POZ)-lipit,
oligome polyamit, va cac hon hop cua chiing. PEG hodac POZ c6 thé duoc tiép hop truc
tiép voi lipit hodc cé thé dugc lién két voi lipit qua goc lién két. Goc lién két bat ky
thich hop dé lién hop PEG hodc POZ véi lipit ¢6 thé dugc st dung gbm, vi du, cac goc
lién két khong chira este va cac gbc lién két chira este. Theo cac phuong én duoc uu

tién nhét dinh, cac géc lién két khong chira este, nhu amit hodc carbamat, dugc sir dung.
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Thuét ngit “ta duge phan phéi lipit” c6 nghia 12 ché pham lipit c6 thé duoc sit
dung dé phéan phéi axit nucleic diéu tri (vi du, mARN) t6i vi tri dich quan tam (vi du, té
bao, mo, co quan, va twong tu). T4 duoc phan phéi lipit co thé 1a hat axit nucleic-lipit,
ma c6 thé dugc tao ra tir lipit cation, lipit khong cation (vi du, phospholipit), lipit dugc
tao tiép hop ma ngin can sy tich tu cua hat (vi du, PEG-lipit), va tuy y cholesterol.
Thong thuong, axit nucleic diéu tri (vi du, mARN) co thé dugc bao nang trong phé‘m
lipit cua hat, tir d6 bao vé no khoi su thoai bién enzym.

“Hat nano lipit” la ché pham lipit bat ky ma c6 thé duoc sir dung dé phan phéi
hop chat gdm, nhung khéong chi gidi han &, liposom, ma bao gbm hai 16p lipit, nhu chu
trac dang don tim hoic da tam, trong d6 ARN dugc bao nang it nhat mot phan bing
cach cip doi ion v6i cac lipit cation. Khi hat nano lipit 12 liposom, thi n6 duge xem la
c6 phan nudc bén trong. Cac cac hat nano lipit khac co phan bén trong ran trong do6 16p
lipit (ma co thé 1a hai 16p hodc mot 16p) duge lién két truc tiép v6i nguyén liéu dugce
bao nang (vi duy, axit nucleic).

“Puoc bao nang lipit” c6 thé ding dé chi ché pham lipit tao ra hgp chét bao
nang hoan toan, bao nang mot phan, hoic ca hai, trong d6 ARN (hodc axit nucleic khéc)
khong tham gia vao qué trinh thily phén qua trung gian RNaza hodc xen vao thude
nhudm.

Thuat nglr “ARN thong tin” (mARN) dé chi polynucleotit bat ky ma héa protein
hodc polypeptit quan tdm va which c¢6 kha ning dugc dich ma dé tao ra protein hodc
polypeptit dugc ma hda quan tdm in vitro, in vivo, tai chd (in situ) hodc ex vivo.

Thuat ngit “lipit trung hoa” c6 nghia la cac loai lipit t6n tai & dang ludng tinh
khong tich dién hodc trung hoa ludng tinh ¢ d6 pH dugc chon. O d6 pH sinh ly, cac
lipit nay gom, vi du, diaxylphosphatidylcholin, diaxylphosphatidyletanolamin, xeramit,
sphingomyelin, cephalin, cholesterol, cerebrosit, va diaxylglyxerol.

Thuat ngir “lipit khong cation” ¢6 nghia la lipit ludng tinh, lipit trung hoa hoac
lipit anion nhu dugc mo6 ta ¢ day.

Thuat ngir “axit nucleic” c6 nghia 12 deoxyribonucleotit hodc ribonucleotit va
polyme ctia chiing & dang soi don hodc soi kép. Thuat ngit ndy bao ham céc axit nucleic
chtra cac chat tuong tu nucleotit da biét hodc cac géc hoac cac lién két thudce bd khung

da dugc cai bién, ma dugc tong hop, xuat hién trong tu nhién, va khong xuat hién trong
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tu nhién, co cac dic tinh gén két tuong ty nhu axit nucleic tham chiéu, va dugc chuyén
hoa theo cach tuong tu nucleotit tham chiéu. Vi du vé cic chat twong tu nhu vay bao
gbm, ma khéng gi6i han 6, phosphorothioat, phosphoramidat, metyl phosphonat, metyl
phosphorat khong dbi xtmg, 2-O-metyl ribonucleotit, axit peptit-nucleic (PNA).

Thuit ngtr “nucleotit” c6 nghia dé gbm cac nucleotit c6 cac bazo tw nhién (tiéu
chuén) hodc cac bazo duogc cai bién duoc biét o trong linh vyc ky thuat. Nhin chung,
cac bazo nay dugc nam & vi tri 1' cua gbc duong nucleotit. Nhin chung, cdc nucleotit
bao gom bazo, dudng, va nhém phosphat. Cac nucleotit co thé khong duogc cai bién
hodic dugc cai bién ¢ gbc dudng, phosphat, va/hodc bazo, (ciing dé chi su thay thé cho
nhau nhu cac chat tuong déng nucleotit, cac nucleotit dugc cai bién, cac nucleotit khong
c6 trong tu nhién, cac nucleotit khong ti€u chuin va cac nucleotit khac; Xem, Vi du,
Usman and McSwiggen, supra; Eckstein, et al., Cong b don qudc té s6 WO 92/07065;
Usman, et al., Cong b6 don qudc té s6 WO 93/15187; Uhlman & Peyman, supra, tat ca
chung duoc két hop vao day béng cach vién dan). C6 mot s6 vi du vé bazo axit nucleic
duoc cai bién duge biét trong linh vyc ky thuat nhu duoc tom tat béi Limbach, et al,
Nucleic Acids Res. 22:2183, 1994. Mot vai vi du khong gidi han vé céc cai bién bazo
ma ¢6 thé duoc dua vao cac phan tir axit nucleic gdm: inosin, purin, pyridin-4-on,
pyridin-2-on, phenyl, pseudouraxin, 2,4,6-trimetoxy benzen, 3-metyl uraxin,
dihydrouridin, naphthyl, aminophenyl, 5-alkylxytidin (vi du, 5-metylxytidin), 5-
alkyluridin (vi du, ribothymidin), 5-halouridin (vi du, 5-bromouridin) hoac 6-
azapyrimidin hodc 6-alkylpyrimidin (vi du, 6-metyluridin), propyn, va cac cai bién khac
(Burgin, et al., Biochemistry 35:14090, 1996; Uhlman & Peyman, supra). “Cac bazo
duoc cai bién” theo khia canh nay c6 nghia la bazo nucleotit khong phai adenin, guanin,
Xytosin, va uraxin ¢ vi tri 1' hodc cac dang twong duong cua chung.

“Dung dich lipit hiru co” dé chi ché phdm bao gdm toan b, hodc mot phén,
dung mbi hitu co c6 lipit. Dung dich lipit hitu co tot hon 1a bao gdm alkanol, tot nhat la
etanol.

Thuat ngir “dugc dung” duoc dung ¢ day dé chi cac hop chét, nguyén liéu, ché
pham, va/hodic cic dang liéu ma, trong pham vi cua quy dinh y té hop 1y, 1a thich hop

dé dung tiép xtic v6i md nguoi va dong vat ma khong gay doc hai, kich ung, phan ng
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di tng qué muc hodc khong gay ra vAn dé hodc bién chung khac, va tuong xiing voi ty
1€ loi ich/nguy co hop ly.

Cum tir “ta duoc duoc dung” nhu duge st dung & ddy, dé chi thanh phan bat ky
khéng phai la cac hop chét duge md ta & day (vi du, ta duge c6 thé tao huyén phu hodc
hoa tan hoat chét) va c6 cac dic tinh khong gay doc va khong gy viém dang ké & bénh
nhan. cac t4 dugc co thé gdbm, Vi dy: chat chong bam dinh, chét chng oxy hoa, chét
gén két, chat bao, chét tro nén, chét r3, thudc nhuém (chit mau), chét 1am diu, chét nhii
hoa, chit don (chét pha loang), chét tao mang hoac chét bao, chéit tao huong, chét tao
huong thom, chét chay (chét lam tang do chay), chét tron, chét bao quan, myc in, chat
hép thu, tac nhan tao huyén phu hoic phan tan, chét tao ngot, va nudc ciia qué trinh
hydrat hoa. Cac ta dugce lam vi du gdm, nhung khong chi gi6i han &: hydroxytoluen
duogc butyl hoéa (butylated hydroxytoluene - BHT), canxi cacbonat, canxi phosphat
(dibazo), canxi stearat, croscarmelloza, polyvinyl pyrolidon duoc lién két ngang, axit
xitric, crospovidon, xystein, etylxenluloza, gelatin, hydroxypropyl xenluloza,
hydroxypropyl metylxenluloza, lactoza, magie stearat, maltitol, mannitol, methionine,
metylxenluloza, metyl paraben, xenluloza vi tinh thé, polyetylen glycol, polyvinyl
pyrolidon, povidon, tinh bt dugc gelatin hoa so bd, propyl paraben, retinyl palmitat,
sen-lic, silic dioxit, natri carboxymetyl xenluloza, natri xitrat, tinh bt natri glycolat,
sorbitol, tinh bot (ngd), axit stearic, sucroza, talc, titan dioxit, vitamin A, vitamin E,
vitamin C, va xylitol.

Cum tir “mudi duoc dung” dé chi cac dan xuét cia cac hop chat dugc boc 16
trong d6 hop chat gbe dugce cai bién bang cach chuyén hoa gdc axit hodc bazo c6 sin
thanh dang mudi cia n6 (vi du, bé'mg cach cho nhom bazo tu do véi axit hitu co thich
hop). Vi du vé cac mudi dugc dung bao gém, nhung khong chi gi6i han ¢, cac mudi
axit vo co hodc hiru co cua cac géc bazo nhu cac amin; cac mudi kiém hodc hitu co cua
cac géc axit nhu cac axit carboxylic; va mudi tuong tu. Cac mudi cOng axit dai dién
gém cidc mudi axetat, adipat, alginat, ascorbat, aspartat, benzensulfonat, benzoat,
bisulfat, borat, butyrat, camphorat, camphorsulfonat, xitrat, Xyclopentanepropionat,
digluconat, dodexylsulfat, etansulfonat, fumarat, glucoheptonat, glyxerophosphat,
hemisulfat, heptonat, hexanoat, hydrobromua, hydroclorua, hydroiodua, 2-hydroxy-

etansulfonat, lactobionat, lactat, laurat, lauryl sulfat, malat, maleat, malonat,
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metansulfonat, 2-naphthalenesulfonat, nicotinat, nitrate, oleat, oxalat, palmitat, pamoat,
pectinat, persulfat, 3-phenylpropionat, phosphat, picrat, pivalat, propionat, stearat,
sucxinat, sulfat, tartrat, thioxyanat, toluensulfonat, undecanoat, valerat, va cac mudi
tuong tu. Cac mubi kim loai kiém hodc kiém thd dai dién natri, lithi, kali, canxi, magie,
va tuong tu, cling nhu amoni khong ddc, amoni béc bdn, va cation amin, gém, nhung
khong chi gigi han ¢ amoni, tetrametylamoni, tetractylamoni, metylamin, dimetylamin,
trimetylamin, trietylamin, etylamin, va tuong tuy. Cac mudi dugc dung theo sang ché
gbm céc mudi khong doc thong thudng ctia hop chét gbc duoce tao ra, vi du, tir axit vé
co hodc hiru co khong doc. Cac mudi duoc dung theo sang ché c6 thé duoc téng hop tr
hop chét gc ma né chira phin bazo hoic axit bang cac phuong phép hoa hoc thong
thuong. Nhin chung, cac mubi nhu vay c6 thé dugc diéu ché bang cach cho cic dang
axit hodc bazo tu do cia cac hop chat nay phan tmg véi lugng ty lugng cta bazo hodc
axit thich hgp trong nudc hodc trong dung mdi hiru co, hodc trong hon hop chira hai
chét ndy; nhin chung, moi truong khong trong nudc nhu ete, etyl axetat, etanol,
isopropanol, hodc axetonitril duoc wu tién. Danh sach cac mudi thich hop duoc tim thy
trong Remington's Pharmaceutical Sciences, 17th ed., Mack Publishing Company,
Easton, Pa., 1985, p. 1418, Pharmaceutical Salts: Properties, Selectioﬁ, va Use, P. H.
Stahl va C. G. Wermuth (eds.), Wiley-VCH, 2008, va Berge et al., Journal of
Pharmaceutical Science, 66, 1-19 (1977), mdi tai liéu nay duoc két hop toan by vao day
bang cach vién dan.

“Axit ribonucleic” hodc “ARN” dé chi polyme chira it nhét hai ribonucleotit.
“Ribonucleotit” chira riboza duong, bazo, va nhom phosphat. Cac nucleotit duoc lién
két v6i nhau qua cac nhém phosphat. “Céc bazo” gOm purin va pyrimidin, ma con gom
cac hop chét tu nhién adenin, thymin, guanin, xytosin, uraxin, inosin, va chét tuong
ddng tu nhién, va cac dan xuat tong hop ctia purin va pyrimidin, g6m, nhung khong chi
gii han &, cac cai bién ndm & cac nhém hoat tinh m&i nhu, nhung khong chi gidi han
0, amin, ruou, thiol, carboxylat, va alkyl halua.

ARN c¢6 thé & dang ARN oligonucleotit, tARN (ARN chuyén), snARN (ARN
nhan nho), TARN (ARN ribosom), mARN (ARN thong tin), ARN doi nghia, siARN
(ARN can tré nho), ARN tu sao chép, ribozym, trinh tu khdm, hodc céac din xuét cua

cac nhém nay. ARN c6 thé gdbm (ngoai cutruc5’ cap batky) mot hodc nhiéu nucleotit
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¢6 nucleobazo duoc cai bién, g6111 m5C (5-metylxytidin), m5U (5-metyluridin), m6A
(N6-metyladenosin), s2U (2-thiouridin), Um (2" -O-metyluridin), mlA (1-
metyladenosin); m2A (2-metyladenosin); Am (2" -O-metyladenosin); ms2m6A (2-
metylthio-N6-metyladenosin); i6A (N6-isopentenyladenosin); ms2i6A (2-metylthio-
Né6isopentenyladenosin); i06A (N6-(cis-hydroxyisopentenyl)adenosin); ms2io6A (2-
metylthio-N6-(cis-hydroxyisopentenyl) adenosin); gbA (N6-
glyxinylcarbamoyladenosin); t6A (N6-threonyl carbamoyladenosin); ms2t6A (2-
metylthio-N6-threonyl carbamoyladenosin); mo6t6A (N6-metyl-N6-
threonylcarbamoyladenosin); hn6 A(N6.-hydroxynorvalylcarbamoyl adenosin);
ms2hn6A  (2-metylthio-N6-hydroxynorvalyl carbamoyladenosin); Ar(p) (2" -O-
ribosyladenosin (phosphat)); I (inosin); mll (I-metylinosin); m Im (1,2" -O-
dimetylinosin); m3C (3-metylxytidin); Cm (2T-O-metylxytidin); s2C (2-thioxytidin);
ac4C (N4-axetylxytidin); f5C (5-fonnylxytidin); m5Cm (5,2-O-dimetylxytidin); ac4Cm
(N4axetyl2TOmetylxytidin); k2C (lysidin); mlG (1-metylguanosin); m2G (N2-
metylguanosin); m7G (7-metylguanosin); Gm (2° -O-metylguanosin); m22G (N2,N2-
dimetylguanosin); m2Gm (N2,2° -O-dimetylguanosin); m22Gm (N2,N2,2" -O-
trimetylguanosin); Gr(p) (2° -O-ribosylguanosin (phosphat)); yW (wybutosin); 02yW
(peroxywybutosin);  OHyW  (hydroxywybutosin); ~ OHyW*  (undermodified
hydroxywybutosin); imG (wyosine); mimG (metylguanosin); Q (queuosin); 0Q
(epoxyqueuosin); galQ (galtactosyl-queuosin); manQ (mannosyl-queuosin); preQo (7-
xyano-7-deazaguanosin); preQi (7-aminometyl-7-deazaguanosin); G* (archaeosin); D
(dihydrouridin); m5Um (5,2" -O-dimetyluridin); s4U (4-thiouridin); m5s2U (5-metyl-
2-thiouridin); s2Um (2-thio-2" -O-metyluridin); acp3U (3-(3-amino-3-
carboxypropyl)uridin); ho5U (5-hydroxyuridin); mo5U (5-metoxyuridin); cmo5U (axit
uridin 5-oxyaxetic); memo5U (metyl este cua axit uridin 5-oxyaxetic); chm5U (5-
(carboxyhydroxymetyl)uridin)); mchm5U (5-(carboxyhydroxymetyl)uridin metyl
este); mem5SU (5-metoxycarbonyl metyluridin); memS5Um (S-metoxycarbonylmetyl-2-
O-metyluridin); mcm5s2U  (5-metoxycarbonylmetyl-2-thiouridin); nm5s2U  (5-
aminometyl-2-thiouridin); mnm5U  (5-metylaminometyluridin); mnm5s2U  (5-

metylaminometyl-2-thiouridin); mnmS5se2U  (5-metylaminometyl-2-selenouridin);
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nem3U (5-carbamoylmetyl uridin); nem5Um (5-carbamoylmetyl-2” -O-metyluridin);
cmnm5U (5-carboxymetylaminometyluridin); cnmmSUm (5-
carboxymetylaminometyl-2-L-O-metyluridin); cmnm5s2U (5-
carboxymetylaminometyl-2-thiouridin); m62A (N6,N6-dimetyladenosin); Tm Q2" -O-
metylinosin); m4C (N4-metylxytidin); m4Cm (N4,2-O-dimetylxytidin); hm5C (5-
hydroxymetylxytidin); m3U (3-metyluridin); cm5U (5-carboxymetyluridin); m6Am
(N6,T-O-dimetyladenosin); rm62Am (N6,N6,0-2-trimetyladenosin); m2° 7G (N2,7-
dimetylguanosin); m2" 2" 7G  (N2,N2,7-trimetylguanosin); m3Um (3,2T-O-
dimetyluridin); mSD (5-metyldihydrouridin); f5Cm (5-formyl-2" -O-metylxytidin);
mlGm  (1,2" -O-dimetylguanosin); m’ Am  (1,2-O-dimetyl  adenosin)
irinometyluridin); tm5s2U  (S-taurinometyl-2-thiouridin)); imG-14  (4-demetyl
guanosin); imG2 (isoguanosin); hodc ac6A (N6-axetyladenosin), hypoxanthin, inosin,
8-oxo-adenin, cac dan xuét dugc thé vi tri 7 ctia ching, dihydrouraxin, pseudouraxin,
2-thiouraxin, 4-thiouraxin, 5-aminouraxin, 5-(C1-C6)-alkyluraxin, 5-metyluraxin, 5-
(C2-C6)-alkenyluraxin, 5-(C2-C6)-alkynyluraxin,  5-(hydroxymetyl)uraxin,  5-
clouraxin, 5-flouraxin, 5-bromouraxin, 5-hydroxyxytosin, 5-(C1-C6)-alkylxytosin, 5-
metylxytosin, 5-(C2-C6)-alkenylxytosin, 5-(C2-C6)-alkynylxytosin, S-chloroxytosin,
5-floxytosin, 5-bromoxytosin, N2-dimetylguanin, 7-deazaguanin, 8-azaguanin, guanin
duoc thé & 7-deaza-7, 7-deaza-7-(C2-C6)alkynylguanin, guanin dugc thé & 7-deaza-8,
8-hydroxyguanin, 6-thioguanin, 8-oxoguanin, 2-aminopurin, 2-amino-6-chloropurin,
2,4-diaminopurin, 2,6-diaminopurin, 8-azapurin, 7-deazapurin dugc thé, purin dugc thé
& 7-deaza-7, purin dugc thé & 7-deaza-8, hoic nucleotit mét mot bazo.

ARN c6 thé bao gdm mét hodc nhiéu phan tir UNA, vi du, nhu duoc boc 16
trong Patent M¥ s6 8,314,227, 9,051,570, 9,303,260, 9,297,009, va 9,340,789, va Cong
bd Sang ché My s 2016/0168567, dugc két hop toan bd vao day bang cach vién dan.

ARN hoic ARN tu sao chép can gdm mét hodc nhiéu pyrimidin nucleobazo
duge cai bién, nhu cac gdc pseudouridin va/hodc 5-metylxytosin.

“ARN tu sao chép” dé chi cic ARN ma co thé, khi dwoc giai phong vao té bio
tir ddng vat cd vi ngay ca khi khong cé protein bat ky, s& lam san sinh nhiéu ARN con
béng cach ty phién ma (bé’lng ban sao dbi nghia tu tao ra). Phan to ARN tu sao chép
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thuong 13 phan tir sgi duong co thé dugc dich ma truc tiép khi gidi phong vao té bao,
va su dich ma ndy tao ra ARN polymeaza phu thuéc ARN ma sau do tao ra ca cac san
phim phién ma d6i nghia va c6 nghia cia ARN dugc giai phong. Cac ARN con, ciing
nhu céc san pham phién ma cin bd gen cong tuyén, co thé dugc tu dich ma dé biéu hién
tai chd protein di ma hoa (vi dy, va khang nguyén hodc chat khang nguyén), hodc ching
c6 thé duoc phién ma dé tao ra cc san phim phién m3 bd sung voi nghia tuong tu khi
ARN duoc giai phong ma duoc dich ma dé tao ra su biéu hién protein tai vi tri. Toan
bo két qua cua trinh tu phién ma nay la su khuéch dai lén vé sb luong céc don vi sao
chép ARN di duogc dua vao va theo cach nay protein d@ ma hoa tr¢ thanh san pham
chinh ctia cac té bao duoc chuyén nhidm. Cac vi du vé ARN tu sao chép dugc mo ta
trong WO 2012/006369 va US 2018/0104359, ndi dung cta chung dugc két hop vao
day bang cach vién dan.

“Sy chay réi” dugc dinh nghia & day vé mat hinh thai ciia khu vuc tron, va tbe
d6 chay cia dung dich nudc bao gdm ARN va dung dich etanol bao g6m hdn hop lipit.
Trong khi tron sb Reynolds it nhat 1a 2000, trong d6 so Reynolds Re duoc xéc dinh la

Re = DVp / m
trong do: p 1a mat d6 dung dich bao g6m 0 dén 25% etanol trong nuéc (g/cm?®), V 1a vin
téc ciia dung dich lién quan dén 6ng (cm/gidy), D 12 ID ctia éng (cm), p 1a van toc dong
hoc cua dung dich (g/(cm'gidy)). Tilton, Fluid and Particle Dynamics, PERRY’S
CHEMICAL ENGINEERS’ HANDBOOK (Green ed., 8% ed. 2008) (dugc két hop toan
b vao ddy bang cach vién dan) & trang 6-51. Viéce dich chuyén dong chay rbi xudt hién
v6i s6 Reynolds Re ndm trong khoang tir 2000 dén 2500 (Tilton & 6-14). Vi du, & 300
ml/phut tdc do chay trong éng c6 ID=0,132” (0,335 cm), Re 12 2.100 (D=0,30 cm, V=70
cm/gidy, p=96 g/cm?, va p=0,01 gm/ (cm gidy) (Poling, Physical and Chemical Data,
in PERRY'S, ¢ 2-117 va 2-448, tuong rng). Xem xét profin van tdc ciia Ong quan tam,
vén tdc duong trung tAm v 1a ham cta vi trf ban kinh r trong duong dng tron c6 ban kinh
R (D/2) dugc xéc dinh 12

v=2V(1-r*/R?)
trong d6 van tdc t6i da gp hai lan van toc hiru hiéu déi véi profin parabon (Tilton, ¢ 6-

11). Vi du, véi toc d6 chay 300 ml/phit, sb Reynolds ¢ tim cia dng 14 4.200. Doi véi
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Iy do nay, co thé x4c dinh tdc dd chdy trong d6 su chay rdi duge tao ra it nhit & tAm cila

ong, va t6i muc dang ké hudng t6i cac thanh.
Vi du thyce hién sang ché

Vi du 1: Hiéu qua cia tbe dd chay ddi véi co hat

Bé chira chira siARN ¢ ndng d6 0,55 mg/mL va bé chira khéc v6i lipit toan phan
& ndng do 49,4 mg/mL dugc didu ché, nhu duge thé hién trén FIG. 1.

Ché pham lipit duoc ché héa trong khoang lipit cation:DSPC:Cholesterol:PEG-
DMG, 48-60:5-10:28-38:0,5-3,0 % mol. Ty 1€ cua lipit toan phan va ARN 1a 25:1 dén
30:1, khéi luong:khdi lwong. \

Dung dich lipit dugc bom tur bé chira qua médun tron bang cach bom HPLC qua
éng c6 dAu vao lipit 0,017 (0,0254 cm) & téc do chay tir 25 dén 87,5 ml/phut. Dung dich
SiARN dugc bom tir bé chita qua modun bang bom HPLC qua éng c6 dau ra siARN
0,132” (0,335 cm). Tc dd chay cua siARN 16n hon gap ba lan tc d6 chay cua lipit, va
déu ra cua tron 13 dung dich 25% EtOH. Dung dich ra con dugc pha lodng trong dung
dich dém, va ARN ty do va etanol duogc loai bo bing cach loc dong tiép tuyén (TFF).
Céc hinh tir Fig. 1, 4, va 5 duoc thé hién bing so 6 toan bo quy trinh véi FIG. 1 thé
hién cac budc tao ra, FIG. 4 thé hién so do thiét bi, va FIG. 5 dua ra cic minh hoa
mddun tron theo sang ché.

Céc dic tinh khac nhau cua cac hat nano ARN duoc bao nang lipit duoc do,
g6m cd hat trung binh (nm), chi s6 da phén tan (PDI), va ty 1€ bao nang. Hi€u suét tao
thanh 1a >80% dbi véi tit ca cac diéu kién duoc thir nghiém. Cac két qua nay duoc thé
hién trong bang 2.

Bang 2: Thay doi tdc do chay trong qua trinh trén

Ty 16 ARN
A va lipit
Toc d§ chay, ml/phut C& hat ) b sua‘itlg(‘:A,) (khéi )
tl‘llllg binh!| PDI Yo dlili’:.)’c ao lllf;}’ﬂg/kh(]l
(nm) ng wong)
Lipit | siARN | 1008
cong
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25 75 100 106,9 0,09 99,1 76 0,03
50 150 200 75,7 0,08 99.4 82 0,03
75 225 300 71,2 0,07 99,3 85 0,03
87,5 262,5 350 66,4 0,08 98,7 80 0,03

Céc két qua da chi ra rang viéc tang toc d§ chay cua lipit va ARN s€ lam giam

c& hat trung binh dong thoi duy tri PDI & <0,1, va ty 1€ bao nang & khoang 99%.

Vi du 2: Quy moé xir Iy va khd néng tai sian xuit
Céac diéu kién cia Vi du 1 duoc dung bé’lng cach st dung tbc do chay két hop
300 ml/phiit déi véi thé tich mé tir 1 lit dén 220 lit. Cac két qua ndy dugc thé hién trong

bang 3.

Bang 3: Quy md va kha ning tai sdn xuat clia cac dic tinh héa sinh ly

Thé Tyl
. ~ % siARN | ARN/lipit
tich | C& hat trung £
. . PDI dwgc bao (khoi
meé binh (nm) : e
(@) nang lwgng/khoi
lwgng)
1.8 75,4 0,07 96,9 0,03
3.5 73,6 0,04 98,7 0,03
7.3 73,7 0,04 99.1 0,03
22 76.1 0,04 99.1 0,03
110 76,0 0,06 99,0 0,03
220 76,0 0,06 99.0 0,03
220 75,3 0,05 99,0 0,03
220 75,0 0,04 99.0 0,03
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Céc két qua chung to rang quy trinh duge boc 16 & day st dung su chay ri co
thé dugc mé rong quy mé tir 1,8 lit dén 220 lit. Cac dic tinh hoa sinh Iy va sinh hoc
quan trong khong thay dbi trong qué trinh m& rong quy mé. Fig. 7 dua ra anh chyp kinh
hién vi cryo-TEM (kinh hién vi dién tur truyén qua) ma chi ra réng cac hat da duoc tao
ra c6 kich c& déng nhat & mé 220 L, véi hinh thai hoc dang don tAm.

Kha ning mé rong cua quy trinh dugce boc 10 ¢ day duoc do sir dung céac diéu
kién duge boc 10 trong Vi du 1 bing cach thay ddi lugng ARN duoc xir Iy tir 0,05 dén
30 gam vdi tc dd chay 300 ml/phit, va do ¢& hat, PDI va % bao nang. Két qua duogc
thé hién trén cac FIG. 6A. Cac két qua chimg to rang kich c¢& clia cac hat giit trong
khoéng tir 70 dén 80 nm véi quy mo ting tir 0,5 gam dén 30 gam.

Kha nang tai san xuét ciia quy trinh dugc do bang cach diéu ché mot s6 mé 30
g hat nano lipit ARN mét cach doc lap. Két qua duoc thé hién trén cic FIG. 6B. Cac
két qua ching minh kha ning tai sin xuét bén trong meé, trong dé ¢& hat 70-80 nm thu
duoc.

Hiéu suét tao thanh cudi 1a >80% qua tat ca cac quy mo tir 1,8-220 L.

Hiéu qua ca cac hat tao ra & cac mé 220 L boi quy trinh duge boc 16 & day bang

cach tiém tinh mach vao tinh mach duéi chugt Balb/c. Cac két qua nay dugc thé hién

trong bang 4.
Bang 4
Quy trinh Liéu 15 mg/kg Liéu 20 mg/kg
su chay roi dung nap tot dung nap tbt

Céc két qua chi ra rang cac hat nano ARN duoc bao nang lipit dugc san xudt

biang cach dong chay rdi dugc dung nap véi lidu 1én dén it nhat 20 mg/kg.

Vi du 3: Hiéu qua ciia viéc thay d6i ndng do siARN
Phuong phéap cua Vi du 1 dugc sir dung véi toe d6 chay lipit 75 ml/phit, siARN
tc d6 chay 225 ml/phut va tong tdc d6 chay, 300 ml/phut. Néng d6 trong qué trinh xr
Iy cua siARN truée khi pha lodng duogc thay ddi tir 0,083 mg/ml dén 0,41 mg/ml, va
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ndng d6 ctia lipit duge tang theo ty 1& dé duy tri ty 18 ARN:lipit. Cac két qua nay dugc
thé hién trong bang 5.

Bang 5: Thay d6i nong d9 trong qua trinh xi 1y khi trjn

85/102

Nong do Tyl
: Néngdd | 2P0 | Cohat %duge bao | ATOVpit
Sémé| SiARN pr 2 trung binh | PDI | “°°Y° (khéi
phan nang £
(mg/ml) (nm) lwgng/khoi
(ug/ml)
lwgng)
5 0,41 12,22 70,3 0,08 96,8 0,03
6 0,33 9.84 67.9 0,08 98,3 0,03
7 0,25 7.46 67,1 0,09 97.8 0,03
8 0,17 5,07 68,1 0,10 97,0 0,03
9 0,083 2.48 68,2 0,10 97,3 0,03

Céc két qua da chi ra ring néng do trong qua trinh xir Iy ARN c6 thé thay doi

ma khong lam thay ddi ¢ hat hoac ty 1¢ cia ARN dugc bao nang.

Vi du 4: Hiéu qua ctia c¢& médun

Cac didu kién cia Vi du 1 duoc tién hanh sir dung ty 18 ARN:lipit 12 0,03, khi
luong:khéi luong. Hiéu qua cua viéc thay doi duong kinh d4u ra moédun duoc do béng
cach thay déi téc do chay tir 40 dén 600 ml/phit, téng s6, nhu duge thé hién bang céc
két qua trong Bang 6. Ap sut vao duogc kiém soat, va kich ¢& PDI va ty 1é bao nang cua

cac hat ARN da duoc bao nang thu dugc dugc do.

Bang 6: Thay d6i dwong kinh vao médun

Ty 18
ID vao Ap suat | Toc dd chay |Cé hat /l.lp it
5 (inch) vao (psi) (ml/pht) tr ‘ o% d (kkhoi £
So rung phy /e CWC fwgng/khoi
mé ‘ binh bao nang lrong)
T4 (nm)
Lipit siARNLipitsiARNLipitsiARN| g:gg
10 2091 O 10 | 30 | 40 131 10,09 98,1 0,03
11 0,005/ 0,132 386 O 15| 45 60 | 94,07 10,14 98,5 0,03
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12 622 O 20 | 60 | 80 | 70,83 [0,10] 98,2 0,03
13 1721 0 25 | 75 | 100} 97,74 [0,12] 98,6 0,03
14 0.007 244 | 3 30| 90 | 120 84,88 (0,14 98,6 0,03
15 |7 439 8 35 | 105 | 140 72,62 0,12 98,5 0,03
16 617 14 | 40 | 120 | 160 | 64,28 0,09 97,7 0,03
17 5 0 25 | 75 |100 | 106,9 10,09 99,1 0,03
18 0.01 96 | 27 | 50 | 150 {200 ] 75,7 10,08 99,4 0,03
19 |7 343 | 75 | 75| 225 | 300 | 69,06 [0,11] 98,0 0,03
20 477| 101 |[87,5|262,5|350 | 66,38 10,08 98,7 0,03
21 0 | 100 | 75 | 225 | 300 | 135,6 0,08 98,8 0,03
22 10,02 2 | 170 |100| 300 |[400| 119,6 0,12 98,2 0,03
23 56 | 345 |150| 450 | 600 | 100,4 [0,16] 98,6 0,03
24 186 O 10 | 30 | 40 || 136,8 [0,11] 98,0 0,03
25 10,005/ 0,1 |350| O 15| 45 | 60 | 104,6 [0,16] 98,1 0,03
26 566 O 20 | 60 | 80 | 81,24 0,13 97,5 0,03

Cac két qua chi ra rang khi khong thay ddi ché phim, ma chi thay d6i ID cta
dau vao lipit va/hodc siARN ctia mdédun trn co6 thé tao ra céc kich ¢& hat nano khac

nhau v6i >= 99% hiéu qua bao nang va >= 80% hiéu suat.

Vi du 5: Tao ra cac hat nano ARN dwoc bao nang lipit chira mARN hodc ARN tw
sao chép

Céac diéu kién cua Vi du 1 duoc tién hanh su dung médun voi dau ra lipit 0,01
”(0,0254 cm) va dau ra siARN 0,132”  (0,33528 cm), téc do chay lipit 75 ml/phut,
tdc do chay mARN 225 ml/phut, téng tbc do chay, 300 ml/phut. mARN soi don duogc
str dung c6 kich c& thay doi tir 265 kDa dén 3.858 kDa ARN, giir duoc ty 16 ARN/lipit
toan phan (khéi luong/khdi lwong) tir 0,025 dén 0,035. ARN da dugc st dung 1a mARN

hodc ARN tu sao chép, chira ving don vi sao chép.

Bang 7: Thay déi kich c& axit nucleic (mARN)
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mARN | Chitudai | o, AI{le/Epit
A A 3 ) .
SO | “npw | MARNGO o binh| pDI | 70 QUOCPA0| g
mé lwgng cac nang .
Da . (nm) lwgmng/khoi
nucleotit)
luwong)
27 | 265.213 827 73,3 0,09 95,2 0,03
28 | 677.000 2.082 73,0 0,08 94,2 0,03
29 11.389.000 4.269 73,0 0,06 95,0 0,03
30 [1.782.362 5.489 82,1 0,08 96,1 0,03
31 |3.857.750 11.870 93,4 0,20 96,5 0,03

Céc két qua dugc chi ra trong Bang 7 thé hién rang mARN lén dén khoang 0,8
dén 12 kilobazo (kb) ¢6 thé dugc dong goi véi khoang 95-97% bao nang st dung quy
trinh dugc mé ta & day. Kich c& ctia cac hat thu duge chi tang ¢ chiéu dai mARN 16n
hon 5,5 kb.

Vi du 6: Tao ra cac hat nano ARN dwgc bao nang lipit chira mARN hodac ARN tw
sao chép

Céac diéu kién cia Vi du 1 duogc tién hanh st dung moédun voi dau ra lipit 0,01
”(0,0254 cm) va dau ra siARN 0,132” (0,33528 cm), tdc d6 dong lipit 75 ml/phut,
tdc dd dong mARN 225 ml/phut, tong téc d6 dong, 300 ml/phit. mARN soi don duoc
sir dung c6 kich c& thay doi tir 265 kDa dén 3.858 kDa ARN, giir duoc ty 16 ARN/lipit
toan phén (khdi lugng/khdi lugng) tir 0,025 dén 0,035. ARN da duoc sir dung 1a mARN

hodc ARN tu sao chép, chira ving don vi sao chép.

Vi du 6: Hoat tinh sinh hoc ciia cac hat nano dugc bao nang lipit in vive

Cac hat nano ARN duoc bao nang lipit chtta EPO mARN hoac FVII siARN
duoc ché hoa sir dung quy trinh dugc mé ta ¢ day, sau do tiém 14n luot vao chudt Balb/c
(6-8 tudn tudi). Nong d6 ciia protein Erythropoietin (EPO) protein va protein FVII trong
huyét thanh hoac huyét twong chudt dugc danh gia sau khi xac dinh hoat tinh sinh hoc
cua cac hat nano nay.

Bing cach str dung qua trinh sang loc thu vién lipit in vivo hudng t6i gan, day
cac hop chat duoc thir nghiém vé néng do cao co loi ciia siARN qua trung gian gen

khéng c6 trong té bao gan, cac té bao nay bao gom nhu mé gan. Yéu t6 VII, yéu t6 dong
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mau, 13 gen dich thich hop dé thir nghiém sy phan phéi siARN t6i gan. Do yéu t6 nay
duoc san sinh dic hiéu trong té bao gan, nén su khong c6 mit gen da chi ra sy phan
phdi thanh céng t6i nhu mo, dbi 1ap v6i su phan phdi téi cac té bao ciia hé théng t€ bao
ludi-mang trong (v du, té bao Kupffer). Hon nita, Yéu té VII 1 protein tiét c6 thé dugc
do d& dang trong huyét thanh, ngin can nhu cau chét nhe nhang ctia dong vat. Su khong
c6 mat 6 muc mARN co thé dwoc xac dinh dé dang béng cach do néng dd cua protein.
Diéu nay 1a do thoi gian ban thai cua protein ngin (2-5 gio). Cac ché pham v&i siARN
hudng t6i Yéu t§ VII dugc ché héa. Chugt C57BL/6 cai (6-8 tuan tudi) duge sir dung
cho cac thir nghiém pha v& (knockdown - KD) FVII siARN.

Quy trinh cua Vi du 1 duoc tién hanh. Hoat tinh sinh hoc in vivo & chudt dugc

do nhu duge mé ta trén day. Cac két qua nay dugc thé hién trong bang 8.

Bing 8: Két qua in vivo dbi véi cac hat nano ARN dwgc bao nang lipit

APVLipit T{’ 0 ¢ h’;'y C& hat Hoat tinh
. toan phan ml/phut - o ] . .
1020 | % mol lipit |dich (khi e IppI e duoe sinh hoe i
lwong/khdi|. . . Téng g A
1 Lipit ARN| ., (nm) chugt
uong) cong
47 ng/ml
epo EPO protein|
WARN 50:7:40:3 0,028 75 |225| 300 | 81,6 |0,11 96,1 @ 0,3
mg/kg
mARN
92,5% phé
vo FVII
FVII mARN
SiARNSS.733,5.1,5 0,034 50 | 150 | 200 | 68,9 10,08 93,7 @
0,2 mg/kg
siARN

Céc két qua di chi ra ring ca sy biéu hién qua trung gian EPO mARN va pha
v& (KD) qua trung gian FVII siARN cua su biéu hién FVII 1a tiém nang trong cac hat
nano ARN c6 kha ning c6 lipit chira EPO mARN hoac FVII siARN dugc ché héa st
dung quy trinh dugc mo ta ¢ day.
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Vi du 7: Hoat tinh sinh hgc in vivo ciia cic hat mARN dwgc bao nang lipit sir
dung cac thanh phén lipit khac nhau

Céc hat nano ARN c6 kha nang c6 lipit v6i thanh phan lipit chira EPO mARN
thay ddi lan lugt duoc ché hoa sir dung quy trinh dugc mé ta ¢ day. Lipit cation c6 thé
ion hoa dugc thay dbi: Lipit 1 tir Bang 1 nhu duoc so sanh voi lipit 2, lipit 3 va lipit 9.
Chu truc cua lipit cation c6 thé ion héa dugc chi ra dudi day. Cac thanh phan ctia ché

pham duogc chi ra trong Bang 9.

Lipit 1 0

Lipit 2

— s
fﬂﬁ e
Lipit 3 o}

o
-
— S
e T
Lipit 9 o}
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Su biéu hién protein EPO (ng/ml) trong huyét thanh dugc do sau khi ding don
liéu 0,3 mg/kg mARN cho chudt Balb/c cai (6-8 tuan tudi). P6i chitng 4m PBS ¢6 murc

biéu hién EPO 1a 2 ng/ml. Cac két qua so sanh dugc chi ra trong Bang 9.

Bing 9: Két qua in vivo d6i v6i cac hat nano ARN dwrge bao nang lipit

Mirc
‘ ARN/lipit C& hat % | biéu
Thanh phan lipit|, . . (khoi ARN | trung dwgc | hién
bét ky 7o mollipit), - o /khéil(me/mi)| binh | TPF | bao | protein
lwgng) (nm) nang | EPO
(ng/ml)
N 48-60:5-
lipit 1: 10:35-45:1-| 0,03 0,14 | 81,4 | 007 92,1 | 95
DSPC:PEG DMG| ’ ’ A e ’
lipit 2:
SPCDEG DMG 0,03 63,1 | 0,16 | 934 | 92
lipit 3 48-60:5-
: oy
SPCPEG. DMG 381-?)2?30 0,03 0,17 | 73,7 | 0,08 | 94,9 | 146
lipit 9: B
DSPCPEG DMG 0,03 71,1 | 0,10 | 94,9 | 154

Céc két qua da chi ra rang mic du ¢& hat 1a twong duong, nhung mirc biéu hién
protein EPO vé co ban la thay di gifta cac hat nano EPO mARN cé kha ning c6 lipit
v6i cac lipit cation c6 thé ion héa va thanh phan khac nhau. Sir dung quy trinh dugc mé
ta o day, tat ca cac hat nano EPO mARN c¢ kha nang co lipit da duoc tao ra la c6 hiéu

luc. Hiéu suit >85% dugc quan sat d6i v6i cac thanh phan duoc thir nghiém.

Xem xét khac

Phan mé ta néu trén dugc dua ra dé nguoi c6 hiéu biét trung binh trong linh vuc
k¥ thuat nay tién hanh cac dang ciu hinh khac nhau duge mé ta & day. C6 thé c6 nhiéu
cach thuc hién ky thuat theo sang ché. Cac chic ning va yéu té khac nhau duoc mé ta
& day c6 thé dugc phan chia khic nhau tir cac chire nang va yéu t6 dugc thé hién ma
khéng nam ngoai pham vi ctia cac k¥ thuat theo sang ché. Céac cai bién khac nhau d6i
v6i cac dang cau hinh nay 13 hién nhién déi véi nguoi 6 hiéu biét trung binh trong linh
vuc k¥ thuat, va cac nguyén ly chung duoc dinh nghia & ddy c6 thé duge ap dung cho
cac dang cau hinh khac. Do d6, nhiéu thay doi va cai bién c6 thé dugc tao ra dbi véi ky
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thuat theo sang ché, boi nguoi ¢ hiéu biét trung binh trong linh vyc k§ thudt ndy, ma
khéng nam ngoai pham vi ctia ki thuat theo sang ché.

Mic du phﬁn mo ta chi tiét chira nhiéu dic diém cu thé, nhung cac dac diém
nay khéng nén hiéu 1a duoc xiy dung nhim giéi han pham vi ctia k¥ thuét theo sang
ché ma chi nhdm minh hoa céc vi du va khia canh khac nhau ctia k¥ thuat theo sang
ché. Cin hiéu ring pham vi cia ky thuit theo sang ché gdbm cac phuong an khéac khong
duoc thao luan chi tiét & trén. Cac cai bién, thay ddi va bién ddi khac nhau c6 thé dugc
tién hanh theo cach bd tri, van hanh va chi tiét cua phuong phap va thiét bi ctia k§ thuat
theo sang ché duoc boc 1§ & diy ma khong ndm ngoai pham vi ctia sang ché. Ngoai ra,
dbi véi thiét bi hodc phuong phap huéng t6i mdi van dé khéng nhét thiét phai dugce giai
quyét (hodc thu dugec mdi uru diém) bang cac phuong an khac nhau theo séng ché dé
duoc bao ham trong pham vi ciia sang ché. Viéc st dung & day thuat ngit “cé thé” va
cac dang cua chung can dugc hiéu theo nghia 1a “c6 kha ning” hodc “tuy ¥ déi lap voi

kha nang khing dinh.

91

91/102



49205 92/102

YEU CAUBAO HO
1. Phuong phap san xuat hat nano ARN dugc bao nang lipit, bao gdm céc budc

a) cho dung dich nudc bao gdm ARN chay qua 6ng thir nhét c6 duong
kinh trong (inner diameter - ID) nam trong khoang tir 0,17 (0,254 cm) dén 0,132"
(0,33528 cm);

b) cho dung dich etanol bao gom lipit chay qua 6ng thir hai ¢6 ID nim
trong khoang tir 0,005 (0,0127 cm) dén 0,02” (0,0508 cm) véi tbe d6 chay bing
mdt phan ba tdc d6 chay cua dung dich nudc qua Ong thir nhat, trong do lipit bao
gom lipit cation; va

c) tron dung dich etanol véi dung dich nude béng cach cho dung dich
etanol va dung dich nuéc chiy vao médun trén cu thanh boi éng thir hai duogc
n6i vudng goéc v6i dng thir nhit;

trong d6 qua trinh tron tao ra dong dung dich ra chay trong dng thit nhét bao gom dong
chay r6i chita ARN va lipit trong khoang tir 10% dén 75% thé tich/thé tich etanol, va
trong d6 cac hat nano ARN dugc bao nang lipit c6 cau trac hai 16p;

trong d6 ARN duoc bao nang 16n hon 98%;

trong do chi s6 da phén tan nho hon 0,09; va,

trong d lipit cation c6 pKa trong khoang 6 dén khoang 7 va céu tric c6 cong thuc I:

o7
0]
Rs\xe/Ls\N/H\L7/X7\R4/N\R8
LG\ y
L 5

hodc mubi hoic solvat dugc dung cua no, trong do:

mbi R® va R® duge chon doc 1ap tir nhém cdu thanh bai C1.Cs alkyl mach thing
hodc mach nhanh, C,.Cs; alkenyl hodc C,.Cs) alkynyl va cholesteryl;

mdi L’ va L® duge chon doc lap tir nhém cau thanh bai C1.Cao alkyl mach thing
va C2.Cyo alkenyl;

X°1a -C(0)O- hoic -OC(0)-;
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X81a -C(0)O- hoiic -OC(0)-;

X’1a S hoac O;

L7 khéng c6 mit hodc 13 alkyl bac thap;

R*1a C1.Cs alkyl mach théng hoac mach nhanh; va

mbi R7va R® duoc chon dde lap tr nhém c4u thanh béi hydro va C1.Cs alkyl

mach théng hodc mach nhanh.
2. Phuong phap theo diém 1, trong d6 dau ra c6 tdc do chay it nhat bing 200 ml/phut.

3. Phuong phap theo diém 1, trong do6 tdc d6 chay cua diu ra c6 sb Reynolds it nhat
bing 2.000.

4. Phuong phap theo diém 1, trong d6 dung dich nu6c dwoc bom qua 6ng thir nhét bang
bom HPLC thir nhat véi p suat nguoc it nhit bing 10 psi, 25 psi, 50 psi, 75 psi, hodc
100 psi va dung dich etanol dugc bom qua ong thit hai bang bom HPLC thtr hai voi ap
suat ngugc it nhat bang 40 psi, 80 psi, 150 psi, 300 psi, hodc 400 psi.

5. Phuong phap theo diém 1, trong d6 6ng thir nhat ¢6 ID bang 0,132” (0,335 c¢m) va
6ng thir hai c6 ID bang 0,007 (0,018 cm), 0,01” (0,0254 cm), hodc 0,02” (0,0508 cm).

6. Phuong phép theo diém 1, trong d6 dung dich nudc duge bom véi tde do chay it nhét
bang 30 ml/phut, 45 ml/phit, 60 ml/phut, 75 ml/phut, 90 ml/phut, 105 ml/phut, 120
ml/phut, 150 ml/phut, 225 ml/phat, 262,5 ml/phat, 300 ml/phut, hodc 450 ml/phut; va
dung dich etanol dugc bom véi téc dd chay it nhat bang 10 ml/phut, 15 ml/phut, 20
ml/phut, 25 ml/phat, 30 ml/phut, 35 ml/phuat, 40 ml/phuat, 50 ml/phat, 60 ml/phuat, hodc
75 ml/phat, 87,5 ml/phut, 100 ml/phuat, hodac 150 ml/phut.

7. Phuong phap theo diém 1, trong d6 dung dich ra, etanol trong nudc duge duy tri &
15-20 °C.
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8. Phuong phéap theo diém 1, trong d6 modun trén duge 1am bang thép khéng gi va ciu
thanh boi 611g thtr hai duge gén vudng goc trén dng thir nhit, trong d6 6ng thir nhét c6
phin hé qua thanh, trong d6 phan hé c6 kich c& bang dudng kinh bén ngoai ciia dng
thtr hai, va trong d6 dng thir hai duoc lam vira khit qua phan ho dé cho phép di chuyén

lién tuc dung dich etanol trong dng thir hai vao dung dich nuéc trong dng thir nhét.

9. Phuong phép theo diém 1, con bao gom bom dung dich dém pha long qua ong thir
ba, va tron dung dich dém pha lodng v6i dung dich ra bang cach dwa dung dich dém
pha lodng vao dung dich ra & viing ndi Y ndi éng thir ba voi dng thir nhit dé tao ra dung

dich ra da duogc pha loang.

10. Phwong phap theo diém 9, trong d6 dung dich dém pha loing bao gbm

a) tur khoang 10 mM dén 20 mM dung dich dém Tris, tir khoang 45 mM dén 55
mM NaCl, va tir khoang 8% dén 10% sucroza, & d6 pH tir khoang 7,4 dén 8,5; hoac

b) tir 40 mM dén 90 mM dung dich dém phosphat, & d6 pH tir khoang 6,0 dén
6,5; va (i) dung dich dém pha loing thir ba bao gom tir khoang 20 mM dén S0mM dung
dich dém HEPES; hodc

(ii) dung dich dém pha lodng thir ba bao gdm tir khoang 20 mM dén 50 mM dung
dich dém HEPES, tir khoang 50 mM dén 300 mM NaCl, tir khoang 0% dén 15%
sucroza, & do pH tir khoang 7,4 dén 8.5.

11. Phuong phép theo diém 9, trong d6 dung dich ra da dugc pha lodng bao gom 6,25%

etanol; 8,25% etanol; 8,3% etanol; hodc 12,5% etanol.

12. Phuong phap theo diém 9, trong d6 dung dich dém pha lodng dugc bom qua bng
thir ba v6i toc d§ chay 400-900 mL/phut.

13. Phuong phap theo diém 9, trong d6 dng thir ba c6 ID bang 0,25” (0,635 cm).

14. Phuong phap theo diém 1, trong d6 hat nano ARN dugc bao nang lipit c6 c& hat
trung binh nho hon khoang 100 nm.
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15. Phuong phap theo diém 1, trong d6 phan lipit ciia hat nano ARN duoc bao nang
lipit bao gom khoang 48 % mol dén khoang 66 % mol lipit cation, khoang 2 % mol dén
khoang 12 % mol DSPC, khoang 25 % mol dén khoang 42 % mol cholesterol, va
khoang 0,5 % mol dén khoang 3 % mol PEG2000-DMG.

16. Phuong phép theo diém 1, trong d6 hat nano ARN duoc bao nang lipit ¢é tong ty 1¢
khéi lugng lipit: ARN khoang 50:1 dén khoang 3:1.

17. Phuong phap theo diém 1, trong d6 hat nano ARN durgc bao nang lipit bao gom lipit
cation:DOTAP (1,2-dioleoyl-3-trimetylamoni-propan):DSPC:cholesterol:PEG voi ty 1€
mol duoc chon tir 25:25:10:38,5:1,5, 25:25:10:37:3, 25:25:10:35:5, 20:20:7:51,5:1,5,
25:20:10:42:3, 20:30:13:32:5, 25:20:10:40:5, 25:25:13:35,5:1,5, 25:30:7:35:3,
30:20:13:34:3, 30:25:7:33:3, 30:30:10:25,8:1,5, 15:20:13:49:3, 20:20:13:44:3,
20:25:13:39:3, 15:25:13:44:3, 20:25:13:39:3, 25:25:13:34:3, 30:20:13:34:3, hoac
30:30:13:29:3. |

18. Phuong phap theo diém 1, trong d6 hat nano ARN duogc bao nang lipit bao gom tir
khoang 20% khdi lwong/khdi luong dén 60% khoi luong/khdi lugng lipit cation, tir
khoang 5% khdi luong/khdi lugng dén 30% khdi lwong/khdi luong lipit tro giup, tir
khoang 0% khéi luong/khéi lugng dén 60% khdi luong/khdi lwong cholesterol, va tir
khoang 0,5% khéi lwong/khdi lugng dén 15% khoi lwong/khdi luong thé tiép hop
polyetylen glycol-lipit (PEG).

19. Phuong phap theo diém 1, trong d6 ARN duoc chon tir nhém c4u thanh bai ARN

chuyén, ARN nhan nho, ARN ribosom, ARN thong tin, ARN ddi nghia, ARN can tr¢
nho va ARN tu sao chép.
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FIG. 1
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FIG. 2
% Mol lipit
Chiéu dai mARN/
, mARN (sb Lipit C& hat % bao | D tinh
V'Sg‘-' nucleotit) m;;aA DOTAP| Lipit | DSPC |CHOL| PEG lf:;':;:/ NP | (om) | ppyr| nang | KMH
khoi (%)
lugng)

1 4867 1582818 | 25 25 10 38,5 1,5 0.00 3 99,7 0.1 97.6 75.0
2 4867 1582818 | 25 25 10 385 15 0.07 4 37,7 01 993 79.0
3 4867 1582818 25 25 10 38.5 1.5 0,05 5 859 0,1 99,7 80,0
4 4867 1582818 25 25 10 38.5 1.5 0,04 6 81,2 0,2 99.8 76,0
5 4867 1582818 25 25 10 37 3 0,06 4 72.9 0.2 99,5 32.0
6 4867 1582818 | 25 25 10 35 5 0.06 4 72.0 0.1 995 77.0
7 4867 1582818 | 25 25 10 385 1,5 0,06 4 824 0,1 99,2 78,0
{ 4867 1582818 | 25 25 10 38,5 1,5 0,05 3 81,8 0.1 99 4 80,0
9 4867 1582818 20 20 7 51,5 1.5 0.06 4 80,3 0.1 | 995 77.0
10 4867 1582818 | 20 25 10 42 3 0,06 4 84,4 0,2 97,2 74,0
11 4867 1582818 20 30 13 32 5 0,06 4 80.8 0,1 94,7 64,0
12 4867 1582818 | 25 20 10 40 5 0.05 4 70,2 0,1 99,7 74,0
13 4867 1582818 | 25 25 13 35,5 1,5 0,06 4 87,7 0,1 98,8 78,0
14 4867 1582818 | 25 30 7 35 3 0,07 4 81,2 0.1 95,8 72,0
15 4867 1582818 | 30 20 13 34 3 0,06 4 70,2 0.2 99,5 76,0
16 4867 1582818 30 25 7 33 3 0,06 4 71,7 0.2 97,0 72,0
17 4867 1582818 30 30 10 25,8 1,5 0,07 4 85.9 0,1 99,2 76,0
18 4867 1582818 | 20 15 13 49 3 0,05 4 68.8 0,2 98,6 76,9
19 4867 1582818 20 20 13 44 3 0,05 4 73.5 0,1 99,4 78.9
20 4867 1582818 20 25 13 39 3 0.06 4 78,6 0.1 98,9 76,2
21 4367 1582818 2 15 13 44 3 0,05 4 67.2 0.1 98,5 73,5
22 4867 1582818 | 25 20 13 39 3 0,06 4 712 0.2 99,5 78.8
23 4867 1582818 | 25 25 13 34 3 0.06 4 75.2 0.1 99,3 79,1
24 4867 1582818 30 20 13 34 3 0,06 4 72,7 0,2 99.4 78.0
25 4867 1582818 30 30 13 29 3 0,07 4 782 0,2 99.4 79.0
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FIG. 4

Bom HPLC
Dém pha
loang
(L ﬂ
\ T
Dung Bom HPLC vio TFF

dich axit
nucleic

Hat lipit
pha lodng



49205 100/102

FIG. 5
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FIG. 6A
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FIG. 7
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