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Abstract: Following small molecules and monoclonal antibodies, oligonucleotides are expected to overcome
the rare and refractory human diseases. It has been attracted the attention of the pharmaceutical industry since
the approval of six oligonucleotides in recent years because of their unique mechanism of regulating disease gene
transcription at the RNA level. As a new class of drug molecules, oligonucleotides are highly polar, charged, and
need to be improved by means of chemical modification and drug delivery systems. And therefore, they have
different clinical pharmacology properties compared with chemical molecules and monoclonal antibodies, which
pose new challenges for early clinical development. This paper reviews the characteristics of oligonucleotides from
the perspective of technological development, mechanism of action, human pharmacokinetics, efficacy and safety.
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Figure 1 Common chemical modifications for the ASOs and siRNAs approved and in clinical trials
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hepatocytes. SS: sense strand, AS: antisense strand
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Figure 3  Schematic structures of lipid nanoparticles

B 1) 1 77 9 RO, AE R 5T 48 Kok b 3% B G A4
GalNac # [/ 41 i 2% 1 (1) ASGPR 32 /429 5 3% 2 i {4
i% W R RS 7 45 A CD44 37 AR TR R 4 A
J&i, 315 LNPs 3E NN M3 [ 4 25 21128290

B —~ LT [ siRNA Zj %) Patisiran i /& 18 i fig 2
gk L (lipid nanoparticles, LNPs) £1, 3 i% 3% %] BT T .
SR Patisiran i J5T 44 K KL i 771 2% 51 AR R0E [ BE, 1
YRTT BT B A R S W R T R A 1 AN B 2
ZIVII SR 45 25 Ja 1) SRE SOBEE0) DR bt T e L 1) i
A ) SIRNA 25 24 SIS ALLF- 5047 R R Al 5t . 3 4R BE 1) B
JH WE 22 A 20 2301 3 0 I 4 A7) =&+ 43 3% BK (19 B 5 4
W, HEr, R E T sIRNAs 10 2 /> R ELgh K
RURL L 2232 2, T 2 1 /2 K L siRNA-GalNac £ AP
FLHERC A AT LNPs [A] 4 d3& ] T ASOsBY,
1.3 MEANEZEERS

Y1 it P 326 325 42 1) ONs 7E P 75 A P 48 Toll 52 440117
S S e TR G P T 1) S L 48 0 o A W R SR A b iU
B o I R IR 56 2 % LNPs A 25 (1) 38 4% 15 R 24 W0 Tk T
TR N 8] A g, 5 A 70 2 B o e B 2, G R e I
BRI RLZ SCHER . BRI 2 41, LNPs I& 2 5] R & ik i
TR S O, T B 45 2T 45 T 0 R i R AP
AR (W 1.2).

S RNA ] DURE 53 M Hh o B bR S5 [, (B — ik
Jiit %2 RNAI U7 2k (off-target RNAI silencing) % 5 &
A 33341 e F I G 3 B G e R R 1 RNA PR S
b BETA) B I, FEAE 2Bl T T R I PR AT SE 5%, JF
N AR5 2 1, 78 RAKIE KB Pdh 15 ik BA5 A
JRHE . I WA TEYE R 3 K R & 1) ONs ] g 2 5
FEC O B 20K ) iR DR 2 — 1331, R AN e O T BB SR B K 2
R 220 B 2 ) R, ) A A A W R A 1) o AT 5%
Z— o Alnylam g i& i & 1 % 718 ASOs, H 11 #%



AR SEAZ R 25 W A PR 24 31 2 T 9t Jre

< 221 -

SIRNA ZEA4 Y 5 PEERET,
2 BRHEEREAMIERNS

T A% R 25938 1T Waston-Crick BE %, BL s i 3
PE R H FR RNA S5 &, T U5 1 A% 1R il e fige
H A% RNA B8 I 37 A4 FH W7 A28 AR AL 15 RNA B 43
MEFELRE (44).
2.1 RNase H1BEgR&RRHLHFI

RNase H1 i 2 A U 1 4% B2 1 X e i — Fh . FIH
XAHLE, TUER B b RNA ) ASOs 259 (1) — uify 2 /b %2
A 5 N IE 2L (1) DNA I E % W5 1% 1 1R T %)) (gapmer
ASO), 7~10 MR fEM, ASOs Al H A% mRNA 454 LU,
RNA-DNA 5 J5 XUGE 1% B2 1y 71t 2% # RNase H1 T il
A, 51 mRNA BE B Rr = BT V), 1 & DNA T 31
ASOs 1158t 5e B AR B, 4k B4 F T HoAh H A% mRNA.
F bR mRNAJTER DA 1 1T A5 R AH 5k 1) 2 3R sk
/BB, B 28 F T ) Fomivirsen. Mipomersen il Inotersen
25 %) X R LA 4
2.2 Ago2 EFE R H

AR A TR A AR R
microRNA i 25 5 K R IA AL #] . N & B siRNA
FL455 1E SURE (SS) A SUBE (AS), #E 45T LA Ik
FIRNA T-# Z 9 (Dicer and TAR RNA-binding protein,
TRBP) Jf: #1 Argonaute 2 (Ago2) % i RISC (RNA-
induced silencing complex, RISC) IN#E &4, 2 )&, IE
SCHE M A AR, ROCEE R BT R AT RS 6T R H bR

(a) RNase-H1 degradation mechanism

RNA, Ago2 K AEBTVI1E B, M siRNA [ X% th ik %
Forp — 25 AE N S SUBE TR AN BEBLIF o SR FhAT PR ik
PRI T SIRNA B 5% B AR 31 (1 1T 1~ 4 AN Bl 5L 14 48 0
)RR E M, 5 AN KRR e I RE VR A e SCRE, T 3 —
SRBERE R AT, U 5w 1) IR R AT AR AR A
SR IE SUBE 25 7 B R sk R e,
2.3 AEFERZAE

KLZHH AN E A IS RNALZ ] — R E I
B0 ik #2: ¥ 57-cap &5 44, 2B K BE RNA T 41 8Y
P2 — S, JE7E RNA [ 33 U8 i 28 IR 4 12 (polyade-
nylate polyA, polyA) N, AT 2.15 2.2 PR
MU, AT LA T 25 2085 K 1K ASOs 1B Sy = [ B ¥ 751 1
P& MRNA BN 3 0 RE, L 45 VA 4% P % 25 BRI 500
AR K ThRe B B L BHAS H bR RNA R G
A EAE B, ania y7 FL IRWUE #7248 K Eteplirsen ¥
TR B AN R Bk B0 9T 8 6 M L2 4 Nusinersen
TR AL AP T 7 T B 58 B ARG 8 B #h 42 7C 1 FF
MRNA. i H1X N E L] ) ONs £ B TH 45 44 I, B
W4 RNase H1 A1 Ago2 B il .,
3 HREI!NNE (PK) HHiE

TR A% R 25 ) 1) PRCREAIE RV 5 1R (1) — B Ak
TR EAB M B R G B R B VI OG, K2 S
AR 5165, et 2'-MOE 84 1) [ LB IR 24
Y BEAL I SRAR T, PKAT N AE R B R N TR BCA
— A Al NG AR R S P A I

ANase-H1 (Nucleus) Intact ASO
TTTTTT Pre-mRNA ——2¢——
Gapmer ASO

Site-specific cleavage

Approvals: fomivirsen, mipomersen and ino

(b) Ago2 degradation mechanism

Ago2-RISC
Antisense strand
I mRNA ————————
Sense strand
SiRNA Site-specific cleavage

Approval: patisiran.

Degraded Pre-mRNA

tersen.

strand

T

(Cytopl

) Intact

Degraded mRNA

(c) Non-degradation splicing modulation mechanism
Splicing modulation (Nucleus)
| I | I | l NI Exon inclusion
_]-rrn-r Pre-mRNA : :

Non-DNA-like ASO Exonl Exon2

Approvals: eteplirsen and nusinersen.

| Exon skipping

Exon3

Figure 4 Schematic illustration of three common mechanisms adopted by the approved ASOs and siRNA
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(177 T C oo R T B, FFAE L3 B B L /N P9 A I
FARHE oy AT BN AN, BE S5 2 — A DN RE I L B
B, Kk 48 22 2 A I e 2 B P AL, ifil e A
e 1) AR i 9 Bk = 3 AR T A R 1) i 2R = ) T A
ST ZH 220 B ) A P AP ROR L3R = I A8 RS . (E
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B S5 A R A SR B N ER PR IR R AR HEE b
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24 h N B IEHEMEE B3 2R 60%~70% (Eteplirsen, Clinical
Pharmacology and Biopharmaceutics Review FDA 2016).
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I35 A 9 B N A R IR SR T, A 2 B BIE R
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TR VE T AR P

AR TR Z H ) ASOs 254, SiRNA B H 45 & 8
IS, FE A0 & B [EAE 9 E AN B I . BT /) Patisiran
HEALERENT 2.1%, MM = POEF R, MR AR
£ 3 K (Patisiran, Highlights of Prescribing Informa-
tion 2018, FDA). [At, sSiRNAZ5¥15 T 7 B AL - & 1
AL IR B PR AR, I T E B 2 RGN HEANFE AR B,
G T8 B I HE VHE AN AL R 8 P A . Patisiran £ ot 44
KORLHE T 20 B0 9 A B3 B, 177 GalNac-siRNA & i fi
21 i 3% THT ) ASGPR PR i 4% ICHE 2 (U 1.2), B
T B 2 R k BOUR], SCRF DABRUE B B AR 45 241,
1 B AR O L5 55 & B % LDL-C 7K F (¥ Inclisiran 11 3
e R 0 45 AL ) B 6 A H 45 2507 R ml A7 PR e,
33 PKAEHEKAYHEEIER (drug-drug interac-
tion, DDI)

IR A BEAZ R 25 245 ) £ B A A% R M B ak A D) AR
W, N K AT BE A2 20 M €6 3% P40 i A S I8 A (1 JE 4 L B
) AN S R E0s, FIEIZG M RAL, — RGO, 3B
% TR 25 W) A 22 0 U TT e 5 FL 1T 245 W0 AH ELAE i PR
i 7¢ 1340, PS B 2R A& ¥ ASOs L A7 4 s 1 1 % 55

Table 1 Comparison of key properties of small molecules, oligonucleotides and mAbs. mAbs: Monoclonal antibodies; MW: Molecule

weight; BA: Bioavailability; CL: Clearance

Properties Small molecule Oligonucleotides
ASOs SiRNA mAb
MW ~200-500 Da 6-10 kDa 12-15 kDa 15 kDa
Site of action Extracellular and intracellular  Intracellular Intracellular Extracellular

Intracellular delivery Passive diffusion or uptake Endocytosis

Must be encapsulated or conjugated -

Route of administration Primarily oral iv/sc iv/sc iv/sc/im
Dosing frequency Often daily Weekly to once every 4 months  Weekly to once every 3-6 months Weekly to monthly
BA Generally good sc 80%-100% Not reported sc 50%-100%
T onax Affected by food sc3-4h sc2-6h sc/im1-8d
CL Often linear CL Rapid plasma CL; slow clear-  Rapid plasma CL; slow clearance Slow CL
ance from tissues from tissues
Distribution Widely Liver and kidney Liver and kidney Plasma/extrac-ellular fluids
Metabolism enzyme Primarily CYP450s Nucleases Nucleases Proteolytic enzyme
Excretion Primarily in bile and urine Primarily in urine Primarily in urine -

DDI High risk Uncommon

Uncommon Uncommon
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AR AR A S SR E R 25 4 52 1A) (1) mRNA
W I CYP B TY B0 % S W1 L e A2, 8k 75 2T e
AL DD G RBE 7T . 201 FDA - 2019 4 11 J #i it
VR TT 2RI PR BRRE (1) SIRNA 2454 Givosiran, ¥ ]
I BRI R A R 1 (ALASL) mRNA . BAR
TEARANE A B~ A CYPs (15 3 A4l i 4F L, (R AE 14
P Givosiran 1] BLEZ i T 210 2% AE W & OS2, R4k
W B A FEAIK CYPs B 5 1% (1) 7] g, Givosiran T & T 5
CYP1A2.2D6.2C9 % £ /> CYPs W15 FH (194 H.1E H
#ift 4t (Givosiran, Highlights of Prescribing Information,
FDA 2019).
4 BRERAYIHORER S MRS

FDA 58 BL R SR L e S A% H IR 25 Wy S
o4 1H QT #F 98, £94% ASOs (Nusinersen and Inotersen)
A1 siRNA (Patisiran and Givosiran). 3 Il FRKB3UA Il PR
KR4S IR T A R e AR A R A A K
A BE A hERG il 1 K A= B2 AH T A S8 28 QT
AR IE R . Kim SEEIFfE 7 74 ASOs X hERG ¥
I I8 S ARSI T, S5 R KL hERG 38 1E A
EOUEAR . AN B RE IR B, A A SE S R
FER A a5 25 A SR L O 2 O LB A G S
AL (QRS I, LA A2 HIRZE — N
A 90% A5 1 10% XUHE 1 B IR — s — 35 A% H IR R R 7™
WV, e TT R T AT QT I R 7T, 7EHES 7 & 1K) 2.4 fiF
FH &R 3 WS SR QT (8] A 1E 18 AH 5C 1 I R 203
(Defibrotide Sodium, Highlights of Prescribing Informa-
tion, FDA 2016). ik 5ixX 25 afhk EAALEIE O f3
IR B AT BE MR — B .
5 ZHEEINRERLAGER

o [ S A IR B R (NMPA) L BRI 24
B (EMA) 13 EH & a2 i B 8 B R (FDA)
WG T TR AR R 2 4R 3 R W AR FE
NMPA & 1 5% B R 2 AL 2 & 251, AR B &A1)
il it (4 Ja A, (BB A 2 SR HEAT IR AT, 2017 4F 11 H
EMA i 2 | (EMA Prior Knowledge Workshop: Case
Study: Oligonucleotide Control Strategy) #& i, 2 #% f
FR 25 1) AR TEAE /N 43 1 FNVER 1 25 W AH 5 ST <3 b
Z 7, E AT DU AL /N O A A P S R AE FE 24
22 At .
6 ZRERE

A2 AR HE ) T o A S A TR 2 R
BENHTIN ], 5/ 7 7 A s BE A 25 AH LG, SEA%

T 25 ) 3d 3o % A A0 IR B A g ke S o TR 5 50 H bR
RNAFEBIFLFE. 4 L7 AN R UEZTRY
YIFI 24~ SIRNA 25945 77 D, M v6 5 0 S8 19 n
YR, LA 2 MR LMy
NG PRI A AR R IR YT . SR S A%
FERR W M o A MRS E 32 R 4 245103)
JIEEREE 2980 T RG22 Ny T 5 B2 A W
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