2554k Acta Pharmaceutica Sinica 2023, 58(12): 3557-3571 + 3557 -

0[5 pre-mRNA RYIE 1% B T IRV R iR Ia TT SRR A ST 5k

Wk, KA
(o B 27 2 AL A 225 26 M0 ST, S5 M0 R R B 538 26 L AL 1 4963 %2, LT 100050)

FHE: A7 RNA (pre-mRNA) [ 348 281 BY & N\ 8455 S AUR AR (R 4 22 BEPE IR OGN o e M B e
SR I BE R R 45 T 2, A LA O W 3R W 95% [ N Ah 52 1 BE DR e R MR B R 10, 946 J 22 Bl 34 FH o vk A0 s 31
FRF o o, AT — IR 840 5 KA OB #8051 AS R BT BB, i T 80 FAR SR 1 R A . bR B AR BY
PG5 R IR B ARIBIT A1, RNA BY RS AG 28 A — BRI T6 T S, 38 ik 48 7] 92 1F 5 5 pre-mRNA BY 254 2]
ZEREOAITPOR I B I . BRI R B EM T A RNA B R L E R DT RNA RN T 254
2 AT R AN 5 SR E T B . ASCSEIR T L AR N pre-mRNA 3 B M BY 42 (1 2 WLk A5 TR P 0 Ut R,
PRI T I P M BT B (0 R AE ST A DG 1K BY B2 P 5 20 2297 A 288 LA B 1 i B S ) RS B B TR, R T Y
BB S 7E AR N PR vR T M E AR

FKHEIR): BURAS 1 RNA; ERE BT, B8 M; MR AR B, FE

FE 525 R966 CRRFRINAED: A X EHRS: 0513-4870(2023)12-3557-15

An overview of disease treatment strategies targeting the alternative
splicing of pre-mRNA

GUO Xin-ru, ZHANG Xiang’

(Beijing Key Laboratory of Active Substance Discovery and Druggability Evaluation, Institute of Materia Medica,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: Alternative splicing of pre-messenger RNA (pre-mRNA) is a crucial mechanism for the diversity of
the human transcriptome and proteome. Alternative splicing is a complex gene regulation process. Whole-
transcriptome analysis shows that 95% of human exonic genes are alternatively spliced, involving various cis-
acting elements and frans-acting factors. Any changes in any component or step may cause erroneous splicing
events and lead to the occurrence of various related diseases. In addition to gene replacement therapy that directly
changes the splicing results, RNA splicing modification is expected to become a new therapeutic strategy to
alleviate or treat diseases by targeting and correcting abnormal pre-mRNA splicing. Splicing modification tools
currently developed including RNA frans-splicing, antisense oligonucleotides, small interfering RNA, and small
molecule drugs can correct abnormal splicing through different ways. This article reviews the resent progress of
epigenetic regulation of pre-mRNA alternative splicing in recent years, and discusses the occurrence and regulation
of alternative splicing, the types of diseases caused by related splicing defects, and the current-used tools for
targeting and altering splicing. The importance of splicing modification strategies in the future treatment of human
diseases is envisioned.
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N R ZH N — ML 2 T7 2 AN [A) 22 IR 1) ds A
R R AR T 220k 100 3 RPN R A AR Y, S A A
M Z AR T 8% 5 BRI A LS AT
DNA % 3% i RNA JF 819 i 2 1 o (19 17 s o 7, 6
FEIL I HE ] X 28 R A S AR 1 o I A 0 s DR R I 4%
WEFCHIRN, RNA 5 22 4E HTZ8N &, % RNA T
[0 42 1) s = DAL R 428 1) O B 4L J it 7

ERHNE TN AR, (BERAENEFEH
G R T 6 7 AE R, B R g B 2 R PR 4R
W), RIRTARAE 1 RNA (pre-mRNA), 75 Bl i T
EBRNE IR T, A 68 U ) mRNA fE
B PR, 1X — I FE PR BY 4% (splicing). A KHEEH
H T TR N RSE I & A 8 8 AN B, P8
KN K145 DB (nucleotide, nt)e &+ F K
J£749°3 365 nt, 5'A1 3'4E# 1% [X 73 31 24 770 nt A1300 nt.
R, — AN “br o 28 7 59 KB 2 27 T B R X
(kilobase, kb). #F pre-mRNA Jill T Ji5, % H 51 B Ji v i
A1 mRNA 34 B 1 340 nt (19455 7 51 1 070 nt )3k
B PE X poly (A) BB ELAH ™. iX 3 B pre-mRNA I
L 90% HIFB 7 AE N & TR 2 .

KEMHEF R IL, —Fh pre-mRNA 7] 75 A [F] 4 A
(VBT s A IR, DAAS [ B 4307 stk A7 B9 4%, HER
HYIBR N & 730, AN [F A0 2 P B P 31— e,
T 72 A2 22 i sl P mRINA, G 5 45 #4 FL T RE 2 FF 11 2
H, X — IR e Ok FEVE 42 (alternative splicing,
AS). e P BT 4 AKX AW FE R SR A R — Fh
B KEHE PRI HLE, T ARAE T 95% M N R 5
DR 2 0k i A2 Hh B, 7R 48 i Y R SR AR 8 L 4 R 2 A AT AL
LHRBFEREEF 2N RSP R REIERY.
PR BT AR WAL — 3R AT — A 7 R A A A AT g
SEUERBRE . KM T 2 B 75 g B
K2 5k s 2 a0l 12, i 7k v sy 4
o T B A DG SRR, B AR I8 I /E RNA JZ 11
0 38 3 M B A O (ML AT IR, IR S )
RNA B £ 1) BT B2 A& 41 T H 0 e 98 11 B 482 BT 880 9% 1
UM, BT RNA BY #2181 5 & 75 2 3 15 97
[T 5% o
1 EFMEHE
11 EREFHEENLSE

WU A S F0 N 3 5, DLIE I BT 2 ML) I
BN F B FE 7 2 pre-mRNA | 4 M %O B 32467
MG S'BYRE AT A (5" splice site, 5' SS) 43 3 45 5
(branch point sequence, BPS). % BEIE H (polypyrimidine,
Py) 1 3'B7 #5457 55 (3" splice site, 3' SS)), % pre-mRNA
W& Tl AN IE S B A e S B 2B (1A, B

%, W& T 0 SRR 0 2' OH JE 10t 54 F Ty 5
-2 1) 0 g R ik ATk A7 SR R Ui, T R 2'-5 I IR — TR
BAMERGEN . IR, 3G TN 1R R R A
HBe 5'40 71 3' OH 2 H By, Bl Jim 5'R1 3'4h 4 13
L mRNA, H BN & TERY.

111 B3R R BT R ehFR A BT R AR R Y
iM% B A (ribonucleoprotein, RNP) HLE& i 1L, iZH
S S M E S IR A /NZ RNA (small nuclear RNA,
snRNA; 145 U1.U2.U4.US F1 U6) #1200 Fi HAth 5 [
2 M. K pre-mRNA B H2 47 55 1) 11 5 b 5 BY B2
A ) AH 28 AR 23 FE B A AT, i T BT 4R FE
RO RAE M o A B ik B PR By e R R Y L
o e [ A%, 22 I 18] R 73 3 9 25 7K EL A LB A B,
W B 1B R, FE N A% A% B #% R 1 (small nuclear
ribonucleoprotein, snRNP) Fl B $3 [K] - 45 & Z #(, pre-
mRNA # 5 Jii 1% # #% & (1 (heterogeneous ribonucleo-
protein particle, hnRNP) & H &5 &, TR E A H. Ul
snRNA 1 pre-mRNA & i B 2 H 4 EC X 1M 45 &, Ul
snRNP 5 5' SS (GU) LLHE ATP & 46 (1) A1 A H & 3
By Bz 2 %, it R H, U2 snRNP 12 Bt 45 & 76
pre-mRNA """ 89 $% K] F SF1/BBP (splicing factor 1/
branchpoint binding protein) I U2AF (U2 auxiliary
factor) 7 [A] 1R 5l BPS Py £l 3' SS (AG) LAHEEE &4
E. fEJ58:4KH0 ATP 122 B b, U2 snRNA il i i85 B
#h 5 BPS Bt %t , {4 U2 snRNP & i€ 45 & T2 il 5 & 1k
A (HFR A PBTHAA) . 7E BYF A4 20 3¢ 1) i A2 vh B P 2R
#J snRNA s HAh 5 A 5 fl pre-mRNA 2 [8] f)AH B.7E
X B AL SRR A IR B B R . R, R
P BY 2 1) pre-mRNA [ 1 738 7 2 /2 2 &4 E Al
ATE O FE HR T B AR O I A RS . R
Sk, T4 % e 4F (1) U4/U6.US = JG-snRNP 5 & 51k A
dit, EEEBER™. SAABETEHE, ULA
U4 snRNP % 3 & A 80 E 2k, WL BT 48 52 & %) B*JE
B, AR SRTE 2. MESAEES
R C, EALEE 2B, S8 )5 mRNA FIY) BRI & 7 8
B, BYRER AR 2, &0 ), BRI snRNPs £ 5 3|
T A B 4 i A P

112 IRXERARHMRSIEAETFT SR ERS
ARG B P52, DR Ol B 7 A 5 7 2 B 67 0 A A A% P IR
TSN B 2k A 2 O B S, O B 1 5T g B 7 A A R
Ja F o BT s AR AR P AR R R AR R T AL 3
FVEF RSG5 R . BT 4 BE R ST 48R 1 A 1A
W =0 B R % 2 AR, EANE & R aUE R
[Rl ¥~ [38 2 9 K~ 85 82 R 7 (splicing factor, SF) [
T ] SRR e B EEAL AR R . X i X AR H T
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Figure 1 Schematic representation of the pre-mRNA splicing and spliceosome assembly. A: Boxes and solid lines represent the exons and
the intron, respectively. The branch site adenosine is indicated by the letter A and the phosphate groups at the 5' and 3' splice sites, which are
conserved in the splicing products, are also shown!”; B: In the first step of the splicing process, the 5' splice site (GU, 5' SS) is bound by the
U1 small nuclear ribonucleoprotein (snRNP), and the splicing factors SF1/BBP and U2AF cooperatively recognize the BPS, the Py tract,
and the 3' SS (AG) to assemble complex E""'?. The binding of the U2 snRNP to the BPS results in the pre-spliceosomal complex A",
Subsequent steps lead to the binding of the U4/US. U6 tri-snRNP and the formation of complex B"*. Complex C is assembled after
rearrangements that detach the Ul and U4 snRNPs"™ to generate complex B*. Complex C is responsible for the two trans-esterification
reactions at the SS. Additional rearrangements result in the excision of the intron, which is removed as a lariat RNA, and ligation of the
exons. The U2, US, and U6 snRNPs are then released from the complex and recycled for subsequent rounds of splicing®'. pre-mRNA: Pre-
messenger RNA; SF1/BBP: Splicing factor 1/branchpoint binding protein; U2AF: U2 auxiliary factor; BPS: Branch point sequence; Py:
Polypyrimidine

R B2, RN 4~ 18 nt, 8 NS R T BT 5R T
(exonic splicing enhancer, ESE). #I & F BY #% Ut Bk F

FR N L FA TR S5 K Ik (RS S5 #4380), NS 2 A
Jii~ 5 TR ER BT -RNA R BLAFE P, X 8 5

(exonic splicing silencer, ESS). P & ¥ 57 £z 3 58 ¥
(intronic splicing enhancer, ISE) A1 Py & F B $2 T 2R T
(intronic splicing silencer, ISS)™, 2 = AE FH A+, Bl —
LR DLW B SR B, AT N E S L Em R -RE R
2 f*) 25 A [serine and arginine-rich (SR) proteins] Fl
hnRNP, SR £ FH £ N i 5 A — 4> 2P > RNA P11 %
¥ (RNA recognition motif, RRM), 7E C i B & & K

i H RRM 454 pre-mRNA A I 2 8 5 o0 32 48
BY AR AR 5 B8 (1 53 LA R 4T BT B A0 a5 R R R AR
FH . S ) hnRNP 415 RRM 45 #4158 \RGG & 138 it
33 22 P B 10— AR AR SR 2 3 ) e 22 A
(1) B 10 45 4 3 . SR B 1 I8 W 4 A B 0 i T {2 gk Ak
2R, T hnRNP 3@ % 254 55 8 DU T - 0 i) 4 2
TR . SR T BRI AT AL SRR, BY B R VR R 0E
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B RHL 8 77 1) T e O AN [, @ IR T e A A A
pre-mRNA [ 7 B, By 17 & (1 51X L 8y 42
IO R R 25 A B T BT A B TS S I BT
ARG EEEIE: Suw R
1.2 EFMSRERSE

PRI Y 4 BARAE S P (B125%): O AT
BEEX (exon skipping, X AR &AM 1), 840 7 AT LA
HHMEN G 1M FAT IR, 5 KM
/N R 3 DR A O < e R 1 BT R AR 11 38%; @) 5" SS ik
¥ (alternative 5' SS usage) il 3) 3' SS HJiEF (alternative
3' SS usage), T 42— i A P AN B AN BT A AT
AR, 2 A VRN BT HE A7 s B T2 A7 R BRES, 7
il N /DN B 3 DR A OR < 028 9 BT 4 A Y 18%
F18%; @ W& F1#H (intron retention), 8 P & F 1] PL
PR B E A mRNA 73 1 rh, 5 NSRS B 3 R 20 R =5
6 FE 1k BT B AT 3%; ® H ¥4 E T (mutually
exclusive exons), 7§ W ™ 4h & F 0] L3 B AL & 5 Bk
AP AL, SEAE HAl — B A KR WL B AR A, g

VLR FAR AR, IR LGSR B e A ST o i R T
AR 33%0, IR IX LEF HE Al e A 4 £ mRNA
i X B R A X, 2 H BLLE S X I, T e 5 508
PR AR BA T AR e E AR, A6
V4 5 AR B 15— 1 SR LA P AR R A2 T )

A Exon skipping

C Alternative 3" SS usage

D Intron retention

E  Mutually exclusive exons

A, LA JE G A5 X I, AN S22 5T A, fEA] I
1 mRNA A8 € M S B E B RIE
2 EFEMEEMALER

i A5 0 N S T8 A 2 A 4 25 DR LA TR RIRON, R
2 MWt SRR TR R BT S i 2 R I B )R
R, FEA RN IR AT M S LR PR AR o i
1 B 1 1) 2R R 38 R AR AE T IR L AE N, T S U
R AR A XL R DR R R AR UL
IR IE 5 Dhfe, AT 5 B50MH OG0 o 450 3R/4R tau £
F (microtubule-associated protein tau) M. %4 Lt 5 5 ¥ 7F
Rl 7R 7% i BRORE (Alzheimer's disease, AD) A & il 7 7F ;
18 8 4 o6 4E A7 FE R 2 (survival motor neuron gene 2,
SMN2) RAZ T E 21 90% (1) T et 1 7= A4 AT 5] 2
B HE L ZE 45 (spinal muscular atrophy, SMA)P', it
b, IX L8 S Y A 5 e A ) HE JR N B ) AH G .
W6 & 40 i 5K A5 B A RE 70, JFAE b B 18] 78 J5T R (8] 78 it -
bR #e B i B IR, VE 2 BE R R E A ) B e A
M A, A ISR L A B AR N T 4 R T A
AF ISR, F2 0 AR A DR AN A KA, 25038 | B
WRAR DAL B4, AT 3R A5 S e b s ML) o B34
FENR 87 H 5 1E B I B AT G, 1n) 5E RS 2R MR R e R
AR,

AH SR B PR (8] W 4B 7 1 B AR AL AR A= 2 3
R SCBEAEH o HEAk T, TR IR By R AR 4

Figure 2 Types of alternative splicing (AS). In the graphs, exons are represented by boxes, and introns are represented by lines. Dashed

lines indicate AS events. The five main types of AS are illustrated: exon skipping (A), alternative 5' SS usage (B), alternative 3' SS usage

(C), intron retention (D), and mutually exclusive exons (E)™*!
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AT BOR R AR 135 BRI AN
H 5 ) 22 Fpoig B A2 QO 8 o FR AR BY 422407 m e 33 110 48
e M DR L RE BRI A AP IR B R BY 42 67 R 5
5 A P TC A 7 B0 1 R AR B A% A S, X S R S B
M AN JE R @ e a4 FH BT 452 R 1 1 T e o 2%, 4
%0 B AR 143 N 1T B 7, XA T R U 2
A RNA JEAR )R IE; @ B TR T REZ Y 1Y
J¥ F0 H ) R Y S T, X B R T2 5 e i A
FKakP,

2.1 IRXAER THRE: LSRR

By AL AR 4% 20 S5 AR A o R e B i 4
fl R HE BN H, 5 RS SS 5 3
SS ¥ FLA% T IR & 4, v T AN B 7 R ER | R BT R A
FOBE BB EE N & R . R, & R
AN T RAR (A ST B AT ER R AR ) E T LA
T8 I 3G R A UUER T B 3R AS BUER 2R R R e B 4

AR BB W L BUR R AR, R AR TR
A0 7E B ZA mRNA A 3= 22 e T BT 42 AL i) o) 22 59
Fer m U R AN B, I 5 O 3% W] R B ESE/ISE/
ESS/ISS FF A3 #1040 SMA A& — Fli i Yo (o 4 B P 4o
Z RPN, SMA 38 Hh G ik 5q13 7 s EIIZ 3 pf
2 70473 A 1 (survival motor neuron gene 1, SMNI)
R B SR AR, 5 B 4 A 1) SMIN 2 7K P B, 5
i o #1228 0 B B R AT REAT PENLA 24 . N ZRIE R i A7
TE SMN2 B[], ZFE B BRAMNE T 7 % 6 fn K42 C—T 1Y
B b5 SMNI ¥ 5 56 4 M [F), R 1% R AL 3 38y 4
FE R AT 7 19 5" 5 UL snRNP [ 45 648 55, M 51
& A T 7 Bk R, 1815 90% 11 SMN2 % [H] 77 A= 11
mRNA F S ARGt p= A Z 4b B 7 7 E A, & A
RTCINRER), H PR, LA, AR ERC-T
F) %5 4 S 80T SR & [ SRSF1 iR 5 i1 ESE 451 2k PA %
hnRNPA 1 75 1] ESS [3 2554,

R i BY 2 7 &5 10 B80S T B S 2 W Hutchinson-
Gilford - % 4E (Hutchinson-Gilford progeria syndrome,
HGPS) k4. HGPS & —FhRILAE L2 F AR 5]
b FLBE T BN R R R A, Il R R I AR e AR KR
G% IR B A4 AN o RS K A A L
T HE TR R R A B M R B AN R 2 M R R IE .
HGPS ) RAZ K AAERZ AT 28 H A (lamin A, LMNA)
. RAREEASMEREN AT, S5
DNA & fill VBE 3% Je i i 40 40 8% 5 AL AR AR, DA 4
Jia 53 ZEIR TR A% K A 2 AR BN AE NIV 2 Dife. R2 M
4t Y f¥) Hutchinson-Gilford - 3% & # & H T LMNA
mRNA MR F 11 FHEH AN CoT IR %R
WO B R 1 5" SS, T B mRNA g i3 & U 1)

LMNA, FHUZE R H AT,

ST G % e S I S A 2 (signal transducer and
activator of transcription 2, STAT2) f& —Fi ¥4 3% [K T, /&
Janus 75 L 4B (Janus kinase, JAK) /STAT {5 *5- 1 % 1)
F E . fE T #F (interferon, IFN) Hll 3# ~,
STAT2 5 STAT1 JE i 5 — B A ik N 4 I % I3 TFN
[ 25 B[R 1) e 3 . 80 1% & 4%, TFN 5 3 06 20 A
=7 IFN C#E I T H T80T 2 MoRiE, X Ml &
g G E R A Y. B, A IR AR R I X
TFN i 25 PE BRI 7 AT . Du 25V I TFN HLHT 4
ML= A 545 & 7 19 1 STAT 2 BI85 7k . & 1 19
1) R B 5 80 7E Sre [A] U5 2 45 #4 3k (Src homology 2
domain, SH2) Z A 5] A& 15519, {815 STAT Joid: —
RAL, WA T M IR 545 5 A% 5, AT BUIFN 7 S
AL TSR
22 RAMEMEFRE: T aEEN
22,1 REFM snRNP L2 45 U Z i AL JE (amyo-
trophic lateral sclerosis, ALS) J& — Fft K i A1 #8 iz 5))
FEE TG R B 5% 51 S I A 2 AR AT PR . R Rl B
F (fused in sarcoma protein, FUS) 3& [X %8 4F FI1 TAR-
DNA 454 25 1 43 (TAR-DNA binding protein 43, TDP-
43) 4P BH 1 LR R B R 5 ALS B . FUS J& —
hnRNP #f 2 [1, 5 Ul fil U2 snRNA ] B /E .,
FUS 5842 25 1t 51X £ snRNA 45 & JF B 76 40 i o+,
S 50 i A% R I UL F1 U2 snRNP J& 2> . TDP-43 &5
FUS M EAF H, R 8 5200 snRNA I F 2. Filr i)
S5 LR Y], TDP-43 | 1 Fa Ak Ah 2 7 1 B 8%, Jf HAE
TPD-43 Gk [ IR R 5 40 o b 0 X 2e 40 2 1 5 3 4
IR A
222 BILEHEEART HHEARFLSEAIE
(myelodysplastic syndromes, MDS) & — 25 57 Jii 14 1L ¥
RGUEIE. 2011 4F, Yoshida & H A 4t % 7 MDS
H RNA BY 3 M1 i) gt B 5 DR 1) 52 R M Ak A il R A, G
o, SRS BT 8% Al - SF3BI (splicing factor 3b subunit 1)
U2AF1 (U2 small nuclear RNA auxiliary factor 1).
SRSF?2 (serine/arginine rich splicing factor 2) Al ZRSR2
(zinc finger CCCH-type, RNA binding motif and serine/
arginine rich 2) ) FE K RAZ % . SF3B1 RAL M
B e, FAE N — b BT 4 DR 7 5 BT AL ARl Hh R R
g /E M, ‘B 5 U2AF 1 pre-mRNA )41 B /E £ By T
U2 snRNP 5245, IR 10 5 BT 2 M A0 AH 45 & 52 BT 4%
SR AEXS SF3BI ALy b & 3L, 20% ) MSD
AL SF3BI AL . For, b T HEVA 1 23 i fE 3R
BRRL 4 240 e S 250 R v A O 2 P sk £ 22 R S R A
AN T L 2 240 L S 7R, 73 55 45 68% A 57% (1) 56 3 %ot
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SF3B1 587 S BAYE . SF3B1 94 ME HoAh B 44 4 5
CRA AR A b R A R AR, — A B 10%. LAk,
SF3B1 FE4% W, T HAh BE R he, G SUEHE &R B i
T (5%)~ R R B BE LT 4Rk (4%) R R T I /Nl 3 %2
it (3%) FISPERL B AZ A B (L (5%). SF3BIRA
LT 1%~5% 1 At 28 8 () i g B8 5 - 5L I
(1%) B8 (3%) 18 1 3k EL 40 1 L0 (5%) 2 R ki
fiBRE (3%) FHRRFEIENESE (4%)™.
223 BEOATEFRE  Ron 2 EWEA LRI EH
(macrophage stimulating protein, MSP) ) & 2 R i ity
SZAK, AT DA A A AR KA PR 40 B T, i85
O A S IS B R A A1 T (42 2% . ARon 24T
11 BEER P2 AR RS A, A2+ 11 FIBkER R EBCR A 5
Wi 25 [ 7K A B 24 Ty e 1R . 9 65 A Sk 2, 384 e i
2221 ARon mRNA ¥ 5 B8 K A= 18 FL I Fl 45
Jip g o AR 12 HR G TR AR A R
11 )BT e bl A OB E Y, A M 5 4 8 7 Bk R
AN TGP 2 (B LG AHALL . BT 98 1 v
KB EL pk T BT 32 A 7 SF2/ASF (7K SRSF1, fie i WLIH)
SREHZ—) BHEEAWITHET . FIt, &K1
SF2/ASF S8 i 4 5 7 (35 1%, 518 b & 7 11 K BEER,
H i 33k ARon VB (#1724 . SF2/ASF B4 IF I /& — F
Ji g 2 LR, R8T BT 5 5 4 i is Bl 2 A] ) B R B
Z, R R IG R A A ZA T BRI iR i R
23 HEHRESYIE

IR EEY 1 (microsatellite expansion) J& i 44
i FE R 41 N /N | BY DNA B 5751 3 3, X kg
W T A2 T S R R A5, T IE Y RNA
I PEWETT, X R E 30 2 Fh N 5% AH O, H
Hh 4R 22 B o AR AT PR A 22 UL IR, LS
A SRS (Huntington's disease, HD)ALS . fifi 14 X
Y th AR 5 R B/ U R 28 A IE (fragile X-associated
tremor/ataxia syndrome, FXTAS) & 1 41 2 B4 #f [C UL
H 7 AN K (Duchenne muscular dystrophy, DMD). U
DMD & —Fil i Gt R 1 38 A% 1) 2 R G Bm, 1B
FEA LB AT HENLTE 7. R 60%~70% I G
E4E DMD JEK N —ANBEZ NIRRT RIERG . HARA
KE WK RAZOIEIER N TR ESY . %R
At B R AR B BT R R R AR N, BT
A TR EZ Y 1 5 DMD N6 . AL A 1
AN TR ik TR A 1 5 BOR A A AURRAE 1 AS [F) % 20 9%
Jii: DM1 2 (DM1) & F A7 T 4 B4 19q13.3 f7 25 B
B IA RNV T & A (DM protein kinase, DMPK)
A 3'-JE #8 i% [X (3'-untranslated regions, 3'-UTR) 1]
= (CTG) #% EERY 1 5| L1y, 53 ™ B2 B A R0 4F

WBEHREERKEME, EEKEE N B T E
5, A G A A 1) 5 2 /> T 40, DM2 L (DM2) 2
4% 4k 321 fi7 L #F $8 & 1 9 (zinc finger protein 9,
ZNF9) 2K N &1 1 NI (CCTG) B Ry 41 51 ik
[y . X L83 ] ) pre-mRNA H ¥ J& [f] CUG Fl CCUG
HEFHIALLE SIS, TSN A I XU RNA,
W5 RNAGGEAMMEERI ERE. x5
CUG HEE 7 Y454 (1 RE J13EAT %58 , T/ 126 H PR Fh 1 2
F 8 i ILUE FE 2 A 1 (muscle blind-like protein 1,
MBNLI1) f1 CUG 454 & 1 1 (CUG binding protein 1,
CUGBP1). MBNLI fil CUGBP1 #B 2 5 % ) % 4% 4 5
PR AT A . B B, MBNLI 5% 2 %I i CUG &
5T BT 0 BURE e e S wE b, K e AAZ o RE R .
iy —J7 T, CUG #H & #id PKC %1k 1% S CUGBP1 i &
BERR A ANES E . PN R B AE R B PE BT el 42 o H DA
P e R 3 1 B BE A MBNL1 3 4 13 il CUGBP1
TETE I ER A A LR R T  R B R N AR A
3 $EEASHIATTIA

W22 4 R IR YT SRS SR o S 5 B 2 A P
SEU R LIS BRS VR I I B B398 2 — T ERHk
. HETCEIH K 7w R JLRGYT TRk m ik £
B e R AT AR BT e 45 IR, KR AT R s X ] DA
k2 I B 5 RNA % BT 45 VB8 ) AP 2 1 B R
A B ) 3G 0 N PUBR T AR T s R BT B 2 AR
T BT TH B R IRR ST IS 1, AR EE SR
TIEIPRARW T 71 .
3.1 EEBRTE

DR AR T V2 R 9T B A 1 1A 22 JUL PR i R L
TER AR, A ARSI — VR R RS E e R A
A 57 5 R i e TR A K P P e el 2 2V o A A
JEV BRI RE AR o 0T F ik (Rl R Ak sk Ak Bl R /D 5 ke
10 L3 R 295, 01 SMA R DMD, 1% 3 [R1 7 12 FH 3 [
B XS W Al B IR B DR ) 0 B DL (RR O e BE TN A%
16 25 A0, e AT R A8 Ak IR ) D RV £ 1 OR4Z i
Pl . FER B ARIA YT RENE B H A IE P A OC Y B 2 AR
T AN ) AT 2

Onasemnogene abeparvovec #& — F & il L 4 . H
B OH A FE T MR AH 9K B (adeno-associated virus,
AAV) BARH T8 77 SMA W BRI B RITE. B
A FH iR AH 9% 95 B ML7E B4 9 (adeno-associated virus sero-
type 9, AAV9), 1t E4H 55 55 34 58 /%% -p-N5)) 8 1 2%
LA B SR, R DRt SMNT KSR 3% 312 3))
P TC™ . AAV AT DLZE I i i Bf B, 8 0 w0 4 0 A
TR HAEZBHMAE T ES . 20191 H,
Onasemnogene abeparvovec 3k 3 FDA #t#fE, H 4% uF
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B AT s L 1A SMA 2 LIIE 3 Ihfe -

Mendell £ 7E 2010 4 ¥ K AAV A & 1 14
DMD R 22 NAR g AT %, 45 R BoR, 27 %
BB 2t AR B EINHIVE AR E
Rk, BiJE, T iR SRR A 2 ), 1% ]
BN e R AH 5% 9% 7 135 Y 74 (adeno-associated virus
serotype 74, AAVrth74) H AR NIk & a- WL ER & 1 55
#F/MCK #4557 (MHCK?7) J& 3l 7 %F 4 4 DMD & )|,
HEAT A S PEROIVE TR AN R 8 A I I T80R 45 VTa S
%, 4 R B IR IZIT IR RE R AAVIh74-MHCK 7-ULE
FeA R E R D HUOx 2 E UL, SEnHLE A R &
HREFRANEFRAREAMRSEAEEMIRE
I B,

FE R B AT 1L I8 B AE ALSPY XOE B L ML
¥ (X-linked myotubular myopathy, XLMTM) >, {1
F5 ADPT 1 4x A% 9% (Parkinson's disease, PD)P**, &

Table 1

44 J3 %% (Canavan disease, CD)®"25 78 Py [ X fih 22 &
20 95 9 RN BLFE I A5, A Y BRUE (lysosomal
storage diseases, LSD)!*" &5 £ P I HY I P4 56 003 55 (3%
1502 E 7 2 K B AT VL 259)

BT VE AT HAh R o g, FL Aoy I (R E
PRI 2 | P st 35 1) 25 DR FE N A A 17 T el DAl A
BRI 22 4 1t AN B S5 R AIR A ) B I R Y, I HiX
B8 ) @ — HL B 58 5 i B ) 5 2 Bl ) . Uk
b, BRI I RS AR L B 5, 3 -t 2 B o JH i PR S FH
R FEER R — . B B AR T ] AR R B A
e — ATV AT A L R B B ST R T
FB.
32 HEAN S/ KRN EIE (spliceosome-mediated
RNA trans-splicing, SMaRT)

BB T I RNA S U BT 42 2 5 T e AUy
Tt ) 2 DR B g D 3R, Gl i e vk FH T e R B R

Examples of drugs for gene replacement therapy and SMaRT strategies. SmaRT: Spliceosome-mediated RNA frans-splicing;

LPLD: Familial lipoprotein lipase deficiency; NPC: Nasopharyngeal carcinoma; ADA-SCID: Adenosine deaminase (ADA) deficiency-

severe combined immunodeficiency; BP-ALL: B-cell precursor acute lymphoblastic leukemia; DLBCL: Diffuse large B-cell lymphoma;

IRD: Inherited retinal dystrophy; OA: Knee osteoarthritis; HCC: Hepatocellular carcinoma; hTERT: Human telomerase reverse

transcriptase; mTERT: Mouse telomerase reverse transcriptase; RHO: Rhodopsin; AAV: Adeno-associated virus; DENV: Dengue viruses;

rAAV: Recombination adeno-associated virus

Name Proper name/target Indication Vector Organization Stage
Gendicine™ Recombinant human p53 Head and neck cancer Adenovirus Shenzhen SiBiono GeneTech Launched
adenovirus particle type 5-p53
Glybera™ Alipogene Tiparvovec LPLD rAAVI-LPL  UniQure Withdrawn
Strimvelis™ Autologous CD34™ cells ADA-SCID Retroviral- Orchard Therapeutics Launched
transduced to express ADA ADA
Luxturna™ Voretigene Neparvovec-rzl IRD rAAV2-PRE65 Spark Therapeutics Launched
Zolgensma™ Onasemnogene Abeparvovec-xioi SMA rAAV9-SMNI1 AveXis Launched
Zynteglo™ Autologous CD34" cells encoding B-thalassemia Lentiviral- Bluebird Bio Launched
S globin gene p-globin
Invossa™ TissueGene-C OA Retroviral- Kolon Life Science Launched
TGF-f1
RZ-001 hTERT mRNA HCC Adenovirus Rznomics Phase I/II
PRT-mirl22aT mTERT mRNA HCC Adenovirus Dong-A University Preclinical
Ad.CMV.Rz.p53 mTERT mRNA HCC Adenovirus Gyeongsang National Biological
University testing
AdSmTR mTERT mRNA Head and neck cancer Adenovirus National Cancer Center of Preclinical
type 5 Korea
Ad5CMV.Rz. mTERT mRNA Brain cancer Adenovirus National Cancer Center of Preclinical
HSVtk.miR-145 type 5 Korea
Ad5CMV.mTR. mTERT mRNA Colorectal cancer, non- Adenovirus National Cancer Center of Biological
sPD1 Hodgkin's lymphoma type 5 Korea testing
pRib100AS-HSVtk AIMP2-DX2 pre-mRNA Lung cancer DNA plasmids Dankook University Biological
testing
Ad-3R1-TK/GCV  KRAS G12V pre-mRNA Cancer Adenovirus Dankook University Preclinical
AAV2/8-bRho- RHO pre-mRNA Autosomal dominant retinitis AAV INSERM Preclinical
PTM20 pigmentosa
pAS5c-9vl DENV mRNA Viral pASc University of Notre Dame Biological
testing
pMU2-tsRNAHA  SMN pre-mRNA SMA rAAV Boston University School of Biological

Medicine testing
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AR ECR W A g i 1 AR L IE 7 mRNA, M
T SEHAH IR IR TT o 127 TR0 e 3 AT I 2H %
43 . ¥ mRNA. B 42 46 B &% A AT fe 28T 42 4 1
(pre-trans-splicing molecule, PTM). #{ I Flt il 5 17 1F
Tan A, MEE 3 Fh el AMESR AL S NFEAE R N, 355 4
J5 RNA AP J§ pre-mRNA 22 [8] (1) e BT %, 724 B A
B R F B (TERAD) (kA& RNAMY . 2 8L PTM H
PLR #8420 i O B 3 o B B e 0 3R ) A U
pre-mRNA FHEN & 1 45 & 4518 @ BT
RN TN E T @ A BUR S 5 7 51 1] cDNA,
FR A pre-mRNA [JJ#E ] [X 35k, SMaRT 7] 434 @O 5"- ) X
B4, HRE ) 54y, @ 3- /e BT 452, HHE ) 3V 43
® WA T B (IER), H AL H pre-mRNA [ A

SMaRT /5 £ & T Z B WIRIT . Coady 257
TER T —MEE ) SMN2 89T SMA B BT 1, 1%
PRl 40, 375 455 K249 130 nt 19 SMN 35 7 6 1B K P51
P A B 5 95 B B2 47 55 SMINT 4h 8 F 7 51 DL Je SMN
SR T 7 U ILEER (hemagglutining, HA) 3 /57 (1) 5 4
FRIRCPE DL, DL AAV N EAK ik 22 SMA 8838 il 21 4E 48
Mo . B BB N, SMN A F 718 & ) 8T 5%
e SR HE, PR E SMN2 3 e A v] DR AR 8 147 e X
B, T SMN2 £ 7 45 SMN. 4k, Se a8y
Fe AT LG sk B AR 1 SMN2 2 ] ) SMN 2 5
KA, T HL 28 e xR 42 7= A 1 R 5 T DA R R
2124 2 g ) OB SMIN T RE

SMaRT S it FH - oAb 55 1R 97, 491 a0 2 11 21
4 1k (cystic fibrosis, CF) ™7, DMD"", I & i A
(hemophilia A)™1. SMAP™ £t 2511 490 X JEE 48 (retinitis
pigmentosa, RP)"\ X 3% 4l 151 [gM 25 & 17 &0 50 - i
kW 4 AR 45 & 1L -17 (frontotemporal dementia and
parkinsonism linked to chromosome 17, FTDP-17)"""",
7 EE BE A % BR B (severe combined immunodefi-
ciency disease, SCID)"” F1 K ¥ 4 & K7 ¥4 fi# A (epider-
molysis bullosa, EB) ™ ZE 35 (£ 1 51 2% T &8 4
SMaRT /597 #¥)).

E IR PTM & ORI 343 PP AL B R B3, I Bt T
B AR R I PR PR 1, e 2B 452 0 A e ME R R W] g
i B8 A o {H & X 5" SS Bl 3' SS AR, K i) A& AR
BT A& F I — A B — MZEF R, )BT
R M IEAZ I RAS B 1) A ) Ty ik o AE X i
T, PTM AR EE R ) — 3 73, 1 A s S 3 4
il pre-mRNA (155 3™, [K HE$E 3 [K] pre-mRNA [ 3R X
Pikb T AR 2 . I H R8s 7 HEe 50
A 1) pre-mRNA A1 FAF H, DA b 5 DR ) 2H 230K S 4 ek
B] o5 7 0 R0 B B R R R A A e . A, — A

PTM 43 -1 B J o7 rp [ i LA /b A8 3 A A ik
AR IE B R B R R R )Y
3.3 R X E#%HEER (antisense oligonucleotides, ASOs)

ASOs il # N 15~25 nt [f] 51 DNA 2 RNA 7 %,
L Watson-Crick B8 % Fit. T 5 4% 52 pre-mRNA 7 1| EL3%
44, 181t RNase H /1 5 [ RNA B 752 1) 1
T4 B 3¢ & RNA-RNA A1/88 RNA- & (A i A B 1E
FH 5V 5l 2 S0 BY 2 1 1T SR I AR R SR R AR ok
MO BT FE . ASOs B W BCEE [ (D 5 SS B 3
SS, 7= ] - BH Wr BY 452 R 7 3 N BT A 05, A5 B 4 E E
I7) 1 AH A8 AL SR AL 3 BT 25 @ B 5 1 BUTER oo,
7 1 s A P R T B 52 DR 75 $E AT A1 45 A DAL T 5%
PR BT, G RNA ZE3, Faw 5l 2 Ao e o 45 L 45 /4 9F
1B BTz 45 RIS,

R GG 1) T A% EF I 0T 78 PR A% I g v 2 UK, T
il L B 5 S I HEE, TRt ASOs Bk 24 A5 1 2
A H CHE 1, T AT AT LLAE AR N B ASOs B 1 200 i %
fig S o 3 A A AR B L R, I RE A T 5 HE RNA P
TSGR0 3 L A 252 A8 0 6 46 S A% R 1
8 2 B A RN/ B 2H 73 1) e . i O 25— 4R ASOs ff
FH 7% AC % B2 (phosphorothioate, PS) 1 4, 4% i@ i i %
JEF B 4 R — AN AR R AR TR . X
&40 1) ASOs B £ I+ H A5 ¥ % RNase H LA T 1 48
RNA /KF, (HBBER T XUk o Fa e v, S 80 b i &
FEAR, mkEMPSIE &AM EN, @ 8 =R
ASOs X A% M FE 2 2' 47 B #EAT 1241, 5 PS B 245 A fE
HAFH R EAER . 2'-0-H 3 (2-OMe) 1 2'-0- F A %
4. FE (2-MOE) # I\ A& e R Ih I 81, 5 k& 1&
TR BB AN Tl R SR A L, X B4 0 T L 5 ¥ RNA 1)
sh4 77, 9F BRI PS EBE A P B T B 1, H
Fe X Fl 7 AB M 1) ASOs A~ BE 175 T RNase H /-5 (1 #
RNA T ifl; @ HAt ASOs 5 FH 58 Bk Jlie e H A 5/ b
FR B BT A A KR R (PNA); FL A 1 3R 11 A 2 %
BEIR, I HL AT 0 Ik i S0 556 1) 32 42 11— 2 2k 1R )
LR (PMO) %5 BT 1l BEAF7E 40 R B HUAS R WK
ANV TR AR P9 4 0GR T B B TE R R R R B A
I 850 1 FH 52 38 PR 1)

2005 4, Scaffidi %5 HRAE T — Fh 25 F 44 1 gk
REZTFER, T 2] IE HGPS " LMNA 3£ A () 5 4 51
. 1% ASO fit 5 pre-mRNA 4 & 7 11 #1774 HGPS %8
A () DX 45 F R, E 2 18] L BH W B 8 1247 25 F B80S, A
17 7 LE B 2 AL 1) 4 N i (R BT A7 pt, A AR BELIT T
PR PE LMNA mRNA B 55 5582, 8900 7 D e 1% LMNA
FI7KF- o

Nusinersen T-2016 4= 12 A i FDA fit#E B117, 2B
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AN FREH TR 97 SMA 11 25 49)°% . Nusinersen 7& — i
2-OMe i AR ER 8 ASO, SB[ TAMET 715" SS R
Ui 15 nt (40 ¥4 RNA 1 4% 76 £ 1SS-N1, FHL I hnRNP
AVA2 5iZ XA 7 254, e gt o B+ 7
Ik B FR) A0 46 1 — % 45 44 K i 254 2 (terminal stem-loop
2, TSL2), FE B 4bE T 711 5" SS, # S4MNE T 785 I
FEAE KR DR SMN & FP, [EE RN, BT
ASOs 8 H A~ 2 % ik M fw 57 %, [ Nusinersen 75 % 5
SHNGY.

ASOs ¥ ] 5 BY #2100 ¥R 97 SR M A A A T
CF™ 8 37 AN R 1% K i 1 38 B¢ 8 fif JiE (dystrophic
epidermolysis bullosa, DEB)®*', DMD"***) FTDP-17""
S AR AR I e, T L ARE A TR 2 R IR T .
i Dewaele 2571 Fi] ASOs /1 5 1) 4 & 1 Bk 5% ke B A1
MDM4 1] £ ik, MDM4 2 & 40 Jitd v 7= A8 1) B 43 0 A
ALl i, Hong S5 G PR 57 A PR VPAN T — A 241811
1) ASO, Fx N AZD9150, I 1 [ STAT3 4w 15 J [,
STAT3 5& JAK-STAT 15 538 % 1) % s o IR - A B0

Table 2

I, Ross 7S FH—Fh & 5 (1) ASO (AZD4785)
N T KRAS mRNA, HAE K2 20% 1) N 5 0E &
A RAR (24128 T 5y ASO 254)) .

ASOs [ 7 51| 45 57 1A B2 AT RE 85 4% 1 Hh 5 P9 R
RNA 25 &, I H O m O) 5E2 70 VR B2 1) AN 7] 1) RNA JIE
B, BIR ASOs fFTESE HUR ZE  To i 3% 5 o i o ',
FLA — 52 10 S 2 T 1k DL RJE K ) B PR i R 2
SRR N 22 4 1) RO (R B TRk R e AT
{10 55 M AR O AR A1 285 SR T A5 L i oy B AR (R 5 ¥ T T
]:/E\_[102,103]0
3.4 /T3 RNA (small interfering RNAs, siRNAs)

1998 4, B 4 siRNA I8 #% ¥ & 3L H Bl 7 RNA F
& (RNA interference, RNAi) Fi A, ‘& ff i 21~25 nt [{]
XU (ds) RNA J# L RNA i FUTERE A9 (RISC) Ffik
B pre-mRNA, AT A0 ] Py Y05 0 S5 058 ik [R] fg 3 as 1Y
siRNA /& RNAI (1) — P, B8 17 S0 S N & 5 Ak
5P/ B T IERE T A siRNAs 1] DL 5 i v 8T 5%
A5 mRNA ) B, T AN 5200 1E 5 mRNA ) RE .

Examples of ASO and siRNA drugs. ASO: Antisense oligonucleotides; ATTR: Transthyretin-related amyloidosis; ALASI:

5'-Aminolevulinate synthase 1; PH: Primary hyperoxaluria; HAO1: Hydroxyacid oxidase 1; PCSK9: Proprotein convertase subtilisin/kexin

type 9; SERPINCI1: Serpin family C member 1; FD: Familial dysautonomia

Name Sequence (sense/anti-sense strand)/vector Indication Target Organization Stage
Patisiran 5'-GUAACCAAGAGUAUUCCAUTT-3" FAP TTR mRNA Alnylam Pharma Launched
(Onpattro™) 5'-AUGGAAUACUCUUGGUUACTT-3'

Vutrisiran 5'-UCUUGGUUACAUGUAACCAAGA-3'/ ATTR TTR mRNA Alnylam Pharma Launched
(Amvuttra™)  5“UGGGAUUUCAUGUAACCAAGA-3'
Givosiran 5'-UGGUCUUUCUCACAGAGUAGAA-3'/ AHP ALASI mRNA  Alnylam Pharma Launched
(Givlaari™) 5'-AUUCUACUCUCUGUGAGAAAGAC-3'
Lumasiran GACUUUCAUCCUGGAAAUAUA/ PH HAOI mRNA Alnylam Pharma Launched
(Oxlumo™) ACCUGAAAGUAGGACCUUUAUAU
Inclisiran 5'-CUAGACCUGUTUUGCUUUUGU-3' Atheroscle- PCSK9 mRNA  Novartis Launched
(Leqvio™) 5'-ACAAAAGCAAAACAGGUCUAGAA-3' rosis
Fitusiran 5'-GGUUAACACCAUUUACUUCAA-3"/ Hemophilia SERPINCI Sanofi Genzyme Phase I1I
5'-UUGAAGUAAAUGGUGUUAACCAG-3' A/B mRNA
Nusinersen 5'-TCACTTTCATAATGCTGG-3' SMA SMN2 Ex7 Tonis Pharma, Launched
(Spinraza™) Biogen
EMO 5'-CUAUAUAUAGUUAUUCAACA-3' SMA SMN2 El Shift Pharma Preclinical
MO HSMN2-  5'-GTAAGATTCACTTTCATAATGCTGG-3' SMA SMN2 Ex7 IRCCS Ospedale Maggiore Preclinical
Ex7D Policlinico
El.4 CTGAAAGgttagtggacagccatge FTDP-17  MAPT Ex] University of Pennsylvania Preclinical
E5.3 GCCAAGgtaagctgacgatgecacagg FTDP-17  MAPT ExS University of Pennsylvania Preclinical
7-26S GTCGCAAACAGTACAATGGC FD IKBKAP Ex20 Cold Spring Harbor Preclinical
Laboratory
Eteplirsen 5'-CTCCAACATCAAGGAAGATGGCATTTCTAG- DMD Dystrophin Ex51 Sarepta Therapeutics Launched
(Exondys 51™) 3'
Drisapersen 5'-UCAAGGAAGAUGGCAUUUCU-3' DMD Dystrophin Ex51 BioMarin Pharma Inc Phase III
(discontinued)
Golodirsen 5-GTTGCCTCCGGTTCTGAAGGTGTTC-3' DMD Dystrophin Ex53 Sarepta Therapeutics Launched
(Vyondys 53™)
Viltolarsen 5'-CCUCCGGUUCUGAAGGUGUUC-3' DMD Dystrophin Ex53 National Center of Neurolo- Launched
(Viltepso™) gy and Psychiatry
Casimersen 5'-CAATGCCATCCTGGAGTTCCTG-3' DMD Dystrophin Ex45 Sarepta Therapeutics Launched
DS-5141 5'-CCUACCGUAACCCGUCGC-3' DMD Dystrophin Ex45 Daiichi Sankyo Co Ltd Phase I/I1
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X P B 1) 75 3% © 48 T Ulllrich e R 14 LS 77
A K (Ullrich congenital muscular dystrophy, UCMD).
KR B ZE (growth hormone deficiency, GHD) 11
RUHJL B RE YA 9T o Boldue '™ & F T A [F Y
siRNAs, #8175 8L COL6A3 5= K 41 . 16 Bk EX (1 5
LSRR, FHAE UCMD fi7 A8 I B B2 121 24 40 B b A4 1 s
T siRNAs. X 26 siRNAs 7] LLE A 24 55 47 5 [
RE SR IREL, 5 B0 AR S A7 5 DR R e M R, AN T 3
Jog R VI i P2 A () FE R T & . 2R fulih, Ryther 251
fili HI sIRNA SIS, LAAM . 7~ 2~4 A BERR, Ry 57 M I A
117 GHD 48+ 3 ki 3 sk . 45 R s, RIS
¥ /b B siRNAs i 1% 51 2 {4t 7] B Pk &2 114 GHD &%
GH I[P IE % 43 . Hayes Z'E 2 KB, siRNA /- 510
SR % H ¥ E§ 1 (serine/arginine-rich splicing factor
protein kinase-1, SRPK1) ) 1 (7 g I 7L i Al 2
i b e v 2 L) 5 SO A E ) R R A A R AT
PETVE a3, oAb, SRPKT 223K (i 34 5 308 &
FRORE A7 750 a5 1P At R G ) AU A 18

BT siRNA SIS F R | FKIRMETE M A2 R
PE #2295 (familial amyloid polyneuropathy, FAP) ¥ 47
24 ) patisiran”®™, B N\ 201 HF IR R (acute hepatic
porphyria, AHP) ¥ J7 Zj%¥) givosiran" " "Rl vy AH [ B 11
JiE Y6 JT 25 ) inclisiran'"V 55 (3R 2 %1 2% 1 7 siRNA
2i).

IR EYE, AT H )25 R AT DL siRNA i,
XA SIRNA B A L /N7 1 BT A4 2454 58 5 1) it
RIS AR BE |02 R 97 s . R sIRNA FEZW)TT R
o B TR BT, R AR E AN ERAR 2R ) B E
AT B8 HH B0 R S AT S 1 R R R J G L A
IRV ) 7L
3.5 INDFHY

INGFTFARE ] BT RNA Rk, Hnl e 5y
P47 B 5 5 41 (ESELESS.ISE.ISS) i i B #% T
PE= L RNA 45 8PS 8 F 5 -RNA R ELAE ATk
BCOE FEAN B 7m0 S, T 2 2 B ) ik B
B,

— /N> F B A AR D T VR YT B AR U R
I PR IE 1)l AR P R AT 7 PR AG . B R N PR B
(e IR i M A A P AR A DL FE R E B R 2
S S 41 L0 1Y) 22 e 40 L R AR A B UE st
FL 3 A 1 B W] 50 25 5 4 O T R R DR A p 73, SE ik
IR 92U A1 4 B 9 T R0 200 R T ) 7 A 4 Tap73 Al
DNp73 K2 IE 55 By, A, 47 iy I8 B 4%
E B R 5 S04 f B T S Rt P R 2R L)
E7107 2 $8 [w) B 42 44 1 3 24 P 55 1) 28 — M &4,

JLHE A U2 snRNP & &4 (1) SF3B, 5 SF3B [ 2 1 4
AR DA W BE R 1) IR BT 42 . R ET107 7E IR IR
BB 9E A e B R AF 2077, B B T DA I Rl 58
e PEN N YWY B Y N Y S VAT TR
Fk 36 12 111" Herboxidiene BT 45412 A E W5 &
B F1 47 #th 5 K D6/K th £ & 7 HY 38 i ¥ 17 B 3% 4 (1)
SF3B MV 4 177 2 AL H A% P e i g v 1217

Risdiplam /2 1 £ 22 7 JF K (1) — Fia 77 SMA (1 fixi
BIEVEC R . HAT, Y8 T BT A AR
(174 .2 BUF0 3 7 SMA B #% . /E SMN2 pre-mRNA
FIBT B R b, MR T 7RIS SS IR R B e G 8L 5
U1 snRNP [ 45& 55, B4 T80Tk . Risdiplam
1SR — i BT BB 1 77 e 0 4k S ME AR i 5" SS F U
snRNP & & W 2H B IR 1k I XUEE RNA S5 44, ¥4 SMN2 4h
BT THIE S SS AL NGRS SS, A F T BT AT,
M3 1 SMN2 mRNA 1 482+ 7 1) 5 = FTEEAN £ )
Dy Re it SMN £ B K o[RS, B8 Al DL $E%
5 SMN2 MR 7 H i Ah B 1 BT 452 3 5 1 ESE2 45
&, AR BREE 7] SMN2 FRS 1

HAh /N T 25 B FE WK CF A JE M 27 4 4k 5 i
H1L 5 1 75 571 (cystic fibrosis transmembrane conductance
regulator, CFTR) FE [ 58745 46 Ku Th §E 1 CFTR R IA 1)
DYRK/CLK * # ¥ i #11 tl] 55 CaNDY!"™, 7E 5 £z 5% i
K1 9E /N 40 i B %8 (non-small cell lung carcinoma,
NSCLC) 4H ffd # 2& 5 H H70 3 5 4 FH 15 PRMITS 4401 1) 5751
PF06939999"""") {i£ i} CRL4-DCAF15 7z R iE g E &
R Bz DK 7 RBM3 (1438 1l R0 6 e 1T EL A B e vt P 1
indisulam™*" A X i 5 HTT pre-mRNA K] N & F 49
A5 A 4 B RS T R AN B T, W A B0 M A
F1 5 K ) HTT-C1 A HTT-D 11294 (£ 3 51 %6 7 #54)
NG EH) o

5 ERiaT FBAL, Ny PSR EER T
MU IE 5 AN WA, I FLRE 1) 47 5 PR AR AR, Tl R
U 22 (1 AR S M A BB SN o HR /NG T 25 1K
A R AT T2 By % A A L 2 R s
BEPEIAR, Al 1 REs 24, 18 ] LA n i 5 i i
AUERIPE . AN 7 1A A S 20 0T R
ERO\ BT PR AL T oM EE R LR, BRI
4 RESE5RE

Pre-mRNA [ % 33 14 BY 4% /& Jt [F] 3 a5 A 4 1) 22
W, AR BERIINE FRAGREY R TE
FURALI 2 FEE, JEX 40 A4 28 B 04k LR B AN
ZRMERAEERN., EFEEE LT A EREY
2, 2 M EH o R SERE RS S, 8
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Table 3 Examples of small molecule drugs. /KBKAP: I-x-B kinase complex-associated protein

Name Structure Indication Target Organization Stage
Risdiplam 9 S SMA SMN2 Ex7 PTC Therapeutics, Roche, SMA Approved
(Evrysdi™) \ /" *N/’]N/ Foundation

N
O~ =
5_/" N
Branaplam SMA/HD SMN2 Ex7/HTT Novartis Phase II/I11
pre-mRNA (discontinued)
NH
PK4C9 SMA SMN2 TSL2 Roche Preclinical
/Y
o] NH
\ AN
a
N\
HO N
LDN-2014 2 NJ A\ SMA SMN2 pre-mRNA  Brigham and Women's Hospital, Preclinical
cl ’ /LS Indiana University Research
& Technology, University of
. Massachusetts
Kinetin o T FD IKBKAP pre-mRNA New York University Phase I
discontinued
[~ — ( )
HN: N
\—7
RECTAS f FD IKBKAP Ex20 Kyoto University Preclinical
0 N / NH
P e
HN N
\—/
BPN- T e FD/FTDP-17 IKBKAP Ex20/ PTC Therapeutics Preclinical
MAPTEx10

15477 N@_\

cl

i 2 B (1 RNA- ST F AR TLAE 9K 30, 1 55 HLAR 1) 2%
DA B Bl . RO 2 f BT 7T R Tk B BT R K
T2 IA IR R, JE AR, 5 NSRRI IR 1K 73 T LRI
WIS [ BT AR R T IR B T AT RENE . IR
h TR IR ), BE R F AL BT 7 2R AR
PS5 R, DLIRTT BT 35 5 5 SR B 1%
Sz W SO R AN LT SRS 1KY
FEAB M (¥ SRS X B 6 7 7 AL B SE AT AT M . SR,
XL T HAE A FIRE L _E DA [R) 75 3R i A P 1) 22 Ay
IR 4 = oy A NES ) N PR R LN iy VA S g 2
£ 22 2 P 1 A JHL A 1] W PR A 5RO\ 20 S0 7 F) 22
BRI LAk, BT8R AL ) R 5 A AR T R 355 A PE TR
PRt A TF R LI T R 5 8 1 5 i . Ak, SEAT 2%
B 2242 [ RNA BB 1 TR IF R ME R IEE, 1
R A2 AT T IR A s R

B & DAk F0C4T R 2R OCHR VR S ST B O, K
15 S A SR
FEERSE: A AR E A 2 vh R
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