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BIE . 7 v F U AFEE (ASO) EXEFOMFETIX, HNOEEEYICHHHMN L &2 k57 13-25 A
IEY D ASO ZZEEHFTL, BOHEEE 2> ASO 2ERINICHER TS, ASOX—Fv k3
mRNA & OFEABAMEZ EBRIVICRE T 2 1CERE 2 a X b 2320 5720, mOHEEEZRD ASO %
FEMEETCTHT 2 KD OENTVS. RIFETE, THRAF—HEIEDIL ASO OEEEEET
NEHETSEZ e 2HMNE LT, ASO ¥ mRNA ¥ DA T AL ¥ —, mRNA O EHHOBKT L ¥ —
BRERRARIANVF—ZHEL, YO &S %2HED ASO OHEENE L BB EZE OB L. 20k
R, ASO & mRNA O DEEZ A NF —2EEFRBEOMHRERBMEEL TV (r = —0.448). ¥
7z, ASO & mRNA OfEEHHH < Td, mRNA LOEEENIHH 52> U DIRENC —KEEE R L TV 3
LEIE, HEEEMET 32 eIz, ZhsDiAE, 5% XD ENZ ASO OHEEED
THIETVEHEST 2 LTHERATHS.

F—O— R KEBESE ¥ AR, 7rFbk s R

Antisense oligonucleotide activity analysis based on opening and
binding energies to targets

Kazuyva IsawalTl  KEISUKE YANAGISAWAL'2  MASAHITO OHUED?2  YUTAKA AKTyAMAl:2:2)

Abstract: In the development of antisense oligonucleotide (ASO) drugs, a large number of ASOs that are
reverse-complementary to the target transcripts are designed with 13-25 bases. The experimental determi-
nation of the binding affinity of ASOs is time-consuming and costly; thus, the computational prediction of
desired ASOs is in high demand. In this study, we analyzed the relationship between the affinity of ASO
and the inter- and intra-hybridization energies of ASO and/or target mRNA. As a result, the binding energy
between ASO and mRNA was most correlated with the inhibition rate of gene expression (r = —0.448).
Additionally, the inhibition rates tend to be low when the binding site on the target mRNA forms a strong
secondary structure regardless of the highly stable complementarity between ASO and the target. These
findings will be useful for building better computational prediction models in the future.
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BT ESRS, FRERRCIIENCRSR1 -0 T %
HHT 2 Z e BN TE R0, DACERIEERERR CEISE
PERBITH T 2 HESRS e L ToOREN G AT
W3 [2]. ASO E3EfHZ, DNA-RNA o —E§H# 3% LT
RNA % 77f#3 % RNase H #iEME(L X853 D2, RNA
a7 HeOMEEHZHEL, A7 74227l
HizrZ2IT5dDHH 5. ASO IZEX 13-25 R ¥ gy
WA TREGET X, EHEADLEEMIC X D AN TR
EWIRIETE 5.

1.2 ASO OREEFEMHDOFAI

ASO EEBOFHFHIBWT, X—4% v b7k % mRNA
% mRNA kRIS LT, BEEZLDRAT v S T—E
£ED ASO &G L, EBRMICRDIEEOE VLAY T X2
LAF REERT 2 FEDSWM STV S (3], R, &
B a R PR E W, ZD XS RHPT ASO ORHERME
ZEFEEEHCCTTHT 2 2 e RS, 30 FELLEII
BRI TWS. filZ1E 1999 FIi Murray J. Cairns
5% ASO & RNA r O HEEHMRIcH O a2
NEF—HEERITS 2 ¥ T ASO OHEFEETHIZ1T-> T
% [4]. 9 LY #RR I & 2 PRNGEETE DS, fH
EEEEHCHAT 2T 3 EFLRELR TV,

1.3 AHEOEHB

ASOBIZED AR M2 T 272012327y hek?
mRNA £ mRNA kR L TEWEEZEED ASO %
AN ECTHBVICTRITE 2 Z e R ETH . Ktk
TlX, FEAIRER RNA BL% ETo ASO HEEMEE 71
BDHIZ, ASO ¥ mRNA ¥ DR TOMET LT — K
O mRNA O =S FHICED S B xL¥ — & ASO
REETE M O FHBEME 2 W5t 3 5.

2. RT—XTOREN

2.1 HRALLRBRT—2

ISIS Pharmaceuticals (California) 233 L T\ 2
¥ (WO2015100304A1) [5] %> &, ANGPTL3 &% T
(ENSG00000132855) 12513 % ASO OfIIfIEE 2 7 14 ¥
YR EoTHG Lz, RLICAZ LAY Y Z L ASO
DR RT. AMETIE, =7 Y Y 2ENE L ASO
WKHEH U T 217 5.

K—7"w 275 mRNAIZOWTIE, B M ANGPTL3 @
mRNA (GenBank Accession No. NM_014495.2), mRNA
HiBkAE LTk b7 40 1 HREME (GenBank Accession
No. NT.032977.9) @ 5 % D 33032001 2* 5 33046000 D
EPCH 2 R U 7z,

ANGPTL3 OREET— 4 DM
TV RTF VEEZ 87 E 3 (ANGPTL3) &, V
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R1 F—Xtvy DM
ASO OF —Z DHE

FEATROL 2k HIHED 50%L
mRNA 1049 236
Vv 993 232

mRNA HiER{&
frruay 1333 178

REYRBRBORFRTTHY, 77 v—sWEIRE
{EHEDMERED Y 27 DH 2 lREBFEEERE T 28
BN LTHLETH 3 [6].

F—Xt v bD ANGPTL3 ¥EHOMFHIRIZ, 4.5 uM D
Xrov /v —RI+FUVRT7 273 arIETHE 24 Rl
A% O HepG2 MR D ANGPTL3 ® mRNA O& ¥R
WFRDHINEFED ANGPTL3 ® mRNA D& DLt TH 3.

2.2 HEEFMHETINEEBRTZ-HDRHR
FHETEEE T V2R T 572912 ASO ¥ mRNA 254

&1L, RNase HICk 2R3 XL THEr 52

ZERE LTORFOME [7] 2K 1 12RF. FHEEMEIC

WBEHZ 2ERNORFUILLTOEY TH 5.

k&t 1 ASO DFH - B FREMEEERICK > TERT 2
HHTZ A F — (AGmonomer, AGdimer) DMEWVY (ZFE
MEDTEW) 12, ASO DRHEHEMEAEL 25 L WK
it (ASO OHFWA - D FHEEEERADR).

k& 2 mRNA © ASO FEEHEBAID—ARFHITIR B 7o DI
BRI ANLF— IR AL F — Eopening) DREWVIE
¥, mRNA O ZXfEEZRG I ERHB LI <&D, ASO
DFAEFEAIMEL 722 L WS (mRNA O ZRiE
EDRER).

R& 3 ASO & mRNA OFEEIC X DR L a0
F— (AGhinding) PMEWVIEETEENLEL, ASO DFH
EEESEOE W IREE (ASO ¥ mRNA OfES
&)

REE4 X—%"v k7% mRNA X0 L TEEOEEE
MATFET B L EZ 505 ASO DIHEEMEE, &—
7w b 2725 mRNA IR L TREEEMI S —2 LA
WrEZ 55 ASO DFHEFFEEID BEVE VIR
it (BB OEEIBADORE).

&% 5 RNase H 7 mRNA % YJlt L 7212, ASO 3
mRNA 7 & fREES 2 DI ER BT 2L X — 53
KEWIZY, ASO OEEEMEMEL 22 2 W5 RE
(FRBEDIRER) .

A ORART, ZZ TR 2 (mRNA OZRIEED
1RER) v 1REE 3 (ASO ¥ mRNA DESDRE) =FHi

b i3 (20 R DR FIE SR [8] 1t Liz) .

2.3 mRNA O ASO #EEMBMUOBAK I RILF —

(Eopening)
RNA ¥, &7 ERMOMIE L e OHBELER DT
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<= 1. ASODHFMA - HFM -

‘ REfFEAORS: T
| a) ASODHF TR AGmonamer | e
7\ Aso ‘
b) ASOD S FHIBE 1EA AGaimer

RS mRNA

T 22.mRNADZR T " 3.ASOEmRNA

/ WiEoRE DEEORE h

BT L% —
E ASO & mRNA & DfE D

fEETFRIF = AGpinding

) V ASO
opening

mRNA mRNA
e ASO
T4 EHORE T © 5. fRREoIREE
BRI DIREE /
mMRNA ~°
R ER AL or RNase H
AT RILF— T
AGrearty_compt )
mRNA ASO / BEHSO
' HELRILF—
/ ASO MGy hatf

B 1 ASO ® mRNA FHEEHICEET 2 EZONIER

IZBWT, kA & NS % HERANCEEE LT, mRNA @
ASO FEEHEALDY 1 AEHITHR 2 72D DAY T4 L F —
(BN F —, Eopening) DatB STV [9]. AWF
e TlE, ASO @ mRNA OfEEHLET D5 [E 7 — XA
EH ASO OIEEEME 2T |2 2 WHRE 2 (mRNA

DRIBEDRER) EMEET % 72912, ViennaRNA Pack-
age 2.0 @ RNAplfold[6] ZF|H LT mRNA @ ASO 1233
BAEETEMLCORMT AN F -2 HET 5.

RNAplfold D85 X — &% Window g% 80, mAIEIE
Xt PR 40 1CRE L 7z,

2.4 ASO X mRNA OESHMMAEDES
(AGhpinding)
1R&% 3 (mRNA ¥ ASO DEADIRER) ZHEALET %728

12, mRNA @ ASO IZFERITHAMI RS AR ASO &
DFEE TN F — AGhinding % Sugimoto D RNA-DNA D
BOAPEEN ST X =X 2 RH L CTHES % [10]. ¥y v
T—D7 4 ¥ HERTH B ASO D] 5 HEiZ 2'-MOE
BHEERETH 205, V4 Y ZHEBICBOVTD ¥ v v T
¥ [E##IC Sugimoto D RNA-DNA DRI HEEEN S X —
RT3,

3. R

3.1 mRNA @O ASO FEHUOKKIRILF— (IR 2
ICB8 9 3 1%5)

ASO HTERITHHEMINCAS &5 25T+
VF— Eopening & ASO OHIR  ORGRZR 2 1217
BT V¥ — Eopening VRO EFTT B IHIZE A 0-20%
TRED ASO B FELTED, Fopening & IR L 0

IRILF¥—
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K 2 ASO OHIHIR L FEEHMOBIR T L — 2 0K, ERIZ
BARTHD, ARIZZEBL AN LTH 5.
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3 ASO & mRNA Ofiff|E rEE T rL¥—r ok EXIZ
BAARTHY, ARIZ"EBLRAN S LTHS.

ERDOBRIE, IO 5IRRZT oNIRroT.

3.2 RNA-ASO HO#EAEIXIF— (R 3 ICEATS
1ET)

ASO ¥ S22 mRNA OFEATRAL & ORI D
AIANF = AGhinding &, ASO DHIHIFR L DRIHRZE 3
WRY. MR r = —0.448 TH o 7=,

Z DD 5 AGhpinding > —17 keal/mol ¥ #E& T 3L
F—HFTN ASO W DWTIIHHIEDL 60% %22 5 Z b
BN EHHERTES. F72, AGhinding PHRL, FHED
LET L HERITE % ASO I2OWT B IR D 0-20% 8
IR B2 b DDIFIED MR TE .

4. EE

4.1 BARIXILF—DIRE

CC BRIIFIMZ I N F — Eopening £ ASO OHIFHIHR D
ML TV, XoT, BT L¥—¥ ASO D
FHEE MO RGRE RS 272012, GCEED ASO DfH
EIEEADEER 2 L5 WTREE 2 (mRNA O EED
) ZMETs 5.

T, GCEEEMZ D Z L CREEDESHMME
ZFED ASO ICRREL T, MR L D=L ¥ —D
NHEEHBRT 5. BEZILF—0D ASO NOFHEEMEA

DEERPIMZ 572HI12 ASO %2 GCERIL XKL, B

WRRED GC aREZd ORI MR}ID%IJE& I
5T %, EAHIEREINHEIR A 29.0% (kD ASO 7—
Z OHHIFR O IE) LUT, SHIEIIHIER DY 50%L
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K2 GC&&E, MEIR LKL INF—DPREL OB

BT L ¥ —
T =2 D HIHE
GC &ROE KINHEE SR SRR SR
(25, 35] 180 114 3.07 3.48
(35, 45] 89 84 4.41 3.75
(45, 55] 38 20 4.96 3.92

Range of GC content (25, 35]

— Low
High
20

Count

10
Eopenmg
40 Range of GC content (35, 45]
— Low
= High
320
o //_\
% 2 4 6 8 10
Eupsnmg
40 Range of GC content (45, 55]
—— Low
€ High
320
[}
_—
% 2 4 6 8 10

Eopening
4 FRED GC &&#D ASO OHEFNTH S 2 G EAL DR
X — DI

L% TXOFEMER 2 LE 4 1RT. FAREED GC
BEICBWT, (KR SIHER QMR A L ¥ — Dkt
2TV, EIHEEOE S 25, SRR D S BMT oL
F—PREWVZ &% Mann-Whitney Ol U HE (BE
IKHE o = 0.05) ITX o THIE L 7. GC &&ED (35, 45] D
BN T, BEINHIBEDIZ S AV EilflEE & b & = 2 v
F-PERELIREZNI Db o7 (p=4.68x1073) .
IhbbE, BERTZALEF—PREWVIZY ASO 2GS
W7 72ALICK K7D, #Re UTIHERIMELS 2250
TRV WS RFE 2 (mMRNA O K& D R 1,
GC &&7 (35, 45) DIBIZBWTIEL W Z 2 AR X 7z,
—7, ZOMd GCERBDHE TR EZEH T2 2
EMTEY, SORIBEDRBETDHS.

5. ¥&®
5.1 %R

AW TIE, mRNA % mRNA ®iER{k_EToHEE D
EWECHIERAL 2 TR 2 7212, T3oLF—HEF oo
ASO DIHEFNETF VDD DEROGHZ M L. E
ETFREOHHIRE FHHEE L7201k ASO £ mRNA O
MAETALX—THDH, K3 (ASO £ mRNA DFEED
Rat) ZEMRBERETHLREIN:. £/ GCERZY
WX LT 2 (mRNA O & DG %ML L 7=
ZriZ& o T, mRNA L OFEEDPLEL TS ASO 1T
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WC, RSB EL O
5 LRIz,

TRMEERER TS I L BERETDH

5.2 SERORE

ASO 2MERF 2 MM TR L TV A0 mRNA D%
HEWZHLT, ASODA7X—4 v b OMBEEHDOR
BHRWAL, B—% v b+ 272 2% mRNA OHIFIRBET L
TWRAREMEDR D 2. AR TEA 7 X —7 v P EHRET
B3 Thhkhrol-d, 7 ALK OHBICE D A7
R—7 o NEMBRTDIEPRBETH 5.

B2

RAZFED—FRIE, XERIAEHIR A / R—>a> - a3
VRT LR T 0T LDOXEEZIITITON:. F24
YR B E R TEW 2 R TR EGE TR OB ERE
ST & CICIEARBREBEICEHOE LR,

BE Xk
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