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Hybridization

LLE
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Chromatography

Probe%
detect

— LBA

— LC-FL

SPE

LLE: liquid-liquid extraction

SPE: solid phase extraction
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*
Category Drug Name Developer A!;?yerlfxsear Therapeutic Indication Modification/Delivery Le(:tg)th Bioanalysis Method
? Fomivirsen Ionis Pharmaceuticals 1998 CMV retinitis in AIDS patients PS 21 CGE-UV [7] _\
Mipomersen lIonis Pharmaceuticals 2013 Familial hypercholesterolemia PS, 2’-MOE 20 C[Gs[i—ll({]v [[bé:)k{glif)S]A
Eteplirsen Sarepta Therapeutics 2016 Duchenne muscular dystrophy PMO 30 NA
Nusinersen Ionis Pharmaceuticals/Biogen 2016 Spinal muscular atrophy PS, 2’-MOE 18 ECL, ELISA [11]
A 2
ASO Defibrotide Jazz Pharmaceuticals 2016 Veno-occlusive disease in the liver NA lljg—ll\{i\é [l::‘}
Akcea Therapeutics and lonis Nerve damage in adults with hereditary ,
i1 Pharmaceuticals s transthyretin-mediated amyloidosis L o - —11]
Volanesorsen Ionis Pharmaceuticals/ Akcea 2019 Familial chylomicronemia syndrome PS, 2’-MOE 20 ELISA, LC-MS, LSC [15]
Golodirsen Sarepta Therapeutics 2019 Duchenne muscular dystrophy PMO 25 LC-MS [16]

Viltolarsen NS Pharma 2020 Duchenne muscular dystrophy PMO 21 LC-MS [17]
Casimersen Sarepta Therapeutics 2021 Duchenne muscular dystroph PMO 22 NA

Hereditary transthyretin-mediate 21 (sense strand) +

Patisiran Alnylam Pharmaceuticals 2018 amyloidosis 2'-OMe, LNP 2 (aritiastise atrand) LC-fluorescence [18]
Givosiran Alnylam Pharmaceuticals 2019 Acute hepatic porphyrias ¥, ZGI;?&&Z"F’ 2§1(;nse;?:eenzter:tnrc;:1;) LC-HRMS [19,20]
siRNA Inclisiran PharmaceAuli‘iZel:l’:;Novartis 2021 Hypercholesterolemia 2'-OMe, 2'-F, GaINAC él(;ftgnzterzt:::\;) LC-HRMS [21]
Lumasiran Alnylam Pharmaceuticals 2020 Primary hyperoxaluria type 1 it é;?&ézl'ﬁ Zgl(a(iet?::nirzggz\ ;) LC-HRMS [22
\_ Vutrisiran Alnylam Pharmaceuticals 2022 e e dleminng LCHRVS 3] )
Aptamer Pegaptanib OSI Pharmaceuticals 2004 Neovascular age-related macular PEG 28 LC-UV [24,25], ELISA [25]

degeneration

*: Volanesorsen was approved by the EMA, and the others were approved by the U.S. FDA. 2'-F: 2/-fluorine; 2'-MOE: 2'-O-methoxyethyl; 2'-OMe: 2'-O-methylation; ASO: antisense
oligonucleotide; CGE: capillary gel electrophoresis; CMV: cytomegalovirus; CSF: cerebrospinal fluid; ECL: electrochemiluminescence; ELISA: enzyme-linked immunosorbent assay;
EMA: European Medicines Agency; FDA: Food and Drug Administration; GaINAC: N-acetylgalactosamine; LC-HRMS: liquid chromatography-high-resolution mass spectrometry;
LC-MS: liquid chromatography-mass spectrometry; LSC: liquid scintillation counting; LNP: lipid nanoparticle; NA: not available; PEG: polyethylene glycol; PMO: phosphorodiamidate
morpholino oligomer; PS: phosphorothioate; UV: ultraviolet.

LBA

LC-FL
LC-MS
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Hybridization-LBA_Dual hybridization assay ===

DIG: digoxigenin
Target oligonucleotide BIO: biotin
Contaminants

ﬁ DIG
J BIO i
Streptavidin Streptavidin Streptavidin
Capture and Hybridize Detection

v Capture (BIO#Ea&) &Detectionf (DIGHES) D2 ARKDTO—J ZEHH
v 1 (C(FECL(ESEFEFSA L, Electrochemiluminescence)z{EFE
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100000 -
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10000 -
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Hybridization-LBA_Dual hybridization assay Z
DIG: digoxigenin
Target oligonucleotide BIO: biotin
Contaminants
o3¢
oK
Digest with :i DIG
Proteinase K
‘ﬂ BIO i
Streptavidin Streptavidin Streptavidin
Capture and Hybridize Detection

v Capture (BIO#Ea&) &Detectionf (DIGHES) D2 ARKDTO—J ZEHH
v 1 (C(FECL(ESEFEFSA L, Electrochemiluminescence)z{EFE
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Curve fit: 4-Parameter Logistic
y=D+ (A-D)/[1+ (x/C)F]
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IN—>v)L)NUF—S3> o

N hUwOX MR (ustER) 0 EDTA-2K)

= : 30 pL
NUF—>3VIEH : Criteria
RERR 0.005~10 nM (Accuracy: 97.3%~103.0%) Pass
HENMUEE 0.005,0.01,0.3,5,10 nM

Within-run Accuracy: 95.6%~121.2% Pass

CV: 0.6%~4.6%
TE: 2.6%~25.8%

Between-run Accuracy: 96.8%~112.8% Pass
CV: 2.7%~8.9%
TE: 5.0%~21.7%

R Blank: <LLOQ (101E1%) Pass
Spiked: 30.8%~101.6% (9/10{E4ATPass)
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v' Nusinersen xOMGEHI Z &5 (D47
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T\\
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PNAD O—2 z‘.

v Peptide nucleic acid

Base
T
v’ Backbone(EN-(2-77=_ T FIL)TUSHW 7= REESTHRELIEED

e
P J\/
T O

Base
° M j? v EEEAAFL B ENILRTILEEN U TbackbonelHEE
gﬁ 0
o v USBEMIOBFEIHEURESD, BERFEOHENNE RO,
- - ‘2 PNA/DNAMD2AEH(EDNA/DN tHK D BIRUNGES Z HZBk

N
@)
NH
\
O \

—A23MBD S Al 200
https://ja.wikipedia.org/wiki/%E3%83%9A%E3%83% YA ]S ARSI
97%E3%83%81%E3%83%89%E6%A0%B8%ES%85%B8 =PNA probeb\‘yﬁg E—2(Ch 5L
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Nusinersen 5 @-©-O-©-©-©-©-O©-O-O©OOOOOOOO?
IS H0,0,6.0,6,6,0,0,6,6.6,0,6,6.6,0,0.08

PNATO—2
Nusinersenfl 3" (A)e(G)=(T=(G )=(A )= A )= A)=( G =T (A )Ty A= O &)= ) = O DD >
N 0.0:0,0.0:0.6:06,6:06,06:6:06:.6:6.6:6,06, ~

()  2-0-methoxyethyl N 5-Methyl pyrimidine (N DNA (N PNA

Phosphorothioate L Phosphodiester [I— Peptide bound [I— C6 amino linker

Alexa Fluor 488 @EEP» Alexa Fluor 350
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NS LNBERFE
FL
Nusinersen

IS

: IRUN—5 AT OMIgA A>3 h S5 I

4 mm I.D. x 250 mm, particle size 8 pm

: 1.5mL/min
: A : Tris-Buffer with EDTA/Acetonitrile

B : NaClO, in #8518 A
ST MR

: 65°C

: Ex 490 nm/ Em 525 nm

: Ex 346 nm/ Em 442 nm
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Target oligonucleotide

/ Analyte -
— Analyte probe +
IS +
IS probe +
\‘:\:’ ‘:,;,’
RATAN IS
/ Analyte
— ¢ (uLoQu~NIL) *
Analyte probe +
IS -
Jo-7 IS probe +

EU

700 |
500 :
300 |

100 |

1.5

1.5

Nusinersen

Ex490 nm/ Em525 nm

§|<—c'Tu

2.5

3.5
Time (min)

4.5

2.5

3.5
Time (min)
CUNFIDEN IIAL

2.5 3.5
Time (min)

Nusinersen

2.5 3.5 4.5
Time (min)
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N=—>v)VI\UF—>3> .
N hUwOX e MR (FusER : EDTA-2K)
fEH= : 30 pL
IREHR 0.5~300 nM Accuracy : 85.7%~114.0% " Pass
BENURE 0.5,1,15, 225 nM

Within-run  Accuracy : 86.0%~101.3% v Pass

CV :5.9%~13.5%

Between-run  Accuracy : 95.6%~104.4% « pass
CV :53%~13.7%
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20X RS A

Nusinersen
Ex490 nm/ Em525 nm

IS
Ex346 nm/ Em442 nm

20
14
S5
Blank u
N——
2 2 ; T
1.5 2.5 3.5 4.5 1.5 2.5 3.5 4.5
Time (min) Time (min)
20 - : 20
| IS
ia K Nusinersen 14 ."ﬂ"u, /
2 / 5 [
LLOQ * . : A v SN N
8 i e 8 i r/ \
(0-5 nM) : \ I e
1 TR —
2 2 i
152535 45 1.5 2.5 3.5 4.5
Time (min) Time (min)
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2||.un: E%% : 1/X2 O]
1 R2=0.9875
15.00
T
S 10.00-
b _
(=] i
5,00
BT
0.00- [EE!H
_n.{lnI o I5|||.nnI o I1nt|1.unI o IISIII.UUI o Ilell.[lll o I25t|1|.t1t1|I - I:-'.unlll.lllu
BE

& Al :Nusinersen;
— 2.634285e-03;

& 1/(X*X)

Al :6.349009e-02;

CONFIDENTIAL

fi##r A2k :CB200001RB; R IE4f - E#E; BHEIRID :3452; AO:
A2 :0.000000e+00; A3 :0.000000e+00:

R”~2:0.987519; &
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Hybridization-LC-FLi%xZE & & N
HYPNA probe FLVELC-FLE AR ERRDBADEIREE D1 DER D Z N
mEn.

Mm#E30 uLz={EA L T0.5~300 nM (dynamic range 6001%) DEEHIT
TE2MZHRIT D ML,

PeA AR OOX NI S T« —TE T ZA > OEBEVERNMMEFZORLTHDIESH
& (Bcdl) (CKDTCIEIHSLADBNREMNZENHD.
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et
v SR Jx /)L - 200RIVALRRKR

v HHENRITETHD, EEHE

v  JxJ)—=I)LTAINDOERNAEL, 2O0EEE, tE OKE) Ofsz oY,
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v B BEFERSYIRE—R

v o SV ORE— NIFEHE-FEEA A Y A T E—E R

dIJ

v EEYA T (EA A RIEREBEORINZARET

v 96well 1T =BLZ)\1 X)L—T v MEYBEEMEN B]EE

CONFIDENTIAL 34



[E146 #eh it X
v B BRFERES e

v  SwHZE— R HySphere C18 HD, 1 NAX Aminopropyl. 1

v RS AT(EA A

Oasis WAX, 3

Clarity OTX, 11

v 96well I T AL

Oasis HLB, 9

Int. J. Mol. Sci. 2022, 23, 15474
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HS A
v o AAINRTHRD

v EEMModifierd U
v IEA(ARTDZR

DNAPac RP, 1
Triart C8, 1

Hypersil GOLD aQ, 1
XBridge OST C18, 1

BEH C18, 12
XBridge C18, 1

Extend C18, 1

Kinetex C18, 1

Poroshell 120
EC-C18, 1

Clarity Oligo-XT,

4 BEH Amide, 2

PolymerX RP-1, HALO C18, 2
2

Int. J. Mol. Sci. 2022, 23, 15474
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LLE+ SPE

Sample Sample
| < IS ‘ < IS
LLE LLE
(Fx /= Z00mILA) (Fx/—IL/200mILLA)
< Centrifuge < Centrifuge
Dilution SPE (###HXR)

Jx—)l/2o00m)L A & /Dilution
RPEHEMENELY ‘

HPLC-MS system HPLC-MS system
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LC-MS&&4E >

LC
yu RN : C18 2.1 mm I.D. x 100 mm, particle size 1.9 pm
FIR : 0.4 mL/min
TZENHH : A:7K/HFIP/TEA (1000:42:2.1, v/v/V)
B: X5 /=)L
TSI SO

NS ALERE : 60T

MS
Nusinersen (precursor ion / product ion) ' m/z 890 / m/z 95 (z=8)
IS (precursor ion / product ion) ' m/z 972 / m/z 95 (z=8)

CONFIDENTIAL 39



REFR

LLE LLE+ SPE

"Linear" Regression ("1 /(x * x)" weighting) "Linear" Regression ("1 / (x * x)" weighting)

Analyle Area / IS Area
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20- A
o e

oo o®

0 20 40 60 80 100 120 140 160 180

y =0.0443 x + 0.00461 (r = 0.9967) y =0.0454 x +0.00729 (r = 0.9975)

° 200
19.0
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17.0
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150
140
13.0
120
1.0
100-
9.0

Analyte Area / 1S Area

80

7.0

60

50

40

s0-

20-

1.0 .
o ) ) . ) ‘ ‘ ‘ ‘ 00 e®*
200 220 240 260 280 300 320 340 360 380 400 420 440 480 480 500

‘Analvte Gone. / 1S Conc. 0 20 40 60 80 100 120 140 160 180 200 Zionalwﬁgmc Z’EIE Caffﬂ 300 320 340 360 380 400 420 440 460 480 500
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LLE+ SPE
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=S LIUF— 3> &+

Y hUWOX e bmE (FusEHEl : EDTA-2K)

= : 30 L
T e T uee
I I I BN 0

IREHR Accuracy : " Pass Accuracy : " Pass
1~500 ng/mL 87.7%~114.0% 86.3%~107.9%

(0.140~70.2 nM)

HENMUMEE Accuracy : " pass Accuracy : " pass
1, 3,40, 400 ng/mL 91.2%~108.3% 92.2%~114.3%
(0.140, 0.421, 5.61,56.1 nM) CV: CV:

2.1%~9.6% 2.9%~8.4%
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LC-MSEF &8 x

v [M#E30 pLz{E

L C1~500 ng/mL (0.140~70.2 nM)

(dynamic range 5001/8) DOFEI CE=M4=HER T D ENHEKSE

v EEREIBE T R) L2 MBENSHHME T D MR
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FEDLER

Hybridization-LBA Hybridization-LC-FL
A RS> O O O
$E%WU§& = H=<Z N . sHRA=Z
(RRAESS) ASO CDIREZ) IR SIRNATEREZ L)
FBEEE exyi=T | N
2IL—Twv FUBF e
» (A>FarR—> g & (A>FaR—> g B E
(BTLIE) o L SPETI(IEENLT]
[EIERCKTFE) [E1ERCKTF)
ZI)IL—Twv ~/sample N 5 y
ZF +7 ')
(23 58)
EIOEEH - FEE X
. 1R
R E (pg/mL) RG> T IVBRENEL)
. RIVFTLwOX
MNMEFESIEFERAT]
- AV IR waa: XE (Z“Hing/mL) E
T B a5y (ng/mL~sub-ng/mL)
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Hybridization-LBA

Hybridization-LC-FL

e 1AREHDREHDKEEFE mME S 1 ARFHDOKEEEFEmEE FERHDIIEEREmM(CASE
(ASO, 7TAHAX—1IRE) (LBA&LC-MSOHAfHE]) (ASO, siRNAIRE)
HIBR7R L HIPRR U HIPR/R L
INATVAFAR=BRET S INATVAFARZBRET S
S hUwOXR AERDER TR AR DER (FEEE
F—4Fvw ~genezxSOHH > TILIE F—4vw hgenexSOUH > T)ILIE
RERII\ATUFA X ERD RENRI\ATVUSTAXERD
== pg/mL (ECL) —#ing/mL ng/mL~sub-ng/mL
EELMA & DD BRI (S RIS 2R bEERMEE E(CER) (?) SRR & D B iR B]
EIR d>2ad—MRETU—K (IC+RPDIEHENTE) (QQTIFrOXR h—2I(CIZ
REACAR EAEHD ER)
Z oMt ECLTIINILFTL v O (SIS PNA probeld&pkiEER (CHIESD D ISHRIERNE
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Hybridizatic

) 1ARFHDERTH]
F—=Tv
(ASO, 777 >
>
il PR7 U =
. J\ATVA §
N hUwOX EEDEH | | | .
« AH—4w R 10 20 30 40-mer
ir=Y: YAV, Length of the oligonucleotide
= pg/mL (ECL
o LC-MS/MS (HRAM) assays are a good choice for small oligonucleotides;
SRR & Hybridization-based assays are advantageous for large ]
EIRTE - 12221 oligonucleotides. s
. 7R
REALRS Wang L, Quantitative Bioanalysis of Oligonucleotides.
ECLTEL Presented at: Thermo BioSeparations Workshop, 24 May 2016
Z DAt
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