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Introduction

Because drugs are often metabolized to active/toxic metabolites,
it is important to quantify the drug and its metabolites in biological
matrices for the evaluation of drug safety.

The LC-MS/MS method is useful for quantification of oligonucleotide
drugs and its metabolites, because the method has high selectivity
and can be quantified simultaneously.

Previously, we administered nusinersen, one of the antisense
oligonucleotide drugs, to rats and identified 3'N-1 and 3'N-2 as its
metabolites.

Therefore, we developed simultaneous quantification method for
nusinersen and identified metabolites using LC-MS/MS.

We determined concentrations of nusinersen and its metabolites in rat
samples using this method.
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Precise Metabolite Identification

Equipment and software: Nusinersen (18mer): 5'-TCACTTTCATAATGCTGG -3
Q Exactive™ Focus & Xcalibur™ ver. 4.1 3'N-1 (17mer): 5'-TCACTTTCATAATGCTG[]-3’
(Thermo Fisher Scientific, Waltham, MA) 3'N-2 (16mer): 5'-TCACTTTCATAATGCTOO-3

Result:
The metabolites were identified more precisely using UV detection, HILIC condition for achieving baseline

separation, PSO, detection with an AIF") method, positive MS and MS/MS spectra.
1) Anal. Chem. 2017, 89, 12, 68216826

Rat kidney, 360 min after dosing
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Pre-treatment

50 pL of rat plasma (EDTA-2K) or rat tissue lysate

1

Add lysis buffer (Clarity ® OTX* kit reagent)

Mixture

| Load to Clarity®QOTX 25 mg plate
| Wash with 50mM NaH,PO, (pH5.5)

2P-51

I Wash with 500mM NaH,PO, (pH5.5)/water/ACN (10:40:50, v/v/v)
' Elute with 400mM NH,HCO;/ACN (50:50, v/v)

Eluent
I Dry under N, stream
Residue

I Reconstitute with 50 pL
of TE buffer/methanol (70:30, v/v)
L Filter

Filtrate
Il Inject (7 pL) to LC-MS/MS

* Phenomeney, Torrance, CA

Rat liver
or kidney

Mince
onice

Dissolution  Cooling Neutralization

in 1IN KOH onice

N

60°C, 40 min

by acetic acid

-’

25-fold dilution
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LC-MS/MS condition

Nexera X2 system

QTRAP®6500+ and Analyst®(ver. 1.7)

He (Shimadzu, Kyoto, Japan) il (SCIEX, Framingham, MA)
Column X Bridge™ BEH C18 2.5um, 2.1 X 50mm lonization  Turbo ion spray
(Waters, Milford, MA) mode
Column 60°C Scantype  MRM
temp. - Polarity Negative
Mobile Water/methanol/TEA/HFIP/acetylacetone j
phase A (900:100:2:40:0.05, VV/V///Y) | olapey 00V
Mobile Methanol/water/TEA/HFIP/acetylacetone | 1\ 500°C
phase B (900:100:2:40:0.05, v/v/v/v/v) —
Run time 27 min iI\élrc])snltorlng Analyte Q1 (m/2) Q3 (m/2)
Nusinersen 1017.0 94.9
*1: Under shading and nitrogen bubbling 3'N-1 957.1 94.9
(Patent pending in Japan, "N
patent application No. 2020-122679) ?SI\LZZ ggz; gjg

*2: Nusinersen which its chemical modification of 2'-MOE
(2'-O-Methoxyethyl) is changed to 2'-OMe (2'-O-Methyl)
is used as I.S. for this analytical method.
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Typical chromatograms of validation samples

Nusinersen and its metabolites
in rat plasma and tissues (data
not shown) was analyzed with

the same analytical conditions
of LC-MS/MS.

S/N ratio of LLOQ peak was
enough and carry over peak
was not observed.

Overlay

3'N-2

3'N-1

| .Nusinersen

Double
blank

Single
blank

LLOQ
1 ng/mL

uLoQ
400 ng/mL

Carry over

Typical chromatograms (plasma)

MOO2 - MOE17_z7 (Double Blank) 857.100/94.800 Da - sample & of ..

M002 - MOE1E_2zT7 (Dowbie Biank) 1017.000/94.900 Da - sam...
(pesk not found)

{peak not found)

] 10 12 12 18 12
Time, min
1003 - MOE18_27 (Blank) 1017.000/24.900 Da - sample 5 of 45 fro...
{pesk not found)

3 10 12 14 18 12
Time, min
MO004 - MOE18_27 (Standard) 1017.000/94.200 Da - sample 6 of 45 f
Area: 22929 counts Height: 238 cps RT: 18.2 min

.809.00 1181, 1275

3 10 12 14 18 12
Time, min

M012 - MOE18_27 (Standard) 1017.000/94.200 Da - sample 14 of 45
Area: 12791179 counts Height: 128000 cps RT: 16.1 min

16.12
1.00e5
5.00e4
0.00
3 10 12 14 18 12 20 22
Time, min

1013 - MOE18_27 (Unknown) 1017.000/34.500 Da - sample 15 of 45
{pesk not found)

Nusinersen

| MO02 - MOE16_z! ouble Blank) 897.700/284.900 Da - sample 4 of

(pesk not found)

MO02 - OMe_z7| IS) (Double Blank) 281.700/94.2900 Da - sample

{pesk not found)

15.24
709 1981 2153
1000
0+
14 18 18 20 22 8 10 12 14 18 18 20 22 0.0 1.0 20 20 4.0 5.0 6.0 7.0
Time, min Time. min Time, min
MO02 - MOE17_z7 (Blank) 857.100/284.900 Ds - sample 5 of 45 from . MO02 - MOE16_28 (Blank) 897.700/94.900 Ds - sample § of 45 from . MO02 - OMe_z7(1.5)(15) (Blank) 881.700/94.900 Ds - sample § of 45 {

(pesk not found)

(pesk not found)

£4 min

24000 counts Height: 2e+004 cps RT:

9.0z 584
0 1481
AT.30 4024
20 18,8421 28
= 20ed
0 0.0 4
H 10 12 14 18 18 20 2 8 10 12 14 e 18 20 2 00 10 20 30 40 50 60 7.0
Time, min Time. min Time. min

MO04 - MOE17_z7 (Standard) 957.100/94.900 Da - semple © of 45 fr.
Area: 37972 counts Height: 371 eps RT: 15.0 min

14.98

91812 yg7z 12.48

2 10 1z 14 18 18
Time, min

MO12 - MOE17_27 (Standard) 957.100/24.900 Da - sample 14 of 45
Ares: 19485004 counts Height: 184000 cps RT: 149 min

14.93

1.0e8

00

] 10 12 14 18 18
Time, min
M013 - MOET7_z7 (Unknown) 957.100/94.900 Da - sample 15...
(peak not found)

20

MO04 - MOE16_z9 (Standard) 697.700/94.900 Da - semple 6 of 45 fr.
Area: 31438 counts Height: 344. cps RT: 14.1 min

MO04 - OMe_z7(1.5)(|5) (Standard) 881.700/94.900 Da - sample & of
Area: 675970 counts Height: 5.82e+004 cps RT: 5.85 min

14.15 585
40e4
2.0e4
0.0 4 L
8 10 12 14 18 18 20 22 00 1.0 20 20 40 50 80 7.0
Time, min Time, min

MO12 - MOE16_z8 (Standard) §97.700/24.900 Da - sample 14 of 45 f
Area: 16839238 counts Height: 175000, cps RT: 14.0 min

M012 - OMe_z7(1.S)(1S) (Standard) 881 700/94.900 Da - sample 14 o

Area: 834741 counts Height: 7.29e+004 cps RT: 5.26 min

14.04 588
50e4
1.0e8
0.0 0.0 5 =
8 10 12 14 18 18 20 22 00 1.0 20 20 40 50 &0 70
Time, min Time, min

M013 - MOET6_z9 (Unknown) 697.700/94.900 Da - sample 15...
(peak not found)

MO13 - OMe_z7(l
{pesk not found

IS) (Unknown) 881.700/24.900 Da - sample 15 g

1000
500
0-— T T T T T T T o 0+
8 10 12 14 18 18 20 22 2 10 12 14 18 18 20 22 oo 10 20
Time, min Time, min
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Results of validation study (plasma)

Good linearity, precision and accuracy were observed over the concentration range of
1 to 400 ng/mL each in plasma. Nusinersen and its metabolites in plasma were stable

under various conditions.

Items Contents Results
Selectivity Male and female, n=3 each, total n=6  No interfering peak
Carry over n=1 No interfering peak

Calibration curve

1-400 ng/mL, n=1 each

Accuracy: 90.3-113.0%, r>0.9971

Within-run accuracy and
precision

4 concentrations, n=5 each

Accuracy: 89.0-107.0%
CV.:28-6.7%

Post-preparative stability

4°C, 72 hours, 1 concentration, n=3

Accuracy: 98.0-108.7%

Stability at room temperature
in plasma

24 hours, 1 concentration, n=3

Accuracy: 104.0-109.0%

Freeze and thaw stability
in plasma

5 cycles, 1 concentration, n=3

Accuracy: 88.0-94.3%
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Results of validation study (tissue)
Good linearity, precision and accuracy were observed over the concentration range of
25 to 10000 ng/g in tissues (liver and kidney). Nusinersen and its metabolites in liver
lysate were stable under various conditions.
Items Contents Results

Carry over n=1 No interfering peak (liver and kidney)
Calibration curve 25-10000ng/qg tissue, Accuracy: 95.6-106.0%, r>0.9992 (liver)

n=1 each Accuracy: 93.6-108.0%, r>0.9986 (kidney)
Within-run accuracy and 4 concentrations, Accuracy: 94.2-101.6%, C.V.: 1.2-5.1% (liver)
precision n=5 each Accuracy: 89.0-107.0%, C.V.: 1.2-6.7% (kidney)
Post-preparative stability 4°C, 24 hours, Accuracy: 94.8-103.1% (liver)

1 concentration, n=3
Stability at room temperature 24 hours, Accuracy: 101.5-103.9% (liver)
in tissue lysate 1 concentration, n=3
Freeze and thaw stability 5 cycles, Accuracy: 99.1-100.9% (liver)

in tissue lysate 1 concentration, n=3
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Typical chromatograms of biological samples

Administration

Rat (Crl:CD(SD))
Intravenous

1 mg/kg of
nusinersen
Single dosing

The chromatograms of
the samples collected
360 minutes after
dosing are shown.

Nusinersen

3'N-1

3'N-2

1.S.

MO35 - MOET8_z7 (Unknown) 1017.000/94.900 Da - sample 3...

Area: 80893 counts Height: 987. cps RT: 16.1 min

1000

16.08

057 T T
] 10 12

Area: 47052 counts Height:

I
14 18

Time. min
MO25 - MOE17_2z7 (Unknown) 2567.100/84.800 Da - sample 28 of 483
6. cps RT: 14.2 min

14.82

14 18

Time, min
MOZE - MOE1€_23 (Unknown) §37.700/54.900 Da - sample 38 of 48

Area: 85028 counts Height: 838. cps RT: 14.1 min

14.08
200
600
400
200
202 =07
o T T T
8 10 12 14 18
Time, min

MO35 - OMe_z7(1. S){IS) (Unknown) £81.700/94.900 Da - sample 28 of

Area: 780033 counts Height: 5.35e+004 cps RT: 5.75 min

5.75
4pes ]
2.0e4 |
0.0
00 10  zo 30 40 50 7O
Time, min

Plasma

(5-fold diluted)

MO23 - MOET8_z7 (Unknown) 1017.000/94.900 Da - sample 2..,

Area: 3552523 counts Height: 41700, cps RT: 17.4 min

17.43
4.0e4
3.0e4
2.0e4
1.0e4
0.0 T T T 1 T T
8 10 12 14 16 18 20 pried

MO23 - MOE17_z7 {Unknown) 957.100/94.200 Da - sample 23 of 27 f

Time, min

Area: 1175905 counts Height: 13500. cps RT: 16.2 min

MO023 - MOE16_z9 {Unknown)

Area: 523514 counts Height: 8010. cps RT: 15.2 min

&000

4000

2000

] 10 12

MO22 - OMe_z7{1.5)1S) (Unknown) 851.700/24.200 Da - sample 23 of
Area: 1788062 counts Height: 2.75e+005 cps RT: .92 min

1.0e5

0.0

15.24

14 18 18 20

Time, min

593

o0 1.0 pedi]

3.0 4.0 5.0 Lili)
Time, min

Liver

(Undiluted)

16.16
1.0ed
5000.0
0.0 = T T T g T T
] 10 12 14 18 18 20 22
Time, min

97.700/24.900 Da - sample 23 of 27 f.

7.0

2P-51

MO30 - MOET8_z7 (Unknown) 1017.000/94.900 Da - sample 3...
Area: 10214698 counts Height: 117000. cps RT: 17.3 min

17.24
1.00e5
5.00e4
0.00 T T T y T T
2 10 12 14 18 18 20 22

Time, min
MO020 - MOE17_z7 {Unknown) 857.100/24.800 Da - sample 30 of 35 f.
Area: 4779282 counts Height: 52800. cps RT: 18.2 min

18.17
4.0e4
2.0e4
00— T T T
-] 10 12 14 18 18 20 22
Time, min

MO20 - MOE16_z2 (Unknown) 697.700/84.900 Da - sample 20 of 351
Area: 2333639 counts Height: 25800. cps RT: 15.4 min

15.44
2.0ed
1.0e4
00— T T u T T T
8 10 12 14 16 18 20 22
Time, min

MO30 - OMe_z7{1.5){15) (Unknown) 881.700/84.200 Da - sample 30 o'
Area: 1694514 counts Height: 2.82e+005 cps RT: 5.93 min

593
2.0eb
1.0e5
0.0 ¢ T T T T T = T
0.0 1.0 20 20 4.0 50 [:1 7.0

=}

Time, min

Kidney
(5-fold diluted)
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Results of quantitative analysis

Concentrations of nusinersen and its metabolites in plasma tend to decrease

until 360 minutes after dosing. Whereas nusinersen in liver and kidney did not decrease or
rather increased after dosing, and its metabolites in liver and kidney tend to increase

until 360 minutes after dosing.

Plasma Liver Kidney
100000 100000 100000

e

10000 10000 10000

—
1000 //

100

dd

.../. O
1000

100 "‘/:—/.

10 10 10

1000

100

Concentration (ng/mL)
Concentration (ng/g)
Concentration (ng/g)

o

60 120 180 240 300 360 0 60 120 180 240 300 360 0 60 120 180 240 300 360
Sampling time (min) Sampling time (min) Sampling time (min)

Mean, n=3 each n=1 each n=1 each

—@— Nusinersen —€@—-3'N-1 —@—3'N-2
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Conclusion

® The metabolites were identified more precisely using
HILIC condition for achieving baseline separation and
several mass spectrometric technique.

® We have developed an LC-MS/MS method for
simultaneous quantification of nusinersen and its
metabolites in plasma, liver and kidney.

® Our results showed that nusinersen and its metabolites
distribute in liver and kidney as commonly described for
oligonucleotides.

We have no financial relationships to disclose for this presentation.
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