18t Symposium on the Practical Applications of Mass Spectrometry in the Biotechnology Industry
Friday, September 24, 2021

Analysis of Therapeutic Oligonucleotides by HRMS

Tim Nagel
Robert Peter

=N




Oligo Therapeutics over time
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Antisense Oligonucleotides - Mode of Action
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Transcription

Oligonucleotides circulating in the blood are taken up by the cell

Oligonucleotide binds to its complementary sequence in the target mRNA associated
with disease. Binding is potent and specific with no off-target effects

Cytoplasmic enzyme (RNAse H) activated which cleaves the target mRNA

D. mRNA translation is arrested and synthesis of disease-related protein prevented

Slide from C. Steiner, Method Development for LNAs, May 2017




Approx. 20 nucleotides

Nucleobase sequence for complementary
binding to the target

Backbone: Thioate modification improves
stability towards enzymes

Sugar modification: locked nucleic acid
improves stability against nucleases and
increases target affinity

Other 2’-modifications i.e. 2’-Methoxy, 2’-MOE,
2’-Fluoro...

Gapmer sturcture with DNA residues in the
center is required for RNAase H mechanism

Antisense Oligonucleotides — Molecular Structure
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Mass Spectrometry of Oligonucleotides

* High-resolution (gTOF, Orbitrap)

— MS/MS for conformation of the correct sequence
e for ID testing of incoming material
e for identification of impurites
— ldentification of impurites by accurate mass
e for process reasearch
e for forced degradation studies
e for troubleshooting

* Low-resolution (single Quad)
— Routine analysis for process development

— Routine analyses of ID by mass, determination of PO and other impurites



Agenda

* |dentification of N-1 impurities by MS/MS

* Comparison of the impurity profile of in-process samples



Identification of N-1 impurities by MS/MS

* |dentification of N-1 impurities by MS/MS

— Tominersen
e 5-10-5 MOE-gapmer in developmet for Huntington’s disease

— Problem:
e Increased N-1 levels observed in several batches
e Which coupling failed? N-first or N-last are most probable
e First and last nucelotide are the same, therefore N-first and N-last have the same mass

e Crude material (DMTon) and purified material (DMToff) was availabe

— Solution:
e MS/MS experiments of the N-1 impurity



Identification of N-1 impurities by MS/MS
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(from: Jose V. Bonnilla, Susan Srivatsa, Handbook of Analysis of Oligonucleotide and Related Products, CRC Press, Taylor & Francis Group, 2011)



Identification of N-1 impurities by MS/MS

Item name: HTTS/E-20001_MS
Channel name: 2: TOF M5 (500-2500) -3V ESI- (TIC)
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Identification of N-1 impurities by MS/MS

Item name: HTTS/E-20001_MSMS_DMToff N_N-1

Item description:

Channel name: 2: Average Time 23.8929 min : Set Mass(m/z)=1670.0000 : TOF MSMS 1670 > (100-2500) -30eV ESI- : Combined
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(a-B), m/z = 1185.24 eEs.eTo.eEo.eho.eGs.dTs.d only observed in N
(a-B)g m/z = 1349.77 eEs.eTo.eEo.eho.eGs.dTs.dAs.d only observed in N
(a-B)g m/z = 988.71 eTo.eEo.eho.eGs.dTs.d only observed in N-1
(a-B), m/z = 1153.23 eTo.eEo.eho.eGs.dTs.dAs.d only observed in N-1
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Identification of N-1 impurities by MS/MS

Item name: HTTS/E-20001_MSMS_DMToff N_N-1 Channel name: 2: Average Time 23.8929 min : Set Mass(m/z)=1670.0000 : TOF MSMS 1670 > (100-2500) -30eV ESI- : Combined
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1B01.26092 6e3
5000
1200.74775130].75504
115471654
40004 115p 0830
E 988.69149 1154.21628
(=]
DMToff N-1
>  080.19290 13025841
2
o
£ 2000 989.69662 16PN hisa71612 31873331 1477.74638
_["1478.25344
1000 090.19938 1162.05381 131873064 st
090.70227 1085.65239 (123373153 [1319.22806 41072110 HA75088 156033217
1 ’ ' 1410.22576———— -1481.09260 - 1636.27651
IS U AU oW | I A N LL‘ TR U 1 ok VR P VAP | Vol S W VR Y
1000 1050 1100 1150 1200 1250 1200 1350 1400 1450 1500 1550 1600 1650
Ttem name: HTTS/E-20001_MSMS_DMToff N_N-1 hannel narpe: 3: Average Time 253822 min : Set Mass(m/z)=1768.1000 : TOF MSMS 1768.1 > (100-2500) -30eV ESI- : Combined
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w7 m/z = 1300.77 s.dAs.dEs.eRAo.eEo.eEo.eAs.eE observed in N-1 & N
w5 m/z = 939.70 s.dEs.elho.eEo.eEo.eA not observed
w6 m/z = 1104.21 s.dAs.dEs.eho.eEo.eEo.eA not observed




Identification of N-1 impurities by MS/MS

Item name: HTTR/E-20002_MS
Channel name: 2: TOF MS (500-2500) -6eV ESI- (TIC)
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Identification of N-1 impurities by MS/MS

Item name: HTTS/E-20001_MSMS_DMToff_N_N-1

Ttem description:

Channel name: 3: Average Time 25.3864 min : Set Mass(m/z)=1768.1000 : TOF MSMS 1768.1 > (100-2500) -30eV ESI- : Combined
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(a-B), m/z = 1185.24 eEs.eTo.eEo.eRho.eGs.dTs.d observed in N & N-1 from pure
(a-B)g m/z = 1349.77 eEs.eTo.eEo.eho.eGs.dTs.dAs.d observed in N & N-1 from pure
(a-B)g m/z = 988.71 eTo.eEo.eAo.eGs.dTs.d not observed
(a-B), m/z = 1153.23 eTo.eEo.eho.eGs.dTs.dAs.d not observed




Identification of N-1 impurities by MS/MS

Item name: HTTS/E-20001_MSMS_DMToff_N_N-1

Channel name: 3: Average Time 25.3864 min : Set Mass(m/z)=1768.1000 : TOF MSMS 1768.1 > (100-2500) -30eV ESI- : Combined

Ttem description: E— —
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W, m/z = 1300.77 s.dAs.dEs.eRho.eEo.eEo.eAs.eE weakly observed in N-1 from pure
We m/z = 1104.21 s.dAs.dEs.eRo.eEo.eEo.eA observed in N-1 from pure
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Identification of N-1 impurities by MS/MS

Item name: HTTS/E-20001_DMTon_MS
Channel name: 2: TOF M5 (500-2500) -6eV ESI- (TIC)
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Identification of N-1 impurities by MS/MS

Item name: HTTS/E-20001_| m _I SMS_N Channel name: : Average me 17.@2 min : Set Mass(m/z)=1843.840Q): TOF MSMS1843.84 » (100-2500) -30eV ESI- : Combined
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A m/z = 1104.21 s.dAs.dEs.eRo.eEo.eEo.eA observed in N-1
A m/z = 1136.25 s.dEs.eAo.eEo.eEo.eAs.eE observed in N
w5 m/z = 1300.77 s.dAs.dEs.eRo.eEo.eEo.eAs.eE observed in N
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Identification of N-1 impurities by MS/MS

e Conclusion
— Crude material contains:
e N-first DMTon
e N-last DMToff

— Purified material dominantly contains
e N-first DMToff
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Comparison of the impurity profile of in-process samples

* Comparison of the impurity profile of in-process samples

— HBV-LNA
e GalNAc conjugated LNA-15mer
— Problem:
e One out of three development batches had poor yield
e |n-process samples were taken at different stages of the process

— Solution:
e Impurity profile of in-process smaples was analyzed

19



Comparison of the impurity profile of in-process samples

Synthesis 1
275 mmol

Deprotection
IPC1: concentration approx. 12 g/L
IPC2: concentration approx. 50 g/L
¥ 3 IPC3: concentration approx. 40 g/L; GalNAc IPC

AIEX
Purification

IPC4: concentration approx. 3 g/L; GalNAc IPC

IPC5

1

RP-Purification RP-Purification
[

: concentration approx. 50 g/L; GalNAc IPC

IPC6: concentration approx. 3 g/L; GalNAc IPC

IPC7: concentration approx. 60 g/L; GalNAc IPC



Comparison of the impurity profile of in-process samples

HST19014_LCMS6_HBV_LNA_031_3

Crude (desalted) prior to
GalNAc Coupling

60 CO1319

40

80

20

* Coupling of GalNAc Cluster results in a new main
peak, impurity profile gets more complex

80 Crude after GalNAc Coupling

60 CO7932
40

20

* Anion exchange chromatography depletes many
impurities, but interestingly not some of the
early eluting ones

80 After IEX chromatography

(desalted)
C02588

60

40

20

Final after RP
chromatography

C04525

* Reversed phase chromatography gives a very
pure end product

1HST19014L0M56H BV_LNA_035_3

N/ A

TIC (ESI-)

6 8 10 12 14 16 18 20 22 24 26 28 30 Retention Time (min) 2 1




Comparison of the impurity profile of in-process samples

HST19014 LCMS6_HBV_LNA 030 _3
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C|)H
P2
HO O
B
(0]
9
Oligo
Ss.(x-end)

Series of (x-end) impurites resulting form
incomplete coupling (failure sequences)

s.(x-end) TPT/TPO resulting from depurination
followed by strand cleavage

(1-x).s TPT/TPO resulting from depurination
followed by strand cleavage

22



RO

B B
o o}
HoN
(0] —N (0]
| N |
dso. UL Jive
OH N + H,0 OH
o e} OH
HoN
=N
7 ) 7
#Z M 2
HO”™ ~O N HO” ~O
B H B
o} o}
OR OR
RO RO
B B
o} o}
? ?
P P
ZIN ZIN
oH© i oH©
(‘ —_—
O 0 =
HO = HO:LV¢“W¢
C H H
7 pH
p7 p7
HO” ~O HO™ ~O
B B
o o}
OR OR
RO : OH
p7
o HO™ ~O
ﬂ % B
o + o + HOJL/YO
4%\~ OR .
OnOH
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Comparison of the impurity profile of in-process samples

99°282T (£1-9)

HST19014_LCMS6_HBV_LNA!030_3

32

Synthesis 1
24

16

1
HST19014_LCMS6_HBV_LNA1039_3
1

* Synthesis batch #4 gave poor vyield

323 Synthesis 4
* The corresponding crude sample shows

additional peaks

e All N-1 coeluting, could be different sturctures

32 JHST19014_LCMS6_HBV_LNA046_3

Synthesis 9

e ST Ty - W77 o (o3 )|

Canl ~depliuinie kel kRl l el e it e - ]
N e e e e e e e e e o e o o e e e e e e e e e e e e e e e
Canle Sl kol ol Rl R Rl el Sl Y

g 0 g S

6 7 8 9 10 11 12 13 14 15 16 17 Retention Time (min) 24



Comparison of the impurity profile of in-process samples

Retention Time: 14.535

N-2

(3-15) 1471.13

Combine: <358-384> p
ESI-
Synthesis 1
ESI-
A A MM L Lmjb. A A
1455 1460 1465 1470 1475 1480 1485 1490 1495 1500 1505 m'z
Retention Time: 14.510
Combine: <356-386> AH-(1-13) 1482.84 P
ESI-
Synthesis 4
ESI-
o M u 1T
1455 1460 1465 1470 1475 1480 1485 1490 1495 1500 1505 m/z

Retention Time: 16.448

N-1

Combine: <430-457> (2-15) 1575.50 p
ESI-
Synthesis 1
= nmm Mﬂ“ﬁu
AU W AL " A A Y
1555 1560 1565 1570 1575 1580 1585 1590 1595 1600 1605 1610 1615 1620 1625 miz
Retention Time: 16.266
Combine: <424-453> AH-(1-14) 1607.19 P
ESI-
Synthesis 4
ESI-
YT TPRRY | || TP NiT™ L N m
1555 1560 1565 1570 1575 1580 1585 1590 1595 1600 1605 1610 1615 1620 1625 miz
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Comparison of the impurity profile of in-process samples

N: Lo.dCo.dA0.1Gs.1E.1Gs.dTs.dAs.dAs.dAs.dGs.dAs.dGs.dAs.1Gs.1G
(3-15) : 1Gs.1lE.1Gs.dTs.dAs.dAs.dAs.dGs.dAs.dGs.dAs.1Gs.1G
(2-15) : dAo.1Gs.lE.1Gs.dTs.dAs.dAs.dAs.dGs.dAs.dGs.dAs.1Gs.1G
(AH- (1-13) : Lo.dCo.dA0.1Gs.1lE.1Gs.dTs.dAs.dAs.dAs.dGs.dAs.dGs.dA )
AH-(1-14) : Lo.dCo.dA0.1Gs.1lE.1Gs.dTs.dAs.dAs.dAs.dGs.dAs.dGs.dAs.1lG Occured in
(6-13) : dTs.dAs.dAs.dAs.dGs.dAs.dGs.dA synthesis 4
\f4—13): 1E.1Gs.dTs.dAs.dAs.dAs.dGs.dAs.dGs.dA )

* Concluison:

* Something went wrong on the LNA-G couplings
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