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Introduction Results

Lipid nanoparticles (LNPs) represent a novel solution to deliver gene-based therapeutics that is Enhanced analysis capabilities with complementary mass data Leverage MS to reduce risks in process development and manufacturing workflows
challenging to execute. LNPs are a multi-component biologic comprised of lipid species with
varying properties impacting chromatography and detector response. New approaches are needed

for characterization and monitoring to reduce the associated risks and ensure active Increased sensitivity Drug formulation and Stablllty R terial .
A A delivered o and officac W Cebased _ a) ELSD/MS workflow b) aw material screening
pharmaceutical ingredients are delivered in a safe and efficacious manner. We present an ase ren 45.00{ Control (no treatment) _
optical/MS dual-detector platform with improved sensitivity/diagnostic power for LNP workflows. A 00?;137;:3;'0“ Mass load [~ ODa Detector SIR S 30.00] O,Z\Tr%'ys's ,
. . . . . Y N N .
single quadrupole mass detector provides complementary mass data for raw material impurity ~ T Sren e SIR ® 15.00 OSSO0 ELSD data MS data Reporting
. . .. . . g . . . ng . §
screening, MS spectral library-based lipid confirmation, and stability monitoring. Supported by 03 900 nd| 1207792 700000 DSPC 0 \ ) \
compliant-ready informatics, this workflow is easy to deploy in both non-regulated and regulated gi ggg :g 232283 0.00 ( | \ ( \
environments alike for efficient method development and migration. S 0.08] 240 ng 176789 60000 45.00) NaOH treated e o w1 IS a8 sl SN Sioi8i] 8 g
s 0.06 180 ng| 113036 Q / o Bl el BFw Fo o WFw  Fw o Whw (e = =l Blul| — B e material i
('_U 0.05 150 ng 78060 562333317, 846393213 HO/\q(\O/Z\-O/\/T*\ /\/\/WW\/\)LO/ Bl - d‘wMewmm“'zj‘;f;'umtmmm'ummwnmmmw SAMPLE INFORMATION
L. . 5: 0.04 120 ng|  57763| 472562227| 747932620| 420000 HoH - IR O, = 2085 a/mol /\ 275.00 . S . el Sl
|_|p|d Nanopart|c|es 0.03 90 ng 36662 410236965 658197917 CoHaNOGP =257 2 gimol / A \ e TSRS E 520 B g fns
0.02 60 ng 15683| 318308125 549289939 A} | E % g Samole Set Name: Froc. Chnl. Descr. ELSD Signal, Smosthed by 5
00L___ 30ngL 5772, 210563141} 370460055 sqppq 10 20 30 40\ 50 60 70 80 Chromatography data e e s
L i L 0.005 15 ng 1556| 116377502] 205457099 : e z 5542 RM Impurty 2P A -0Da 1 MS Scan 1: QD3 Posive() Sean (1500 o S
Composition Detection T T YT ey Minutes e | : e = o
2 0.0005, 1.5 ng 16775156] 26897524 2550 QDa ] 252 QDa 2 - e b 3 ] LI
140000 6x10 4.0 5.0 g0 |R 5 5 rsce] i ;
c_>d\ 0.0001 300 pg 4290533 6276022 _ Em p OwerTM 3 Softw are 110.00 : g - S
lonizable lipid (SM102) Mass load i 0.00005, 150 pg 1852079 3090689 z 2 b g z i
) P 500/ © 0.00001 30 pg 383648 599480 £ o106 5 55.00 4 g mommem | AR
° B'nds & protects RNA 0 0.24 Z 8 0.000005 15 pg 159956 266054 0 E k= 2X105 : E é G_oﬁTDSPC-}nnIFA-QD:I‘MsScan1:0DiPmlﬁvclv)Scanl15?;m:¥ .0 o a : l::in;:;;;l'\ o
* Facilitates endosomal escape 0.12; S ) l‘_& T R OO sa 36 3s | v Spectral oo 3 ] &_ S e o e
* Neutral charge at pH 7.4 ?,: 0.00- e, (__8‘ L . Linear resp.onzz R2-0.998 | R?=0.999 | R2-0.999 2000 2500 3:33.20 3500  400.9 2000 2500 3::3.20 3500 4000 v |br r 0T TE e de TE ey Th s e Py -y
-0.124 2. DOTMA (ionizable lipid) UV active % v | a y 4 o ol e
3. Cholesterol R PN AR 2 | ) R = T
-0.24 ‘5‘ Bg}fgiiss:&%f;i?)/bmd lipid) % Flgure 3 ELSD meetS the ana|yt|Ca| needS Of |abS, deteCtlng ||p|d maSS |OadS F|gure 4 Lab"e bonds SuCh as esters are Subject to degradatlon An example Of ;x;::::p::m :;E:; 3;;{: E;; |:z§ C19H3802 | 298500 :.;;: g:ﬂgs Lh::xzmmup ;:l:':::::il;:;d :?:29"‘1’:01"70‘;:::;"::'::: w:hofz 500.00 600.00 700.00 800.00
Chol I 5 % as low as 15 ng. Selected ion recording (SIR)drives down LOD to 1.5 pg and  which is shown here for the hydrolysis of DSPC under high pH. MS provides s e . - e
38.5% IO estero for end . 450,00 - o extends LOD by 4 orders which is suitable to assess trace impurities. Green  mass data for tentative assignment of degradant peaks as the methylated fatty
mportant for endocytosis 001 ELSD Q shaded concentrations represent the dynamic range. Sample: ionizable lipid  acid methyl stearate (299.2 m/z) and the polar head group (258.0 m/2). C) Compositional analysis
non-UV active 5 DOTMA.
= 300.00 : 5
0 non-volatile o
- H "y Tie Fot View Toor Pior Process Nevigwe Optiows Window Specrum Revive Uiy 1y
N semi-volatile S - Product / Process related Impurltles i ] 1) 7| wislel -1 TIAieinl el 51 €] $la B Suelsie] ol a8l composition
150-00 2 % _| Qﬂﬁﬁ EQM piEr B dee = 2 = = Jﬂﬂ?&ﬁslﬁDZ-DD 1: MS Scan 1: QDa Positive(+) S« 150.00-840.(}
Phospholipid (DSPC 0 h ’\ PR S | § e gty g pmenreco i
. Str?JCtUIF)aJ s(tability) 10 0 0.00 L A 3 3500 ELSD. —TTToes o Compound m/z Proposed cause 350.00 g §
QJ i Y - - : o ! 1 HO\/\N/\/\/\H/O 3.667 DOTMA - QDa 1: MS Scan 1: QDa Positive(+) Scan (150.00-840. = — = =
9x107{ MS ! i) L 8 28.00 Seeao- -7 [MC3 -2H +H]* 640.6 Desaturation = H\/\/\; 2800 — & ——
O = . 2 3
Fey _ o < 7 2100 Dlin-MC3-DMA [MC3 +H]* 642.6 Main peak T o 210.00 N =
U:) 6)(10?’ non-UV aCt|Ve % % - 14.00 ? | ﬂ E E ; E B K (MS) 3.976 CI -QDa 1: MS Scan 1: QDa Positive(+) Scan (150.00- 2000, = g o
- ) . .00| MC3 +2H +H]* 644.6 Saturation T« 2 o~ Basepea 3 e El & 8
1.5%  PEGylatedlipid (DMG-PEG2000) g volale E - ? [ : SM102 710.7 m/z CER N s
+ Stabilizes particle = 3x10%4 | 7.00, M ! [MC3 -2H +O +H]* 656.7 Desaturation/Oxidation 78 i 4~ Peak name IR
. . . f 70.00 & & 2 N etention time - pr—— R R = e 5
Protect from opsonization N * 0.00, ———- [MC3 +O +H]* 658.8 Oxidation o hod L 2 k retentiont TarATdg
- ' ' ' ' ' ' ' ' ' ' ' ] — I PN NP W o~ O~ | < o8 p
vete R Re Ao 5-nMil"‘:‘l-..:ltesir-n 050 T MO e 8.0x1 07' MS data [MC3 +2H +O +H]* 660.8 Saturation/Oxidation = /\N\/\/W\/PO/\ {/\/ k\ . °-°:n _a.o ;..o o 5.0 4 1;.0 7.0 8.0 L“I [l | rl
m + i i i ° Minutes 5.649 DSPC - QDa 1: MBScalﬂ:uDaPusiﬁve(*}Scaﬂ(:l.‘mUUwD %ZZ "
Figure 1. Four lipid components of LNP. Figure 2. Detector type and response. Detector response is shown 6.4x107] 640.6 m/z main species (MCS +20 +H] o740 Saration/bouble oxidation = B L e o = ey P i e e — P
Cholesterol, DSPC and DMG-PEG2000 provide —across 3 detector types for a panel of lipids representative of %‘ 4.8x107. : :jj: :Z - Figure 5. Process/product related impurities. For more complex profiles, ELSD alone may not DMG-PEG2000 741.8 m/z oloomin | 556 i 161 sz i | 65 a0 6547 s —|poruasaeess | -
StrUCtura| Stablllty and are typlca"y Outsourced The Components USEd In the pFOdUCtIOH Of ||p|d nanOpaFtICleS PeakS 1'5 ‘E 7 — 656:7 iz - be aS eaSlIy Interpreted aS Impurltles may represent an |nd|V|dua| OI’ Set Of peaks’ as We" as zggg:::or;fnm EE% jgfgég 535 3::53; ;;:5}:;00:2 2§§§Z§§ zgz\; E)EI"::EE::: EEZ:EEE\;;U;T:GW jm,ﬂ 3000 400.0 :Ezn 000  700.0 aoa:
ionizable lipids are often proprietary and produced —are SM102, DOTMA, cholesterol, DMG-PEG2000, and DSPC. SM102, R e I oeced N the quality of the raw material. Using extracted ion chromatograms from the MS data we can o U IR e ' ' T T .
in-house to protect intellectual property. cholesterol, DMG-PEG200, a_nd DSPC were prepared in a molar ratio 1.6x107] LY  sawraion putatively assign which peaks are associated with oxidation events versus desaturation or = WOYO%ONTQ ' Pass/fa'“ results' s ectral éonﬂrm;tion Structure assignment Com ”an't reportin
of 50:38.5:1.5:10 representative of a formulated LNP sample. DOTMA T VAN NN saturation events related to the MC3 ionizable lipid. Confirmation of which can be made from = MO ¢ P P porting
- - o - - . Figure 7. Complementary mass data reduces error in process development and manufacturing workflows
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Figure 6. MS data reveal volatile impurities (up to 5% peak area) which otherwise would have gone undetected in the /\ /\ _ '
ELSD, requiring 9 times the mass load to be detected. Sample: DSPC, typically outsourced by LNP manufacturers. ACQUITY, UPLC, CSH, QDa, and Empower are trademarks of Waters Technologies Corporation. _
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