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Prislib genovych terapii Waters

THE SCIENCE OF WHAT'S POSSIBLE."

= Zname genericky kod - muzeme |€Cit jakoukoliv nemoc
= Obecny mechanismus - specificky DNA cil
= Nejen |&Cit — vylécCit!

— Oligonukleotidy (AON, siRNA) DECODING THE |

— mRNA BOOK OF LIFE

- Virové vektory

— Crisper/Cas 9
— Modifikované T bunky (CAR-T)

26. ¢erven 2000

» |Individualni terapie
= \/zacné nemoci
= BéZné nemoci
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Nove genove terapie
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“Clinical Development of Gene Therapies: The First Three Decades and Counting” Lapteva, et al. 2020.
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Vyresené problémy:
Syntéza a biosyntéza
Doprava do bunék a organt
Stabilita

Vedlejsi u€inky a toxicita

Analytické metody
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Nove terapie vstupuji na scénu Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Genové terapie

Genové terapie
Bunécné terapie
mADbs + ostatni proteiny

mAbs + ostatni proteiny

Jiné
Malé molekuly

% terapii ve vyvoji

Malé molekuly

2020 21F 22F 23F 24F 2025F

Source: Evaluate Pharma, June 2020 q >

©2021 Waters Corporation COMPANY CONFIDENTIAL 4




Waters

Emerg I ng NeW MOdaI Itles THE SCIENCE OF WHAT'S POSSIBLE,"
/ Advanced Therapies

Co jsou to Nové Modality?

Traditional Biotherapeutics

E 3 (=D

Abg mAD Antibodyv.D Viral Vectors Cell Therapy Transgene
m m ntpoay-vru i i
f i Coniu yates g Vlrus_ Like Gene Therapy Most common, CAR-T Genetic material
ragments Jug Particles AAV(220nm): 3700 kDa autologous or delivered for CGT
150 kD, <150kD ~152 kD No viral genome Adenovirus & Lentivirus allogeneic cells
(290 nm)
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Bispecific & i pDNA .
Proteins & Trispecific MAD, | 607 kDa (1000 bp) MRNA CRISPR Cas Oligos
Peptides Fusion proteins ! Foundation of 960-1600 kDa Gene Editing, Gene Silencing
. . . I ! ] (300-5000 nt) RNA. 100 nt. 32.2kD SiRNA, RNAI, 850
Peptides < 6 kDa Bi & TrimAb > 150 kDa | biosynthesis; emerging cell-free bioprocess - Cas broteiﬂ l63kDa  21-23nt 6.9-75kla
' therapeutic/vaccine IS
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Antisense oligonukleotidy, SIRNA, mIRNA

mMRNA 2t
ASO AAAAA
siRNA
mMRNA
SiRNA AAAAA
RNAI g
mMiRNA
MRNA TITTTTITTITY
miRNA AAAAA
Frontiers in Bioengineering and Biotechnology
"'T“ 2'-Ribose substitutions
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Zdroj: Nature. 2020
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THE SCIENCE OF WHAT'S POSSIBLE."

Bilé pettnie \

www.youtube.com/watch?v=uiObPBeof5s
Richard Jorgensen
Craig Mello, Andrew Fire

Umime selektivné zapnout a
vypnhout geny

=\


https://www.nature.com/articles/s41573-020-0075-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8012680/
http://www.youtube.com/watch?v=uiObPBeof5s
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Syntéza oligonukleotidu — revoluce v biotechnologii Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Begin with HO f“LQ BO H.O Deprotection
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©2021 Waters Corporation COMPANY CONFIDENTIAL 7




Chromatografické metody analyzy oligonukleotidd o WNaters

Reversed Phase Sl . .
lon Pairing Sl HILIC @ Anion Exchange
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M. Gilar, F. Gritti, J. Nguyen, C. Doneanu, H. Yang, S. Rzewuski, M. Laubey
N =
N
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LC MS aplikace

) 3
UUC UGU AAU CUC UUG UCU ATT RNAI

21-mer

TIC MS

1.00 1000
Time, min

V. Ivleva, Y.Q. Yu, M. Gilar, RCM 2010, 24, %31,_
\
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L . . Waters
Examples of Application Notes for Oligonucleotides

Additional Application notes in the Waters’ “Application Solutions for Oligonucleotides”

UPLC Analysis of Phosphorothioate Modified Oligonucleotides — intact analysis

UPLC-MS Analysis of Interfering
Oligonucleotides: Method

Development

RNA Oligonucleotides

uv RNAI LG system ACQUITY UPLC System
2.5 L samplenjected 2int Column: ACQUITY UPLE OST C,,
Gradient 20 to 40% B in 10 min RNAL [ a3 Columntemp.: 201_,(055 mm, 1.7 pm ; -
Flow rate: 0.2 mbLimin e o Oligo3 TEST
Mobie phaseA: 15 mM TEA, 400 mM HFIP aquenus buffer, pH 7.9 : : ; e
Mobie phaseB:  methanal . TGGCAAGCATCCTGTA
Gradient 0.2% MeOHimin, A-stan from 19%, B-start from 19.5%
Detsction ACQUITY UPLC PDA, 260nm L eH " [ -aeps
Sampie: 25 nt phasphorathicate diogonudeotide M-5H]S [M-4H} Mass error: 4.0 ppm (Oligo model)
CTCTCG CAC CCATCTCTC TCCTIC T [NCOHE
Mixer: 4250 | | | |
MS RNAI = g ‘[M»Ml ] [M-3H?
21nt 24 ﬂ Oligo 3 PPT TEST
A |I T'G'G* C*A'A* G*C'A* T*C°C* T*G'T* A*
M-8H]®
| [M-6H]*
B . || ‘ | i [M-5HS M4HH Mass ertor: 7.2 ppm (Oligo PPT model)
R II | | | \
00 p |‘I‘|L \ 25+EON il L = J -
. /\_)'\ AN v ul e
L0 Time (min) 100
Detection and quantitation of A single analysis method applied to Compliance Ready LC-MS workflow for mass
process-related impurities from antisense oligonucleotides that confirmation for unmodified and extensively
replaces the need for multi-step modified oligonucleotides using the BioAccord.

synthesis as well as modification or

truncations of the oligonucleotide. post purification methods.

0
A9

https://www.waters.com/webassets/cms/library https://www.waters.com/webassets/cms/library d
/docs/720002873en.pdf /docs/720002873en.pdf Intact Mass Confirmation Analysis on the BioAccord LC-MS (’si%)

System for a Variety of Extensively Modified Oligonucleotides

©2021 Waters Corporation COMPANY CONFIDENTIAL


https://www.waters.com/webassets/cms/library/docs/720002873en.pdf
https://www.waters.com/webassets/cms/library/docs/720002873en.pdf
https://www.waters.com/webassets/cms/library/docs/720002873en.pdf
https://www.waters.com/waters/library.htm?locale=en_US&lid=135076526

A

Technologie CRISPR-Cas9 — permanentni editace genu Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Clustered Regularly Interspaced Short Palindromic Repeats
Bakterialni obranny mechanismus — ,geneticka pamet”

Cas9 — nukleaza, stipe dsDNA ,'fo
100 mer guideRNA (gRNA) — urci stépné misto terget DNA d
Jennifer Doudna 2020 Nobel prize ::n1||||||||||||i||||||||L PAMCTTTTTNTT T -,

5 il it

guide RNA

RLTTC LTI

Cas9

CRISPR/Cas9
New DNA

Gene addition MMW Gene correction

Gene disruption
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Separace 5-100 dT oligonukleotidu Waters
ACQUITY PREMIER Oligonucleotide BEH C18, 130 A, 1.7 um, 2.1 x 150 mm column THE SCIENCE OF WHAT'S POSSIBLE.

Mobile phase A: 100 mM Hexylammonium acetate pH 8 (HAA) : MeCN, 75 : 25 (v:v)
Mobile phase B: 100 mM HAA : MeCN, 25 : 75 (v:v)
Conditions: 60 °C, 0.4 mL/min, UV 260 nm, gradient 15-50% B in 60 minutes

Q
N \ o S
o © & O P S
o o S o
W W
[ [ [ |
0 11 22 . 33 24
Minutes N
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Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Anatomie mRNA - principy mRNA technologie

1970’ — struktura a funkce 3’ polyA konce

1970’ — struktura a funkce 5’ “Cepice”

1985 — biosyntéza mRNA (T7-RNA polymeraza)
1987 — komercializace PCR a Taq polymerazy

1980-2010’ — vyvoj lipidovych nanocgastic
2005 — modifikovana mRNA - minimalné imunogenni

——
4
YV V V V V V VY

2014 — mRNA technologie funguje

Poly(A) tail / ny

Katalin Kariko (BioNtech)
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 ORAS=23
Struktura Covid 19 mRNA — mRNA syntetizuje Spike protein Waters

THE SCIENCE OF WHAT'S POSSIBLE."

5" Cap
5 UTR Start Spike protein RNA sequence Stop 3'UTR i—EMAAA]
- == === = 5 —_
o o oS ) Poly(A) tail
L Vg,
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i i [
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A
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LC-UV Chromatograms of mRNA using IP-RPLC

ACQUITY Premier Oligonucleotide Column, 2.1 x 50 mm, 1.7 ym, 130 A, DIPEA/HFIP Mobile Phase System

TriLink EPO (human
erythropoietin) mMRNA
e (858 nt)

TriLink Luc (firefly
luciferase) mMRNA

J (1929 nt)

6.03)

Waters

THE SCIENCE OF WHAT'S POSSIBLE."

TriLink Cas-9 (CRISPR
associated protein 9)
MRNA (~ 4,521 nt)

©2021 Waters Corporation

ention time fminl

Data: Catalin Doneanu
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HILIC analysis of RNase T1 digest o WNaters

rArArArGrArArArArCrArGrArArArUrArArATT 20 mer, 6457.1 Da
rArArArG-PO3;H 4 mer, 1350.9 Da
rArArArArCrArG-PO3H 7 mer, 2314.5 Da
ArArArUrArArATT 9 mer, 2827.8 Da
9 mer
2827.8 Da 20 mer
04 ] 25000 64571 Da
7 mer
:oooo 770.38 7 mer 23145 Da
e 0.3 g:::: 577.60 1155.99 4 mer
= [ 1350.9 Da
3 1 .
N 0-2 500.00 600.00 700.00 800.00 :20.00 1000.001100.001200.00
%
0.1
Digest Uk 20 mer RNA
0.0 . \_
0.0 2.0 4.0 6.0 8.0 10.0
Minutes
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A=
EPO mRNA mapping — RNase T1 digest ~ Waters

EPO mRNA

2.5e+06
_ (~250 820 Da)
s ccc
EEEE
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cE & dgga : J ’ ‘
£ © 0000 “, ‘ U}" Hll il
1.5e+06- 95 9 8330 N'M’l’w“‘”mwu} i M Wi
c sz & 0ggs M |
£ E EE =8 5 3888
] © © @ O g 00<0 :
Hoene s f o= $8 ¢ 838¢ polyA tail
ol SIS eg 3 “
(@]
5.0e+05" S f 29 28 &
0.0e+00 : , , — :
1.00 5.00 9.00 13.00 17.00 21.00

Minutes
LC MS data: Catalin Doneaqu S
LY
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A=l
RNase H digest, 5’Cap LC-MS analyza Waters

THE SCIENCE OF WHAT'S POSSIBLE."
o HaC Q HaC 9
N H %NﬁNH Z;Nfl\NH
1 N)\NH o o A o - N)\
2

o\

o. O N / N N “NH, N NH, . ,
e X l;o_\r K Prob - Cap-0, GpppR signal
- 0 ) ) 5 4e5
A T o;p/ OH OH 0¢P/ OH OH robe 3
A 07 \O 07 \o 9
o/ oL/ oL/ =
6e6 >F ZaN ZaN 2 2e5
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s se6] o) L3 ° 2 ° - O T | L 11
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2e6 5495
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1 Cap-0 Cap-1 2 { {
- 4eb o . i " . l . l i | . . (- . . ll "
‘(:' 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 23C
3 3.5e6 -
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> . . o
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c
@ “a 2e5
£ 2.5e61 £ { { i
= " [ I L i
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2eb Obs
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1e6
5e51
0

2.7 2.8 29 3 3.1 3.2 33 34 3.5 3.6 3.7 38 3.9 4 4.1 4.2 43
Retention time [minl

LC MS data: Jennifer Nguyen =

b
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Doprava mRNA do bunék Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Cationic Lipid (Patented)

L -

MW 641.6111 Da

Cholesterol

MW 386.3549 Da

&
& | Pegylated lipid

‘4;‘-""" oF /\/\/\/V\/VM ./TI\.
'V..‘:;'?'- e e x:?. S =4 lonizable lipid TR R
R S D Pk :
AR ts Z2@ Phospholipid MW 789.6248 Da
~#  Cholesterol o
79 Nucleic acid PEGylated Lipid
(siRNA shown)

/\/\/\/\/\/\)O'\o/\é/\o{'\/ok\o’
— M MW 2507.64@@-

©2021 Waters Corporation
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Slozeni lipidovych nanocastic - LC ELSD
2.1 x 50 mm, 1.7 um CSH Phenyl-Hexyl kolona

2
90.00 3
| 1
60.00
o]
3 4
30.00
0.00 1 k/\\i N
T T T T T T T T T T T T T T T T T

0.00 1.00 2.00 3.00 4.60 5.00 6.00 7.00 8.00
Minutes

[1] 1,2-distearoyl-sn-glycero-3-phosphocholine

[2] (62,92,282,31Z)-heptatriacont-6,9,28,31-tetraene-19-yl 4-(dimethylamino)butanoate

[3] Cholesterol USP

[4] 1,2-dimyristoyl-rac-glycero-3-methoxypolyethylene glycol-2000

©2021 Waters Corporation
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Cationic Lipid (Patented)

2 T I Lnsunaieon,

MW 641.6111 Da

Cholesterol

CH3 CHs
CHs

3 CHa
o (31
SOL
HO

Phospholipid (18:0/18:0) PC

/\/\/\/\/\/\/\/\JL ../.ﬁ\.

\/\/\/\/\/\/\/\/\n/ I~
- MW 789.6248 Da

MW 386.3549 Da

PEGylated Lipid
4 @8 a8 O
\/\/\/\/\/\/Y
0 MW 2507.640 ‘Da\

\
20




MRNA vakciny: Uspéch otevira dvefe dal$im terapiim Waters

ey lateg ap

IVT P,
mRNA

Zdroj: Hajj & Whitehead NATURE REVIEWS | MATERIALS 2017
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Rakovinova Imunoterapie
(e.g. CAR-T)

(COVID-19, chfipka, Zika
tuberkuléza, maldrie...)

Nahrada protein(
(Hemofilie typu B)

Editovani gen(

COMPANY CONFIDENTIAL

THE SCIENCE OF WHAT'S POSSIBLE."

T cell

a vector delivers a
CAR-encoding gene
to the T cells

CAR
CART cell .
I> the gene instructs the

T cells to develop chimeric
antigen receptors (CAR),
thus becoming CAR

T-cell therapy

> cancer cell

by design, CART cells
target cancer cells

’ J the CAR T cells target
. d h
wy "‘w <ol o attack them.

Kymriah: Treatment for B-cell acute lymphoblastic Iggkemia
Yescarta: Treatment for B-cell lymphoma N

21


https://www.us.kymriah.com/acute-lymphoblastic-leukemia-children
https://www.yescarta.com/?gclid=EAIaIQobChMI9YKc_faE6wIVrtSzCh2hsgKiEAAYASAAEgL1D_D_BwE

CAR-T: Chimeric antigen receptor T-cell walVaters

Autologous Allogenic » Ex-vivo modifikace

NN > Pouze T-buriky (T-lymfocyty) jsou
/\ - modifikovany; mRNA vyprodukuje

@2 :
Infuze {:‘&0 CAR protein
Geneticka modifikace modifikovanych . . .
bunék bunék By od d » mMRNA je meziprodukt pro ssDNA
® unky od donora kddujici Crispr-Cas9 komplex.
ssDNA je vlozena do T-lymfocytu.
Extrakce bunék l Crispr-Cas9 pfeprogramuje bunku
B0 L na CAR T-cell -
$uF Infuze D®¢ > Ex-vivo postup minimalizuje
\_/ modifikovanych moznost nezadouci genové zmény
apheresis bunek Geneticka modifikace ,mimo cil* - v jinych typech bunék
AN bunék
» 5 komerc¢nich Car-T terapii

©2021 Waters Corporation COMPANY CONFIDENTIAL 22




Anatomie virovych vektoru Waters
DNA je vloZena do bunécného jadra THE SCIENCE O WRATS Possiste

* Adeno Associated Viry (AAV)

* Malé nepatogenni viry, hmotnost 4.8 MDa (ekvivalent 32 mAb)
*  AAV se sklada z 60 protein

* VP1:VP2:VP3 ~ 5:5:50

* VP MW: 60, 67, 82 kDa; 25 nm, velikost 2.5x mAb

* Naloz ssDNA, 4.5 kb limit

* Adeno Viry (AdV)

+ Stfedné velké viry, hmotnost 150 MDa (ekvivalent 100 mAb)

« AdV se sklada z 252 proteinu, 240 hexonu, 12 penton(

« 129 kDa, 51.1 kDa; velikost 90-100 nm, 4x mAb

* Naloz dsDNA, 32-43 kb

« Sputnik V (AdV26, AdV5), Janssen (AdV26), AstraZeneca (AdV26)

©2021 Waters Corporation COMPANY CONFIDENTIAL



. : P ter
Analyza virovych castic WOe S

Pina
24007 e 0% Empty 120
22.00 e 12.5% Empty
20004 e 25% Empty £100 y=09264x+32167 g
18.00 g R*=0.99967
B = 50% Empty < 80 .",~
16.00 5 75% Empty F ”
- 1400 e 100% Empty e -
i 12.00 4 L € 4o -
10.00 3 Prazdna g :
Zdroj: istockphoto.com : & - a
.'...
0 ¢’
Prazdna Nekompletni AAv s 0 20 40 60 8 100 120
AAv obalka DNA obsah cilovou DNA Theorelical % amply

’/A\‘ ’/A\‘ ’/A\‘ om W Ww s ew mw o
m A‘v(‘ A‘v(‘ Hua Yang et al., Waters 720006825

N
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LC and LC/MS teChnOIOgle pro kontr0|u AAV terap“’ THESEIﬂg\IIESrSSSIBLEI"
(ELISA (SEC-FLR-UV :_7 N
Anti-Capsid Antibody Binding Purify and measure = R AAV Moromer
intrinsic fluorescence - \
. L .
(AUC (IEX-UV <

Measure difference in
Sedimentation Coefficient

Measure difference in surface
charge profile

©2021 Waters Corporation
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> ’ <
SDS-PAGE A RPLC-UV-MS A Sorogpe-aVeS
Measure difference in : — e «—VP1 Measure difference in
) i - VP2 . . " =
separation profile A & N hydrophobicity profile
> <7 <
Western Blot o A Peptide Mapping
Resource intensive S s VP2 AA sequence and PTMs RN 0ot )
—— gye— - M\J-m ﬂ i ,: "
N\ J o Y
S



Analyza oligonukleotidu a nukleovych kyselin

Kvantifikace

Priprava vzorku
LC UV Titracni desticky
LC MS Vialky MaxPeak
ACQUITY Premier
‘ Z ‘ Kolony Premier
BEH C18 OST
BEH Phenyl
‘? BEH AMIDE HILIC
Charakterizace

Sekvencovani/ analyza

Separace
lontové-parové
systémy
OST vzorky

Specialni aplikace
modifikaci SEC
LC/MS ToF, QTof IEX

RP analyza nukleotidt

©2021 Waters Corporation
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ACQuit)gp@n

BEH technology

MassPREP Standard: ‘
Quality Control Reference -
) ;.w
Material (QCRM) :,?"_,z
-

MAXPEAK.

HIGH PERFORMANCE SURFACES



Analyza nukleovych kyselin s HPS technologii o’rers

High Performance Surfaces (HPS)

analytl::i'%?lllistry e

pubs.acs.org/ac

Using Hybrid Organic—Inorganic Surface Technology to Mitigate
Analyte Interactions with Metal Surfaces in UHPLC

Mathew DeLano, Thomas H. Walter,* Matthew A. Lauber, Martin Gilar, Moon Chul Jung,
Jennifer M. Nguyen, Cheryl Boissel, Amit V. Patel, Andrew Bates-Harrison, and Kevin D. Wyndham

Cite This: Anal. Chem. 2021, 93, 5773-5781 Read Online

CES%&ATQGRAPHY
Tonav February / March 2021

Faster Time to Results for Ultra-Performance Liquid

Chromatographic Separations of Metal-Sensitive Analytes

Thomas H. Walter, Brian J. Murply, Moon Chul Jungt, Martin Gilar, Robert E. Birdsall and Jacob Kellett, Waters Corporation
34 Mapie Street, Milford, MA 01757
# Current address: Enanta Pharmacenticals Inc, 500 Arsenal Sireet, Watertown, MA

©2021 Waters Corporation
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* =

I\l\ [»\ Journal of Chromatography A 1650 (2021) 462247
Mitigation of analyte loss on metal surfaces in liquid chromatography

Martin Gilar*, Mathew DeLano, Fabrice Gritti

Waters Corporation, 34 Maple Street, Milford, MA 01757, USA

Assessing the impact of nonspecific binding

on oligonucleotide bioanalysis | Bioanalysis

Jennifer M Nguyen*- 2", Martin Gilar?, Brooke Koshel?, Michael Donegan?, Jason
MacLean?, Zhimin Li? & Matthew A Lauber?
'School of Science, University of Copenhagen, Rolighedsvej 30, 1958 Frederiksberg, Denmark

2Waters Corporation, 34 Maple Street, Milford, MA 01757, USA R .
*Author for correspondence; Jennifer_Nguyen@waters.com Bfoanal'ySfS (202 ]) ]3“ 6), 1233-1244

Journal of Pharmaceutical and Biomedical Analysis
208 (2021) 114439

Impact of Nonspecific Adsorption to Metal Surfaces in lon Pair-RP LC-MS

Impurity Analysis of Oligonucleotides

Guilherme J. Guimaraes®, J. Michael Sutton’, Martin Gilar”, Michael Donegan”,
Michael G. Bartlett™*

* Department of Pharmaceutical and Biomedical Sciences, The University of Georgia College of Pharmacy, 250W. Green Street, Athens, Georgia 30602, gl e stares
" Waters Corporation, Milford, Massachusetts 01757, United States
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