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Legal disclaimer

QIAGEN

QIAGEN products shown here are intended for molecular biology applications. These products are not intended for the diagnosis, prevention or
treatment of a disease.

For up-to-date licensing information and product-specific disclaimers, see the respective QIAGEN kit instructions for use or user operator manual.
QIAGEN instructions for use and user manuals are available at www.giagen.com or can be requested from QIAGEN Technical Services (or your
local distributor).
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Lentivirus-based therapies s3sss

IAGEN

Lentiviruses are one of the most commonly used viral vectors in
research and cell & gene therapies (CGTs)

« Generation and purification of viral vectors require precise quality
control to enable safe, effective and reliable therapies

« Analytical methods to extensively characterize and monitor multiple
LV critical quality attributes (CQAS) are important to ensure product
efficacy and safety

« Analytical methods such as qPCR and ELISA assess the identity,
potency and purity of viral vectors, but accurate quantification
requires well-characterized assays
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Lentivirus (LV) 443
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Surface envelope
protein (SU)
Tra

nsmembrane
envelope protein (TM)

Membrane
Matrix protein (MA] rev
Capsid [CA) pol tat

, bound
by nucleocopsid (NC) 5'LTR " gag PR/RT/IN env 3'LTR

Reverse transcriptase (RT)

Protease (PR)

Profile Genomic structure (e.g., HIV genome)

* Retroviruses family « Common essential genes: 5'-gag-pol-env-3’

« Single-stranded RNA viruses (diploid) « Flanked by 5'- and 3' LTRs - viral genome replication

« Two sense-strand RNAs bound by nucleocapsid proteins * gag > capsid, matrix and nucleocapsid proteins (p24 = capsid)
« Enveloped, ~100 nm in diameter « pol 2 viral enzymes: RT, IN & PR

- Contains reverse transcriptase, integrase and protease * env - viral envelope glycoproteins

* Integrating into the host genome w (Psi) 2> encapsidation signal, required for packaging

« Stable long-term expression Additional genes: tat, rev = regulatory function

Supplementary genes: vif, vpr, vpu & nef - elevate viral titer,
infectivity and pathogenicity
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Adeno-associated virus (AAV) and lentivirus (LV)

QIAGEN
AAV LV Advantages of LVs:
Size ~25 nm ~80-100 nm - Higher packaging capacity delivers more complex or
Genome ssDNA ssRNA larger therapeutic genes
Packaging ~4.7 kb 8-9 kb » Host cell integration allows sustained gene expression
capacity
: L - . - Mai licati :

Transduction Primarily non-dividing cells Dividing and non-dividing ain applications

cells * Treatment of genetic disorders, cancer immunotherapy
Transduction Moderate Moderate (e.g., CAR-T), infectious disease vaccines
efficiency

. : : : : Risks of LVs:

Integration Non-integrating/episomal Integrating
Tissue tropism  Broad, multiple serotypes Broad (e.g., through * Replication-competent lentivirus (RCLS)

pseudotyping with VSV-G) * Insertional mutagenesis — risk of disrupting oncogenes
Expression Transient/stable Stable
Immunogenicity Minimal
Preferred for In vivo Ex vivo
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Characterization of LVs Is key to safe and effective therapies Soses

QIAGEN

£ ® :
(Sb\é,g?r:;f:rft) Delivery to target cell

Transfection Transduction

Plasmid development and _

Digital PCR (dPCR) offers accurate and absolute quantification of CQAs

Host cell gDNA Provirus Host cell gDNA

Viral vector genome quantitation VEN GUEIeElon

(physical virus titer) RCL detection

~8kb
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Different PCR workflows for cell and gene therapy quality control ssss

Real-time PCR

Load the Data
Prepare reactions — plate(s) analysis
. ~1.5-2hto
1 sample per well; el Thermocycling e

results
seal plate

Droplet dPCR

Pipett ti
ipette reaction [onid coriidges Droplet Transfer droplets

mixture to a plate generation to 96-well plate

Pl(::dse;éi;g : Readout PN ~5-6 h to results

Nanoplate dPCR
Load the Data
Pipette reaction plate(s) Priming, analysis
mixture to dPCR plate; [l thermocycling, [ ~2 h to results

seal plate readout
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Select a platform that will easlly transfer to a regulated environment  333s

QIAcuity — just ONE unit

Dr°P|ef d'Q'fC’l PCR * ONE user requirement, ONE
product maintenance, ONE

ol % gualification, ONE SOP
: F& L s o - Simple load and go
_’ sample J e v g ’ . ( _‘.v:' ( : ‘)2 _tneycle hanne _/LAJ\..AJLILJ\_AJ\;
@ g 1 1'_""'('“"' A\ % B Channel 2 —J_...“__..__.___W”:U:JV;L « Less user errors

* Chain of identity maintained

fcat | . .
Generate droplets Amplification (PCR) Read droplets « Easier to train analysts

»  Two-hour turnaround time (TAT)

. o + Unit is contained in user software
Nanoplote Dlglf0| PCR that supports 21 CFR part 11

+ Different user roles and individual
authentication, audit trail tracking
of changes

e
4‘ * One unit that is part of software

« Thermocycler part of the QIAcuity

Random distribution unit
of molecules into partitions Absolute quantification: Copies/pl - Analysis completed in the system
software

(1) Nyaruaba R, et al. Developing multiplex ddPCR assays for SARS-CoV-2 detection based on probe mix and amplitude-based multiplexing. Expert Rev Mol Diagn. 2021;21(1):119-129.
(2) Nyaruaba R, et al. Digital PCR applications in the SARS-CoV-2/COVID-19 era: A roadmap for future outbreaks [published correction appears in Clin Microbiol Rev. 2023 Jun 21;36(2):e0005223]. Clin Microbiol
Rev. 2022;35(3):e0016821.
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Enhance your LV analytics with fast, reliable and resource-efficient  :sss

solutions

%%
@

@

Digital PCR for lentivirus

workflow

Quontchotlon of

Ienhwrus titer

Quantification of
integration events (VCN)

Detection of rephcohon
competent lentiviruses (RCL)




Expansion of CGT dPCR s3sss
Assays to LV workflow

Pack sizes:

CGT dPCR Assays (20x), 500 x 12 pL reactions

Different dye configurations: Kit components s

FAM, HEX and Cy5

CGT dPCR Assays (20X) (GOI)
Quencher Zen and TAO IOWA Black

Product Description Cat. No.
For singleplex, duplex and multiplex use

One tube of target sequence dPCR 250230 — 250256
CGT dPCR Assays Assay, 500 for 12 pL reaction in 8.5k 250300 — 250321

Nanoplate (New assays)

Ordering via QIAGEN website Acity Probe PCR

%t (Cl“r';{ éomel_ .5 1mLor5mLor 25 mL Probe 250101, 250102,

’ ’ MasterMix 250103

[m] 5y [m] m)

QlAcuity MasterMix 2 X 1 mL 4x concentrated MasterMix 1133251

(A x2mL)
E www.giagen.com/cgtdpcrassays
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http://www.qiagen.com/cgtdpcrassays

QIAcuity RCL Quant Kit

Pack sizes:

96 x 40 L reaction with positive and internal controls

00000
QIAGEN

Product Description Cat. No.
: Detection of the
. ot glgcnlt“%tRCL presence of RCL using 250322
Restriction enzyme compatibility: VSV-G assay
Pwvull
Kit components Amount Cap color
QIAcuity MasterMix (1/2) 1 Red
QN Internal Control DNA dPCR 1 Blue
Ordering via QIAGEN website
g Q QN IC Probe Assay 10x (200ul) 1 Orange
E %ﬂ_ E QlAcuity RCL (VSV-G) Assay 1 Violet
4 iy QIAcuity RCL (VSV-G) Assay Positive Control 1 Green
- RNase-free Water (1.9 mL/2) 2 Transparent

www.giagen.com/giacuityrclkit
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http://www.qiagen.com/qiacuityrclkit

Accurate and precise quantification requires well-designed assays

Host cell gDNA Provirus Host cell gDNA
~ 8 kb
Design considerations Validation process (examples)
« GC content « Specificity and reproducibility

Probe system Optimal PCR cycling and imaging conditions

Primer and probe placement Linearity

Length of primers and probes Signal-to-noise ratio

Melting temperatures Ability to multiplex

Digital PCR for lentivirus workflow
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Expansion of CGT dPCR Assays dedicated to LV workflow

QIAGEN

LV titer determination (vector backbone): Direct lysis solution (Q2) and
guantitation of genome-containing lentiviral particles

RCL: Detection of

VCN quantification: Lentiviral targets in the gDNA of transduced cells in comparison to a reference replication-competent

housekeeping gene viruses
Reference genes Reporter/resistance Promoter/enhancer Integration plasmid elements Lentivirus replication (RCL)
Albumin* GFP/eGFP CMVp Psi* VSV-G
RPP30 AmpRt CMVe RRE*
RPL32 PUroRS SV40p 5 LTR*
KanR/NeoR WPRE*
Gene of interest
Do oaeEs - -~ EB
RRE cPPT MCS

| I Eight new targets for lentiviral research and manufacturing process with up to 3 dyes (FAM, HEX, Cy5**).

*WHO recommendations | Assays already existing in CGT dPCR Assay portfolio for AAV workflow; ™ Cy5 not available for PuroR and KanR/NeoR, * AmpR only residual plasmid testing, 8 PuroR very high GC
content — not intended for RNA applications
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Expansion of CGT dPCR Assay portfolio —

Current AAV assays

* 10 targets GFP

* QIlAcuity Probe PCR Kit ITR2/5 WPRE
bGH polyA AMP resistance
hGH polyA CMV promoter
SV40 polyA CMV enhancer

SV40 promoter

Assays existing in CGT dPCR Assay portfolio for AAV workflow

Digital PCR for lentivirus workflow

overview

Albumin
RPP30
RPL32
PuroR
KanR/NeoR
Psi

RRE

5'LTR
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LV assays
* 8 new targets
* 6 existing assays

* QIAcuity MasterMix




A simple and fast protocol

Validated assays for LV workflows using digital PCR

Step 1 Step 2 Step 3
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Starting Setup reaction mix Pipet sample into a Run and analyze results in the
material* in PCR pre-plate Nanoplate QIlAcuity Digital PCR System
added to

mastermix

14 LVV targets available with different dye combinations for multiplexing

3-plex capacity (can be extended to 5-plex with customer-chosen GOIs)

Complimentary, easy-to-use analysis in the QlAcuity Software Suite

Used in combination with QlAcuity MasterMix and Nanoplates

*Starting material differs depending on workflow: gDNA (VCN, RCL), LV genomic RNA (titer)
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Growing dPCR portfolio for QC/QA of cell and gene therapies 3383

QIAGEN

Preparation In-process quality control Final product quality control

RO i

Gene Plasmid preparation Viral vector titer Product and process Viral vector titer, integrity -
v : : : : s Purity and safety
h and QC and integrity related impurities and potency
Therapy
* PCR Cloning Kits » CGT Viral Vector Lysis Kit *  QlAcuity Residual DNA * CGT Viral Vector Lysis Kit *  QlAcuity Residual DNA
* QlAquick Gel Extraction Kit * QlAcuity Cell and Ouomihcofo" Kits and *  QIAcuity Cell and Quantification i(its
o Bl P Dleisind Gis Gene Therapy (CGT) Standards Gene Therapy (CGT) and Standards
QlAcuity Coll and G dPCR Assays * QlAcuity Mycoplasma dPCR Assays *  QlAcuity Mycoplasma
. cuity Cell and Gene ; 5 . : i
Therapy (CGT) dPCR Assays ° Titer Quant Kit and Standards ° Transgene integrity Quant r(n and .Ston'dords
® Vector copy number (VCN) * QIAcuity Replication

° Integrity
Competent Lentivirus

(RCL) Quant Kit

® Construct integrity
* Transgene expression

* Effectene Transfection
Reagent

*In combination with the CGT lysis kit for mispackaged residual DNA/HCD

Dedicated dPCR assays and kits for multiple viral vectors workflows.
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Growing dPCR portfolio for QC/QA of cell and gene therapies ssss

Preparation In-process quality control Final product quality control

@@

Cell Viral vector titer o ; :
and purity Cell engineering Identity and potency Purity and safety
Therapy
* PCR Cloning Kits * QlAamp Viral RNA Kits * QlAamp DNA Kits * QlAamp DNA Kits * QIAcuity Residual DNA
* QlAquick Gel Extraction * QIlAcuity Cell and * QlAcuity Cell and * QIlAcuity Cell and Gene Quantification Kits and
Kit Gene Therapy (CGT) Gene Therapy (CGT) Therapy (CGT) dPCR Assays Standards
* EndoFree Plasmid Kits dPCR Assays dPCR Assays ° Vector Copy Number (VCN) * QlAcuity Mycoplasma
. QARG Cell and G ° Titer ® Vector Copy Number % Transgene integrily Quant .Knond.Sto.ndords
Therapy (CGT) dPCR ° Integrity (VCN) * Transgene expression . (?;fr\\c:gnfiz:ijﬁo:
: : o i i fviru
Assays * QlAcuity Residual DNA Transgene integrity o lnasligator SR Gal P .
3 1 : P, A (RCL) Quant Kit
Construct integrity Quantification Kits and or STR QS
* Effectene Transfection Standards
Reagent * QlAcuity Mycoplasma
Quant Kit and
Standards

Dedicated dPCR assays and kits for multiple viral vectors workflows.
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Linearity in quantification down to 0.25 copies/uL

QIAGEN
RRE HEX: Lentivirus target RPL32 FAM: Reference assay
Measured cp/uL Measured cp/uL
15 20 R = 0.9987
R2 = 0.9994
15
10
10
5
5
0 0
0 4 8 12 0 4 8 12 16

Expected cp/uL Expected cp/pL

1 data point — 3 wells (8.5k Nanoplate)

High linearity from 0.25-15 copies/uL on 8.5k Nanoplates (triplicates).
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High precision over a broad dynamic range

QIAGEN

RRE HEX: Lentivirus target RPL32 FAM: Reference assay

Measured cp/uL Measured cp/uL

7500 10000
Rz =1 Rz2=1

8000

5000
6000

4000
2500

2000

0 0
0 2000 4000 6000 8000 0 2000 4000 6000 8000 10000
Expected cp/uL Expected cp/uL

150 cp/uL 1.5 cp/uL

T s

7500 cp/pL 150 cp/pL 1.5 cp/uL 7500 cp/pL |

o S s T e T R A e
0 4 RO e R R A E N RS
50§ LR : 20
40
20
10
10
0 0 0 “a N 0

High linearity from 0.25—7500 copies/pL on 8.5k Nanoplates.
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Determination of VCN ratios 33522

QIAGEN

Formula for standard vector target copies
diploid genomes: VCN =2 X —
plold g ' human reference target copies

VCN =1 VCN =3

H —a———
H —a— Y e
— e

LTR Transgene LTR LTR Transgene LTR @
02
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Accuracy for PuroR FAM + RPP30 HEX duplex reaction 3383

QIAGEN

Determination of VCN: gDNA with LV target spiked-in for VCN 1, VCN 2, VCN 5 and VCN 10

ca Q2 (=] ca cs <6 (=] cs (] c10 (21} c12 G7

PuroR FAM

VCN 1 VCN 2 VCN 5 VCN 10 VCN O

Reference target

RPP30 HEX N D s ENIOY OO W i et S s I OBOOR i s SR

:‘wmv- [~ s f ” GBIty RZERNNN pEORANY SRR IS pueEnRe) reutnion ooy FEERREIN

Excellent signal to noise ratios over a broad range of LV target copy numbers.

Digital PCR for lentivirus workflow



Accuracy for PuroR FAM + RPP30 HEX duplex reaction

QIAGEN

Determination of VCN: gDNA with LVV target spiked-in for VCN 1, VCN 2, VCN 5 and VCN 10

Cp/uL
3500

3061.60
3000

2500
m PuroR FAM (vectortarget)

RPP HEX (reference)

2000
1514.80
1500

1000
606.13 626.67 614.93615.63 614.03 612.50

500 335.67 l
0.00
0 1
0 o7 2.0 sss 0o

vector target copies

VCN = 2 x

human reference target copies

Very high accuracy for VCN quantification with PuroR FAM + RPP30 HEX duplex <5%.
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High accuracy for VCN quantification

Deviation from expected VCN (%)

20 = o
~ = e o
°
10 ° @ ¥ 2 LI 2 ST
3 v °
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KanR/ KanR/ PuroR PuroR 5'LTR 5'LTR 5'LTR RRE RRE RRE PSI PSI PSI
NeoR NeoR FAM HEX FAM HEX Cy5 FAM HEX Cy5 FAM HEX Cy5
FAM HEX
S & 3 & I3 G S 3 &
A A \O@‘“\Qv‘}@‘} et évi v‘gf} S v@i@‘z@@ A Va@i@‘;@‘:@i@‘;@‘} SR Va@i@i«v‘&\o@i@‘“;@““
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® VCNT H VCN2 a VCN5 v VCN 10

For 24 out of 39 duplex combinations, deviation from expected VCN was less than 10%.

Digital PCR for lentivirus workflow
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High accuracy for VCN
guantification independent of
fluorophores

* CGT dPCR vector backbone assays
(KanR/NeoR, PuroR, 5 LTR, RRE,
Psi) were run in duplex reactions with
CGT dPCR genomic reference assays
(albumin, RPL32, RPL30)

« Template was gDNA and 0/1/2/5/10-
fold concentrations of gBlocks

* PCR was performed on the QIAcuity
using a 96-well 8.5k Nanoplate

« All assays showed only less than 20%
deviation from the expected VCN




High-precision VCN determination

VCN of LV transduced control cell line

VCN
18 Expected
VCN: 21
12
6
0

WPRE-Albumin duplex LTR-Albumin duplex

* VCN was determined for a control cell line using different LV targets

* Duplexes performed with albumin in FAM and LV targets in HEX

00000
00000
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VCN of LV transduced control cell line

VCN
18 Expected
VCN: 21
12
6
0

WPRE-RPL32 WPRE-RPP30 WPRE-AlIbumin
duplex duplex duplex

« VCN was determined for a control cell line using different reference
assays

* Duplexes performed with references in HEX and WPRE in Cy5

Precise and comparable VCN determination with different LV targets and reference genes.
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High-precision VCN determination 443

QIAGEN

Duplex for VCN of control cell line

VCN
1.5
Expected * VCN was determined for a control cell line using WPRE
1 VCN: 1
» Duplexes performed with albumin in FAM and LV targets in HEX
0.5
0

WPRE-AlIbumin duplex

Precise and comparable VCN determination from O to over 20 copies per genome.
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Robust RCLs detection using the QlAcuity RCL Quant Kit

QIAGEN

RCL assay: Different concentrations of positive control spiked-in with increasing amounts of genomic background DNA

Background: O g gDNA 1 ug gDNA 10 pg gDNA
| 4000 cp/ul | 100 cp/ul | 10 cpL | 0.35 cprul | | 4000 cp/ul | 100 cp/ul | 10cpmL | 0.35 cpruL 4000 cp/ul | 100 cp/ul | 10cpul | 0.35 cpiul

. 140

— 140 — 140 '

= L T, . @ T 5 120 iy L

£ B isnadadand . E st . 3

5 2 100 - 'f 1001

E E . ’; 80

= ’ é 40 é 4

Up to 10 pg per reaction background for different concentrations of a positive control.
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RCL Quant Kit with high gDNA background

Measured cp/pL
10000

8000

6000

4000

2000

Background gDNA: 0-10 ug

2000 4000 6000
Expected cp/uL

Up to 10 pg per reaction background for different concentrations of a positive control.

L BigivaldPGA il den tisingsdigitif BER

8000
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without gDNA R#=1
® 1 ug gDNA R2 = 0.9998

10 pg gDNA  R?=0.9991




RCL Quant Kit vs a kit from another supplier sssss

1 pg/reaction gDNA 0 pg/reaction gDNA

7500 cp/uL 1000 cp/uL 100 cp/uL  0.35cp/uL 7500 cp/uL 1000 cp/pL 100 cp/uL 0.35 cp/uL

10000 "l II . : EI ;
= & ¥ = -
3000 : = _ et . - =
L
L=
£ B000
=8
£ 4000
2000 : - - - :
B s S S T
Measured ng/uL
10000 Background 1 ng/reaction
1000 m Background 0 ng/reaction . .. .
100 ’ ’ * DNAinput limited to 1 pg/reaction
10 * Quantification for VSV-G comparable between 0 and 1 pg/reaction
1
0.1 =
7500 1000 100 0.35
Expected ng/uL
| | More than 1 pg of DNA not recommended according to Suppliers B handbook.

Data obtained through experiments conducted by QIAGEN R&D in Hilden, Germany.
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Summary

Main features

* Mix and match approach using wet-lab tested QIAcuity CGT
dPCR Assays for LV titer and VCN measurement

* Assess LV titer using optimized assays for integration plasmid
elements, regulatory elements or reporter/resistance genes

* Use the same assays in combination with our genomic reference
assays to easily assess the number of integrated vector copies

* A complete QlAcuity RCL Quant Kit for sensitive and robust
detection of VSV-G absence in your cell material — including
positive and internal controls

* QIAGEN sample prep solutions in combination with the dPCR
assays offer a standardized workflow optimized for use on the

QIAcuity

00000
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Benefits

« Fast and reliable: Experience a true gPCR-like workflow that
eliminates the need for standard curves, reducing hands-on
time, TAT and errors, while increasing accuracy and
consistency

« Standardized and wet-lab tested: Use our wide range of
pre-tested solutions for consistent, reproducible results across
your workflows to save time and ensure efficiency

* High throughput and scalability: Meet the demands of both
small research labs and large-scale screening and quality
control facilities with a broad range of options

Digital PCR for lentivirus workflow



Thank you for your attention. Questions?
00000

Trademarks: QIAGEN®, Sample to Insight®, QIAcuity® (QIAGEN Group); Bio-Rad®, ddPCR™, Droplet Digital PCR™, QX200™ (Bio-Rad Laboratories, Inc.); Cy5® QIAGEN
(GE Healthcare); FAM™, HEX™ (Life Technologies Corporation); Absolute Q™, ROX™ (Thermo Fisher Scientific or its subsidiaries). Registered names, trademarks,
etc. used in this document, even when not specifically marked as such, may still be protected by law. QPRO-9712 © 2025 QIAGEN, all rights reserved
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