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AZ collaborates to develop RNA therapeutics
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The Challenge of Oligonucleotide Bioanalysis

« ASO and anti-miR — parent + metabolites
— Targeting
+ Bio-distribution
— Dose route —iv/sc/im
+ Oligonucleotide stability in matrix
» Formulation for targeting / protection

* Modified mRNA bioanalysis
— Modified mRNA
— Expressed protein
« Secreted or intracellular
— Delivery vector
* (e.g. viral, LNP, targeting protein)
— Immunogenicity
* Delivery vector
« mRNA
5 » Expressed protein




Overview

Introduction to bDNA and qPCR assays




Techniques to measure RNA therapeutics
Regulatory bioanalysis for RNA therapeutics

RT-PCR bDNA

\ J 1 J r \ :: —|“r— e

INYINY NN\ ININTNIN?

ridized with probe

e 1 T
Extender probes specifically Amplify signal
capture mRNA

| Read catalysed substrate
TR G b . R = L
- aeos | P A A ELISA-like workflow

| Amplification of signal over time |

® affymetrix

7 Biology for a better world



Techniques to measure RNA therapeutics
Processing steps
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Overview

3 bDNA versus qPCR




Linearity

* mRNA standard curves
with 20 ng matrix RNA

 RT-gPCR has a longer

linear range and best
sensitivity
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RT-gPCR and Quantigene Standard Curves
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Matrix Effects charles river

» Determination of fixed number of copies of modified mMRNA against an increasing
background of RNA matrix

gPCR vs Quantigene Matrix Effects
(5x103 Input Copies)
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Technical Considerations

RT-PCR

Enzyme Based. Short probes (20 bases)
generate cDNA from target mRNA.
Target is amplified, and detected, through
repeated thermal cycles.

Specification

How does it work?
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bDNA

Hybridization Based.

Multiple specific probes (up to 400 bases long)
capture target mRNA to static surface.

Captured mRNA is detected via signal amplification.

Observed Sensitivity ++++ (~100 copies/reaction)

++ (~5000 copies/reaction)

Specificity (challenges) Due to short probe sequences specificity may be
a challenge for some targets. Potential increased

noise.

Closely related sequences with limited differences.
Specificity is determined by hybridization over entire
target.

Limits (disadvantages) Target must be a substrate for RNA/DNA
polymerases.

RNA must be purified & converted to cDNA.

Lower sensitivity may make the assay unsuitable for
some matrices.
Single supplier.

Advantages Multiple producers of reagents/ probes

Do not have to purify mRNA sample (in most cases).
Potentially increased throughput.

Hybridization kinetics are only weakly affected by the
total mass of input RNA
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Practical Considerations
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Specification RT-PCR bDNA

Sample Volume (plasma) + ++

Sample mass tissue + ++

Achieved Sensitivity = =

Time in the lab (sample preparation) 1 day 0.5 days

Time in the lab (assay) 0.5 days 1 day (over 2 days)

Sample throughput

*%

*k%k

Data interpretation

Operator specialism

**** RNA Prep
** PCR Prep

*%

Test Facility / Process Management

*kkk

*k*

Cost

€€E€ [ £££F

€€E€ / £££F
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Practicality charles river

« Approx. equivalent Sensitivity: ~1 transcript per 10 — 30 cells.

» Assay choice dependent on:
— Sample
— Analyte
— Automation

* Quantigene ‘less’ dependent on variation in input RNA quantity

* RT-gPCR requires a closer match on matrix in standard curve and
in analytical samples.

« Assays have the same purpose, but selection will be dependent
on the application.
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Overview

Tissue Bionalysis for Oligonucleotides




Tissue Bioanalysis
Homogenisation protocol
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* Tubes containing beads
and grinding agents

LNP-mRNA \

Disposable reagents

Multiple samples processed

Many “grinding” agent options
Reduced risk of contamination
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Tissue Bioanalysis
Recovery during homogenisation
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No significant loss of exogenous RNA during the homogenisation process
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Tissue Bioanalysis
Biodistribution of modified mRNA

Route of Tissue Dosed animals | Control
administration animals

Skin Not detectable  Not detectable
\Y Others Not detectable Not detectable
Intradermal Skin Detectable Not detectable
Intradermal Others Not detectable  Not detectable

Non-LNP protected RNA is susceptible to RNases (especially in blood)

bDNA assay can detect modified RNA in tissue from dosed animals
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Overview

Validating Oligonucleotide Bioanalytical Assays




Acceptance criteria?

Chromatographic | LBA bDNA / RT qPCR?

Small Molecule Large Molecule Modified mRNA
GLP INV GLP INV GLP INV

Accuracy +/-15% +/-20% +/-20% +/-30% +/-20% +/- 30%

Precision +/-15% +/-20% +/-20% +/-30% +/-20% +/-30%

Total

error NC NC +/- 30% NC +/- 30% NC

Replicate NA NA +/-20%  +/-20%  +/-20%  +/- 20%

precision

Target to aim for

» Additional considerations for bDNA and gPCR method validation?




Validating oligonucleotide assays

« Exogneous free mRNA is not stable * Protease K digestion of plasma prior
in plasr == to mMRNA addition

Stability of Endogenous and Added RNA in Blood
Specimens, Serum, and Plasma 100000000
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Fig. 3. Temporal variation of the concentrations of exogenous free RNA Plasma Protease K treated
added into plasma. p|asma

Plasma GAPDH mRNA concentrations (ng/L) as determined by reaHime quanti-
tative RT-PCR are plotted on y axis. The processing categories are shown on the
X axis.
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bDNA Validation data
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bDNA Validation data

Liver Stability
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Stabilising modified mRNA in blood

» Treatment of blood with Paxgene reagent stabilises mRNA in blood

Stabilisation of mMRNA in blood
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Conclusions



Conclusions

« Quantigene assays can meet standard LBA acceptance criteria
 Further work to be performed with g°PCR
« Sample collection process is critical
— Sample condition & RNA integrity
— Effect of sample stabilisation
» Assay choice is dependent on:
— End use of the data
— Sample
— Analyte
— Automation

* Future Considerations
— Full evaluation for collection of Paxgene blood

« Explore low volume alternatives
— Evaluation of in-situ hybridisation methods to achieve the same endpoints

26



Acknowledgments

AstraZeneca

DSM, Preclinical Bioanalysis and
Toxicokinetics

* Neil Henderson

Maria Vergou

Amanda Wilson

Asa Wahlander

Mikko Holtta

Liselotte Fransson

Karen Woods

27

charles river

» Keith Sutton
« Tim Sangster

e Collaborators

<
=
—N

~><_~

AAAAAAAAAAAAAAA



28

Confidentiality Notice

This file is private and may contain confidential and proprietary information. If you have received this file in error, please notify us and remove
it from your system and note that you must not copy, distribute or take any action in reliance on it. Any unauthorized use or disclosure of the
contents of this file is not permitted and may be unlawful. AstraZeneca PLC, 1 Francis Crick Avenue, Cambridge Biomedical Campus,
Cambridge, CB2 0AA, UK, T: +44(0)203 749 5000, www.astrazeneca.com



