EMA workshop on TTS
27.6.2022

Process- and Product Related Impurities
in the ChAdOx1 nCoV-19 Vaccine

Stefan Kochanek
Department of Gene Therapy
Ulm University
stefan.kochanek@uni-ulm.de




Adenovirus-based vaccines against SARS-CoV-2

AstraZeneca Johnson&Johnson
ChAdOx1 nCoV-2 Ad26.COV2.S

Chimpanzee Human
Adenovirus Y25 Adenovirus D26
related to HAdV-E4

* SARS-CoV-2 Spike = Antigen
* Induce good protective immunity against SARS-CoV-2 infection .
* Well tolerated and broadly distributed vaccines with a very good safety record

»TTS: ChAdOx1 nCoV-2 in 1.6/100.000 -- Ad26.COV2.S in 0.755/100.000
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Standard assay after purification: PAGE / Silver Staining
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29.3.2021 - HAdV-C5 versus ChAdOx1-S - PAGE/Silver staining

HAdV-C5 ChAdOx1 Lot # ABV5811
Gene Therapy, UUIm AstraZeneca

Titer determination
* HAdV-C5 - CsCl purified - OD260
* ChAdOx1 - used as per label

PAGE
* 3E9 vector particles in 30 pl
* 5% stacking gel / 8% separation SDS gel

» Reducing conditions
(SDS, R-mercaptoethanol)

» Samples heated for 5 min at indicated
temperatures

Silver Staining




Repeat study: HAdV-C5 versus ChAdOx1 - three different lots

. o AstraZeneca
Titer determination ChAdOx1 nCoV-19
* HAdV-C5 - CsCl purified - OD260 R N X
- ChAdOx1 - used as per label HAdV-C5 UGS

-EGFP Wow R
PAGE e =

« 3E9 vector particles in 30 pl

» 5% stacking gel / 8% separation
SDS gel

* Reducing conditions
» (SDS, 3-mercaptoethanol)
» Samples boiled for 5 min

Silver Staining

» - many unexpected bands
- substantial lot-to-lot variation




ChAdOx1 vaccine versus CsCl-purified HAdV-C5 and ChAdOx1

1. ChAdOx1 (vaccine) - AstraZeneca
2. HAdV-C5 (CsCl) -Ulm
3. ChAdOx1 (CsCl) -Uim

Conditions
» 3E9 vector particles

* Reducing conditions
(SDS, 3-mercaptoethanol)

* 96°C / 5 minutes
« SDS/PAGE -> Silver staining

250 kDa
150 kDa

100 kDa

75 kDajy

50 kDa

37 kDa

ChAdOXx1

ABV5811

!

Ulm University

CsCI

§¢

Q&’

| T

A |

o o“'\
?‘6
o

Hexon H

l

Penton
base

llla
Fiber

I

\




LC-MS analysis: more host cell proteins (HCPs) than adenoviral proteins
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LC-MS analysis: more host cell proteins (HCPs) than adenoviral proteins
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LC-MS - Top 30 proteins of the ChAdOx1 nCov-19 vaccine (ABV 5811)
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ABV5811

B ChAdOx1 nCov-19
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Protein Name
Heat shock protein HSP 90-beta

Transitional endoplasmic reticulum ATPase
Heat shock protein HSP 90-alpha

[N

4-3-3 protein epsilon

Endoplasmin

Calreticulin
Galectin-3-binding protein

Glyceraldehyde-3-phosphate dehydrogenase
Nuclear autoantigenic sperm protein

60S acidic ribosomal protein PO

Elongation factor 1-alpha 1

14-3-3 protein zeta/delta

Protein disulfide-isomerase
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LC-MS: viral versus human proteins in three ChAdOx1 lots
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Summary so far

« Significant protein impurites in ChAdOx1

» Lot-to-lot variation

« Higher human than viral protein content

* Presence of non-structural viral proteins

« Human proteins mainly HSPs and cytoskeletal proteins

ChAdOx1 - 5 x 1010 particles/dose expected 12,8 pg
-> pased on MW: 150 MDa
Protein amount (OD280) in ABV5811 measured: 32 ug

-> 20 yug mainly human proteins
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Summary of functional data on ChAdOx1

Limited in vivo experiments in mice: original ChAdOx1 vaccine versus CsClI purified ChAdOx1

* No difference in anti-Spike antibody responses (ELISA)

* No difference in anti-Spike T-cell response (only 1 known epitope tested)

In vitro experiments

« Enzymatic ATPase activity detected in ChAdOx1 -> likely derived from heat shock proteins
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HAdV-C5 (CsCl) versus J&J Ad26.COV2 and ChAdOx1 vaccines

Johnson&Johnson
1. HAdV-C5 (CsCl) - Ulm AQ26.COV2-S
: N
2. Ad26.COV2 (vaccine) - JJ (3 lots) HAQV-C5 0@9 & . AstraZeneca
3. ChAdOx1 (vaccine) - AstraZeneca -EGFP A . ABV9317
250kD—a
150
Conditions 100 m—
« 3E9 vector particles .
* Reducing conditions
(SDS, R-mercaptoethanol) 50
* 96°C / 5 minutes
« SDS/PAGE -> Silver staining 7.
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LC-MS: viral versus human proteins in Ad26.COV2-S lot XD955

% Intensity

XD955

B Homo sapiens
Ad26.COV2-S
. contaminants

\lg;
= Very low levels of process- or product-related protein impurities in Ad26.COV2-S
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EMA specification and batch release data: HCPs in 5 E10 ChAdOx1 particles (= 1 dose)

EMA Batch release NanoDrop Bradford Assay ImageJ
specification data absorbance analysis
manufacturer 280 nm
ChAdOx1 ChAdOx1 ChAdOx1 ChAdOx1 ChAdOx1
5 E10 particles 5 E10 particles 5 E10 particles 5 E10 particles 5 E10 particles

[ng HCP/dose]

[ng HCP/dose]

[ng HCP/dose]

[Mg HCP/dose]

[ng HCP/dose]

ABV4678 <04 0.05 39.03 12.36 9.85
ABV5811 <04 0.3 114.53 24.78 24.9

ABV7764 <04 0.0489 74.37 29.66 12.81
ABV9317 <04 n.a. 154.53 42.48 73.16

Protein amounts are after subtraction
of 12.8 pg for 5 E10 viral particles




EMA specifications: Host cell proteins (HCPs) in 5 E10 ChAdOx1 particles (= 1 dose)

EMA Batch release NanoDrop Bradford Assay ImageJ

specification data absorbance analysis
manufacturer 280 nm

ChAdOx1 ChAdOx1 ChAdOx1 ChAdOx1 ChAdOx1

5 E10 particles
[mg HCP/dose]

5 E10 particles
[mg HCP/dose]

5 E10 particles
[mg HCP/dose]

5 E10 particles
[ng HCP/dose]

5 E10 particles
[mg HCP/dose]

ABV4678

<04 0.05 39.03 12.36 9.85
ABV5811 <04 0.3 114.53 24.78 24.9
ABV7764 <04 0.0489 74.37 29.66 12.81
ABV9317 <04 n.a. 154.53 42.48 73.16
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How to explain the discrepancy
between batch release and actual data ?

1)
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Release assay for residual host cell protein (HCP) — Sandwich ELISA
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Conclusions

Significant process and product-related impurities in 4 tested lots of ChAdOx1
* mainly HSPs/Chaperones, cytoskeletal proteins, non-structural viral proteins

» EMA specification for HCPs < 04 ug
Lot release data 0.04 -0.3 ug
Detected >10-50 ug

« substantial lot-to-lot variation
» detection of enzymatic/ATPase activity
« in immunological pilot studies no difference between ,dirty“ and ,clean® ChAdOXx1

Very low HCP levels in 3 tested lots of Ad26-COV2-S (J&J)

Clinical implication
* Analysis of Ad26-COV2-S (also linked to SVT) suggests that the HCPs detected
in ChAdOx1 are not the primary trigger of TTS/VITT (->no HCPs in Ad26-COV2-S — however TTS in 0.755/100.000)

* An adjuvant effect of the detected protein impurities in ChAdOx1 can currently not be excluded

Reason for discrepancy between release data and actual data
« ELISA used for batch release likely not suitable to detect HSPs & cytoskeletal (+ non-structural) proteins in ChAdOx1

« Assumption: ELISA used likely not validated with orthogonal assays

Needed
* Improved downstream processing/purification
« Suitable quality assays for complex biopharmaceuticals such as viral vectors
18
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