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Polyethylene glycol (PEG) — occurrence, structure, properties
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branched PEG

Highly flexible linear or branched polymers
0.4-40 kDa MW range

PEG is usually functionalized by different end-
groups

Polyethylene glycol (PEG) used as supplements in
foods and cosmetic products

Carrier in PEGylated protein-based drug
In Lipo Nanoparticles (LNPs) as used in COVID-19

MRNA vaccines



How does polyethylene glycol stabilize proteins? Checklmmune
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Prevention of protein aggregation by forming a , protective layer”
Improvement of solubility by preventing protein aggregation
Protection against denaturation and increase in thermal stability
by stabilizing the protein structure and preventing the formation
unwanted folding intermediates

Increase of hydrodynamic diameter to reduce kidney uptake

- Enhancement of enzyme/protein activity



PEGylation can increase drug half-life Checklmmune
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- Individuals suffering from haemophilia receive every two days a FVIIl infusion

- Extended stability will strongly improve the quality of live

- mean half-life (T,/,) of BAX 855 (PEGylated FVIII) compared with Advate (non-PEGylated FVIII) was
1.4- to 1.5-fold higher

- Reduction of infusion numbers up to 30-35%

— Reduction of annual bleeding rates (ABR)

Konkle BA, Stasyshyn O, Chowdary P, Bevan DH, Mant T, Shima M, Engl W, Dyck-Jones J, Fuerlinger M, Patrone L, Ewenstein B, Abbuehl B. Pegylated, full-length, recombinant factor VIl for
prophylactic and on-demand treatment of severe hemophilia A. Blood. 2015 Aug 27;126(9):1078-85. doi: 10.1182/blood-2015-03-630897. Epub 2015 Jul 8.



Currently about 20 protein drugs containing PEG are clinically used
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Jivi®
Palynzig®

Adynovate®
Onivyde®
Plegridy®
Pegasys®
Sylatron™

Cimzia®

Mircera®
Macugen®
Adagen®
Doxil®/Caelyx®
Oncaspar

Krystexxa®

Omontys®

60K-PEG recombinant Factor VIl antihemophilic factor
2K-PEG-rhu-Phenylalanine ammonia-lyase, Pegvaliase-pqgpz

20K-PEG-Factor VIII Antihemophilic Factor VIII
2K-PEG-Liposomal irinotecan hydrochloride trihydrate
20K-PEG-Interferon beta-1a

40K-PEG-interferon alpha-2

12K-PEG-Interferon alpha 2b

40K-PEG-Certolizumab

30K-PEG- erythropoietin (epoetin) beta
40K-PEG-anti-VEGF aptamer, Pegaptanib
5K-PEG-adenosine deaminase (bovine),Pegademase
2K-PEG-Liposomal doxorubicin HCI

5K-PEGylated L-asparaginase, Pegaspargase

10K-PEG-Uricase, Pegloticase

40K-PEG-Erythropoietin-mimetic peptide,Peginesatide

Hemophilia A
Phenyl-ketonuria

Hemophilia A

Metastatic pancreatic cancer
Relapsing forms of multiple sclerosis.
Hepatitis Cand B

Melanoma

Rheumatoid arthritis, Crohn's disease, Axial
spondyloarthritis and psoriatic arthritis

Anemia associated with chronic kidney disease
Age-related macular degeneration

Severe combined immunodeficiency disease(SCID)
Cancer

Acute lymphoblastic leukemia

Gout

Anemia associated with chronic kidney disease



A steady increase of individuals with pre-existing anti-PEG antibodies Checklmmune
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- Pre-existing (natural) anti-PEG Abs in healthy humans

* 0.2%in 19841
* 25%in 20122

* 40%in 20163

Possible explanations: - Assay formats
- Cut off criteria
- Increased exposure to PEG

1) Richter, A. W. and Eva B. Akerblom. “Polyethylene glycol reactive antibodies in man: titer distribution in allergic patients treated with monomethoxy polyethylene glycol modified allergens or placebo, and in healthy
blood donors.” International archives of allergy and applied immunology 74 1 (1984): 36-9 .

2) Ricardo P Garay, et al (2012) Antibodies against polyethylene glycol in healthy subjects and in patients treated with PEG-conjugated agents, Expert Opinion on Drug Delivery, 9:11, 1319-1323, DOI:
10.1517/17425247.2012.720969

3) Bing-Mae Chen, et al Analytical Chemistry 2016 88 (21), 10661-10666 DOI: 10.1021/acs.analchem.6b03109



High prevalence of anti PEG antibodies in healthy individuals Checklmmune
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1504 healthy individuals.1)

Anti-PEG IgM levels remain stable and are independent of age

Anti-PEG IgG incidence and level decrease with increasing age
lgG* o9, IgM+*

25.7% 0 27.1% * Anti-PEG IgG/M antibodies are more prevalent in females

than in males

e Data form 2022 (post covid 19 pandemic) confirmed the
data obtained in 2016 12

1) Bing-Mae Chen, et al, Measurement of Pre-Existing I1gG and IgM Antibodies against Polyethylene Glycol in Healthy Individuals, Analytical Chemistry 2016 88 (21), 10661-10666
2) YiJu, et al. Anti-PEG Antibodies Boosted in Humans by SARS-CoV-2 Lipid Nanoparticle mRNA Vaccine ACS Nano 2022 16 (8), 11769-11780 et al DOI: 10.1021/acsnano.2c04543
3) Bing-Mae Chen, et al, Polyethylene Glycol Immunogenicity: Theoretical, Clinical, and Practical Aspects of Anti-Polyethylene Glycol Antibodies ACS Nano 2021 15 (9), 14022-14048
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Anti-PEG antibodies were boosted by COVID19 vaccines
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mRNA-1273 (Moderna) BNT162b2 (BioNTech)
polyethylene glycol [PEG] 2000 dimyristoyl glycerol 2 [(polyethyleneglycol)-2000]-N,N-ditetradecylacetamide
YiJu, et al, Anti-PEG Antibodies Boosted in Humans by SARS-CoV-2 Lipid Nanoparticle mRNA Vaccine ACS Nano 2022 16 (8), 11769-11780 et al DOI: 10.1021/acsnano.2c04543 8

Juan Manuel Carrefio, et al, mRNA-1273 but not BNT162b2 induces antibodies against polyethylene glycol (PEG) contained in mRNA-based vaccine formulations, Vaccine, Volume 40, Issue 42, 2022,
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Thymus (T) dependent generation of anti-PEG antibodies

PEG Anti-PEG Ig secretion
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Thymus-independent (Tl) generation of anti-PEG antibodies

Anti-PEG Ig secretion

Plasma cell differentiation
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PEGylated liposomes, nanoparticles, nucleic acids, and LNP as well as human and non-human
proteins can trigger T-dependent and T-independent immune reactions, resulting in formation of anti-
PEG Ig secretion.

As more ,foreign® the protein drugs are as higher the risk of high anti-PEG responses.
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Anti-PEG IgG/M can have immunological adverse consequences Checklmmune
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Anti-PEG IgG/M PEG complexes can
activate the complement cascade

Accelerated blood clearance
(ABC phenomenon)

Complement receptors

Liver cells
(Kupffer cell)

Liver clearance anti-PEG IgG/M PEG complexes:

* Increase of drug clearance
* Decreasing the drugs bioavailability
* Therapeutic efficacy can be reduced

Hypersensitivity reactions

F“ FcyR
le :.;:‘: .:..:i \ m
R PMN
\ * \.o °
Mast cells Basophils/Neutophil
\ )
|

Histamin, Serotonin,
platelet-activating factor, cytokines
—> facial swelling, headache, chest

thightness, hypothermia, hypotension
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How can we minimize the immunogenicity of PEG? CheCklmmunMe

e structural modification of the PEG

* replacing methoxy PEG with other functional groups, such as amino (-NH2), carboxyl (-COOH) and hydroxyl (-OH)

* using alternative polymers, such as polyvinyl alcohol, polyvinyl-pyrrolidone or polyacrylamide



How do we analyse for anti-PEG IgG/M — screening and confirmation Checklmmune
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Screening
anti-PEG IgG detection
PC NC Sample1l Sample2 Sample3 Sample4 Blank ““" anti-PEG IgG Ab
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- The 95% percentil of the competition values = cut off Blank: PBS/2%BSA

Positive control (PC): Pool of positive donors



Anti-PEG Ab initial screening followed by a confirmatory assay in Checklmmune
case the screening was positive
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Negative control (NC): plasma of HD (untreated donors)
Cut off determination: - 160 HD analysed in a 1:20 dilution with and without antigen Blank: PBS/2%BSA
- The 95% percentil of the competition values = cut off Positive control (PC): Pool of positive donors 15
Ag: PEG



Cross-sectional analysis of anti-PEG antibody occurrence during
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therapeutic applications of a PEGylated protein drugs ADDED VALUE FOR YOUR CLINICAL DEVELOPMENT
Anti-PEG IgG Anti-PEG IgM

_ o : "
n=19 (3.8%) (all baseline negative) n=23 (4.6%) (20 baseline positive)

n=31 (6.1%)

n=31 (6.1%)

Confirmation pos
mm  Screening pos
mm Screening neg

Confirmation pos
mm  Screening pos
mm Screening neg

=449 (89.39
n=453 (90.1%) N=449 (89.3%)

Individuals with anti-PEG IgG/M

Total=503
Total=503

15
(44.1%)

Individuals with anti-PEG IgG Individuals with anti-PEG IgM
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Oliveros, J.C. (2007-2015) Venny. An interactive tool for comparing lists with Venn's diagrams. https://bioinfogp.cnb.csic.es/tools/venny/index.html



Methods to quantify anti-PEG antibodies Checklmmune
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Passive hemagglutination

Western blot analysis - Limited sensitivity and quantifiability
Acoustic membrane microparticle (AMMP®) technology = - Hard to validate
Surface Plasmon Resonance (SPR) - Expensive hardware

Flow cytometry

* ELISA-based methods } Commonly used and relatively easy to validate
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PEGylation can increase the half-life of protein-based drugs

A high proportion of healthy humans shows pre-existing anti-PEG Ab

Continuous PEG exposure can increase the level of anti-PEG IgG

Anti-PEG Ig can induced unwanted immunological reaction
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Is a broad screening of anti-PEG IgM/IgG really needed, since we all are under
permanent exposure of PEG?

What about CHO and HAMA (human anti-mouse antibody) ELISA?

Should we better rely, (establish and validate) on inhibitory (functional) assays?

Continuous PK screening more useful than ADA?

19



Contact us:

Checkilmmune GmbH
Campus Virchow Klinikum
Cranach Haus
Augustenburger Platz 1
13353 Berlin

web: www.Checklmmune.com

email: andreas.hueser@checkimmune.com
toralf.roch@checkimmune.com
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