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AIM

Given the growing numbers of therapeutic protein products (TPPs) being developed, generation of tools to
identify immune responses mounted against them has become significantly important. At PEPperPRINT,
we developed a novel pipeline to enable:

e Profiling potential T-cell immunogenicity through a chip-based MHC associated peptide proteomics
(MAPPs) assay

e Discrimination of regulatory T-cell epitopes from effectors and assessment of immunogenicity risk
based on epitope content

o |dentification of immunogenic epitopes recognized by anti-drug antibodies (ADA)

e Monitoring of pre-existing and treatment- emergent antibody responses for assessment of treatment
risks and immunogenic adverse effects

STUDY BACKGROUND

In this study, we adapted our peptide microarray platform technology to assess the immunogenic potential
of two extensively studied PD-L1 inhibitors, which exhibit markedly different reported immunogenicities,
aiming to validate existing clinical data.

Therapeutic protein products have revolutionized the treatment of several diseases including cancer, chron-
ic autoimmune and inflammatory diseases However, many of these therapeutics are reported to be immu-
nogenic at various levels'. This immunogenicity is associated with ADA generation, which can neutralize
drug efficacy by altering its pharmacokinetic and pharmacodynamic properties. Above all, ADAs may cause
several immune adverse effects in patients. Discovering biomarkers that identify patients at risk is essential
to design safer drugs with lower rejection rates. The immunogenicity of TPPs can manifest in the form of
different immune responses depending on the patient's T-cell and B-cell repertoires, cytokine milieu, and
prior exposure of the immune system to proteins of similar structure. Identification of ADA epitopes in poly-
clonal Ab mixtures like sera is usually challenging due to this high diversity. Here, we show that High-density
peptide microarrays are powerful tools to simultaneously screen thousands of peptides against serum anti-
bodies in a high-throughput context”.
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Although ADASs have been a standard clinical measure of immunogenicity historically, the root cause is the
T-cell dependent (Td) immune response generated through presentation of epitopes by subsets of human
leukocyte (HLA) class Il molecules to CD4+ T-cells that drive B-cell maturation and ADA generation. Current
practice of immunogenicity screening starts with an in silico assessment, followed by in vitro and ex vivo
analyses such as HLA binding assays, T-cell assays, and MHC associated peptide proteomics (MAPPs). The
MAPPs assay consists of multiple steps, involving human primary antigen presenting cell culture, peptide
isolation, and peptide identification via liquid chromatography-mass spectrometry (LC-MS)®. Clinical valida-
tion of the MAPPs assay remains challenging due to limitations in instrument sensitivity, labor-intensive
processes, and the requirement for substantial amounts of patient material, in addition to dependence on
predictions and complex computational methodologies. Here, we present a novel chip-based methodology
that effectively surmounts these limitations, allowing for the discovery of epitope-specific T-cell responses
in a remarkably short timeframe and eliminating the requirement for patient material.

METHODOLOGY AND RESULTS
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O Fig.2. Amino acid sequences of two FDA-approved
PD-L1 inhibitors, Durvalumab and Atezolizumab (see
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5 AALLLLD Atezolizumab-treated lung cancer patients are

screened with PEPperCHIP® Peptide Microarrays. (B)
For root cause analysis, same microarrays were analyzed using most common recombinant HLA-DR allo-
types in global population, enabling the ranking of two PD-L1 inhibitors by immunogenic potential. Subse-
quently, identified peptide candidates are synthesized and applied in ELISpot/ FluoroSpot assays with
HLA-matched PBMCs.
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Result: While our study is based on a limited sample size, PEPperCHIP® Microarrays enabled swift char-
acterization of epitope-specific anti-atezolizumab ADA responses. IgA and IgM mediated immune re-
sponses were scarce whereas IgG was found to be the most relevant isotype in ADA analysis. Screening
a larger cohort with synchronized sample collection is imperative for comprehensive evaluation.

(B) Identified hit peptides are presented as a heat map based on their reactivity,
in addition to (C) intensity plots for immunoglobulin isotype/subtype analysis.

In this study, we show the accuracy of PEPperPRINT immunogenicity risk assess-
ment pipeline on ranking two well-known PD-L1 inhibitors based on their epitope con-

e Discovery occurs within a cell-free system, mitigating potential interference from

» Peptide-HLA binding affinity data enhances the accuracy of immunogenic peptide
ranking and provides guidance for drug development, without reliance on predic-
tions or complex computational methodologies.

Our innovative chip-based MAPPs methodology offers rapid identification of immu-
nogenic hotspots of TPPs, and presents several advantages over in silico and other in

In addition to the chip-based MAPPs assay, the data generated with our ADA epitope
mapping assay could be instrumental in:

o Assessing the contribution of immunogenicity to clinically observed adverse ef-
fects, if present.

o Determining whether the immunogenic response impacts drug efficacy.

 |Identifying a unique epitope for patients experiencing specific side effects could
aid in identifying individuals at higher risk of developing these adverse events.

o Testing of identified epitopes in AIM and Treg assays facilitates the assessment
of their contribution to potential immunogenicity, yielding a more precise ranking.

0000 - = = = = = = = = === mmmmmmmm e e

I S e R e

400004 ---4--------------------J---omeeo e

s0000+---4--f¢--------4------§-----------—------¢§¢-------¢4---------§¢-----------R-§{--------------- -

Fluorescence Intensity [a.u.]

2000+ ---#% - - - -4 4 --—--§ - - - - - .-t
10,000 | - f|- B E -—-r-F------_N-------MW------DLK-----------W0-
0 l AALLI. A . W, A‘L “A‘ A LL AL LAY W v I]“L.k‘ | ‘ l W A
X H O ¥ I o o X O O VNN ¥ O un>>0U = >0 >W > onnoon 4 Ny ¥ n v U wn Ll T
::7 i—3m<'5u5zimooummn.l—l—m_lmzof>l—_|orn.>-8or|.uu<3tuu.<5vu'<_tl—
>-Eu.::mu_||—D.I—UD-LJBmm<u>§xl—>—ln-<_lmm>ofo_|>-m_lml—}—|.u<_|u
O T £xxx O N N IT XX X O Z2xx O0Ux X oo O N U ==WwWHXX 1 O00unanod >0 =200 > H
D.I—IUCZ<EZml—nﬁ<t>-_anL/)¥D_II—L|JL/)LIJ¥DDCﬁcmmczmun.zimmmn.mm>_ll—
S =E ¥ g =T 0N X nNZUFWxy 0OnNnunon nN>ao>0900 0n>xU>>an UWnL Jd¥Y =z ¥ F x
N n >Un0 nNo0OH I X >=2N0o0o Y Z2L Jde ¥ >T>cTdo 40 d>wL>Sunounegun 4oz ==
0O n >L >>0U >0 >2WL > 0nHSw>unxxon =40 >0LFHLEFHY JdW>O00UO0uwnxy O
D—L/)D>—>|—I—Ln_lLIJZO>|—_IZOL/)Q>-DD.Z>¥U.U.>.;U)<L|_3|_UQ¢Q_>_UJOLU¥O
>—|.|_<>m>§>4|—>_|n.<_|m<(_|>¥_|>u.u_l—§k3m:|: < L >0 Jdx oOHOO 4 > > >
— > < oo o 000 =2 WHY a2 >F >0 XX 4dx Y O Z xuvogown S kFEFzZz2unoodun<gno > =
L > 0OwWwunuwuwyvyroooxxoounmnwm=412>_1unkEww>>0n>AaOITaoa>uoc ¥nihgc—un Z<<x O
OFHF oo un>0 >O00 n>Yitboun JdJuunz>LunHJduvu Jd00H-oO <<V nNeg << >0 QX 0 @
WWUJI—U._l¥¥>—IOQ._IO_IZI—UOWV’)D.;I—UD<[>_IO<(L|J_I¥UD{;LL>L/) <
(C) < U <N >NYXD =T J0O0O>LEFUX UOJd0 oA Y — JuWin 43> 0nikFEF unon = o
DIOMTOSPSSLSASYCDRYTI TCRASODY ST -AVAWYOOK PCKAPK L L IY SASFLY SCYPSRF SCSGSGTDRFTLTISSLOPEDFATYY COOY LYHPATFGOGTKYEIKRTYAARSYFIFPRSDEQLKSGTASYYC LLNNFY PREAKYOWKYDNALQSGNSOESY TEQDSKDSTY SLSSTLTLSKADYEKHKYY ACEVTHOGLSSPY TKSFNRGE
e 5 E > E B E 3 E B
FI .o-': -_ iy '\-— . L E . .n . —= I." --\. =5 . :“.. %
1 T 1 ] T T 1 T 1 T
20 40 60 80 100 128 148 168 180 208
ErlilroseilL sBsB-BrEI rosollv s wyooxr cllarBLL 1vlla s BRI -BrBRr scscscTorTLTTSELEPEDF Allyyc 0o YIMBFE T F COGTKVE KR TVAAPSVF TFPPSDEQLKSCTASYVC LLNNFYPREAKVOWKVDNALOSGNSOESYTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC EVTHOGLSSPYTKSFNRGE
[ S = B > [ iE > i T > [ E =
[ oL >
1 1 1 ] T T T T T T
20 48 [ 20 108 120 148 168 180 208
0 0 T T T T T e T T T T S T AR T
EVOLVES! LVOPCCSLRLSCAASCFTF SDSWIHWVROAPCKCLEWVAWL SPYCGSTYYADSVKGRFTISADT SKNTAYLOVNSLRAEDTAVYY! ARR*H\XIJ ~=-GFDYWGOGTLVTVSSASTKGPSYFPLAP S SKSTSCCTAALGCLVKDYFPEPYTVSWNSCAL TSCVYHTFPAVLOSSCLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDRKVEPKSCOKTHT CPPCPAPELLCGP SYFLFPPKPKDTLMISRTPEVT CVVVDYSHEDPEVKFNWYVDCVEVHNAKTKPREEQYASTYRVYSVL TVLHODWLNCKEYK CKVSNKALPAP TEKTI SKAKCOPREPOYYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNCOPENNYKTTPPYLDSDCSFFLYSKLTVDK SRWOOGNVF SCSYMHEALHNHYTOKSLSLSPCK
E > e = E 4 ) E—E— =z E\ [ E > E > o — o — —E >

LVOPGGSLRLSCAAS F\an{n’h‘vﬁ\,m‘ K LEWVJ.I- .WIDJIK RF\I;ID'(\..VL, HSLRAEDTAVYY! AH‘\' -FDV\\‘ OGTLVTVSSASTKGPSVFPLAPSSKST TAALGCLVKDYFPEPVTVSWNSGALTSCVHTFPAVLOSSGLYSLSSVVTVRSSSLGTOTYT ‘,V‘.HKI-J.IKVDKiVEI-K, DKTHTCPP \-A\'E. PSVFLFPPKPKDTLMISRTPEVT CVVVDWSHEDPEVKFNWYVDC VEVH‘-.AK\K}-REE,VI' TYRVVSVLTVLHODWLNCKEYK KV:"KALI'-AIIEKII:KAK QPREPOVYTLPPSREEHTKNOVSLTCLVKGFYPSDIAVEWE PENNYKTTPPYLDSDGSFFLYSKLTVDKSRW VFSCSYYHEALHNHYTOKSLSLSPCK
- >

O Fig. 4. For root cause/IRA analysis, the same microarrays were screened with recombinant HLA class |l
constructs, followed by a validation assay.

Due to space limitations, here we show the screening results only for (A) HLA-DRB1:0101 which is known to
be associated with the risk of developing ADA, and specifically NAb, in patients treated with Atezolizumab-.
(B) The intensity plot highlights the interactions of recombinant soluble HLA-DRB1:0101 protein assayed at
a concentration of 30 pg/ml.

(C) To be able to visualize the immunogenic regions more clearly, we aligned the heavy and light chains of
these inhibitors and integrated the epitope data from our chip-based MAPPS assay (blue). We found out 4
additional T-cell epitope candidates (red) on Atezolizumab amino acid sequence. These epitope candidates
are being further validated in T-cell suppression and activation assays with the corresponding synthetic pep-
tides.

Result: Our ranking aligns with existing literature, which indicates a significantly higher incidence of
ADA formation for Atezolizumab (39.1%) compared to Durvalumab (2.9%)*. Inclusion of treatment-naive
patients and healthy donors in the analysis would be advantageous for distinguishing preexisting and
treatment-emergent ADAs.
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