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Target Recognition Domains of CAR-I Cells
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Conventionalifybridomaiiechnology.

Potential timitations

» Requires animal immunization/
sacrifice

* Limited by natural animal
Immune response

 Labor intensive and expensive

* Long turnaround time (~4-6
months)

 Low yield quantitatively and
qualitatively

SUBCLONE
POSITIVES

« Antibodies are not human

Phage display technology
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2018 Nobel Prize in Chemistry for Phage Display
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Science. 1985 Jun 14,228(4705):1315-7.

Filamentous fusion phage: novel expression vectors that display cloned antigens on
the virion surface.

Smith GP.

Abstract

Foreign DNA fragments can be inserted into filamentous phage gene |ll to create a fusion protein with the foreign
sequence in the middle. The fusion protein is incorporated into the virion, which retains infectivity and displays the
foreign amino acids in immunologically accessible form. These "fusion phage" can be enriched more than 1000-fold
over ordinary phage by affinity for antibody directed against the foreign sequence. Fusion phage may provide a
simple way of cloning a gene when an antibody against the product of that gene is available.
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scFv = single polypeptide chain
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Phage Display Platform

B-CELLS
(HUMAN, MOUSE, MONKEY,
RABBIT, CHICKEN, ETC.)
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Advantages of Phage Display Methods

does not rely on immortalization of lymphocytes
streamlined screening and rapid production

novel panning strategies can help select antibodies
based on functional properties or desired affinity

easily adapted to produce mAbs from virtually any
species (human, rabbit, chicken, monkey,
camelids, mouse, shark, cow)



Advantages of Phage Display Methods

Conventional Camelid Abs

Single chain simplifies library construction

VHH shape and long CDR3 regions bind
conformational epitopes, cavities, clefts

Heavy chain only simplifies design of
multi-specific CAR-Ts
CH3

Heavy Chain Only Camelid Abs

Bicistronic CAR T cell Tandem CART cell Coadministration Cotransduction

T

A single vector encodes two A single vector encodes a CAR T-cell products for two different T cells are modified with two
independent CAR molecules,  bivalent CAR molecule that can  targets are prepared separately but separate vectors, resulting
each recognizing different targets recognize two different targets  administered together or sequentially in a mixed product

Majzner Cancer Disc 8:1219, 2018




Methods offRanning Phage: Display Libranes




Case Study: CAR=I therapy forrmedullanry thyroid cancer
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MTC is ~5% of all thyroid cancers (~3500 new
cases/yr)

Origin is parafollicular. cells calcitonin-producing
cells (“C-cells”)

~50% have metastatic dz at diagnosis and eventually
succumb to dz

Prognosis associated with post-op calcitonin
doubling time in blood
« <25% alive in 5 years with CDT <6 months

TKils that inhibit RET can have activity for dz but
median duration of response of ~15 months

Identify a target — Make an antibody — Make a CAR-T

(patient-specific)
(MTC-specific)
(C cell-specific)

Bhoj et al. Molec Ther: Oncolytics 20:387, 2021
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RNAseq of patient tumor
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RET signalinqg in normal vs. malignant parafollicular cells

RET/GFRA4/PSPN heterohexamers RET homodimers



What 1s GFRa47?

* GFRA4 is part of the
family of GDNF
receptors

3 splice variants ! ! a
exist

GFRada GFRadb

Expression in
humans appears
restricted to normal
C cells

yrold gland
Small intestine

Pancreas

Brain cortex
Cerebellum
Spinal cord
Splean

thal livar
Mammary gland
Uterus

Skeletal muscle

Total brain
Th

Fetal brain

Lindahl et al. J Biol Chem {2001} vol. 276 {12) pp. 9344-51




Expression of GFRa4

Tissue

Cynomolgus
Macaque

MTC

N/A

TT cell line

Thyroid

Parathyroid

Adrenal

Pituitary

Ovary

Thymus

Pancreas

Esophagus

Stomach

Liver

Small Bowel

Colon

Urinary Bladder

Testis

Cerebellum

Cerebral Cortex

Temporal lobe

Frontal lobe

Qccipital lobe

Insula

Pons

Hippocampus

Medulla

Spinal cord




Identify a target Viakeranantiooady, Make a T-cell
(Patient-specific) CAR
(MTC-specific)
C ce oz C)
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Peng et al. J Mol Biol 429:2954, 2017
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Binding Specificity of 2 Unique anti-GERa4 Abs

GFRa1
I non-coated wells iso GFRa2
Bl GFRaia iso GFRa3

iso GFRada
(E GFRa4b iso GFRadb

P4-10 GFRa1
P4-10 GFRa2
P4-10 GFRa3
P4-10 GFRa4a
P4-10 GFRatb

OD{405nm-480nm)

OD(405nm-490nm)
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Identify a target Viake an antibody Viakeranl=cell
(patient-specific) CAR
(MTC-specific)
C ce DE C )




P4-10 CAR-I Cells Specifically Respond to GERo4 /n Vitro
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Anti-GFRa4 CARs Kill MTC In vitro

K562-CD19
K562-GFRa4

10 m o K562-CD19
== NTD
50 50
@~ 19bbz
) I — o %f’f/‘/{ = P4.10bbz
o 10 20 30 0 10 20 30

K562- K562-
GFRada GFRadb K562-GFRa1 K562-GFRa2 K562-GFRa3

% Lysis

0w 0
0 10 20 30

Effector : Target
10 20
Effector : Target

0 10 20 30
o p————

-+ NTD -2 19bbz -~ P4-10bbz

Activity in vivo?



Anti-GERa4 CARs Kill MITC in' Murine Model
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Einal Step: Humanization of P4-10

Heavy chains
P410

CAR25
CAR29

Light chains

P410
CAR25/CAR29

V region germline gene

Rabbit IGHV1S34*01
Human IGHV4-38-2*02
Human IGHV3-48*03

Rabbit IGLV4S4*01

Human IGLV4-69*01

% Human homology

54%
85%
85%

FR1
QSVKESEGGLFKPTDTLTLTCTVSGFSLS
QVQLQESGPGLVKPSETLSLTCAVSGYSIS
EVQLVESGGGLVQPGGSLRLSCAASGFTFS

FR1
QFVLTQSPSVSAALGASAKLTC
QLVLTQSPSASASLGASVKLTC

CDR1
TLSSAHKTYTID
TLSSAHKTYTID

FR2
WVRQAPGNGLEWIG
WIRQPPGKGLEWIG
WVRQAPGKGLEWVS

FR2
WYQQQQGEAPRYLMQ
WYQQQPEKGPRYLMQ

CDR2
AIDNAGTTYYASWAKS
AIDNAGTTYYASWAKS
AIDNAGTTYYASWAKS

CDR2

FR3
RSTITRNTDLHTVTLKMTSLTASDTATYFCAR
RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
RFTISRDNAKNSLYLOMNSLRAEDTAVYYCAR

FR3

KSDGSYTKGT
VKSDGSYTKGT

GVPDRF ADRYLIIPSVQADDEAGYVC

GVPDRFSGSSSGADRYLTISSLQSEDEADYYC

CDR3
VFYDINSGYYLDGMDL
VFYDINSGYYLDGMDL
VFYDINSGYYLDGMDL

CDR3
GADDNGGYV
GADDNGGYV

FR4
WGPGTLVTVSS
WGPGTLVTVSS
WGPGTLVTVSS

FR4
FGGGTQLTVT
FGGGTQLTVL
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Summary

» Antibody phage display can offer a number of advantages over
cellular methods for antibody discovery depending on particular
application

» Use of “single-pot” pre-constructed naive or non-immune
libraries obviate the need for animal or human immunization
and can provide potentially useful antibody fragments to
virtually any antigen very rapidly

e.g., total time from GFRa4 target identification to anti-
GFRa4 scFv’s to construction of GFRa4 CAR-T cells to
completion of initial /in vitro target cell killing assays

— 2> months

« Use of non-conventional heavy chain-only camelid antibody
fragments may offer unique epitope specificities and may better
facilitate multi-specific CAR-T cell design
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