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Target Recognition Domains of CAR-T Cells



Conventional Hybridoma Technology

Potential Limitations

• 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

• Antibodies are not human 

Phage display technology







2018 Nobel Prize in Chemistry for Phage Display
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Phage Display Platform
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Constructs



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

Heavy Chain Only Camelid AbsConventional Camelid Abs

Majzner Cancer Disc 8:1219, 2018

• 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



BIOS excise
band

Methods of Panning Phage Display Libraries



Case Study: CAR-T therapy for medullary thyroid cancer

Bhoj et al. Molec Ther: Oncolytics 20:387, 2021

• 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

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

Identify a target
(patient-specific)
(MTC-specific)
(C cell-specific)

Make an antibody Make a CAR-T



RNAseq of patient tumor

What is GFRα4?



RET signaling in normal vs. malignant parafollicular cells

RET/GFRA4/PSPN heterohexamers RET homodimers



What is GFRα4?



Expression of GFRα4
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1Peng et al. J Mol Biol 429:2954, 2017
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Binding Specificity of 2 Unique anti-GFRα4 Abs

P4-10
GFRα4b

GFRα4a



Identify a target
(patient-specific)
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(C cell-specific)

Make an antibody Make a T-cell
CAR



P4-10 CAR-T Cells Specifically Respond to GFRα4 In Vitro

19bbz

NTD

P4-10bbz

GFP

SS
C

Media TT MZ-CRC1K562
CD19

GFRα1
protein

GFRα2
protein

GFRα3
protein

GFRα4
protein OKT3

NFAT-GFP reporter Jurkat cells



Anti-GFRα4 CARs Kill MTC in vitro

Activity in vivo?



Anti-GFRα4 CARs Kill MTC in Murine Model



Final Step: Humanization of P4-10
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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 naïve 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 GFRα4 target identification to anti-
GFRα4 scFv’s to construction of GFRα4 CAR-T cells to 
completion of initial in vitro target cell killing assays
– 2½ 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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