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INTRODUCTION

Modification of a patient's own T cells to carry a chimericantigen 
receptor (CAR) recognising a cancer cell surface antigen can 
promote a specific anti-tumour response and potentially confer 
long-term immunity to cancer. Minimising the risk of triggering an 
inappropriate immune response through unanticipated off-target 
binding of the engineered CAR T cells is essential in ensuring 
patient safety. 

Plasma membrane protein array (PMPA) screening has been 
successfully used to identify key receptors for orphan ligands1 and 
for phenotypic molecules2 as well as detecting potential off-target 
receptor interactions that may impact on the safety profile of lead 
biotherapeuticcompounds. 

Here we describe a PMPA approach for specificity 
screening of whole engineered CAR Tcells as a supportive 
tool in safety assessment of novel cancer immuno-
therapies.

Confirmation screen: All positive 'hits' from the primary screen were 
respottedon fresh slides and retested to confirm the specificity and 
reproducibility of the interactions (n=2 replicate slides per T cell 
line).

MATERIALS AND METHODS

T cells, isolated from healthy donors and engineered to carry an 
anti-CD19 CAR, were provided by bluebird bio, along with donor-
matched untransducedTcell controls. 

All Tcells were labelled with a far-red fluorescent cell dye in order 
to detect interactions with plasma membrane binding partners 
using wŜǘǊƻƎŜƴƛȄΩǎPMPA technology (Figure 1). 

Optimisation of the ratio of Tcells to the underlying HEK293s, as 
well as careful control of washing stringencies, was required to 
develop the technology in order to reliably and reproducibly 
identify specific binding events. 

Primary screens: 13 slides were spotted in duplicate with different 
expression vectors encoding over 4,500 full-length human plasma 
membrane proteins. Human HEK293 cells were overlaid and 
reverse-transfected. Fluorescently labelled T cells were added to 
all 13 slides (n=2 replicate slides per T cell line) and gain of binding 
was detected. 

Figure 1. Overview of the 
Retrogenix PMPA technology.  

Table 1. Human plasma membrane proteins that interact with untransducedT cells as identified by 
PMPA screening όƻƴƭȅ Ƙƛǘǎ ŀōƻǾŜ ΨǾŜǊȅ ǿŜŀƪΩ ƛƴǘŜƴǎƛǘȅ ƘŀǾŜ ōŜŜƴ ƛƴŎƭǳŘŜŘύΦ 

RESULTS

PMPA screening of untransduced T cells against 4,500+ proteins 
identified a core panel of human plasma membrane proteins which 
may mediate CAR-independent interactions between normal T cells 
and human cells, providing a baseline for identifying interactions 
that are specific to engineered CAR T cells (Table 1 & Figure 2). 

Hit (Gene 
symbol)

Name Presumed cognate receptor(s) on T cells
Average 

intensity*
PVR Poliovirus receptor Vitronectin, CD96, CD226, poliovirus strong

CD244 CD244 molecule / SLAM family member 4 CD48 strong
ICOSLG Inducible T-Cell Co-Stimulator Ligand ICOS strong
TNFSF8 TumorNecrosis Factor SuperfamilyMember 8 TNFRSF8/CD30 med/strong
TNFSF4 Tumor Necrosis Factor Superfamily Member 4TNFRSF4 med/strong
SIRPA Signal Regulatory Protein Alpha CD47 med/strong
TNF Tumor Necrosis Factor TNFRSF1A/TNFR1 & TNFRSF1B/TNFBR medium

CD40 CD40 molecule TNFSF5/CD40LG medium
MICB MHC Class I Polypeptide-Related Sequence BNKG2D type II receptor medium
CD97 Adhesion G Protein-Coupled Receptor E5 chondroitin sulfate and CD55 medium
KITLG KIT ligand / SCF KIT weak/med
CD86 CD86 molecule CTLA-4 and CD28 weak

CXADR Coxsackie Virus And Adenovirus Receptor JAML v. weak/weak

Figure 2. Confirmation screen results for untransduced
¢ ŎŜƭƭǎΦ ¢ƘŜ DCt ǎǇƻǘǘƛƴƎ ǇŀǘǘŜǊƴ ƻŦ ŀƭƭ ΨǇǊƛƳŀǊȅΩ tat!  
hits is shown on the left. Specific, reproducible 
interactions  with untransducedT cells are visible on 
the right. 

A clear, additional interaction with the primary target, CD19, was 
observed for all engineered anti-CD19 CAR Tcells screened (Figure 
3). No additional receptor binding to engineered CAR T cells was 
observed in this study, confirming no off-target binding partners 
amongst this extensive library of 4,500 human plasma membrane 
proteins, and no false positives.

CONCLUSIONS

Specificity screening of whole CAR Tcells using PMPA 
technology presents a novel strategy to help de-risk 
immunotherapy development programmes and provide 
supporting data for IND submissions.

Figure 3. /ƻƴŦƛǊƳŀǘƛƻƴ ǎŎǊŜŜƴ ƻŦ  ŀƭƭ ΨǇǊƛƳŀǊȅΩ tat! ƘƛǘǎΦ DCt ǎǇƻǘǘƛƴƎ ǇŀǘǘŜǊƴ ƛǎ ǎƘƻǿƴ ƻƴ ƭŜŦǘ ƘŀƴŘ 
panels. The right hand panels show the specific interaction with CD19 (highlighted in green) in 
addition to the core binding proteins observed for untransduced T cells. 
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