Functional Validation of Single Domain Antibody-Derived CD33 Specific CAR-T Cells
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CAR T cells have exhibited efficacious treatment of hematological malignancies
such as acute myeloid leukemia (AML).

»  Conventional CAR-T cells are generated using single-chain variable fragments
(scFv) derived from two domains (V| and V,;) of monoclonal murine antibodies,
potentially leading to misfolding and anti-CAR immunogenicity.

»  Camelid-derived single domain antibodies (sdAbs) have high thermal stability

and refolding capacity due to their reduced size. Single domain antibodies can
access novel epitopes and exhibit reduced immunogenic potential [1],
suggesting their suitability as binders in CARs.

»  Focusing on CARs targeting CD33, we here validate novel sdAb-derived CARs
(sdCD33CAR) in a semi-automated multi-step process including cell-cell avidity

and compare them to traditional scFv-derived CARs.

METHODS s

»  ~10 vicuia sdAbs were panned against soluble and cell-associated CD33 to
identify distinct sdAb binders by ELISA and FACS. Ten binders were selected,
expressed as soluble human Fc tagged molecules, and screened for affinity by

Octet. Five binders were used for sdCARs with 4-1BB costimulatory domains.

Lentiviral vector (LVV) was generated with a liquid handler to express CARs in
an IL-2 Reporter System (CAR-IRS cells). CAR-IRS cells enable functional CAR
validation by activation-dependent induction of a fluorescent reporter.

CAR-IRS activation was assessed by flow cytometry or continuous IncuCyte®
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» A) Schematic of the CAR structures for single chain variable

fragment (scFv) and single-domain antibody (sdAb) binder
classes. The antigen binding site of scFv CARs contain the variable
regions of antibody heavy and light chains connected through a
flexible linker. The sdAb CARs consist of a single heavy chain
domain. Additional components (hinge, transmembrane region
(TM), co-stimulation, and activation domains) of the CAR
molecule are similar for both classes of binders.

B) CAR screening is semi-automated and allows for 96well plate
throughput: A liquid handler is utilized for lentiviral production
and transduction of IL-2 reporter system (IRS) Jurkat cell lines.
CAR positive IRS cells are enriched to >80% purity. Final read outs
of the screen include antigen-specific CAR activity by live cell
analysis and flow cytometry as well as CAR-IRS cell avidity with
target cell lines.
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Fig. 2. CAR Structure and Screening Platform
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Fig. 3. List of Tested CD33-directed CAR Constructs

Fig. 5. Co-Cultures Indicate Comparable Induction of T cell Activation for both Classes

of CAR Binders
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was followed after MOLM-13 CD33KO co-cultures.
B) Bar graphs of FP2 and CD69 signal on CAR-IRS cells in response to MOLM13 target cell co-cultures. Results indicate the background subtracted difference (delta) in FP2 or
CD69 percentage between WT and CD33KO co-cultures.
C) Kinetic profile of FP2 signal on select CAR-IRS cell lines during co-cultures with MOLM-13 WT cells using IncuCyte® live cell imaging. Profiles demonstrate CAR-IRS activation
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Representative gating strategy to detect FP2 and CD69 signal on CAR-IRS cells after 24hr co-cultures with CD33-expressing MOLM-13 WT target cells. The same gating strategy

Fig. 6. Process of CAR-IRS Avidity Measurements
Utilizing the Z-Movi® Platform

»> Step 1: CD33 expressing target cells (e.g.: MOLM-13 AML
cells) are seeded onto avidity chip and allowed to adhere.

> Step 2: CAR-IRS Cells are fluorescently labeled and
incubated with the target monolayer.

»> Step 3: Aforce ramp is applied, inducing the detachment of
CAR-IRS cells from the target cell layer revealing cell-cell
binding strength and avidity.
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