In vivo anti-BCMA CAR-T for the treatment of
plasma cell disorders
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Abstract

Introduction

Over the last decade, Chimeric Antigen Receptor T (CAR-T) cells have
transformed the treatment of hematological cancers, particularly multiple
myeloma. Building on this success, strategies enabling in vivo generation
of CAR-T cells have advanced rapidly into the clinic, with several
additional trials expected to initiate this year. In vivo delivery of mRNA
using targeted lipid nanoparticles (tLNP) enables rapid and transient
engineering of patient T cells without the need for ex vivo manipulation,
expansion, or lymphodepleting conditioning. The transience of this
approach is particularly well suited for non-malignant indications, where
ex vivo therapies may present undue risk and treatment burden to
patients.

Leveraging the tLNP platform developed at Aera, we generated an in vivo
CAR-T candidate targeting B Cell Maturation Antigen (BCMA) for the
treatment of plasma cell disorders.

Methods

A lead anti-BCMA CAR was identified from a combinatorial library for its
high potency and cross reactivity to human and cynomolgus BCMA
expressing cells. The library was comprised of anti-BCMA scFvs in the
context of 3 hinge domains combined with a fixed transmembrane-
stimulatory-co-stimulatory domain cassette. To evaluate CAR expression,
MRNA encapsulated in our proprietary CD8 targeted tLNP was delivered
to resting T cells in vitro which were stained with recombinant BCMA. To
evaluate cytotoxic activity, the CAR-T cells were cultured with cell lines
endogenously expressing BCMA, as well as cell lines engineered to
express either human or cynomolgus BCMA at various E:T ratios. In vivo
activity was evaluated in humanized, BCMA* tumor-bearing NSG mice.
In mice, total tumor burden was monitored twice weekly by luminescent
imaging following tumor inoculation, T cell engraftment and tLNP dosing.
Results

In vitro, we observed high surface expression of the CAR on both human
and cynomolgus T cells. Co-culture with BCMA-expressing target cells
resulted in dose-dependent target cell killing and demonstrated the
species cross-reactivity of our lead CAR. This activity is antigen
dependent, as BCMA negative cells were unaffected by anti-BCMA CAR-
T cells. In mice, a three-dose cycle of the tLNP containing anti-BCMA
CAR mRNA controlled tumors through the duration of the study.

Figure 1: tLNP platform enables non-viral, non-
integrating in vivo delivery mRNA to cytotoxic T cells
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Figure 1. Aera’s tLNP uses a proprietary ionizable lipid and base composition engineered for high-
efficiency delivery to T cells with liver detargeting. Anti-CD8 targeting moieties functionalized on the
particle surface enable specific in vivo delivery to cytotoxic T cells, eliminating the need for ex vivo
manipulation and supporting a conditioning-free treatment approach. The encapsulated mRNA is
optimized for durable, high-level expression in both resting and activated T cells.

Figure 2. Combinatorial screening of anti-BCMA CAR constructs via
tLNP-mediated delivery identifies functional candidates
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Figure 2. A) A combinatorial CAR library was generated by pairing a panel of anti-BCMA scFvs with a panel of hinge
domains and a fixed transmembrane, stimulatory and co-stimulatory domain cassette. B) CAR constructs were delivered to
resting human T cells via CD8 directed tLNP (3ng/25,000 cells). CAR-T cells were co-cultured with the BCMA* human
myeloma cell line NCI-H929 at a 5:1 effector-to-target (E:T) ratio for 72h. Cytotoxic activity is normalized to mock-transfected
controls. C) Interferon gamma (IFN-y) concentration in conditioned medium was quantified as an orthogonal measure of
cytolytic activity. D) Additional screening against a second human myeloma cell line (RPMI-8226) showed strong correlation
in cytotoxic activity, further validating the hits identified from the NCI-H929 screen.

Figure 4: tLNP-mediated delivery of the lead anti-BCMA CAR vyields
potent, antigen-specific, cross-reactive cytotoxicity
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Figure 4. A) Primary human and cynomolgus T cells were transfected with increasing doses of anti-BCMA CAR mRNA via tLNP.
CAR surface expression on resting T cells was assessed by flow cytometry 24h post-transfection. B) Cytotoxic activity of anti-
BCMA CAR-T cells was evaluated by co-culture with BCMA~, human BCMA®, or cynomolgus BCMA*™ NALM-6 cells. C) Multiplex
cytokine analysis of co-culture supernatants revealed comparable cytokine secretion against human and cynomolgus BCMA-
expressing targets, corroborating the potent cross-reactivity demonstrated in B. D) Human T cells transfected with anti-BCMA CAR
MRNA via tLNP were co-cultured with BCMA* human myeloma cell line U266 across a range of effector-to-target (E:T) ratios.
Cytotoxic activity was assessed at 72h.

Figure 3: Secondary screening identifies a potent lead anti-BCMA
CAR with primate cross-reactivity
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Figure 3. A) Twelve top hits from the primary screen were selected based on cytotoxic activity against NALM-6 cells
engineered to express human BCMA. B) CAR-T cells were co-cultured with parental BCMA- NALM-6 (WT), human BCMA*
NALM-6 or NALM-6 cells engineered to express cynomolgus BCMA. The lead construct was selected for high potency against
both human and cynomolgus BCMA-expressing target cells with no detectable activity against the BCMA- NALM-6 cells. C,D)
Quantification of cytokines in conditioned medium confirms the antigen-dependent cytotoxicity of this construct.

Figure 5: in vivo generated anti-BCMA CAR-T cells control tumors in a
murine model of multiple myeloma
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Figure 5. A) NSG mice were inoculated with 3 x 10° U266 cells stably expressing firefly luciferase. On day 4 post-inoculation, mice
received 1 x 107 primary human T cells. Beginning 24h later, mice were treated with a single cycle of three tLNP doses (1 mg/kg
each) administered at 72 h intervals, encapsulating either GFP mRNA (control) or anti-BCMA CAR mRNA. B) Tumor burden was
monitored longitudinally by bioluminescence imaging (BLI). C) Representative images from BLI.

Conclusions

* AtLNP-enabled combinatorial screen identified a highly potent, human/cynomolgus cross-reactive anti-
BCMA CAR from a diverse library of scFv and hinge domain variants.

* The lead anti-BCMA CAR exhibits robust cytotoxicity across a range of effector-to-target ratios in an antigen
dependent manner.

* Asingle cycle of anti-BCMA CAR-encoding mRNA delivered via CD8-targeted tLNPs controlled tumors in an
NSG xenograft model of human multiple myeloma.

* These data support advancement of this candidate into non-human primate studies and more clinically
relevant disease models, toward a conditioning-free, non-viral CAR-T cell therapy for plasma cell disorders.
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