CAR-T engager proteins for the treatment of B cell cancers
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Introduction

ALETA-001 eliminates CD19-negative lymphoma in CAR-19
treated animals: CD19-deficient JeKo-1 Mantle Cell Lymphoma cells

Variations within the anti-CD20 VHH CDR domains
differentially impact binding to CD20: We made mutations within

CAR-T Engagers were designed that contained novel CD20 binding
domains: One of the first B cell-targeting CAR T Engagers we designed

Chimeric Antigen Receptor T cells targeting malignancies expressing CD19
(CAR19) have been widely successful, with products approved to treat B cell
lymphomas (NHL) and B cell leukemia. A major limitation of CAR19 therapy is
the steep relapse rate within 6 months of treatment, often due to the loss or
diminution of tumor cell CD19 expression. ALETA-001 is a CAR-T Engager
protein that contains the CD19 extracellular domain (ECD), an anti-CD20 VHH to
target this second antigen, and an anti-albumin VHH for half-life extension. When
combined with CAR19 T cells, ALETA-001 triggers cytotoxicity through CD19
bound to CD20, thus increasing total target antigen density and preventing relapse
due to loss of CD19 expression. ALETA-001 will enter Cancer Research UKsponsored Phase 1/2 clinical trials in CAR19-treated NHL patients later this year.

(MCL) were implanted into NSG mice and allowed to establish for 4 days
before CAR-19 T cells and research-grade ALETA-001 protein was injected.
The CARs were given once, and the protein dosed 3x weekly until day 31, at
which point dosing stopped and animals were monitored for cancer recurrence.

the CDR2 domains of the anti-CD20 VHH, both singly and in combination.
In addition, we mutated a putative glycosylation site in CDR3. We tested
these for binding to CD20+/CD19- MCL cells.

contained the anti-CD20 antibody leu16 scFv domain. We compared another
VHH-based CAR T Engager (anti-CD20-CD19ECD-anti-albumin VHH) to leu16based Engagers and found much higher potency in the cytotoxicity assay, with a
sub-ng/ml IC50.

Figure 2. In vivo CD19-negative lymphoma model
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Surprisingly, neither the non-conservative substitution of Ser-Pro (SP) with
Trp-Ile (WI) at the CDR2 C-terminal end, nor the glycosylation site
mutation within CDR3 (NPT > DPT) impacted binding to CD20+ cells.
Further, construct #633, with two AA changes retained essentially
equipotent activity with wildtype sequence. Of note, combining the
mutation in CDR3 with the two AA substitution in Construct #633 resulted
in a construct (#637) essentially equipotent with wildtype.

B) Luminesense: Highest dosed cohorts had animals with no detected lumins
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A Thr-Tyr (TY) to Ser-Trp (SW) substitution at the CDR2 N-terminus
drastically reduced binding, as did making 4 and 3 AA changes (#631,
#634) to wildtype CDR2 sequence. Construct #635 with a conservative Cterminal Pro to Thr mutation lost ~five-fold binding.

ALETA-001 is a multifunctional biologic for injection that contains an anti-CD20
llama VHH linked to an optimized CD19 protein and further linked to an antialbumin llama VHH.
Figure 1. Design of the ALETA-001 CAR-T Engager protein.
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• Binds to any CAR19: T cell (autologous, allogeneic), NK, γδ, iPSC, or other.
• 55 KDa monomer utilizes standard biologic production and can be dosed “offthe-shelf”.

• Here we present new data from ALETA-001 preclinical work and
introduce various CAR T Engager proteins that differ in their
components, design and targeted antigens.

Disclosure: all authors are employees and/or stockholders of
Aleta Biotherapeutics Inc.

Figure 4. Impact of CDR mutations made in the anti-CD20 CDRs on
cytotoxicity against CD19-negative MCL cells: Cytotoxicity IC50 tracked
with cell binding EC50, as expected.
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Finally, we developed a novel CAR T Engager targeting the B cell antigen
CD79b using an anti-CD79b scFv.
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Figure 5. CD79b expression on Raji cells, Daudi cells, and the CD19-negative
MCL cell line (JeKo-1-CD19KO): CD79b expression is independent of CD19
expression, as published.
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C) Body weight: All dosed cohorts gained body weight during the study

• ALETA-001 binds to CD20 on B cell tumor cells, displays CD19 on the tumor
cell surface thereby activating anti-CD19 CAR T cells, and binds to albumin,
providing for a long half-life upon injection.
• Aleta-001 increases CD19 antigen density and/or replaces lost CD19
expression by coating cell surface CD20 with CD19.

Table 2. Potency achieved in the cytotoxicity assay using CD20positive/CD19-negative MCL cells.
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Figure 3. Impact of CDR mutations made in the anti-CD20 CDRs on
binding to CD19-negative/CD20-positive MCL cells

Table 1. Summary of mutations made in the anti-CD20 VHH within
the ALETA-001 sequence, and impact on binding and cytotoxicity.
Construct

Sequence

Binding EC50 nM

Cytotoxicity IC50 pM

wild-type

CDR2 ITYSGGSP

0.4

1.1

631

CDR2 ISWSGGWI

none

118

632

CDR2 ISWSGGSP

3.2

9.1

633

CDR2 ITYSGGWI

0.7

2.5

634

CDR2 ISWSGGST

none

25.4

Next, we designed and created novel variants of ALETA-001 including CAR-T
Engagers with alternative anti-CD20 modules.

635

CDR2 ITYSGGST

2.1

5.7

636

CDR3 NPT > DPT

0.25

1.1

Site-directed mutagenesis was used to make ALETA-001 variants. We mutated
the complementary determining regions, CDR2 and/or CDR3, within the antiCD20 VHH. The novel CAR-T Engager Proteins were evaluated for binding to
CD19-negative/CD20-positive lymphoma cells and for cytotoxicity against
those cells in the presence of CAR19 T cells.

637

#633 + #636 changes

0.8

4.3

These data suggest curative benefit of ALETA-001 + CAR19 T cells in the
absence of CD19 expression on lymphoma cells. Of note, the research grade
preparation of -001 was found subsequently to half a short T1/2 of < 8 hours.
Optimization of fermentation conditions has yielded a protein form with a
much longer T1/2.

Several of these mutated CAR T Engager proteins are being evaluated
for impact or improvement in biophysical features.

Figure 6. Binding and cytotoxic activities of the anti-CD79b-CD19ECD CAR
T Engager: The CD79b-targeting CAR T Engager binds to and kills JeKo-1CD19-negative MCL cells with a sub-nM EC50 and IC50, respectively. The
cytotoxicity assay was performed using the protein titration and with CAR19 T
cells and target cells added at a 1:1 E:T ratio.
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In conclusion these results demonstrate the promise of our CAR T Engagers in
improving CAR19 T cell therapy by increasing antigen density and preventing
relapse, and further illustrate the robust and modular nature of the technology.
Finally, we are developing potent, multi-antigen CAR T Engagers that will allow
any CAR19 to “see” CD19, CD20 and CD79b simultaneously.

