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Background/Purpose: Available drugs to treat autoimmune diseases are indiscriminate,
suppressing self-reactive and protective immune responses alike. This lack of therapeutic precision
results in infection and excess mortality. CD19-CAR-T cells have demonstrated remarkable potency in
the treatment of severe autoimmune diseases, but are resource intensive, broadly
immunosuppressive, and require cytotoxic therapy (“conditioning”). In contrast, precision therapies
that can eliminate autoreactive B cells with selectivity have the potential to treat, control, and prevent
autoimmune diseases without impairing protective immunity. Here, we aimed to develop an “off-the-
shelf” precision immunotherapy, bispecific autoantigen-T cell engaging (BaiTE) antibodies, for the
treatment of APS. We hypothesized that BaiTEs can redirect T cells to selectively eliminate
autoreactive B cells against beta-2 glycoprotein | (B2GPI), a key driver in APS.

Methods: Ramos B cells were CRISPR-Cas9-edited to replace their B-cell receptors (BCRs) with anti-
B2GPI BCRs cloned from APS patients. BaiTEs, fusion proteins comprising truncations of the APS
autoantigen B2GPI (DI, DI-l, DI-Ill, DI-IV, DI-V) and anti-CD3 single-chain variable fragments (scFvs),
were cloned and expressed in mammalian cells. Binding of BaiTEs to anti-B2GPI B cells, T cells, and
CD3&/e was quantified. B2GPI was mutated to eliminate off-target binding. BaiTE affinities to
immobilized BCRs were determined by surface plasmon resonance (SPR). The potency and specificity
of BaiTEs against anti-B2GPI Ramos B cells were interrogated in co-culture. Cytotoxicity was
quantified by flow cytometry, live-cell imaging, and cytokine assays. Autoantibody depletion was
measured by ELISA.

Results: We engineered BaiTEs to selectively bind anti-B2GPI BCRs in APS, thereby redirecting T cells
to kill autoreactive B cells (A-B). Binding of BaiTEs to T cells was dependent on TCR expression/CD3¢e
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(C). Optimized B2GPI-BaiTEs specifically bound anti-B2GPI Ramos B cells (D). Binding affinities (Kp) to
immobilized anti-B2GPI BCRs by SPR were 1.5-20 nM, ~1000-fold higher than reported for anti-B2GPI
antibodies (E). BaiTEs selectively eliminated IgG, IgA, and IgM anti-B2GPI B cells in a dose-dependent
manner but spared normal B cells (F). Cytotoxicity induced by BaiTEs did not require exogenous
cytokines and was observed at low BCR densities. Interferon-y release was only observed with anti-
B2GPI B cells (G). Treatment with BaiTE eliminated patient-derived anti-B2GPI B cell clones (H) and
abrogated autoantibody production (l).

Conclusion: We developed an off-the-shelf precision immunotherapy, BaiTE, for the antigen-specific
depletion of autoreactive B cells in patients with APS. BaiTEs selectively eliminate anti-B2GPI B cells—
pathogenic drivers of thrombosis and fetal loss—in a dose-dependent manner, whilst sparing normal
immune cells. BaiTEs overcome fundamental limitations of current drugs by combining the exquisite
potency of T cell-engaging antibodies with therapeutic precision. These antigen-specific
immunotherapies are disease-specific, maximally scalable, and promise a future of treating
rheumatic diseases without increasing the risk of infection.
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Figure. (A) Bispecific autoantigen-T cell engaging (BaiTE) antibodies are antigen-specific protein immunotherapies designed to
redirectT cells to eliminate autoreactive B cells that drive autoimmune diseases. (B) By fusing T cell-engaging antibody fragments to
one or more domains of the APS autoantigen B2GPI, BaiTEs redirect a patient’s T cell to selectively bind autoreactive, anti-B2GPI B
cells in APS via their B cell receptor (BCR) (C) B2GPI-BaiTEs bind to human T cells (histogram, teal), but not CRISPR-edited TCR
knock-out (TCR KO) cells (histogram, light grey). The right graph shows binding of a representative BaiTE to human CD36/¢ heterodi-
mer. (D) Native B2GPI-BaiTE (left panel) binds to anti-B2GPl Ramos B cells (red). but at supratheraneutic drua concentrations shows
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off-target binding to wild-type (wt) Ramos cells expressing irrelevant BCR (orange). In contrast, engineered B2GPI-BaiTE shows
selective binding to anti-B2GPI B cells (red), but does not bind wt Ramos cells (orange) above unstained controls (grey). Mean
Fluorescence Intensities (MFI) are shown. (E) SPR of an exemplary B2GPI-BaiTE against an immobilized, monoclonal anti-B2GPI BCR
from a patient with APS (left); table of equilibrium dissociation constants (K;) from SPR experiments for 3 examplary BaiTEs using one
or more domains of B2GPI and a half-life extended (HLE)-BaiTE are shown (right). (F) Viability (%) of autoreactive, anti-B2GPI DI/l
Ramos B cells (pink) and Ramos B cells with irrelevant BCRs (normal, back circles) in co-culture with T cells and increasing concentra-
tions of B2GPI-BaiTE. (G) Interferon (IFN)-y release by T cells in co-culture with either anti-B2GPI DI/Il Ramos B cells (pink) or normal
Ramos B cells (back circles) at increasing concentrations of B2GPI-BaiTE. (H) Co-culture of a B2GPI-BaiTE with T cells and Ramos single
B cell clones expressing different patient-derived, pathogenic BCRs against B2GPI domain I/Il (P1-117, P1-190) or domain | (P2-6).
Each circle represents a single autoreactive cell clone. (I) Quantification of anti-B2GPI autoantibodies (ELISA) in co-culture superna-
tants of different anti-B2GPI Ramos B cells and T cells incubated with or without B2GPI-BaiTE. **, p<0.01; *, p<0.05.
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