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Abstract

Background Multiple myeloma (MM) is an incurable plasma cell malignancy with increasing global incidence.
Chimeric antigen receptor (CAR) T-cell therapy targeting BCMA has shown efficacy in relapsed or refractory MM, but it
faces resistance due to antigen loss and the tumor microenvironment. Bispecific T-cell engaging (BITE) antibodies
also encounter clinical challenges, including short half-lives requiring continuous infusion and potential toxicities.

Methods To address these issues, we developed a lentiviral system to engineer T cells that secrete aB7-H3-aCD3
bispecific engager molecules (aB7-H3-aCD3 ENG-T cells). We evaluated their effectiveness against MM cells with vary-
ing B7-H3 expression levels, from B7-H3"9 to B7-H3M9".

Results The aB7-H3-aCD3 ENG-T cells demonstrated significant anti-tumor activity against MM cell lines expressing
B7-H3. SupT-1 cells (B7-H3"9) served as controls and exhibited minimal cytotoxicity from aB7-H3-aCD3 ENGT cells. In
contrast, these engineered T cells showed dose-dependent killing of B7-H3-expressing MM cells: NCI-H929 (B7-H3'*),
L-363 (B7-H3™MedU™) and KMS-12-PE (B7-H3M9M). For NCI-H929 cells, cytotoxicity reached 38.5+7.4% (p=0.0212)

and 54.0+9.2% (p=0.0317) at effector-to-target (E:T) ratios of 5:1 and 10:1, respectively. Against L-363 cells, cytotoxic-
ity was 56.6+3.2% (p <0.0001) and 71.4+5.2% (p=0.0002) at E:T ratios of 5:1 and 10:1, respectively. For KMS-12-PE
cells, significant cytotoxic effects were observed even at an E:T ratio of 1:1, with 27.2+3.7% (p=0.0004), 44.4 +3.7%
(p<0.0001), and 68.6+9.2% (p=0.0004) cytotoxicity at ET ratios of 1:1, 5:1, and 10:1, respectively.

Conclusions These results indicate that aB7-H3-aCD3 ENGT cells could be a promising therapy for B7-H3-positive
MM. They may enhance current MM treatments and improve overall outcomes. Additional preclinical and clinical
research is required to fully assess their therapeutic potential.
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Background

Multiple myeloma (MM) is an incurable hemato-
logic malignancy characterized by the clonal expan-
sion of dysfunctional plasma cells in the bone marrow,
resulting in approximately 106,000 deaths annually
worldwide [1, 2]. Current standard therapies for MM
typically involve a regimen comprising chemotherapy,
steroids, and autologous stem cell transplantation
(ASCT) [3]. Noteworthy progress has been achieved in
MM treatment with the introduction of novel agents
such as proteasome inhibitors (PIs), immunomodula-
tory drugs (IMiDs), and monoclonal antibodies (mAbs),
thus enhancing the life expectancy of MM patients [4].
However, drug resistance remains a significant chal-
lenge, particularly in relapsed/refractory MM (RRMM)
cases [5, 6]. Immunotherapeutic strategies, such as
monoclonal antibodies targeting CD38 (e.g., daratu-
mumab) and SLAMF?7 (e.g., elotuzumab), have emerged
as promising treatments for multiple myeloma. These
strategies target MM cells by inducing antibody-
dependent cellular cytotoxicity (ADCC) and apoptosis
[7, 8]. Additionally, cellular immunotherapies such as
chimeric antigen receptor (CAR) T-cell therapy have
demonstrated efficacy in treating RRMM [9-11]. FDA-
approved CAR T-cell therapies targeting B-cell matura-
tion antigen (BCMA), including idecabtagene vicleucel
(ide-cel) and ciltacabtagene autoleucel (cilta-cel), have
exhibited effectiveness in heavily pretreated RRMM
patients [10-12]. CAR T cell therapies directed against
BCMA have elicited notable responses in the treatment
of MM. Nonetheless, significant challenges persist,
encompassing cytokine release syndrome (CRS), neu-
rotoxicity, and the emergence of therapeutic resistance
(13, 14].

The immunosuppressive tumor microenvironment
plays a pivotal role in MM pathobiology and treat-
ment resistance mechanisms [15]. Consequently, several
immunotherapeutic approaches have been developed to
overcome these challenges [16]. Among them, bispecific
T-cell engagers (BITEs) have gained regulatory approval
and are employed in the treatment of hematological
malignancies [17-22]. BITE are recombinant proteins
comprising antigen-binding antibodies targeting tumor-
associated antigens and T cell-specific CD3 domains,
facilitating T cell activation and tumor cell killing [17].
Blinatumomab, the first FDA-approved BITE (CD19/
CD3), was introduced in 2014 [18, 23] with subsequent
approvals anticipated for Mosunetuzumab and Epcori-
tamab (CD20/CD3) [19, 20], and Teclistamab (BCMA/
CD3) [21]. Despite their efficacy, BITEs exhibit a short
half-life, necessitating continuous systemic infusion,
potentially leading to toxicities and limited biodistribu-
tion [22, 24].
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One promising approach to address these limitations
involves genetic modification and adoptive transfer of T
cells that secrete bispecific engager molecules (ENG T
cells). ENG T cells have shown potential in preclinical
models for solid tumors [25, 26], although data for MM
are currently lacking. In this study, we present the gen-
eration of engineered T cells (ENG T cells) designed to
target the tumor-associated antigen B7 Homolog 3 (B7-
H3 or CD276) in conjunction with CD3. B7-H3, a type
I transmembrane protein consisting of 316 amino acids
[27], is markedly upregulated in diverse malignancies,
including MM, while its expression remains minimal in
normal tissues [28, 29], thereby rendering it a promis-
ing therapeutic target [30]. Reduced B7-H3 expression
in MM correlates with enhanced progression-free sur-
vival, whereas its upregulation is implicated in height-
ened drug resistance and tumor advancement [24]. This
study investigates the anti-leukemia activities of aB7-H3-
aCD3 ENG T cells specific for B7-H3-positive MM cell
lines. Our findings demonstrate their antigen-dependent
activation, tumor cell eradication, and bystander T-cell
recruitment, highlighting their potential as a novel thera-
peutic strategy for MM.

Materials and methods

Cell culture

The human MM cell lines NCI-H929, L-363, and KMS-
12-PE were generously provided by Professor Seiji Okada
from the Center for AIDS Research and Graduate School
of Medical Sciences, Division of Hematopoiesis, Kuma-
moto University, Japan. SupT-1 cell lines, derived from
human T cell lymphoblastic lymphoma, were procured
from the American Type Culture Collection (ATCC)
(Cat# CRL-1942, RRID: CVCL_1714, Manassas, VA,
USA). NCI-H929, L1-363, KMS-12-PE, and SupT-1
cells were cultured in Roswell Park Memorial Institute
(RPMI)-1640 medium (Gibco; Invitrogen Corporation,
Carlsbad, CA, USA) supplemented with 10% heat-inac-
tivated fetal bovine serum (FBS) (Gibco; Invitrogen) and
100 pg/mL of penicillin/streptomycin (Sigma-Aldrich
Corporation, St. Louis, MO, USA). Lenti-X"" human
embryonic kidney (HEK) 293 T cell lines (Takara Bio,
Inc., Shiga, Japan) and HEK293T cell lines were cultured
in Dulbecco’s Modified Eagle Medium (DMEM) (Gibco;
Thermo Fisher Scientific, Waltham, MA, USA) contain-
ing 10% FBS and 100 pg/mL of penicillin/streptomy-
cin. All cell lines were maintained at 37 °C in a 5% CO,
atmosphere.

Construction of aB7-H3-aCD3 bispecific T-cell engager

The bispecific T-cell engager (BITE) construct aB7-H3-
aCD3, targeting B7-H3 and CD3, was designed to incor-
porate a signal peptide followed by the codon-optimized
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cDNA sequences encoding aB7-H3, derived from a
humanized version of the hu8H9 single-chain variable
fragment (scFv) [31], and aCD3 scFv obtained from
OKT3, along with a Gly4Ser linker and a Myc-tag. Syn-
thesis of the aB7-H3-aCD3 BITE construct was con-
ducted by Synbio Technologies, U.S.A. Subsequently,
this construct was cloned into the polyclonal site of the
pCDH-CMV-MCS-EF1-copGFP lentiviral vector (Sys-
tem Biosciences, Palo Alto, USA) using EcoRI and NotI
restriction enzymes, resulting in the generation of the
pCDH-CMV.aB7-H3-aCD3-BITE.EF1-copGEP vector.

Immunoblotting analysis

To assess the expression and secretion of aB7-H3-
aCD3 bispecific T-cell engagers (BITEs), stable cell lines
expressing the aB7-H3-aCD3 BITE were established uti-
lizing the lentiviral vector system. Lentiviral particles car-
rying the aB7-H3-aCD3 BITE constructs were generated
in HEK293T cells. Subsequently, these lentiviral particles
containing the oB7-H3-aCD3 BITE were transduced
into HEK293T cells to generate stable cell lines express-
ing the aB7-H3-aCD3 BITE. These stable cell lines were
cultured in T75 flask with DMEM media (Gibco; Thermo
Fisher Scientific) for 72 h to facilitate the collection of
the secreted BITE protein in the culture supernatant.
Both the HEK293T cells stably expressing aB7-H3-aCD3
BITE and their culture supernatant were harvested.
Whole-cell lysates were prepared using 1% NP-40 lysis
buffer. The extracted proteins from both the lysates and
culture supernatants were separated by 12% sodium
dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE) and subsequently transferred onto a nitro-
cellulose membrane. Following transfer, the membrane
was blocked with 5% skim milk in Tris-buffered saline
and 0.1% Tween-20 (TBST), followed by probing with an
anti-cMyc tag antibody (Clone 9E10, Santa Cruz Biotech-
nology, CA, USA) and a rabbit anti-mouse HRP-conju-
gated secondary antibody. Internal control for whole-cell
lysates was performed using anti-human GAPDH anti-
bodies (Clone 0411; Santa Cruz Biotechnology). The con-
centration of the BITE protein in the culture supernatant
was assessed via immunoblotting and semiquantitative
analysis, with a comparison made to know A20/aCD3
BITE concentrations from a separate research study [32].

Binding assay

The capacity of aB7-H3-aCD3 BITEs to interact with
B7-H3 and CD3 proteins on the cell surface was assessed
using flow cytometry. The binding proficiency of aB7-
H3-aCD3 BITEs to B7-H3 and CD3 proteins was exam-
ined in KMS-12-PE cells and phytohemagglutinin-L
(PHA-L) activated T cells, respectively. Briefly, KMS-
12-PE cells or PHA-L activated T cells were treated with
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100 pL of culture supernatant obtained from HEK293T
cells stably expressing aB7-H3-aCD3 BITEs for 1 h
at 4 °C. Following washing steps, KMS-12-PE cells or
PHA-L activated T cells were incubated with anti-Myc-
fluorescein isothiocyanate (FITC) antibody (Clone
ab1394; Abcam, Cambridge, UK) for 30 min at 4 °C. Sub-
sequently, the fluorescence signal from the monoclonal
antibody was detected by flow cytometry, and compared
to that of untransduced controls.

Lentiviral production

To generate lentiviral particles, the Lenti-X" 293 T cells
were co-transfected with three plasmids: the transfer
plasmid («B7-H3-aCD3 BITE), the structural plasmid
(psPAX2) containing HIV gag-pol genes, and the enve-
lope plasmid (pMD2.G) containing the VSV-G gene, at
a ratio of 5:3.5:1. This was done using the calcium phos-
phate precipitation method. After 48- and 72-h post-
transfection, culture supernatants containing lentiviral
particles were harvested and filtered through a 0.45 pm
membrane to eliminate cellular debris. The viral particles
were subsequently concentrated via high-speed centrifu-
gation at 20,000xg for 180 min at 4 °C and stored at 4 °C
for future investigations.

T cell isolation and transduction

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from healthy donors via density gradient centrifu-
gation using Lymphocyte Separation Medium (Corning,
Inc., New York, NY, USA). Subsequently, PBMCs were
seeded in culture dishes to facilitate the adhesion of unde-
sirable monocytes in AIM-V medium (Gibco, Waltham,
MA, USA) supplemented with 5% human AB serum
(Sigma-Aldrich). T cells were activated for 72 h with phy-
tohemagglutinin-L (PHA-L) at a concentration of 5 pg/
mL (Roche, Basel, Switzerland), along with recombinant
human interleukin (rhIL)-2 (10 ng/mL), rhIL-7 (5 ng/
mL), and rhIL-15 (20 mg/mL) (Immunotools, Friesoythe,
Germany). Following activation with PHA-L, T cells were
transduced with lentiviruses and subjected to spinocula-
tion at 1200g for 90 min at 32 °C in the presence of 10 pg/
mL protamine sulfate (Sigma-Aldrich). Transduced T
cells were then cultured in a medium supplemented
with rhIL-2 (10 ng/mL), rhIL-7 (5 ng/mL), and rhIL-15
(20 mg/mL). The expression of aB7-H3-aCD3 BITEs on
transduced T cells was evaluated using flow cytometry 48
or 72 h after post-transduction.

Flow cytometry

To assess B7-H3 surface expression, the cell lines under-
went a sequential procedure: initial washing followed by
staining with a primary B7-H3 antibody (F-11) sourced
from Santa Cruz Biotechnology, Inc. (catalog number
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sc-376769), conducted at 4 °C for 60 min. Subsequently,
they were rinsed with 2% FBS/PBS and incubated with
an Alexa Fluor 488 conjugated secondary antibody for
30 min. Evaluation of HEK293T cells, constitutively
expressing aB7-H3-aCD3 BITE, and determination of
the transduction efficiency of aB7-H3-aCD3 ENG T cells
were performed by detecting CopGEFP, integrated within
the construct, using a fluorescent filter set at FITC. The
T-cell phenotype characterization involved staining with
various antibodies, including anti-CD3-APC (Clone
UCHT-1), anti-CD3-PerCP (Clone UCHT-1), anti-CD4-
PE (Clone MEM-241), anti-CD8-APC (Clone UCHT-4),
anti-CD16-APC (Clone 3G8), anti-CD19 APC (Clone
LT19), and CD62L-PE (Clone HI62L), all procured from
ImmunoTools GmbH (Friesoythe, Germany). Addition-
ally, anti-CD56-PE (Clone AB_2563925) and anti-45RA-
PE-Cyanine7 (Clone HI100) were acquired from
BioLegend (CA, USA) and eBioscience (San Diego, CA),
respectively. Assessment of T cell exhaustion was con-
ducted via the following antibodies: anti-PD-1-PE (Clone
EH12.2H7), anti-LAG3-PE (Clone C9B7W), and anti-
TIM3-PE (Clone F38-2E2), obtained from BioLegend.
Following a 30-min incubation with monoclonal antibod-
ies in the dark at 4 °C, cells underwent two washes before
analysis on a BD Accuri C6 Plus Flow Cytometer (BD
Biosciences, Franklin Lakes, NJ, USA). Flow cytometry
data analysis was performed using FlowJo 10.0 software
(FlowJo LLC, Ashland, OR USA).

Immunofluorescence assay (IFA)

Cell suspensions of SupT-1, NCI-H929, L-363, and KMS-
12-PE cell lines were prepared and spread onto slides,
followed by fixation with 100% methanol at —20 °C for
10 min, and subsequent washing with 1 X phosphate-buft-
ered saline (PBS). Following fixation, the cells underwent
incubation with B7-H3 Antibody (F-11) (Santa Cruz Bio-
technology, Inc., catalog number sc-376769) at a dilution
of 1:100 for 60 min at room temperature (RT), or with an
isotype control (anti-mouse IgG2a antibody produced
in goat). Subsequently, the cells were incubated with an
Alexa Fluor 488-conjugated secondary antibody (dilution
1:1000) containing Hoechst 33342 (dilution 1:5000) at RT
in darkness for 60 min. Post-incubation, the cells were
washed and observed, and images were captured using
confocal microscopy. The percentage of HEK293T cells
stably expressing aB7-H3-aCD3 BITE was evaluated by
assessing copGFP, which was tagged in the construct, and
images were captured using confocal microscopy.

Flow cytometry-based cytotoxicity and proliferation
activity

The target cells were labeled with 0.75 uM of Cell-
Tracker Orange CMRA Dye (Thermo Fisher Scientific).
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Co-culture assays were conducted by incubating aB7-
H3-aCD3 ENG T cells and un-transduced T cells (UTD
T) with CMRA-labeled target cells for 24 h at effector
to target (E:T) ratios of 1:1, 5:1, and 10:1. Subsequent to
co-culturing, counting beads (123count " eBeads Count-
ing Beads; Thermo Fisher Scientific) were introduced to
each sample to facilitate the quantification of the absolute
number of target cells through flow cytometry analysis,
adhering to the manufacturer’s protocol. The percent-
age of tumor cell cytotoxicity was calculated using the
formula: (1—(target cells in each condition/target cells
alone at the indicated time))x100. To evaluate prolif-
eration activity, aB7-H3-aCD3 ENG T cells and UTD T
cells were labeled with 5 pM CellTrace Far Red dye (Inv-
itrogen) and co-cultured with target cells at an E:T ratio
of 5:1 in the absence of exogenous cytokines. Following
5 days of co-cultivation, CellTrace "Far Red (CTER) dilu-
tion attributable to cell proliferation was assessed by gat-
ing the lymphocyte population using flow cytometry.

Cytokine production

aB7-H3-aCD3 ENG T cells and un-transduced T cells
(UTD T) were co-cultured with target cells at a 5:1 E:T
ratio in a serum-free medium for 24 h. Subsequent to
co-cultivation, culture supernatants were harvested, sub-
jected to centrifugation to remove cell debris, and pre-
served at —20 °C. The concentrations of cytokines within
the culture supernatants were assessed utilizing the LEG-
ENDplex " Human CD8/NK cell panel (#741065, BioLe-
gend), facilitating the simultaneous quantification of 13
human cytokines and proteins, comprising IL-2, 1L-4,
IL-6, IL-10, IL-17A, IFN- y, TNEF- «, soluble Fas, soluble
FasL, granzyme A, granzyme B, perforin, and granulysin,
through the Cytokine Bead Array (CBA) methodology,
following the manufacturer’s instructions. The samples
were analyzed using a CytoFLEX flow cytometer (Becton
Dickinson (BD) Biosciences, New Jersey, USA).

Cytotoxic activity of bystander T cells

The target cells were labeled with 0.75 pM of Cell-
Tracker™ Orange CMRA Dye (Thermo Fisher Scien-
tific). Co-culture assays were conducted by incubating
PHA-L activated T cells with CMRA-labeled target
cells at E:T ratios of 1:1, 5:1, and 10:1 and adding cul-
ture supernatant from either parental HEK293T cells
or HEK293T cells stably expressing aB7-H3-aCD3
BITEs with varying volume for 24 h. Following co-cul-
tivation, counting beads (123count” eBeads Counting
Beads; Thermo Fisher Scientific) were introduced to
each sample to facilitate the quantification of the abso-
lute number of target cells via flow cytometry analysis,
following the manufacturer’s protocol. The percentage
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of tumor cell cytotoxicity was calculated using the for-
mula: (1 — (target cells in each condition/target cells
alone at the indicated time)) x 100.

Statistical analysis

The effects of various factors on the measured vari-
ables were thoroughly analyzed using Student’s t-tests,
one-way ANOVA, and two-way repeated-measures
ANOVA. To identify pairwise differences between
group means, Tukey’s post hoc tests were applied.
Each experiment was performed in triplicate (N=3)
or with additional groups to ensure data reliability and
reproducibility. Statistical significance was defined
as p<0.05 for all analyses. Results are reported as
means + standard error of the mean (SEM). All statis-
tical analyses were conducted using GraphPad Prism
10.0 (GraphPad Software, San Diego, CA, USA).

A SupT-1 NCI-H929
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Results

Cell surface expression of B7-H3 of target cell lines

The cell surface expression of B7-H3 was assessed in vari-
ous target cell lines, namely multiple myeloma (MM) cell
lines NCI-H929, L-363, and KMS12-PE, utilizing flow
cytometry and immunofluorescence assay (IFA) with
the specific B7-H3 antibody (F-11). The B7-H3 negative
expression cell line, SupT-1, derived from lymphoblas-
tic lymphoma (T lymphoblast), served as a comparative
control. Flow cytometric analysis revealed distinct lev-
els of B7-H3 surface expression. Notably, SupT-1 exhib-
ited negligible surface B7-H3 expression (4.2+0.2%),
contrasting starkly with the MM cell lines NCI-H929,
L-363, and KMS-12-PE, which manifested surface
B7-H3 expressions of 30.7+0.9% (p<0.0001), 76.0+1.5%
(»<0.0001), and 98.3+0.6% (p<0.0001), respectively
(Fig. 1A, B). Additionally, the surface expression of B7-H3
in MM cells was corroborated using immunofluorescence
assay (IFA), where green fluorescence denoted B7-H3 on
the cell surface, and blue fluorescence represented the
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Fig. 1 B7-H3 expression in cell lines. The expression levels of B7-H3 were evaluated through flow cytometry and immunofluorescence assay (IFA)
across a spectrum of cell lines, encompassing a non-multiple myeloma (non-MM) cell line (SupT-1) and multiple myeloma (MM) cell lines (NCI-H929,
[-363, and KMS-12-PE). A Flow cytometry histogram illustrating surface B7-H3 expression relative to an isotype control (light gray). B Quantification
of the percentage of cells positive for B7-H3 expression. C Immunofluorescence assay (IFA) depicted surface expression of B7-H3 in SupT-1,
NCI-H929, 1-363, and KMS-12-PE cell lines. Anti-B7-H3 staining, followed by Alexa fluor 488-conjugated secondary antibody, is represented in green,
while nuclear staining using Hoechst 33342 is denoted in blue. The data were derived from three independent experiments (N=3) and are
presented as the mean, £ standard error of the mean (SEM). Statistical significance was determined using one-way analysis of variance (ANOVA)

with Tukey’s post-hoc test (*p <0.05, **p <0.01, ***p < 0.001, ****p < 0.0001)
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cell nuclei (Fig. 1C). These findings concurred with flow
cytometry results, delineating SupT-1 as B7-H3 negative,
NCI-H929 as exhibiting low B7-H3 expression, L-363
as manifesting medium to high B7-H3 expression, and
KMS-12-PE as displaying high B7-H3 expression on the
cell surface (Fig. 1C).

Construction lentiviral vector expressing aB7-H3-aCD3
BITE

To generate an aB7-H3-aCD3 bispecific T cell engager
(aB7-H3-aCD3 BITE) targeting the B7-H3 antigen on
tumor cells and CD3 on T cells, we employed restric-
tion endonuclease cleavage and cloning methodologies
to construct a lentiviral plasmid harboring the cDNA
encoding the aB7-H3-aCD3 BITE protein. Figure 2A
illustrates the schematic representation of the aB7-H3-
aCD3 BITE lentiviral transfer plasmid. The oB7-H3-
aCD3 BITE was engineered under the control of the
cytomegalovirus (CMV) promoter, incorporating the
humanized aB7-H3 single-chain variable fragment (scFv)
derived from Ahmed, M. et al. (hu8H9) [31], linked to the
aCD3 scFv sequence (obtained from the OKT3 aCD3
monoclonal antibody) via G4S linkers (L). This construct
was then fused in frame with the Myc tag sequence, fol-
lowed by the inclusion of a copGFP reporter driven by
the EF1 promoter at the 3’ terminus. Additionally, we
utilized AlphaFold for protein structure prediction from

A

5 UTR _@>l aB7-H3 scFv aCD3 scFv 3’ UTR

B c-Myc tag

aB7-H3 scFv

aCD3 scFv
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the respective protein sequences (Fig. 2B). The Alpha-
Fold model provides confidence estimations in the form
of predicted local Distance Difference Test (IDDT) scores
per residue [33]. The IDDT score is a superposition-free
metric ranging from 0 to 100, indicating the fidelity of the
protein model to the reference structure [34]. The overall
confidence for the entire protein chain (pIDDT) is deter-
mined by averaging all residues-specific IDDT scores. A
graphical representation of the aB7-H3-aCD3 BITE con-
structs, segmented according to aB7-H3 scFv and aCD3
scFv and individually superimposed onto the target
structure, is presented. The color scheme of the model
corresponds to pIDDT scores, with sky blue denoting
confident values and navy blue representing exceedingly
high values of IDDT.

aB7-H3-aCD3 BITE expression, secretion, and binding
proficiency

To assess the protein expression of aB7-H3-aCD3 BITE,
the aB7-H3-aCD3 BITE plasmid was utilized to pro-
duce lentivirus in HEK293T cells. Subsequently, the len-
tivirus harboring aB7-H3-aCD3 BITE was transduced
into HEK293T cells to establish stable cell lines express-
ing aB7-H3-aCD3 BITE. Initial examination via flow
cytometry revealed CopGFP expression in transduced
cells (Fig. 3A), and subsequent analysis involved captur-
ing brightfield and fluorescence images using MuviCyte

Signal peptide

Gly,Ser linker
l c-Myc tag

I rIDDT = Very low (<50)
[_] pIDDT = Low (60)

[ pIDDT = Ok (70)

] pIDDT = Confident (80)
I »!DDT = Very high (>90)

Fig. 2 Constructs of aB7-H3-aCD3 BITE. A lllustration depicting the lentiviral plasmid construct encoding aB7-H3-aCD3 BITE,
including the incorporation of a myc-tag and copGFP fluorescent protein. (B) AlphaFold prediction and resultant protein structure visualization

for aB7-H3-aCD3 BITE
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(Fig. 3B). The findings demonstrated a copGFP green
fluorescence expression of 99.9% with a mean fluores-
cence intensity (MFI) of 2.6x10° in HEK293T cells sta-
bly expressing aB7-H3-aCD3 BITE (Fig. 3A). Moreover,
these stably expressing cells exhibited copGFP green
fluorescence uniformly across all areas compared to
brightfield images (Fig. 3B). Immunoblotting analysis
employing an anti-c-Myc antibody confirmed the expres-
sion of aB7-H3-aCD3 BITE protein at 55 kDa in both cell
lysate and culture supernatant of HEK293T cells stably
expressing aB7-H3-aCD3 BITE (Fig. 3C and D), with a
concentration of 45.8 pg/mL detected in the supernatant
(Additional file 1). This observation indicates successful
translation and secretion of aB7-H3-aCD3 BITE into
the culture supernatant. Further characterization of the
secreted aB7-H3-aCD3 BITE involved assessing its bind-
ing affinity towards target molecules. The binding ability
of aB7-H3-aCD3 BITE was evaluated using B7-H3-ex-
pressing KMS-12-PE cells (Fig. 3E), and CD3" PHA-L
activated T cells (Fig. 3H). Following incubation with
aB7-H3-aCD3 BITE, both KMS-12-PE cells and CD3*
PHA-L activated T cells exhibited positive cell surface
presence of aB7-H3-aCD3 BITE, as evidenced by anti-
c-Myc tag antibody staining and flow cytometry analysis
(Fig. 3F, G, L, J). The results indicated specific binding of
aB7-H3-aCD3 BITE to B7-H3 and CD3, with binding
percentages of 63.3+0.3% and 93.7+0.3%, respectively,
compared to parental HEK293T cells (10.0+1.3% and
9.6+0.3%), all with statistical significance (p<0.0001).
These findings suggest the specificity of aB7-H3-aCD3
BITE in binding to both B7-H3 on KMS-12-PE cells and
CD3on T cells.

Development and characterization of aB7-H3-aCD3 ENG T
cells

The present study outlines the production of T cells engi-
neered to secrete aB7-H3-aCD3 BITE through lentiviral
transduction of primary human T cells using lentiviral
particles carrying genes encoding the respective BITEs.
Transduction efficiencies were evaluated by quantifying
copGFP expression in T cells, revealing that 4.2 +0.4% of

(See figure on next page.)
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untransduced T cells (UTD T) expressed aB7-H3-aCD3
BITE, while 90.1+3.8% of T cells expressed the construct
(Fig. 4A, B). Immunophenotypic analysis of aB7-H3-
aCD3 ENG T cells showed that over 90% of the T cell
population expressed CD3 (Fig. 4C). Conversely, the NK,
NKT, and B cell populations were minimal and exhib-
ited no significant differences among the experimental
groups. Subsequent examination of the CD3* population
revealed a higher prevalence of cytotoxic T cells (CD8")
compared to helper T cells (CD4") in both UTD T cells
(65.7+1.9% and 29.4+1.5%, respectively) and aB7-H3-
aCD3 ENG T cells (52.6 £3.4% and 34.4+1.7%, respec-
tively) (Fig. 4D). Analysis of T cell subsets, including
naive/stem cell memory, central memory, effector
memory, and effector function cells, demonstrated sig-
nificantly higher central memory proportions in both
UTD T cells (51.7+3.5%) and aB7-H3-aCD3 ENG T
cells (48.7 £3.6%) compared to PHA-L activated-T cells
(16.5+7.1%), with a p-value of 0.0314 and 0.0425, respec-
tively (Fig. 4E). Additionally, analysis of the exhaustion
marker LAG-3 expression revealed significantly lower
levels in aB7-H3-aCD3 ENG T cells (37.4+6.3%) com-
pared to UTD T cells (58.5+4.9%, p=0.0185). However,
the expression levels of PD-1 and TIM-3 were not sub-
stantially different from those observed in UTD T cells
(Fig. 4F).

Anti-tumor activities of aB7-H3-aCD3 ENGT cells

against multiple myeloma cells expressing B7-H3

This experiment aimed to assess the anti-tumor activi-
ties of T cells engineered to secrete aB7-H3-aCD3 BITEs
against multiple myeloma (MM) cell lines expressing
B7-H3. SupT-1 cells served as negative control target cells
(B7-H3"®), while NCI-H929 (B7-H3'¥), L-363 (B7-H3™
diumy © 5nd KMS-12-PE (B7-H3"M8Y) cells were selected
as MM target cells expressing varying levels of B7-H3.
Target cells were co-cultured with either untransduced
(UTD) T cells or aB7-H3-aCD3 ENG T cells at different
effector-to-target (E:T) ratios (1:1, 5:1, and 10:1) for 24 h,
after which the viability of target cells was assessed using
flow cytometry. Results demonstrated that aB7-H3-aCD3

Fig. 3 Expression, secretion, and binding proficiency of aB7-H3-aCD3 BITE. A Representative histogram depicting copGFP fluorescent

expression in HEK293T cells stably expressing aB7-H3-aCD3 BITE, analyzed via flow cytometry. B Visualization of copGFP expression in HEK293T

cells stably expressing aB7-H3-aCD3 BITE using bright field and GFP-fluorescence images obtained with muvicyte. C Immunoblotting analysis

with an anti-c-Myc tag antibody demonstrating aB7-H3-aCD3 BITE protein presence in cell lysates and D culture supernatants of HEK293T cells
stably expressing aB7-H3-aCD3 BITE. E Histogram illustrating B7-H3 positivity in KMS-12-PE cell line. F Histogram depicting the direct binding
proficiency of aB7-H3-aCD3 BITE to B7-H3 on KMS-12-PE cells. G Bar graph summarizing the percentage of positive cells detected by anti-Myc

FITC. H Histogram showing CD3 positivity in PHA-L activated T cells. I Histogram depicting the direct binding capacity of aB7-H3-aCD3 BITE to CD3
on PHA-L-activated T cells. J Bar graph representing the percentage of positive cells detected by anti-Myc FITC. The data were collected from at least
three independent experiments (N=3) and presented as mean, +standard error of the mean (SEM). Statistical significance was determined using

unpaired Student’s t-tests (*p < 0.05, **p <0.01, ***p <0.001, **** p <0.0001).
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Fig. 4 Generation and characterization of aB7-H3-aCD3 ENG T cells. A Histogram plots demonstrate the transduction efficiency of aB7-H3-aCD3
ENG constructs, expressing anti- aB7-H3-aCD3 ENG protein on T cells isolated from PBMCs of healthy donors, detected by copGFP fluorescence. B
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and TIM-3, in CD3™ cells using flow cytometry. The data were obtained from 4 independent experiments (N=4), and the results are presented

as mean, £ standard error of the mean (SEM). Statistical analyses were performed using unpaired Students't-tests for comparison between two
groups, one-way ANOVA with Tukey's post-hoc test for comparison between three or more groups, and 2-way repeated-measures ANOVA

for the analysis of T cell subsets (*p <0.05, **p <0.01, ***p <0.001, and ****p < 0.0001)

ENG T cells exhibited minimal cytotoxicity against SupT-1
(B7-H3"8) cells compared to control UTD T cells (Fig. 5A).
However, aB7-H3-aCD3 ENG T cells demonstrated dose-
dependent killing of B7-H3-expressing MM cells, including
NCI-H929, L-363, and KMS-12-PE (Fig. 5B-D). The cyto-
toxicity of aB7-H3-aCD3 ENG T cells against NCI-H929

cells reached up to 38.5+7.4% (p=0.0212) and 54.0+9.2%
(p=0.0317) at an E:T ratio of 5:1 and 10:1, respec-
tively, compared to control UTD T cells (14.7+2.1% and
28.1+1.5%), respectively (Fig. 5B). Similarly, the percentage
of cytotoxicity against L-363 cells by aB7-H3-aCD3 ENG
T cells was observed to be up to 56.6+3.2, (p<0.0001)
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Fig. 5 Anti-tumor activity of aB7-H3-aCD3 ENG T cells against B7-H3-expressing multiple myeloma. The killing activities of both untransduced
(UTD) T cells and aB7-H3-aCD3 ENG T cells were evaluated against A SupT-1 (B7-H3"%9), B NCI-H929 (B7-H3'°™), C 1-363 (B7-H3™9U™) and D
KMS-12-PE (B7-H3"9M cells. Co-cultures were maintained at effector-to-target (E:T) ratios of 1:1, 5:1, and 10:1 for 24 h, followed by counting
the remaining target cells using counting beads and analysis by flow cytometry. Data were collected from 4 independent experiments (N=4),
and results are presented as mean, + standard error of the mean (SEM). Statistical significance was determined using unpaired Student’s t-tests

(*p<0.05,**p<0.01, **p <0.001, and ***p < 0.0001)

and 71.4+5.2% (p=0.0002) at an E:T ratio of 5:1 and 10:1,
respectively, compared to control UTD T cells (26.5+1.0%
and 24.4+2.1%), respectively (Fig. 5C). Notably, aB7-H3-
aCD3 ENG T cells exhibited significant cytotoxic effects
against high B7-H3-expressing KMS-12-PE cells start-
ing from the E:T ratio of 1:1, with cytotoxicity reach-
ing 27.2+3.7% (p=0.0004), 44.4+3.7% (p<0.0001) and
68.6+9.2% (p=0.0004) at E:T ratios of 1:1, 5:1, and 10:1,
respectively, compared to control UTD T cells (0.8+0.8%,
2.9+1.9% and 2.6 £ 1.5%), respectively (Fig. 5D).

Stimulation of aB7-H3-aCD3 ENGTT cell proliferation

via co-culture with B7-H3-expressing multiple myeloma
cells

To assess cell proliferation, aB7-H3-aCD3 ENG T
cells were labeled with CellTrace™ Far Red (CTFR) dye
before co-culturing with SupT-1 (B7-H3"®%), NCI-H929

(B7-H3""), L-363 (B7-H3™edm)  and KMS-12-PE
(B7-H3"#M) cells at an effector to target (E:T) ratio of 5:1.
After five days, the reduction in CTER signal within aB7-
H3-aCD3 ENG T cells was quantified using flow cytom-
etry, depicting the histogram of sequential CTFR stain
halving (Fig. 6A, B) and the percentage of CTFR dilution
(Fig. 6C). Experimental results indicated that aB7-H3-
aCD3 ENG T cells did not exhibit significant proliferation
compared to untransduced (UTD) T cells when cultured
alone or with negative (SupT-1) cells (Fig. 6C). However,
co-culture with target cells expressing varying levels of
the B7-H3 antigen (NCI-H929, L-363, and KMS-12-PE)
resulted in significantly enhanced proliferation of aB7-
H3-aCD3 ENG T cells compared to UTD T cells. Spe-
cifically, the proliferation rates of aB7-H3-aCD3 ENG T
cells against the NCI-H929, L-363, and KMS-12-PE cells
were 19.2+3.9% (p=0.0309), 74.4+7.5% (p=0.0003),



Rujirachaivej et al. Journal of Translational Medicine (2025) 23:54

Untransduced T cells

Page 11 of 19

aB7-H3-aCD3-ENG T cells

4.49%

8.27%

SsC

8.25%

Effector cells

17.9%

B e N Rati moed
22.2%

10.3% Alone

20.0% SupT-1 (B7-H3Ne9)

12.5% NCI-H929 (B7-H3low)

91.1% L-363 (B7_H3Medium)

69.0%

FSC CTFRR —» . : : ¢ . : | KMS-12-PE (B7-H3sh)
CTFR
c
100 - * EE
*
§ 75 i
- *
© *
2 . [ untransduced T cells
2 50 -
s . [] aB7-H3-aCD3-ENG T cells
% *
o .
X 25 M M . hd
* *
. LE0 afl oft BB
I I I I
\o(‘e & o ,'béb 3
v %\)Q \g‘ v ,’\q'
@) &
&
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and 49.6+7.1% % (p=0.0045), respectively, compared
to UTD T cells (8.2+0.5%, 17.0+2.3%, and 17.1+1.9%,
respectively) (Fig. 6C).

Cytokine production of aB7-H3-aCD3 ENGT cells

in response to B7-H3 expressing multiple myeloma cells
This study explored cytokine production in response
to B7-H3-expressing multiple myeloma (MM) cells
using SupT-1 (B7-H3"*8), NCI-H929 (B7-H3"°Y), L-363
(B7-H3™edm), and KMS-12-PE (B7-H3"8") cells co-
cultured with untransduced (UTD) T cells or aB7-H3-
aCD3 ENG T cells at an effector-to-target (E:T) ratio of
5:1. Cytokine levels were quantified using LEGENDplex""
Human CD8/NK cell panel Cytokine Bead Array (CBA),
assessing 13 cytokines and proteins after 24 h of co-cul-
ture. The online resource presents the cytokine concen-
trations of aB7-H3-aCD3 ENG T cells compared to UTD
T cells when co-cultured with SupT-1, NCI-H929, L-363,
and KMS-12-PE cells. Results indicated that cytokine
concentrations of aB7-H3-aCD3 ENG T cells against

B7-H3-negative SupT-1 cells were not significantly ele-
vated compared to UTD T cells (Fig. 7). However, in co-
cultures with B7-H3-expressing cells (NCI-H929, L-363,
and KMS-12-PE), levels of IL-2, TNF-a, sFas, IFN-y,
granzyme A, granzyme B, perforin, and granulysin in the
culture media were significantly increased in aB7-H3-
aCD3 ENG T cells compared to UTD T cells. (Fig. 7).
Notably, IL-17A levels exhibited a remarkable increase in
the culture media of aB7-H3-aCD3 ENG T cells co-cul-
tured with B7-H3 expression as KMS-12-PE cells, which
displayed high B7-H3 expression, compared to the UTD
T cells (Fig. 7). Detailed cytokine concentration levels are
provided in Additional file 2.

Cytotoxic activity of bystander T cells

against B7-H3-expressing multiple myeloma (MM) cell
lines

To demonstrate the cytotoxic activity of bystander T cells
redirected by aB7-H3-aCD3 BITEs towards B7-H3-posi-
tive target cells, we conducted experiments using culture
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supernatants of HEK293T cell stably expressing aB7-H3-
aCD3 BITEs. These culture supernatants, with varying
volumes, were mixed with PHA-L activated T cells and
B7-H3-positive tumor cells at three effector-to-target
(E:T) ratios. After 24 h, the absolute number of target
cells was quantified using counting beads. Results indi-
cated that PHA-L-activated T cells with aB7-H3-aCD3
BITEs exhibited minimal cytotoxicity against SupT-1
(B7-H3"*8) cells compared to the negative controls
(Fig. 8A). However, these T cells demonstrated effective
killing of B7-H3-expressing MM cells, including NCI-
H929, 1L-363, and KMS-12-PE, in a dose-dependent
manner (Fig. 8B-D). For instance, the cytotoxicity of
PHA-L-activated T cells with 30 pL of aB7-H3-aCD3
BITE supernatant against NCI-H929 (B7-H3'"") cells
was significantly increased at all E:T ratios (1:1, 5:1,
and 10:1) compared to negative controls, with percent-
ages of 36.5+1.0% (p=0.0357), 52.6+8.1% (p=0.0039),
and 72.3+7.1% (p=0.0306), compared to the negative
control (4.3+1.6%, 11.0+5.6%, 30.1+10.2%, respec-
tively) (Fig. 8B). Similarly, the cytotoxicity against L-363
(B7-H3™ed'm) cells with 30 uL of supernatant was nota-
ble at E:T ratios of 1:1, 5:1, and 10:1, with percentages
of 29.8+3.8% (p=0.0297), 56.8+8.6% (p=0.0318) and
69.8+2.2% (p=0.0002), respectively (Fig. 8C). Notably,
PHA-L-activated T cells demonstrated significant cyto-
toxic effects against KMS-12-PE (B7-H3'&h) cells even
at an E:T ratio of 1:1, with percentages of 39.9+3.0%
(p=0.0075), 43.1+6.0% (p=0.0083), and 59.7+5.4%
(p<0.0001) at E:T ratios of 1:1, 5:1, and 10:1, respec-
tively (Fig. 8D). Interestingly, reducing the volume of the
aB7-H3-aCD3 BITE supernatant to 20 pL significantly
increased target cell destruction compared to the control
group. For instance, at the E:T of 1:1, PHA-L-activated T
cells with aB7-H3-aCD3 BITE supernatant showed effec-
tive killing of high B7-H3-expressing MM cells (KMS-
12-PE) with a percentage of 34.7+1.9% (p=0.0205;
Fig. 8D). When increasing the effector cells to 5:1, these
T cells effectively killed low (NCI-H929; Fig. 8B) and
medium (L-363; Fig. 8C) B7-H3-expressing MM cells,
with percentages of 37.7+5.4% (p=0.0436), 54.5+6.7%
(p=0.0443), respectively. Furthermore, adding 10 pL of
aB7-H3-aCD3 BITE supernatant into PHA-L-activated
T cells at E:T ratio of 10:1 resulted in highly significant

(See figure on next page.)
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cytotoxicity against L-363 (B7-H3™e4™; Fig. 8C) and
KMS-12-PE (B7-H3high; Fig. 8D) cells, with percentages
of 55.0+5.2% (p=0.0056), 32.7+4.4%, and (p=0.0067)
compared to the negative controls (33.4+2.0%, and
6.7 £ 3.0%, respectively). Additionally, increasing the vol-
ume of aB7-H3-aCD3 BITE supernatant to 30 pL at an
E:T ratio of 10:1 resulted in highly significant cytotoxic-
ity against L-363 (B7-H3™e4™; Fig_ 8C) and KMS-12-PE
(B7-H3"eY; Fig. 8D) cells, with percentages of 69.8 +2.2%
(»=0.0417) and 59.7 +5.4%, (p=0.0054) compared to 10
uL of supernatant and PHA-L-activated T cells at an E:T
ratio of 10:1 (55.0+5.2%, and 32.7 +4.4%), respectively.

Discussion

Multiple myeloma (MM) is a severe hematologic cancer
with high mortality. Despite advances in treatments, drug
resistance remains a significant challenge, particularly
in relapsed/refractory MM (RRMM). Immunotherapies
like monoclonal antibodies and CAR-T cell therapies
show promise but face issues such as cytokine release
syndrome and neurotoxicity. Bispecific T-cell engagers
(BITEs) are effective but require continuous infusion due
to their short half-life. BITE therapies targeting BCMA/
CD3, such as AMG 701, combined with immunomodula-
tory drugs (IMiDs) like lenalidomide and pomalidomide,
have demonstrated enhanced anti-MM cytotoxicity and
immunomodulatory effects in preclinical models [35].
However, targeting BCMA with BITE therapies can face
challenges due to BCMA loss, mutations, or reduced
BCMA density on plasma cells, similar to issues encoun-
tered with CAR-T therapies [36—38]. Similarly, BITE
therapies targeting CD38/CD3, such as AMG 424, have
shown strong MM cell eradication but carry a risk of ‘off-
tumor’ T-cell cytotoxicity, potentially impacting normal
B, T, and NK cells [39]. To address the toxicities and lim-
ited biodistribution linked with the continuous infusion
of recombinant BITE proteins, we propose engineering T
cells to express and secrete these proteins. This approach
removes the need for constant infusion, potentially
improving treatment efficacy.

This study investigates engineered T cells secreting
bispecific engager molecules targeting B7-H3 (aB7-H3-
aCD3 ENG T cells), an antigen upregulated in MM.
These molecules bind specifically to CD3 on T cells and

Fig. 7 Cytokine production by aB7-H3-aCD3 ENGT cells against B7-H3-expressing Multiple myeloma (MM) cell lines. A IL-2, B IL-4, CIL-6, D

IL-10, E IL-17A, FTNF-a, G sFas, H sFasL I IFN-y, J Granzyme-A, K Granzyme-B, L Perforin, and M Granulysin production levels in the cell culture
supernatants of aB7-H3-aCD3 ENGT cells. These cells were activated by culturing with SupT-1 (B7-H3"9), NCI-H929 (B7-H3'oW), 1-363 (B7-H3Medium),
and KMS-12-PE (B7-H3"9" cells at an effector-to-target (E:T) ratio of 5:1 for 24 h, and cytokine levels were analyzed by cytometric bead array (CBA).
Data were collected from 4 independent experiments (N=4), and results are presented as mean + standard error of the mean (SEM). Statistical
significance was determined using unpaired Student’s t-tests (*p <0.05, **p < 0.01, ***p < 0.001, and ****p <0.0001)
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significance was determined using one-way ANOVA with Tukey’s post-hoc test (*p <0.05, **p <0.01, ***p <0.001, and ****p <0.0001)

B7-H3 on MM cells, bringing T cells close to MM cells
and activating them to release cytotoxic cytokines and
proliferate. This approach induces tumor cytotoxicity
and redirects bystander T cells to target B7-H3-positive
tumor cells, demonstrating potent antitumor activity
and bypassing immune evasion [40]. Significant pro-
gress has been made in the fight against CD19-positive
malignancies with T cell redirection strategies, such as
CAR-T cells [41] and BITEs [18, 22]. While traditional
therapies like CAR T cells and BITEs face challenges
such as prolonged infusion times and limited biodis-
tribution, [22, 24], ENG T cells offer a promising solu-
tion [25, 26]. This novel platform, showing potential
in various cancer models, could revolutionize cancer
treatment, especially for MM. Current FDA-approved
BCMA-targeting therapies for MM, like CAR-T
therapies and BITEs, require extensive prior treat-
ments before administration. Despite initial successes,
relapses are common, and some patients may develop
alterations in the BCMA gene that affect BITE binding
[42]. Therefore, our alternative approach using ENG-T
cells targeting the B7-H3 antigen was developed to
address these challenges.

B7-H3 (CD276), a member of the suppressive B7 fam-
ily checkpoint molecules, is widely expressed in various
human cancers and plays a crucial role in tumor progres-
sion [43]. The B7-H3 expression in MM is relatively low
compared to other cancers but is still present in a sub-
set of cases [44]. Studies have shown variable expression
rates, generally ranging from 15 to 30% in MM cells. This
expression is significant as B7-H3 plays a role in immune
evasion, making it a potential target for immunotherapy
in MM [45, 46]. Lin et al. discovered that B7-H3 pro-
motes drug resistance, growth, and glycolysis in MM cells
through the JAK2/STAT3 and PI3K/AKT signaling path-
ways. Their study also revealed that B7-H3 induces the
oxidation of Src and the negative regulator SHP-1, lead-
ing to the phosphorylation of STAT3 and AKT. This acti-
vation triggers E3-ubiquitin ligase c-Cbl, resulting in the
proteasomal degradation of SOCS3, a key negative regu-
lator of STAT3 [45]. Our research confirmed differential
expression of B7-H3 in MM cells: NCI-H929 showed
low expression, L-363 exhibited medium to high expres-
sion, and KMS-12-PE displayed high expression on the
cell surface (Fig. 1). Although studies demonstrate effi-
cacy in B7-H3"°Y cell lines, further analysis is needed to
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determine the therapeutic threshold for antigen expres-
sion to optimize patient response.

To generate aB7-H3-aCD3 ENG T cells, we used a
lentivirus system to create a construct that transduces T
cells to secrete aB7-H3-aCD3 BITE molecules (Fig. 2A).
We utilized the humanized monoclonal antibody 8H9,
targeting B7-H3, due to its advanced stage of approval,
known as 3!I-omburtamab [47, 48], and use in other
antibody-based treatments, including BITEs and vari-
ous CAR-T cell constructs.[28, 49, 50]. Preclinical models
have shown the potential efficacy of aB7-H3 8H9 therapy
against solid and hematologic tumors.

Using AlphaFold, we predicted the protein structure of
aB7-H3-aCD3 BITE, showing accurate superimposition
of the aB7-H3 scFv and aCD3 scFv on the target struc-
ture (Fig. 2B). We established a stable HEK293T system
to produce and secrete aB7-H3-aCD3 BITE, evaluat-
ing its binding capacity with B7-H3-positive target cells
(Fig. 3E) and CD3-positive cells (Fig. 3H). Our results
demonstrated successful binding to B7-H3 molecules
(Fig. 3F and G) and effective interaction with CD3-posi-
tive cells (Fig. 31 and J). Previous studies have shown that
BITEs using the aCD3 scFv from the OKT3 monoclonal
antibody effectively induce T cell activation and prolif-
eration [51].

aB7-H3-aCD3 ENG T cells, generated from healthy
donor T cells, displayed surface molecule expression
(Fig. 4A, B), predominantly comprising CD8" cytotoxic
T cells (Fig. 4C, D) with central memory T cell subsets
(Fig. 4E). Studies by Dirk H Busch [52] and Qingjun Liu
[53] suggest that memory T cell phenotypes exhibit bet-
ter persistence and anticancer effects in vivo. Therefore,
the increased population of CD8" cytotoxic T cells with
memory phenotype in our transduced T cells secreting
aB7-H3-aCD3 BITE molecules may enhance cytotoxic
activity and persistence against MM cells in vivo. Three
exhaustion markers—PD-1, LAG-3, and TIM-3—were
evaluated in CD3* cells using flow cytometry (Fig. 4F).
PD-1 expression was upregulated in PHA-L activated T
cells but remained low in both untransduced (UTD) T
cells and aB7-H3-aCD3 ENG T cells. Compared to UTD
T cells, the ENG T cells showed lower LAG-3 expression,
while TIM-3 was similarly and significantly increased
in both ENG and PHA-L activated T cells. These data
indicate that the ENG T cells exhibit a modified exhaus-
tion profile, with reduced PD-1 and LAG-3 but elevated
TIM-3.

To evaluate the performance of aB7-H3-aCD3 ENG
T cells, we conducted assays assessing their anti-tumor
activity, proliferation, and cytokine response against dif-
ferent levels of B7-H3 expression in MM cell lines. We
first examined their toxicity against SupT-1 (B7-H3"®)
cells, comparing it to that of UTD T cells. Our findings
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revealed that aB7-H3-aCD3 ENG T cells exhibited no
statistically significant cytotoxicity against SupT-1 cells,
indicating their specificity (Fig. 5A). Notably, increas-
ing the effector cell dose correlated with elevated cyto-
toxicity, likely due to HLA disparity between the healthy
donor-derived effector cells and the target SupT-1
cells, potentially triggering immune cell attack [54, 55].
Remarkably, aB7-H3-aCD3 ENG T cells demonstrated
superior efficacy in eliminating NCI-H929 (B7-H3')
and L-363 (B7-H3™medium) target cells compared to UTD
T cells, particularly at an E:T ratio of 5:1 (Fig. 5B, C).
Furthermore, at an E:T ratio of 1:1, aB7-H3-aCD3 ENG
T cells outperformed UTD T cells in eradicating high
B7-H3 expression (KMS-12-PE) cells (Fig. 5D). These
ENG T cells also displayed a trend toward heightened
proliferation, especially when co-cultured with the L-363
(B7-H3™ed'™) and KMS-12-PE (B7-H3M¢") cell lines
(Fig. 6). Our investigation underscores the significant
potential of aB7-H3-aCD3 ENG T cells in combatting
cancer. Through in vitro assessments across various cell
lines, we observed their robust anti-tumor effects and
ability to enhance T cell proliferation and activation, con-
tingent upon B7-H3 expression levels. Consistent with
Yin et al’s findings [56], T cell-secreted 806BITE exhib-
its greater sensitivity than 806CAR T cells, suggesting
a promising approach for targeting tumors with low or
variable antigen expression levels. While prior research
has not yet produced T cells secreting BITE molecules
targeting both B7-H3 and CD3, comparisons with simi-
lar structures targeting different antigens yielded analo-
gous outcomes, affirming their efficacy in precisely and
efficiently destroying target cells [25, 26, 57]. Minimiz-
ing on-target off-tumor toxicity is crucial for the safety
of ENG T cell therapy. Our findings indicate that aB7-
H3-aCD3 ENG T cells are likely to exhibit minimal off-
target toxicity, as B7-H3 expression is largely restricted
to a few normal tissues. Consequently, these ENG T
cells predominantly target B7-H3-positive cancer cells
rather than affecting normal tissues [28, 29]. Supporting
this, Grote et al. [58] showed that B7-H3 CAR-NK-92
cells effectively attacked B7-H3-positive neuroblastoma
cells with no off-target toxicity, both in vitro and in vivo.
Similarly, Liu et al. [49] reported that B7-H3/CD16 BITE
cells enhanced cytotoxicity against B7-H3-positive solid
tumors without causing off-target effects. Together, these
findings suggest that the localized activity of aB7-H3-
aCD3 ENG T cells within tumors may reduce systemic
toxicity by limiting cross-reactivity in other organs.

Key indicators of cytotoxic activity and cytokine pro-
duction, including IL-2, TNF-a, sFas, IEN-y, granzyme
A, granzyme B, perforin, and granulysin in the cul-
ture media of aB7-H3-aCD3 ENG T cells co-cultured
with NCI-H929 (B7-H3"), L-363(B7-H3™edium) and
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KMS-12-PE (B7-H3"#") cells, were significantly upregu-
lated compared to UTD T cells (Fig. 7). IL-2, a vital T
cell growth factor, is a critical activation factor for T and
NK cell proliferation and differentiation. Upon target cell
killing by cytotoxic T lymphocytes, granules containing
perforin and granzymes are released [59]. TNF-a and
IEN-y play roles in tumor cell killing and contribute to
T cell-induced bystander tumor cell lysis by upregulat-
ing ICAM-1 and Fas [60]. Importantly, IEN-y also sig-
nificantly enhances daratumumab-mediated cytotoxicity
towards tumor cells [61]. Our research suggests that aB7-
H3-aCD3 ENG T cells activate T cells, inducing tumor
cell killing. The aB7-H3-aCD3 BITE comprises two
scFvs: one recognizes the tumor antigen, B7-H3, and the
other identifies the CD3 molecule on T cells, leading to
cytotoxicity, which can then be induced via bystander T
cells. To validate this hypothesis, we tested whether aB7-
H3-aCD3 BITE could redirect PHA-L activated T cells or
bystander T cells to kill B7-H3-expressing MM cell lines.
The results indicated that the combination of aB7-H3-
aCD3 ENG T cell supernatant with PHA-L activated T
cells was highly effective in killing B7-H3-expressing MM
cells, including NCI-H929, L-363, and KMS-12-PE, in a
dose-dependent manner compared to PHA-L activated
T cells without aB7-H3-aCD3 ENG T cell supernatant
(Fig. 8). Previous studies have shown that leukemia or
lymphoma patients treated with CD19-targeted BITE
(blinatumomab) achieved sustained remission [18, 23,
62]; however, repeated injections were necessary due to
the short half-life of BITEs in circulation [63]. CAR-BITE
T cells and BITE T cells initially showed superior con-
trol of tumor growth in a glioma mouse model compared
to CAR T cells, but their effectiveness waned 20 days.
While BITE T cells demonstrate comparable prolifera-
tion capacity to CAR-T cells in vitro, concerns remain
regarding their long-term persistence because stimula-
tion through BITEs alone upregulated the expression of
several immune checkpoint inhibitors, ultimately leading
to T cell exhaustion and impaired proliferation [64]. The
expression of PD-1, LAG-3, and TIM-3 during extended
co-culture, compared to conventional CAR-T cell thera-
pies, should be investigated. It is crucial to determine
whether the exhaustion phenotype is induced by this
activation or if it is an inherent characteristic of the ther-
apy itself. Although promising in cancer therapy, further
research is imperative to address long-term efficacy con-
cerns. Several reports suggest that co-stimulatory signals
such as 4-1BB and CD28 can enhance T-cell activation
by BITEs, potentially aiding in maintaining their func-
tion and integrating the benefits of BITE and CAR-T cell
therapies [65, 66].

Our study does not include an in-depth analysis of
T cell exhaustion over time or the effects of additional
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checkpoint inhibitors like TIGIT. However, we recog-
nize that these factors are crucial for a comprehensive
understanding of immune regulation. Further studies
should examine these elements and investigate strat-
egies to mitigate T cell exhaustion during prolonged
BITE secretion, which could enhance the therapeutic
potential of this approach. Additionally, the limited
bystander T cells in NSG mice could explain the inef-
fectiveness of BITE therapy, as unmodified T cells may
not survive beyond 20 days post-administration due
to insufficient stimulation [67]. Our findings suggest
that the use of aB7-H3-aCD3 ENG T cells may help
address these issues, potentially controlling tumor
growth and providing long-term anti-tumor effects
effectively. Future studies that incorporate 1:1:1 co-
cultures of UTD T cells, ENG T cells, and tumor cells
would provide valuable insights into the bystander
effect, potentially highlighting the advantages of this
therapeutic approach over conventional BITE thera-
pies. Such analyses could improve our understanding
of how UTD T cells contribute to the overall antitu-
mor response, clarifying their role in prolonging treat-
ment efficacy. Combining aB7-H3-aCD3 ENG T cells
with multi-specific antibodies targeting antigens com-
monly found on MM cells—such as BCMA, CD38, and
CD138—could further enhance treatment efficacy,
though this hypothesis requires validation through
in vitro and in vivo studies using MM cancer xeno-
graft mouse models. Additionally, it is important to
investigate the molecular and cellular events following
infusion, including changes in the tumor microenvi-
ronment, immune cell interactions, cytokine signaling,
and potential resistance mechanisms. Understand-
ing these factors will be essential for optimizing engi-
neered-T cell therapies and developing strategies to
reduce treatment-related toxicities.

It is important to acknowledge the limitations of our
study. Our analysis relies on a limited selection of MM
cell lines, some of which express relatively low levels of
antigens. According to the Human Protein Atlas, these
cell lines are not the best representatives of the high
B7-H3 expression typically seen in MM. Due to access
constraints, expanding the range of cell lines or includ-
ing primary MM cells would help confirm the general-
izability of our findings. While the in vitro results are
promising, the lack of in vivo validation is a significant
limitation. Additionally, the study does not explore the
role of the tumor microenvironment, which is known
to influence immunotherapy resistance. Conduct-
ing preclinical animal studies would provide valuable
insights into the therapy’s safety, efficacy, and potential
immune-related toxicities.
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Conclusion

In conclusion, our study demonstrates the efficacy of
aB7-H3-aCD3 ENG T cells in targeting B7-H3-positive
multiple myeloma (MM), highlighting their remarkable
sensitivity and specificity. T cells producing aB7-H3-
aCD3 BITE molecules show great promise for treating
B7-H3-positive MM, representing significant progress in
targeted T-cell therapies. These findings pave the way for
further research and development of precise and potent
immunotherapeutic strategies against this malignancy.
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