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Introduction: B7-H6, a tumor-specific immune checkpoint molecule within the
B7 family, represents a promising therapeutic target due to its selective
overexpression in malignancies and negligible expression in normal tissues.
Method: Here, we developed bispecific antibodies (BsAbs) targeting B7-H6 to
redirect T and NK cells against solid tumors. Through phage display, 15 high-
affinity B7-H6 monoclonal antibodies were generated.

Results: Two optimized BsAbs, B7-H6M4-OKT3 (T cell-engaging) and B7-
H6M4-LC21 (NK cell-engaging), were constructed in and scFv-hFc-scFv
format. Both demonstrated nanomolar affinity (EC50: 0.04-1.22 nM) and
selective cytotoxicity against B7-H6+ cells (H446, Huh-7, HepG2), while
showing minimal cytotoxicity against B7-H6-negative cells (A431). B7-
H6M4LC21 exhibited enhanced tumor-killing efficacy (IC50: 5 ng/mL)
compared to B7H6M4-OKT3(IC50: 1 ng/mL) when combined with an IL-15/IL-
15Ra sushi fusion protein, which augmented NK cell proliferation and
cytotoxicity. In H446 xenograft models, both BsAbs suppressed tumor growth
in a dose-dependent manner (0.1-20 mg/kg) without significant toxicity.
Combination therapy with B7-H6M4-LC21 (10 mg/kg) and B7-H6M18/IL-15/IL-
15Ra sushi (0.03 mg/kg) achieved synergistic tumor inhibition (p<0.05),
surpassing the efficacy of T cell-based combinations.

Discussion: These findings establish B7-H6-targeted BsAbs combined with
cytokine engineering as a viable strategy for treating refractory solid tumors.
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1 Introduction

The B7 family of immune checkpoint proteins plays critical
roles in tumor immune evasion, among which B7-H6 (NCR3LG1)
has garnered significant attention as a tumor-selective antigen due
to its minimal expression in healthy tissues and aberrant
overexpression across multiple malignancies, including lung,
hepatic, and pancreatic carcinomas (1-3). Distinct from PD-L1 or
CTLA-4 that predominantly regulate T cell activity, B7-H6 directly
activates natural killer (NK) cell cytotoxicity via NKp30
engagement—a mechanism circumventing T cell-centric
immunosuppression (4, 5). This unique biological property
positions B7-H6 as a strategic target for bispecific antibody
(BsAb) platforms designed to coordinate innate and adaptive
immune responses.

Despite the clinical success of CD3-directed BsAbs (e.g.,
mosunetuzumab, teclistamab) in hematologic malignancies, their
efficacy in solid tumors remains constrained by insufficient T cell
infiltration, immunosuppressive stromal components, and cytokine
depletion (6-8). While CD16-targeted BsAbs (e.g., AFM13)
demonstrate enhanced safety and allogeneic potential for NK cell
engagement, their therapeutic impact is limited by poor NK cell
persistence within hostile tumor microenvironments (TMEs) (9,
10). These challenges highlight the imperative for combinatorial
approaches integrating BsAb-mediated tumor targeting with
cytokine support to sustain effector cell functionality. IL-15, a
pleiotropic cytokine essential for NK and CD8" T cell
homeostasis, holds therapeutic potential but is hampered by
systemic toxicity and transient bioavailability (11, 12). Engineered
IL-15/IL-15Ra heterodimers (e.g., N-803) mitigate but
incompletely resolve these limitations through stabilized receptor
interactions, while lacking spatial control over cytokine activity
(13-16). Unrestricted IL-15 delivery risks off-target Treg activation,
underscoring the necessity for tumor-localized cytokine delivery
systems (17).

Recent advances in antibody-cytokine fusion technology,
exemplified by PD-L1/IL-12 conjugates, demonstrate enhanced
therapeutic precision through tumor-directed cytokine activation
(18, 19). However, this paradigm remains unexplored for B7-H6-
targeted therapies. To address this gap, we developed a modular
immunotherapy platform combining B7-H6-specific BsAbs with a
tumor-anchored IL-15/IL-15Ro sushi fusion protein. Through
phage display screening, we identified 15 high-affinity B7-H6
monoclonal antibodies and engineered T/NK cell-engaging BsAbs
(B7-H6M4-OKT3 and B7-H6M4-LC21, scFv-hFc(N297A)-scFv
architecture) with nanomolar binding affinity. The B7-H6M18/IL-
15/IL-15Ra sushi fusion protein enables tumor-localized cytokine
activation while preserving effector cell specificity. Our findings
demonstrate superior synergy between NK cell-redirected BsAbs
and IL-15 fusion, achieving >90% tumor lysis in vitro and
significant regression in xenograft models. This work establishes
three key advances: (1) B7-H6-dependent spatial restriction of IL-
15 activity, (2) dual T/NK cell engagement to combat effector
heterogeneity, and (3) modular designs permitting flexible
cytokine pairing. By simultaneously addressing spatial, temporal,
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and cellular barriers to immune efficacy, this strategy transforms
B7-H6 from a passive target into an active orchestrator of
precision immunotherapy.

2 Materials and methods
2.1 Cell lines and culture conditions

Human hepatocellular carcinoma (HepG2, Hep3B, Huh-7),
pancreatic adenocarcinoma (PANC-1, KLM-1, T3M4, MiaPaCa-
2), breast carcinoma (SKBR-3, ZR75, MCF-7, MDA-MB-231), lung
carcinoma (H446, H82, H196, H226, H1975, H1299, PC9, H292,
H358), and epidermal carcinoma (A431) cell lines were procured
from the Cell Bank of the Chinese Academy of Sciences (Shanghai,
China). All lines underwent short tandem repeat (STR)
authentication and mycoplasma screening (PlasmoTest' ",
Invivogen). Cells were maintained in DMEM or RPMI-1640
medium (Invitrogen) supplemented with 10% fetal bovine serum
(HyClone), 1% L-glutamine, and 1% penicillin-streptomycin at 37°
C under 5% CO,. Lentiviral transduction using a full-length human
B7-H6 construct (GeneChem) generated stable B7-H6-expressing
A431(B7-H6) cells, with parental A431 serving as negative controls.

2.2 Western blot

Cells were washed twice with PBS and lysed in buffer containing
50 mM Tris-HCI (pH 7.5), 50 mM NaCl, 5 mM EDTA, 1% Triton
X-100, and protease inhibitor cocktail (Roche Applied Science).
Lysates were agitated at 4°C for 30 min, centrifuged at 12,000 x g for
15 min, and protein concentrations determined via BCA assay
(Pierce). Fifty micrograms of total protein per sample was resolved
by SDS-PAGE under reducing conditions and transferred to PVDF

membranes for immunoblotting.

2.3 Isolation of lymphocyte populations

Human PBMCs were isolated from whole blood of healthy
donors (Wuhan Blood Center) by Ficoll separation (Stem Cell
Technologies, Vancouver, BC, Canada) according to the
manufacturer’s instruction. Total T cells were then isolated using
a Pan T Cell Isolation Kit IT (human, Miltenyi Biotec) through
negative selection. Human NK cells were isolated from PBMCs by
negative selection using magnetic-activated cell sorting (MACS)
with a human NK Cell Isolation Kit (Miltenyi Biotec).

2.4 Dual-color flow cytometry for
detection of CD69* T and NK cells in
PBMC co-cultures

Following 24-hour treatments, PBMCs per group were harvested
and washed twice by centrifugation (300 x g, 5 min at 4°C), then
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resuspended in ice-cold PBS containing 5% BSA. For the purpose of
T cell analysis, PBMCs were initially incubated with b12-OKT3
(anti-CD3, 5 ug/mL) in PBS/5% BSA for 30 minutes on ice, followed
by a single wash with 2 mL cold PBS via centrifugation (300 x g, 5
minutes, 4°C). Subsequently, the samples were incubated with Cy5-
conjugated goat anti-human IgG (1:500; Sangon Biotech, Shanghai)
on ice under conditions that protected them from light. Following an
additional PBS wash, final staining was performed using mouse anti-
human CD69-FITC (1:100 dilution; ZenBio) for 30 minutes on ice
prior to flow cytometric analysis. For the purpose of NK cell analysis,
PBMC:s were initially incubated with CD16M39-HisFlag (20) (5 ug/
mL) in PBS/5% BSA for 30 minutes on ice, followed by a single wash
with 2 mL cold PBS via centrifugation (300 x g, 5 minutes, 4°C).
Subsequently, the samples were subjected to incubation with an
Alexa Fluor 647-conjugated anti-Flag antibody (1:500 dilution;
BioLegend) for a duration of 30 minutes at 0°C under conditions
that provided protection from light. This antibody was designed to
target the Flag-tag of bound CD16M39-HF. Following an additional
PBS wash, final staining was performed using mouse anti-human
CD69-FITC (1:100 dilution; ZenBio) for 30 minutes on ice prior to
flow cytometric analysis. Immediate analysis of all samples was
conducted on a CytoFLEX S flow cytometer (Beckman Coulter,
USA) utilizing a gating strategy that firstly categorized lymphocytes
as live singlets, followed by the identification of the CD3 positive
population for T cells (CD69 quantification) or the CD16 positive
population for NK cells (CD69 quantification). A minimum of
10,000 gated events per sample were collected for the analysis.

2.5 Antibody development

2.5.1 B7-H6 monoclonal antibody production

The extracellular domain of human B7-H6 (NP_001189368.1,
a.a. 25-262) was fused with 6 x His tag and expressed in HEK-293F
cells and purified using Ni-NTA affinity chromatography (Qiagen).
The Amino acid sequence of the B7-H6 extracellular domain:
DLKVEMMAGGTQITPLNDNVTIFCNIFYSQPLNITSMGITWEF
WKSLTFDKEVKVFEFFGDHQEAFRPGAIVSPWRLKSGDASL
RLPGIQLEEAGEYRCEVVVTPLKAQGTVQLEVVASPASRLLLD
QVGMKENEDKYMCESSGFYPEAINITWEKQTQKFPHPIEISED
VITGPTIKNMDGTENVTSCLKLNSSQEDPGTVYQCVVRHA
SLHTPLRSNFTLTAARHSLSETEKTDNES. BALB/c mice (n=6)
were immunized subcutaneously with 50 ug B7-H6-His
emulsified in Freund’s adjuvant (Sigma) over six weeks. Splenic
mRNA was reverse-transcribed, and scFv phage display libraries
were constructed for three rounds of panning against immobilized
B7-H6-His as previously described (21). Phage display yielded 15
high-affinity mAbs. And the antibody produced as scFv-rFc.

2.5.2 Bispecific antibody construction

Variable domains from B7-H6 mAbs (M4 for NK-targeting
BsAbs, Mx for T-cell targeting BsAbs), CD3e (OKT3), and CD16a
(LC21) were cloned into a scFv-hFc(N297A)-scFv backbone. The
B7-H6M18/IL-15/IL-15Ra. sushi fusion protein was engineered
with human Fc(N297A) linking the B7-H6M18 scFv and IL-15/
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IL-15Ro sushi domain. Anti-HIV scFv b12 (VH and VL sequences
are from 2NY7_H and 2NY7_L, respectively) was used to make an
irrelevant control. Constructs were transiently transfected into
HEK-293F cells using polyethylenimine (PEI, Polysciences), with
culture supernatants harvested at 120 h post-transfection. Proteins
were purified by Protein A affinity chromatography (Cytiva) and
analyzed via non-reducing SDS-PAGE.

2.6 Binding characterization

2.6.1 ELISA

96-well plates (Corning) were coated with 5 pg/mL B7-H6-His
overnight at 4°C, blocked with 5% BSA, and incubated with serially
diluted antibodies (0.001-100 nM). Binding was detected using
HRP-conjugated goat anti-human IgG (1:5,000; Sangon Biotech)
and TMB substrate (Thermo Fisher), with absorbance measured at
450 nm (BioTek Synergy H1).

2.6.2 Flow cytometry

Cells (1x10°/mL) were stained with 5 pg/mL antibodies in PBS/
5% BSA for 30 min at 4°C. After washing, samples were incubated
with Cy5-conjugated goat anti-human IgG (1:500; Sangon Biotech)
and analyzed on a CytoFLEX S flow cytometer (Beckman Coulter).
Data processing utilized FlowJo v10 software.

2.7 Functional assays

2.7.1 In vitro cytotoxicity

Tumor cells stably expressing firefly luciferase (ffLuc2) were
plated in 96-well plates (5x10° cells/well). Freshly isolated human
PBMCs (Wuhan Blood Center) were added at effector-to-target
(E:T) ratios of 10:1. This outcome was attributed to the laboratory’s
prior publication on bispecific antibodies (22). The findings
indicated that an effector-to-target ratio of 10:1 was an optimal
choice, as it exhibited substantial tumor-killing capability against
positive tumor cells, i.e., antibody dose-dependent cell killing, while
concomitantly evading pronounced non-specific killing. Antibodies
or fusion proteins were incubated with the cells at variable
concentrations starting from 10,000 ng/mL and followed by 1:10
serial dilutions. After 48 h, residual luciferase activity was quantified
using the Bright—GloTM Assay System (Promega) on a SpectraMax
M5 microplate reader (Molecular Devices). Cytotoxicity was
calculated as: Cytotoxicity (%) = [(1 - (luminescencesmple/

luminescenceoniro))] X 100.

2.7.2 In vivo efficacy

All animal procedures were approved by the Huazhong
Agricultural University Animal Care Committee. Female NSG mice
(6-week-old, Vital River Laboratories) received subcutaneous injections
of 5x10° H446 cells. When tumors reached ~100 mm?, mice were
pretreated with intraperitoneal cyclophosphamide (100 mg/kg) for
lymphocyte depletion. Weekly intravenous PBMC infusions (1x10
cells) and bispecific antibody administration (0.1-20 mg/kg every 4
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days) were performed. Tumor volumes were calculated as (length x
width?)/2 using caliper measurements. Body weights were monitored
biweekly for toxicity assessment.

2.8 Statistical analysis

Data represent mean + SEM. Two-group comparisons utilized
unpaired Student’s t-tests (two-tailed). Multiple groups were
analyzed by one-way ANOVA with Tukey’s post hoc test
(GraphPad Prism 9). Statistical significance was defined as p < 0.05.

3 Results

3.1 Tumor-selective B7-H6 expression
patterns

Western blot and flow cytometry analyses revealed differential
B7-H6 expression patterns across solid tumor cell lines (Figure 1).
Among lung cancer models, nine cell lines (H446, H82, H196,
H226, H1975, H1299, PC9, H358, H292) demonstrated detectable
B7-H6 expression, while A549 and H1703 remained negative
(Figure 1A). Hepatocellular carcinoma (Hep3B, Huh-7, HepG2),
pancreatic adenocarcinoma (PANC-1, KLM-1, T3M4, MiaPaCa-2),
and MCF-7 breast cancer cells exhibited strong B7-H6 positivity,
contrasting with negative expression in SKBR-3, ZR75, and MDA-
MB-231 lines. Lentiviral-transduced A431(B7-H6) cells served as
stable overexpression controls, while parental A431 cells confirmed
baseline negativity (Figure 1B). This expression profile corroborates
previous reports of tumor-restricted B7-H6 distribution (4).

3.2 Development and characterization of
B7-H6-specific mAbs

The recombinant B7-H6 extracellular domain (B7-H6-His)
expressed in HEK-293F cells showed an apparent molecular
weight of ~42 kDa via SDS-PAGE (theoretical 28.1 kDa),
consistent with post-translational glycosylation (Figure 2A). The
phage display library was subjected to four rounds of panning, with
the input and output of each round illustrated in Figure 2B. It was
observed that there was an enrichment of specific antibody
sequences at various points throughout the panning rounds.
Phage display yielded 15 high-affinity mAbs (M4, M9, M14, M18,
M26, M39, M44, M49, M53, M56, M59, M65, M73, M88, M90)
(Figure 2C). The antibody produced as scFv-rFc fusions with >90%
purity (Figure 2C). ELISA quantification revealed sub-nanomolar
binding affinities (EC50: 0.02-0.43 nM; Figure 2D). Flow cytometric
screening confirmed tumor-specific recognition, with M4
demonstrating superior specificity, while M90 was excluded due
to non-specific binding (Figure 2E).
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3.3 Bispecific antibody binding
characteristics

Ten scFv-hFc(N297A)-scFv format B7-H6/CD3 bispecific
antibodies (BsAbs) demonstrated proper assembly and >90%
purity by SDS-PAGE (Figures 3A, B). ELISA binding analyses
showed nanomolar-range affinity for B7-His (EC50: 0.04-1.22
nM; Figure 3C). Flow cytometry confirmed dual specificity: B7-
H6M53-OKT3 selectively bound B7-H6" tumor cells (A431(B7-
H6), H446, Huh-7) and PBMCs, while maintaining specificity
against B7-H6-negative controls (Figure 3D).

3.4 T B7-H6/CD3 BsAb cytotoxic activitys

At 10:1 E:T ratio, B7-H6M4-OKT3 induced significant target
cell lysis in B7-H6" lines (H446: 85% + 3.2%; A431(B7-H6): 78% +
2.8%; Huh-7: 72% =+ 4.1%; HepG2: 68% + 3.5%), while showing
minimal activity against B7-H6-negative A431 cells (Figures 4A-F).
Dose-response analyses revealed superior potency of B7-H6M4-
OKTS3 (IC50: 1.0 nM) compared to other BsAbs (IC50: 2.5-8.0 nM).

3.5 NK cell synergy with IL-15 fusion
protein

Purified proteins (>90% purity by SDS-PAGE; Figure 5A)
demonstrated high B7-H6-His affinity (EC50: 0.01-0.1 nM), with
control b12/CD3 showing no binding (Figure 5B). B7-H6M4-LC21
(NK-engaging BsAb) mediated 60% + 2.3% H446 lysis at 10 ng/mL
(IC50: 5 ng/mL). Co-administration with B7-H6M18/IL-15/IL-15Rat
sushi (0.1 nM) enhanced cytotoxicity to 90% + 1.8% (p < 0.01 vs
monotherapy; Figures 5D, E). Flow cytometry confirmed simultaneous
engagement of B7-H6" tumors and PBMCs (Figure 5C).

3.6 Bispecific antibodies M4-OKT3 and
M4-L.C21 mediate targeted engagement
and functional activation of T and NK
effector cells

Flow cytometry analysis confirmed specific binding of M4-
OKT3 to purified T cells and M4-LC21 to purified NK cells
(Figure 6A), demonstrating effective target engagement by both
bispecific antibodies. To assess functional activation, surface CD69
expression—an early activation marker—was quantified on T cells
(gated as CD3" lymphocytes) and NK cells (gated as CD16"
lymphocytes) in PBMC-tumor co-culture systems using
multiparameter staining with anti-CD3/anti-CD69 and anti-
CD16/anti-CD69 antibody pairs.B7-H6M4-OKT3 significantly
upregulated CD69 on T cells (Figure 6B), while B7-H6M4-LC21
potently induced CD69 expression on NK cells (Figure 6C). The B7-
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FIGURE 1

B7-H6 Binding (APC-A)

Comparative analysis of B7-H6 protein expression across solid tumor cell lines. (A) Western blot analysis of B7-H6 protein expression in lung cancer
(H446, H82, H196, H226, H1975, H1299, PC9, H1703, H358, H292, A549), hepatocellular carcinoma (Hep3B, Huh7, HepG2), pancreatic
adenocarcinoma (PANC-1, KLM-1, T3M4, MiaPaCa-2), and breast carcinoma (SKBR-3, ZR75, MCF-7, MDA-MB-231) cell lines. A431 epidermal
carcinoma cells served as B7-H6-negative controls, while lentiviral-transduced A431(B7-H6) stable transfectants were used as positive controls.
Total protein lysates (50 ug/lane) were resolved by SDS-PAGE under reducing conditions and probed with HRP-conjugated goat anti-rabbit IgG
(1:5,000). B-Actin served as the loading control. (B) Flow cytometric quantification of surface B7-H6 expression. Cells were incubated with 5 pg/mL
primary B7-H6-specific antibody followed by Cy5-conjugated goat anti-rabbit IgG (1:500). Shaded histograms represent untreated controls; red lines

indicate antibody-treated groups.

H6MI18/IL-15/IL-15Row sushi activated both T and NK cell
populations (Figures 6C, D). Consistent with these findings, B7-
H6M4-OKT3 showed the highest CD69 induction among T cell-
targeting agents (Supplementary Figure S1), and B7-H6M4-LC21
demonstrated superior activation of NK cells (Supplementary
Figure S2). Collectively, these results establish that M4-OKT3 and
M4-LC21 bispecific antibodies selectively engage and activate their
respective effector cells (T and NK lymphocytes) within PBMC,
enabling potent cytotoxic function against tumor targets.

3.7 Combination therapy efficacy and
safety profile

In H446 xenografts, B7-H6M4-OKT3 (1.0 mg/kg) and B7-H6M4-
LC21 (10 mg/kg) monotherapies achieved 69.5% + 10.2% and 66.9% +
11.2% tumor growth inhibition, respectively, versus PBS (p < 0.05;
Figures 7A, B). B7-H6M18/IL-15/IL-15Ra. sushi demonstrated dose-
dependent efficacy (0.06 mg/kg: 25.0% + 7.4% inhibition; 0.5 mg/kg:
57.5% * 9.0%) with associated toxicity at higher doses (7.4% + 2.2%
weight loss; p < 0.05; Figures 7C, D). The combination regimen (B7-
H6M4-LC21 + IL-15 fusion) significantly enhanced tumor suppression
versus monotherapies (achieved 76.1% * 14.8% tumor growth
inhibition; p < 0.05; Figures 7E, F) without significant weight
changes at therapeutic doses.
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4 Discussion

This study establishes B7-H6 as a therapeutically actionable
immune checkpoint in solid malignancies through three principal
advances: (1) development of high-affinity bispecific antibodies
(BsAbs) redirecting T/NK cells against B7-H6+ tumors, (2)
design of a tumor-localized IL-15/IL-15Ro. sushi fusion protein to
amplify effector cell activity, and (3) identification of NK cell-
redirected therapy as the optimal strategy for overcoming
immunosuppressive tumor microenvironments (TMEs). Phage
display-derived B7-H6M4-OKT3 (T cell-targeting) and B7-
H6M4-LC21 (NK cell-targeting) BsAbs demonstrated tumor-
selective cytotoxicity with nanomolar binding affinity (EC50:
0.01-1.22 nM). Notably, B7-H6M4-LC21 combined with IL-15
fusion protein elicited synergistic tumor lysis (>90% at 10 ng/mL
in vitro) and enhanced in vivo antitumor efficacy, surpassing T cell-
based modalities. These observations align with emerging evidence
supporting NK cell engagement to bypass T cell exhaustion and
stromal resistance in solid tumors (9, 23). The effectiveness of our
B7-H6/IL-15/IL-15Ro. sushi fusion further underscores the value of
spatial cytokine regulation—a concept validated in recent PD-L1/
IL-12 fusion studies (24, 25). Tumor-restricted IL-15 delivery
reduced systemic toxicity while enhancing effector cell
persistence, a critical advantage for treating chemoresistant
malignancies like small-cell lung cancer (SCLC).
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FIGURE 2

Phage display-derived B7-H6-specific monoclonal antibodies show nanomolar affinity. (A) SDS-PAGE analysis of purified recombinant B7-H6-His
protein under reducing conditions. (B) Phage display library screening. Input and output phage titers were quantified via bacterial colony counts.
(C) Non-reducing SDS-PAGE of scFv-rFc monoclonal antibodies (2 pg/lane), confirming dimeric assembly. (D) ELISA-based affinity measurement.
Plates coated with 5 pg/mL B7-H6-His were incubated with serially diluted antibodies (0.01-100 nM) and detected using HRP-conjugated goat
anti-rabbit IgG (1:5,000). (E) Flow cytometric validation of antibody specificity. A431(B7-H6)+ (red line) and A431- (shaded histogram) cells were
stained with 5 pg/mL B7-H6 mAbs and Cy5-conjugated goat anti-rabbit IgG (1:500).

4.1 B7-H6 as a tumor-restricted immune
checkpoint for solid cancers

B7-H6 has been identified as a marker in various types of
cancer, including non-small cell lung cancer (26), small cell lung
cancer (2), gastric cancer, pancreatic cancer, colorectal cancer (3),
oral squamous cell carcinoma (27), and cervical cancer (28). This
finding indicates the possible utilization of B7-H6-targeted therapy
in a range of solid tumor indications. Conversely, B7-H6 expression
is minimal in normal human tissues. Quantitative RT-PCR analysis
of 48 normal human tissues did not detect B7-H6 mRNA
expression (4). Immunohistochemistry (IHC) analysis has
confirmed that normal pancreatic, colonic, and gastric tissues do
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not express B7-H6 membrane protein (29). B7-H6/CD3 T cell
conjugates (for example, BI 765049) have been shown to bind
specifically to tumor cells that express B7-H6. In addition, they have
been demonstrated to have no cytotoxic effect on B7-H6-negative
cells, thereby reducing off-target toxicity (3).

Systematic analysis of B7-H6 expression confirms its tumor-
selective distribution, with negligible detection in normal tissues.
Elevated expression in lung (H446, H1299), hepatic (Hep3B, Huh-
7), and pancreatic (PANC-1, MiaPaCa-2) carcinomas supports
prior associations between B7-H6 and epithelial-mesenchymal
transition-driven metastasis (30-32). Heterogeneity observed in
breast cancer lines (e.g., MCF-7+ vs. MDA-MB-231-) suggests
context-dependent regulation, potentially involving STAT3 or
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FIGURE 3
Design framework and functional validation of B7-H6/CD3 bispecific antibodies. (A) Schematic of the B7-H6/CD3 bispecific antibody (BsAb)
architecture. (B) Non-reducing SDS-PAGE of purified BsAbs (2 pg/lane), confirming dimeric assembly. (C) ELISA affinity assessment. Plates coated
with 5 ng/mL B7-H6-His were incubated with serially diluted BsAbs (100 nM starting concentration) and detected using HRP-conjugated goat anti-
human IgG (1:5,000). (D) Flow cytometric validation of BsAb binding to B7-H6™ tumor cells (A431(B7-H6), H446, H226, Huh7) and healthy donor
PBMCs. Cells were stained with 5 pg/mL BsAbs followed by Cy5-conjugated goat anti-human 1gG (1:500). Shaded profiles: unstained controls; solid
lines: BsAb-treated groups. Isotype control (pooled human IgG).

Wnt/B-catenin signaling (33, 34). This tumor-restricted expression
profile, coupled with B7-H6’s role in NKp30-mediated NK cell
activation (4), establishes its dual utility as both a therapeutic target

4.2 Dual-arm immunotherapy: NK cell

engagement outperforms T cell strategies
and diagnostic biomarker. In summary, the low toxicity of B7-H6- While T cell-redirecting BsAbs (e.g., B7-H6M4-OKT3)
exhibited potent in vitro cytotoxicity (IC50: 1 ng/mL), their in
vivo efficacy plateaued—likely due to limited T cell infiltration, a

targeted therapy is primarily attributable to its tumor-specific
expression and precise targeting mechanism, thus rendering it a

promising low-toxicity immunotherapy strategy. well-documented challenge in solid tumors (35). In contrast, NK
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control. Data represent mean + SEM.

cell-engaging B7-H6M4-LC21 achieved superior tumor control
with reduced cytokine release risk, mirroring outcomes of CD16-
targeted BsAbs in lymphoma models (9, 10). This advantage may
stem from NK cells’ intrinsic ability to lyse MHC-I-deficient tumors
and resist TME-mediated suppression (23, 36). Furthermore, IL-15
fusion synergized more robustly with B7-H6M4-LC21 (>90% lysis)
than T cell-BsAbs, likely attributable to IL-15’s preferential
enhancement of NK cell metabolic fitness and granzyme B
production (13, 37, 38).

In this study, both T/NK cell-type bispecific antibodies
demonstrated significant cytolytic activity and tumor growth
inhibition in NSG mice in both in vitro experiments and in vivo
experiments in NSG mice. When the M18 antibody was combined
with the IL-15/IL-15Ro fusion protein and the two types of
bispecific antibody, significant activity was observed both in vivo
and in vitro. The combination with the NK cell-type bispecific
antibody proved to be the most significant. Interleukin-15 (IL-15) is
a cytokine that plays a pivotal role in regulating the development,
balance, and function of natural killer (NK) cells and T cells (39).
The IL-15/IL-15Ro complex signaling pathway is stimulated,
thereby promoting the survival, proliferation, and effector
functions of NK cells and T cells (39). Consequently, therapeutic
IL-15 pathway agonists have the potential to enhance the activity of
immunotherapies that induce NK and T cell activity, such as
monoclonal antibodies, immune checkpoint inhibitors, and T cell
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bispecific antibodies, by expanding NK/T cell expansion and
enhancing antitumor immune responses.

As demonstrated in previous studies, the combination of
XmAb24306 (IL-15/IL-15Ro Fc fusion protein) with T cell
bispecific antibodies has been shown to enhance the proliferation
and expansion of CD8+ and CD4+ T cells induced by these
antibodies (40). The present study hypothesizes that T cell
bispecific antibody stimulation can serve as an initiator for
XmAb24306, thereby enhancing T cell responsiveness to IL-15. It
has been reported that IL-15 can promote TCR sensitization,
resulting in stronger T cell responses (41). NK cells have been
observed to constitutively overexpress IL-2/15RBy (CD122/CD132)
on their surface, and it has been demonstrated that IL-15/IL-15Ro
can directly bind to this receptor, resulting in the rapid activation of
the JAK-STAT5 pathway and the subsequent expression of
perforin/granzyme B. In contrast, T cells require higher
concentrations of IL-15 and are inhibited by Tregs. Consequently,
the combination of NK cell-type bispecific antibodies has been
demonstrated to be the most efficacious approach (23, 42).

4.3 Spatial control of IL-15 activity through
tumor anchoring

The B7-H6M18/IL-15/IL-15R0. sushi fusion represents an
innovative cytokine delivery paradigm. Unlike systemic IL-15
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FIGURE 5
Synergistic activity of NK cell-engaging BsAbs and tumor-localized IL-15 delivery. (A) SDS-PAGE analysis of B7-H6M4-OKT3, B7-H6M4-LC21, and
B7-HEM18/IL-15/IL-15Ra sushi under non-reducing (-BME) and reducing (+BME) conditions (2 pg/lane). The structures of all proteins are scFv (Anti
B7H6)-hFc (N297A)-scFv. (B) ELISA-based affinity measurement. Plates coated with B7-H6-His (5 ug/mL) were incubated with serially diluted
proteins (0.01-100 nM) and detected using HRP-conjugated goat anti-human IgG (1:5,000). (C) Flow cytometric validation of BsAb binding to B7-
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therapies (e.g., ALT-803) that promote Treg expansion and the sushi domain stabilizes IL-15 binding to CD122/CD132 on
hepatotoxicity (14, 43, 44), our design confines IL-15 activity to ~ NK cells, prolonging STATS5 activation without requiring
B7-H6+ tumors, analogous to PD-L1-targeted IL-12 strategies  dendritic cell-mediated trans-presentation (45-47). Dose-
that improve tumor-specific immunity (18, 19). Mechanistically,  dependent toxicity at 0.5 mg/kg underscores the necessity for
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FIGURE 6
Target binding and functional activation of bispecific antibodies. (A) Flow cytometric binding specificity of NK/T cells purified from healthy donor
PBMCs. NK cells were stained with 5 pg/mL M4-LC21 followed by Cy5-conjugated goat anti-human IgG (1:500). T cells were stained with 5 pg/mL
M4-OKT3 followed by Cy5-conjugated goat anti-human IgG (1:500). (B—E) CD69 expression after 24-hour treatments: Gray-shaded histogram:
PBMC alone (control). Dashed line: PBMC+antibody co-culture. Solid line: PBMC+tumor cells+antibody triple co-culture (B) CD69 expression on T
cells (gated as CD3" lymphocytes). (C) CD69 expression on NK cells (gated as CD16" lymphocytes). (D, E) CD69 co-expression profiles on T and NK
cell subsets.
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Dose-dependent tumor suppression by B7-H6-targeted bispecific antibodies in xenograft models. (A, B) Tumor growth curves in H446 xenografts
treated with escalating doses of B7-H6M4-OKT3 or B7-H6M4-LC21. Controls: untreated mice and PBMC-only groups. (C, D) Dose-dependent
efficacy of B7-H6M18/IL-15/IL-15Ra sushi. (E, F) Combination therapy (B7-H6M4-OKT3: 1.0 mg/kg; B7-HE6M4-LC21: 10.0 mg/kg; IL-15 fusion:
0.03 mg/kg). Arrows: treatment timepoints of antibodies (intravenous injection via tail vein). PBMCs (1x10” cells) administered weekly (x2). Tumor
volume calculated as V=lengthxwidth?/2. Body weight monitored for toxicity. Data: mean + SEM. Significance determined by unpaired t-test. *p<0.05.

precise cytokine dosing—a challenge mitigated by tumor-
localized delivery.

4.4 Clinical translation and therapeutic
implications

Our findings position B7-H6 as a pivotal target in refractory

solid tumors, particularly cisplatin-resistant SCLC (H446 model).
The observed tumor regression parallels PD-1 inhibitor efficacy in
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similar models (2), suggesting complementary innate-adaptive
immune mechanisms. Clinically, this regimen could benefit
patients with B7-H6+ tumors identifiable via standard
immunohistochemistry—a feasible approach using existing
diagnostic antibodies (1). The modular BsAb platform also
permits rapid integration with alternative cytokines (e.g., IL-18,
IFN-), costimulatory molecules (4-1BB, OX40), or nanoparticle-
based delivery systems such as microrobots, which show promise in
enhancing tumor-targeted drug penetration and overcoming
biological barriers (48), enabling tailored combination therapies.
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4.5 Limitations and future perspectives

Despite promising results, several limitations require resolution.
First, validation in patient-derived xenograft (PDX) models of B7-H6+
pancreatic/hepatic cancers is essential. Second, the role of endogenous
immune cells in PBMC-humanized NSG mice remains unclear; single-
cell RNA sequencing of tumor-infiltrating lymphocytes could clarify
NK/T cell interactions. Third, IL-15 fusion dosing optimization
demands comprehensive pharmacokinetic studies in non-human
primates to balance efficacy and safety. Finally, issues related to
treatment safety were explored. With regard to the weight loss
phenomenon referenced in Figure 7, it is imperative to elucidate its
correlation with cytokine storms. It is regrettable that, owing to an
absence of foresight regarding the possibility of toxicity risks during the
study design stage, serum or tissue samples were not retained for the
purpose of cytokine detection. Nevertheless, the controllability of
toxicity is a pivotal focal point of subsequent analyses. The extant
data support the hypothesis that toxicity is unrelated to the storm, with
limited weight loss: the maximum recorded weight loss was 15% of
initial body weight (Figure 7F), consistent with temporary stress
responses (e.g. suppression of appetite) rather than the explosive
characteristics of a storm (49). No clinical symptoms related to the
storm were observed in the subjects. The experimental mice
administered the treatment did not display the customary indications
of the storm, including hair erection, lethargy, or respiratory distress
(50). A review of the clinical data for analogous bispecific antibodies
(for example, CD3xCD19 Blinatumomab) yielded the following results:
The incidence of weight loss was approximately 18% (CTCAE Grade
1-2) (51). The incidence of cytokine storm was only 3-5% (= Grade 3)
(51). Therefore, weight loss is not necessarily storm-related and is more
likely attributed to energy expenditure caused by T-cell activation.

5 Conclusion

This study establishes an integrative platform for solid tumor
immunotherapy combining B7-H6-targeted bispecific antibodies
with tumor-anchored cytokine delivery. High-affinity NK cell-
engaging B7-H6M4-LC21 (IC50: 5 ng/mL) and T cell-redirecting
B7-H6M4-OKT3 (IC50: 1 ng/mL) demonstrate the therapeutic
versatility of B7-H6, a tumor-selective immune checkpoint. Co-
administration of B7-H6M4-LC21 with IL-15/IL-15Ra sushi fusion
achieved synergistic tumor inhibition, outperforming T cell-based
strategies and emphasizing NK cells’ unique capacity to overcome
stromal immunosuppression. Tumor-localized IL-15 delivery
minimized systemic toxicity—a critical advancement given the
dose-limiting hepatotoxicity of conventional IL-15 therapies.

These results hold immediate clinical relevance for cisplatin-
resistant SCLC (H446 model) and other B7-H6+ malignancies
where current immunotherapies show limited efficacy. The
modular BsAb design facilitates adaptation to alternative
cytokines (e.g., IL-18, IFN-o) or costimulatory molecules (4-1BB,
0X40), providing a framework for personalized regimens. Future
priorities include (1) biomarker-driven patient stratification via B7-
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Hé6 THC, (2) pharmacokinetic optimization of IL-15 fusion dosing,
and (3) combinatorial trials with PD-1/CTLA-4 inhibitors to exploit
innate-adaptive immune synergy. By unifying targeted antibody
engineering with precision cytokine delivery, this work repositions
B7-H6 as both a diagnostic marker and therapeutic cornerstone in
immuno-oncology.
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