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A trispecific antibody targeting
EGFR/cMET/VEGF-A
demonstrates multiple
mechanisms of action to inhibit
wild-type and mutant NSCLC
animal models
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Sheng Huang?, Fulai Zhou*, Chao Han'? and Mark L. Chiu**
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Introduction: Non-small cell lung cancer (NSCLC) patients who do not respond
to standard of care treatment can have activating mutations in the epidermal
growth factor receptor (EGFR) and mesenchymal epithelial transition factor
(cMET) signaling pathways, as well as having enhanced levels of vascular
endothelial growth factor (VEGF). To combat such resistance mechanisms,
TAVO412, was engineered to control aberrant cMET, VEGF-A, and
EGFR activities.

Methods: /n vitro assays assessed TAVO412's cell binding, ligand blockade,
phosphorylation inhibition, and Fc effector functions. In vivo efficacy was
evaluated in NSCLC xenograft models, with subsequent tumor resection for ex
vivo quantification of EGFR and cMET levels.

Results: TAVO412 robustly suppressed ligand-induced phosphorylation of EGFR
and cMET in NSCLC cell lines. TAVO412 demonstrated more potent antitumor
activity than amivantamab and cetuximab in NSCLC xenograft models using cell
lines with varying levels of mutant and wild-type EGFR and cMET. In addition,
TAVO412 had both EGFR/ cMET receptor degradation and enhanced Fc effector
functions for tumor cell cytotoxicity. Moreover, TAVO412 in combination with
osimertinib, lazertinib, docetaxel, and radiotherapy, resulted in complete and
durable regression of NSCLC xenograft tumors.

Discussion: These findings highlight TAVO412 as a promising therapeutic agent
with multiple mechanisms of action and strong potential for synergistic
combinations in NSCLC treatment.
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Introduction

Non-small cell lung cancer (NSCLC) is the most common type of
lung cancer with a poor prognosis and low 5-year overall survival
(OS) (1). Prognosis and treatment approaches are primarily
influenced by histology, stage at diagnosis, and molecular
abnormalities. Since standards of care therapies such as surgery,
chemotherapy, and radiotherapy do not fully meet the medical needs,
there are ongoing discovery of better targeted therapies to provide
greater efficacy and safety especially for patients with specific genomic
alterations (2). Epidermal growth factor receptor (EGFR) gene
dysregulation accounts for 23 - 30% of the NSCLC activating
mutations (3-5). About 90% of the dominant EGFR mutations are
short, in-frame deletions of exon 19 (Ex19Del) and mutations at
position 858 in exon 21 (L858R missense replacements); and 4-10%
being EGFR exon 20 insertions (EGFR Ex20ins) (5, 6).

The first-line standards of care for EGFR mutation-positive
NSCLC patients include tyrosine kinase inhibitors (TKIs) that have
considerable higher efficacy than standard chemotherapy (7).
However with the emerging NSCLC resistance arising from
different mutations, subsequent generations of small molecule
EGFR TKIs have been developed (8). Unfortunately, small-
molecule kinase inhibitors are constrained because of their
intrinsically limited molecular surface area for binding that can
be rendered ineffective by receptor mutations; sometimes just a
single amino acid change (9, 10). One approach to target a broader
pool of mutant EGFR is to employ anti-EGFR antibodies that
provide therapeutic benefits in NSCLC, but still fall short with
ensuing development of resistance (5). The mesenchymal-epithelial
transition factor (cMET) amplification has a role in the resistance
mechanism in patients that are no longer responsive to EGFR-TKIs
and anti-EGFR antibodies (11, 12). Thus, amivantamab, designed
for dual inhibition of EGFR and c¢cMET, was developed and
demonstrated promising tumor inhibition activities in preclinical
and clinical studies (13-15). Amivantamab, a fully human bispecific
antibody (BsAb) that targets both EGFR and ¢cMET, received FDA
approval in May 2021 for the treatment of advanced or metastatic
NSCLC with EGFR Ex20ins mutations (5, 16, 17). However, some
patients treated with amivantamab experience limited progression-
free survival (PFS) and eventual disease progression, while a
subgroup of patients do not respond to the treatment (18). Thus,
there remains a need for drugs that could help patients with innate
and acquired resistance to these standard-of-care therapies.

TKI resistant NSCLC patients exhibit aberrant EGFR and cMET
signaling as well as elevated vascular endothelial growth factor
(VEGF) receptor pathway activity which is a critical driver of solid
tumor angiogenesis (19). EGFR and the receptor for VEGF, VEGF
receptor 2 (VEGFR-2), share common downstream pathways such
that inhibition of one pathway can be compensated by the
upregulation of the other. In addition, EGFR-mutant tumors are
more dependent on VEGF-A signaling compared to EGFR wild-type
tumors (20). VEGF-A has a dual role of promoting tumor cell
proliferation through autocrine signaling and stimulating
angiogenesis via paracrine mechanisms (21). In line with this
mechanism, two anti-angiogenic agents were approved by the FDA
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for the treatment of advanced NSCLC: bevacizumab [an anti-VEGF-
A monoclonal antibody (mAb)] and ramucirumab (an anti-VEGFR-
2 mAb) (22, 23). To control EGFR and VEGF signal pathways, the
dual-targeted approach combining erlotinib (EGFR TKI) with
bevacizumab demonstrated superior antitumor activity compared
to monotherapy in clinical practice, leading to its approval as a first-
line treatment option for EGFR-mutant NSCLC (19, 24). In addition,
dual inhibition of cMET and VEGFR-2 has shown strong inhibition
of tumor growth and angiogenesis in xenograft models (25, 26).
However, since these strategies still have a narrow therapeutic index,
a more comprehensive treatment is required.

Considering the extensive crosstalk among the three pathways,
the combined inhibition of the EGFR, cMET, and VEGF pathways
could overcome resistance and could be an effective treatment
approach for NSCLC patients. The aim of the current study was
to demonstrate how TAVO412, a trispecific antibody targeting
EGFR, cMET, and VEGF, controlled dysfunctional NSCLC tumor
growth activities. TAVO412 was engineered to have differentiated
mechanisms of action (MOA) that included ligand blocking, EGFR/
cMET receptor phosphorylation inhibition, EGFR/c-MET receptor
degradation, shutdown of angiogenesis, and enhanced Fc effector
functions. These MOAs manifested in in vivo antitumor activities of
TAVO412 in a diverse panel of NSCLC tumor models with varying
EGFR mutations, a broad range of EGFR and cMET receptor
densities, and VEGF secretion levels. In addition, TAVO412 was
shown to have stronger anti-tumor activities in combination with
other standards of care treatments that included radiotherapy,
chemotherapy, and 3 generation EGFR TKIs.

Results

TAVO412 bound and inhibited ligand
binding to NSCLC cell lines

TAVO412 was produced in CHO cells and purified to high
monomeric purity (>98%), as confirmed by SEC-HPLC and further
validated by SDS-PAGE (Supplementary Figures S1A, B). The
antibody demonstrated excellent thermal stability, with a melting
temperature (Tm) of 65.2 + 0.3°C (Tml) and 74.6 + 0.4°C (Tm2)
determined by differential scanning fluorometry (DSF). TAVO412,
the comparator amivantamab analogue, and a null control antibody
binding to NSCLC cell lines were assessed by flow cytometry. The
NSCLC cell lines (NCI-H292, HCC827, NCI-H1975, NCI-H460,
NCI-H1299, NCI-H358, and NCI-H596) spanned different EGFR
mutation profiles, a range of EGFR/cMET receptor densities, and
varying levels of VEGF secretion (Supplementary Table SI).
TAVO412 had high avidity binding with ECs, values that were
similar to those of the amivantamab analogue (NCI-H292: 0.399 nM
versus 1.150 nM; HCC827: 1.037 nM versus 1.885 nM; NCI-H1975:
1.358 nM versus 0.626 nM, for TAVO412 versus amivantamab
analogue respectively) (Figures 1A-C; Supplementary Figures
S2A-Dj; Supplementary Table S2). The levels of TAVO412 binding
correlated with the EGFR receptor densities that were in higher
levels than cMET receptor densities (data not shown).

frontiersin.org


https://doi.org/10.3389/fonc.2025.1533059
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Jin et al.

The ability of TAVO412 to block EGF and HGF binding to their
respective receptors was assessed using a cell-based flow cytometry assay
in HCC827 cells(EGFR: cMET receptor density ratio = 14.5,
Supplementary Table S1). TAVO412 effectively blocked EGF binding
in comparison to the amivantamab analogue (ICs, of 4.013 nM versus
11.86 nM) and HGF binding (ICs, of 0.282 nM versus 0.689 nM)
(Figures 1D, E; Supplementary Table S3). The non-binding (null)
control antibody showed no inhibitory effects. The potency of
TAVO412 in blocking VEGF-A binding to VEGFR2 was tested and
has been reported elsewhere (manuscript submitted).

TAVO412 inhibited ligand-induced
receptor phosphorylation

Patients with hyperactivation of the EGFR and cMET signaling
pathways often have higher levels of respective ligand expression
(25, 27). Thus, TAVO412 was engineered to inhibit EGF binding to
EGFR and HGF binding to cMET; thereby antagonizing paracrine
ligand-based EGFR and cMET activations. Using TR-FRET-
based assays, TAVO412 was shown to inhibit EGF-induced
phosphorylation of EGFR and HGF-induced phosphorylation of
¢-MET in NCI-H292 cells, whereas wild type EGFR and ¢-MET
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showed minimal baseline EGFR and cMET phosphorylation in the
absence of growth factor stimulation (13) (Figures 2A, B;
Supplementary Table S4). TAVO412 inhibited EGF-induced
phosphorylation (IC50 of 0.941 nM) with a 3-fold greater potency
than that of the amivantamab analogue (IC50 of 2.796 nM). In
addition, the amivantamab analogue showed marginally enhanced
inhibition of HGF-induced phosphorylation (IC50 of 0.430 nM)
when compared to TAVO412 (IC50 of 0.568 nM). (Figures 2A, B;
Supplementary Table 54). The null control antibody did not inhibit
receptor phosphorylation. The stronger effect on EGF-induced
phosphorylation resulted from blockade of ligand binding and
receptor dimerization by the dual epitope EGFR arm as
anticipated, while the avidity effect maintained a strong HGF
blockade in the tumor cells.

Since HCC827 cells (wild type cMET, and the Ex19Del EGFR
mutation which conferred a high baseline level of EGFR
phosphorylation) had constitutively activated EGFR, EGF
addition did not significantly increase the amount of phospho-
EGEFR over the high baseline level. Therefore, phospho-EGER levels
remained unchanged by the addition of TAVO412 or amivantamab
(Figure 2C; Supplementary Table S4). Consistent with observations
in H292 cells, TAVO412 inhibited HGF-induced cMET
phosphorylation in HCC827 (Figure 2D; Supplementary Table S4).
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TAVO412 bound to NSCLC cell lines and blocked binding of EGF and HGF. The binding of TAVO412 (red open circle), Amivantamab analogue (blue

open circle) and null mAb (black open circle) to (A) NCI-H292; (B) HCC827;

and (C) NCI-H1975 NSCLC cell lines as analyzed by flow cytometry. See

Supplementary Table S2 for corresponding ECsg, 95% ClI for ECsp, and efficacy (span in y axis). Blocking of (D) EGF and (E) HGF from binding to
HCC827 cells was assessed by flow cytometry with TAVO412 (red open circle), Amivantamab analogue (blue open circle) and null mAb (black open

circle). See Supplementary Table S3 for corresponding ICso, 95% ClI for ICsp,

and efficacy (span in Y-axis). The data from three independent

experiments were expressed as the mean + SEM of duplicate treatments. The amivantamab analogue served as a positive control molecule while the
null mAb served as a negative control. The abbreviations were: gMFI, geometric mean fluorescent intensity; AF647, Alexa Fluor 647 dye; AF488,
Alexa Fluor 488 dye; Ab, antibody; nM, nanomolar; EGF, epidermal growth factor; HGF, hepatocyte growth factor; SEM, standard error of the mean.
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TAVO412 had enhanced Fc effector
function

Fc effector functions play crucial roles in the efficacy of
therapeutic antibodies (28). TAVO412 had enhanced Fc effector
functions by incorporating clinically-verified point mutations in the
Fc domain (F243L/R292P/Y300L/V3051/P396L) (29). TAVO412
and amivantamab analogue had comparable binding affinities for
CD16a, CD32a, and CD64 (manuscript submitted). However,
TAVO412 bound to Clq, while the amivantamab analogue and
control IgG1 antibodies did not bind to Clq.

TAVO412’s Fc effector functions were demonstrated in assays that
monitored antibody-dependent cellular cytotoxicity (ADCC),
antibody-dependent cellular phagocytosis (ADCP), and complement-
dependent cytotoxicity (CDC) in NCI-H292, HCC827, and NCI-
H1975 cell lines. Although TAVO412 and the amivantamab
analogue exhibited comparable binding activity to Fc gamma
receptors (FcyR), TAVO412 demonstrated a stronger ADCC
response than the amivantamab analogue (NCI-H292: ECs, of 0.051

>

NCI-H292 (EGF)

125+
100—
X
L 754
=
¢
50—
[+4
'8
O 254
I-Iél_ -6~ Null mAb
0—--e~ TAVO412
-~ Amivantamab analogue
-25 T T T 1
0.1 1 10 100
Ab Concentration (nM)
C HCC827 (EGF)
125
100 -
R
2 754
g
50
14
[TH
O 25
l-g_ -e~ Null mAb
0--e= TAVO412
-~ Amivantamab analogue
-25 T T T 1
0.1 1 10 100

Ab Concentration (nM)

FIGURE 2

10.3389/fonc.2025.1533059

nM versus 0.114 nM; HCC827: 0.066 nM versus 0.483 nM; NCI-
H1975: 0.003 nM versus 0.005 nM, for TAVO412 versus amivantamab
analogue respectively) (Figures 3A-C; Supplementary Table S5). Both
TAVO412 and amivantamab analogue had similar ADCP responses in
the three NSCLC cell lines (NCI-H292: ECs;, of 0.009 nM versus 0.012
nM; HCC827: 0.112 nM versus 0.126 nM; NCI-H1975: 0.163 nM
versus 0.125 nM, for TAVO412 versus amivantamab analogue
respectively) (Figures 3D-F; Supplementary Table S5). Consistent
with the ELISA binding to Clq, TAVO412 exhibited CDC killing of
NCI-H292 (ECs, of 0.297 nM) and HCC827 (3.139 nM), whereas the
amivantamab analogue showed only minimal CDC killing (Figures 3G,
H). With an approximately 10% maximum lysis, H1975 cells were
resistant to CDC killing as reported earlier (Figure 31) (30).

To confirm that TAVO412 has enhanced Fc effector functions,
TAVO412-A (a TAVO412 isoform without the VEGF binding
domain) was compared to TAVO412-A_NF (a TAVO412-A isotype
with wild type Fc) and TAVO412-A_SF (a TAVO412-A isoform with
a silenced Fc) in the ADCC and ADCP reporter assays, and in CDC
induced killing assays using the NCI-H292 cell line. TAVO412-A
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TR-FRET assay demonstration of TAVO412 inhibition of ligand-induced EGFR and cMET phosphorylation in NSCLC cell lines. Inhibition of (A) EGF
ligand-induced phosphorylation of EGFR and (B) HGF ligand-induced phosphorylation of cMET in NCI-H292 cell line. Inhibition of (C) EGF ligand-
induced phosphorylation of EGFR and (D) HGF ligand-induced phosphorylation of cMET in HCC827 cell line. TAVO412 (red open circle),
amivantamab analogue (blue open circle) or null mAb (black open circle) were tested. The data from three independent experiments were expressed
as the mean + SEM of duplicate treatments. The amivantamab analogue served as a positive control molecule while the null mAb served as a
negative control. The corresponding ICsq, 95% Cl for ICsq values and efficacy (span in Y-axis) were reported in Supplementary Table S4. The
abbreviations were: pEGFR ratio%, phosphorylation rate of EGFR; p-cMET ratio%, phosphorylation rate of cMET; Ab, antibody; nM, nanomolar; EGF,
epidermal growth factor; HGF, hepatocyte growth factor; SEM, standard error of the mean.
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indeed induced dramatically enhanced ADCC, ADCP and CDC both
in terms of potency and efficacy compared to TAVO412-A_NF. The
role of the Fc mutations was further confirmed as TAVO412-A_SF
had no Fc effector functions (Supplementary Figures S3A-D).
Amivantamab Fc effector functions were dependent on cell
binding by its anti-EGFR arm (14). To investigate whether
TAVO412 had similar EGFR binding-driven Fc effector function,
TAVO412-A’s activity was compared to its isoforms with an inert
arm in the cMET arm position (EGFR x Inert) or the EGFR arm
position (cMET x Inert). In the NCI-H292 cells, EGFR x Inert had
comparable Fc effector activities compared to TAVO412-A, while
the cMET x Inert did not induce significant responses
(Supplementary Figures S3E-H). Thus, we demonstrated that
TAVO412’s Fc effector functions are also dependent on its

A B
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binding to EGFR. The EGFR-driven Fc-effector functions were
also observed in other cancer cell lines (data not shown).

TAVO412 suppressed tumor growth in
xenograft models with EGFR and cMET
degradation

The antitumor activities of TAVO412 were assessed in six NSCLC
xenograft models that spanned different EGFR and ¢cMET genotypes,
receptor densities, and VEGF-A secretion levels (Supplementary
Table 1). Monotherapy with TAVO412 at doses of 1 (low), 3
(medium), and 10 (high) mg/kg inhibited tumor growth in both
HCC827 and NCI-H1975 xenograft models in a dose-dependent
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TAVO412 mediated Fc effector functions in NSCLC cell lines. TAVO412 Fc effector function showing ADCC for (A) NCI-H292, (B) HCC827 and

(C) NCI-H1975 cells, respectively; TAVO412 Fc effector function showing ADCP for (D) NCI-H292, (E) HCC827 and (F) NCI-H1975 cells, respectively;
TAVO412 Fc effector function showing CDC for (G) NCI-H292, (H) HCC827 and (I) NCI-H1975 cells, respectively. TAVO412 (red open circle),
Amivantamab analogue (blue open circle) or null mAb (black open circle) were tested. The data from three independent experiments were expressed
as the mean + SEM of duplicate treatments. The amivantamab analogue served as a positive control molecule while the null mAb served as a
negative control. The ECsq, 95% CI for ECsq values and efficacy (span in Y-axis) were reported in Supplementary Table S5. The abbreviations were:
Ab, antibody; nM, nanomolar; ADCC, antibody-dependent cellular cytotoxicity; ADCP, antibody-dependent cellular phagocytosis; CDC,

complement-dependent cytotoxicity; SEM, standard error of the mean.
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manner (Figures 4A, B). The amivantamab analogue administered at 3
mg/kg showed comparable antitumor activities as TAVO412 at
similar dosing level (Figures 4A, B). Tumor weights and photos
taken on the last day of each experiment were consistent with the
tumor volume data (Figures 4C-F). TAVO412 treatment was well-
tolerated without compromising the mice body weight (Figures 4G,
H). TAVO412 at 10 mg/kg had excellent anti-tumor activity in the
other four xenograft models (Supplementary Figures S4A-H).

TAVO412 also demonstrated EGFR and ¢cMET receptor
degradation in vivo. Mice bearing HCC827 or NCI-H1975 tumors
were treated with TAVO412 twice. The tumors were collected 24 h
after the second dose. The Western blots indicated that the average
total protein levels of EGFR and cMET were significantly decreased
in both models after TAVO412 treatment; thereby demonstrating
receptor degradation (Supplementary Figures S5A-F).

To quantify the drug exposure in the animal models, the
pharmacokinetics (PK) profile of TAVO412 was studied in the
same stain of mice without tumor bearing. Following a single
intraperitoneal injection, TAVO412 exhibited linear PK in the
dose range from 1 to 3 mg/kg. The half-life was estimated to be
4.6 to 4.8 days (Supplementary Figure S6).

The combination of EGFR TKIs and
TAVO412 had stronger anti-tumor efficacy
in xenograft models

Amivantamab and lazertinib combination therapy has enhanced
antitumor activity in NSCLC patients in clinical trials (31). In light of
this, we combined TAVO412 with lazertinib in the HCC827
xenograft model and with osimertinib in the NCI-H1975 xenograft
model. Tumor-bearing mice were treated when the average tumor
volume reached 200 mm® in the HCC827 model (Figures 5A, B).
While tumors were effectively inhibited by either single agent or the
combination up to day 32, tumor relapses were observed in all the
mice treated with lazertinib shortly after the treatment was stopped.
TAVO412-treated tumors showed a longer lasting inhibition
compared to lazertinib, but tumor regrowth still occurred by the
end of the study with only one mouse having partial regression (day
92). The combination of TAVO412 and lazertinib induced complete
tumor regression (CR) and partial regression (PR) in 2/5 and 3/5
mice, respectively, until the last observation day (Figure 5A).
Similarly in NCI-H1975, the combination of TAVO412 with
osimertinib showed a significant additive effect: the combination
group having a significantly smaller tumor burden compared to each
monotherapy group and the control (Figures 5C, E). NCI-H1975
tumors treated with TAVO412 appeared paler compared to tumors
in other treatment groups (Figure 5E), which indicated reduced
vasculature due to VEGF-A neutralization by TAVO412. This
phenomenon was also observed in other xenograft models with
different tumor cell types (data not shown). Treatments of
TAVO412 were well tolerated with no body weight loss
(Figures 5B, D). These findings showed that the combination of
TAVO412 with either lazertinib or osimertinib had stronger tumor
growth inhibition compared to the monotherapies and prevented
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relapse in the mouse models of HCC827 and NCI-H1975. We used 2
mg/kg TAVO412 (suboptimal dose) in NCI-H1975 models to assess
combination potential, and 10 mg/kg (optimal dose) in HCC827
models to demonstrate complete tumor control. This dual approach
allowed evaluation of both combination effects and maximal efficacy.

EGFR TKls enhanced the efficacy of
TAVO412 by stabilizing EGFR receptor on
cell surface or enhancing ADCC

The basis for the EGFR-TKI enhancement of TAVO412 was
further probed by conducting cell-based assays. H1975 cells were
treated with varying concentrations of osimertinib for 48h at 37°C
and then stained with either anti-EGFR or anti-cMET detection
antibodies to assess receptor density via flow cytometry analysis.
When compared to the absence of osimertinib treatment, the
incubation of H1975 with osimertinib at 0.1, 1, and 20 nM resulted
in 1.1-, 1.5-, and 2.6-fold MFI increase in EGFR binding but did not
affect cMET binding levels (Supplementary Figures S7A, B). The
binding of TAVO412 to osimertinib-treated H1975 cells was then
evaluated at both 1h and 24h at 37°C. The level of TAVO412 binding
(at 16 nM TAVO412 for all the following comparisons) after 24h was
80% lower than the binding after 1h (Figures 6A, B). The longer
incubation time for binding could manifest in higher levels of
internalization and degradation of the receptors. At 1 h, the MFI
ratios of TAVO412 binding to H1975 cells treated with osimertinib at
1 nM, 20 nM, or 125 nM to that without osimertinib treatment were
1.3, 1.3, and 1.2, respectively. After 24h, these MFI ratios were 1.1, 1.7,
and 2.6, respectively, indicating that there was an osimertinib dose-
dependent increase in TAVO412 binding. However, the TAVO412
increase in cell binding did not further increase the ADCC effect in
vitro (Figure 6E).

Since lazertinib showed synergy with TAVO412 in vivo in the
HCC827 model, we assessed the impact of lazertinib on receptor
densities, TAVO412 binding, and ADCC eftects on HCC827 cells. In
comparison to the absence of lazertinib treatment, culturing HCC827
cells with lazertinib at 0.3, 3, and 100 nM at 37°C after 48 h led to 10, 60
and 70% reductions in ¢cMET receptor density, respectively.
Surprisingly, the EGFR density levels were unaffected (Supplementary
Figures S7C, D). As with H1975 cells, TAVO412 alone demonstrated
decreased binding to HCC827 cells (by 60%, at 16 nM TAVO412 for all
the following comparisons) after 24 h versus 1 h at 37°C (Figures 6C,
D). Upon addition of 0.3, 3, and 100 nM lazertinib, TAVO412 binding
was decreased by 0, 70, and 70% at 1 h, respectively. After 24 h, the
TAVO412 binding to HCC827 was decreased by 20, 30 and 60%,
respectively (Figures 6C, D). This reduction in TAVO412 binding could
be associated with the decreased cMET receptor density upon lazertinib
treatment. HCC827 cells exhibited a 14-fold higher TAVO412 binding
(at 16 nM) than on HI1975 after 24 h (Figures 6B, D), which
corresponded to the relative receptor densities of EGFR and cMET
(Supplementary Table S1). There was still a 2.5-fold higher binding of
TAVO412 to HCC827 cells compared to H1975 cells with EGFR-TKI
supplemented (100 nM lazertinib versus 125 nM osimertinib;
Figures 6B, D). Despite a reduced binding of TAVO412, the vitro
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Study Days

TAVO412 antitumor activity in NSCLC xenograft models. Female Balb/c nude mice bearing NSCLC xenograft tumors were given intraperitoneal
injections twice per week of TAVO412 (1, 3, 10 mg/kg), amivantamab analogue (3 mg/kg), or null mAb (10 mg/kg). Tumor growth was monitored
twice weekly. The mean tumor growth curves for mice treated with indicated antibodies in (A) HCC827 for a total of 6 doses and (B) NCI-H1975 for
a total of 4 doses were shown. Tumors were collected and tumor weight measured for (C) HCC827 at the end of the 21-day observation period and
(D) NCI-H1975 at the end of the 13-day observation period. Photographs of the resected tumor xenograft specimens at the end of the study were
recorded for (E) HCC827 tumors and (F) NCI-H1975 tumors. The body weight of the tumor-bearing mice treated with indicated antibodies were
measured twice weekly until the end of study for (G) HCC827 and (H) NCI-H1975. The antibodies were labeled: TAVO412 — L for 1 mg/kg dosing
(red open down triangle); TAVO412 — M for 3 mg/kg dosing (red open circle); TAVO412 — H for 10 mg/kg dosing (red open up triangle);
amivantamab for amivantamab analogue (blue open circle); Null mAb for control (black open circle). The data represented the mean values + SEM
(n = 7/group). The red arrows indicated the specific dosing days. **P < 0.01; ****P < 0.0001; ns: not significant compared to control group.
Statistical significance was determined using one-way ANOVA, followed by Tukey's multiple comparisons test to compare each treatment group

with the null mAb group.

Frontiers in Oncology 07

frontiersin.org


https://doi.org/10.3389/fonc.2025.1533059
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Jin et al. 10.3389/fonc.2025.1533059
HCC827 HCC827
2000 =
= £
~
£ ]
£ 1500 %
Q
£ £
3 1000 i M
<] £
> 2
g 500+ -
0 I-WA'::- i’f"‘- = .':f}: S SaRan * o 20 T
0 10 20 33 40 50 60 70 80 90 100 10 20 Sz 40 50 60 70 80 90 100
1st dose Last dose 1st dose Last dose
Study Days Study Days
-©- PBS -9~ PBS
-9~ Lazertinib 2 mg/kg =@~ Lazertinib 2 mg/kg
-©- TAVO412 10 mg/kg 0/5 CR; 1/5 PR -©- TAVO412 10 mg/kg
-8 TAVO412 + Lazertinib 2/5CR; 3/5 PR -©- TAVO412 + Lazertinib
C NCI-H1975 NCI-H1975
3000 = 20+
B
L »
o
g dedededke 5
G =
> sk =)
[ [
2 2 10
> =
= [«
o 4+
1 20 30 40 10 20 30 40
§4 4% fa 4%
Study Days Study Days
8- PBS - PBS
=& Osimertinib 2.5 mg/kg =A= Osimertinib 2.5 mg/kg
-©- TAVO412 2 mg/kg -8~ TAVO0412 2 mglkg
== TAVO412 + Osimertinib 2/5 PR -~ TAVO0412 + Osimertinib
NCI-H1975 Tumors
E O
L2 e T
(]
I I
Osimertinib
TAVO412
TAVO412 + Osimertinib
FIGURE 5

Combination of TAVO412 with Lazertinib and osimertinib in NSCLC xenograft models. Mice bearing HCC827 tumors were treated with TAVO412
(red open circle), Lazertinib (navy open circle), the combination of TAVO412 and Lazertinib (orange open circle) and PBS control (black open circle).
TAVO412 was dosed at 10 mg/kg twice per week for a total of 10 intraperitoneal injections (the red arrows indicated the first and last dose).
Lazertinib was dosed at 2 mg/kg daily orally for 21 days (day O — day 20). (A) The HCC827 tumor growth profiles and (B) corresponding body weight
changes were monitored twice weekly. Mice bearing NCI-H1975 tumors were treated with TAVO412 (red open circle), osimertinib (navy open up
triangle), the combination of TAVO412 and Osimertinib (orange open up triangle), and PBS control (black open circle). TAVO412 was dosed at 2 mg/
kg twice per week for a total of 4 intraperitoneal injections (the red arrow indicated the specific dosing for TAVO412). Osimertinib was dosed at 2.5
mg/kg daily orally for 14 days (day 0 — day 13). (C) The NCI-H1975 tumor growth and (D) body weight changes were monitored twice weekly.

(E) Photographs of the resected tumor xenograft specimens at the end of the study were recorded for NCI-H1975. The treatments were indicated
on the left, and the termination day was specified on the right of the photographs. The data represented the mean values + SEM (n = 5/group).
Statistical significance was calculated at day 32 and day 17 for HCC827 and NCI-H1975, respectively by one-way ANOVA followed by Tukey's
multiple comparisons test to compare each treatment group with the null mAb group. ***P < 0.001; ****P < 0.0001. The abbreviations were: ns: not
significant compared to control group. CR and PR indicated complete response and partial response; PBS represented phosphate buffered saline;
SEM, standard error of the mean.
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ADCC assay showed an enhancement of the killing effect by addition of
lazertinib at 100 nM concentration (Figure 6F).

Combination of TAVO412 with conventional
chemotherapy and radiotherapy induced
complete regression of tumors in vivo

We examined whether combining TAVO412 with either taxane
chemotherapy or radiotherapy would yield a more effective anti-
cancer treatment. Chemotherapy and radiotherapy are extensively
used in the clinic to treat NSCLC patients. Docetaxel was selected to
combine with TAVO412 to investigate their combination effect on
NCI-H1975 tumor growth in xenograft mouse models (Figures 7A, B).
Both TAVO412 and docetaxel were dosed twice a week for 4 weeks,
via intraperitoneal injection. Initially, docetaxel as a single agent
showed minimal tumor control effect. However, all tumors in this
group reached their peak volume and began to regress at day 14. The
maximal tumor control effect was observed at day 38 (14 days after the
end of treatment), and then 3 out of 5 tumors began to regrow and 2
out of 5 tumors remained stable with a volume of less than 20 mm? by
the end of the study (day 87) (Figure 7A). TAVO412 exhibited a
strong tumor growth inhibition effect in this model as a monotherapy,
with 4 out of 5 mice achieving partial regression by the end of the
treatment period (day 28). After cessation of treatment, 3 out of 5
tumors gradually regrew, while 2 out of 5 tumors remained stable by
the end of the study. The combination of TAVO412 with docetaxel
demonstrated superior antitumor activity compared to each single
agent, with 2 out of 5 mice achieved complete regression, and 3 out of
5 mice achieved partial regression with a tumor volume measured less
than 10 mm?® at the end of the study.

The NCI-H292 xenograft model was used to examine the effect
of TAVO412 and X-ray irradiation combination therapy based on
published evidence demonstrating that the anti-EGFR antibody
nimotuzumab potentiates radiation sensitivity more effectively in
this cell line than in NCI-H1975 (32). NCI-H292 tumor cells were
implanted in immune-compromised mice and the treatments were
started when the tumor volume reached ~200 mm?. TAVO412 was
dosed twice a week for 4 weeks by intraperitoneal injection,
irradiation (4 Gy per fraction) was performed on the first two
days each week for 4 weeks in total, while the combination group
followed the same regimen with each monotherapy (Figures 7C-E).
The irradiation therapy alone only produced modest antitumor
activity; all the tumors continued to grow, albeit at a slower rate
compared to null control-treated tumors. TAVO412 alone showed
a more potent tumor control effect with NCI-H292 tumors: all the
tumors regressed to a tumor volume below the starting size, and 2/5
mice achieved partial regression by day 28. However, all the tumors
gradually regrew when the treatment stopped. In contrast, the
combination treatment induced a remarkable decrease of tumor
burden: all the tumors regressed quickly starting from the beginning
of treatment (the tumor size regressed to less than 10 mm?® by day
21), and the effect persisted in all treated animals until the end of the
study (Figure 7C). Figure 7E showed photographs of resected
xenograft tumors taken at the endpoint of each group and the
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specimen sizes were consistent with the tumor volume data
(Figure 7C). As anticipated, both Docetaxel and X-ray irradiation
resulted in weight loss in mice. Notably, mice in the TAVO412
combination group did not experience weight loss. Instead, they
showed a consistent increase in body weight throughout the entire
study period (Figures 7B, D).

Discussion

Although the overall mortality rate of NSCLC has decreased due
to the identification of disease-specific oncogenes coupled with
personalized, genotype-directed therapies, the 5-year survival rate
remains poor at 17.4%. In relapsed patients, drug resistance
develops through emergence of secondary mutations, activation
of by-pass signaling pathways, or phenotypic transformation. The
development of novel therapies that can overcome such diverse
resistance mechanisms remains a substantial clinical need. EGFR,
cMET, and VEGEF play critical and complementary roles in NSCLC
cell survival, proliferation, and resistance to conventional therapies
(33). Hence, we developed TAVO412, a single trispecific antibody-
based molecule that inhibited EGFR, cMET, and VEGF-A. The
molecular construct of TAVO412 was designed with a dual epitope
variable heavy-chain only (VHO) EGFR binding arm on the N-
terminal and an anti-VEGF-A ScFv domain on the C-terminal of
one heavy chain, and an anti-cMET Fab arm on the other chain.
Utilizing Knob-in-Hole mutations, TAVO412 was expressed in a
single CHO cell line. Its developability characteristics and
downstream processing were comparable to monoclonal
antibodies in general, with high-yield production (2.5 g/L in CHO
cells), stable monomeric purity (>97%), high thermal stability (Tm
> 65°C), and no post-translational modification mutation hotspots
in the CDR region. TAVO412 binds human targets at high affinities;
it is fully cross reactive with the monkey targets, but not those of the
mouse (data not shown, is published elsewhere). We demonstrated
how TAVO412 manifested multiple mechanisms of action,
including ligand blocking (Figures 1D, E), receptor
phosphorylation inhibition (Figure 2), Fc effector functions
including ADCC, ADCP, and CDC (Figure 3) and EGFR/cMET
receptor degradation (Supplementary Figure S5). All of these
mechanisms of action translated into excellent tumor growth
inhibition effects in vivo, as observed in a panel of NSCLC
xenograft models with diverse receptor density and EGFR and
kRAS mutation status (Figure 4; Supplementary Table 1;
Supplementary Figure S4).

Receptor degradation was observed in tumor samples for both
EGFR and cMET 24 h after two doses of TAVO412, as compared to
control tumors (Supplementary Figure S5). Such a mechanism could
remove dysfunctional autocrine signaling of EGFR and cMET. The
effect of receptor degradation by TAVO412 could be linked to
immune effector-based mechanisms, such as trogocytosis
(antibody-dependent cellular trogocytosis, ADCT), which had been
identified as a dominant mechanism of antibody-directed receptor
downregulation and tumor cell killing in vivo for amivantamab (34).
However, further studies are needed to confirm this hypothesis.
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FIGURE 6

EGFR-TKI affected the cell binding and TAVO412 ADCC effector function. (A, B) NCI-H1975 and (C, D) HCCB827 cells were pre-treated with

osimertinib and lazertinib, respectively, for 48 h at specified concentrations. Then TAVO412 was added to the cells in a serial dilution and incubated
for 1 h (A, C) or 24 h (B, D) at 37°C. The binding of TAVO412 in both cell lines were measured by flow cytometry. The ECso, 95% CI for ECsq values
and efficacy (span in y axis) were reported in Supplementary Table S6. (E) NCI-H1975 and (F) HCC827 cells were pre-treated with Osimertinib and
Lazertinib, respectively, for 48 h at specified concentrations and then ADCC-induced killing was assessed. The treatments were labeled: TAVO412
alone: red open circle; TAVO412 + osimertinib: light, medium and dark blue open up triangle for addition of 1, 20 and 125 nM of osimertinib,
respectively; TAVO412 + lazertinib: light, medium and dark blue open circle for addition of 0.3, 3 and 100 nM of lazertinib, respectively;
Representative data from 2 to 3 independent experiments are shown. The ECsg, 95% ClI for ECsq values and efficacy (span in y axis) were reported in
Supplementary Table S7. The abbreviations were: gMFI, geometric mean fluorescent intensity; h, hour; nM, nanomolar; ADCC, antibody-dependent
cellular cytotoxicity; SEM, standard error of the mean.
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FIGURE 7

Treatment with TAVO412 in combination with docetaxel or radiation induced tumor regression in NSCLC xenograft models. (A, B) Mice bearing
NCI-H1975 tumors were given intraperitoneal injections twice per week with: TAVO412 (10 mg/kg, red open circle), Docetaxel (15 mg/kg, navy open
square), the combination of TAVO412 and Docetaxel (orange open square), or PBS vehicle control (black open circle). The red arrows mark the first
and last dosing with a total of 8 intraperitoneal injections administered over this period. The mice were monitored 2X/week for (A) tumor growth
and (B) body weight changes. (C-E) Mice bearing NCI-H292 tumors were treated with: TAVO412 (10 mg/kg, right open circle), x-ray radiation (4 Gy
per fraction, navy open diamond), the combination of TAVO412 and irradiation (orange open diamond), or null mAb (10 mg/kg, black open circle).
The red arrows marked the dosing days for TAVO412 and the light blue arrows marked the irradiation treatment days. The mice were monitored
twice weekly for (C) tumor growth and (D) body weight changes. (E) Photographs of resected NCI-292 xenograft tumors collected on the
termination days indicated to the right of figure. The treatments listed on the left. The data represent the mean values + SEM (n = 5/group).
Statistical significance was calculated at day 14 for both models by one-way ANOVA followed by Tukey's multiple comparisons test to compare each

treatment group with the null mAb group. ***P < 0.001; ****P<0.0001. The abbreviations were: ns, not significant compared to control group; Gy,
gray; CR indicates complete response.
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TAVO412 was capable of mediating ADCC, ADCP, and CDC-
induced killing effects, while amivantamab only showed ADCC and
ADCP effects, and not CDC (14, 34). An earlier published study
(35) showed that zanidatamab, an anti-HER2 biparatopic antibody,
could enhance CDC by enhancing receptor clustering, and the
effects were correlated with the receptor densities. We obtained
similar experimental results showing that the dual epitope EGFR
VHO promotes antibody clustering on the cell surface more
effectively than any of the monovalent or bivalent parental
antibodies (manuscript already submitted). TAVO412 was
designed with dual epitope EGFR plus cMET bindings to enhance
its cell surface presentation and clustering in addition to its
enhanced Fc functions, which resulted in much stronger
effector functions.

We used Balb/c Nude mice for in vivo xenograft model to test
the anti-tumor effects of TAVO412 and comparator molecules.
These mice are characterized by a mutation in the Foxnl gene,
leading to an absent or underdeveloped thymus and, consequently,
a deficiency in T-cell production. However, the nude mice maintain
an active macrophage system and exhibit high levels of NK cell
reactivity (36).Therefore, the ADCC and ADCP effects can be tested
with mouse NK cells (37).

The HCC827 cell line, with the EGFR Ex19Del mutation that
accounts for ~ 60% of EGFR mutations in lung cancer, is highly
responsive to first-generation EGFR TKIs, such as erlotinib. The
NCI-H1975 cell line harbors both the L858R and the T790M
mutations that confer resistance to first- and second-generation
TKIs; but retains sensitivity to third - generation TKIs such as
osimertinib. The remaining four cell lines (NCI-H460, NCI-H1299,
NCI-H358 and NCI-H596) have wild-type EGFR and ¢cMET
genotypes at different receptor density levels. The NSCLC model
NCI-H1975 (L858R/T790M) and HCC827 (Ex19Del) are sensitive
to TKIs and amivantamab. In both models, TAVO412 exhibited
potent and comparable antitumor activity to the amivantamab
analogue (Figure 4). TAVO412 demonstrated anti-tumor
activities against four NSCLC xenograft models with low,
moderate, and high levels of wild-type genotype EGFR expression.
(Supplementary Table S1; Supplementary Figure S4). TAVO412
and the amivantamab analogue were equally potent in inhibiting
the growth of NCI-H358 and NCI-H596 xenografts, while only
TAVO412 produced moderate antitumor activity in NCI-H460 and
NCI-H1299 xenografts. Amivantamab showed no antitumor
activity in these two models. The difference in response to
TAVO412 could be explained by the different levels of EGFR
receptor expression in these cell lines, considering the fact that
Fc-dependent activity plays a critical role in tumor inhibition
efficacy in vivo while the effector functions were driven by the
anti-EGFR arm of TAVO412. Indeed, the two models with
moderate responses had low EGFR and cMET expression levels
(Supplementary Table SI). The fact that the antigen density on
tumor cells must exceed a threshold for even high-affinity IgG
antibodies to mediate ADCC could explain why both the
amivantamab analogue in our study and cetuximab in another
study did not show any antitumor activity in NCI-H460 xenografts
(38, 39). Nonetheless, TAVO412 was more efficacious than the
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amivantamab analogue and cetuximab in these two low EGFR/
cMET density models. TAVO412 had stronger tumor growth
inhibition than amivantamab and cetuximab, since the design had
more engineered MOA that included: angiogenesis control by the
anti-VEGF arm; enhanced ADCC, ADCP, and CDC mediated by
the unique dual-epitope EGFR and ¢cMET binding epitopes. These
results suggested that TAVO412 could be an effective treatment
option for a broad range of NSCLC patients, regardless of the EGFR
or KRAS mutational status.

Considering that many patients could have been treated with
standard of care treatments, we explored the potential role for
TAVO412 as a combination partner. Here, we demonstrated how
TAVO412 showed substantially greater antitumor activity when
combined with either third-generation TKIs or conventional
chemoradiotherapy, compared to single-agent treatments, and
prevented the emergence of resistance.

We observed enhanced TAVO412 anti-tumor effects when
tumors were treated in combination with EGFR-TKIs in several
in vivo models. To explore possible underlying mechanisms, we
conducted a series of in vitro cell-based assays that showed how
osimertinib increased EGFR receptor density on NCI-H1975 cell
surface, resulting in an enhanced TAVO412 cell binding
(Supplementary Figures S7A, B; Figures 6A, B). Similarly,
erlotinib induced higher levels of cetuximab binding to EGFR on
NSCLC tumor cells, which translated to enhanced cytotoxicity and
a stronger in vivo anti-cancer effect (40). We corroborated their
conclusions by demonstrating that osimertinib, a third-generation
EGFR-TKI, exerted similar EGFR receptor stabilizing effects in
NCI-H1975 cell line (with EGFR mutations) and led to enhanced
TAVO412 cell binding. Other reports showed that while EGFR-
TKIs were capable of decreasing EGF-induced internalization and
could promote EGFR dimerization in a ligand-independent manner
(41-44). While the osimertinib-enhanced TAVO412 binding on the
cell surface did not translate into enhanced ADCC activity, the
induction of stronger tumor growth inhibition could be linked to
other mechanisms involving stronger blockade of signal
transduction, enhanced ADCP, and CDC.

Amivantamab in combination with lazertinib in the
CHRYSALIS-2 (NCT04077463) clinical trial has demonstrated a
clinical benefit rate (CBR) of 57% in patients with common EGFR
exon 19 deletion or L858R mutations who had previously progressed
on osimertinib and platinum-based chemotherapy (31). Likewise, we
confirmed that TAVO412 with lazertinib demonstrated enhanced
tumor growth inhibition effects in vivo. However, the combination of
TAVO412 with lazertinib in treating HCC827 cells showed more
interesting mechanistic aspects. Lazertinib treatment reduced the
cMET receptor density in a dose-dependent manner without an
apparent impact on the EGFR density. Perhaps some crosstalk
between the two receptors and signal pathways could be associated
with the reduced levels of TAVO412 binding at physiological
conditions (Supplementary Figures S7C-D; Figures 6C, D).
Nonetheless, lazertinib showed a trend of enhancing the ADCC
killing effect of TAVO412 (Figure 6F).

The correlations of cell surface drug presentation with effector
functions could involve a dynamic balance among extracellular EGFR
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and cMET receptor densities, receptor internalization/degradation
rates, and recycling. Our in vitro results only provided a glimpse of
the complexities. Moreover, drug presentation was only one of several
factors that could influence effector functions. An example from our
study highlighted that despite HCCB827 having significantly higher
TAVO412 presentation than H1975, it exhibited a weaker ADCC
effect (Figures 3B, C, 7E, F). The balance amongst the activating and
inhibitory signaling pathway ultimately determines effector cell
responses. For instance, the density of ULBP1 ligands on NSCLC
tumor cells could affect NKG2D regulation of NK cell induced-
killing (45).

Chemotherapy and radiotherapy are the cornerstone of
combined-modality therapy used to cure early and locally
advanced NSCLC patients (46). The activation of EGFR, cMET,
and VEGEF signaling pathways has been linked to chemotherapy
and radiotherapy resistance (25, 47). Blocking these pathways has
been shown to enhance the effectiveness of chemotherapy and
radiotherapy in preclinical studies (38, 48-50). However, in
clinical trials, the combination of chemoradiotherapies (CRT)
with anti-EGFR or anti-VEGF agents has often been
disappointing because of the lack of significant improvement in
survival. Additionally, there is a risk of excessive toxicity when
combining CRT with targeted agents (9, 47, 51). Our studies
provided proof of concept demonstration of the anti-tumor
response of chemo- or radio-therapy when combined with
TAVO412. In these models, the mice that received either
docetaxel or radiation alone experienced a body weight loss of
approximately 20%, while mice that received combination
treatments maintained their normal growths. (Figures 7B, D).
Thus, TAVO412 could have a protective effect against radiation
and docetaxel treatment in animal models. Notwithstanding,
careful study design and proper patient selection are necessary for
further clinical studies to ensure both safety and efficacy when
combining TAVO412 with CRT.

Besides the NSCLC tumor models, TAVO412 was also tested in
several other tumor models including triple negative breast, gastric,
esophageal, head and neck cancers, and pancreatic ductal
adenocarcinoma. Manuscripts reporting the results have been
prepared and will be published elsewhere separately (37). Although
we did not conduct a standalone study to assess the individual
contributions of the EGFR, cMET, and VEGFA arms in one
NSCLC xenograft model using inert arm comparator molecules, we
performed such study in a triple-negative breast cancer (TNBC)
model. The results showed that, while TAVO412 has a monovalent
anti-soluble VEGF-A arm with a slightly weaker binding affinity than
bevacizumab, it demonstrated significantly stronger tumor growth
inhibition in the model compared to bevacizumab or bevacizumab
plus amivantamab at comparable dose levels (data submitted in
another manuscript on TNBC). The anti-VEGF effect driven by
EGFR/cMET targeting exhibited stronger and more promising anti-
tumor results. We also anticipate that TAVO412 will have fewer anti-
VEGF-related toxicity issues compared to molecules lacking homing
mechanisms. In conclusion, TAVO412, which targeted EGFR, cMET,
and VEGF, was demonstrated to have multiple mechanisms of
antitumor activity in multiple preclinical models with varying levels
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of EGFR, ¢cMET, and VEGF. TAVO412 showed potential as a
valuable agent for combination therapy with standard-of-care
treatments. This combination approach could potentially delay or
prevent the development of drug resistance, providing valuable
therapeutic options for lung cancer patients. While preparing this
manuscript, TAVO412 has been tested in a Phase la clinical trial
(NCT06761651) and has demonstrated reasonable safety, tolerability,
and preliminary positive efficacy signals in NSCLC and other
tumor types.

Materials and methods
Test antibodies and reagents

TAVO412 was a trispecific antibody with F243L/R292P/Y300L/
V3051/P396L and Knob-in-Hole mutations. The molecular construct
was designed with dual EGFR binding domains on the N-terminal
and anti-VEGFA ScFv on the C-terminal of one heavy chain, and an
anti-cMET Fab arm on the other chain. TAVO412 was expressed
from a single stably-transfected CHO cell line, purified using Protein
A and ion exchange chromatography, and characterized by SEC-
HPLC and SDS-PAGE. Thermal stability was evaluated by
differential scanning fluorometry (DSF) with a 1°C/min ramp (20-
100°C). The amivantamab analogue (sequences referred to World
Health Organization Proposed INN List 121) was generated in-house
(52). Anti-gp120 hIgG1 was produced in-house to serve as a negative
control antibody (null mAb) in cell-based experiments. HIgGl
(HAOKESAIYE, Beijing) served as an isotype control antibody
(null mADb) in the animal studies. Lazertinib (Selleck #S8724),
osimertinib (MCE LLC #HY-15772A), and docetaxel (injection
from the Yangtze River Pharmaceutical Group, Jiangsu, China)
were used in the combination experiments.

Tumor cell lines

NCI-H460, NCI-H1299, NCI-H358 and NCI-H596 cell lines
(ATCC); and NCI-H1975, HCC827 and NCI-H292 cell lines
(National Collection of Authenticated Cell cultures, Shanghai,
China) were authenticated using short tandem repeat profiling and
screened for mycoplasma contamination using the Myco—LumiTM
Luminescent Mycoplasma Detection Kit (Beyotime, #C0297M). Cells
were cultured following ATCC cell line-specific recommendations.
Frozen human peripheral blood mononuclear cells (PBMCs) were
purchased from ALLCELLS and SAILYBIO.

Binding to EGFR and cMET expressing
NSCLC cells

The NSCLC cells were seeded at a density of 50,000 cells per well
in 96-well plates and treated with the test articles. After 1 h incubation
at 4°C, the cells underwent three washes with fluorescence activated
cell sorting (FACS) buffer (PBS supplemented with 2% (v/v) fetal
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bovine serum). The cells were then incubated with AF647 goat anti-
human IgG1 Fc (Jackson ImmunoResearch, 109-605-190) in the dark
for 30 min at 4°C, washed three times with FACS buffer, and
resuspended in FACS buffer for flow cytometry (Beckman
CytoFLEX) experiments. The cells were gated initially based on
forward and side scatter (FSC vs SSC) to eliminate debris and to
define a population gate (P1). P1 was then analyzed on forward
scatter height (FSC-H) versus forward scatter area (FSC-A) to isolate
single cells (P2). The geometric mean fluorescence intensity (gMFI)
of P2 cells was calculated with the CytExpert 2.4 software (Beckman
Coulter). The gMFI values on the y axis was plotted against the
antibody concentration on the x axis using a four-parameter logistic
(4PL) model. ECs values, efficacy (Y-axis span), and 95% confidence
intervals (CI) were calculated in GraphPad Prism 9.3.1(GraphPad
Software, Inc.).

To assess the effect of EGFR-TKIs to TAVO412 binding to
tumor cells, NCI-H1975 and HCC827 cells were pre-treated with
osimertinib or lazertinib for 48 h at 37°C. The cells were then
cocultured with TAVO412 for 1 h and 24 h respectively at 37°C, and
the gMFI level of AF647 goat anti-human IgG1 Fc was measured by
flow cytometry as stated above.

Competitive ligand binding in HCC827
cells

Upon plating 50,000 HCC827 cells per well in 96-well plates,
TAVO412, amivantamab analogue, or Null mAb were added in
FACS buffer. After incubation 1 h at 4°C, the cell-antibody mixtures
were washed three times with the FACS buffer. Either 50 uL of 1 ug/
mL EGF or 50 uL of 0.2 pg/mL Biotin-HGF were added; incubated
in the dark at 4°C for 1 h; and then followed by three FACS buffer
washes. Rabbit anti-human EGF antibody (Sino Biological, #10605-
T16) and Alexa Fluor 488 (AF488)-labeled anti-rabbit IgG1
(Jackson ImmunoResearch, #111-545-144) were added to test for
EGF binding, while AF488 streptavidin (Invitrogen, #S11223) was
added to test HGF binding. After 0.5 h incubation at 4°C, the cells
were washed three times and resuspended in FACS buffer for flow
cytometry analysis (Beckman CytoFLEX) with the FACS gating
strategy as described above. The AF488 fluorescence signals of the
P2-gated cells were captured and the gMFI was calculated with
CytExpert 2.4 software (Beckman Coulter). The gMFI of the cells
was plotted on the y axis against the antibody concentration on the
x axis using a four-parameter logistic (4PL) model. ICs, values,
efficacy (y-axis span) and 95% CI for ICs, were calculated in
GraphPad Prism 9.3.1(GraphPad Software, Inc.).

Inhibition of ligand-induced receptor
phosphorylation

Time-Resolved Fluorescence and Resonance Energy Transfer
(TR-FRET) assay was used to measure the phosphorylation of
EGFR and cMET receptors in NSCLC cells. Forty thousand cells
were seeded in RPMI 1640 medium per well in 96-well plates

Frontiers in Oncology

14

10.3389/fonc.2025.1533059

overnight and starved for 24 h, before being treated with test articles
for 1 h at 37°C. After stimulation with 22 nM EGF or 10 nM HGF at
37°C for 5 and 15 min respectively, the cells were lysed, and the
levels of receptor phosphorylation were monitored using TR-FRET
kits (Bioauxilium, KIT-EGFRP-5000 or KIT-METP-5000). The
phosphorylation rate (%) on the y axis was plotted against the
antibody concentration on the x axis using a four-parameter logistic
(4PL) model. The ICs, efficacy (y-axis span), and 95% CI for ICs,
values were calculated in GraphPad Prism 9.3.1 (GraphPad
Software, Inc.). The phosphorylation rate (%) was determined by
calculating [(Signal Tegt article-SigNal detection buffer controt)/ (Signal None
treated~ 518Nl detection buffer control)] X100%.

ADCC assays

Primary ADCC killing assays assessed in vitro killing of NSCLC
cells. Ten thousand tumor cells were plated per well in RPMI1640.
Antibodies were added to the wells and incubated at 37°C for 15
min. Upon thawing, 500,000 PBMCs in RPMI1640 were added to
each well and incubated at 37°C for 4 h. The release of lactate
dehydrogenase (LDH) was measured using a Roche Cytotoxicity
Detection Kit. Controls included untreated effector and target cells,
target cells only, and target cells plus 0.2% (w/v) Triton X-100. The
lysis ratio on the y axis was plotted against the antibody
concentration on the x axis using a four-parameter logistic (4PL)
model. ECs, values, efficacy (y-axis span) and 95% CI for ECs, were
calculated in GraphPad Prism 9.3.1(GraphPad Software, Inc.). Lysis
ratio (%) was determined by the following equation with OD values
(492 nm - 650 nm):

% LySiS = [(SignalTest article ~ Signaluntreated effector target cell control/

(Signaltarget cell maximum control ~ Signaltarget cells spontaneous comrol)]

x 100.

To evaluate the effect of EGFR-TKIs on the TAVO412-
mediated ADCC killing, NCI-H1975 and HCC827 cells were pre-
treated with osimertinib or lazertinib for 48 h at 37°C before
undergoing the ADCC assay as described above.

ADCP assays

Phagocytosis was evaluated with human peripheral blood
monocyte-derived macrophages as effector cells. Monocytes were
isolated from previously frozen human PBMCs using EasySepTM
Human Monocyte Enrichment Kit (StemCell) and were induced to
differentiate into macrophages with macrophage colony stimulating
factor (M-CSF) (StemCell) and interferon gamma (IFNY) (StemCell)
according to the manufacturer’s instructions. NSCLC target cells were
labeled with Carboxy Fluorescein Succinimidyl Ester (CFSE) using
the CFSE-Cell Labeling KIT (Abcam). Fifty thousand cancer cells per
well were cocultured with 100,000 macrophages per well with the test
articles for 24 h at 37°C. Next, Alexa-647-labeled anti-CD14 and anti-
CD11b antibodies (R&D) were added to the culture and then
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incubated for 30-min at 4°C to label the macrophages. Flow
cytometry (Beckman CytoFLEX) detected CSFE (FITC-A channel)
positive cells and Alexa 647 (APC-A channel) positive cells. The cells
initially were gated based on FSC vs SSC to eliminate debris and
define a population gate (P1). P1 was then analyzed on FSC-H vs.
FSC-A to isolate single cells (P2). A quadrant gate divided the P2 cells
into four sub-populations with FITC-A vs APC-A (FITC" APC;
FITC APC"; FITC" APC;; FITC APC’) and the percentage of Q3
(FITC" APC) was calculated. CytExpert 2.4 software (Beckman
Coulter) was used to calculate the killing percentage (%) as plotted
on the y axis against the antibody concentration on the x axis using a
four-parameter logistic (4PL) model. ECs, values, efficacy (y-axis
span) and 95% CI for EC5, were calculated in GraphPad Prism 9.3.1
(GraphPad Software, Inc.). Killing percentage (%) is determined by
the following equation (14): % Killing = 100 x {(average %
FITC'APC-A" of [lowest mAb] for each antibody -%FITC" APC-
A” sample)/(average %FITC* APC-A" of [lowest mADb] for
each antibody)}.

CDC assays

Twenty thousand tumor cells in RPMI 1640 medium were
plated per well in 96-well plates. Upon the addition of test articles,
the cells were incubated for 1 h at room temperature. After a 2-fold
diluted Baby Rabbit Complement (Cedarlane) was added, the wells
were incubated at 37°C for 1 h. The release of lactate dehydrogenase
(LDH) in the supernatants was measured with the Roche
Cytotoxicity Detection Kit. Control wells included: the target cells
and complement at the lowest concentration of test antibody (TC
spontaneous release); target cells only (T spontaneous release); and
target cells plus 0.2% (w/v) Triton X-100 (maximum release). The
lysis ratio on the y axis was plotted against the antibody
concentration on the x axis using a four-parameter logistic (4PL)
model. EC5, values, efficacy (y-axis span) and 95% CI for EC5, were
calculated in GraphPad Prism 9.3.1(GraphPad Software, Inc.). The
lysis ratio (%) was determined by the following equation with OD
values (492 nm - 650 nm):

% Lysis = [(Experimental — TC spontaneous)/(Maximum release

— T spontaneous)] x 100 % .

In vivo efficacy studies in mice

All procedures related to animal care, handling, and treatment
were carried out in accordance with the guidelines of GenePharma’s
Institutional Animal Care and Use Committee (IACUC).

Tumor cells were injected subcutaneously into female Balb/c
Nude mice (n = 5 or 7 per group; 6-10 weeks old; Nanjing
GemPharmatech Co., Ltd.) at the right flank (5x10° cells in 50%
Matrigel admixed with 50% PBS for HCC827; 5x10° NCI-H1975 in
PBS; 1x10” NCI-H292 in PBS). Therapeutic treatments began when
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the mean tumor volume reached approximately 200 mm?® and the
first day of dosing was denoted as day 0. The detailed treatment
regimens were described in each figure legend. In certain studies, at
the end of the research, tumors were collected, weighed, and/or
photographed. The average tumor volume in each group was
calculated as length x width® x 0.5 with units of mm?®. Tumor
volumes and body weights were recorded twice weekly, and the
tumor growth curves of each treatment group were plotted as mean
+ SEM. Tumor regression was defined as partial regression (PR) if
the tumor volume decreased to 50% of the tumor volume at the start
of treatment and as complete regression (CR) if the tumor volume
too small to be recorded (tumor volume ~ 0 mm®).

Statistical analysis of in vivo results

Statistical analysis was performed using GraphPad Prism
software version 9.3.1 (GraphPad Software, Inc.). A comparison
between two groups was performed using the Student’s T-test.
Multiple group comparisons used a parametric one-way ANOVA
followed by post hoc test (Tukey’s test). P values less than 0.05 were
considered statistically significant.
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Glossary
ADCC
ADCP
ADCT
CDC
CFSE
cMET
CI

CRT
EGF
EGFR
ELISA
FACS
FcyR
GADPH
GM-CSF
HGF
HRP

IgG
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Antibody-Dependent Cellular Cytotoxicity
Antibody-Dependent Cellular Phagocytosis
Antibody-Dependent Cellular Trogocytosis
Complement-Dependent Cytotoxicity
Carboxyfluorescein succinimidyl ester
Mesenchymal Epithelial Transition Factor
Confidence Interval

Chemoradiotherapy

Epidermal Growth Factor

Epidermal Growth Factor Receptor
Enzyme-Linked Immunosorbent Assay
Fluorescence-Activated Cell Sorting

Fc gamma Receptor

GlycerAldehyde-3-Phosphate Dehydrogenase

Granulocyte-Macrophage Colony-Stimulating Factor

Hepatocyte Growth Factor
Horseradish Peroxidase

Immunoglobulin G

18

LDH
NSCLC
oS
PBMC
PBS

PFS
RPMI
SDS-PAGE
SEC

SEM
SOC

TKI
TR-FRET
VEGF
VEGFR2
PK

DSF
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Lactate Dehydrogenase

Non-Small Cell Lung Cancer

Overall Survival

Peripheral Blood Mononuclear Cell

Phosphate Buffer Saline

Progression-Free Survival

Roswell Park Memorial Institute

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
Size Exclusion Chromatography

Standard Error of the Mean

Standard of Care

Tyrosine Kinase Inhibitor

Time Resolved-Fluorescence Resonance Energy Transfer
Vascular Endothelial Growth Factor

Vascular Endothelial Growth Factor Receptor 2
Pharmacokinetics

Differential Scanning Fluorometry

melting temperature
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