doi.org/10.36721/PJPS.2026.39.8.221.1

p40-engineered CAR T-cells targeting CD276 enhance anti-tumor
efficacy in non-small cell lung cancer
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Abstract: Background: Chimeric antigen receptor (CAR) T-cells have shown remarkable therapeutic efficacy in
hematological malignancies; however, effective breakthroughs in solid tumors have not yet been achieved. Objectives:
This study aimed to explore the therapeutic potential of p40-engineered CAR T-cells targeting CD276 (p40-H3BBz) for
the treatment of non-small cell lung cancer (NSCLC). Methods: A CAR targeting CD276 (H3BBz) was engineered to co-
express the p40 subunit via lentiviral transduction. The function of p40-H3BBz was evaluated by measuring cytokine
secretion levels and performing luciferase-based cytotoxicity assays in vitro. In vivo efficacy was assessed using tumor-
bearing mouse models, and T-cell infiltration was analyzed by immunohistochemistry. Results: The transduction
efficiencies of H3BBz and p40-H3BBz were 63.7% and 52.3%, respectively, with both populations predominantly
composed of CD4* T-cells. Upon activation, p40-H3BBz exhibited increased IL-23 secretion, while IL-12 levels were
comparable to those of H3BBz in vitro. p40-H3BBz also demonstrated enhanced cytotoxicity, degranulation, and increased
production of IL-23 and IFN-y. In vivo, p40-H3BBz CAR T-cells showed superior tumor growth inhibition, increased T-
cell infiltration, and elevated IL-23 levels within tumors, without inducing significant toxicity in major organs. Conclusion:
p40-H3BBz exhibits enhanced cytokine release and cytotoxic activity, representing a promising and safe therapeutic

strategy for the treatment of NSCLC.
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INTRODUCTION

NSCLC is a major high-incidence and fatal tumor type
worldwide and there is an urgent need for effective
treatment methods (Wang et al., 2021; Qin ef al., 2024).
While the effect of CAR T-cells in hematological cancers
is encouraging (Parikh and Lonial, 2023; Yang et al., 2023),
their activity against solid tumors, including NSCLC, has
been limited (Hong ef al., 2020). This is primarily due to
the CAR T-cells’ poor infiltration (Allen et al., 2022),
persistence (Chan et al., 2024) and activity (Tang et al.,
2023) when treating solid tumors.

To address these challenges, this study focused on CD276
(B7-H3), an excellent target antigen for CAR T-cells (Li et
al., 2023). CD276 belongs to the B7 molecular family and
is highly expressed in many solid tumors, including
NSCLC (Altan et al, 2017). Importantly, CD276
expression is minimal in normal tissues (Getu et al., 2023),
making it an attractive antigen for CAR T-cell therapy due
to its high specificity and low off-target toxicity. Previous
studies have demonstrated the feasibility and efficacy of
targeting CD276 in various cancer models, further
underscoring its relevance as a therapeutic target (Seaman
etal.,2017; Yang et al., 2020).

In addition to selecting an appropriate target antigen,
enhancing CAR T-cell activity within the tumor
microenvironment (TME) is pivotal for improving
therapeutic outcomes (Feng et al., 2024). Interleukin-23
(IL-23) consists of p19 and p40 subunits and is crucial for
*Corresponding author: e-mail: chen523351795@163.com

the expansion and survival of memory T-cells (Pawlak et
al., 2022, Boniface et al., 2008). IL-23 is important for the
anti-tumor course of T-cells by promoting the expansion
and effector function of cytotoxic T lymphocytes (Ma et al.,
2020). Moreover, IL-23 has been shown to support the
differentiation and maintenance of Th17 cells, which are
known to contribute to anti-tumor responses by secreting
pro-inflammatory cytokines and recruiting other immune
cells to the TME (Subhadarshani, et al., 2021). Notably, T-
cells upregulate the pl9 subunit, not the p40 subunit,
however, upon activation (Ma et al., 2020). This unique
expression pattern offers an opportunity to engineer T-cells
to express the p40 subunit, thereby enabling autocrine IL-
23 signaling upon T-cell activation.

This study constructed a CAR targeting CD276 and co-
expressed the p40 subunit to reinforce its therapeutic effect
in NSCLC. It was hypothesized that p40-H3BBz would
exhibit superior cytotoxic activity within the TME, thereby
improving therapeutic efficacy. Through a series of
experiments, it was verified that p40-H3BBz shows better
tumor-killing activity, increased cytokine secretion and
superior tumor infiltration compared with H3BBz.
Moreover, it was shown that p40-H3BBz does not cause
significant toxicity, highlighting its potential as a safe and
effective treatment for NSCLC.

MATERIALS AND METHODS

Cell source
Cell lines were obtained from the American Type Culture
Collection (ATCC). These cell lines were grown in DMEM
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(Vivacell) and added 10% FBS (Vivacell). The cells were
placed statically in an incubator Forma™ 311 (Thermo
Fisher, MA, USA) at 37°C with 5% CO2.

UALCAN analysis of CD276 expression situation and
survival state

The mRNA expression levels of CD276 were explored
using the UALCAN website (Chandrashekar et al., 2022),
which provides an interactive platform for exploring tumor
transcriptome data from The Cancer Genome Atlas
(TCGA). The prognosis status of CD276 was also
evaluated using the survival analysis tools available on the
UALCAN website.

Construction of CAR T-cells

The second-generation CAR targeting CD276 was
constructed using a lentiviral vector. The CAR construct
included a CD8a signal peptide, an anti-CD276 single-
chain variable fragment (scFv) (Loo ef al., 2012), a CD8a
hinge and transmembrane domain and the signaling parts
of 4-1BB and CD3(. The p40 subunit of IL-23 was co-
expressed with the CAR using an internal ribosome entry
site (IRES).

Primary human T-cells were isolated from peripheral blood
using the manufacturer's isolation kit protocol (Miltenyi
Biotec, Germany) and activated with Dynabeads (Thermo
Fisher Scientific, CA, USA) for 48 hours. After cells were
activated, CD276 CAR or p40-CD276 CAR encoded
lentiviruses were added. Transduced T-cells were expanded
in RPMI-1640 medium supplemented with 10% FBS, 2
mM GlutaMAX, 100 units/mL penicillin, 100 pg/mL
streptomycin and 10 ng/mL IL-2 (PeproTech, CA, USA).

Flow cytometry analysis

Flow cytometry was used to assess CD276 protein
expression levels in tumor cell lines and the CAR-positive
rate in T-cells. Antibodies against CD276, CD3, CD4 and
CD8 (BioLegend, CA, USA) were added to cells for 30
minutes in a dark environment of 4 degrees. For CD107a,
cells were incubated with Brefeldin A (Yeasen, Shanghai,
China) after 16 hours of co-culture and stained with the
CD107a antibody. Data was collected using LSRFortess X-
20 (BD Biosciences, CA, USA). All data collected in this
work were processed using FlowJo™ v10 software.

Luciferase-based cytotoxicity assay

Luciferase (FFluc) transduced target tumor cells were co-
incubated with H3BBz or p40-H3BBz of different effector-
to-target (E:T) ratios (3:1, 1:1, 1:3). After co-incubation for
24 hours, the remaining viable target T-cells were counted
by measuring luciferase activity. The signal is measured by
the microplate reader Synergy HTX (BioTek, VT, USA).
Specific cytotoxicity (%) was calculated as follows:
Specific cytotoxicity (%) = (1-Spontaneous
RLU/Experimental RLU)*100.
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Animal experiments

All ethical norms for animal experiments were approved
by Shaoxing University. For the in-vivo anti-tumor efficacy
studies, mice were subcutaneously injected with SE6 A549
cells in 100 pl pre-cooled PBS. Once tumors reached
approximately 100 mm?, mice were randomly assigned to
treatment groups and received an intravenous injection of
1 x 107 Blank T-cells, 1 x 107 H3BBz, or p40-H3BBz.
Tumor growth was monitored weekly. Mice were
euthanized at the end of the study and tumors and major
organs were collected for further analysis. The tumor
volume is calculated as Length x Width"2 / 2.

ELISA assays

IL-23, IL-12 and IFN-y levels were quantified using
ELISA kits (Lianke Biotechnology Co., Ltd., Hangzhou,
China). Supernatants were collected and analyzed using the
respective ELISA kits after incubation with CD3/CD28
Dynabeads or tumor cells for 24 hours. The data was
collected with a microplate reader Synergy HTX (BioTek).

Immunohistochemistry analysis

Fresh tissues were fixed in 10% formalin, and 5-pum-thick
tissue sections underwent standard pre-treatment and
antigen retrieval. Adding antibodies against-CD3 and IL-
23 (Proteintech, Wuhan, China), followed by the addition
of horseradish peroxidase (HRP)-conjugated secondary
antibodies. To detect the target signal, DAB (3,3'-
diaminobenzidine) was applied as the chromogenic reagent.
Following this, hematoxylin was used to stain cell nuclei.
The stained slides were then examined and recorded using
a microscope CKX53 (Olympus, Tokyo, Japan).

Hematoxylin and eosin (H&E) staining

Tissue samples, including liver, lung, kidney, heart and
spleen, were obtained from mice after euthanasia. Fix the
fresh tissue with 10% formalin. Thin sections (5 pm) were
prepared and stained using hematoxylin and eosin. Slides
were examined microscopically using Olympus equipment
CKX353 to assess morphology and identify signs of organ
toxicity.

Statistical analysis

All analyses were carried out using GraphPad Prism (v8.0).
Data are reported as mean values with corresponding
standard deviations. Group differences were examined by
either Student’s t-test or one-way ANOVA with Tukey’s
post hoc correction. The p-value less than 0.05 was
considered statistically significant

RESULTS

CD276 is highly expressed in lung cancer

To determine CD276 expression, the TCGA database was
initially queried. A pan-cancer investigation demonstrated
marked upregulation of CD276 in most tumors compared
with their corresponding adjacent normal tissues (Fig. 1A).
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Focusing on NSCLC, it was found that CD276 expression
levels in tumor tissues were markedly higher than in
normal tissues (Fig. 1B). Furthermore, survival analysis
indicated that NSCLC patients with high CD276
expression had significantly poorer survival outcomes,
suggesting that CD276 acts as an oncogenic factor (Fig.
1C). To validate these findings, CD276 expression was
examined in cell lines and found that normal lung epithelial
cells (BEAS-2B) exhibited low CD276 expression,
whereas NSCLC cell lines A549 and H1299 showed high
CD276 expression (Fig. 1D). These data collectively
underscore the therapeutic promise of CD276 in NSCLC,
given its elevated expression in tumor tissues.

Production and characterization of p40-H3BB?

In this study, a second-generation CAR targeting CD276
using the 8H9-derived humanized scFv (Loo et al., 2012)
and co-expressing the p40 subunit was constructed. The
schematic representation of the H3BBz and the p40-
H3BBz construct is shown in fig. 2A. Lentiviral
transduction was performed to introduce these constructs
into CD3+ T-cells (Fig. 2B). The results indicated that the
transduction efficiency for H3BBz was 63.7%, while for
p40-H3BBz, it was 52.3% (Fig. 2C). To evaluate the CD4
and CD8 subpopulations, the transduced T-cells were
analyzed and the proportions of CD4* and CD8" T-cells did
not differ significantly between the two cohorts. Both
engineered T-cell populations were predominantly CD4+
T-cells (Fig. 2D). Furthermore, the engineered T-cells were
stimulated and the secretion of IL-23 and IL-12 was
measured using ELISA. The results demonstrated that the
IL-23 level in the supernatant of p40-H3BBz was higher
than that of H3BBz. In contrast, IL-12 levels remained
unchanged between the two groups (Fig. 2E). These
findings confirm the successful construction and functional
validation of p40-H3BBz, which exhibits enhanced 1L-23
secretion upon activation.

Enhanced in-vitro cytotoxicity of p40-H3BBz

To evaluate the cytotoxicity of p40-H3BBz, it was co-
cultured with luciferase-expressing tumor cell lines (Fig.
3A). The cytotoxicity assays revealed that both H3BBz and
p40-H3BBz exhibited significant cytotoxic activity against
antigen-high tumor cells, whereas showing minimal
cytotoxicity against antigen-low BEAS-2B cells. Notably,
p40-H3BBz exhibited greater cytotoxicity than H3BBz
(Fig. 3B). Flow cytometry analysis of CD107a expression,
a marker of degranulation, further corroborated these
findings. p40-H3BBz exhibited enhanced degranulation
when incubated with target T-cells compared to H3BBz
(Fig. 3C). Additionally, ELISA assays were used to
measure cytokines. The results showed that p40-H3BBz
produced much more IL-23 and IFN-y than H3BBz (Fig.
3D). These findings collectively indicate that p40-H3BBz
possesses superior in-vitro cytotoxic activity and enhanced
cytokine secretion, highlighting its potential for effective
anti-tumor responses in NSCLC.

Superior in-vivo activity of p40-H3BBz

To test the efficacy of p40-H3BBz in-vivo, tumor-bearing
mice were infused with either H3BBz or p40-H3BBz.
Tumor volume measurements revealed that both H3BBz
and p40-H3BBz exhibited tumor-suppressive activity.
However, p40-H3BBz demonstrated significantly stronger
tumor inhibition compared to H3BBz (Fig. 4A). This
enhanced anti-tumor effect was further corroborated by the
final tumor weight measurements (Figs. 4B-C).
Immunohistochemical analysis of excised tumor tissues
showed increased tumor infiltration in the p40-H3BBz
group compared with H3BBz-treated groups. Moreover,
sections from the p40-enginecered group showed
significantly higher levels of IL-23 (Figs. 4D-E). To assess
the safety profile, H&E staining was performed on key
organs collected from treated animals. No evident
histopathological abnormalities were detected, indicating
that p40-H3BBz did not induce notable toxic side effects
(Fig. 4F). These results collectively demonstrate that p40-
H3BBz has a better anti-tumor function n-vivo, enhanced
tumor infiltration and increased 1L-23 production within
the tumor microenvironment, without causing significant
toxicity. This highlights the safety and efficacy of p40-
H3BBz when treating NSCLC.

DISCUSSION

In this study, CAR T-cells were designed and generated to
target CD276 and co-express the p40 subunit of IL-23 to
augment their therapeutic capacity in NSCLC. The
findings of this study demonstrate that p40-H3BBz
exhibits superior cytotoxicity against CD276-positive
tumor cells and greater therapeutic potency than H3BBz in
mice. These findings revealed the therapeutic promise of
leveraging autocrine IL-23 signaling to improve CAR T-
cell efficacy in the immunosuppressive TME of solid
tumors.

CD276 is extensively expressed in both tumor cells and
their associated vasculature but is hardly expressed in
nonmalignant tissues (Seaman et al, 2017). Its
overexpression in various malignancies, including prostate
cancer (Fan et al., 2023), clear cell renal cancer (Zhang et
al., 2024), lung cancer (Zhang et al., 2023) and ovarian
cancer (Cai et al., 2020), correlates with reduced tumor-
infiltrating lymphocytes, lower cancer severity and poorer
prognosis. The distinct expression pattern of CD276 in
malignant tissues and nonmalignant tissues highlights its
opportunity as an attractive antigen for cancer
immunotherapy. The experiments of this study proved that
H3BBz could effectively target and eliminate CD276-
expressing tumor cells, thereby validating CD276 as a
viable therapeutic target. Previous research on CD276
CAR T-cells has demonstrated notable antitumor activity
in animal studies (Zhang et al., 2023) and some clinical
studies (Hu et al., 2022).
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Fig. 1: Expression of CD276 in lung adenocarcinoma (LUAD). (A) Expression levels of CD276 across different tumors
in the TCGA database; (B) Expression of CD276 in LUAD tumor tissues compared to adjacent normal tissues in the
TCGA database; (C) Kaplan-Meier survival curve illustrating the relationship between CD276 expression and survival in
LUAD patients; (D) Flow cytometry analysis of CD276 expression in normal lung epithelial cells and NSCLC cell lines.
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Fig. 2: Construction and validation of CAR-engineered T-cells. (A) Schematic representation of the H3BBz and p40-
H3BBz constructs; (B) Flow cytometry results showing the purity of isolated CD3+ T-cells; (C) Flow cytometry analysis
of Flag expression in engineered T-cells; (D) Flow cytometry analysis of CD4 and CD8 subpopulations in engineered T-
cells. (E) ELISA results showing the expression levels of IL-23 and IL-12 in the supernatant after 24 hours of CD3/CD28
bead activation. ns, p>0.05, **** p<0.0001.
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Fig. 3: In-vitro activity of CAR-engineered T-cells. (A) Flow cytometry analysis of the transfection efficiency of
luciferase-expressing cells; (B) Cytotoxicity assay based on luciferase activity after 24 hours of co-culture at various E:T
ratios; (C) Flow cytometry analysis of CD107a expression in T-cells after 16 hours of co-culture at a 3:1 E:T ratio; (D)
ELISA results showing the levels of IL-23 and IFN-y in the supernatant after 24 hours of co-culture at a 3:1 E:T ratio. ns,
p>0.05, *, p<0.05, **, p<0.01, *** p<0.001, **** p<0.0001.
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Fig. 4: In-vivo anti-tumor efficacy of CAR-engineered T-cells. (A) Tumor volume monitoring results after T-cell infusion
on day 8; (B) Tumor weight results after euthanizing the mice; (C) Photographs of tumors from euthanized mice; (D) IHC
analysis of CD3+ T-cell infiltration in tumors; (E) ITHC analysis of IL-23 levels in tumors; (F) H&E staining results of
major organs to assess potential toxicity. ns, p>0.05, *, p<0.05, **, p<0.01, *** p<0.001, **** p<0.0001.

However, the overall therapeutic efficacy remains
suboptimal. In a clinical study targeting glioblastoma, the
administration of up to 1x10° CD276 CAR T-cells via
intraventricular injection yielded limited clinical benefits
(Vitanza et al., 2023). Several methods were developed to
enhance CAR T-cell activity by engineering them to secrete

various cytokines. For instance, IL-15 and IL-18 have been
co-expressed with CARs to improve their proliferation,
survival and effector function. While these approaches
have shown promise, they are not without drawbacks. IL-
15 can lead to the expansion of regulatory T-cells (Tregs),
which could dampen the tumor-inhibiting activity
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(Zannikou et al., 2023). IL-18, on the other hand, has been
associated with systemic toxicities, including cytokine
release syndrome (CRS) (Brandon ef al., 2024). In contrast,
IL-23, a heterodimeric cytokine composed of two subunits
(p19 and p40), has been shown to enhance the expansion
and persistence of memory T-cells and Th17 cells, which
are crucial for anti-cancer immunity of T-cells (Ma et al.,
2020). In this work, p40-H3BBz was designed to exploit
the autocrine IL-23 signaling pathway. This autocrine
signaling enhances the efficacy of H3BBz, as demonstrated
by the elevated IL-23 and IFN-y secretion in p40-H3BBz
compared to H3BBz. This enhancement in tumor control
mediated by p40-H3BBz was further supported by their
superior tumor infiltration and persistence in-vivo. The
toxicity, particularly on-target, off-tumor side effects of
CAR T-cells, is a critical concern that warrants careful
consideration. Importantly, evaluation of potential toxicity
of p40-H3BBz was conducted and no significant tissue
damage was observed, indicating that p40-H3BBz does not
induce notable toxic side effects. Such findings are
important for facilitating the translation of this therapeutic
strategy.

CONCLUSION

The study demonstrates that targeting CD276 with p40-
H3BBz shows stronger tumor-killing activity in NSCLC.
The autocrine 1L-23 signaling pathway is essential for
enhancing the proliferation, survival and effector capacity
of H3BBz within the TME. This study introduces a
previously unreported approach to improving the anti-
tumor potency of CAR T-cells to eradicate solid tumors and
offers a new perspective for developing effective, targeted
immunotherapies for NSCLC and potentially other solid
tumors.
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