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Abstract: Head and neck cancers (HNCs) are the sixth most common type of cancer in the world. Despite the devel-
opment of refined surgical techniques and precise targeted radiation, patients with HNCs have a dismal prognosis.
Here, we examine the expression profile of B7-H3 in HNCs and verify whether B7-H3 can serve as a novel therapeu-
tic target for HNCs via anti-B7-H3xCD3 bispecific antibodies (biAbs). We analyzed the expression level of B7-H3 in
274 HNC samples and evaluated the association between B7-H3 expression and clinicopathological parameters.
Anti-B7-H3xCD3 biAbs were constructed, and the efficacy of these biAbs in targeting HNCs was assessed in vitro
and in vivo. As a result, high expression of B7-H3 was detected in 66.1% of clinical HNC samples and was correlated
with poor survival. Specific antitumor effects of anti-B7-H3xCD3 biAbs were confirmed in vitro using HNC cell lines.
In xenograft HNC mouse model, anti-B7-H3xCD3 biAbs delayed tumor growth and prolonged survival. In conclusion,

B7-H3 is frequently overexpressed in HNCs and could be a promising therapeutic target for biAb therapy.
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Introduction

Overall, head and neck cancers (HNCs) are
the sixth most common type of cancer in the
world. Sixty percent of patients with HNCs ex-
hibit anatomic damage involving speech, swal-
lowing, and breathing problems, which impact
the patients’ quality of life [1] and cause more
severe psychological trauma than that result-
ing from other cancer types [2]. Most previous
studies have reported that patients with HNCs
had a dismal prognosis and that their median
overall survival was less than 6 months [3].
Current treatments, including surgery, radio-
therapy, chemotherapy or combined therapy,
are aggressive and costly. Despite refined sur-
gical techniques, such as transoral robotic sur-
gery, and precise targeted radiation approach-
es, such as intensity-modulated radiation, out-
comes remain unsatisfactory [4, 5]. Thus, a
safe and effective tumor-selective therapy for
HNCs is urgently needed.

Tumor immunotherapy, in which the patient’s
own immune system is recruited to fight tu-
mors, is a promising therapeutic strategy, and
its use is increasing because monoclonal anti-
bodies (mAbs) have revolutionized cancer ther-
apy. With over 15 mAbs clinically approved for
cancer therapy, these molecules are a stand-
ard approach for oncologic treatment, targeting
various antigens overexpressed on tumor cells,
such as PD-L1 [6] and EGFR [7]. Despite the
predicted success, the application of pure anti-
bodies has been limited by their overall struc-
ture, antigen specificity, target antigen affinity
and “on-target, off-tumor” toxicity [8]. Fortuna-
tely, investigators continue to explore various
mAb-based approaches. Currently, over 50 bis-
pecific antibodies (biAbs) have been used in
clinical trials for various malignancies, with the
goal of providing treatment options for many
different types of cancer [9]. Encouragingly,
the anti-CD19 x anti-CD3 biAb blinatumomab
has been approved by the Food and Drug Ad-
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ministration (FDA) and has entered the market
[10]. Hence, the application of biAbs may be an
attractive strategy to enhance the efficacy of
targeted therapy in HNCs.

B7 homolog 3 (B7-H3), also known as CD276, is
a type | transmembrane protein encoded on
chromosome 9 in mice and chromosome 15 in
humans, which shares up to 30% amino acid
identity with other B7 family members [11]. Nu-
merous studies have shown that B7-H3 expres-
sion was upregulated in various human malig-
nancies, including melanoma [12] and other
cancers [13-18]. Recently, some studies report-
ed that B7-H3 was overexpressed in hypopha-
ryngeal carcinoma and oral cancer [19, 20];
thus, it is a promising target for HNC immu-
notherapy. Tumor-targeted therapies with B7-
H3 have garnered substantial interest. Sever-
al drugs targeting B7-H3 are in development,
such as MGA271 [21], an engineered anti-
B7-H3 mAb that induces potent antibody-de-
pendent cellular cytotoxicity against a broad
range of tumor cell types, and 8H9 [22], anoth-
er humanized antibody that is also in Phase |
clinical trials.

Our goal was to investigate the correlation of
B7-H3 expression in HNCs with clinicopatho-
logical variables and to assess the efficacy of
anti-B7-H3xCD3 biAbs in targeting HNCs in
vitro and in vivo.

Materials and methods

Patient samples and immunohistochemical
(IHC) analysis

A total of 341 samples, including 67 normal
head and neck samples (non-cancerous human
tissues) and 274 HNC samples, were collected
from the otorhinolaryngology department of
West China Hospital. All samples were fixed
with 10% formalin and embedded in paraffin
for staining with anti-B7-H1 rabbit mAbs (Cell
Signaling Technology, 1:200), anti-B7-H3 rabbit
mAbs (Cell Signaling Technology, 1:200), anti-
B7-H4 rabbit mAbs (Cell Signaling Technology,
1:200), anti-B7-H5 rabbit mAbs (Cell Signaling
Technology, 1:200) and anti-CD3 rat mAbs (Ab-
cam, 1:200). IHC expression of B7-H1, B7-H3,
B7-H4, B7-H5 and CD3 in these samples was
interpreted by a head and neck pathologist
and was blindly reviewed by another patholo-
gist with high fidelity, thus indicating a reliable
diagnosis. Separate scores were assessed for
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the stained area and staining intensities of
B7-H1, B7-H3, B7-H4 and B7-H5. The stained
area was scored as follows: 1 (£25%), 2 (>25
to <50%), or 3 (>50%). Based on the intensity
of membranous expression, staining was rated
as O (-, absent), 1 (+, weak), 2 (++, mild), or 3
(+++, strong). Then, we calculated the scores
for each section by multiplying the stained area
and the staining intensity scores. The sections
were then divided into two groups: low expres-
sion (a final score of <3) and high expression
(final score of >3). Raw CD3+ T-cell counts were
normalized to yield a density value as follows: O
(£5%), 1 (>5 to <25%), or 3 (>25%). The RNA-
seq data were downloaded from the Gene
Expression Profiling Interactive Analysis (GE-
PIA) (http://gepia.cancer-pku.cn/), which has
access to The Cancer Genome Atlas (TCGA).

Expression and purification of anti-B7-H3xCD3
biAbs

cDNAs encoding B7-H3- and CD3-specific sin-
gle-chain variable fragments (scFvs) were syn-
thesized by Genewiz according to previously
published amino acid sequences [24, 25]. The
two scFvs were linked by a 5-amino-acid (G4S)
linker to form a recombinant single-chain biAb.
A FLAG/His tag was fused to the C-terminus of
this biAb to aid in protein purification. The biAb
DNA sequence was then subcloned into the
vector pVAX-Bglobin between the EcoRIl and
Xbal sites to construct the recombinant plas-
mid (Figure 4B). DNA vectors were transiently
transfected into HEK293FT cells in Freestyle
serum-free medium (Thermo), and the mature
His-tagged B7-H3xCD3-biAbs were harvested
from the supernatant. Recombinant protein
was initially isolated by Protein A and Ni-NTA
affinity columns and subsequently subjected to
size exclusion chromatography (Figure 4C).

Cell culture

Human HNC cell lines, including HNE1, CNE2,
CAL27, SACC83, FADU and FDLSC, were obta-
ined from the Cell Bank of the Chinese Acade-
my of Sciences (Shanghai, People’s Republic
of China) and the Cell Center of the Chinese
Academy of Medical Sciences (Beijing, Peo-
ple’s Republic of China). CNE2, CAL27, FADU
and FDLSC cells were cultured in dulbecco’s
modified eagle medium (DMEM) (HyClone), and
HNE1 and SACC83 cells were cultured in ros-
well park memorial institute (RPMI) 1640 me-
dium (HyClone). All media were supplemented
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with 10% fetal calf serum (HyClone), 2 mmol/I
glutamine and 1.0 mmol/I penicillin-streptomy-
cin (HyClone). FADU cell lines expressing lucif-
erase (FADU-Luc cells) were established by viral
transduction and puromycin selection using a
lentiviral vector with double promoters (EF1a
for B7-H3 and pGK1 for luciferase-P2A-pura-
mycin).

Immunofluorescence and western blotting

Cells were incubated in 24-well plates with cov-
erslips for 24 hours at 37°C and were then
fixed with 4% polyoxymethylene for 15 minutes
before being blocked with 5% bovine serum
albumin (BSA) for 30 min. The slides were incu-
bated with the primary antibody or Fc-tagged
B7-H3 scFv for 1 hour, followed by incubation
with the secondary antibody for 1 h. Finally, the
slides were stained sequentially with a Cy3-
conjugated secondary antibody (Proteintech)
and 4’,6-diamidino-2-phenylindole (DAPI) (Be-
yotime). The immunofluorescence staining was
visualized by confocal microscopy, and images
were acquired.

Western blotting was also used to test the
B7-H3 expression level. Protein samples were
collected from HNC cell lines and FADU xeno-
graft tumor tissues. The samples were lysed in
RIPA buffer supplemented with protease inhibi-
tor cocktail (Sigma) for 15 minutes and were
then centrifuged at 10,000 x g for 15 minutes
at 4°C. Protein concentrations were determin-
ed with a BCA protein assay kit (Thermo Fisher
Scientific). Equal protein concentrations were
separated by 10% SDS-PAGE and subsequ-
ently transferred onto PVDF membranes (Milli-
pore). After blocking in TBST buffer (TBS + 1%
Tween) containing 5% (wt/vol) powdered milk
for 1 hour at room temperature, the membra-
nes were incubated with anti-B7-H3 (Cell Sig-
naling Technology, 1:1000), anti-GAPDH (Ab-
cam, 1:1000) or anti-tubulin (Abcam, 1:1000)
antibodies overnight. Subsequently, the mem-
branes were incubated with HRP-conjugated
secondary antibodies (Beyotime, 1:2000). The
western blotting results were visualized by a
ChemiScope 6000 Touch (Clinx).

Cytotoxicity assay
Chromium release assays (H-Y Biological) were

used to assess cytotoxicity. Primary T-cells ex-
panded from healthy donor peripheral blood
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mononuclear cells (PBMCs) were used as ef-
fector cells; HNE1, CNE2, CAL27, SACC83, FA-
DU and FDLSC labeled with 51 Cr were used
as target cells. To evaluate the effect of anti-
B7-H3xCD3 biAbs on HNC cell proliferation in
vitro, cells (1 x 10* cells) were seeded in 96-
well plates in triplicate with DMEM or RPMI
1640 medium for 24 hours. On the following
day, T-cells with different ET ratios and anti-
B7-H3xCD3 biAbs at different concentrations
were added into the wells together. After 4
hours, the supernatants were collected, and
the radioactivity was examined by a gamma
counter. The percentage of specific lysis was
calculated by the following formula: (tested
release - spontaneous release)/(maximal rele-
ase - spontaneous release) x 100.

Murine model

Female NOD-SCID mice (n=5/group), originally
introduced from the Charles River Company
(Figure S1A), were purchased from the Beijing
Vital River Laboratory Animal Technology Co.,
Ltd (Figure S1B). Mice used for in vivo experi-
ments were between 8 and 10 weeks old. Mice
were anesthetized with 3% isoflurane (Cheng-
du lverson Biotechnology Co., Ltd. China) in an
induction chamber. Anesthesia on the stereo-
tactic frame was maintained at 1% isoflurane
delivered through a nose adaptor. A total of
5 x 108 FADU-Luc cells were implanted subcu-
taneously in the right rear flank of female NOD/
SCID mice to establish xenograft models. Mice
with established tumors were randomly divided
into the PBS group and anti-B7-H3xCD3 biAb
group. Tumor growth was monitored with digital
calipers every second day and with biolumines-
cence imaging on days 7, 25 and 35. For biolu-
minescence imaging, mice were injected with
150 mg/kg D-luciferin (Beyotime) and imaged
using an in vitro imaging system (IVIS, Caliper
Life Sciences) 10 minutes after injection. Final-
ly, mice were euthanized by cervical disloca-
tion. Studies were carried out under protocols
approved by the West China Hospital of Sich-
uan University Laboratory Animal Ethics Com-
mittee (Ethical approval document: 2018212A)

(Figure S2).

Statistical analyses

Statistical analyses were conducted with SP-
SS version 22.0 and GraphPad Prism 7.0. All
image analyses were performed with Image)
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Figure 1. B7-H1, B7-H3, B7-H4 and B7-H5 expression in various head and neck tissues. A. Box plots of B7-H1, B7-
H3, B7-H4 and B7-H5 mRNA expression in head and neck tissues from TCGA ("P<0.05). B. IHC analysis of B7-H1,
B7-H3, B7-H4 and B7-H5 expression was evaluated in normal head and neck tissues and HNC tissues.

and Image-Pro Plus 6.0. x 2, and Fisher’s ex-
act tests were used to compare the categori-
cal clinicopathological factors of patients with
HNCs according to low or high B7-H3 expres-
sion. For Kaplan-Meier survival analysis, a log-
rank test was used to compare each of the
arms. All tests were two-sided, and p values
<0.05 were considered statistically significant.
For the in vitro cytolysis experiments, triplicate
wells were set up, and the experiments were
repeated twice.

Results

B7-H3 was aberrantly expressed in human
HNC tissues

The results from the TCGA database showed
that the mRNA level of B7-H3 in tumor sam-
ples was significantly higher than that in nor-
mal tissues, while there was no statistical dif-
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ference of B7-H1, B7-H4 or B7-H5 mRNA ex-
pression between tumor samples and normal
tissues (Figure 1A). In the IHC analysis of our
341 samples (67 normal head and neck sam-
ples and 274 HNC samples), predominant B7-
H3 membranous staining was observed in tu-
mor tissues (Figure 1B). Of the 274 HNC sam-
ples, high B7-H3 expression (defined as a
score of >3 for tumor membranous staining)
was observed in 181 samples (66.1%), and low
B7-H3 expression (defined as a score of <3 for
tumor membranous staining) was observed in
93 samples (33.9%). In addition, B7-H3 stain-
ing was positive in different histological sub-
types of head and neck tumor samples (Figure
2A) and was stronger in the tumor cell compart-
ments than in the stroma (Figure 2B). In con-
trast, positive CD3 staining was mainly obser-
ved in the stroma instead of in the tumor cell
compartments (Figure 2D).

Am J Transl Res 2019;11(8):5183-5196
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Figure 2. Analysis of B7-H3 expression in various head and neck tissues. A. IHC analysis of B7-H3 expression in
four different histological subtypes. B and D. IHC analysis was conducted in HNC tissues with different intensities
of B7-H3 and densities of CD3 staining. The red arrows indicated B7-H3 positive staining, and the green triangles
indicated CD3 positive staining. C. Kaplan-Meier curve for the HNC-specific survival of HNC patients with low or high
B7-H3 expression. The duration of survival was measured from the first postoperative day to the time of death or at

107 months. Scale bar: 100 um.

We further investigated the prognostic value of
B7-H3 expression in HNCs. Among the 274 pa-
tients with HNC, 183 deaths occurred, with a
median follow-up period of 78 months (inter-
quartile range: 42 to 107 months). High B7-H3
expression was correlated with shorter HNC-
specific survival rates of five years (Figure 2C).
In a univariate logistic regression analysis, re-
sults showed that high B7-H3 expression was
associated with an advanced stage (lll-1V), ly-
mph node metastasis, a higher smoking index,
distant metastasis and a lower density value
of CD3 (Table 1; Figure 2B and 2D). Since sev-
eral interrelated variables were related to high
B7-H3 expression, we conducted a multivari-
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able logistic analysis to assess the indepen-
dent factors. A higher smoking index, lymph
node metastasis, and a lower density value of
CD3-positive staining were independently as-
sociated with high B7-H3 expression (Table 2).

B7-H3 expression in different HNC cell lines
and the binding of anti-B7-H3 scFvs to HNC
cells

We analyzed B7-H3 expression in 6 available
HNC cell lines by immunofluorescence and
western blotting analyses. FADU cells showed
the highest level of B7-H3 expression (Figure
3). The binding of Fc-tagged B7-H3 scFvs to

Am J Transl Res 2019;11(8):5183-5196
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Figure 3. B7-H3 expression in different HNC cell lines. A and B. Immunofluorescence and the corresponding semi-
quantitative image analysis showed different levels of B7-H3 expression in HNC cell lines. The red fluorescence
was stained with Cy3-conjugated secondary antibody (Proteintech, 1:500), and the nucleus was stained with DAPI
(Beyotime, 1:10). C (original western blotting image in the Figure S3A) and D. Western blotting and the correspond-
ing semiquantitative image analysis showed different levels of B7-H3 expression in HNC cell lines. Data was repre-
sented as the mean * SD. (-, negative; +, weak; ++, mild; +++, strong). ("P<0.05, ""P<0.01, ""P<0.001). Scale bar:

20 um.

FADU cells was confirmed by immunofluores-
cence (Figure 4A).

Cytotoxicity of anti-B7-H3xCD3 biAbs to HNC
cells

To analyze the capability of anti-B7-H3xCD3
biAbs to mediate cytotoxicity in vitro, we photo-
graphed the growth of FADU cells after 4-hour,
24-hour, 36-hour and 48-hour incubation peri-
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ods. Clusters of T-cells and the lysis of FADU
cells were observed after 48 hours of incuba-
tion with anti-B7-H3xCD3 biAbs. Meanwhile,
in the PBS groups, T-cells distributed in the
dishes without forming clusters, and the den-
sity of FADU cells was nearly 100% after a 48-
hour incubation period (Figure 5A). In summa-
ry, anti-B7-H3xCD3 biAbs induced visible lysis
of FADU cells. No cytolysis was observed in
the groups treated with anti-B7-H3xCD3 biAbs

Am J Transl Res 2019;11(8):5183-5196
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of the binding of Fc-tagged B7-H3 scFvs to FADU cells was conducted by immunofluorescence, and the arrows indi-
cated Fc-tagged B7-H3 scFvs binding to FADU cells. B. Schematic diagram of the anti-B7-H3xCD3 biAb expression
vector. C. SDS-PAGE analysis of purified anti-B7-H3xCD3 biAbs. The molecular weight was approximately 65 kD.
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without T-cells, anti-CD3 antibodies with T-cells
and PBS with T-cells. Although anti-B7-H3 mAbs
triggered cytolysis, the efficiency was not sta-
tistically significant compared to the PBS gro-
ups (Figure 5B). Thus, targeted cell lysis was
strictly dependent on anti-B7-H3xCD3 biAbs
and T-cells. Meanwhile, we also examined the
effects of different effectors, such as the target
ratio (E:T ratio) and concentration of anti-B7-
H3xCD3 biAbs, on HNC cells. Specific lysis was
more effective at an E:T ratio of 8:1 than at an
E:T ratio of 4:1 (Figure 5C). However, picogram
levels of anti-B7-H3xCD3 biAbs were therapeu-
tically ineffective even at an ET ratio of 8:1. To
determine the cytotoxicity of different levels of
B7-H3 expression in different HNC cells, cell
viability was assessed in six human HNC cell
lines treated with concentrations of anti-B7-
H3xCD3 biAbs ranging from 1 pg/mL to 10 pg/
mL at an E:T ratio of 8:1. The results indicate
that B7-H3 expression levels did affect the effi-
ciency of anti-B7-H3xCD3 biAb activity (Figure
5D).

Taken together, these results showed that anti-
B7-H3xCD3 biAbs were effective in vitro and
that specific lysis was closely related to the
treatment duration, E:T ratio, anti-B7-H3xCD3
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biAb concentration and B7-H3 expression level
on the target cells.

Cytotoxicity of anti-B7-H3xCD3 biAbs in vivo

To investigate whether the in vitro activation
mediated by anti-B7-H3xCD3 biAbs would
translate into in vivo activity, we used a HNC
xenograft mouse model. Upon the confirmation
of palpable tumors by bioluminescence imag-
ing on day 7, mice were injected intravenously
(tail vein) with in vivo expanded human T-cells
(1x10" per mouse). One hour later, anti-B7-
H3xCD3 biAbs (40 pg in 100 ul of PBS per
mouse) or PBS (100 ul per mouse) was admin-
istered i.v. (tail vein). The mice received biAbs or
PBS every 4 days one hour after being injected
with in vivo expanded human T-cells. On day
35, most tumors completely disappeared in the
anti-B7-H3xCD3 biAb group, while in the PBS
group, tumors continued growing without reces-
sion (Figure 6A and 6B). Moreover, the corre-
sponding Kaplan-Meier survival curves showed
that the anti-B7-H3xCD3 biAb group survived
significantly longer than the PBS group (Figure
6C).

To further analyze B7-H3 expression and T-cell
distribution after treatment, an IHC analysis of

Am J Transl Res 2019;11(8):5183-5196
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served in the PBS-treat-
ed tumors (Figure 6D).
The expression level of

Clinical , : Significance B7-H3 decreased in the
Cases Negative/Low High
t P val i-B7- iAb-tre-
parameters (scores <3)  (scores >3) value anti-B7-H3xCD3 biAb-tre
ated tumors, as deter-
Gender mined through a western
Male 240 (88%) 81 (87%) 159 (88%) . g .
blotting assay (Figure 6E).
Female 34 (12%) 12 (13%) 22 (12%) 0.849
Age (years) Discussion
<60 160 (58%) 47 (51%) 113 (62%)
>60 114 (42%) 46 (49%) 68 (38%) 0.523 In this study, we confirm-
Smoking Index (SI) ed the relationship betw-
<400 83(30%)  40(43%) 43 (24%) een B7-H3 expression in
>400 191 (70%) 53 (57%)  138(76%)  0.001 patients with HNCs and
Lymoh status clinical outcomes, and we
ymp . . . report herein the effect-
NO 135 (49%) 54 (58%) 81 (45%) ive application of anti-B7-
N+ 139 (51%) 39 (42%) 100 (55%) 0.042 H3xCD3 biAbs targeting
Clinic stage HNCs in vitro and in vivo.
I+ 1 124 (45%) 51 (55%) 73 (40%)
e+ v 150 (55%) 2 (45%) 108 (60%) 0.029 In the last decade, B7-H3
Differentiation has been shown to be ex-
Well + moderately 197 (72%) 70 (75%) 127 (70%) pressed in several tumor
Poorly 7(28%) 23 (25%) 4(30%  0.398 entities [26, 27]. We fou-
nd B7-H3 to be highly ex-
CD3 . o
) o 8% 102 (56% pressed in the majority of
O point 137 (50%) 5 (38%) (56%) HNC samples along with
1 point 103 (38%) 40 (43%) 63 (35%) low levels or no B7-H3
2 points 34 (12%) 18 (19%) 16 (9%) 0.006 Staining in normal head
(

Smoking index, Sl =

Table 2. Logistic regression analysis of high B7-H3 expression in HNCs

(number of cigarettes per day) x (duration in years).

and neck tissues. In con-
trast to previous studies
in which B7-H3 was found
to be expressed more

Clinical Groups Multivariable analysis strongly in the stroma
parameters OR (95% Cl) P value than in the tumor com-
Smoking Index (SI) >400 (vs <400) 5.26 (2.04-13.60) 0.001 partment [28, 29], in our
Clinic stage 1+ 1V (vs |+ 11) 8.07 (1.45-44.96) 0.017 study, B7-H3 expression
Lymph status NO (vs N+) 0.99 (0.18-5.48) 0.986 was significantly stronger
cD3 0 point (vs 1 point - 2 points) 0.10 (0.05-0.19) 0.000 in the tumor compartment

B7-H3 and CD3 expression was performed on
the PBS-treated tumors and anti-B7-H3xCD3
biAb-treated tumors. We observed weak stain-
ing of B7-H3 in the tumor cell compartment and
strong staining of CD3 at the periphery of the
tumor cell compartment in anti-B7-H3xCD3
biAb-treated tumors. In sharp contrast, the
PBS-treated tumor cells were strongly stained
with B7-H3 in the tumor cell compartment, and
CD3 staining was sparse in the stroma. In addi-
tion, numerous necrotic and disintegrating cells
were detected in the anti-B7-H3xCD3 biAb-
treated tumors, while this result was not ob-

5190

than in the stroma. Differ-
ent cancer types and tu-
mor heterogeneity may explain this discrepan-
cy. Numerous studies have demonstrated that
overexpression of B7-H3 on tumors is closely
related to poor clinical outcomes [15, 30, 31].
Our results indicated that high expression of
B7-H3 is significantly associated with a higher
smoking index, lymph node metastasis, a lower
density value of CD3-positive staining, and a
worse survival rate. However, the role of B7-
H3 in modulating the tumor microenvironment
has not been fully clarified. B7-H3 has been re-
ported to play dual roles in immunoregulation,
namely, costimulatory [11, 32], or co-inhibitory
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Figure 5. Cytotoxicity analysis of HNCs treated with anti-B7-H3xCD3 biAbs in vitro. A. Specific lysis of FADU cells
treated with anti-B7-H3xCD3 biAbs for different durations. Obvious cytolysis was observed in the anti-B7-H3xCD3
biAb groups after 24 hours, while no cytolysis was observed in the PBS groups. B. Compared to the PBS + T-cells
groups, anti-B7-H3xCD3 biAbs + T-cells groups showed statistically significant viability after a 48-hour incubation
period. C. Specific lysis of FADU cells treated with different E:T ratios and anti-B7-H3xCD3 biAb concentrations. D.
Cell growth inhibition curves for different HNC cell lines with different levels of B7-H3 expression. The IC, values
were shown on each curve. Dotted boxes indicated the distribution and growth status of FADU cells in the wells.
The red arrows indicated T-cells adhering slightly to the surface of FADU cells, and the green triangles indicated the
lysis of FADU cells. Data was represented as the mean + SD. (n.s. not significant, "P<0.05, *"P<0.01, ""P<0.001).
Relative absorbance value: RAU. Scale bar: 50 pm.
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regulation [33, 34]. Consistent with the results
of previous studies [35-37], we observed that
tumor-infiltrating lymphocytes (TILs) were abun-
dant in tumors with low expression of B7-H3; in
contrast, tumors with high B7-H3 expression
had a lower count of TILs. Thus, B7-H3 expres-
sion was inversely correlated with TILs, sug-
gesting that B7-H3 plays a crucial role in sup-
pressing T-cell-mediated anti-tumor immunity.
The possible mechanism may be that B7-H3
impairs T-cell function, inhibits T-cell-mediated
antitumor immunity and then negatively regu-
lates the T-cell-mediated tumor immune res-
ponse in HNCs.

B7-H3 targeted therapies have garnered sub-
stantial interest. Consistent with the results of
a previous study [38], we did not observe cyto-
toxicity in B7-H3-negative HNC cells, suggest-
ing that anti-B7-H3xCD3 biAbs are specific for
B7-H3-positive HNC cells. Notably, cytotoxicity
mediated by anti-B7-H3xCD3 biAbs was asso-
ciated with the B7-H3 expression level, anti-B7-
H3xCD3 biAb concentration and E:T ratio. The
number of anti-B7-H3xCD3 biAb binding sites
may be a vital influencing factor for cytotoxicity,
indicating that normal cells could be protected
from cytotoxic effects because their B7-H3 lev-
els are far below the threshold required for
cytotoxicity. For further study, anti-B7-H3xCD3
biAbs should be appropriately evaluated in
preclinical models and be subjected to exten-
sive scrutiny before being applied to human
patients.

Based on the above study, we evaluated the
antitumor efficacy of anti-B7-H3xCD3 biAbs
in @ mouse xenograft model bearing tumors
from subcutaneously implanted FADU cells. We
found that the combination of anti-B7-H3xCD3
biAbs with T-cells efficiently suppressed the
growth of tumors and prolonged the survival of
the mice. Then, through IHC analysis and west-
ern blotting, we found that B7-H3 expression
was lower in the anti-B7-H3xCD3 biAb group
than in the PBS group, both indicating that
B7-H3 expression was downregulated and par-
tially illustrating the reason why some tumors
did not fully recede after treatment with anti-
B7-H3xCD3 biAbs. As found in previous reports
[39], T-cell infiltration of tumor tissues was
higher in the anti-B7-H3xCD3 biAb group than
in the PBS group. These observations led to the
hypothesis that B7-H3 might impair TILs and
that anti-B7-H3xCD3 biAbs might increase the
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population of TILs and restore the effector
function of these cells. However, T-cells only
infiltrated into the peritumoral region, causing
finite inflammation and intratumoral necrosis.
Thus, it was difficult for T-cells to mobilize at
the periphery of tumors and produce a “barrier
effect”, explaining why some tumors recessed
incompletely. Taken together, these data show-
ed that downregulation of B7-H3 and the diffi-
culty of the intratumoral infiltration of T-cells
may be the potential mechanism of resistance.
For better understanding of the precise mecha-
nism, it is necessary to identify the receptor for
B7-H3 and its downstream pathway. Further-
more, to enhance antitumor activity, we might
also attempt combined therapy or alternating
treatment schedule approaches, such as anti-
body-drug conjugates (ADCs) [29, 40], or dual
blockades [41, 42]; these strategies aid in pen-
etrating tumors, destroying stromal cells in the
tumor microenvironment, and minimizing po-
tential resistance.

We recognize the limitations of the current
study. First, the molecular mechanism of differ-
ential B7-H3 expression in different parts of
tumors and in different types of HNCs remains
unclear. For example, Xu et al. [43] reported
that a microRNA-regulatory mechanism expla-
ined the differential expression pattern of B7-
H3. Second, although B7-H3 expression was
negatively correlated with TILs, the immune
mechanism remains controversial, partly be-
cause the B7-H3 receptor has not been identi-
fied. Thus, identifying the B7-H3 receptor and
the associated downstream regulatory path-
way is necessary. Third, although noticeable
cytotoxicity of anti-B7-H3xCD3 biAbs was ob-
served in the mouse xenograft models, the
problem of immunotherapeutic resistance re-
mains unsolved.

In summary, we found that the expression le-
vel of B7-H3 was higher compared with se-
veral previously described immune checkpoint
ligands, including B7-H1, B7-H4 and B7-H5, in
HNCs. The ability of anti-B7-H3xCD3 biAbs to
suppress the growth of tumors in mouse xeno-
grafts suggests that the biAbs are valuable
tools for the treatment of HNCs with high B7-H3
expression. Further studies should focus on
verifying whether the therapeutic benefits of
anti-B7-H3xCD3 biAbs can be replicated in
patients in clinical studies.
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Figure S3. The original western blotting images. A. The original western blotting images of Figure 3C. B. The original
western blotting images of Figure 6E.
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