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Preparation and application of a novel monoclonal
antibody specific for human B7-H3
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Abstract. Human B7-H3 (CD276), as a new member of the B7
family has been demonstrated to mediate T cell proliferation
and the production of interferon-y. Two isoforms of B7-H3
have been identified in humans, 2IgB7-H3 and 4IgB7-H3.
Since the costimulatory functions of the two isoforms remains
to be fully elucidated, there are disagreements regarding their
expression patterns as well as the T cell responses. In the
present study, a single mouse anti-human monoclonal antibody
(mADb), specific for 2IgB7-H3 and 4IgB7-H3 was established,
termed 11F4. Using this antibody, the expression of B7-H3 was
observed extensively in tumor cell lines, with the exception
of certain human hematopoietic cell lines. Subsequently, the
fusion proteins of the two B7-H3 isoforms were produced to
analyze the biological function of 4IgB7-H3 and 2IgB7-H3
using a Cell Counting Kit-8 assay, and the data revealed that
the two isoforms exhibited a similar function in promoting
T cell proliferation. In addition, the effect of B7-H3 on the
T cells was inhibited by the 11F4 mAb. Overall, the novel
antibody produced was observed to exhibit an inhibitory effect
offering a useful tool in further investigations of the function
of B7-H3 isoforms.

Introduction

Complete activation of T cells in response to donor alloantigen
presentation requires the delivery of two separate, but compli-
mentary signals. One is delivered via the antigen-specific
T-cell receptor, following recognition of an alloantigen in
the context of a major histocompatibility complex molecule
expressed on an antigen-presenting cell. The other is intro-
duced by the costimulatory molecules, which result from
the ligation of the costimulatory receptor-ligand pair to
deliver a positive or negative activation signal (1). The T-cell
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costimulatory molecules are predominantly comprised of the
B7/CD28 superfamily and the tumor necrosis factor (TNF)
family. In previous years, numerous members of the CD28
and B7 families have been identified, including programmed
death-1 (PD-1), B and T lymphocyte attenuator, and the PD-L1,
PD-L2, B7-H2, B7-H3 and B7-H4 ligands, which share similar
protein domain structures consisting of one Ig-V-like domain
and one Ig-C-like domain, which reside in the extracellular
portion of the molecule (2-7).

B7-H3 is a novel member of the human B7 family, which
shares 20-27% amino acids with other B7 family members (5).
Differential splicing of human B7-H3 leads to a 4lg domain
(VCVC) transcript (4IgB7-H3) and a 2Ig domain (containing
V1 and C2) transcript (2IgB7-H3) (8). The 4Ig transcript is
the dominant form in human tissues. By contrast, the mouse
B7-H3 gene encodes only a single VC domain form of B7-H3.
Human and mouse B7-H3 mRNAs are expressed broadly in
lymphoid and non-lymphoid organs (5,9). Soluble B7-H3-Ig
binds to activated T cells, costimulating their proliferation
and the production of interferon (IFN)-v (5). However, several
studies have indicated that B7-H3 has an inhibitory function.
21gB7-H3 and 4IgB7-H3 have similar functions and can down-
regulate T cell responses (10,11). Thus, further investigations
are required to elucidate the contradictory results regarding
the functions of B7-H3.

In order to analyze the expression pattern of B7-H3 at
the protein level, and compare the biological function of the
two B7-H3 isoforms, the present study generated one B7-H3
monoclonal antibody (mAb; clone 11F4), which was able to
recognize 2IgB7-H3 and 4IgB7-H3. The 11F4 mAb was used
to detect the expression of B7-H3 in tumor cell lines. The
B7-H3 protein was expressed broadly on the surface of the
tumor cells, with the exception of certain hematopoietic cell
lines. Subsequently, the 2IgB7-H3 and 41gB7-H3-Fc fusion
protein was obtained using NIH3T3/2IgB7-H3, and the
NIH3T3/4IgB-H3 stable expressing system was constructed.
Notably, 2IgB7-H3 and 4IgB7-H3 exhibited a similar costimu-
latory function in promoting T cell proliferation. The 11F4
mADb inhibited the positive effect activated by the B7-H3
fusion proteins.

Materials and methods

Preparation and culture of cells. The SP2/0 mouse myeloma
cell line, NTH/3T3 mouse embryo fibroblast cell line, HEK293
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human embryonic kidney cell line, EAhy926 endothelial cell
line, the human tumor cell lines (HO8910, H460, SKOV3,
SW-1990, Patu8988, HepG2, MDA-MB-231, HeLa and
MGC-803), the human malignant hematopoietic cell lines
(Raji, Daudi, Jurkat, U266, U937, K562 and HL-60) and
RPMI-8226) were obtained from American Type Culture
Collection (Manassas, CA, USA). All the cell lines were
cultured in RPMI-1640 medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) or standard Dulbecco's
modified Eagle's medium (DMEM; Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% fetal calf serum (FCS;
GE Healthcare Life Sciences, Logan, UT, USA), 100 U/ml peni-
cillin and 100 pg/ml streptomycin (Sigma-Aldrich, St. Louis,
MO, USA) and 2 mM L-glutamine (Sigma-Aldrich). The cells
were cultured in a 5% CO,, 37°C incubator.

Animals and reagents. The present study was approved
by the ethics committee of the Affiliated Hospital of
Nantong University (Nantong, China). Female BALB/c
mice (age, six weeks) were purchased from the Department
of Experimental Animal (Shanghai Institute of Biological
Products, Ministry of Health of China, Shanghai China). The
three mice were housed together in an environment of 25°C
with a natural light/dark cycle and food and water provided
every day. A series of anti-human mAbs, including mouse
monoclonal CD3 (clone UCHT]I; 1:3,000; cat. no. ab119110)
and mouse monoclonal IgG1 (1:3,000; cat. no. ab91353) were
purchased from Abcam (Cambridge, MA, USA). Horseradish
peroxidase (HRP)-conjugated goat anti-mouse IgG was
purchased from Santa Cruz Biotechnology, Inc. (Dallas,
Texas, USA; cat. no. sc-2031; 1:3,000). Functional CD28
monoclonal mouse antibody (1:1,000; cat. no. MAB342),
and anti-His Tag mouse monoclonal antibody (1:1,000; cat.
no. MABO050) were purchased from R&D Systems, Inc.
(Minneapolis, MN, USA).

Preparation of T cells and DCs. Peripheral blood mono-
nuclear cells (PBMCs) were separated from 50 ml healthy
human peripheral blood (Nantong Central Blood Bank,
Nantong, China) using Ficoll-Hypaque (TBD science, Tianjin,
China) gradient centrifugation at 800 x g for 20 min at room
temperature. Monocytes were prepared from the PBMCs by
removing non-adherent cells to deplete the T cells, B cells and
natural killer cells following 2 h incubation in 6-well culture
plates at 37°C. The T lymphocytes were isolated by classic
erythrocyte-rosetting due to binding between sheep red blood
cells and T lymphocytes (12,13). The purity of the T lympho-
cytes was >90%. The adherent monocytes were cultured in
RPMI-1640 medium containing 10% FCS with human recom-
binant GM-CSF (500 U/ml; R&D Systems, Inc.) and human
recombinant IL-4 (200 U/ml; R&D Systems, Inc.) to obtain
monocyte-derived dendritic cells (mdDCs). Maturation of
the mdDCs was achieved by incubating the cells with TNF-a
(100 U/ml; R&D Systems, Inc.) for 48 h at 37°C.

Production of B7-H3 ¢cDNA. Total RNA was prepared from
the mdDCs using TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) and was used for complementary DNA (cDNA)
synthesis with a Superscript First-Strand Synthesis kit (Takara
Bio, Inc., Dalian, China), according to the manufacturer's
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instructions. The genes encoding the extracellular domain of
the two B7-H3 isoforms (accession number: NM_001024736
and accession number: NM_025240.2) were amplified from
the pMD19-T/4IgB7-H3 and pMDI19-T/2IgB7-H3 vectors
using polymerase chain reaction (PCR) amplification with the
following primers: B73b-A 5-GCTAAGCTTCTGCGTCGG
CGGGGCAGCCCT-3' (Hind I1II site shown in italics) and
B73b-B 5-CCTGGATCCTCAGGCTATTTCTTGTCCA-3'
(BamH 1 site shown in italics) using Premix Taq™ (Takara
Bio, Inc.). The thermocycling conditions were as follows:
3 min at 95°C for polymerase activation; followed by 35 cycles
of denaturation at 95°C for 40 sec, annealing at 57°C for 45
sec, and extension at 72°C for 1 min.

Expression of the 41gB7-H3 and 2I1gB7-H3 recombinant
proteins. The 41gB7-H3 and 2IgB7-H3 cDNA were subcloned
into the pSectag2B mammalian expression vector (Invitrogen;
Thermo Fisher Scientific, Inc.), which carries the C-terminal
His-tag for purification and detection. The two types of cDNA
were respectively introduced into NIH3T3 cells, which contain
endogenous furin to cleave propeptide and release the mature
metalloprotease (14), using Lipofectamine™ 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). The transfected cells were
maintained in DMEM supplemented with 10% FCS, 100 U/ml
penicillin, 100 pg/ml streptomycin and 2 mM L-glutamine at
37°C, with 95% air and 5% CO,. Cells expressing the recom-
binant protein were selected in medium containing 400 pg/ml
hygromycin-B (Invitrogen; Thermo Fisher Scientific, Inc.), in
which cells expressing high levels of 4IgB7-H3 and 2IgB7-H3
were selected by single-cell cloning. The recombinant
41gB7-H3 and 2IgB7-H3 was collected from the supernatant
of the confluent cells grown in serum-free medium, and puri-
fied through the C-terminal His-tag using Protino Ni-NTA
Agarose (Macherey-Nagel, Diiren, Germany).

Generation and characterization of mouse anti-human B7-H3
mAbs. The six-week-old BALB/c mice were separately immu-
nized with four injections of purified recombinant 4IgB7-H3 at
21-day intervals. The first three injections were 0.1 mg subcu-
taneous injections and the fourth was a 0.05 mg caudal vein
injection. Subsequently, 4 days after the final injection, the
immunized mice were sacrificed by cervical dislocation. The
spleen cells were separated using a mesh screen. The spleno-
cytes and murine myeloma SP2/0 cells were fused at a ratio of
10:1 by PEG4000 (Invitrogen; Thermo Fisher Scientific, Inc.)
within 2 min. The cells were subsequently cultured at 37°C
in 5% CO,. The procedure was conducted according to the
method described by Groth and Scheidegger (15). Following
2 weeks of hypoxanthine-aminopterin-thymidine selection
(Sigma-Aldrich), one hybridoma cell line secreting mouse
anti-human B7-H3 mAb (11F4) was obtained, exhibiting high
reactivity with recombinant 4IgB7-H3 using an enzyme linked
immunosorbent assay (ELISA). The mAbs were purified on
Protein G-Sepharose CL4B (Pharmacia, Uppsala, Sweden)
affinity columns, and the Ig isotypes were identified using
rapid test paper (Roche Diagnostics, Varilhes, France).

Binding assay. A 96-well plate (Corning Incorporated,
Corning, NY, USA) was coated with recombinant
4IgB7-H3 or 21gB7-H3 protein (10 xg/ml; 100 ul/well) in
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0.05 M carbonate/bicarbonate buffer (pH 9.6) overnight
at 4°C. Recombinant human lipopolysaccharide-binding
protein (LBP) with a C-terminal 6-His tag (R&D Systems,
Inc.) was used as a negative control protein. The wells were
washed three times with 0.1% Tween 20-phosphate-buffered
saline (PBS; PBST; Sigma-Aldrich) and blocked with 2%
(w/v) bovine serum albumin (BSA; Sigma-Aldrich) in PBS
for 2 h at 37°C. Following incubation, the plate was incu-
bated with PBS containing the 11F4 B7-H3 mAb (1 ug/ul,
between 1:80,000 and 1:625) for 1 h at 37°C. Following
washing six times with PBST, the plate was incubated with
HRP-conjugated goat anti-mouse IgG in 0.1% PBST-BSA
buffer at 37°C for another 1 h, followed by incubation
with tetramethylbenzidine detection reagent (Thermo
Fisher Scientific, Inc.). The reactions were terminated with
3 M sulfuric acid (Sigma-Aldrich) and the absorbance of
each sample was read at 450 nm on a microplate reader
(Varioskan™ Flash; Thermo Fisher Scientific, Inc.). All the
groups were performed in triplicate, respectively.

Flow cytometric analysis. For flow cytometric analysis, the
target cells (1x10°) were incubated with mouse anti-human
B7-H3 11F4 mAbs for 30 min at 37°C and washed with PBS.
Fluorescein isothiocyanate (FITC)-labeled goat anti-mouse
IgG (BD Biosciences, San Jose, CA, USA), as a secondary
antibody, was added for another 30 min at 37°C at a concentra-
tion of 1 mg/L. Following washing with PBS, the cells were
analyzed using a flow cytometer (Cytomics FC 500, Beckman
Coulter, Brea, CA, USA) and with Expo32 MultiCOMP soft-
ware (Beckman Coulter).

Western blot analysis. Western blot analysis was performed
to analyze the binding capacity of the 11F4 mAb to the
41gB7-H3 and 2IgB7-H3 protein on NIH3T3/4IgB7-H3 or
NIH3T3/21gB7-H3 cells, respectively. NIH3T3/mock cells
were used as a negative control. The cell lysate was separated
using 12% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis, transferred onto nitrocellulose filters and stained
with 11F4 mAb. The protein bands were visualized using
ECL Western Blotting Substrate (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA).

T cell proliferation. For the T cell proliferation assay, a
96-well flat-bottom plate was precoated with anti-CD3 mAb
(0.3 pg/ml) at 4°C overnight. The purified T cells were then
seeded into the wells (1x10%/well) to co-culture with recombi-
nant human IgG (hIgG), 2IgB7-H3 and 41gB7-H3 (0-8 pg/ml),
respectively. The 11F4 mAb (10 ug/ml) was added to the
culture system, with or without anti-CD28 mAb (1 pg/ml).
Cell Counting Kit-8 (CCK-8) solution (16) was added to each
well, and the cells were incubated at 37°C for another 5 h.
The absorbance was measured at 450 nm using a microplate
reader (Thermo Fisher Scientific, Inc.). All experiments were
performed in triplicate.

Results
Purified human 41gB7-H3 and 2IgB7-H3 fusion protein.

The transfected NTH3T3 cell lines secreting recombinant
the 4IgB7-H3 and 2IgB7-H3 protein were successfully
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constructed. The supernatant was collected and purified by
the C-terminal His-tag using Protino Ni-NTA Agarose. The
recombinant protein was well identified by the mouse mono-
clonal anti-His antibody (Santa Cruz Biotechnology, Inc.; cat.
no. sc-8036; Fig. 1).

Establishment of 11F4, a novel mouse anti-human B7-H3
mAb. The Balb/c mice were immunized with purified recom-
binant 4IgB7-H3 protein and the splenocytes were fused with
murine myeloma SP2/0 cells. Following repeated screening
using recombinant 4IgB7-H3 protein and multiple subcloning
using ELISA, one hybridoma, termed 11F4, was obtained. The
isotope of 11F4 was mouse IgG1 with a « light chain, and the
hybridoma contained >100 chromosomes, indicating it was
fusant (data not shown). Notably, 11F4 was observed to bind
specifically to both the recombinant 4IgB7-H3 and 2IgB7-H3
protein (Fig. 2). In addition, the NIH3T3/4IgB7-H3 and
NIH3T3/21gB7-H3 transfectants were stained by 11F4 using
flow cytometry (Fig. 3A) and western blotting (Fig. 3B).

B7-H3 protein is broadly expressed on the human tumor cell
lines. The expression patterns of B7-H3 on human tumor cell
lines were detected by 11F4 using flow cytometry. The results
demonstrated that B7-H3 was broadly and highly expressed on
tumor cell lines, whereas no B7-H3 was detected was detected
at had low levels on human malignant hematopoietic cell lines
(Fig. 4).

2IgB7-H3 and 41gB7-H3 signaling enhance T-lymphocyte
proliferation and 11F4 inhibits this enhancement effect. The
purified T cells were stimulated with the anti-CD3 mAb and
co-cultured with recombinant hIgG, 2IgB7-H3 and 4IgB7-H3,
respectively. The results revealed that 2IgB7-H3 and 4IgB7-H3
were able to promote T-cell proliferation, and the 11F4 antibody
exhibited an inhibitory effect, to a certain extent. In addition,
the inhibitory effect on the 2IgB7-H3 group was more marked,
compared with the effect on the 4IgB7-H3 group (Fig. SA and
B). In the presence of anti-human CD28 mAb, the effect on
proliferation was enhanced. Notably, the inhibitory effect of
11F4 was markedly increased following co-incubation with
anti-CD3 mADbD, anti-CD28 mAb and recombinant B7-H3
(Fig. 5C and D).

Discussion

B7-H3 is a type I transmembrane protein belonging to the B7
superfamily (5,9). B7 superfamily proteins provide stimula-
tory or inhibitory accessory signals for T cell responses. Due
to exon duplication, the extracellular architecture of B7-H3
is characterized by a single IgV-IgC-like (2IgB7-H3) or
IgV-1gC-IgV-IgC-like (4IgB7-H3) domain (8,9). The different
roles of 2IgB7-H3 and 4IgB7-H3 in the immune system remain
to be fully elucidated. In the present study, NIH3T3/4IgB7-H3
and NIH3T3/2IgB7-H3 transfectants were successfully
constructed, and the two isoforms of recombinant protein
were obtained (Fig. 1). In addition, a novel mAb, termed,
11F4 against human 2IgB7-H3 and 4IgB7-H3 was established
(Figs. 2 and 3).

B7-H3 are ubiquitously expressed in a wide spectrum of
tissues, however, its protein expression is relatively limited
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Figure 1. Detection of purified human 4IgB7-H3 and 21gB7-H3 proteins
using mouse monoclonal anti-His antibody. The recombinant 4IgB7-H3
and 2IgB7-H3 proteins were purified from the concentrated supernatant
of transfectants using Protino Ni-NTA Agarose. The recombinant proteins
were separated using 12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis in reducing conditions, followed by western blotting with
anti-His antibody. Horseradish peroxidase-conjugated goat anti-mouse IgG
was used as a secondary antibody. The blot shown is representative of three
independent experiments.

and maintained at low levels. The mRNA transcription of
B7-H3 is inconsistent with its protein expression, suggesting
the existence of a complex post-transcriptional regulatory
mechanism. In addition, the expression of B7-H3 has been
described in malignancies, including glioma, and lung,
pancreatic, ovarian, breast, gastric and colon cancer (17-22).
However, a correlation between the expression of B7-H3
on cancer cells and pathological results remains to be fully
elucidated. In the present study, using the 11F4 mAb, high
expression levels of B7-H3 were broadly expressed on tumor
cell lines at the protein level. Normal cell lines, including
HEK-293 and EAhy926 cell lines also exhibited high expres-
sion levels of B7-H3. Notably, B7-H3 was not be detected on
several human malignant hematopoietic cell lines, including
U266, Jutkat, Daudi and Raji cells, while PRMI-8226,
HL-60, U937 and K562 cells were observed to exhibit low
or moderate expression levels of B7-H3 (Fig. 4), similar to
previously reported observations (23,24). It has been reported
that the majority of these tumor cell lines express 4IgB7-H3,
rather than 2IgB7-H3 (24).

As with other members of the B7 family, B7-H3 is
important in costimulatory pathways in T cells. However,
the function of B7-H3 remains controversial. Chapoval et al
reported that B7-H3 costimulates the proliferation of CD4*
and CD8* T cells, enhances the induction of cytotoxic T
cells and selectively stimulates IFN-y production in the
presence of T cell receptor signaling (5). Other reports have
indicated that B7-H3, with its two isoforms of 2IgB7-H3 and
41gB7-H3, may have a similar inhibitory function (10,11). In
the T cell proliferation assay performed in the present study,
the biological functions of these two isoforms were found
to be similar, positive regulating the T cells. The 11F4 mAb
effectively inhibited the B7-H3 signal, resulting in inhibition
of T cell proliferation.

In conclusion, the present study successfully generated a
novel specific mouse anti-human B7-H3 mAb (11F4), with
the ability to recognize 4IgB7-H3 and 2IgB7-H3. Using this
mADb, high expression levels of B7-H3 were observed in tumor
cells, as in previous reports. The recombinant 4IgB7-H3 and
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Figure 2. Comparison of the binding activity of the 11F4 anti-B7-H3 mAb
to purified human 4IgB7-H3 and 2IgB7-H3 proteins. Purified 4IgB7-H3
and 2IgB7-H3 proteins (10 pg/ml; 100 pl/well) were coated on a 96-well
plate overnight at 4°C, respectively. Recombinant human lipopolysaccha-
ride-binding protein with a C-terminal 6-His tag was used as a negative
control protein. Following blocking with 2% bovine serum albumin in
PBS, the plate was incubated with PBS containing the 11F4 B7-H3 mAb
(1 pug/ul, 1:80,000-1:625) for 1 h at 37°C. Horseradish peroxidase-conjugated
goat anti-mouse IgG was used as the second antibody. Finally, the plate was
incubated with tetramethylbenzidine and terminated with 3 M sulfuric acid.
The absorbance of each sample was read at 450 nm. All the experiments
were performed in triplicate. Incubation with 11F4 B7-H3 mAb at 1:5,000
and 1:625 was statistically compared with incubation at 1:80,000. Values are
expressed as the mean = standard error of the mean (n=3). "P<0.001. NS,
not significant; PBS, phosphate-buffered saline; mAB, monoclonal antibody;
OD, optical density.
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Figure 3. Reactivity of the 11F4 mAb with transfectants of B7-H3.
(A) 41gB7-H3, 2IgB7-H3 and Mock cell lines (5x10° cells/well) were stained
with 11F4 anti-B7-H3 antibodies (white peak) or negative control mouse
IgG (gray peak) at room temperature for 30 min, followed by fluorescein
isothiocyanate-goat anti-mouse IgG. The results are representative of one
of three experiments. (B) Cell lysate of 41gB7-H3, 2IgB7-H3 or Mock cell
lines loaded onto 12% SDS-PAGE, transferred onto nitrocellulose filters
and stained with 11F4 mAb, followed by incubation with horseradish
peroxidase-conjugated goat anti-mouse IgG. The bands were visualized by
chemiluminescence. The results are representative of one of three experi-
ments. mAB, monoclonal antibody.

2Ig-B7-H3 proteins enhanced T cell proliferation, and the
effect of B7-H3 on the promotion of T cell proliferation was
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Figure 5. T cell proliferation. A 96-well flat-bottom plate was coated with anti-CD3 mAb (0.3 ug/ml) at 4°C overnight, following which the purified T cells were
seeded into wells (1x10%/well) and co-cultured with recombinant hlgG, 2IgB7-H3 (2Ig) and 4IgB7-H3 (4Ig) at 0-8 pg/ml, respectively. Meanwhile, (A) mIgG
(10 pg/ml) was added to the culture system without anti-CD28 mAb; (B) 11F4 mAb (10 xg/ml) was added to the culture system without anti-CD28 mAb; (C) mIgG
(10 pg/ml) was added to the culture system with anti-CD28 mAb (1 ug/ml); (D) 11F4 mAb (10 pg/ml) was added to the culture system with anti-CD28 mAb
(1 pg/ml). Cell Counting Kit-8 solution was added to each well and incubated at 37°C for 5 h. The absorbance was measured at 450 nm. All the experiments
were performed in triplicate and values are expressed as the mean + standard error of the mean (n=3). Incubation with hlgG/2Ig/41g (8 ug/ml) were statistically
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further verified using 11F4 in an inhibitory assay. The role of
41gB7-H3 and 2Ig-B7-H3 on accessory signals in T cell func-
tions, and whether the two isoforms have different receptors,
requires further investigation.
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