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The B7 family member B7-H3 (CD276) plays a key role during an immune response but its function remains
controversial. In this study, we found that murine B7-H3 up-regulated the proliferation and cytokine production
of T cells. Our study suggested that there was no interaction of murine B7-H3 with a triggering receptor
expressed on myeloid cells (TREM)-like transcript 2 (TLT-2). Further studies demonstrated that mouse B7-H3
specifically bound to T cells and its receptor was not murine TLT-2. Moreover, murine B7-H3 was a positive co-
stimulatory molecule in the regulation of T cell-mediated immune responses.

Introduction

A new member of the B7 superfamily, B7-H3 has been
identified in both humans and mice by sharing *88%

amino acid sequence identity. Mouse B7-H3 protein is a type I
transmembrane glycoprotein containing two extracellular Ig
domains.(1–3) The immunologic function of B7-H3 is contro-
versial. It was originally identified as a co-stimulatory mole-
cule that induces T cell proliferation and selectively stimulates
IFN-g production in humans.(4) However, some reports
showed that both human and murine B7-H3 inhibited the T
cell proliferation and cytokine production induced by anti-
CD3 agnostic MAb.(5–7)

Since the triggering receptor expressed on myeloid cell
like transcript 2 (TREM-like transcript 2, TREML2, TLT-2) has
been recently described as a co-stimulatory receptor of murine
B7-H3,(8,9) we obtained the mouse B7-H3 fusion protein and
TLT-2 transfectant cells and analyzed the interaction of mouse
B7-H3 with TLT-2. In these experiments we found no evi-
dence for such an interaction. Furthermore we demonstrated
that mouse B7-H3 binds to a putative receptor expressed on
PHA- or anti-CD3 MAb-activated T cells. Thus mouse B7-H3
serves as a co-stimulatory regulator that preferentially affects
T cell responses.

Materials and Methods

Cell lines and antibodies

Chinese hamster ovary (CHO) cell and human embryonic
kidney cell 293 were originally obtained from American Type
Culture Collection (Manassas, VA). These cells were cultured

in RPMI 1640 or DMEM (Life Technologies, Grand Island,
NY) supplemented with 10% heat-inactivated fetal calf serum
(FCS, Hyclone, Logan, UT), 100 U/mL penicillin, 100mg/mL
streptomycin, 2 mM L-glutamine, and 25 mM HEPES buffer.
Goat anti-mouse B7-H3 polyclonal antibody and agonistic
anti-CD3 MAb were purchased from eBioscience (Woburn,
MA). Mouse IL-2 and IFN-g ELISA kits were purchased from
Invitrogen (Carlsbad, CA). HRP-conjugate goat anti-rat IgG
(H + L) and rat IgG2b were purchased from Immunotech
(Marseille, France). All PCR reagents were purchased from
TaKaRa (DaLian, China). All chemicals were obtained from
Sigma (St. Louis, MO).

Construction of transfectants

The genes coding the extracellular domain of mouse B7-H3
and the Fc fragment of human IgG1 were amplified from
pMD19-T/mouse B7-H3 and pMD19-T/human IgG1 vectors
by PCR. The two genes were connected into mouse B7-H3-Fc
fragment by overlap PCR. Then the target gene fragment was
inserted into eukaryotic vector pIRES2-EGFP after being di-
gested with EcoR I and Bgl II to construct the recombinant
vector pIRES2-EGFP/B7-H3-Fc. The full-length cDNA en-
coding mouse TLT-2 was cloned from T cells by reverse
transcription polymerase chain reaction (RT-PCR) with spe-
cific primers and was inserted into vector pIRES2-EGFP
(Clontech, Mountain View, CA). The two recombinant vectors
were transfected into CHO cells by Lipofectamine 2000 (In-
vitrogen) according to the manufacturer’s instructions. The
collected supernatant of mouse B7-H3-Fc transfected cell line
after serum-free culture was ultra-filtrated and concentrated,
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then purified by Protein G column. The expression of mouse
B7-H3-Fc fusion protein was confirmed by Western blot
analysis. The mouse TLT-2 transfected cells was selected by
G418 (Invitrogen) and confirmed by a combination of com-
mercial anti-mouse TLT-2 MAb and GFP using flow cytom-
etry (Beckman Coulter, Brea, CA). Empty vector-transfected
CHO cell lines (CHO/mock) were obtained in the same way.

Cell proliferation assay

T cells were cultured in 96-well cell culture plate in tripli-
cate (1 · 105 cells/well) in complete RPMI 1640 at 37�C, 5%
CO2. The wells were coated with agonistic anti-CD3 MAb
(0.5 mg/mL). Mouse T cells were incubated with various
concentrations of B7-H3-Fc fusion protein for up to 3 days.
Cell proliferation was analyzed by cell counting kit-8 (CCK-8,
Dojindo, Kumamoto, Japan) at 2, 6, 12, 24, 48, and 72 h, re-
spectively. After incubation with MAb(10) to block the prolif-
eration of T cells, cytokine assays followed. The cytokine
levels in the supernatants of T cell cultures were assessed by
commercial ELISA kits IFN-g and IL-2 (Invitrogen/Biosource,
Carlsbad, CA) according to the manufacturer’s instructions.

Analysis of mouse B7-H3 binding to TLT-2 and T cells

To identify the counter-receptor for mouse B7-H3, the
cDNA for TLT-2 was transfected into CHO cells. By flow
cytometry we assessed the relative affinity of serially diluted
B7-H3-Fc fusion protein (1mg, 5 mg, 10mg, 20 mg/mL) to the
surface of TLT-2 transfected cells and T cells (stimulated by
PHA at 0, 6, 12, 24, and 48 h, respectively). After incubation
with mouse serum at 4�C for 30 min to block the FcR, cells

were stained with B7-H3-Fc or human IgG as the control,
followed by staining with PE-conjugated mouse anti-human
IgG (Fc) for another 30 min. FACS analysis was performed to
detect surface expression of a putative B7-H3 receptor.

Statistical analysis

The statistical analysis was performed using two-tailed
t-test, and a p value of < 0.05 was considered significant.

Results

B7-H3 stimulates T cell activation

In this study, the biological effect of B7-H3-Ig on T cell
proliferation and cytokine production in vitro with plate-
bound anti-CD3 antibody was performed by assays of CCK8
and ELISA. In this setting, we found that B7-H3-Ig could
obviously promote the proliferation of T cells in a dose-
dependent manner (Fig. 1A). Interestingly, the secretion of
cytokines (IL-2 and IFN-g stimulated by B7-H3-Fc reached
maximum levels at 24 h (Fig. 1B). The levels of IL-2 and IFN-g
stimulated by B7-H3-Fc with agonistic anti-CD3 MAb in the
supernatant were significantly reduced and were blocked by
B7-H3 MAb (obtained in our laboratory). The above results
showed that the mouse B7-H3 molecule is a positive regulator
in immune response.

Construction of mouse TLT-2 transfectants

We cloned full-length mouse TLT-2 cDNA from mouse T
cells and transfected it into CHO cells. FCM was performed to
confirm the binding ability of the commercial MAb to recognize

FIG. 1. T cell proliferation and cytokine production stimulated by B7-H3-Fc. Purified T cells were activated with plate-
bound agonistic anti-CD3 MAb (0.5 mg/mL). B7-H3-Fc was applied and cell proliferation (A) and cytokine production (B)
were measured and then blocked by B7-H3 MAb (C). Human IgG was used as an isotype control. *p < 0.01. Data shown are
representative of three independent experiments with similar results.
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transfected cells. The MAb could recognize transfected cells
CHO/TLT-2, but not CHO/mock or CHO/B7-H3 cells (Fig. 2).

B7-H3 binds to T cells

It is a fact that our fusion protein representing mouse B7-H3
bound to certain T cell receptors but not to cells expressing
high levels of mouse TLT-2 (Fig. 3). Moreover in experiments
we did not find any evidence for an interaction of mouse TLT-
2 with mouse B7-H3. Finally we provide functional evidence
that mouse TLT-2 is not a receptor for B7-H3.

Discussion

Murine B7-H3 mRNA is widely expressed in multiple tis-
sues, but the B7-H3 protein is not detected in these tissues.(1–3)

Recently, B7-H3 was shown to be uniformly aberrantly ex-
pressed in sera or tumor tissues of cancer patients.(11–15) Thus
B7-H3 might be a promising target in diagnosis and therapy
of malignancies. A recent study demonstrated that B7-H3
functions as a co-stimulator of innate immunity by aug-
menting pro-inflammatory cytokine release from bacterial cell

wall product-stimulated monocytes/macrophages and may
contribute positively to the development of sepsis.(16)

The functional role of B7-H3 is still controversial. It was
originally described as a potent co-stimulatory molecule and
inducer of IFN-g in human T cells.(4) In contrast, others found
human B7-H3 to strongly down-regulate T cell proliferation
and cytokine production.

In a previous study, murine TLT-2 was a demonstrated
receptor for B7-H3.(8) To investigate the functional roles of B7-
H3 and TLT-2, we established a fusion protein against B7-H3
and TLT-2 transfectant cells and analyzed a potential inter-
action of B7-H3 with TLT-2. Moreover, we used a mouse MAb
against B7-H3 for flow cytometric staining and the functional
blocking analyses. In this study, we did not find that mouse
B7-H3-Fc fusion protein binds to the surface of TLT-2 trans-
fectants. Thus murine TLT-2 was not a receptor of B7-H3.
Furthermore, we also found that mouse B7-H3 could stimu-
late the proliferation and enhance the cytokine secretion of T
cells. Thus mouse B7-H3 is a co-stimulatory regulator in im-
mune responses.
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