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ABSTRACT

Targeting B7-H3 over-expressed tumor cells with anti-B7-H3 monoclonal
antibodies inhibits tumor growth. Here we demonstrated the expression of B7 family
homologue 3 (B7-H3) in a wide range of human tumor cells and further investigated
whether B7-H3 could be served as a target for T-cell mediated immunotherapy against
human cancers. The specific cytotoxic activity of activated T cell (ATC) armed with a
novel anti-CD3 x anti-B7-H3 bispecific antibody (B7-H3Bi-Ab) against tumor cell was
evaluated in vitro and in vivo. In contrast with unarmed ATC, an increase in cytotoxic
activity of B7-H3Bi-armed ATC against tumor cells was observed at effector/target
(E/T) ratios of 5:1, 10:1, and 20:1. Moreover, B7-H3Bi-armed ATC secreted more
IFN-y, TNF-a and IL-2 than unarmed ATC. Infusion of B7-H3Bi-armed ATC inhibited
tumor growth in severe combined immunodeficiency (SCID) xenograft models, along
with a significant survival benefit. Therefore, treatment with novel B7-H3Bi-armed
ATC will be a promising strategy for current cancer immunotherapy.

of bispecific antibodies (BiAbs) that target TCR on one hand
and the tumor-associated antigen (TAA) on the other [6].
Developed two decades ago, bispecific antibodies
targeting different TAAs including EGFR, Her2, GD2,
CD19, CD20, CD30, CEA, CA125, PSA, and EpCAM,
have been tested in both experimental and clinical studies
with encouraging results [6-9]. B7 family homologue 3
(B7-H3), a transmembrane protein with immunoglobulin-
like structure, belongs to the B7 superfamily that activate
or inhibit T-cell responses. The expression of B7-H3

INTRODUCTION

Following operation, chemotherapy, and radiotherapy,
immunotherapy has been recognized as the fourth antitumor
modality [1-3]. T cells recognize tumor cells through specific
T-cell receptor (TCR), and serve as the promising effector
cells for adoptive cell therapy. Over decades, researchers
have made great efforts to take advantage of T-cell potency
against tumor targets [4]. Recent successes in immune
checkpoint blockade such as targeting CTLA-4 (cytotoxic

T-lymphocyte antigen 4) and/or PD-1/PD-L (programmed
cell death 1/PD-1 ligand) have fueled the treatment for
cancers [5]. Another effective strategy is the administration

protein maintains at lower levels in normal tissues whereas
higher levels in many human malignancies, including
neuroblastoma, melanoma, glioma, and lung, pancreatic,
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renal, colon, ovarian, breast, gastric, hepatocellular,
colorectal, prostate, endometrial, and cervical cancer [10-
13]. Researches have also demonstrated soluble B7-H3
(sB7-H3) in the serum of tumor patients [14, 15].

Despite conflicting effects of B7-H3 observed in
some tumors, overwhelming studies revealed that B7-
H3 exhibited inhibitory actions on host T cells in cancer
patients [11, 13, 16, 17]. B7-H3-deficient mice developed
experimental autoimmune encephalomyelitis several days
earlier than their wild-type littermates [18]. The receptor for
human B7-H3 on T cells is still unknown. Similar to CTLA-
4, Tim-3, and PD-1, it is supposed to be a co-inhibitory
receptor in humans. Consistently, its expression is usually
associated with worse outcomes [11, 12, 17, 19, 20]. B7-
H3 is considered as a TAA which regulates important
cellular responses, including proliferation, apoptosis,
adhesion, and metastasis [19-22]. Specific blockade of
B7-H3 has been shown to inhibit tumor growth. MJ18, an
anti-B7-H3 mAb, remarkably inhibited tumor growth in a
pancreatic cancer model [11, 16]. Clinically, 8H9, another
anti-B7-H3 mAb, was firstly applied in neuroectodermal
tumors [11, 23]. Moreover, *'I-8H9 therapy, intrathecal
injection 8H9 radiolabeled with "', has also shown
efficacy in the treatment of metastatic neuroblastoma [24].
Recently, a phase I trial of anti-B7-H3 antibody (MGA271)
is underway in the treatment of multiple refractory solid
tumors that express B7-H3 [25, 26]. Collectively, these
results indicate that B7-H3 represents a promising target
for immune-based antitumor therapies.

In this study, clinically approved anti-CD3 antibody
was chemically conjugated with anti-B7-H3 mAb
antibody. The anti-CD3 x anti-B7-H3 bispecific antibody
(B7-H3Bi-Ab) was then used to direct the activated T cell
(ATC) to kill tumor targets. Armed with B7-H3Bi-Ab,
ATC exhibited increased specific cytotoxicity and cytokine
production, and suppressed B7-H3-positive cancer growth
in SCID-Beige mice model.

RESULTS

B7-H3 overexpression in human cancer cells

B7-H3 expression in human tumor cells was assessed
by FACS analysis including lung cancer (A549-luc and
NCIH460-Iuc), breast cancer (MDA-MB231-luc), colorectal
cancer (HT-29-luc), pancreatic cancer (BXPC3-luc),
cervix cancer (Hela-luc), prostate cancer (PC-3M-luc) and
glioblastoma (U87MGe-luc). As shown in Figure 1, mean
fluorescence intensity (MFI) values obtained with anti-
human B7-H3 mAbD staining divided by control antibody
staining was indicated in the upper right of the histogram,
and high B7-H3 expression was detected in all the human
cancer cells. However, the anti-human B7-H3 mAb could
not react with B7-H3 molecule on the surface of mouse lung
cancer cell, LL/2-luc-M38, indicating the specificity of the
anti-human B7-H3 mAb for human B7-H3 molecule.

Preparation and characterization of B7-H3Bi-Ab
and ATC

Anti-human B7-H3 mAb was hetero-conjugated
with OKT3 chemically named as B7-H3Bi-Ab. The
hetero-conjugated product of equimolar concentrations of
B7-H3Bi-Ab was quantified by Coomassie blue staining
of SDS-gel as shown in Figure 2A. Densitometric
quantitation of Lane 1 of the gel showed 73.5% monomer,
18.5% dimer, and 8% multimer fractions. The dual binding
specificity of B7-H3Bi-Ab was tested (Figure 2B). ATC
was stained by B7-H3Bi-Ab firstly, then an anti-mouse-
IgGI-FITC was added to detect the B7-H3 moiety of
B7-H3Bi-Ab. Only functional B7-H3Bi-Ab could bind to
ATC by CD3-recognized OKT3 (isotpye: mouse 1gG2a)
and be detected through anti-B7-H3 mAb (isotpye:
mouse IgG1) by anti-mouse IgG1 antibody. As shown in
Figure 2B, positive stained cells were detected in 97%
of the ATC population with a MFI of 10 (a). Moreover,
the binding of B7-H3Bi-Ab to ATC was also evaluated
by FITC-anti-mouse IgG2a (b). On the other hand, to
evaluate the binding of B7-H3Bi-Ab to B7-H3" cells,
Hela-luc cells were incubated with B7-H3Bi-Ab, and the
binding of B7-H3Bi-Ab to B7-H3" cells was confirmed by
FITC goat-anti-mouse IgG2a (c). In contrast, B7-H3Bi-
Ab could not bind to CD3-B7-H3°LL/2-luc-M38 cell (d).
Next, the amount of B7-H3Bi-Ab required to arm ATC
was examined (Figure 2C). ATC was armed with B7-
H3Bi-Ab ranging from 5 to 500 ng/10° cells, and cytotoxic
effects of B7-H3Bi-armed ATC on Hela-luc cells were
tested in vitro. After 18 hour incubation with B7-H3Bi-
armed ATC, the percentage of viability was almost 20%
at the concentration of 50 ng B7-H3Bi-Ab/10° cells at
effector-to-target (E/T) ratio of 10:1, and the viability did
not decrease significantly at the concentration of 500 ng
B7-H3Bi-Ab/10° cells.

Cytotoxity effects of B7-H3Bi-armed ATC on
different tumor cell lines

Since 50 ng and 500 ng/10° cells showed a similar
cytotoxicity, we chose 50 ng/10% ATC as the concentration
of B7-H3Bi-Ab for all subsequent experiments, and ATC
mixed with both individual OKT3 and anti-B7-H3 mAb
was used as unarmed ATC control. Cytotoxic effects of
B7-H3Bi-armed ATC on different B7-H3* tumor cells
were tested in vitro, and the assays were performed at
E/T ratios of 5:1, 10:1 and 20:1. After 18 hour incubation
with B7-H3Bi-armed ATC, unarmed ATC, or ATC, as
shown in the Figure 3A, the percentage of cytotoxicity
with armed ATC was significantly greater than that with
unarmed effectors at E/T ratio from 10:1 and 20:1 in
U87MG-luc, MDA-MB231-luc, Hela-luc, NCIH460-1uc,
A549-luc, BXPC-3-luc, PC-3M-luc, and HT29-luc cells.
The representative of bioluminescence image correlated
with the number of living target cells was shown in
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Figure 3B. On the contrary, there was no difference in the
bioluminescence imaging signal of the mouse lung cancer
cell LL/2-luc-M38 after incubation with B7-H3Bi-armed
ATC or unarmed ATC control (Supplementary Data 1).

Cytokine production by B7-H3Bi-armed ATC

To analyze the levels of T cell-derives cytokines
involved in cytotoxicity, cell supernatants were analyzed
for IFN-y, TNF-a and IL-2 production at E/T ratio of
10:1. As shown in Figure 4, a significant increase was
observed in IFN-y (Figure 4A), TNF-a (Figure 4B) and
IL-2 (Figure 4C) secretion by B7-H3Bi-armed ATC over
their unarmed ATC counterpart when ATC was co-cultured
with U§7MG-luc, MDA-MB231-luc, Hela-luc, NCIH460-
luc, A549-luc, and BXPC-3 cells, respectively (P < 0.05).
Given the possibility that the unarmed ATC also secreted

considerable IL-2 when co-cultured with PC-3M-luc and
HT-29-luc cells, no further increase was observed in IL-2
secretion when B7-H3Bi-armed ATC was co-cultured
with them, although a significant increase was detected
in IFN-y and TNF-a production by B7-H3Bi-armed
ATC over unarmed ATC counterpart. Interestingly, the
unarmed ATC also showed substantial cytotoxicity when
co-cultured with PC-3M-luc and HT-29-luc cells at E/T
ratio of 10 and 20 (Figure 3).

B7-H3Bi-armed ATC inhibited hela tumor
growth in SCID-Beige mice

To determine whether B7-H3Bi-armed ATC could
suppress tumor growth in vivo, SCID-Beige mice were
engrafted subcutaneously with Hela-luc cells. From the
following day, mice were treated with B7-H3Bi-armed

A549-luc NCIH460-luc MDA-MB231-luc
53 54 19
ol 0 0|
HT29-luc BXPC3-luc Hela-luc
39 42 18
0 0 0l
PC-3M-luc US87MG-luc LL/2-luc-M38
21 129 1
04 0

Cell number

Anti-human B7-H3 mAb

Figure 1: Expression of B7-H3 on different human tumor cells. Shaded histogram represents cells stained with anti-B7-H3 mAb
and un-shaded histogram represents cells stained with the control mouse IgG1. Mean Fluorescent Intensity (MFI) values obtained with
anti-B7-H3 mAb staining divided by the control isotype staining are indicated in the upper right of the histogram.
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ATC or control unarmed ATC locally as indicated. The
growth of tumor was monitored with bioluminescent
imaging. In Figure 5A, three representative mice of each
group were shown. Tumors grew consistently in mice
receiving control unarmed ATC. On the contrary, mice
receiving B7-H3Bi-armed ATC experienced a rapid
tumor regression within 9 days of injection, and the tumor
growth in this group was significantly delayed (Figure
5B). These results showed that B7-H3Bi-armed ATC can
inhibit the tumor growth in vivo. Finally, a significant
survival advantage was observed after the treatment with

B7-H3Bi-armed ATC over that with control unarmed ATC
(Figure 5C). Median survival time of the mice receiving
the B7-H3Bi-armed ATC and unarmed ATC was 72 d and
62 d, respectively (P < 0.01).

B7-H3Bi-armed ATC inhibited A549 tumor
growth in SCID-Beige mice

To further determine whether B7-H3Bi-armed ATC
could prevent metastatic tumor growth in vivo, SCID-
Beige mice were engrafted intravenously with A549-

ATC
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Figure 2: Generation of anti-CD3 x anti-B7-H3 bispecific antibody (B7-H3Bi-Ab). A. The heteroconjugated product of
equimolar concentrations of B7-H3Bi-Ab was quantified by Coomassie blue staining of SDS-gel. B. Flow cytometry based binding assay
for B7-H3Bi-Ab was tested. ATC was stained by B7-H3BiAb (shaded histogram), or a combination of OKT3 with anti-B7-H3 (the black
line), then FITC-anti-mouse-IgG1 was added to detect the B7-H3 moiety of B7-H3Bi-Ab (a), or an FITC-anti-mouse 1gG2a to detect the
anti-CD3 moiety of the B7-H3Bi-Ab (b). (c¢) Hela-luc cells were incubated with B7-H3Bi-Ab (shaded histogram) or a combination of
OKTS3 and anti-B7-H3 (the black line), then B7-H3Bi-Ab binding was confirmed by FITC-anti-mouse IgG2a to detect the anti-CD3 moiety
of the B7-H3Bi-Ab. (d) LL/2-luc-M38 cells were incubated with B7-H3Bi-Ab (shaded histogram) or a combination of OKT3 and anti-
B7-H3 (the black line), then B7-H3Bi-Ab binding was analyzed by combined FITC-anti-mouse IgG2a with an anti-mouse-IgG1-FITC.
C. Titer of B7-H3Bi-Ab armed ATC was measured. ATC was armed with B7-H3Bi-Ab ranging from 5 to 500 ng/10° cells at E/T ratio of
10:1, and cytotoxic effects of B7-H3Bi-armed ATC on Hela-luc cells were tested in vitro. After 18 hour incubation with B7-H3Bi-armed
ATC, the percentage of viability was calculated at each concentration.
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luc cells. After inoculation, mice were divided into two
groups randomly and treated with B7-H3Bi-armed ATC
or control unarmed ATC intravenously on day 0, day 1
and day3. In Figure 6A, three representative mice of each
group were shown. The strong light signal gathered in the
lung showed the successful inoculation on day 0. Tumors
grew consistently from day 6 in mice receiving control
unarmed ATC. In contrast, mice receiving B7-H3Bi-armed
ATC experienced remarkable tumor inhibition, and the
tumor growth in this group was significantly delayed. The
mean bioluminescence signal of each test group correlated
with the number of living A549-luc cells was shown in
Figure 6B. Finally, a significant survival advantage was
observed after the treatment with B7-H3Bi-armed ATC
over that with control unarmed ATC (Figure 6C). Median

survival time of mice receiving the B7-H3Bi-armed ATC
and control unarmed ATC was 67 d and 51 d, respectively
(P<0.05).

Cytotoxity effects of B7-H3Bi-armed ATC on
freshly isolated tumor cells from patients

Finally, tumor cells derived from primary lung
cancer and breast cancer patients were tested to evaluate
whether they also expressed high levels of B7-H3
proteins. As shown in Figure 7A, B7-H3 positive stained
cells were detected by FACS analysis in two breast
cancer cell populations (BC #1 and BC #2) and one lung
cancer cell population (LC #1), but not in the other lung
cancer cell population (LC #2). Next, B7-H3Bi-armed
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Figure 3: Cytotoxicity effects of B7-H3Bi-armed ATC against different tumor cells. Target cells were incubated either with
B7-H3Bi-armed ATC or a combination of OKT3 and anti-B7-H3 mAb with ATC (unarmed ATC), or ATC for 18 hours, and luciferase
quantitative assays were performed to determine cytotoxicity against different target cells at indicated E/T ratio. A. Bioluminescence image
signal in photons per second was converted into living cell number and the cytotoxicity assays were measured at the at different E/T ratio
(5:1, 10:1, and 20:1). B. Bioluminescence image of MDA-MB231-luc cell was as a representative after incubation with B7-H3Bi-armed
ATC or unarmed ATC, or ATC at the indicated E/T ratio. Shown is a representative experiment of at least three, and the data for (A) are
mean + SD of triplicate determination. **P < 0.01, ***P < (0.001, B7-H3Bi-armed ATC was compared with unarmed ATC or ATCunder

similar conditions.
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Figure 4: IFN-y A., TNF-a B., and IL-2 C. secretion by B7-H3Bi-armed ATC against different tumor cells. Supernatants
of co-cultures at E/T of 10:1 were harvested at 18 hours and analyzed for cytokine production using specific ELISA Kit. The data are mean
+ SD of triplicate determination. Shown is a representative experiment of at least three experiments. *P < 0.05, **P < 0.01, ***P < 0.001,
B7-H3Bi-armed ATC was compared with unarmed ATC or ATC under similar conditions.
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ATC was tested for cytotoxicity on freshly isolated
tumor cells. Lactate dehydrogenase (LDH) activity
assays were performed to evaluate the damage of target
tumor cells at E/T ratio of 10:1. After 18 h incubation
with B7-H3Bi-armed ATC or unarmed ATC, as shown
in Figure 7B, the concentration of LDH with armed
effectors was significantly greater than that with unarmed
effectors in B7-H3-positive tumor cells (a). Moreover,
a significant increase was observed in IFN-y (b) and
TNF-a (c) secretion by B7-H3Bi-armed ATC over their
unarmed ATC counterpart when ATC was co-cultured
with B7-H3-positive tumor cell respectively (P < 0.05).
Although there was an increased secretion of IL-2 by
B7-H3Bi-armed ATC compared with their unarmed ATC
counterpart in B7-H3-positive tumor cells, it was not
significantly (d). Meanwhile, as shown in Figure 7C,
real-time photographs demonstrated that B7-H3Bi-armed

A unarmed ATC B7-H3Bi-ATC

Day 1

Dayl4

Day21

Day31

Luminescence
10

F

Color Scale
Min = 2,00e5
Max = 1.00e7

Min = 2.00e6
Max = 1,00e3

ATC, but not unarmed ATC, aggregated with B7-H3-
positive, but not B7-H3-negative primary tumor cells,
clustering around the edge of targeting cell bulk which
showed the specific lysis of B7-H3Bi-armed ATC.

DISCUSSION

Although the first Bi-Ab was produced more than
two decades ago, till recently Bi-Abs redirecting activated
T cell to TAA has shown encouraging antitumor effects
in both preclinical and clinical studies [6-9, 27, 28].
The major advantages of this approach include the large
numbers of ATC can be produced ex vivo, and the mAbs
specific for the surface TAA [4].

B7-H3 overexpression in human cancers appears
to be a common phenomenon, therefore, B7-H3 may
represent an attractive target for diagnostic and therapeutic
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Figure 5: In vivo anti-tumor ability of B7-H3Bi-armed ATC in mouse subcutaneous cancer model. SCID/Beige mice
were inoculated subcutaneously with 1x10° Hela-luc cells. On day 1, 2, 6, 12 and 14, tumor-bearing mice were locally treated with 2x10’
B7-H3Bi-armed ATC or unarmed ATC (each group contains 5 mice). Tumor growth was monitored using an in vivo imaging system
A. Bioluminescence images of 3 representative mice of each group were shown on indicated day. B. Images were analyzed using Living
Image software and tumor values represented as total flux measurements in photons/second, mean values of tumor growth curves were
shown. C. Survival curves of mice engrafted with Hela-luc tumor cells receiving B7-H3Bi-armed ATC or unarmed ATC were shown.
*P <0.05, **P <0.01, B7-H3Bi-armed ATC was compared with unarmed ATC under similar conditions.
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manipulation. In this study, we tested whether B7-H3 is
a useful target for the development of novel anti-CD3 x
anti-B7-H3 therapeutics for cancers. It was found that B7-
H3Bi-armed ATC secreted more IFN-y, TNF-a and IL-2
than unarmed ATC, and had enhanced cytotoxic activity
against a wide range of human cancer cells, including
lung cancer, breast cancer, colorectal cancer, pancreatic
cancer, cervix cancer, prostate cancer, and glioblastoma.
Consistent with these in vitro results, our in vivo studies
showed that infusion of B7-H3Bi-armed ATC remarkably
inhibited tumor growth and prolonged survival time in
both subcutaneous and lung metastatic xenograft mice.
The present study demonstrated that B7-H3Bi-
armed ATC mediated higher level of specific cytotoxicity
against B7-H3-positive tumor cells, compared with
ATC alone, anti-B7-H3 mAb alone, or control unarmed

ATC. These results indicated that T-cell cytotoxicity was
dependent upon the engagement of B7-H3 TAA via B7-
H3Bi-Ab bridge. Indeed, at the E/T ratio of 10:1, 5 ng
Bi-Ab per 10° ATC showed more than 60% cytotoxicity
against Hela-luc cell after 18 h incubation, whereas
anti-B7-H3 antibody alone had no inhibitory effect
till the concentration of 5 pg/ml after 72 h incubation
(Supplementary Data 2). In addition, our data supported
that arming ATC with B7-H3Bi-Ab bypassed the
requirement for major histocompatibility complex antigen
recognition by T cell [29, 30]. Notably, human B7-H3Bi-
armed ATC could not kill B7-H3-negative human tumor
cell or mouse lung cancer cell, suggesting the specificity
of B7-H3Bi-Ab.

Upon incubating B7-H3Bi-armed ATC with the
tumor cells, we detected high levels of IFN-y and TNF-a
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Figure 6: In vivo anti-tumor potency of B7-H3Bi-armed ATC in mouse lung cancer metastasis model. SCID/Beige mice
were inoculated intravenously with 2 x10° A549-luc cells. On day 0, day1 and day3, tumor-bearing mice were administrated i.v. with 2 x10’
B7-H3Bi-armed ATC or unarmed ATC respectively (each group contains 5 mice). Tumor growth was monitored using an in vivo imaging
system A. Bioluminescence images of 3 representative mice of each group were shown on indicated day. B. Images were analyzed using
Living Image software and tumor values represented as total flux measurements in photons/second, mean values of tumor growth curves
were shown. C. Survival curves of mice engrafted with A549-luc cells receiving B7-H3Bi-armed ATC or unarmed ATC were shown.
*P<0.05, #*P<0.01, **P<0.001, B7-H3Bi-armed ATC was compared with unarmed ATC under similar conditions.
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secreted by B7-H3Bi-armed ATC. These cytokines are
known to be released by activated T cells and tumoricidal
directly. It is noteworthy that in our in vitro cytotoxicity
assays, B7-H3Bi-armed ATC mediated cell killing
effectively without the addition of IL-2 to the cultures.
The increased secretion of cytokines implicates that
armed ATC infusion can recruit patient resident T cell
and antigen presenting cell to process their own tumor
lysates. This finding is in accordance with phase I clinical
trials of Her2Bi-armed ATC in patients with stage IV
breast cancer and hormone refractory prostate cancer;
these patients showed elevated levels of cytokines in the
serum, suggesting armed ATC administration stimulated
the endogenous immunity to develop antitumor activity
[29, 31, 32].

Our in vivo studies demonstrated that, compared
with unarmed ATC control, B7-H3Bi-armed ATC
significantly inhibited tumor growth in both loco-
regional and systemic SCID xenograft models. Although

A BC #1 BC #2 LC #1

LC #2

B7-H3Bi-armed ATC could not eradicate the tumor
completely, they prolonged the survival time of mice
bearing established B7-H3-positive subcutaneous or
lung metastatic tumors. Considering the hostile xenograft
environment for human immune cells, infusions of
armed ATC may be insufficient. Function persistence
and survival of human ATC in xenograft model are
more difficult than those in the immune system of the
patients themselves. Lum LG group demonstrated that
the cytotoxic activity of human T cells armed with Bi-
Ab were durable with repeated tumor stimulation [33].
Treatment with B7-H3Bi-armed ATC, in combination
with immune checkpoint blockade, may be more
beneficial for the patients [2, 5, 34].

In conclusion, our in vitro and in vivo results
suggest that B7-H3Bi-armed ATC may be a promising
method for the treatment of B7-H3-positive cancer
patients and produce clinically significant antitumor
effects.
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Figure 7: The cytotoxicity effects of B7-H3Bi-armed ATC against freshly isolated tumor cell from patients. A. Expression
of B7-H3 on human primary breast cancer (BC) and lung cancer (LC) cell culture. Gray histogram represents cells stained with anti-human
B7-H3 mAD and black histogram represents cells stained with the isotope control mAb. B. (a) Lactate dehydrogenase (LDH) activity assay
was performed by B7-H3Bi-armed ATC or unarmed ATC against freshly isolated tumor cell. Supernatants of co-cultures at E/T ratio of 10:1
were harvested at 18 hour and LDH activity assay was performed to determine cytotoxicity against freshly isolated tumor cell. (b) IFN-y, (c)
TNF-o and (d) IL-2 secretion by B7-H3Bi-armed ATC against freshly isolated tumor cell. Supernatants of co-cultures at E/T ratio of 10:1
were harvested at 18 hours and analyzed for cytokine production using specific ELISA Kit. C. Target tumor cells were incubated either with
B7-H3Bi-armed ATC or unarmed ATC for 18 h at E/T ratio of 10:1, and real-time photograph was taken at x 200 magnification. The data of
(B) are mean + SD of triplicate determination. Shown is a representative experiment of at least three experiments. *P < 0.05, ***P <0.001,
B7-H3Bi-armed ATC was compared with unarmed ATC under similar conditions.
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MATERIALS AND METHODS

Cell lines, primary culture and mice

A549-luc, BXPC-3-luc, HT-29-luc, Hela-luc,
MDA-MB231-luc, NCIH460-luc, PC-3M-luc, and LL/2-
luc-M38 cell lines were all purchased from Caliper Life
Sciences. US§7MG-luc cells were generated by our group
previously [35]. The primary culture was derived from
freshly isolated tumor cell from patients of two primary
lung cancer or two primary breast cancer individually, in
Beijing Shijitan Hospital of Capital Medical University.
The consent was obtained from the patients before sample
collection. The study complied with the Declaration of
Helsinki and was approved by the Biomedical Research
Ethics Committee of Beijing Shijitan Hospital of Capital
Medical University. Briefly, tumors were placed into
RPMI1640 medium with antibiotics and anti-fungal
immediately following resection. Specimens were
washed with cold PBS repeatedly to remove blood clots
and tissue debris, and then minced into 0.5- to 1.0-mm
pieces. The tissue pieces were digested with collagenase
IV, Dnase I and hyaluronidase. Then cells were washed
and passed through a 70 um cell strainer to obtain single-
cell population. All agents for cell culture were from
Gibco Company (Gaithersburg, MD, USA). Beige-SCID
Mice (8 to 10 weeks) were purchased from Vital River
Laboratories (VRL, Beijing, China).

Isolation of peripheral blood lymphocytes and
preparation and cryopreservation of activated T
lymphocytes (ATC)

Peripheral mononuclear blood cells (PBMCs) were
isolated using Ficoll density gradient centrifugation from
healthy donors supplied by the Beijing Blood Bank.
PBMCs were cultured at 1x10%ml in RPMI-1640 medium
supplemented with 10% FBS and 5 pg/ml anti-CD3
mADb (eBioscience, San Diego, CA, USA) and 100 IU/
ml recombinant human IL-2 at 1x10%ml. Fresh medium
containing 100 IU/ml recombinant human IL-2 was added
to cell culture as the method previously described [27,
28, 36]. On day 13, ATC expansion products of donors
averaged 97.33 + 0.86% CD3" cells (32.53+ 3.00% CD4*
and 64.87 = 0.81% CDS8") were used immediately or
cryopresered for further use.

Synthesis of anti-CD3 xanti-B7-H3 bispecific
antibody (B7-H3Bi-Ab) and arming of activated
T cell

Anti-B7-H3 mAb (R&D System, Minneapolis,
MN, USA) was reacted with sulfo-SMCC and anti-
CD3 (OKT3, eBioscience) was reacted with Traut’s
reagents as the method previously described [27, 28,
35]. Cryopreserved ATC was thawed, and usually

armed with B7-H3Bi-Ab at a concentration of 50 ng/10°
cells at room temperature for 30 minutes followed by
washing the cells to eliminate unbound antibodies. The
combination of OKT3 (50 ng/10°cells) with anti-B7-H3
mADb (50 ng/10°cells) pre-incubated activated T cell was
used as control unarmed ATC.

Cytotoxicity assay

Target cells were seeded in triplicates in 96-
well u bottom microplates at 1x10%well before the
addition of B7-H3Bi-armed, unarmed ATC or ATC at
the indicated effector-to-target (E/T) ratios. Effector
cells and tumor cells were allowed to interact at 37°C
for 18 hours. Cytotoxicity was mostly measured with a
luciferase quantitative assay [27, 28, 35, 37, 38] in which
bioluminescence imaging signal in tumor cells expressed
in photons per second was converted into living cell
number, and the cytotoxicity assays were calculated at
indicated E/T ratios. A final concentration of 0.15 mg/
ml D-luciferin (SynchemChemie, Kassel, Germany) was
added to each well. Sometimes, when the target cells were
freshly isolated tumors from primary culture, cytotoxicity
assays were performed by a lactate dehydrogenase
activity assay kit (Sigma-Aldrich, St. Louis, MO, USA)
according to the manufacturer’s instructions, and real-
time photograph was taken at x 200 magnification with an
optical microscope (Olympus, Tokyo, Japan).

Cytokine ELISA assay

Target cells were plated in 96-well u bottom
microplates at a concentration of 1x10%well at 37°C
overnight. B7-H3Bi-armed, unarmed ATC or ATC was
then added at an E/T ratio of 10:1 to target cells and
incubated for 18 hours. The cell free supernatants were
collected, and the cytokine production of IFN-y, TNF-a
and IL-2 was measured by using specific human ELISA kit
(eBioscience) according to the manufacturer’s instructions.

Flow cytometric analysis

The anti-human B7-H3-PE mAb and mouse IgG1-
PE isotpye antibody were purchased from R&D System.
The anti-human CD3-FITC, anti-mouse IgG1-FITC,
and anti-mouse [gG2a-FITC secondary antibodies were
provieded by eBioscience. The cells were assayed with a
Guava flow cytometrometer Easycyte (Guava, Hayward,
CA, USA) and the data analysis was carried out with the
FlowJo Software Version 7.6.1.

In vivo tumor inhibition studies

In tumor growth delay studies, SCID-Beige mice
were injected s.c. with Hela-luc or i.v. with A549-luc cells.
Subsequently, B7-H3Bi-armed ATC or control unarmed
ATC was administrated on the indicated day. In order to
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follow up tumor growth, in vivo bioluminescence imaging
was operated and bioluminescent imaging was done using
Xenogen IVIS-100 imaging system with living image
software (Caliper Life Science). The signal intensity of
tumor burdens was expressed as total photons/second/cm?
(p/s/cm?/sr.). Animal experiment was in compliance with
the Guide for the Care and Use of Laboratory Animals
of the Ministry of Health and the protocol was approved
by the Ethics Committee of Beijing Shijitan Hospital of
Capital Medical University.

Statistical analysis

All experiments were repeated at least twice and
mostly three times. Data were analyzed using Graphpad
Prism 5 software (Graphpad, La Jolla, CA), and presented
as the means + SDs. Unpaired student’s #-test (two-tailed)
was used for comparison of two groups where appropriate.
Survival curves were plotted using the Kaplan-Meier
method and compared using the log-rank test. P < 0.05
was considered as statistically significant.

ACKNOWLEDGMENTS

This work is funded by the grants from the National
Nature Science Foundation of China (No. 31400754),
the Ministry of Science and Technology of China (S &
T major Program: No. 2012ZX1004701-001-002), and
Beijing Key Laboratory of Urinary Cellular Molecular
Diagnostics (Z151100001615060).

CONFLICTS OF INTEREST

The authors declare they have no conflicting interests.

REFERENCES

1. Mellman I, Coukos G, Dranoff G. Cancer immunotherapy
comes. Nature. 2011; 480:480-489.

2. Pardoll DM. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer 2012; 12:252-264.

3. Swaika A, Hammond WA, Joseph RW. Current state of
anti-PD-L1 and anti-PD-1 agents in cancer therapy. Mol
Immunol. 2015; 67:4-17.

4. Fousek K, Ahmed N. The evolution of T-cell therapies
for solid malignancies. Clinical Cancer Research. 2015;
21:3384-3392.

5. Larkin J, Chiarion-Sileni V, Gonzaler R, Grob JJ,
Cowey CL, Lao CD, Schadedof D, Dummer R, Smylie
M, Rutkowki P, Ferrucci PF, Hill A, et al. Combined
nivolumab and ipilimumab or monotherapy in untreated
melanoma. N Engl J Med. 2015; 373:23-34.

6. Lum LG, Thakur A. Targeting T cells with bispecific
antibodies for cancer therapy. Bio Drugs. 2011; 25:365-379.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Yankelevich M, Kondadasula SV, Thakur A, Buck S,
Cheung NV, Lum LG. Anti-CD3 x anti-GD2 bispecific
antibody redirects T-cell cytolytic activity to neuroblastoma
targets. Pediatr Blood Cancer. 2012; 59:1198-1205.

Vaishampayan U, Thakur A, Rathore R, Kouttab N, Lum
LG. Phase I Study of Anti-CD3 x Anti-Her2 Bispecific
Antibody in Metastatic Castrate Resistant Prostate Cancer
Patients. Prostate Cancer. 2015; 2015:285193.

Lum LG, Thakur A, Al-Kadhimi Z, Colvin GA, Cummings
FJ, Legare RD, Dizon DS, Kouttab N, Maizei A, Colaiace
W, Liu Q, Rathore R. Targeted T-cell Therapy in Stage [V
Breast Cancer: A Phase I Clinical Trial. Clin Cancer Res.
2015; 21:2305-2314.

Loos M, Hedderich DM, Friess H, Kleeff J. B7-H3 and
its role in antitumor immunity. ClinDevimmunol. 2010;
2010:683875.

Wang L, Kang FB, Shan BE. B7-H3-mediated tumor
immunology: Friend or foe? Int J Cancer. 2014;
134:2764-2771.

Baral A, Ye HX, Jiang PC, Yao Y, Mao Y. B7-H3 and
B7-H1 expression in cerebral spinal fluid and tumor tissue
correlates with the malignancy grade of glioma patients.
Oncol Lett. 2014; 8:1195-1201.

Brustmann H, Igaz M, Eder C, Brunner A. Epithelial
and tumor-associated endothelial expression of B7-H3
in cervical carcinoma: relation with CD8+ intraepithelial
lymphocytes, FIGO stage, and phosphohistone H3 (PHH3)
reactivity. Int J GynecolPathol. 2015; 34:187-195.

Masuda A, Arai K, Nishihara D. Clinical significance of
serum soluble T cell regulatory molecules in clear cell renal
cell carcinoma. Biomed Res Int. 2014; 2014:396064.

Zhang G, Xu Y, Lu X, Huang H, Zhou Y, Lu B, Zhang X.
Diagnosis value of serum B7-H3 expression in non-small
cell lung cancer. Lung cancer. 2009; 66:245-249.

Yamato I, Sho M, Nomi T, Akahori T, Shimada K, Hotta
K, Kanehiro H, Konishi N, Yagita H, Nakajima Y. Clinical
importance of B7-H3 expression in human pancreatic
cancer. Br J Cancer. 2009; 101:1709-1716.

Sun TW, Gao Q, Qiu SJ, Zhou J, Wang XY, Yi Y, Shi
JY, Xu YF, Shi YH, Song K, Xiao YS, Fan J. B7-H3 is
expressed in human hepatocellular carcinoma and is
associated with tumor aggressiveness and postoperative
recurrence.  Cancer  Immunollmmunother.  2012;

61:2171-2182.

Suh WK, Gajewska BU, Okada H, Gronski MA, Bertram
EM, Dawicki W, Duncan GS, Bukzynski J, Plyte S, Elia A,
Wakeham A, Itie A, et al. The B7 family member B7-H3
preferentially down-regulates T helper type 1-mediated
immune responses. Nat Immunol. 2003; 4:899-906.

Zhang P, Yu SW, Li HY, Liu CY, Li J, Lin WL, Gao A,
Wang LL, Gao W, Sun YP. ILT4 drives B7-H3 expression
via PI3K/AKT/mTOR ILT4/B7-H3
co-expression correlates with poor prognosis in non-small
cell lung cancer. FEBS Lett. 2015; 589:2248-2256.

signalling and

www.impactjournals.com/oncotarget

29490

Oncotarget



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

MaoY, Li W, Chen K, Xie Y, Liu Q, Yao M, Duan W, Zhou
X, Liang R, Tao M. B7-H1 and B7-H3 are independent
predictors of poor prognosis in patients with non-small
cell lung cancer. Oncotarget. 2015; 6:3452-3461. doi:
10.18632/oncotarget.3097.

Zhao X, Zhang GB, Gan WJ, Xiong F, Li Z, Zhao H, Zhu
DM, Zhang B, Zhang XG, Li DC. Silencing of B7-H3
increases gemcitabine sensitivity by promoting apoptosis
in pancreatic carcinoma. OncolLett. 2013; 5:805-812.
Kang FB, Wang L, Jia HC, Li D, Li HJ, Zhang YG,
Sun DX. B7-H3 promotes aggression and invasion of
hepatocellular carcinoma by targeting epithelial-to-
mesenchymal transition via JAK2/STAT3/Slug signaling
pathway. Cancer Cell Int. 2015; 15:45.

Xu H, Cheung IY, Guo HF, Cheung NK. MicroRNAmiR-29
modulates expression of immuno-inhibitory molecule
B7-H3: potential implications for immune based therapy
of human solid tumors. Cancer Res. 2009; 69:6275-6281.

Kramer K, Kushner BH, Modak S, Pandit-Taskar N,
Smith-Jones P, Zanzonico P, Humm JL, Xu H, Wolden SL,
Souweidane MM, Larson SM, Cheung NK. Compartmental
intrathecalradioimmunotherapy: results for treatment for
metastatic CNS neuroblastoma. J Neurooncol. 2010; 97;
409-418.

Seliger B, Quandt D. The expression, function, and
clinical relevance of B7 family members in cancer.
CancerImmunollmmunother. 2012; 61:1327-1341.

Loo D, Alderson R, Chen F, Huang L, Zhang W, Gorlatov
S, Burke S, Ciccarone V, Li H, Yang Y, Son T, Chen Y,
Easton A, et al. Development of an Fc-Enhanced anti—
B7-H3 monoclonal antibody with potent antitumor activity.
Clin Cancer Res. 2012; 18:3834-3845.

Ma J, Han H, Liu D, Li W, Feng H, Xue X, Wu X, Niu
G, Zhang G, Zhao Y, Liu CZ, Tao H, Gao B. HER2 as
a promising target for cytotoxicity T cells in human
melanoma therapy. PLoS ONE. 2013; 8:¢73261.

Han H, Ma J, Zhang K, li W, Liu C, Xue X, Zhang Y, Zhang
G, Ma P, Wang L, Zhang G, Tao H, Gao B. Bispecific anti-
CD3xanti-HER?2 antibody mediates T cell cytolytic activity
to HER2-positive colorectal cancer in vitro and in vivo.
International journal of oncology. 2014; 45:2446-2454.

Lum LG, Davol PA, Lee RJ. The new face of bispecific
antibodies: targeting cancer and much more. ExpHematol.
2006; 34:1-6.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Renner C, Held G, Ohnesorge S, Bauer S, Gerlach K,
Pfitzenmeier JP, Pfreundschun M. Role of perforin,
granzymes, and the proliferative state of the target cells in
apoptosis and necrosis mediated by bispecific-antibody-
activated cytotoxic T cells. Cancer Immunollmmunother.
1997; 44:70-76.

Davol PA, Gall JM, Grabert RC, Lum LG: Infusions of
T cells armed with anti-CD3 x anti-her2/neubispecific
antibody modulate in vivo patient immune responses in
phase I clinical trials for breast and hormone refractory
prostate cancers. [abstract]. Blood. 2004; 104:379a.

Davol PA, Gall JM, Young WB, Lum LG. Clinical immune
responses in breast and hormone refractory prostate patients
treated with T cells armed with anti-CD3 x anti-her2/
neubispecific antibody in phase I clinical trials [abstract].
ExpHematol. 2005; 33.

Grabert RC, Cousens LP, Smith JA, Olson S, Gall J, Young
WB, Davol PA, Lum LG. Human T cells armed with Her/
neubispecific antibodies divide, are cytotoxic, and secrete
cytokines with repeated stimulation. Clinical Cancer
Research. 2006; 12:569-576.

Yano H, Thakur A, Tomaszewski EN, Choi M, Deol A,
Lum LG. Ipilimumab augments antitumor activity of
bispecific antibody-armed T cells. J Transl Med. 2014;
12:191.

Ma P, He Q, Li W, Li X, Han HM, Jin M, Liu CZ, Tao
H, Ma J, Gao B. Anti-CD3 x EGFR bispecific antibody
redirects cytokine-induced killer cells to glioblastoma in
vitro and in vivo. Oncology report. 2015; 34:2567-2575.
Clay TM, Custer MC, Sachs J, Hwu P, Rosenberg SA,
Nishimura MI. Efficient transfer of a tumor antigen-reactive
TCR to human peripheral blood lymphocytes confers anti-
tumor reactivity. J Immunol. 1999; 163:507-513.

Fu X, Tao L, Rivera A, Williamson S, Song XT, Ahmed
N, Zhang X. Simple and sensitive method for measuring
tumor-specific T cell cytotoxicity. PLoS ONE. 2010;
5:e11867.

Brown CE, Wright CL, Naranjo A, Vishwanath RP, Chang
WC, Olivares S, Wagner JR, Bruins L, Raubitschek A,
Cooper LJ, et al. Biophotonic cytotoxicity assay for high-
throughput screening of cytolytic killing. J Immunol
Methods. 2005; 297:39-52.

www.impactjournals.com/oncotarget

29491

Oncotarget



