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Purpose: This study was aimed to investigate the underlying mechanism of B7-H3 induced

ovarian cancer proliferation and drugs resistance.

Materials and methods: We compared the expression of B7-H3 in ovarian tumor tissues

from high-malignant or low-malignant patients by immunohistochemistry. We established

B7-H3 overexpression and knockout ovarian cells by CRISPR-Cas9 technology and exam-

ined the expression of the PI3K/AKT/BCL-2 signals in tumor cells by Western blot or

immunofluorescence. We detected the B7-H3 overexpression ovarian cancer cells drugs

resistance by CCK8 cell proliferation analysis and Annexin V/PI staining. Tumor-bearing

mice were used to investigate the anticancer effects of PI3K/AKT inhibitors in combination

with B7-H3 neutralizing antibodies.

Results: Enhanced expression of B7-H3 was observed in ovarian tumor tissues from high-

malignant patients compared to those from low-malignant patients. Notably, B7-H3 over-

expression caused enhanced cells proliferation and chemo-resistance in vitro and in vivo

through the activation of PI3K/AKT signaling pathways and up-regulation of BCL-2 protein.

Combination of chemotherapeutic agents and B7-H3 neutralizing antibodies efficiently

reverses the drugs resistance induced by B7-H3, resulting in improved anticancer effects in

ovarian cancer.

Conclusion: B7-H3 expression induces the activation the PI3K/AKT signaling pathway and

up-regulates BCL-2 in protein level, resulting in the sustained growth and chemo-resistance

in ovarian cancer. Blockade of B7-H3 signals efficiently reverses the chemo-resistance,

which provides an innovative target in ovarian cancer treatment.
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Introduction
Ovarian cancer is one of the most common gynecologic carcinomas with a high risk

of metastasis.1 Approximately 70% of ovarian cancer patients revealed peritoneal

cavity metastasis in early diagnosis.2 Despite advances in surgical operations and

systemic chemotherapy technology, the patients still suffered from the distant

metastasis and drugs resistance development after standard treatment. Moreover,

the underlying mechanism of ovarian cancer development still remains unclear and

new therapies are urgent to improve the anticancer effects in clinical ovarian cancer

treatment.

B7-H3 (CD276), a type I transmembrane protein belonging to the B7 family, is

a glycoprotein consisting of 2 Ig-B7-H3 and 4 Ig-B7H3 isoforms in human.3 B7-H3 is

extensively known as a checkpoint molecular which is expressed on many tissues as

well as immune cells. The enhanced expression of B7-H3 could down-regulate the type
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I interferon γ by Tcells and reduce the cytotoxicity activity of

NK cells, resulting in the immune suppression.4 B7-H3 also

has limited expression on many tissues, including breast,

liver, urinary and lymphoid systems. However, the high

level of B7-H3 expression was observed in a wide range of

carcinomas, including the bladder cancer, brain cancer and

prostate cancer.5–7 Previous reports indicated that the over-

expression of B7-H3 contributes to tumor immune evasion

and promotes tumor metastatic, resulting in a poor

prognosis.8 Also, Qing Ge and his colleagues have reported

that B7-H3 could promote multiple myeloma cell survival

and proliferation through a ROS-dependent signaling

pathway.9 Notably, B7-H3 is an attractive target for cancer

immunotherapy due to its specific expression in various

tumor tissues. B7-H3-specific monoclonal antibodies and

CAR-T technologies reveal dramatic anticancer effects

along with a good safety profiles, which provide new targets

in cancer therapy.10 However, the underlying mechanisms

and downstream signaling pathways of B7-H3 in tumor

development still remain unclear. And the role of B7-H3 in

ovarian cancer development still needs further investigation.

In our study, we firstly observed enhanced expression

of B7-H3 in malignant ovarian cancer tissues and demon-

strated the correlation between the B7-H3 and ovarian

cancer drug resistance development. The overexpression

of B7-H3 results in enhanced cells proliferation and sus-

tained tumor growth in vitro and vivo though activation of

PI3K/AKT pro-survival signaling pathway. More impor-

tantly, we further described the underlying mechanism of

the tumor growth and drugs resistance through the B7-H3

molecule. We demonstrated that B7-H3 could induce can-

cer cells drug resistance through the activation of down-

stream anti-apoptosis protein, resulting in the poor

prognosis of clinical chemotherapy. And blockade of B7-

H3 significantly enhanced the anticancer effects of che-

motherapeutic agents, which provides an innovative

approach for clinical ovarian cancer treatment.

Materials And Methods
Cell Culture And Patients’ Samples
OVCAR-3 and A2780 human ovarian cancer cell line

were obtained from the National Infrastructure of Cell

Line Resources (Chinese Academy of Medical Sciences,

Beijing, China) and were cultured in DMEM media sup-

plemented with 10% of heat-inactivated fetal calf serum

(FBS). All media were purchased from Gibco Inc (MA,

USA). The FBS was purchased from Gibco Inc (MA, US)

and heat-inactivated at 56°C for 10 mins prior use. Cells

were maintained at 37°C with 5% CO2 in a humidified

incubator.

For stable knock-out of B7-H3, 2×105 human ovarian

cancer cells were seeded in wells of a 6-well plate. After 8

hrs, cells were transfected with 5 μg of a px459 vector

expressing sgRNAs targeted B7-H3 using the

Lipofectamine 3000 (Thermo Fisher Scientific Inc, MA,

US) according to the manufacturer’s instructions. 72 hrs

later, cells were treated with puromycin (1.5 μg/mL).

Growing isolated clones were harvested using cloning

cylinders (Corning, MA, US). Each single clone was

detected for B7-H3 expression by Western blot.

For stable knock-out of BCL-2, 2×105 human ovarian

cancer cells were seeded in wells of a 6-well plate. After 8

hrs, cells were transfected with 5 μg of a px459 vector expres-
sing sgRNAs targeted BCL-2 using the Lipofectamine 3000

(Thermo Fisher Scientific Inc, MA, US) according to the

manufacturer’s instructions. 72 hrs later, cells were treated

with puromycin (1.5 μg/mL). Growing isolated clones were

harvested using cloning cylinders (Corning, MA, US). Each

single clone was detected for BCL-2 expression by Western

blot.

For stable overexpression of B7-H3, B7-H3

(NM_025240) human tagged ORF clone lentiviral particle

was purchased from OriGene (MD, USA). 5×104 human

ovarian cancer cells were seeded in wells of a 24-well

plate and after 12 hrs later infected with 20 μL of

a lentiviral particle expressing either a vector or B7-H3

(NM_025240) according to the manufacturer’s instruc-

tions. 72 hrs later, cells were treated with puromycin (1.5

μg/mL) for 48 hrs. Growing isolated clones were harvested

using cloning cylinders (Corning, MA, US). Each single

clone was detected for B7-H3 expression by Western blot.

The ovarian tumor tissues were collected from

Affiliated Hangzhou First People’s Hospital and fixed by

formalin fixation in 2 hrs after surgery. Samples were

divided into high- malignant (IV stage/FIGO stage)

group and low-malignant (I stage) group. All researches

have been carried out in accordance with the World

Medical Association Declaration of Helsinki and approved

by the ethics committee of the Second Affiliated Hospital

of Zhejiang Chinese Medical University (XH20160213).

Regents
The following antibodies were used in this study: antibo-

dies against GAPDH (CST, USA, 1:1000), B7-H3(CST,

USA, 1:1000), BCL-2 (CST, USA, 1:1000), PI3K (Abcam,
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UK, 1:100), AKT (Abcam, UK, 1:100), p-PI3K (Abcam,

UK, 1:100), p-AKT (Abcam, UK, 1:100). Cisplatin (CIS)

was obtained from Solarbio (Beijing, China). Paclitaxel

(PTX) was obtained from Solarbio (Beijing, China).

Cell Proliferation And Colony Formation

Assay
Cell proliferation was measured using the Cell counting kit-8

(CCK8, Dojindo, Japan). Cells were grown in 96-well plates at

a density of 5000 cells per well and were incubated for 24 hrs.

Then, 15 μL of CCK8 solution was added to each well on 24,

48, 72 hrs. The absorbance of each sample was measured at

450 nm. For colony formation assay, 1000 cells were seeded

into 6-well plates to form colonies within two weeks. Colonies

were fixed with glutaraldehyde (6.0% v/v, Sorlarbio, Beijing,

China), stained with crystal violet (0.5% w/v, Sorlarbio,

Beijing, China), and counted using a stereomicroscope. All

experiments were performed in triplicate and the average

values were calculated.

Cell Apoptosis Assay
The apoptosis assays were conducted on flow cytometry

(FCM). Before analysis, cells were treated by PTX and

CIS for 48 hrs. Then, cells were harvested by a 5-min

centrifugation at 300 g and resuspended in 200 μL binding

buffer. And cells were stained by Cell apoptosis detection

kit (BD, MA, USA) according to the manufacturer’s pro-

tocol. The data were analyzed by FlowJ Software 10.0.

Western Blot Analysis
Total proteins were extracted using the protein extraction kits

(Solarbio, Beijing, China). And the samples were run by

SDS-polyacrylamide gel electrophoresis and transferred

onto nitrocellulose membranes. The nitrocellulose mem-

branes were blocked with 5% skim milk for 60 mins at

room temperature and incubated antibodies for 12–24 hrs.

Nitrocellulose membranes were rinsed by TBST three times

for 10 mins every time and HRP-labeled secondary antibody

(1:3000, Solarbio, Beijing, China) for 2 hrs. After washed by

TBST three times for 10 mins every time, detected proteins

were visualized using an ECL kit (Thermo Fisher Scientific

Inc, MA, US). GAPDH was used as an internal control. All

experiments were repeated three times.

Immunofluorescence (IF)
For cell biology experiments, the cells on the cover slips

were fixed with 4% paraformaldehyde for 10 mins. The

cover slips and sections were rinsed 3 times with PBS for

5 mins each time. The fixed cells were permeabilized with

0.2% Triton X-100 in PBS for 5 mins and the cover slips

and sections incubated with a blocking solution of 5% goat

serum in PBS for 10 mins. The blocking solution was

aspirated, and the cells and tissues were incubated with

primary antibody overnight at 4 °C. The cover slips and

sections were washed with PBS 3 times for 5 mins each

time. The cover slips and sections were incubated with

Alexa Fluor 488-conjugated and/or Alexa Fluor 594-

conjugated secondary antibodies (1:200, Thermo Fisher

Scientific Inc, MA, US) for 1 hr in a moist, dark environ-

ment. After washing with PBS, 10 μL of antifade mount-

ing medium containing DAPI (Thermo Fisher Scientific

Inc, MA, US) was added to the cover slips and sections for

nuclear staining. The immunofluorescence intensity was

calculated by Image J 2.0.

Immunohistochemistry (IHC)
For pathological tissues analysis, the patient pathological

tissues were made into a tissue array including 30 pairs of

cancer and paracancer tissues. The tissues were fixed with

4% paraformaldehyde for 72 hrs and were made into

sections. The sections then underwent sodium citrate anti-

gen retrieval and were cooled to room temperature.

Hydrogen peroxide (3%) was used to block endogenous

peroxidase activity and goat serum was used to block non-

specific antigens. The sections were then incubated over-

night at 4 °C with antibodies against B7-H3 (Abcam,

USA, 1:100). After being rinsed with PBS, the sections

were incubated with horseradish peroxidase-conjugated

secondary antibody was applied at 37 °C for 40 mins and

then incubated with diaminobenzidine solution. Finally,

the nuclei were counterstained with Mayer’s hematoxylin.

The intensity of positive cells was analyzed by image pro

plus 6.0.

In Vivo Tumor Model And Tumorigenicity

Assay
All our animal experiments were conducted in accordance

with guidelines approved by the Institute Ethics Committee

of the Second Affiliated Hospital of Zhejiang Chinese

Medical University# (XH20160213). For assessment of

in vivo tumor model, female NSG mice were purchased

from Beijing HFK Bioscience Co (Beijing, China). Female

NSG mice (4–6 weeks of age, 18–20 g) were randomly

divided into the indicated groups. Mice (n = 6) in the groups
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were subcutaneously injected with 3 × 106 OVCAR-3 or

A2780 cells. OVCAR-3 or A2780 cells derived subcuta-

neous model was used for the anti-B7-H3 and chemother-

apeutic agents therapy. Tumor growth was monitored by

measuring tumor volume (1/2 × length × width2) on indi-

cated days.

For assessment of tumor formation abilities, 1×105

ovarian cancer cells were suspended in 100 μL of

DMEM medium and Matrigel (BD Biosciences, Bedford,

MA, USA) and subcutaneously transplanted into female

NSG mice (4–6 weeks of age, 18–20 g). Tumor formation

was weekly monitored. After 7–8 weeks, mice were sacri-

ficed, and the tumor numbers were recorded.

Results
B7-H3 Facilitates Sustained Growth And

Drugs Resistance Development In

Ovarian Cancer
Previous evidence indicated that the B7-H3 expression is

associated with the tumor growth and patients’ prognosis in

several tumor types.11–13 Here, we observed increased

expression of B7-H3 in those patients with IV stage

(FIGO stage, high-malignant) compared to I stage (FIGO

stage, low-malignant) (Figure 1A). This pattern was

observed in multiple patients as evidenced by increased

expression of B7-H3 in high-malignant ovarian cancer

patients (Figure 1B, n=10), indicating that B7-H3 might

be strictly correlated with the tumor stage in ovarian cancer.

To further investigate the role of B7-H3, we established the

B7-H3 overexpression ovarian cancer cell lines A2780

(Fig. S1A), B7-H3 knockdown ovarian cancer cell line

A2780 (Fig. S1B), B7-H3 overexpression ovarian cancer

cell lines OVCAR-3 (Fig. S1A) and B7-H3 knockdown

ovarian cancer cell line OVCAR-3 (Fig. S1B).

Intriguingly, the expression of B7-H3 significantly facili-

tated the cells proliferation of OVCAR-3 (Figure 1C) and

A2780 (Fig. S1C). Additionally, B7-H3 overexpression

also strengthened the colony formation (Figure 1D) and

tumorigenesis (Figure 1E) capability whereas blockade of

B7-H3 suppressed the phenomenon in ovarian cancer cells

OVCAR-3 (Figure 1D and E). The same results were

observed in A2780 cell line (Fig. S1D and E). On the

basis of those data, we supposed that the expression of B7-

H3 could facilitate the sustained growth and tumorigenesis

capability in ovarian cancer cells, resulting in the poor

prognosis of ovarian cancer patients. The tumor sustained

growth is also accompanied by the drug resistance in

various tumor types, resulting in the chemo-resistance and

intensive tumor progressions. CIS and PTX are the tradi-

tional chemotherapeutic agents in clinical ovarian cancer

treatment. Of note, the overexpression of B7-H3 also

retarded the cells apoptosis induced by CIS and PTX

in OVCAR-3 cells (Figure 1F and G) and A2780 cells

(Fig. S1F and G), suggesting that B7-H3 could also promote

the drug resistance in ovarian cancer cells.

B7-H3 Induces The Tumor Sustained

Growth Through The Activation Of PI3K/

AKT Signals
PI3K/AKT signaling pathway serves as the classic down-

stream signal of various cell surface molecules in tumor cells,

which is tightly associated with cell proliferation, tumor

stemness regulation and drugs resistance development.14,15

Previous report also indicated that the AKT is correlative in

the B7-H3 induced tumor metastasis in bladder cancer

cells.16 Therefore, we evaluated the phosphorylation of

PI3K and AKT in B7-H3 overexpression ovarian cancer

cells and found that the expression of phospho-PI3K and

phospho-AKT was increased in the B7-H3 overexpression

OVCAR-3 and A2780 cells compared to the vector

(Figure 2A, B and Fig. S2A, B), indicating that the activation

of PI3K/AKT signaling pathway in B7-H3 overexpression

cancer cells. Also, reduced phospho-PI3K and phospho-

AKTexpression were observed in B7-H3 knockdown cancer

cells (Fig. S2C and D), indicating that B7-H3 positively

regulates the PI3K/AKT signal in ovarian cancer. To further

demonstrate the role of PI3K/AKT signal in B7-H3 induced

tumor progressions, the PI3K inhibitor LY294002 and AKT

inhibitor MK-2206, which could efficiently suppress p-PI3K

and p-AKT expression (Fig. S2E–H), were used to treat the

B7-H3 overexpression ovarian cancer cells. We found that

blockade of PI3K or AKT efficiently suppressed the cells

proliferation (Figure 2C and D). Furthermore, the enhanced

colony formation and tumorigenesis capability of B7-H3

overexpression ovarian cancer cells were retarded by

LY294002 and MK-2206 (Figure 2E–H), indicating that

blockade of PI3K/AKT signal resulted in the suppression of

tumor growth induced by B7-H3. Additionally, adding

LY294002 and MK-2206 also effectively reversed the resis-

tance of B7-H3 overexpression OVCAR-3 and A2780 cells

to PTX and CIS (Figure 2I and J). These results suggested

that PI3K/AKT may work as the down-stream of B7-H3 axis

in tumor sustained growth and acquisition of drug resistance

in ovarian cancer cells.
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B7-H3 Triggers The BCL-2 Expression To

Induce Drug Resistance
We have demonstrated that the B3-H7 could regulate the

tumor sustained growth through the activation of pro-

survival PI3K/AKT signaling pathway. However, PI3K/AKT

signal is not capable of regulating the anti-apoptosis process of

tumor cells to chemotherapy directly. It has been reported that

the AKT downstream protein BCL-2 participated in anti-

apoptosis process of various cancer cells, leading to reduced

cytotoxicity and drug resistance.17,18 Herein, we detected the

expression of BCL-2 in B7-H3 overexpression ovarian cancer

cells and found that BCL-2 was significantly up-regulated in

B7-H3 overexpression OVCAR-3 and A2780 cells compared

with the Vector (Figure 3A and B). More importantly, the

protein expression of BCL-2 was suppressed in those B7-H3

overexpression cancer cells treated with LY294002 or MK-

2206 (Figure 3A and B), indicating that BCL-2 serves as the

downstream molecule of PI3K/AKT, which was activated in

B7-H3 overexpression ovarian cancer cells. To further demon-

strate the role of BCL-2 in the drugs resistance development

induced by B7-H3, we knockout the BCL-2 in B7-H3 over-

expression OVCAR-3 (Figure 3C) and A2780 (Figure 3D)

Figure 1 (A) The immunohistochemistry of B7-H3 in I-stage ovarian cancer tissues and IV-stage ovarian cancer tissues. The scale bar is 50 μm. (B) The relative expression of B7-H3 in
ovarian cancer tissues from IV-stage ovarian cancer patients and I-stage ovarian cancer patients by IHC analysis, n=10. Mean ± SEM. (C) The cell viability of OVCAR-3-Vector cells,

OVCAR-3-pB7-H3 cells, OVCAR-3-Cas9 cells and OVCAR-3-B7-H3 cells was measured using the CCK-8 assay for 0 hr, 24 hrs, 48 hrs or 72 hrs. Mean ± SEM, n = 3. (D) The effect of

B7-H3 overexpression and knockout on OVCAR-3 cell was assessed by a colony formation assay. Mean ± SEM, n = 3. (E) Formation of xenografts by B7-H3 over-expression and

knockout on OVCAR-3 cell. A total of 1 × 105 cells was subcutaneously injected in each NSG mouse (n=10). All mice were sacrificed 4 weeks after injection, and the number of

subcutaneous tumors were recorded. Mean ± SEM, n = 10. (F) OVCAR-3-Vector cells, OVCAR-3-pB7-H3 cells, OVCAR-3-Cas9 cells and OVCAR-3-B7-H3 KO cells were treated

with 50 μM CIS for 30 hrs. Then, the cells were tested for apoptosis by FCM. Mean ± SEM, n = 3. (G) OVCAR-3-Vector cells, OVCAR-3-pB7-H3 cells, OVCAR-3-Cas9 cells and

OVCAR-3-B7-H3 KO cells were treated with 40 μM PTX for 24 hrs. Then, the cells were tested for apoptosis by FCM. Mean ± SEM, n = 3. *p < 0.05; **p < 0.01; ns, not significant.

Abbreviations: PTX, paclitaxel; CIS, cisplatin.
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cell lines by CRISPR-Cas9. Intriguingly, BCL-2 knockout

efficiently reversed the OVCAR-3 and A2780 resistance to

PTX and CIS induced by B7-H3 (Figure 3E and F). Together,

those results suggested that B7-H3 up-regulated the expression

of AKT downstream molecule BCL-2 to induce the ovarian

cancer drugs resistance development.

Blockade Of B7-H3 Signal Reverses

Chemotherapeutic Drugs Resistance In

Ovarian Cancer In Vivo
In order to evaluate the B7-H3 induced drug resistance

in vivo, we generated the xenograft mouse model using

OVCAR-3 cells injected into NSG mice subcutaneously.

Then, the mice were treated with PBS, chemotherapeutic

drugs, anti-B7-H3 neutralizing antibodies and anti-B7-H3

neutralizing antibodies combined with chemotherapeutic

drugs. The tumor-bearing mice data revealed that anti-B7-

H3 or PTX treatment slightly suppressed tumor growth

whereas the combination of PTX and anti-B7-H3 neutraliz-

ing antibodies significantly reduced the tumor volume

(Figure 4A) and prolonged the survival time (Figure 4B).

Consistently, the combination of CIS and anti-B7-H3 neu-

tralizing antibodies also revealed enhanced anticancer

effects compared to CIS group (Figure 4C and D). More

importantly, we generated the B7-H3 overexpression xeno-

graft mouse model using B7-H3 overexpression OVCAR-3

cells injected into NSG mice subcutaneously. Then, the

mice were treated with control IgG, chemotherapeutic

drugs, anti-B7-H3 neutralizing antibodies and anti-B7-H3

Figure 2 (A) The immunofluorescence and intensity of p-PI3K and p-AKT in OVCAR-3-Vector cells and OVCAR-3-pB7-H3 cells. The scale bar is 15 μM. (B) The

immunofluorescence and intensity of p-PI3K and p-AKT in A2780-Vector cells and A2780-pB7-H3 cells. The scale bar is 15 μM. (C) The cell viability of Negative control

(NC, OVCAR-3-pB7-H3) cells, A2780-pB7-H3 cells was treated with LY294002 (15 μM) or MK-2206 (0.5 μM) measured using the CCK-8 assay for 0 hr, 24 hrs, 48 hrs or 72

hrs. Mean ± SEM, n = 3. (D) The cell viability of Negative control (NC, A2780-pB7-H3) cells, A2780-pB7-H3 cells was treated with LY294002(15μM) or MK-2206(0.5μM)

measured using the CCK-8 assay for 0 hr, 24 hrs, 48 hrs or 72 hrs. Mean ± SEM, n = 3. (E, F) The effect of B7-H3 over-expression on OVCAR-3 cells or A2780 cells treated

with or without LY294002(15 μM) or MK2206 (0.5 μM) was assessed by a colony formation assay. Mean ± SEM, n = 3. (G, H) Formation of xenografts by B7-H3 over-

expression OVCAR-3 cell and A2780 cells treated with or without LY294002 (15 μM) or MK2206 (0.5 μM). A total of 1 × 105 cells was subcutaneously injected in each NSG

mouse (n=10). All mice were sacrificed 4 weeks after injection, and the number of subcutaneous tumors was recorded. Mean ± SEM, n = 10. (I) OVCAR-3-pB7-H3 cells

were treated with PBS, PTX combined with LY294002 (15 μM) and PTX combined with MK-2206 (0.5 μM) for 30 hrs. Then, the cells were tested for apoptosis by FCM.

Mean ± SEM, n = 3. (J) A2780-pB7-H3 cells were treated with PBS, PTX (40 μM), cisplatin (50 μM), cisplatin combined with LY294002 (15 μM) and cisplatin combined with

MK-2206 (0.5 μM) for 24 hrs. Then, the cells were tested for apoptosis by FCM. Mean ± SEM, n = 3. *p < 0.05; **p < 0.01; ns, not significant.

Abbreviations: PTX, paclitaxel; CIS, cisplatin.
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neutralizing antibodies combined with chemotherapeutic

drugs. Notably, the chemotherapeutic drugs treatment was

not capable of suppressing the tumor growth efficiently

compared to the control IgG group, indicating that B7-H3

expression induced the drugs resistance in ovarian cancer.

However, blockade of B7-H3 by anti-B7-H3 neutralizing

antibodies significantly reversed the PTX drugs resistance

caused by B7-H3 (Figure 4E) and prolonged the survival

time of tumor-bearing mice (Figure 4G). Consistently, the

combination of CIS and anti-B7-H3 neutralizing antibodies

Figure 3 (A) Western blot analysis of BCL-2 expression in OVCAR-3-Vector cells, OVCAR-3-B7-H3 OE cells and OVCAR-3-B7-H3-OE cells treated with LY294002 (15

μM) or MK-2206 (0.5 μM). (B) Western blot analysis of BCL-2 expression in A2780-Vector cells, A2780-B7-H3 OE cells and A2780-B7-H3 OE cells treated with LY294002

(15 μM) or MK-2206(0.5 μM). (C) Western blot analysis of BCL-2 expression in NC (OVCAR-3-pB7-H3) cells, OVCAR-3-pB7-H3-BCL-2 KO cells. (D) Western blot

analysis of BCL-2 expression in NC (A2780-pB7-H3) cells, A2780-pB7-H3-BCL-2 KO cells. (E) OVCAR-3-Vector cells, OVCAR-3-pB7-H3 cells and OVCAR-3-pB7-H3-BCL

-2 KO cells were treated with 50 μM CIS for 30 hrs. Then, the cells were tested for apoptosis by FCM. Mean ± SEM, n = 3. (F) A2780-Vector cells, A2780-pB7-H3 cells and

A2780-pB7-H3-BCL-2 KO cells were treated with 50μM CIS for 30 hrs. Then, the cells were tested for apoptosis by FCM. Mean ± SEM, n = 3. *p < 0.05; ns, not significant.

Abbreviations: NC, negative control; CIS, cisplatin.
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also revealed enhanced anticancer effects compared to CIS

group (Figure 4F and H). Taken together, those data sug-

gested that blockade of B7-H3 by anti-B7-H3 neutralizing

antibodies could effectively reverse the drugs resistance and

enhance the anticancer effects of chemotherapeutic agents,

which provides an innovative approach for clinical ovarian

cancer therapy.

Discussion
Accumulating evidence indicates that B7-H3 is present abun-

dantly in several tumor types and participates in the immu-

nosuppression and tumor progressions.19–21 In the present

study, we observed restricted expression of B7-H3 in tumor

tissues from low-malignant patients, but enriched expression

in those ovarian tumor tissues from high-malignant patients.

The expression of B7-H3 also induces the stem-like pheno-

types and drugs resistance of ovarian cancer cells in vitro and

vivo, which is consistent with precious reports in prostatic

cancer and bladder cancer. More importantly, we found the

activation of PI3K/AKT signaling pathway induced by B7-

H3, resulting in the enhanced stem-like phenotypes of

ovarian cancer cells. Additionally, the AKT downstream

anti-apoptosis protein BCL-2 was up-regulated and caused

the drugs resistance in ovarian cancer treatment.

Combination of chemotherapeutic agents and B7-H3 neutra-

lizing antibodies could efficiently reverse the drugs resis-

tance and suppress tumor growth, resulting in superior

anticancer effects (Figure 4I).

Tumor drugs resistance development is regarded as the

major cause of clinical chemotherapy in ovarian cancer

treatment. The development of drugs resistance is asso-

ciated with various factors, including the overexpression

of multi-drugs resistance proteins P-gp, the activation of

pro-survival signaling pathways and anti-apoptosis pro-

teins, hypoxia, tumor microenvironment and so on.22–24

Previous reports indicated that some CD133 or ALDH

positive cancer cells might reveal enhanced capability of

sustained growth and drug resistance.25,26 However, the

membranous markers for those drugs resistant cancer cells

still remain to be investigated. B7-H3 is a member of

immune modulators which is expressed on the membrane

surface of various cell types. However, the role of B7-H3 in

tumor progression still remains unclear. Accumulating evi-

dence indicated that B7-H3 participates in the metastasis

and stemness regulation in some tumor cells.27–29 B7-H3

could facilitate the cancer migration and invasion through

the activation of AKT/STAT3 signals in bladder cells. Also,

the expression of B7-H3 has been proved to be associated

with the sustained cancer cells proliferation and poor prog-

nosis of brain cancer and breast cancer.16 However, the

underlying mechanism of B7-H3 to induce tumor cells

progressions still remains unclear. And the role of B7-H3

in tumor drugs resistance also remains to be investigated.

Based on the limitations of previous reports, we further

described the role of B7-H3 in tumor-associated progressions.

Firstly, we expounded the relationship between B7-H3 and

Figure 4 (A–D) NSGmouse intracranially injectedwith 3×106OVCAR-3-Vector cell, treatedwith control mouse IgG, PTX (5mg/kg), cisplatin (10mg/kg), anti-B7-H3 Ab (100 μg/
mouse), PTX (5 mg/kg) combined with anti-B7-H3 Ab (100 μg/mouse) and CIS(10 mg/kg) combined with anti-B7-H3 Ab (100 μg/mouse). (A, C) Tumor volume was calculated.

Mean ± SEM, n = 6. (B, D) Survival time was calculated. Mean ± SEM, n = 6. (E–H) NSG mouse intracranially injected with 3×106 OVCAR-3-pB7-H3 cell, treated with control

mouse IgG, PTX (5 mg/kg), CIS (10 mg/kg), anti-B7-H3 Ab (100 μg/mouse), PTX (5 mg/kg) combined with anti-B7-H3 Ab (100 μg/mouse) and cisplatin (10 mg/kg) combined with

anti-B7-H3 Ab (100 μg/mouse). (E, F) Tumor volumewas calculated. Mean ± SEM, n = 6. (G,H) Survival timewas calculated. (I) Combination of chemotherapeutic agents and B7–

H3 neutralizing antibodies could efficiently reverse the drugs resistance and suppress tumor growth. Mean ± SEM, n = 6. *p < 0.05; **p < 0.01; ns, not significant.

Abbreviations: PTX, paclitaxel; CIS, cisplatin.
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ovarian cancer and further demonstrated that the excessive

expression of B7-H3 facilitated the ovarian cancer

development. Second, the determination of causal association

between B7-H3 expression and drugs resistance development

was observed in our study. Previous reports focused on the

role B7-H3 in tumor growth, metastasis or immune

modulation.30–32 Here, we first demonstrated B7-H3 could

participate in the drugs resistance development through the

activation of downstream BCL-2 protein. Third, we further

demonstrated the downstream pro-survival PI3K/AKTsignal-

ing pathway induced by B7-H3, resulting in the sustained

growth and poor prognosis in ovarian cancer. Finally, the

application of B7-H3 neutralizing antibody; efficiently

reversed the drug resistance in ovarian cancer cells, which

provides new targets for clinical treatment. Furthermore, the

investigation of the B7-H3 level in ovarian cancer tissues or

serums might serve as a potential biomarker for ovarian

cancer diagnosis or drugs resistance development.

In conclusion, we demonstrated that high increasing

B7-H3 expression is associated with the sustained growth

and drugs resistance development in patients with ovarian

cancer. The tumor progression is induced by the B7-H3

/PI3K/AKT/BCL-2 signaling pathway. Inhibitors targeting

B7-H3 might serve as a potential strategy in chemo-

resistant ovarian cancer treatment.
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