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Purpose: The aim of this study was to explore the potential role of B7-H3 in malignant

glioma progression and identify an innovative approach in clinical glioma therapy.

Methods: The protein expression of B7-H3 in high- and low-grade tumor tissues from

glioma patients was assessed by immunohistochemistry. The proliferative and invasive

ability of B7-H3-overexpressing or knockout glioma cells was analyzed in vitro and

in vivo by CCK-8 assay and an orthotopic mouse glioma model, respectively. Activation

of the JAK2/STAT3/Slug signaling pathway and epithelial–mesenchymal transition (EMT)

was examined by Western blotting and immunofluorescence. The anticancer effects of

napabucasin (NAP) and temozolomide (TMZ) were analyzed in an orthotopic mouse glioma

model.

Results: The expression of B7-H3 was higher in high-grade than in low-grade tumor tissues

from glioma patients. In line with this, overexpression of B7-H3 enhanced glioma cell

proliferation, induced sustained glioma growth, and promoted glioma cell invasion in vitro

and in vivo. Moreover, these effects were mediated through the activation of the JAK2/

STAT3/Slug signaling pathway in B7-H3 overexpression glioma cells. We also found that

B7-H3 induced EMT processes through downregulation of E-cadherin and upregulation of

MMP-2/-9 expression, resulting in enhanced invasion of glioma cells. Finally, we show that

the combination of NAP and TMZ significantly suppressed glioma growth and glioma cell

invasion, both in vitro and in vivo.

Conclusion: B7-H3 overexpression facilitated sustained glioma growth and promoted

glioma cell invasion through a JAK2/STAT3/Slug-dependent signaling pathway.

Application of the STAT3 inhibitor NAP significantly suppressed glioma growth and inva-

sion, and has potential as a therapeutic strategy for the treatment of glioma.
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Introduction
Glioma accounts for approximately half of all primary malignant brain carcinomas, and

exhibits a highly aggressive phenotype and high incidence rate worldwide.1,2 Despite

sustained efforts to treat glioma, including maximal surgery, adjuvant radiation, and

chemotherapy, the median survival remains poor (12–16 months) and the 5-year

survival rate is less than 10% in patients with malignant glioma.3,4 Several factors

are believed to be crucial for the poor outcomes associated with glioma patients,

including an invasive tumor microenvironment, acquired multidrug resistance, and

sustained tumor growth induced by pro-survival signaling pathways.5 Consequently,
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innovative approaches are urgently needed to suppress

glioma growth and invasion for improved glioma treatment.

B7-H3 (CD276), which in humans is composed of a 2Ig-

and a 4Ig-B7H3 isoform, is a well-characterized checkpoint

molecule in immune cells. Enhanced expression of B7-H3

can suppress type I interferon-gamma expression in T cells

and reduce the cytotoxic killing effects exerted by natural

killer (NK) cells.6,7 B7-H3 is also known to exert costimula-

tory and coinhibitory effects in Tcell responses.6,8 Increasing

evidence has indicated that the B7-H3 protein is highly

expressed in several tumor types, including gastric, liver,

colorectal, and prostate cancers.9–12 Elevated expression of

B7-H3 has been shown to lead to increased tumor grade,

distant cancer metastasis, acquired drug resistance, and poor

overall survival in glioma patients.13,14 However, whether

B7-H3 has a role in glioma development remains unclear.

Several studies have indicated that B7-H3 can activate

prosurvival signaling pathways in tumor cells, resulting in

sustained tumor growth and progression.15,16 The JAK/

STAT3 signal, which is associated with somatic cell prolif-

eration and differentiation, has been detected in various

tumor cells and is known to promote tumor

progression.17–19 Activation of JAK/STAT3 signaling can

directly regulate tumor growth and promote EMT pro-

cesses, resulting in the invasion and metastasis of gastric

and ovarian cancer cells.20,21 Notably, B7-H3 can upregu-

late the expression of JAK/STAT3 to facilitate the distant

metastasis of myeloma cells, suggesting that JAK/STAT3

signaling may have a role in B7-H7-induced tumor

progression.22

In our study, we observed that B7-H3 was highly

expressed in malignant glioma tissues. Importantly, we

found that enhanced B7-H3 expression could significantly

promote glioma cell proliferation and invasion both

in vitro and in vivo, resulting in poor clinical prognosis.

Expression of B7-H3 in glioma could activate the JAK2/

STAT3 prosurvival signaling pathway, resulting in tumor

growth and induction of EMT in cancer cells. Additionally,

glioma cells overexpressing B7-H3 showed elevated

expression of MMP-2 and MMP-9 and downregulation

of the levels of the adhesion molecule E-cadherin, thereby

providing a possible explanation for the mechanisms

underlying glioma invasion. Based on these results, we

combined the STAT3 inhibitor NAP with the chemother-

apeutic agent TMZ to treat mice in an orthotopic glioma

model. This combination treatment exerted a significant

antiglioma effect, thereby providing a novel and innova-

tive approach for the treatment of this tumor.

Materials and Methods
Cell Culture and Reagents
LN229 and U87 cells were obtained from the Cell Bank of

the Chinese Academy of Sciences (Shanghai, China) and

cultured in DMEM (Gibco, MA, USA) supplemented with

10% fetal bovine serum (FBS) (Gibco) and antibiotics (50

U/mL penicillin and 100 μg/mL streptomycin; Gibco) at

37 °C in 5% CO2. Napabucasin (NAP) and FLLL32 were

obtained from Selleck Chemicals (Houston, TX, USA).

Temozolomide (TMZ) and paraformaldehyde were pur-

chased from Sigma–Aldrich (MA, USA). D-luciferin and

crystal violet were purchased from Beyotime (Shanghai,

China). The human MMP2 and MMP9 Elisa Kits were

purchased from Abcam (Cambridge, UK).

Tumor Tissue Collection and Ethic

Statement
Tissues from glioma patients were collected from excess

surgical resection samples at the Affiliated Hospital of

Southwest Medical University. Glioma had been diag-

nosed by neuropathology with the necessary consent and

in accordance with an IRB-approved protocol (IRB num-

ber: k2018010). Sample collection and processing were

performed according to the Declaration of Helsinki. All

patients provided signed and informed consent before

tumor tissue collection and tissue treatment, including for

the use of their data for further research. All experiments

were carried out under the supervision of the Ethics

Committee of the Affiliated Hospital of Southwest

Medical University. Samples were collected and sent to

the laboratory within 2 h for clinicopathological analysis.

The samples were divided into high-grade and low-grade

groups based on the clinical data and WHO classification

guidelines (high-grade gliomas: WHO level 3–4; low-

grade gliomas: WHO level 1–2).

Cell Proliferation and Colony Formation

Assays
For the cell proliferation assay, 5 × 103 cells were seeded

into 96-well plates in triplicate, and a Cell Counting Kit-8

(CCK-8) (Dojindo, Kumamoto, Japan) was used to moni-

tor the cell proliferation rate continuously for 72 h. For the

colony formation assay, 500 cells were seeded into 6-well

plates at 37 °C in a humidified incubator. After 14 days,

the cells were fixed in 4% paraformaldehyde and then

stained with 0.05% crystal violet. Colonies (>50 cells)

were subsequently counted manually.

Zhong et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2020:132216

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Plasmid Constructs, Lentivirus

Production, and Cell Transduction
The coding sequences of human B7-H3 and luciferase were

amplified and cloned into the pLVX–IRES-Puro vector from

GenePharma (Shanghai, China). To establish stable B7-H3

knockout cells, three lentiCRISPR-Cas9-sgRNA-hB7H3 vec-

tors and the control lentiCRISPR-Cas9 vector were obtained

from GenePharma. Lentivirus was produced by GenePharma

and infected glioma cells. After 96 h, the cells were screened

by puromycin selection. The anti-human Slug siRNA was

purchased from Ribobio (Guangzhou, China) and transfected

into glioma cells using Lipo8000 (Beyotime, China). The Slug

siRNA sequence was 5′-UCCGAAUAUGCAUCUUCAGG

GCGCCCA-3′ and that of the negative control was 5′-UCAC

AAGGGAGAGAAAGAGAGGAAGGA-3′. Overexpression

and knockout efficiency were determined byWestern blotting.

Transwell Assay
For the migration assay, LN229 and U87 cells (1 × 104 cells)

were seeded into the upper transwell chamber (8 μm,

Corning Inc. USA). The bottom chamber was filled with

0.5 mL of medium containing 20% FBS. After 24 h, the

cells were fixed in 4% paraformaldehyde and then stained

with 0.05% crystal violet. The number of tumor cells that

penetrated the membrane was counted in six random fields.

Western Blotting
Cell lysates were separated by SDS–PAGE, transferred onto

nitrocellulose membranes, and immunoblotted with the fol-

lowing antibodies: anti-β-actin (Santa Cruz Biotechnology,

CA, USA), anti-CD276, anti-STAT3 (phosphor S727), anti-

STAT3, anti-JAK2 (phospho Y1007+Y1008), anti-JAK2,

anti-SOCS-3, anti-SHP1, anti-SHP1 (phospho Y536), anti-

Src, anti-Src (phospho Y529), anti-E-Cadherin, anti-

N-Cadherin, and anti-Slug (all from Abcam).

Immunofluorescence
Cells were fixed in 4% formaldehyde for 10 min, permeabi-

lized with 0.2% Triton X-100, and blocked with goat serum

for 30 min at room temperature. The cells were incubated

with anti-STAT3 (phospho S727) (1:100, Abcam), anti-

JAK2 (phospho Y1007+Y1008) (1:100, Abcam), or anti-

Slug antibodies (1:100, Abcam) overnight at 4 °C. The

next day, the samples were incubated with secondary anti-

body for 60 min at room temperature and the nuclei were

counterstained with 4′,6-diamidino-2-phenylindole (DAPI)

(Beyotime) at room temperature for 3 min. Images were

acquired using a confocal microscope (Olympus, Tokyo,

Japan).

Bioinformatic Analysis
A normalized mRNA expression dataset for glioblastoma

multiforme was downloaded from the GEPIA server

(http://gepia.cancer-pku.cn/) for cancer genomics and

used to evaluate the expression of CD276/B7-H3 tran-

scripts in brain lower-grade glioma (LGG) (The Cancer

Genome Atlas, TCGA). This dataset includes mRNA pro-

files for 514 brain LGG cases and overall survival analysis

was calculated for these transcripts.

In vivo Animal Experiments
All animal protocols in our experiments were conducted in

accordance with the Southwest Medical University animal

welfare guidelines and approved by the Institutional Animal

Care and Use Committee of the Affiliated Hospital of

Southwest Medical University. For tumorigenesis analysis,

male nude mice (6–8 weeks old) were purchased from the

Beijing HFK company (Beijing, China). The animals were

randomly assigned to groups (n = 10/group) and subcuta-

neously inoculated in the right flank with 5 × 104 cells.

Tumor numbers were counted 30 days after injection. For

the orthotopic tumor model, male nude mice (6–8 weeks

old) were intracranially injected with 1 × 106 luciferase-

marked glioma cells using a mouse stereotaxic instrument

(Stoelting, CA, USA). Mice were randomly divided into 4

groups after 2 weeks (n = 5 per group). On day 20, the mice

were orally administered PBS, NAP (5 mg/kg), TMZ

(10 mg/kg), or TMZ (10 mg/kg) plus NAP (5 mg/kg)

twice a week. Treatment was performed for 2 weeks.

Isoflurane was used for anesthesia. Mice were imaged for

10 min after intraperitoneal injection of D-luciferin (250 mg/

kg) for bioluminescence. The signal intensity of tumor cells

was quantified within a head region using Living Image

software (PerkinElmer, MA, USA).

Results
B7-H3 Expression Promoted Glioma

Growth and Glioma Cell Invasion
A recent study showed that B7-H3 expression is strictly cor-

related with malignant neoplastic progression in several tumor

types.23 To investigate the potential role of B7-H3 in glioma

development, we collected tumor tissues form glioma patients

and examined the expression profile of B7-H3 by immunohis-

tochemistry. Expression of B7-H3 was higher in high-grade
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glioma tissues (H-M, WHO grade 3–4) than in low-grade

glioma tissue (L-M, WHO grade 1–2) (Figure 1A). This

pattern was observed in multiple patients in the H-M glioma

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

involved in glioma progression. To further elucidate the

mechanism underlying B7-H3-induced glioma development,

we generated B7-H3 overexpression or knockout LN229

glioma cells (LN229-B7-H3 OE and LN229-B7-H3 KO,

respectively) and U87 glioma cells (U87-B7-H3 OE and U87-

B7-H3 KO, respectively) (Figure 1C). Notably, overexpres-

sion of B7-H3 significantly enhanced the proliferative capacity

of glioma cells and sustained tumor growth in vitro and

in vivo, whereas B7-H3 knockout suppressed these effects

(Figure 1D and E). B7-H3 expression also increased colony

formation and tumorigenesis in LN229 and U87 cells (Figure

1F and G), indicating that B7-H3 could efficiently facilitate

proliferation and tumorigenesis in glioma cells. Importantly,

proliferative glioma cells exhibited enhanced stem-like phe-

notypes, as well as highly invasive properties, in malignant

glioma patients. Overexpression of B7-H3 also enhanced the

invasive ability of LN229 and U87 cells, whereas blockade of

B7-H3 strongly suppressed this effect (Figure 1H), suggesting

that B7-H3 has a crucial role in glioma cell invasion. Kaplan–

Meier analysis of TCGA glioma dataset revealed that patients

with high B7-H3 expression presented with worse overall

survival (OS) than those with low B7-H3 expression (n =

514; Figure 1I). Together, these data suggested that B7-H3

promotes glioma growth and invasion, resulting in a poor

prognosis for glioma patients.

B7-H3 Regulated Tumor Progression

Through Activation of the JAK2/STAT3

Signaling Pathway
Increasing evidence has indicated that B7-H3 can regulate

tumor progression through JAK2/STAT3 signaling.24

Therefore, we examined the expression of p-JAK2, total

JAK2, p-STAT3, and total STAT3 in LN229-vector, LN229-

B7-H3 OE, U87-vector, and U87-B7-H3 OE cells. The

results showed that the levels of p-JAK2 and p-STAT3

were increased in glioma cells overexpressing B7-H3, indi-

cating that the JAK2/STAT3 signaling pathway had been

activated (Figure 2A). Previous reports indicated that IL-6

could activate JAK-STATand inhibit SOCS-3 (suppressor of

cytokine signaling 3) and SHP-1 (Src homology 2 [SH2]-

containing phosphatase-1).16 We therefore examined the

expression of SOCS-3, SHP-1, and Src in LN229-vector,

LN229-B7-H3 OE, U87-vector, and U87-B7-H3 OE cells.

We found that Src phosphorylation was enhanced, whereas

the levels of p-SHP-1, total SHP-1, and SOCS-3 were

reduced in glioma cells overexpressing B7-H3 (Figure 2B).

These results suggested that B7-H3 induced Src activation

and downregulated the levels of the negative regulators

SOCS-3/SHP-1, thereby activating JAK2/STAT3 signaling.

To further assess the role of JAK2/STAT3 signaling in B7-H3

-induced glioma progression, we treated B7-H3-

overexpressing glioma cells with FLLL32, a JAK2/STAT3

inhibitor. Notably, the B7-H3-induced proliferation of

glioma cells was delayed following FLLL32 treatment

(Figure 2C). Additionally, FLLL32 treatment also sup-

pressed the B7-H3-induced increase in colony formation,

tumorigenesis, and invasion of glioma cells (Figure 2D–F),

further indicating that B7-H3 induces the sustained growth

and invasive capacity of glioma cells through the JAK2/

STAT3 pathway. Consistent with this conclusion, increased

levels of p-JAK2 and p-STAT3 were also observed in tissues

from patients with malignant gliomas (Figure 2G).

B7-H3 Facilitated Glioma Cell Invasion

Through Slug-Induced EMT
The STAT3 signal can induce EMT through activation of

the Slug and Snail (SNAI1) transcription factors, resulting

in tumor cell invasion in several cancer types.25,26 Based

on these findings, we assessed the expression of the EMT

markers E-cadherin and N-cadherin in glioma cells over-

expressing B7-H3. We found that N-cadherin expression

was increased, whereas that of E-cadherin was reduced, in

B7-H3-overexpressing cells compared with control cells

expressing the empty vector; however, blockade of the

JAK2/STAT3 signal reversed these effects, indicating that

B7-H3 facilitated EMT through JAK2/STAT3 signaling in

glioma (Figure 3A). Slug expression was also upregulated

in glioma cells overexpressing B7-H3 (Figure 3B). These

results suggested that B7-H3 may be involved in EMT

processes through Slug, a downstream target of JAK2/

STAT3. To further assess the role of Slug in glioma inva-

sion, we knocked down Slug in LN229-B7-H3 OE and

U87-B7-H3 OE cells (Figure 3C). Intriguingly, we found

that Slug knockdown suppressed B7-H3-induced EMT

(Figure 3D) and glioma cell invasion (Figure 3E).

Together, these results indicated that B7-H3 promotes

EMT through the JAK2/STAT3/Slug signaling pathway.

Increasing evidence has indicated that activation of the

JAK/STAT3/Slug signal regulates EMT processes through

expression of the matrix metalloproteinases MMP-2 and
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MMP-9. Accordingly, we found that the expression of

MMP-2 and MMP-9 was increased in B7-H3-

overexpressing glioma cells, whereas inhibition of the

JAK2/STAT3 signal or Slug knockdown resulted in the

suppression of MMP-2/-9 secretion (Figure 3F and G). In

line with previous results, treatment with MMP-2 or

MMP-9 also efficiently facilitated LN229 and U87 cell

invasion (Figure 3H). Importantly, we observed that the

expression of MMP-2 and MMP-9 was upregulated in

tumor tissues from H-M glioma patients compared with
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Figure 1 B7-H3 facilitates glioma cell proliferation and invasion. (A) Immunohistochemistry for B7-H3 in high-grade malignancy (H-M) and low-grade malignancy (L-M)

glioma tissues from patients. Scale bar, 50 μm. (B) The relative expression levels of B7-H3 in H-M and L-M glioma tissues from patients (n = 10). (C) Western blotting assay

of B7-H3 expression in LN229-vector, LN229-B7-H3 OE, LN229-Cas9, and LN229-B7-H3 KO cells and U87-vector, U87-B7-H3-OE, U87-Cas9, and U87-B7-H3 KO cells.

(D) CCK-8 assay for the relative proliferation rates of LN229-vector, LN229 B7-H3-OE, LN229-Cas9, and LN229-B7-H3 KO cells and U87-vector, U87 B7-H3-OE, U87-

Cas9, and U87-B7-H3 KO cells. (E) Quantification of luciferase intensity in luciferase-labeled LN229 vector, LN229 B7-H3 OE, LN229 Cas9, and LN229 B7-H3 KO cell-

bearing mice (1 × 106 cells, n = 6) and U87 vector, U87 B7-H3 OE, U87 Cas9, and U87 B7-H3 KO cell-bearing mice (1 × 106 cells, n = 6) on day 25 after xenograft. (F)
Relative colony numbers of 500 LN229-vector, LN229-B7-H3 OE, LN229-Cas9, and LN229-B7-H3 KO cells and 500 U87-vector, U87-B7-H3 OE, U87-Cas9, and U87-B7-H3

KO cells. (G) Tumorigenesis in mice subcutaneously injected with 5 × 104 LN229-vector, LN229-B7-H3 OE, LN229-Cas9, and LN229-B7-H3 KO cells (n = 10) and 5×104

U87-vector, U87-B7-H3 OE, U87-Cas9, and U87-B7-H3 KO cells (n = 10) 30 days after xenograft. (H) Relative numbers of invasive LN229-vector, LN229-B7-H3 OE,

LN229-Cas9, and LN229-B7-H3 KO cells (1 × 104) and U87-vector, U87-B7-H3 OE, U87-Cas9, and U87-B7-H3 KO cells (1 × 104) over 24 h. (I) Kaplan–Meier survival

analysis of 514 glioma patients from TCGA; patients were divided into a high B7-H3 expression group (n = 257) and a low B7-H3 expression group (n = 257). The data are

presented as means ± SEM of at least three independent experiments. *p<0.05, **p<0.01, ***p<0.001.
Abbreviation: ns, not significant.
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those from L-M glioma patients (Figure 3I). Based on

these results, we concluded that B7-H3 could induce

glioma invasion through JAK2/STAT3/Slug/MMP-2/-9.

Combination Treatment with TMZ and

the STAT3 Inhibitor NAP Exerted

Significant Anticancer Effects in Glioma
Several studies have indicated that activation of prosurvival

signaling pathways, such as the PI3K/AKT and JAK/STAT

signaling pathways, can induce sustained tumor growth and

resistance to chemotherapy.27,28 Therefore, we hypothesized

that blocking the JAK2/STAT3 signal would strengthen the

anticancer effects of chemotherapeutic agents and lead to

improved clinical prognosis. NAP, a STAT3 inhibitor, can

suppress tumor progression when administered orally, and is

suitable for clinical glioma treatment.29,30 Here, we used

LN229-luc or LN229-B7-H3-luc cells to establish an ortho-

topic mouse glioma model, and used a live-imaging system

to evaluate tumor growth. Next, NAP was orally adminis-

tered in combination with TMZ for orthotopic glioma treat-

ment. Intriguingly, combined TMZ and NAP treatment

significantly suppressed glioma growth (Figure 4A and B)

and prolonged the survival of LN229-luc cell-bearing mice

(Figure 4C). We also found that TMZ administration could

not induce apoptosis in LN229-B7-H3-luc tumor cells

in vivo, whereas treatment with NAP could efficiently inhibit

the proliferation of LN229-B7-H3-luc cells and prolong the

survival of xenografted mice (Figure 4D and E). These

results indicated that NAP could efficiently suppress the

sustained growth induced by STAT3 in glioma and improve

the outcome in glioma treatment. We previously showed that

B7-H3 expression can enhance glioma cell invasion.

Consequently, we examined whether combined NAP and

TMZ treatment could inhibit the invasive abilities of LN229-

luc or LN229-B7-H3-luc cells. As expected, blockade of the

STAT3 signal led to a significant delay in glioma cell inva-

sion (Figure 4F and G). Together, these results suggested that

blocking the STAT3 signal with NAP enhanced the antic-

ancer effects of TMZ, thereby providing an innovative

approach for the treatment of glioma.

Discussion
It is well documented that B7-H3 is aberrantly expressed

in several tumor types and is involved in early tumorigen-

esis or tumor development through immune-associated
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pathways.14,16,31 Existing evidence also indicates that

higher B7-H3 expression is tightly correlated with poor

prognosis in glioma patients.32 In this study, we further

confirmed the role of B7-H3 in glioma development and

invasion, which is consistent with previous reports for

other tumor types.33 We found that B7-H3 induced the
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activation of JAK2/STAT3 signaling through the upregula-

tion of phosphorylated Src and inhibition of the negative

regulators SHP-1 and SOCS-3. Moreover, JAK2/STAT3

signaling also induced the upregulation of the transcription

factor Slug, thereby promoting EMT and MMP-2/-9 secre-

tion in glioma cells. Blockade of JAK2/STAT3 signal

significantly suppressed tumor growth and glioma cell

invasion, which provides a new therapeutic target for the

treatment of glioma (Figure 4H).

B7-H3, a member of the B7 family of immune-

regulatory ligands, plays a crucial role in adaptive immune

responses. Several studies have confirmed that B7-H3 is

strictly correlated with tumor cell adhesion, migration, and

invasion.14,31,34 Overexpression of B7-H3 in lung adeno-

carcinoma patients is closely associated with lymph node

invasion, distant metastasis, and disease stage.

Downregulation of B7-H3 expression in human lung ade-

nocarcinoma cells can suppress the proliferation, migra-

tion, and invasive capacity of cancer cells.35 Additionally,

higher expression of B7-H3 in cervical cancer tissue was

reported to be significantly associated with the depth of

cancer invasion and poor survival.15 Silencing or over-

expression of B7-H3 in cervical cancer cell lines showed

that B7-H3 is involved in cell proliferation and apoptosis

of various tumor cells.36 However, the mechanism under-

lying the role of B7-H3 in tumor invasion remains unclear.

In our study, we found that B7-H3 expression could induce

sustained glioma growth and enhance glioma cell invasion.

Importantly, we revealed the potential molecular mechan-

ism through which B7-H3 mediates these functional roles

of glioma cells. The JAK2/STAT3 signaling pathway is

important for tumor formation and transmission, and

JAK2/STST3 signaling is activated in various tumor

types. We further showed that the JAK2/STAT3 pathway

has a role in sustained glioma growth and that JAK2/

STAT3 has potential as a novel therapeutic target for the

treatment of glioma.

Cancer cell migration and tumor invasion can result in

distant metastasis. The EMT, part of the transcriptional

program that promotes invasive and distant metastatic

phenotypes in cancer cells, can be considered as a state

of cell de-differentiation. When undergoing EMT, tumor

cells lose cellular polarity and contact with the surround-

ing extracellular matrix and exhibit increased motility and

migratory ability, ultimately leading to widespread tumor

invasion and metastatic lesions.37 MMP-2 and MMP-9 are

members of the MMP enzyme family believed to play

important role in EMT and cancer metastasis.38 Previous

studies have demonstrated that B7-H3 enhances inflamma-

tory responses and promotes MMP-9 expression in

a pneumococcal meningitis animal model.39 In osteosar-

coma, B7-H3 also regulates cell migration and promotes

tumor invasion through an MMP-2-associated signaling

pathway.40 Notably, enhanced expression of both B7-H3
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and MMP-2/-9 has been detected in colorectal cancer

patients, suggesting that B7-H3 has a role in MMP-2/-

9-associated activity. Here, we further demonstrated that

B7-H3 can induce EMT and MMP-2/-9 secretion through

Slug, a downstream target of JAK2/STAT3, resulting in

glioma cell invasion.

The results of this study enhance our knowledge of the

role of B7-H3 in glioma growth and invasion. Ours is the

first report to indicate that a correlation exists between B7-

H3 and glioma, demonstrating that the elevated expression

of B7-H3 can lead to malignant glioma development. We

also identified the mechanism underlying the B7-H3-

induced tumor progression, and showed for the first time

that B7-H3 is involved in glioma growth and invasion

through activation of JAK/STAT3/Slug signaling and reg-

ulation of EMT processes. Finally, we showed that com-

bined NAP and TMZ treatment led to a significant

improvement in glioma treatment outcome. Compared

with previously reported molecular inhibitors, NAP can

be orally administered, which is more suited to glioma

treatment. Our results suggest that the level of B7-H3

expression in glioma tissue or serum may serve as

a potential biomarker for glioma diagnosis or analysis of

tumor progression.

Conclusion
In summary, we showed that B7-H3 can upregulate JAK2/

STAT3 signaling and facilitate EMT in glioma cells,

thereby inducing glioma development. Blockade of

STAT3 by NAP treatment efficiently inhibited glioma

growth and invasion, which might serve as a novel ther-

apeutic strategy for the treatment of glioma.
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