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Abstract: Gastric cancer remains the second leading cause of cancer-related deaths worldwide. Adjuvant therapy 
has been shown to improve survival and is delivered either postoperatively (chemoradiotherapy) or perioperatively 
(chemotherapy) in Western countries. Debate continues regarding which of these approaches is an optimal strategy. 
Radioresistance in gastric cancer cells remains a serious concern. B7 homologue 3 (B7-H3, CD276), a newly found 
member of B7 immunoregulatory family, was found to be expressed in aberrant gastric cancer cells, and played a 
direct role in gastric cancer progression systems in a previous study. With upregulation or downregulation of B7-H3, 
it was observed that B7-H3 could increase radiotherapy resistance of gastric cancer cells by modulating apoptosis, 
cell cycle progression, and DNA double-strand breaks. Furthermore, it was found that B7-H3 could regulate baseline 
levels of cell autophagy. B7-H3 expression was negatively correlated with LC3-B expression in gastric cancer tissues. 
It was found that increasing baseline levels of cell autophagy with rapamycin in B7-H3-overexpressing cells could 
improve their sensitivity to radiation. This protein also exerted its function by modulating apoptosis and DNA double-
strand breaks. Overall, it is demonstrated that B7-H3 increases the radiotherapy resistance of gastric cancer cells 
through regulating baseline levels of cell autophagy.
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Introduction

Gastric cancer is the fourth common cancer in 
the world, despite significant improvements, it 
remains the second leading cause of cancer-
related deaths in the world [1]. Accumulating 
evidences have demonstrated that chemora-
diotherapy was effective for gastric cancer 
patients, because chemoradiotherapy could 
promote survival and local control. Radiotherapy 
has been recognized to play a significant role in 
treatments of gastric cancer [2, 3]. Radiore- 
sistance has limited usage of radiotherapy in 
clinical practices, and radioresistance in gas-
tric cancer cells remains a serious concern [4]. 
Therefore, novel radiotherapeutic biomarkers 
are necessary to improve the efficacy of radio-
therapy for treating gastric cancer.

B7 homologue 3 (B7-H3, CD276), a novel mem-
ber of the B7 family of costimulatory proteins, 
consists of two isoforms: murine 2Ig B7-H3 and 
human 4Ig B7-H3 [5-7]. The functional role of 
this protein in the adaptive immune response is 
controversial [8]. The lack of identification of 
B7-H3 receptors has hindered further immuno-
logical studies [9]. However, the non-immuno-
logical role of B7-H3 in cancer progression has 
received increasing attention. Increasing evi-
dence suggests that B7-H3 promotes the devel-
opment of many cancer types [10-13]. In a pre-
vious report, it was found that B7-H3 is ex- 
pressed aberrantly in cancer cells and could 
promote gastric cancer cell migration and inva-
sion [14]. Recent studies have also found that 
B7-H3 combats apoptosis induced by chemo-
therapy by delivering signals to pancreatic can-
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cer cells [15]. Until now, no study has assessed 
the relationship between B7-H3 and radiation 
sensitivity. It was postulated that B7-H3 was 
involved in this process. A considerable num-
ber of researchers believe that autophagy 
should be inhibited to improve the efficacy of 
radiation therapy [16]. Nonetheless, others 
suggest that autophagy might be a therapeuti-
cally relevant objective in patients with cancer 
who are receiving treatment [17]. Thus far, the 
role of B7-H3 in radiation and its interaction 
with autophagy has not been evaluated.

Here, it was shown that B7-H3 can increase the 
radioresistance of gastric cancer cells by mod-
ulating apoptosis, cell cycle progression and 
DNA double-strand breaks. It was found that 
B7-H3 overexpression downregulated autopha-
gy in gastric cancer tissue and cells. Finally, it 
was confirmed that B7-H3 increased the radio-
resistance of gastric cancer cells through regu-
lating baseline levels of cell autophagy.

Materials and methods 

Reagents 

The following primary antibodies (anti-human) 
were used: mTOR, phospho-mTOR, Beclin-1, 
ATG5, LC3 (Cell Signaling Technology, MA, USA), 
γ-H2AX (Abcam, UK), GAPDH (Multisciences, 
China), and CD276 (R&D Systems, MN, USA). 
The following secondary antibodies were used: 
horseradish peroxidase-conjugated rabbit anti-
goat, goat anti-mouse, and anti-rabbit antibod-
ies (Multisciences, China). Proteins were visual-
ized with an ECL detection kit (Bio-Rad, CA, 
USA). The following fluorescent secondary anti-
body was used: Cy3-conjugated anti-mouse 
IgG (Invitrogen, CA, USA).

Cell culture, lentiviral vectors and irradiation

The human gastric cancer lines, 7901 and 
MGC-803, were purchased from ATCC. Both 
cell line models were originally authenticated 
by the ATCC upon purchase (6-12 months prior 
to experimental research). ATCC uses morphol-
ogy, karyotyping, and PCRcased approaches to 
profile the cytochrome C oxidase I gene (COI 
analysis) and short tandem repeat (STR) to con-
firm the identity of human cell lines and to rule 
out both intra- and interspecies contamination. 
7901 and MGC-803 cultured in RPMI 1640 
medium (Hyclone, USA) containing 10% heat-
inactivated fetal bovine serum (FBS) (Biological 

industries, Israel) and 1% penicillin/streptomy-
cin (Biological industries, Israel). Cells were 
incubated at 37°C in a humidified chamber 
with 5% CO2. 

Lentiviral vectors carrying the full-length B7-H3 
coding sequence (B7-H3, human, NM_0010- 
24736, GenBank) and shRNA targeting B7-H3 
or NCshRNA were obtained from Shanghai Ge- 
neChem Co. (Shanghai, China). 

Cells were exposed to different dosages (2, 4, 6 
or 8 Gy) of ionizing radiation using an X-ray lin-
ear accelerator (RadSource, Suwanee, GA) at a 
fixed dose rate of 1.15 Gy/min.

Western blotting

Cells were washed twice with PBS, incubated 
with protein lysis buffer containing protease 
inhibitors for 30 min on ice, and then centri-
fuged for 30 min at 12,000 rpm at 4°C. Equal 
amounts (10-30 μg) of total protein extracts 
were subjected to SDS-PAGE and transferred 
onto PVDF membranes. The membranes were 
blocked with 5% BSA for 1 h and incubated 
overnight with primary antibodies at 4°C. Then, 
they were incubated with the appropriate HRP-
conjugated secondary antibody for 2 h at 20°C. 
The blots were visualized with an ECL detection 
kit (BIO-RAD, CA, USA) and ChemiScope (Model 
No. 6300). GAPDH was used as a loading 
control. 

Real-time PCR

Total RNA was isolated from cells using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA). cDNA 
was obtained using a reverse transcription 
reagent kit (Takara, Otsu, Shiga, Japan). Real-
time PCR was performed using Power SYBR 
Green PCR Master Mix (Takara, Otsu, Shiga, 
Japan), and the products were detected using a 
gel documentation system (Bio-Rad, CA, USA). 
The real-time PCR primers used for mRNA 
quantification were as follows: GAPDH: 5’-AG- 
AAGGTGGGGCTCATTTG-3’ and 5’-AGGGGCCAT- 
CCACAGTCTTC-3’; B7-H3: 5’-TGTCTCATTGCACT- 
GCTGGT-3’ and 5’-CCTCAGCTCCTGCATTCTCC- 
3’. Relative genomic expression was calcula- 
ted via the 2-ΔΔCt method.

Clonogenic assay

Gastric cancer cells were re-suspended, seed-
ed into six-well plates at 200-6,000 cells/well 
for 24 h and then exposed to 0, 2, 4, 6 or 8 Gy 
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X-ray irradiation by linear accelerators at a dose 
rate of 1.15 Gy/min. After the irradiation, the 
cells were grown for 7-10 days to allow for colo-
ny formation. Then, the cells were fixed and 
stained using a crystal violet solution. Colonies 
consisting of 50 or more cells were counted as 
a clone. The radiation sensitivity enhancement 
ratio (SER) was measured according to the 
multi-target single hit model.

Cell apoptosis assay

Cells were pre-infected with adenovirus 24 h 
before receiving irradiation. Apoptosis was me- 
asured using a 7-AAD/Annexin-V double stain-
ing apoptosis kit (BD Biosciences, Franklin La- 
kes, NJ) and flow cytometry (BD Biosciences, 
Franklin Lakes, NJ).

Cell cycle progression analysis

Cells were harvested by trypsin digestion, pel-
leted by centrifugation, washed with ice-cold 
PBS, and then fixed with 70% cold ethanol over-
night. A staining solution containing propidium 
iodide (50 mg/ml) (Sigma-Aldrich, St. Louis, 
MO) and DNAse-free RNAse (20 mg/ml) was 
added 30 min before detection. The fraction of 
the population in each phase of the cell cycle 
was determined as a function of the DNA con-
tent using flow cytometry (BD Biosciences, 
Franklin Lakes, NJ).

Immunofluorescence

After irradiation, the cells were fixed in 4% para-
formaldehyde for 5 min and washed again with 
PBS three times. The cells were treated with 
0.25% Triton X-100 with 0.2% BSA for 5 min 
and then washed three times with PBS. Next, 
the cells were blocked with 1% normal horse 
serum and incubated with specific primary anti-
bodies for 5 h at 4°C. After three PBS washes, 
the cells were incubated with Cy3-conjugated 
anti-mouse IgG (1:400; Jackson ImmunoRe- 
search, USA) for 1 h at 37°C and then rinsed 
three times with PBS for 5 min/wash. Nuclei 
were counterstained with 4,6-diamidino-2-phe-
nylindole (DAPI; Sigma-Aldrich, St. Louis, MO). 
Finally, the cells were observed under a laser 
confocal microscope IX71 (Olympus, Japan) 
with a digital camera (Olympus, Japan), and 
γ-H2AX foci were counted in each cell. At least 
100 cells were counted from 10 randomly cho-
sen fields of view.

Transmission electron microscope (TEM) assay

Fix cell suspension or free cells at 4°C by mix-
ing with equal volume of Fixing solution for 2-4 
h. Transfer cells to centrifuge tube and spin to 
get cell pellet. Embed the cell pellet with 1% 
agarose. Wash in 0.1 M PBS for three times, 15 
min each. Post-fix with 1% OsO4 in 0.1 M PBS 
(pH 7.4) for 2 h at room temperature. Remove 
OsO4, rinse in 0.1 M PBS (pH 7.4) for three 
times, 15 min each. Dehydrate as followed: 
50% ethanol for 15 min; 70% ethanol for 15 
min; 80% ethanol for 15 min; 90% ethanol for 
15 min; 95% ethanol for 15 min; Two change of 
100% ethanol for 15 min; Finally two changes 
of acetone for 15 min. Infiltrate. 1:1 acetone: 
EMBed 812 for 2-4 h; 2:1 acetone: EMBed 812 
overnight in dessicator with top off; pure EMBed 
812 for 5-8 h; keep in 37°C oven overnight. 
Embed by baking in 60°C oven for 48 h. Cut 
ultrathin sections (60-80 nm) with ultramicro-
tome. Stain sections with uranyl acetate in pure 
ethanol for 15 min, rinse with distilled water. 
Then stain with leas citrate for 15 min, rinse 
with distilled water. Allow sections air-dry over-
night. Observe with TEM. 

Xenograft studies of nude mice

Five-week-old BALB/c nude mice (specific 
pathogen-free grade) were divided randomly 
into 4 groups and injected subcutaneously with 
7901-LV-NC and 7901-LV-B7-H3 cells (1×106) 
with or without irradiation into their left poste-
rior flank region. Two-dimensional measure-
ments were taken with an electronic caliper, 
and the tumor volumes in mm3 were calculated 
using the following formula: volume a*b2/2, 
where a is the longest diameter, and b is the 
shortest diameter. Tumor volumes (mean ± 
s.e.m.; mm3) were assessed every 2 days after 
day 7. Two of the groups were irradiated with a 
single dose of 10 X-ray irradiation by linear 
accelerators at a dose rate of 1.15 Gy/min on 
day 7. After three weeks, all mice were eutha-
nized. Tissues were removed and fixed in 10% 
formalin for hematoxylin and eosin (H&E) stain-
ing. All procedures were approved by the Animal 
Care and Use Committee of Soochow University.

Patients and clinical specimens

Tissue samples from 150 gastric cancer 
patients were analyzed immunohistochemical-
ly. Patients were selected randomly from all 
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those undergoing radical gastric cancer resec-
tion between January 2014 and June 2016 at 
the Department of Pathology of the Second 
Affiliated Hospital of Soochow University. None 
had received chemotherapy or radiation thera-
py before surgery. Gastric carcinoma diagnoses 
were confirmed via H&E staining after surgical 
resection. This study was approved by the Et- 
hics Committee of our hospital, and all patients 
provided written informed consent prior to 
enrolment.

Immunohistochemical staining

Immunohistochemical staining was performed 
as reported previously [14]. In brief, IHC was 
performed on selected slides using the Ch- 
emMateTM Envision/HRP technique. The sec-
tions were deparaffinized and dehydrated, and 
endogenous peroxidase activity was blocked 
using H2O2. The sections were incubated with 
B7-H3 and LC3 primary antibodies, followed by 
the appropriate secondary antibody, and visual-
ized with diaminobenzidine (DAB). Finally, the 
slides were counterstained with hematoxylin.

Results

Lentivirus-mediated B7-H3 silencing/overex-
pression in gastric cancer cells

SGC-7901 cells were selected to construct sta-
bly transduced cell lines overexpressing B7-H3 
by lentivirus. MGC-803 cells were selected to 
construct stably transduced cell lines with 
silenced B7-H3 expression. Western blotting 
and real-time PCR were used to analyze B7-H3 
expression in mock-, LV-NC- and LV-B7-H3-
infected 7901 cells and mock-, NCshRNA- and 
shRNA-infected MGC-803 cells. 7901 LV-B7-H3 
cells exhibited higher B7-H3 plasma protein lev-
els than 7901 mock and 7901 LV-NC cells. 
MGC-803 shRNA cells exhibited lower B7-H3 
plasma protein levels than MGC-803 mock and 
MGC-803 NCshRNA cells (Figure 1A). mRNA 
levels exhibited a similar pattern (Figure 1B). 
The results showed the high efficiency of the 
lentiviral infection.

B7-H3 increases the radioresistance of gastric 
cancer cells

A clonogenic survival assay was performed to 
investigate the impact of B7-H3 on radiosensi-
tivity in gastric cancer cells. The radioresis-

tance of 7901 cells was rescued by B7-H3 
silencing, and the radiosensitization of MGC-
803 cells was reversed by B7-H3 overexpres-
sion (Figure 1C). Thus, the results showed that 
B7-H3 can increase the radioresistance of gas-
tric cancer cells.

B7-H3 inhibits radiation-induced apoptosis in 
gastric cancer cells

Apoptosis was then assessed in gastric cancer 
cells after the knockdown/overexpression of 
B7-H3 and/or radiation. The proportion of apop-
totic cells was determined by flow cytometry 
after irradiation. As shown in Figure 1D, apop-
tosis was significantly greater in the 7901-LV- 
B7-H3 cell population after radiation than in the 
7901 mock and 7901-LV-NC cell populations 
(5.47 ± 0.21% in 7901-LV-B7-H3 cells after 
radiation versus 11.40 ± 0.20 in 7901-LV-NC 
cells after radiation, P<0.0001). A similar phe-
nomenon was found in MGC-803 cells. Com- 
pared with the MGC-803 mock and MGC-803 
NCshRNA cells after radiation, the MGC-803 
shRNA cells after radiation had a clearly in- 
creased apoptosis percentage (14.09 ± 0.35% 
in MGC-803 shRNA cells after radiation versus 
6.53 ± 0.09% in MGC-803 NCshRNA cells after 
radiation, P<0.0001) (Figure 1E). These data 
indicate that B7-H3 can inhibit radiation-in- 
duced apoptosis in gastric cancer cells.

B7-H3 increases the radioresistance of gastric 
cancer cells via DNA double-strand breaks and 
cell cycle progression

Western blot analysis was subsequently used 
to examine whether the overexpression of 
B7-H3 inhibited the formation of nuclear γ-H2AX 
foci induced by irradiation at 0, 2, 4, 6, and 8 h 
(Figure 2A). The results revealed that the for-
mation of γ-H2AX foci after 8 Gy X-ray irradiation 
was significantly inhibited by the overexpres-
sion of B7-H3, especially at 4 h. In addition, the 
formation of γ-H2AX foci after 8 Gy X-ray irradia-
tion was inhibited significantly more by the 
overexpression of B7-H3 (Figure 2B and 2C), 
which is consistent with the results from the 
western blot analysis. Moreover, radiation plus 
B7-H3 overexpression can cause cells to enter 
S-phase arrest at 12 h (Figure 2D and 2E). 
Taken together, these results revealed that 
B7-H3 can increase the radioresistance of gas-
tric cancer cells by DNA double-strand breaks 
and cell cycle progression.



B7-H3 increases gastric cancer cells radioresistance

4442 Am J Transl Res 2019;11(7):4438-4449

Figure 1. Lentivirus-mediated B7-H3 silencing/overexpression can be induced in gastric cancer cells, and B7-H3 increases the radioresistance of gastric can-
cer cells. Protein (A) and mRNA (B) levels of B7-H3: SGC-7901 cells were selected to construct stably transduced cell lines overexpressing B7-H3 via lentivirus. 
MGC-803 cells were selected to construct stably transduced cell lines with B7-H3 silencing (****P<0.0001). B7-H3 can increase the radioresistance of gastric 
cancer cells (C). Apoptosis was significantly greater in the 7901-LV-B7-H3 cell population after radiation than in the 7901 mock and 7901-LV-NC cell populations 
(****P<0.0001) (D). Compared with the MGC-803 mock and MGC-803 NCshRNA cells after radiation, the MGC-803 shRNA cells after radiation had a clear in-
crease in the apoptosis percentage (****P<0.0001) (E).
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Figure 2. B7-H3 increases the radioresistance of gastric cancer cells 
via DNA double-strand breaks and cell cycle progression. Western 
blot analysis was used to examine whether the overexpression of 
B7-H3 inhibited the formation of nuclear γ-H2AX foci induced by ir-
radiation at 0, 2, 4, 6 and 8 h (A). γ-H2AX foci formation after 8 Gy 
X-ray irradiation was significantly inhibited by the overexpression of 
B7-H3, especially at 4 h. (B & C). Radiation plus B7-H3 overexpres-
sion can cause cells to enter S-phase arrest at 12 h (D & E). 
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B7-H3 increases the radioresistance of gastric 
cancer cells in vivo

Xenografts were established in nude mice to 
examine whether B7-H3 can increase the radio-
resistance of gastric cancer in vivo. As shown in 
Figure 3A and 3B, there was no difference 
between the 7901 LV-NC group and the 7901 
LV-B7-H3 group. However, gastric cancer cell 
growth was effectively suppressed in the 
LV-B7-H3 group upon treatment with 10 Gy 
X-ray irradiation. Mouse tissues were analyzed 
via H&E staining for further assessment. No 
major differences in tissue morphology were 
observed (Figure S1A). These results indicate 
that B7-H3 can increase the radioresistance of 
gastric cancer cells in vivo, which is consistent 
with the in vitro data described above.

B7-H3 and LC3 expression in gastric cancer 
cells and tissue samples

Western blotting was used to analyze B7-H3 
and LC3 expression in mock-, LV-NC- and LV-B7-
H3-infected 7901 cells. LV-B7-H3-infected cells 
exhibited higher B7-H3 plasma protein levels 
than mock- and LV-NC-infected cells. B7-H3 
overexpression downregulated the expression 
of the autophagy proteins LC3, Atg5 and 
Beclin-1 (Figure 4A). After 8 Gy X-ray irradia-
tion, protein expression levels were not signifi-
cantly changed. These results indicate that 
B7-H3 could regulate baseline levels of cell 
autophagy. 

Tissue samples from 150 gastric cancer pa- 
tients were obtained and analyzed by immuno-
histochemistry (IHC). IHC staining showed that 
B7-H3 was expressed in gastric carcinoma cell 
membranes and cytoplasm. B7-H3 expression 
was negatively correlated with LC3 expression 
in gastric cancer tissue samples (P<0.001; 
Figure 4B and 4C).

Autophagosomes detected by TEM. Mock-, LV- 
NC- and LV-B7-H3-infected 7901 cells were 
processed and observed under a transmission 
electron microscope (2500× & 8000×) (Figure 
4D). These results also showed that B7-H3 
could regulate baseline levels of cell autopha- 
gy.

Rapamycin sensitizes gastric cancer cells to 
ionizing radiation

The phosphatidylinositol 3-phosphate kinase 
(PI3K)/Akt/mammalian target of rapamycin 
(mTOR) signaling pathway is involved in the reg-
ulation of autophagy and apoptosis in mamma-
lian cells [18]. First, the effect of rapamycin on 
the viability of gastric cancer cells was mea-
sured with CCK-8 assays. Mock-, LV-NC- and 
LV-B7-H3-infected 7901 cells were cultured for 
an additional 24-48 h after rapamycin treat-
ment for 6 h (Figure S1B). Compared with 
dimethyl sulfoxide (DMSO), 50 nM rapamycin 
resulted in non-significant decreases in cell 
viability. Therefore, 50 nM rapamycin was cho-
sen, which did not obviously inhibit cell prolif-
eration. Western blot analysis further confirmed 

Figure 3. B7-H3 increases the radioresistance of gastric cancer cells in vivo. Xenografts were established in nude 
mice to examine whether B7-H3 can increase the radioresistance of gastric cancer in vivo. Each group of mice 
was composed of six male nude mice. Tumor sizes were measured at 2-day intervals. A. There was no difference 
between the 7901 LV-NC group and the 7901 LV-B7-H3 group. However, gastric cancer cell growth was effectively 
suppressed in 7901 LV-B7-H3 cells exposed to 10 Gy X-ray irradiation (***P<0.001). B. Tumor xenografts from 
each group.
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that baseline levels of autophagy were in- 
creased, but there were no effects on B7-H3 
expression after 50 nM rapamycin treatment 
for 6 h in gastric cancer cells (Figure S1C). 

Next, clonogenic survival assays were per-
formed to investigate the impact of baseline 
levels of autophagy on radiosensitivity in B7- 
H3-overexpressing gastric cancer cells (Figure 
5A). The results showed that the upregulation 
of baseline levels of autophagy in B7-H3-ov- 
erexpressing cells induced by rapamycin can 
make them sensitive to radiation.

B7-H3 increases the radiotherapy resistance 
of gastric cancer cells through regulating base-
line levels of cell autophagy

Apoptosis of gastric cancer cells was assessed 
after the upregulation of baseline cell autopha-

gy levels in mock-, LV-NC- and LV-B7-H3-in- 
fected 7901 cells and/or radiation. The propor-
tion of apoptotic cells was also determined by 
flow cytometry after irradiation. As shown in 
Figure 5B, apoptosis was significantly lower in 
the 7901-LV-B7-H3 + rapamycin cell population 
after radiation than in the 7901 LV-B7-H3 and 
7901-LV-B7-H3 + DMSO cell populations after 
radiation (14.57 ± 0.1192% in 7901-LV-B7-H3 
+ rapamycin cells after radiation versus 8.078 
± 0.2106 in 7901-LV-B7-H3 + DMSO cells after 
radiation, P<0.0001, Figure 5C). These data 
demonstrated that the upregulation of baseline 
cell autophagy levels in B7-H3-overexpressing 
cells by rapamycin can make them sensitive to 
radiation.

Western blot analysis was used to examine 
whether the upregulation of baseline autopha-
gy levels in cells overexpressing B7-H3 promot-

Figure 4. B7-H3 and LC3 expression in gastric cancer cells and tissue samples. A. B7-H3 and autophagy protein 
expression in mock-, LV-NC- and LV-B7-H3-infected 7901 cells. B7-H3 overexpression downregulated the autophagy 
proteins LC3, Atg5 and Beclin-1 expression. After 8 Gy X-ray irradiation, protein expression levels were not signifi-
cantly changed. B. B7-H3 negative and positive and LC3-B negative and positive expression (×200 magnification) in 
gastric cancer. C. B7-H3 expression is negatively correlated with LC3-B expression in gastric cancer tissue samples 
(P<0.001). D. Autophagosomes detected by transmission electron microscopy. Mock-, LV-NC- and LV-B7-H3-infected 
7901 cells were processed and observed under a transmission electron microscope (2500× & 8000×)
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Figure 5. B7-H3 increases the radiotherapy resistance of gastric cancer cells through regulating baseline levels of cell autophagy. A. The upregulation of baseline 
autophagy levels in B7-H3 cells by rapamycin can make them sensitive to radiation. B, C. Apoptosis was significantly lower in 7901-LV-B7-H3 + rapamycin cells 
after radiation than in 7901 LV-B7-H3 and 7901-LV-B7-H3 + DMSO cells after radiation (****P<0.0001). D. The upregulation of baseline autophagy levels in cells 
overexpressing B7-H3 promoted the formation of nuclear γ-H2AX foci induced by irradiation. E, F. Immunofluorescence was used to confirm the formation of γ-H2AX 
foci in the nuclei.
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ed the formation of nuclear γ-H2AX foci induced 
by irradiation (Figure 5D). Immunofluorescence 
was also used to confirm the formation of 
γ-H2AX foci in the nuclei (Figure 5E and 5F). The 
results revealed that the upregulation of base-
line autophagy levels in cells overexpressing 
B7-H3 by rapamycin could make them sensitive 
to radiation via DNA double-strand breaks.

Discussion

Gastric cancer is a highly common malignancy 
[19]. The prognosis of patients with locally 
advanced gastric cancer remains poor despite 
radical surgical resection. Moreover, most new- 
ly diagnosed patients are at an advanced stage, 
approximately 50% of whom have already lost 
their chance for surgery [20]. Therefore, com-
prehensive treatments, especially radiothera-
py, have recently received much attention, and 
novel radiotherapeutic biomarkers are neces-
sary to improve efficacy of radiotherapy for gas-
tric cancer [4].

B7-H3, an important costimulatory molecule, is 
a type I transmembrane protein that shares 
20%~27% amino acid identity with other B7 
family members [21]. As an immune-related 
molecule, the non-immunological role of B7-H3 
in cancer progression has received increasing 
attention. A number of studies have shown that 
B7-H3 promotes the development of many can-
cer types, such as lung adenocarcinoma [22], 
brain glioma [11], breast cancer [23] and gas-
tric cancer [14]. Recent studies have found that 
B7-H3 can reverse chemotherapy resistance in 
human cancer [15, 24]. Our study focused on 
the relationship between B7-H3 and radiation 
sensitivity, which has not been previously re- 
ported. First, B7-H3 was overexpressed in 79- 
01 cells and silenced in MGC-803 cells via len-
tiviral vector infection. It was observed that 
B7-H3 could increase the radiotherapy resis-
tance of gastric cancer cells by modulating 
apoptosis, cell cycle progression and DNA dou-
ble-strand breaks.

Autophagy is responsible for intracellular deg-
radation and protein recycling, which play a sig-
nificant role in tumor suppression and antican-
cer therapy [25]. The role of baseline levels of 
cell autophagy in radiotherapy is unclear. Here, 
it was found that B7-H3 could regulate baseline 
levels of cell autophagy and that B7-H3 expres-
sion was negatively correlated with LC3 expres-
sion in gastric cancer tissue samples. Auto- 

phagy modulation is a double-edged sword in 
cancer development [26]. 

Despite concerted efforts over the past few 
decades, the exact role of autophagy in the cel-
lular radiation response remains controversial 
[27-30]. Most of the studies have reported that 
elevated levels of autophagy were associated 
with the radioresistance of various types of 
cancer [31-34]. An increasing number of tumor 
suppressors have been shown to induce high 
levels of autophagy [35]. In contrast, there is 
evidence suggesting that autophagy can pro-
mote cell death [36, 37]. Combined treatment 
with Akt inhibitors and radiation has been 
shown to induce autophagy in cancers, thus 
enhancing the radiosensitization of cancer 
cells [37]. Y Kuwahara, et al. reported that the 
enhancement of autophagy is a potential mo- 
dality for tumors refractory to radiotherapy 
[38]. In this study, it was demonstrated that 
B7-H3 increased the radiotherapy resistance of 
gastric cancer cells through the regulation of 
baseline levels of cell autophagy. Our study 
suggested that the activation of autophagy 
may overcome tumor radioresistance, which 
was consistent with previous reports [39-41]. 
However, the molecular mechanisms through 
which autophagy promotes tumor suppression 
are poorly understood. This molecular mecha-
nism still needs more in-depth research.

Conclusions

In summary, it is found that B7-H3 can increase 
the radioresistance of gastric cancer cells by 
modulating apoptosis, cell cycle progression 
and DNA double-strand break repair. Furth- 
ermore, it is found that B7-H3 can regulate 
baseline levels of cell autophagy and that its 
expression is negatively correlated with LC3-B 
expression in gastric cancer tissue samples. It 
is found that the upregulation of baseline au- 
tophagy levels in B7-H3 cells by rapamycin can 
make them sensitive to radiation. B7-H3 also 
exerts its function by modulating apoptosis and 
DNA double-strand breaks. Overall, it is demon-
strate that B7-H3 increases the radiotherapy 
resistance of gastric cancer cells through regu-
lating baseline levels of cell autophagy.
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Figure S1. Mouse tissues of 7901 LV-NC group and the 7901 LV-B7-H3 group were analyzed via H&E staining for 
further assessment. No major differences in tissue morphology were observed (A). The effect of rapamycin on the 
viability of gastric cancer cells was measured with CCK-8 assays. Mock-, LV-NC- and LV-B7-H3-infected 7901 cells 
were cultured for an additional 24-48 h after rapamycin treatment for 6 h (B). Western blot analysis further con-
firmed that baseline levels of autophagy were increased, but there were no effects on B7-H3 expression after 50 
nM rapamycin treatment for 6 h in gastric cancer cells (C).


