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Abstract
Background/aims  A proliferation-inducing ligand (APRIL, also known as TNFSF13, CD256) is a member of the tumor 
necrosis factor (TNF) superfamily and involved in a diverse set of diseases. In this work, we explored the potential associa-
tions and underlying mechanism in patients suffered from gastric cancer between the expression of APRIL and H. pylori 
infection.
Methods  We analyzed APRIL expression levels in 200 GC tissue samples by immunohistochemistry staining. H. pylori 
infection was detected by modified Giemsa staining. The biological effects of APRIL on human GC cells in vitro and in vivo 
were tested by CCK-8 assay, colony formation, flow cytometry detection, transwell migration assay, matrigel invasion assay, 
and tumor xenograft assay in animals.
Results  APRIL reactivity was positively correlated with H. pylori infection in vitro and vivo. It turned out that the decrease 
of miR-145 expression was dose-dependent and time-dependent on H. pylori infection and in consistent with APRIL expres-
sion. MiR-145 significantly attenuated the effect of H. pylori infection on APRIL gene expression in SGC7901 and BGC823 
cell lines. Furthermore, APRIL overexpression promoted the proliferation, migration, invasion, and transfer of GC cells and 
decreased apoptosis, while APRIL knockdown suppressed these effects. We confirmed that APRIL activated the canonical 
NF-κB pathway through phosphorylation of AKT.
Conclusion  The expression of APRIL, which promoted the proliferation, migration, invasion, viability, and metastasis of GC 
cells, was upregulated in human H. pylori-infected GC through miR-145. Besides, APRIL-induced gastric tumorigenicity via 
activating NF-κB pathway. These results may provide a framework for the deeper analysis of APRIL in GC risk and prognosis.
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Introduction

Gastric cancer (GC) is the fifth most common malignancy 
and the third leading cause of cancer death worldwide, with 
an estimated incidence of almost one million new cases in 
2012 (952,000 cases, 6.8% of the total) (Ferlay et al. (2015); 
Torre et al. 2015). The rates are generally about twice as high 
in men as in women and vary widely across countries (Torre 
et al. 2015), which could be due to differences in dietary 
patterns, food storage, the availability of fresh produce, and 
the prevalence of Helicobacter pylori (H. pylori) infection 
(Torre et al. 2015; Parkin 2006). Among these risk factors, 
H. pylori, has been recognized as a type 1 carcinogen for 
gastric cancer by the International Agency for Research on 
Cancer (IARC 2006; Wong et al. 2004; McColl 2010; Plum-
mer et al. 2015; Li et al. 2011). Numerous epidemiologi-
cal data suggest that about 90% of new cases of noncardia 
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GC worldwide are associated with the H. pylori (Plummer 
et al. 2015). Furthermore, the risk of GC is highest among 
patients in whom H. pylori infection induces inflammation 
of both the antral and fundic mucosa and causes mucosal 
atrophy and intestinal metaplasia (Eid and Moss 2002). 
However, the exact molecular mechanism for how H. pylori 
infection causes GC remains unclear.

A proliferation-inducing ligand (APRIL, also known as 
TNFSF13, CD256) is a member of the tumor necrosis fac-
tor (TNF) superfamily and involved in the development of 
several human diseases, including autoimmunity and cancer 
(Schwaller et al. 2015; Litinskiy et al. 2002; Castigli et al. 
2004; Dillon et al. 2006). Human APRIL gene is located on 
chromosome 17p13 and contains 6 exons transcribed as 3 
alternatively spliced mRNA of 1.8, 2.1 and 2.4 kb, encoding 
a 250-amino-acid protein (Dillon et al. 2006).

MicroRNAs (miRNAs) represent a class of small non-
coding endogenous RNAs with a length of 18–22 nucleo-
tides that predominantly bind to 3′untranslated region of 
mRNAs, resulting in negative regulation of protein transla-
tion and mRNA degradation at the post-transcriptional level 
(Lin et al. 2017; Kloosterman and Plasterk 2006; Zhao and 
Srivastava 2007). Recently, it has been showed that miR-
NAs play a critical role in the the initiation and progres-
sion of carcinomas (Xi  2013). MiR-145 was proved to 
be underexpressed in breast (2.5-fold) (Sachdeva and Mo  
2010), colon (5-fold) (Schepeler et al. 2008), bladder (20-
fold) (Ichimi et al. 2009),  and gastric cancer (32.35-fold) 
(Gao et al. 2013).

In our previous studies, we demonstrated that APRIL was 
significantly upregulated in GC and high levels of APRIL 
was correlated with resistance to cisplatin, highlighting that 
APRIL might play an important role in GC development 
(Ni et al. 2012; Zhi et al. 2015). In this work, we were inter-
ested in and determined to explore the potential associations 
and underlying mechanism in patients suffered from gas-
tric cancer between the expression of APRIL and H. pylori 
infection. Our findings will expand our understanding of H. 
pylori-associated GC’s pathogenesis and provide references 
of research and application for APRIL-targeting drugs.

Materials and methods

Patients

A total of 200 patients who had been diagnosed with GC at 
the First Affiliated Hospital of Nanjing Medical University 
between Sep 2013 and Jan 2015 were invited to participate in 
this work, including 124 (62%) males and 76 (38%) females, 
with a median age of 67 years (range = 35–86 years). All 
subjects were of Chinese origin. The diagnosis was based 
on the criteria of American Joint Committee on Cancer. 

Clinicopathologic characteristics of these patients are listed 
in Table 1. Gastric cancer tissue samples were used for tis-
sue microarray construction, as described by Kononen et al. 
(Kononen et al. 1998). Each case signed the informed con-
sent approved by the Ethical Committee of the Affiliated 
Hospital of Nanjing Medical University. The acquisition of 
tissue specimens and study protocol were performed in strict 
accordance with the regulations of the Nanjing Medical Uni-
versity Institutional Review Board (Table 1).

Cells and cell culture

The human gastric cancer AGS (ATCC, USA) and SGC7901 
(CBTCCCAS, Shanghai, China) cell lines were cultured in 
RMPI-1640 (Life Technologies, Gibco BRL, Grand Island, 
NY, USA) supplemented with 10% fetal bovine serum (FBS; 
Invitrogen), penicillin/streptomycin (1:100; Sigma, St.Louis, 
MO), and 4 mM glutamine (Life Technologies, Gibco BRL) 
in a humidified atmosphere that contained 5% CO2 at 37 °C.

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR)

Total RNA was extracted from frozen tissues and cell lines 
using Trizol Reagent (Invitrogen, USA), according to the 
manufacturer’s protocol, and reverse transcribed into cDNA 
using Primescript RT Reagent (Takara, Japan). Real-time PCR 
was performed using a 7500 Real-time PCR System (Applied 
Biosystems) with SYBR Premix Ex Taq Kit (Takara). The 
following primers were used: APRIL, forward: 5′-ATT​AAC​
GCC​ACC​TCC​AAG​-3′, reverse: 5′-CAG​CAG​ATA​AAC​
TCC​AGC​AT-3′; β-actin, forward: 5′-AGA​GCC​TCG​CCT​

Table 1   The characteristics of 200 patients with gastric cancer

Characteristics Number of 
patients (%)

Age (years)
 ≥ 60 138 (69)
 < 60 62 (31)

Gender
 Male 124 (62)
 Female 76 (38)

Size
 ≥ 3 cm 113 (56.5)
 < 3 cm 87 (43.5)

Differentiation
 Moderately and poor 145 (72.5)
 Well 55 (27.5)

Stage
 I–II 33 (16.5)
 III–IV 167 (83.5)
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TTG​CCG​ATCC-3′, reverse: 5′-CTG​GGC​CTC​GTC​GCC​
CAC​ATA-3′; miR-145, forward: 5′-ATC​GTC​CAG​TTT​TCC​
CAG​G-3′, reverse: 5′-CGC​CTC​CAC​ACA​CTC​ACC​-3′; U6 
primers, forward: 5′-ATT​GGA​ACG​ATA​CAG​AGA​AGATT-
3′, reverse: 5′-GGA​ACG​CTT​CAC​GAA​TTT​G-3′. TaqMan 
probes (Genepharma, Shanghai, China) were used to quantify 
miR-145, and miR-145 expression levels were normalized to 
snRNA U6. All procedures were performed in triplicate.

Immunoblotting

Cell extracts were collected in a lysis buffer (50 mM Tris–HCl 
[pH 7.4], 150 mM NaCl, 1% Triton X-100, 0.1% SDS, 1 mM 
EDTA and protease inhibitor cocktail). The cellular protein 
was size-fractionated by SDS–polyacrylamide gel electropho-
resis and transferred to PVDF membranes (Bio-Rad Laborato-
ries). After blocking with PBS containing 5% BSA, the mem-
brane was incubated with the appropriate primary antibody at 
4 °C overnight, followed by incubation with HRP-conjugated 
anti-mouse or antirabbit IgG at room temperature for 2 h. The 
protein bands were detected using an enhanced chemilumines-
cence (ECL) detection system following the manufacturer’s 
instructions. The following primary antibodies were used: 
anti-APRIL, anti-MDM2 (Abcam), anti-Bcl-2, anti-Bcl-xl, 
anti-Bax, anti-p53, anti-pAKT, anti-AKT, anti-IκBα, anti-
p65, anti-GAPDH and anti-H3 (Cell signaling technology). 
All procedures were performed in triplicate.

H. pylori culture and co‑culture with GC cells

Experiments were performed with a cytotoxic (CagA+ and 
VacA+) reference strain of H. pylori 26695 (ATCC). H. 
pylori bacteria were grown under microaerophilic condi-
tions on Columbia agar plates (bioMe´rieux, Marcy l’Etoile, 
France) that contained 100 U/ml H. pylori selective supple-
ment (Oxoid, Basingstoke, United Kingdom) at 37uC using 
an anaerobic chamber (BBL Campy Pouch System, Becton 
Dickinson Microbiology Systems) for 48–72 h, harvested, 
and resuspended in antibiotic-free RPMI 1640 medium (Life 
Technologies, Gibco BRL) supplemented with 2% fetal 
calf serum (FCS). The bacterial densities were adjusted by 
optical density (OD) measurement at 660 nm, in which 1 
OD660 = 16,108 colony-forming units (CFU)/ ml. H. pylori 
was then incubated with BGC823 or SGC7901 cells at a 
cell-to-bacterium ratio of 1:50 or 1:100 for up to 12 or 24 h 
in the medium.

Modified giemsa staining of H. pylori in gastric 
mucous tissues

Modified Giemsa staining was used to detect H. pylori in 
gastric mucous tissues according to a previous report (Xi 
2013).

Immunohistochemistry and assessment

All specimens were fixed in 4% formalin and embedded 
in paraffin. MaxVisionTM techniques (MaixinBio, China) 
were used for IHC analysis, according to the manufactur-
er’s instructions. After blocking the endogenous peroxides 
and proteins, 4 μm sections were incubated overnight at 
4 °C with diluted primary antibodies specific for APRIL 
(Abcam). Next, the slides were incubated with an HRP-Pol-
ymer-conjugated secondary antibody at 37 °C for 1 h. The 
slides were then stained with a 3,3-diaminobenzidine solu-
tion for 3 min and counterstained with hematoxylin. Tumor 
slides were examined in a blinded manner. Three fields 
were selected for examination, and the percentage of posi-
tive tumor cells and cell-staining intensity was determined.

Establishment of C57BL/6 mice model colonized 
by H. pylori

Twelve C57BL/6 mice (Vitalriver, Nanjing, China) were 
randomly divided into two groups: H. pylori treatment group 
and control group, each containing six mice. Mice in the 
H. pylori treatment group were orally inoculated with H. 
pylori 26,695 resuspended in 2 ml phosphate-buffered saline 
(PBS) that contained 5 × 108 CFU/ml. H. pylori treatment 
was performed three times at the first week. Before inocula-
tion, these mice were fasted for 24 h and slowly pretreated 
with 2 ml of 5% NaHCO3 intragastrically 30 min before 
inoculation. The animals in the control group were admin-
istered PBS accordingly. Three months after inoculation, 
gastric mucous tissues in the antrum were harvested for 
further assay, including pathological diagnosis with hema-
toxylin–eosin staining using the Visual Analog Scale of the 
Updated Sydney System (Kang et al. 2012), Warthin–Starry 
stains (Jonkers et al. 1997) with cultivation and rapid ure-
ase test for H. pylori detection, and Western blot to assess 
APRIL expression. Care of experimental animals was in 
accordance with institutional animal care and use commit-
tee guidelines.

Construction of recombinant plasmids 
and lentivirus production

The full-length ORF of APRIL (753 bp, NM_003808.3) 
was amplified from cDNA of GC cells SGC7901. The 
primers were as follows: forward, 5′-AGA​GAA​TTC​ATG​
CCA​GCC​TCA​TCT​CCTTT-3′, reverse, 5′-AGA​GGA​
TCC​TCA​CAG​TTT​CAC​AAA​CCCCA-3′. The PCR prod-
uct was inserted into the expression vector pcDNA3.1/
myc-His (−) B (Invitrogen). To construct the lentivirus 
production containing APRIL, the ORF of APRIL was 
subcloned into the pLenti-CMV-GFP vector (GeneP-
harma). The synthesized DNA fragments encoding the 
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short hairpin RNA (shRNA) used for the knockdown of 
endogenous APRIL were inserted into the pGPU6/GFP/
Neo vector (GenePharma). The sequences of the shRNAs 
were as follows: APRIL-shRNA, 5′-GCT​GGA​GTT​TAT​
CTG​CTG​TAT​CTC​GAG​ATA​CAG​CAG​ATA​AAC​TCC​
AGC​-3′, shRNA-NC,5′-TTC​TCC​GAA​CGT​GTC​ACG​TCT​
CGA​GAC​GTG​ACA​CGT​TCG​GAG​AA-3′. All plasmids 
were verified by sequencing.

Cell proliferation and assay

Cells ( 2000 cells/well) were seeded into 96-well plates in 
100 μl complete medium. The Cell Counting Kit-8 (Dojindo 
Labs) was used to measure cell viability according to the 
manufacturer’s instructions. The plates were incubated for 
7 days. The number of viable cells was assessed by measure-
ment of the absorbance at 450 nm.

Colony formation

GC cells transfected with the vectors containing APRIL (or 
the empty vector as a control) were cultured in 6-well plates 
(3000 cells/well). The plates were incubated at 37 °C in a 
humidified atmosphere of 5% CO2 for 2 weeks. Colonies 
composed of 50 or more cells were scored as survivors. 
Proliferating clonies were stained with crystal violet and 
counted. All procedures were performed in triplicate.

Apoptosis analysis by flow cytometry

Cells were seeded in 6-well plates at a density of 5 × 105 
cells/well in RPMI 1640 medium supplemented with 10% 
FBS for 24 h. Then, the cells were stained with a solution 
containing 5 μl/ml Alexa Flour 647 (AF-647) and 10 μl/
ml 7-amino-actinomycin D (7-AAD) in the dark for 30 min 
and analyzed using a FACSCalibur flow cytometer (Becton 
Dickinson) with the Cell Quest software.

GC cells migration and invasion assays

Cell migration and invasion assays were performed using a 
chamber 6.5 mm in diameter with an 8 μm pore size (Corn-
ing, USA). The upper chambers were seeded with 1 × 104 
GC cells. Subsequently, the different groups of conditioned 
medium were added to the lower chamber. For the invasion 
assay, the top chamber was coated with 100 μl of 1 mg/ml 
Matrigel (BD, USA). Cells were incubated at 37 °C for 48 h, 
and then cells in the upper chamber were removed using cot-
ton swabs. Cells migrating into or invading the bottom of the 
membrane were stained with 0.1% crystal violet for 20 min 
at 37 °C, followed by washing with PBS. Four random fields 

from each membrane were photographed and counted for 
statistical analysis.

Tumorigenicity in vivo

Nude mice (BALB/c nude mice) were purchased from the 
Department of Laboratory Animal Centre of Nanjing Medi-
cal University. SGC7901 cells (2 × 106 cells in 100 μl of 
PBS) and AGS cells (1 × 107 cells in 200 μl of PBS) with 
differential APRIL expression were subcutaneously injected 
into 4-week-old male nude mice. Bidimensional tumor 
measurements were obtained with vernier calipers every 
4 days, and the mice were euthanised after about 3 weeks. 
The volume of the implanted tumor was calculated using 
the formula: tumor volume = length × width2 × 0.5. Care of 
experimental animals was in accordance with institutional 
animal care and use committee guidelines.

Statistical analysis

Data are expressed as mean ± standard deviation (SD) val-
ues. Clinicopathological findings were compared using 
unpaired t-tests or Pearson × 2 tests. Analysis of variance 
(ANOVA) was used to compare the control and treated 
groups. p values < 0.05 were considered to be statistically 
significant. Statistical analysis was performed using the 
SPSS software (Version 15.0).

Results

APRIL expression in GC tissues was associated 
with H. pylori infection

We analyzed APRIL expression levels in 200 GC patients by 
immunohistochemistry. H. pylori infection was performed 
by modified Giemsa staining. As we published previously, 
APRIL was expressed in tumor cells protein, while normal 
mucosal cells rarely expressed APRIL (Kloosterman and 
Plasterk 2006). Moreover, APRIL reactivity in gastric can-
cer tissues was obviously correlated with H. pylori infection 
(p = 0.001; Table 2), implying that APRIL was in relation 
to H. pylori infection-related gastric diseases. Two typical 
cases were validated in Fig. 1.

APRIL was upregulated in human H. pylori infected 
GC in vitro and in vivo

To demonstrate whether APRIL expression is correlated 
with H. pylori, two SGC7901 and BGC823 gastric can-
cer cell lines were treated with H. pylori at three different 
MOIs (Multiplicity of Infection, MOI) of 0, 50, and 100 and 
APRIL expression were recorded at different time point. As 
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shown in Fig. 2b and d, H. pylori infection led to a bacte-
rial popolation-dependent increase in APRIL protein and 
mRNA levels. In SGC7901 cells, both protein and mRNA 
levels were increased by approximated fourfold and seven-
fold at MOI 50 and 100. While in BGC823 cells, the rise was 
fivefold and 10-fold. We also demonstrated the levels were 

increased four- to sixfold at 12 h and seven- to ninefold at 
24 h in two kinds of cell lines (Fig. 2a and c).

We further performed in vivo analysis to examine the 
correlation between APRIL expression and H. pylori infec-
tion. C57BL/6 mice were divided into H. pylori infection 
group (treatment group, Fig. 2j) and none H. pylori infection 
group (control group, Fig. 2i). In treatment group, we found 
sub-mucosal bleeding (Fig. 2f) and strong positive APRIL 
immunoreactivity (Fig. 2h) in gastric tissue of mice. The 
result was further confirmed through Western blot (Fig. 2k). 
Nothing was discovered in control group (Fig. 2e and g).

Table 2   APRIL expression is associated with H. pylori infection sta-
tus

Variables APRIL expression (IHC) X2 p value (IHC)

Low (n = 92) High (n = 108)

Hp (+) 52 85 11.329 0.001
Hp (−) 40 23

Fig. 1   APRIL expression and 
H. pylori observation in human 
GC tissue by immunohisto-
chemistry and Giemsa staining. 
a, b Representative examples 
of APRIL immunohistochem-
istry in H. pylori (−) and H. 
pylori (+) gastric tumor tissue 
arrays (magnification: 50×). 
High positive (+++) APRIL 
immunoreactivity was identified 
(d, magnification: 200×) in the 
carcinoma with H. pylori detec-
tion (f, yellow arrow, magnifica-
tion: 400×). Low positive (–) 
APRIL reactivity was detected 
(c, magnification: 200×) in the 
carcinoma without H. pylori 
detection (e, magnification: 
400×)
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H. pylori upregulated APRIL expression 
through miR‑145

To determine whether miR-145 suppressed tumor growth 
in H. pylori-related GC, we used real-time PCR to analyze 
miR-145 levels in H. pylori (+) GC tissues and H. pylori (−) 
GC tissues. As shown in Fig. 3a, average miR-145 expres-
sion levels were significantly downregulated in the H. pylori 
(+) GC tissues with comparison to control specimens. Then 
we examined miR-145 expression with three different MOIs 
and at three different time points of H. pylori in SCG7901 
and BGC823 cells. It turned out that the decrease of miR-
145 expression was dose-dependent (Fig. 3b and d) and 
time-dependent (Fig. 3c and e) on H. pylori infection and 
in consistent with APRIL expression. These data support 
the hypothesis that H. pylori infection decreased the level 
of miR-145 in GC.

In our previous study, we confirmed that miR-145 was 
significantly downregulated in GC and GC cell lines and 
the level of miR-145 was inversely correlated with APRIL 
mRNA (Zhi et al. 2015). In this research, we performed 
Western blot to further show that miR-145 significantly 
attenuated the effect of H. pylori infection on APRIL gene 
expression in SGC7901 and BGC823 cell lines (Fig. 3f, g).

APRIL promoted the proliferation of GC cells 
and decreased apoptosis in vitro

To analyze the role of APRIL in cell proliferation and viabil-
ity, we chose two human GC cell lines (SGC7901 and AGS) 
that one with APRIL knockdown (SGC7901-shAPRIL) and 
one APRIL overexpression (AGS-APRIL) to perform the 
following studies. Western blot analysis revealed that APRIL 
expression was successfully modulated in these cell lines 
(Fig. 4a, b). A CCK8 assay with cells culture for 1, 2, 3, 4, 5, 
6, and 7 days identified that knockdown of APRIL remark-
ably inhibited cell growth of SGC7901 cells (Fig. 4c) and 
overexpression of APRIL remarkably promoted the prolifer-
ation of AGS cells (Fig. 4d). The conclusion was confirmed 
by a colony formation assay (Fig. 4e, f).

Next, we detected the viability of APRIL-inhibited GC 
cells via flow cytometry. As shown in Fig. 4g, the propor-
tion of apoptotic cells was significantly increased in APRIL 
knockdown GC cell line and decreased in APRIL overex-
pression GC cell line.

APRIL induces migration, invasion, and metastatis 
of GC cells

To assess the effect of APRIL on GC cells, we used a tran-
swell migration and matrigel invasion assay. As compared 
with control cells, knockdown of APRIL significantly inhib-
ited SGC7901 cells migration and invasiveness. By contrast, 
the AGS cells migration and invasiveness were significantly 
boosted by overexpression of APRIL (Fig. 5a, b). In mice 
infused with luciferase, higher concentrations of GC cells 
were seen in lungs. As shown in Fig. 5c and d, signal inten-
sity luciferase expression in pulmonary tissues was in con-
sistent with APRIL gene expression. Pulmonary specimens 
with hematoxylin–eosin staining could confirm the GC cells 
metastasis.

We also used in vivo experiments to prove the positive 
effect of APRIL on tumorigenicity. Transfected cells were 
injected into the flanks of nude mice to form ectopic tumors. 
After 21 days, we observed impaired tumor growth in the 
SGC7901-NC group than in the APRIL-knockdown group 
(SGC-7901 cells). Similar phenomenon was observed in 
AGS cells, that tumor in NC group grow slower than in 
APRIL-overexpression group (Fig. 5e, f). Average tumor 
weight was next calculated (Fig. 5g).

APRIL‑induced gastric tumorigenicity via activating 
NF‑κB pathway

The above results elucidated that APRIL is important in 
the development of GC. However, the underlying mecha-
nism is not clear. By Western Blot, we found and verified 
that APRIL could induce gastric tumorigenicity via NF-κB 
pathway. Our study showed that APRIL significantly pro-
moted the phosphorylation of AKT and upregulated total 
p65 (Fig. 6a). Besides, we confirmed that APRIL overex-
pression induced nuclear translocation of p65, and then 
regulated the expression of genes in the nucleus (Fig. 6b). 
We confirmed that LY294002 attenuated the expression of 
pAKT and nuclear translocation of p65 (Fig. 6c). NF-κB-
regulated gene products, such as Bcl-2, Bcl-xl, MDM2, were 
positively correlated with APRIL overexpression. Whereas, 
Bax、p53 is negative correlated with APRIL overexpres-
sion. Bcl-2/Bax and Bcl-xl/Bax were positively correlated 
with APRIL (p < 0.05) (Fig. 6d, e).

Fig. 2   The expression of APRIL and H. pylori infection in vitro and 
in vivo experiments. We co-cultured SGC7901 and BGC823 gastric 
cancer cells with H. pylori and b-actin. Western blot and RT-PCR 
were used to analyze APRIL protein and mRNA expression at differ-
ent time points (untreated, 12 and 24 h) (a, c) and with different con-
centration of H. pylori (untreated, 1:50 and 1:100) (b, d). The data 
are expressed as the mean 6 SE of three independent experiments. 
p < 0.05 was considered significant. e and f represented gastric tissue 
sections from C57BL/6 mice with hematoxylin–eosin staining. Yel-
low arrow showed sub-mucosal bleeding. g and h represented the tis-
sue by immunohistochemistry to show APRIL expression. i and j rep-
resented the tissue with Warthin–Starry staining to detect H. pylori. 
Blue arrow showed H. pylori detection. Data are mean ± standard 
error (*p < 0.05)

◂
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Fig. 3   The expression of miR-145 in H. pylori (+) GC tissues and H. 
pylori (−) GC tissues. APRIL is the direct target of miR-145 in H. 
pylori-related GC. a Relative expression of miR-145 in H. pylori pos-
itive and negative tissues. miR-145 expression levels were detected by 
real-time PCR. b, d Relative expression of miR-145 with three dif-
ferent MOIs of H.pylori in SCG7901 and BGC823 cells. c, e Rela-

tive expression of miR-145 at different time points in SCG7901 and 
BGC823 cells. f, g miR-145 abated the level of APRIL in SGC7901 
and BGC823 cells.. The expression of APRIL was analyzed by West-
ern blot and normalized to β-actin. Data are mean ± standard error 
(*p < 0.05)
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Fig. 4   APRIL contributed to proliferation and prevented apoptosis of 
GC cells. a, b APRIL gene expression was displayed by Western blot in 
SGC7901-NC, SGC7901-shAPRIL, AGS-NC, and AGS-APRIL cells. c, 
d The proliferation of SGC7901-NC, SGC7901-shAPRIL, AGS-NC, and 
AGS-APRIL cells were determined using a CCK8 assay and presented 
as a growth curve. e, f The proliferation of SGC7901-NC, SGC7901-
shAPRIL, AGS-NC, and AGS-APRIL cells were determined by a plate 

clone assay. Representative images and histograms about numbers of col-
onies were shown. g Representative scatter diagrams descripting apop-
tosis in SGC7901-NC, SGC7901-shAPRIL, AGS-NC, and AGS-APRIL 
cells. Apoptotic cells were calculated by flow cytometry and presented 
by a histogram. Data are mean ± standard error (*p < 0.05)
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Fig. 5   APRIL positively regulated the migration, invasion and trans-
fer of GC cells. a, b Transwell migration and Matrigel invasion 
assays with SGC7901 and AGS cells were performed in each group. 
Representative images were shown. c, d induction of luciferase 
expression in the lung and represented pulmonary tissue sections 

from nude mice with hematoxylin–eosin staining. e Photographs of 
tumors derived from the different groups of nude mice. f, g The graph 
is representative of tumor growth 21  days after inoculation. Tumor 
volume and the weight were calculated, and all date are shown as 
mean ± SD. Data are mean ± standard error (*p < 0.05)
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Discussion

Gastric cancer is one of the leading causes of cancer-related 
deaths with a high incidence (Torre et al. 2015; Siegel et al. 
2013; Bertuccio et al. 2009), particularly in East Asia (Crew 
and Neugut 2006). Most of patients were H. pylori related 
(Wroblewski et al. 2010; Torres et al. 2013). Because of the 
lack of specific early symptoms and biologic tumor mark-
ers, the early diagnosis of H. pylori-related gastric cancer 
is typically hard, resulting in the static and inferior survival 
rate (Davis and Sano 2001; Nishiyama and Eguchi 2009; 
Correa 2004). APRIL is a new ligand of tumor-necrosis fac-
tor (TNF) family (Dillon et al. 2006). To our knowledge, 

there are currently a mass of citations in the literature related 
to APRIL. However, the biology of APRIL involved in H. 
pylori-related gastric cancer has received less attention.

In this study, some significant relationship between 
APRIL and H. pylori-related gastric cancer was found, 
which influenced the risk and prognosis of the GC develop-
ment. Human H. pylori-infected GC upregulated the expres-
sion of APRIL, which induced the proliferation, migration, 
invasion and transfer of GC cells and decreased apoptosis. 
Previous studies have shown high levels of APRIL mRNA 
are detectable in transformed cell lines, and human cancers 
of colon, thyroid and lymphoid tissues in vivo (Hahne et al. 
1998; Kern et al. 2015; Moreaux et al. 2005; Novak et al. 

Fig. 6   Activation of NF-κB 
pathway in GC cells. a Expres-
sion levels of pAKT, AKT, 
IκBα and p65 were analyzed 
by Western blotting. b, c p65 
extracted from cytoplasma 
and nuclear was detected by 
Western blotting. d Expres-
sion of Bcl-2, Bcl-xl, Bax, p53 
and MDM2 were analyzed by 
Western blotting. e The density 
of each band was measured 
and ratios of Bcl-2/Bax and 
Bcl-xl/Bax were calculated. 
Data are mean ± standard error 
(*p < 0.05)
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2002). Besides, nearly half of the malignant glioblastoma 
cell lines that tested overexpressed APRIL (Deshayes et al. 
2004) and analysis of the human EST database indicates 
pancreatic, ovarian, and uterine adenocarcinomas also 
express APRIL (Kalled et al. 2005). Guihua Wang et al. 
(Wang et  al. 2013) further reported that knockdown of 
APRIL in colorectal cancer cells in vitro and in BALB/c 
nude mice in vivo inhibited malignancy, tumor growth and 
metastasis in the liver. These significant findings, as well as 
our outcomes, arrived at the same conclusion.

MicroRNAs (miRNAs, miRs) are endogenous short 
non-coding RNA molecules, with similar length to 17–25 
nucleotides, which have been frequently observed to be dys-
regulated in various types of human cancer (Xi 2013; Bartel 
2004; Calin and Croce 2006; Zhang et al. 2007). Since miR-
NAs were discovered, many studies have confirmed that they 
could promote the expression of oncogenes and inhibit the 
expression of tumor suppressor genes (Zhang et al. 2007). 
MiR-145 is an ideal cancer biomarker and therapeutic moni-
toring indicator (Zhang et al. 2007). MiR‑145 was identified 
as a tumor‑suppressive miRNA, which is downregulated in 
several types of cancer, including prostate, bladder, breast, 
lung, and ovarian cancer (Wu et al. 2013; Cho et al. 2009). 
Our study further indicated that miR-145 suppressed tumor 
growth in H. pylori-related GC. We also showed that APRIL 
activated the canonical NF-κB pathway through phospho-
rylation of AKT. As far as we know, the association was not 
documented in gastric cancer field.
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