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Abstract. The present study evaluated the expression levels 
of nuclear factor I B (NFIB) in gastric cancer (GC) specimens 
and cells, and its regulatory roles were further elucidated. 
The expression levels of NFIB were examined in GC and 
paired normal specimens, and in human GC and normal 
gastric epithelial cells by reverse transcription‑quantitative 
PCR. A circular RNA (circRNA) microarray was performed 
to identify the novel downstream circRNA of NFIB. Cell 
proliferation was determined by Cell Counting Kit‑8 assay. 
Furthermore, cell cycle distribution and apoptosis were 
assessed using flow cytometry. Interactions between RNA 
were examined by RNA pulldown assay and the stability of 
target mRNA was evaluated using a mRNA stability assay. 
The results of the present study revealed that NFIB was 
upregulated in GC. Furthermore, silencing NFIB suppressed 
the proliferation of GC cells, whereas cell cycle arrest and 
apoptosis were enhanced. In addition, significant downregula‑
tion of circMAP7D1 (hsa_circ_0004093) was observed in GC 
cells infected with short hairpin RNA‑NFIB. These findings 
indicated that circMAP7D1 may be a promising downstream 
molecule of NFIB in GC, and further functional analyses 
indicated that circMAP7D1 was involved in NFIB‑modulated 
GC cell proliferation and apoptosis. Moreover, human 
epidermal growth factor receptor 2 (HER2) was identified as 
a novel target of circMAP7D1 in GC, and NFIB was able to 
increase the stability of HER2 mRNA through regulating circ‑
MAP7D1. In conclusion, the present findings indicated that 
NFIB expression was increased in GC. In addition, NFIB may 

promote the proliferation of GC cells and function through 
stabilizing HER2 mRNA by upregulating circMAP7D1. 
Notably, NFIB and its novel downstream signaling pathway 
may serve essential roles during the development of GC, and 
NFIB may be considered a promising candidate for the treat‑
ment of patients with GC.

Introduction

Gastric cancer (GC) is considered one of the leading causes 
of cancer‑associated mortality and the global incidence of GC 
has risen in recent years (1). The onset and progression of GC 
is complex, and the underlying mechanisms remain largely 
unknown (2). Furthermore, the overall survival rate of patients 
with GC is poor (1,2). Although therapeutic approaches for GC 
have improved due to the broad usage of endoscopic/surgical 
resection, the prognosis of GC remains unfavorable (3,4). The 
therapeutic outcome of patients with GC is closely associ‑
ated with disease stage at diagnosis, and the mortality rate of 
patients with advanced GC is high (3‑5). Therefore, it is impor‑
tant to discover novel diagnostic/prognostic biomarkers for 
GC; therefore, the treatment for this disease can be improved.

The nuclear factor I B (NFIB) gene functions as a tran‑
scription factor (6). NFIB serves essential roles in embryonic 
development and tissue differentiation in the fetus (6). NFIB is 
widely expressed in embryonic/adult tissues, and is abundantly 
detected in the lungs, skeletal muscle and heart (6). Upregulation 
of NFIB has been observed in numerous types of cancer, such 
as GC, breast, lung and prostate cancer, and it is considered a 
common oncogene (6‑9). Furthermore, Wu et al (9) revealed 
that NFIB was able to promote GC cell growth and metastasis 
by targeting Akt/Stat3 signaling, which could be a promising 
molecular mechanism for the treatment of patients with GC. 
Circular RNAs (circRNAs) are a novel class of non‑coding 
RNAs, which form a continuous loop and have a more stable 
structure than their linear counterparts (10). The roles of 
circRNAs have been widely investigated. It has been revealed 
that certain circRNAs function as potential gene regulators; 
however, the detailed mechanisms of most circRNAs remain 
largely unknown (10). circRNAs are involved in the pathogen‑
esis of various diseases, including nervous system disorders 
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and cancer (11‑14). Furthermore, circSFMBT2 and circ100269 
have been reported to be involved in the proliferation of GC 
cells, consequently affecting tumor progression in GC (13,14). 
Therefore, circRNAs may serve essential roles during the 
development of GC; however, the detailed regulatory roles of 
circRNAs in GC remain elusive and require further investiga‑
tion. Human epidermal growth factor receptor 2 (HER2) is a 
key regulator during the development of breast cancer (15). 
Previous studies have indicated that HER2 overexpression 
may be a frequent abnormality in numerous types of cancer, 
including GC (15‑17). HER2 molecular targeted therapy has 
been introduced for patients with advanced GC, and HER2 
status could be essential to select patients who may benefit 
from targeted therapy (17).

In the present study, the expression levels of NFIB were 
evaluated in GC specimens and cells, and its regulatory roles 
were further elucidated. Our data suggested that NFIB could 
be considered a promising target for the precise treatment of 
patients with GC.

Materials and methods

Clinical specimens. A total of 50 GC (29 men and 21 women; 
age range, 36‑67 years; mean age, 53±14.2 years) tissues and 
matched para‑carcinoma samples (≥5 cm from tumor margin) 
were obtained at the Affiliated Hospital of North Sichuan 
Medical College (Nanchong, China) between August 2010 
and September 2015. The exclusion criteria were as follows: 
Patients that received radiotherapy/chemotherapy prior to 
surgery were excluded. Immediately upon collection, tissues 
were sectioned into slices, snap‑frozen in liquid nitrogen 
and stored at ‑80˚C until further use. Patient biopsies were 
examined by two independent pathologists and all samples 
were anonymized. The experimental protocol was approved 
by the Medical Ethics Committee of the Affiliated Hospital 
of North Sichuan Medical College. Written informed consent 
was obtained from all patients. Upregulation of NFIB was also 
revealed by Gene Expression Profiling Interactive Analysis 
(GEPIA; http://gepia.cancer‑pku.cn/).

Cell culture. Human GC cell lines AGS and MKN‑45, and 
the normal human gastric epithelial cell line GES‑1 were 
purchased from the American Type Culture Collection. The 
cells were cultured in DMEM containing 10% FBS, 100 µg/ml 
streptomycin and 100 U/ml penicillin (all from Cytiva). The 
cells were maintained at 37˚C in a humidified incubator 
containing 5% CO2.

Infection and transfection. To generate the knockdown cell 
models of NFIB and circMAPK7D1, short hairpin RNAs 
(shRNAs) targeting NFIB (sh‑NFIB) and circMAPK7D1 
(sh‑circMAPK7D1), and a negative control (sh‑NC) were 
purchased from Shanghai Genepharma Co., Ltd. After 
annealing, shRNA fragments were integrated into lentiviral 
pU6‑Luc‑Puro vector (Shanghai Genepharma Co., Ltd.). Cells 
(4x105) were infected with shRNA lentiviruses (MOI, 50) and 
incubated at 37˚C for 24 h. To generate a cell model overex‑
pressing circMAPK7D1, wild‑type (oe‑circMAPK7D1) or 
non‑targeting (oe‑NC) fragments were amplified using PCR, 
then inserted into PLCDH‑cir vector (Invitrogen; Thermo 

Fisher Scientific, Inc.). Cells (4x105) were transfected with 
vectors (1 µg) at 37˚C for 48 h. Up‑ or downregulation of the 
corresponding genes was confirmed using reverse transcrip‑
tion‑quantitative PCR (RT‑qPCR). All transfections were 
conducted using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.). A total of 12 h post‑transfection, the 
culture supernatant was replaced with fresh DMEM containing 
10% FBS.

RT‑qPCR. Total RNA was isolated from clinical specimens 
or cells using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). Extracted RNA was reverse transcribed into 
cDNA using PrimeScript™ RT kit (Takara Biotechnology Co., 
Ltd.). For RT, the sample was incubated at room temperature 
for 30 min; subsequently, the sample was incubated at 42˚C for 
45 min, 99˚C for 5 min and 5˚C for 5 min in a PCR cycler. 
qPCR was carried out using SYBR Green PCR Master Mix 
(Takara Biotechnology Co., Ltd.), and the reaction was 
performed on an ABI 7500 Real‑Time PCR system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) Endogenous 
GAPDH was used as a reference gene. The sequences used for 
qPCR were as follows: NFIB, forward, 5'‑CCT CAC TGG TAC 
TGG GGT AT‑3' and reverse, 5'‑TGG ACA TTG GCC GGT AAG 
AT‑3'; circMAPK7D1, forward, 5'‑GCG TCG GTG ACT AAG 
CAA TC‑3' and reverse, 5'‑TCA AGA ACA GAT GGA AGA ATG 
G‑3'; HER2, forward, 5'‑GGT CCT GGA AGC CAC AAG G‑3' 
and reverse, 5'‑GGT TTT CCC ACC ACA TCC TCT‑3'; GAPDH, 
forward, 5'‑GTC TCC TCT GAC TTC AAC AGC G‑3' and reverse, 
5'‑ACC ACC CTG TTG CTG TAG CCA A‑3'. The PCR program 
used was as follows: 95˚C for 5 min, followed by 45 cycles 
at 95˚C for 15 sec, 60˚C for 20 sec and 72˚C for 10 sec, and a 
final extension step at 72˚C for 10 min. Relative gene expression 
levels were analyzed using the 2‑∆∆Cq method (18).

Western blot analysis. Total protein was isolated from 
tissues or cells using RIPA buffer (Beyotime Institute of 
Biotechnology). The concentration of the extracted protein 
was then evaluated using the BCA assay (Beyotime Institute 
of Biotechnology). Equal amounts of protein (40 µg) were 
separated by SDS‑PAGE on 10% gels and were then trans‑
ferred onto nitrocellulose membranes (EMD Millipore). 
Membranes were blocked with Tris‑buffered saline (TBS) 
containing 5% skimmed milk at room temperature for 1 h, 
and were incubated with the following primary antibodies: 
NFIB (1:1,000; cat. no. ab186738; Abcam), HER2 (1:2,000; 
cat. no. 2242; Cell Signaling Technology, Inc.) or GAPDH 
(1:2,000; cat. no. sc‑32233; Santa Cruz Biotechnology, Inc.) 
at 4˚C overnight. Subsequently, the membranes were incubated 
with HRP‑conjugated anti‑mouse (1:10,000; cat. no. sc‑2371; 
Santa Cruz Biotechnology, Inc.) or anti‑rabbit IgG (1:10,000; 
cat. no. sc‑2357; Santa Cruz Biotechnology, Inc.) at room 
temperature for 1 h. Protein bands were visualized using 
ECL detection kit (Pierce; Thermo Fisher Scientific, Inc.) 
and the blots were semi‑quantified using ImageJ software 
(version 1.48; National Institutes of Health).

Cell Counting Kit‑8 (CCK‑8) assay. Transfected and 
infected cells were seeded into a 96‑well plate at a density 
of 3x104 cells/well. Subsequently, the proliferative activity of 
cells was determined on days 1, 2, 3 and 4. Briefly, 10 µl CCK‑8 
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solution (Beyotime Institute of Biotechnology) was added to 
each well. After incubation for 2 h at 37˚C, the absorbance 
was detected at 450 nm using a microplate reader (Bio‑Rad 
Laboratories, Inc.).

Cell cycle distribution and apoptosis assay. Transfected and 
infected cells were seeded into a 6‑well plate at a density of 
6x105 cells/well. Cells were then collected through low‑speed 
centrifugation (2,600 x g) at 4˚C for 5 min. Cell pellets 
were washed and resuspended using PBS, then fixed using 
pre‑chilled ethanol (70%) at room temperature for 15 min and 
stored at 4˚C overnight. Cells were centrifuged (10,000 x g) 
and then resuspended in propidium iodide (PI; Sigma‑Aldrich; 
Merck KGaA) staining buffer with 50 µl/ml PI and 250 µl/ml 
RNase A at 4˚C for 1 h. Cell cycle distribution was evaluated 
using a flow cytometer (FACSCalibur; BD Biosciences) and 
was analyzed using FlowJo software (version 7.6; FlowJo LLC). 
In order to examine cell apoptosis, the cell suspension was 
incubated with 5 µl Annexin V‑FITC and 10 µl PI solution 
at 4˚C in the dark for 30 min (Shenzhen Jingmei Biotech 
Engineering Co. Ltd.), and cell apoptotic rate was analyzed 
by flow cytometry (FACSCalibur; BD Biosciences) and inter‑
preted using FlowJo software. Both early (FITC+PI‑) and late 
(FITC+PI+) apoptosis were evaluated.

circRNA microarray. Total RNA was extracted using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and a 
RNeasy Mini kit (Qiagen GmbH). Fluorescence‑labeled 
targets were produced for circRNA array. Human circRNA 
array v2 (CapitalBio Technology Co., Ltd.) was designed 
and genes were mounted onto the chip; target sequences 
of corresponding circRNAs were obtained from Circbase 
(http://www.circbase.org/). Labeled targets were then hybrid‑
ized with extracted RNA samples, which were scanned using 
the Agilent Microarray Scanner (Agilent Technologies, Inc.). 
All data were normalized according to Quantile algorithm (19). 
Arrays were conducted using the protocol supplied by Agilent 
Technologies, Inc.

RNA pulldown assay. Biotinylated wild‑type (WT) or mutant 
(MUT) NFIB (NFIB‑WT‑Bio/NFIB‑MUT‑Bio) and circ‑
MAP7D1 (circMAP7D1‑WT‑Bio/circMAP7D1‑MUT‑Bio) 
probes, and a negative control (NC‑Bio) probe were generated 
by Shanghai GenePharma Co., Ltd. Briefly, for RNA pulldown 
assay, RNA was extracted from cells, as aforementioned. 
Extracted RNA was labeled with biotinylated probes. Lysates 
of AGS and MKN‑45 cells were prepared using lysis buffer 
containing KCl (10 mM), MgCl2 (1.5 mM), Tris‑Cl pH 7.5 
(10 mM), DTT (5 mM) and SUPERase.In™ (60 U/ml; Thermo 
Fisher Scientific, Inc.). Lysates were mixed with pro‑labeled 
RNA in the aforementioned lysis buffer. The binding reaction 
was incubated at room temperature for 1 h and labeled with 
Dynabeads M‑280 Streptavidin, and the mixture was rotated 
overnight at 4˚C (Thermo Fisher Scientific, Inc.). The beads 
with immobilized NFIB or circMAP7D1 were treated with 
10 mM ethylenediaminetetraacetic acid. TRIzol® was used 
to extract the bound RNAs, which were further subjected to 
RT‑qPCR, as aforementioned. After pulldown, the crosslinked 
molecules were identified using mass spectrometry as previ‑
ously described (20).

Assessment of mRNA stability. Cells were seeded into a 6‑well 
plate (6x105 cells/well) and incubated at 37˚C overnight. The 
cells were then treated with actinomycin D (ActD; 5 µg/ml; 
MedChemExpress) for different durations (15, 30 and 60 min) to 
inhibit further RNA synthesis at 37˚C. Total RNA was isolated 
and analyzed using RT‑qPCR, as aforementioned. The remaining 
mRNA levels of HER2 at each time point were normalized to 
the levels detected at the beginning of the experiment.

Luciferase reporter assay. Fragments containing complemen‑
tary sequences of NFIB were cloned into a luciferase plasmid 
[WT‑NFIB; OBiO Technology (Shanghai) Corp., Ltd.]. A vector 
carrying mutant fragments of NFIB was used as a control 
[MUT‑NFIB; OBiO Technology (Shanghai) Corp., Ltd.]. AGS 
cells (4x105/well) were seeded onto a 6‑well plate co‑transfected 
with 1 µg luciferase vectors and oe‑circMAP7D1/oe‑NC 
(synthesized by Shanghai Genepharma Co., Ltd.) using 
Lipofectamine 2000. After 48 h, luciferase activity was deter‑
mined using dual luciferase reporter system kit (Promega 
Corporation). Luciferase activity was normalized to Renilla 
luciferase activity.

Immunohistochemistry (IHC). Immunostaining of HER2 was 
carried out on paraffin‑embedded tissue sections (thickness, 
10 µm); tissues were fixed with 4% paraformaldehyde at 4˚C 
overnight before embedding. The sections were dewaxed using 
xylene, and rehydrated through a graded ethanol series and 
water. Antigen retrieval was performed in a microwave using 
10 mM sodium citrate for 15 min. Tissues were then incubated 
with FBS at room temperature for 30 min and with a primary 
antibody against HER2 (1:100; cat. no. 2242; Cell Signaling 
Technology, Inc.) in a humidified incubator at 4˚C overnight. 
Subsequently, the sections were rinsed in TBS three times and 
incubated with biotinylated secondary antibody (1:100; cat. 
no. E0432; Dako; Agilent Technologies, Inc.). Protein expres‑
sion was then detected using a streptavidin‑biotin‑peroxidase 
system (ABC kit; Dako; Agilent Technologies, Inc.). Stained 
slides were observed using a light microscope (magnification, 
x200; CX23 model; Olympus Corporation). Staining intensity 
was semi‑quantified using ImageJ software (version 1.46).

Statistical analysis. All data are presented as the mean ± stan‑
dard deviation and were analyzed using SPSS software 
(version 17.0; SPSS, Inc.). All assays were performed in 
triplicate. The significance of differences was analyzed using 
one‑way analysis of variance (ANOVA) or paired/unpaired 
Student's t‑test. Newman‑Keuls test was conducted following 
ANOVA. The relationship between RNA expression was 
evaluated by Pearson's correlation analysis. Receiver operating 
characteristic (ROC) curve analysis was performed to assess 
the power of NFIB expression in distinguishing between GC 
and para‑carcinoma tissues, patients with and without metas‑
tasis, and grade III‑IV and I‑II GC. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Expression levels of NFIB are increased in GC specimens 
and cells. The expression levels of NFIB were examined in 50 
pairs of GC and para‑carcinoma tissues using RT‑qPCR. The 
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expression levels of NFIB were significantly elevated in GC 
specimens compared with those in the normal control specimens 
(Fig. 1A). Furthermore, the association between NFIB expres‑
sion and the progression of GC was investigated. The expression 
levels of NFIB were significantly upregulated in patients with 
GC and metastasis compared with those in patients with GC 
without metastasis (Fig. 1B). In addition, the expression of 
NFIB was significantly increased in patients with grade III‑IV 
GC compared with that in patients with grade I‑II GC (Fig. 1C). 
Moreover, ROC curve analyses suggested that NFIB expression 
signature exhibited a high area under the curve value in distin‑
guishing between GC and para‑carcinoma tissues, between 
GC with and without metastasis, and between grade III‑IV GC 
and I‑II GC (Fig. 1D‑F). Consistent with the present findings, 
upregulation of NFIB was also revealed by Gene Expression 
Profiling Interactive Analysis (GEPIA; http://gepia.cancer‑pku.
cn/) (Fig. 1G). Furthermore, increased protein expression levels 
of NFIB were detected in GC specimens compared with those 
in normal control specimens, as determined using western 

blotting (Fig. 1H). In addition, the mRNA and protein expres‑
sion levels of NFIB were upregulated in GC cell lines compared 
with those in normal human gastric epithelial cells (Fig. 1I). 
These findings indicated that the expression levels of NFIB 
were elevated in GC and may contribute to tumor development.

Knockdown of NFIB inhibits the proliferation of GC cells and 
promotes apoptosis. To identify the roles of NFIB in tumor 
progression of GC, NFIB was knocked down in AGS and 
MKN‑45 cells. Infection efficiency was confirmed by RT‑qPCR 
and western blotting (Fig. 2A). In addition, CCK‑8 assay suggested 
that the proliferation of GC cells infected with sh‑NFIB was 
significantly reduced (Fig. 2B and C). To further investigate the 
effects of NFIB on GC cell proliferation, cell cycle distribution 
and apoptosis were examined in GC cells infected with sh‑NFIB 
compared with the control cells. The results revealed that the 
percentage of cells in G0/G1 phase was significantly elevated, 
whereas the percentage of cells in S phase was notably reduced 
following NFIB knockdown, suggesting that the GC cell cycle was 

Figure 1. NFIB expression is upregulated in GC tissues and cells. (A) Expression levels of NFIB were examined in 50 GC specimens and matched para‑carcinoma 
tissues by RT‑qPCR. (B) NFIB expression was determined in patients with GC with or without metastasis. (C) Expression levels of NFIB were detected in patients 
with GC at different grades. Receiver operating characteristic curve analyses revealed that the expression profile of NFIB exhibited high AUC values in distinguishing 
(D) between GC and para‑carcinoma samples, (E) between patients with and without metastasis, and (F) between grade III‑IV and I‑II GC. (G) Upregulation of 
NFIB was also revealed by Gene Expression Profiling Interactive Analysis. (H) Elevated NFIB expression was observed in GC samples using western blot analysis. 
(I) RT‑qPCR and western blotting indicated that NFIB mRNA and protein expression levels were upregulated in GC cell lines compared with in the normal human 
gastric epithelial cell line GES‑1. Two non‑relevant bands were removed from the blots. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 vs. GES‑1 or as indicated. AUC, 
area under curve; GC, gastric cancer; NFIB, nuclear factor I B; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; T, tumor; N, normal.
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shifted from S and G2/M phase to G0/G1 phase (Fig. 2D and E). 
Moreover, flow cytometry indicated that knockdown of NFIB 
enhanced the apoptosis of GC cells (Fig. 2F and G). These results 
indicated that knockdown of NFIB may promote cell cycle arrest 
in G0/G1 phase and enhance the apoptosis of GC cells.

circMAP7D1 is a novel target of NFIB in GC. In order to 
investigate the mechanisms of NFIB‑mediated signaling, 
the downstream molecules of NFIB were predicted using 
circRNA microarray. The expression profiles of circRNAs 
were evaluated in GC cells infected with sh‑NC or sh‑NFIB. 

Figure 2. NFIB knockdown suppresses the proliferation and promotes the apoptosis of GC cells. (A) Infection efficiency of sh‑NFIB was evaluated by reverse 
transcription‑quantitative polymerase chain reaction. (B and C) Proliferation of GC cells was examined post‑infection with sh‑NFIB using Cell Counting Kit‑8 assay. 
(D and E) Cell cycle progression of GC cells infected with sh‑NFIB was analyzed. (F and G) Apoptotic rates of GC cells were determined post‑infection with sh‑NFIB. 
*P<0.05, **P<0.01 vs. sh‑NC. GC, gastric cancer; NC, negative control; NFIB, nuclear factor I B; OD, optical density; PI, propidium iodide; sh, short hairpin RNA.
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The expression levels of circMAPK7D1 were markedly down‑
regulated following NFIB knockdown (Fig. 3A). Furthermore, 
RT‑qPCR revealed the upregulation of circMAP7D1 in GC 
specimens and cells compared with in the normal controls 
(Fig. 3B and C). RNA pulldown assay indicated that NFIB 
was able to interact with circMAP7D1 in GC cells (Fig. 3D). 
Furthermore, the interaction between NFIB and circMAP7D1 
was confirmed using a luciferase assay; overexpressed circ‑
MAP7D1 significantly suppressed luciferase activity of the 
plasmids containing WT‑NFIB, but not the MUT control 
(Fig. 3E), indicating that WT‑NFIB could interact with circ‑
MAP7D1 in GC cells. In addition, the expression levels of 
circMAP7D1 were markedly decreased in GC cells infected 
with sh‑NFIB (Fig. 3E), and a positive correlation was observed 
between NFIB and circMAP7D1 expression in GC tissues 
(Fig. 3F). These findings suggested that circMAP7D1 may be a 
promising target of NFIB in GC cells.

circMAP7D1 is involved in the regulation of GC cell 
proliferation and apoptosis. To further identify the regulatory 
roles of circMAP7D1 in the development of GC, AGS and 
MKN‑45 cells were transfected with oe‑circMARP7D1A and 
infected with sh‑circMAP7D1, and transfection and infection 
efficiency was confirmed by RT‑qPCR (Fig. 3G and H). Notably, 
cell proliferation was significantly enhanced by oe‑circMAP7D1 
and suppressed by sh‑circMAP7D1 (Fig. 3I and J). Moreover, 
cell cycle arrest and apoptosis were inhibited post‑transfection 
with oe‑circMAP7D1 and were promoted post‑infection with 
sh‑circMAP7D1 (Fig. 3K‑N). These results revealed that 
circMAP7D1 may be involved in the regulation of GC cell 
proliferation and apoptosis.

Stability of HER2 mRNA is enhanced by circMAP7D1. 
To identify the putative target of circMAP7D1 in GC cells, a 
further functional study was performed. The results of RNA 
pulldown assay indicated that circMAP7D1 could interact with 
HER2 in GC cells (Fig. 4A). Briefly, following pulldown, the 
crosslinked molecules were identified using mass spectrometry 
(data not shown), and HER2 was selected for further experi‑
ments. Notably, overexpression of circMAP7D1 significantly 
increased the stability of HER2 mRNA, whereas HER2 stability 
was markedly decreased by the knockdown of circMAP7D1 
(Fig. 4B and C). In consistence with the present results, upregu‑
lated levels of HER2 were detected in GC samples by GEPIA 
(Fig. 4D). In addition, IHC indicated that the protein expression 
levels of HER2 were markedly increased in GC tissues compared 
with in para‑carcinoma control tissues (Fig. 4E). Furthermore, 
the expression levels of HER2 were elevated in GC cells trans‑
fected with oe‑circMAP7D1 and reduced post‑infection of cells 
with sh‑circMAP7D1 (Fig. 4F and G). Additionally, the mRNA 
expression levels of HER2 were markedly decreased in GC cells 
infected with sh‑NFIB (Fig. 4H). These findings indicated that 
circMAP7D1 may be able to stabilize HER2 mRNA in GC.

circMAP7D1 is involved in NFIB‑modulated GC cell prolifera‑
tion and apoptosis. To further identify the roles of circMAP7D1 
in the regulation of GC cell proliferation, a functional analysis 
was carried out. Western blotting revealed that the protein 
expression levels of HER2 were reduced in GC cells infected 
with sh‑NFIB, whereas these effects were reversed by 

overexpression of circMAP7D1 and were strengthened by circ‑
MAP7D1 knockdown (Fig. 4I and J). Furthermore, the apoptotic 
rates of GC cells were significantly increased post‑infection with 
sh‑NFIB, whereas this effect was abrogated by oe‑circMAP7D1 
and enhanced by sh‑circMAP7D1 (Fig. 4K and L). These find‑
ings suggested that NFIB was able to promote the proliferation 
of GC cells, and that NFIB exerted its regulatory function by 
upregulating circMAP7D1, which subsequently stabilized 
HER2 mRNA.

Discussion

NFIB is considered to be an oncogenic factor in tumor progres‑
sion, and increased levels of NFIB have been detected in 
malignancies, such as GC (6‑9). In the present study, upregu‑
lation of NFIB was revealed in GC specimens and cells, and 
NFIB knockdown markedly suppressed the proliferation of 
GC cells. Emerging evidence has indicated that circRNAs are 
associated with tumorigenesis in various types of cancer and 
dysregulation of circRNAs has also been detected (13,14,21‑25). 
Moreover, previous studies have elucidated the important roles 
of circRNAs in the pathogenesis of GC (26‑28); however, at 
present, the detailed function of most circRNAs in GC are not 
completely understood.

The present findings revealed that the expression levels 
of circMAP7D1 were elevated in GC tissues, and NFIB and 
circMAP7D1 expression was positively correlated. Moreover, 
an RNA pulldown assay revealed the interaction between NFIB 
and circMAP7D1 in GC cells. In addition, the inhibitory effects 
of sh‑NFIB on cell proliferation could be reversed or strength‑
ened by oe‑circMAP7D1 or sh‑circMAP7D1, respectively. 
These findings suggested that circMAP7D1 may be a promising 
target of NFIB in GC and could participate in NFIB‑modulated 
GC cell proliferation.

Recent studies have suggested that upregulation of HER2 
could be associated with the development of various types of 
cancer, including GC (15‑17). Numerous oncogenes and growth 
factors are regulated post‑transcriptionally. The key mechanism 
of post‑transcriptional regulation of oncogenes is through 
controlling the rate of mRNA turnover; until now, only a few 
regulatory factors have been discovered that could regulate a 
large pool of target mRNAs, indicating that a minor perturba‑
tion during the controlling process could lead to marked effects 
that may result in the progression of a complex disorder such as 
cancer (29‑31). The present data revealed the interaction between 
circMAP7D1 and HER2 in GC cells, and HER2 mRNA 
stability was notably increased by circMAP7D1 overexpression 
and decreased by circMAP7D1 knockdown. These findings 
suggested that HER2 could be a novel downstream molecule 
of circMAP7D1 in GC; moreover, NFIB may stabilize HER2 
mRNA through upregulating circMAP7D1. It may be hypoth‑
esized that circMAP7D1 could regulate the expression of HER2 
through microRNA sponges, or it may affect the expression of 
HER2 at the transcriptional or translational level; this hypothesis 
requires further investigation. However, there were limitations in 
the present study. For example, cell‑counting experiments should 
be performed to confirm the effects on proliferation. In future, 
further functional studies should be performed to assess the 
involvement of circMAP7D1 and HER2 in NFIB‑modulated 
cell cycle progression and apoptosis.
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Figure 3. circMAP7D1 is a promising downstream molecule of NFIB in GC and is associated with GC cell proliferation. (A) Expression profiles of circRNAs in 
GC cells infected with sh‑NC and sh‑NFIB were evaluated using a circRNA microarray. (B) Expression levels of circMAP7D1 were examined in GC tissues using 
RT‑qPCR. ****P<0.0001 vs. para‑carcinoma tissues. (C) Expression levels of circMAP7D1 were detected in cells using RT‑qPCR. *P<0.05, ***P<0.001, vs. GES‑1. 
(D) RNA pulldown assay was conducted to evaluate the interaction between NFIB and circMAP7D1. **P<0.01 vs. NC‑Bio. (E) Luciferase activity of WT‑NFIB‑treated 
cells was decreased by circMAP7D1, and the expression of circMAP7D1 was reduced in GC cells following the infection with sh‑NFIB. *P<0.05 vs. NC, #P<0.05 
vs. sh‑NC. (F) NFIB and circMAP7D1 expression was positively correlated in GC specimens. (G) GC cells were transfected with oe‑circMARP7D1A **P<0.01 
vs. oe‑NC. (H) GC cells were infected with sh‑circMAP7D1. *P<0.05 vs. sh‑NC. (I) Cell proliferation was examined post‑transfection with oe‑circMARP7D1A. 
*P<0.05 vs. oe‑NC. (J) Cell proliferation was determined post‑infection with sh‑circMAP7D1. *P<0.05 vs. sh‑NC. (K) Cell cycle progression and (M) apoptotic rate 
of GC cells were determined post‑transfection with oe‑circMARP7D1A. *P<0.05 vs. oe‑NC. (L) Cell cycle progression and (N) apoptotic rate of GC cells were 
evaluated post‑infection with sh‑circMAP7D1 using flow cytometry. *P<0.05, ***P<0.001 vs. sh‑NC. circRNA, circular RNA; GC, gastric cancer; MUT, mutant; NC, 
negative control; PI, propidium iodide; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; sh, short hairpin RNA; WT, wild‑type.
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In conclusion, the present study provided substantial 
evidence on the role of NFIB in tumorigenesis and revealed 
that NFIB was a novel oncogenic factor during the pathogenesis 
of GC. NFIB could promote the proliferation of GC cells by 
upregulating circMAP7D1 to stabilize HER2 mRNA, conse‑
quently inducing the tumor progression of GC. Therefore, NFIB 

could be considered a putative candidate for targeted therapy of 
patients with GC.
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