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Abstract. Nuclear factor I/B (NFIB) plays a crucial role in 
the progression of several types of cancers. However, its role 
in gastric cancer (GC) remains unclear. The present study 
revealed that NFIB was highly expressed in GC tissues 
and was positively associated with the clinicopathological 
features of GC patients. Downregulation of NFIB inhibited 
the tumor growth, migration and aggression of MKN45 and 
HGC27 cells in vitro. In addition, NFIB expression promoted 
epithelial‑mesenchymal transition (EMT), which was accom-
panied with decreased E‑cadherin and increased vimentin 
expression. Since AKT and Stat3 play an important role in 
EMT and tumor progression, we examined whether there is a 
correlation between NFIB and AKT/Stat3 signaling pathways 
in GC. Our results revealed that NFIB exhibits its oncogenic 
functions in GC development by regulating the phosphoryla-
tion of both AKT and Stat3 molecules. Knocking down the 
NFIB expression may enhance the phosphorylation of AKT 
while inhibiting the Stat3 phosphorylation, suggesting that the 
AKT/Stat3 signaling pathway may be the downstream target 
of NFIB with which it exerts its roles on GC development. 
These results revealed that NFIB promotes tumor growth and 
aggressiveness of GC. In addition, downregulation of NFIB 
alters the protein kinase B/signal transducers and activators of 
transcription 3 (AKT/Stat3) axis, which could be a potential 
molecular mechanism for precise target treatment of GC.

Introduction

According to the latest statistics, gastric cancer (GC) remains 
to be the third most common malignant disease globally, 

and its lethal malignant nature is responsible for the high 
mortality and morbidity of patients (1). In China, statistical 
data confirmed nearly 1 million GC cases and cancer‑related 
deaths, making it the second most lethal malignancy in the 
Chinese population (2). Although multiple factors contribute 
to the morbidity and mortality of GC, tumor growth and 
metastasis are key sources to the malignancy of GC  (3). 
Methods that could alleviate or reverse them are expected in 
the targeted treatment of GC and thus are worthy of further 
investigation.

The PI3K/AKT/Stat3 signaling pathway is a classic, 
multi‑functional mechanism which is involved with the devel-
opment and progression of numerous cancers, such as human 
bladder, breast and colorectal cancer (4‑6). It has been thor-
oughly studied and is believed to contribute to the malignancy 
of GC as well, particularly to its metastatic characteristics (7).

Nuclear factors and their receptors are indispens-
able in the development of tumor growth, metastasis and 
epithelial‑mesenchymal transition (EMT) in several types of 
cancers (8). Nuclear factor I/B (NFIB) is a recently discovered 
member of the nuclear factor family (which includes NFI‑A, 
B and X) and emerging evidence has shown that NFIB, 
besides functioning during normal somatic development, is 
also involved in the generation and progression of various 
types of cancer, including small‑cell lung cancer, melanoma 
and breast cancer, through different molecular mechanisms 
such as forming the oncogenic NFIB‑MYB gene fusion or 
increasing the chromatin accessibilities of its downstream 
targets  (9‑11). Nevertheless, research on the functions and 
involvement of NFIB on the development of GC has not been 
reported yet.

In the present study, we focused on the roles played by 
NFIB on the malignant behavior of GC cells. Our research 
demonstrated that NFIB is an oncogenic molecule which 
contributes to the malignancy of GC by enhancing the prolif-
eration, migration, aggression and EMT processes of GC 
cells. We further discovered that NFIB exerts its function by 
regulating CXCR4, AKT and Jak2/Stat3 pathway members. 
Silencing of NFIB expression enhanced AKT phosphoryla-
tion, in addition to the downregulation of CXCR4 expression 
as well as the phosphorylation of Jak2/Stat3 pathway members. 
Our study for the first time revealed NFIB as a developmental 
contributor of GC and a potential target for the molecular 
treatment of GC.

NFIB promotes cell growth, aggressiveness, metastasis and EMT 
of gastric cancer through the Akt/Stat3 signaling pathway

CHUANQING WU*,  XIAOJIE ZHU*,  WEIZHEN LIU,  TUO RUAN,  WENZE WAN  and  KAIXIONG TAO

Department of Gastrointestinal Surgery, Union Hospital, Tongji Medical College, 
Huazhong University of Science and Technology, Wuhan 430022, China

Received January 16, 2018;  Accepted May 31, 2018

DOI: 10.3892/or.2018.6574

Correspondence to: Dr Kaixiong Tao, Department of Gastro
intestinal Surgery, Union Hospital, Tongji Medical College, 
Huazhong University of Science and Technology, 1277  Jiefang 
Avenue, Wuhan 430022, China
E‑mail: kaixiongtao@hust.edu.cn

*Contributed equally

Key words: NFIB, Akt, Stat3, gastric cancer, molecular therapy

https://www.spandidos-publications.com/10.3892/or.2018.6574


WU et al:  NFIB PROMOTES THE MALIGNANCY OF GASTRIC CANCER THROUGH THE Akt/Stat3 PATHWAY1566

Materials and methods

Quantitative real‑time polymerase chain reaction. Total 
RNA was extracted from tissues and cultured cells by TRIzol 
reagent (Takara Biotechnology Co., Ltd., Dalian, China). The 
quantity of RNA was assessed using an ultraviolet spectro-
photometer at absorbances of 260 and 280 nm. The ratio of 
optical density (OD) 260/280 between 1.7 and 2.1 suggested 
an adequate purity for subsequent experiments. The primers 
for evaluating the NFIB expression in GC tissues and cell 
lines was: i)  NFIB forward, 5'‑AAA​AAG​CAT​GAG​AAG​
CGA​ATG​TC‑3' and reverse, 5'‑ACT​CCT​GGC​GAA​TAT​CTT​
TGC‑3'; ii) GAPDH forward, 5'‑ACA​ACT​TTG​GTA​TCG​TGG​
AAG​G‑3' and reverse, 5'‑GCC​ATC​ACG​CCA​CAG​TTT​C‑3'. 
The reverse transcription reactions were carried out using the 
PrimeScript™ One Step qPCR kit (Takara Biotechnology). 
The messenger RNA (mRNA) expression analysis of NFIB 
was performed by real‑time polymerase chain reaction (qPCR) 
using a standard SYBR‑Green PCR kit (Takara Biotechnology) 
protocol on an Applied Biosystems 7500 Real‑Time PCR 
system (Applied Biosystems; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) according to the manufacturer's instruc-
tions. The reaction conditions of qPCR were: 95˚C for 30 sec, 
60˚C for 30 sec, 40 cycles at 95˚C for 30 sec, 60˚C for 30 sec, 
and 72˚C for 30 sec. Glyceraldehyde 3‑phosphate dehydroge-
nase (GAPDH) expression was regarded as the endogenous 
control in each sample. The relative gene expression levels 
were calculated using the comparative Cq (ΔΔCq) method, 
in which the relative expression is calculated as 2‑ΔΔCq, and 
Cq represents the threshold cycle (12). Each experiment was 
conducted in triplicate.

Cell procurement and maintenance. The normal human gastric 
normal epithelium cell line GES1 and the GC cell lines AGS, 
MKN45, HGC27, MGC803 and SGC7901 were preserved 
and obtained from the Laboratory of General Surgery, Union 
Hospital, Tongji Medical College. All cell lines were cultured in 
the cell culture medium RPMI‑1640 (HyClone; GE Healthcare 
Life Sciences, Logan, UT, USA) mixed with 10% fetal bovine 
serum (FBS; ScienCell Research Laboratories, Inc., San 
Diego, CA, USA), streptomycin (100 µg/ml) and penicillin 
(100 U/ml; both from Sigma‑Aldrich; Merck, St. Louis, MO, 
USA) at 37˚C and 5% CO2. Antibodies against NFIB (dilu-
tion 1:500; cat. no. ab186738) and GAPDH (dilution 1:1,000; 
cat. no. ab9485) were purchased from Abcam (Cambridge, MA, 
USA), while E‑cadherin (dilution 1:1,000; cat. no. sc‑71009), 
N‑cadherin (dilution 1:1,000; cat. no. sc‑59987) and vimentin 
(dilution 1:1,000; cat.  no.  sc‑80975) were purchased from 
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). Akt/p‑Akt 
(dilution 1:1,000; cat. no. 9272S/4060S) and Stat3/p‑Stat3 
(dilution 1:1,000; cat.  no.  12640S/9145S) antibodies 
were purchased from Cell Signaling Technology, Inc. 
(Danvers, MA, USA).

Cell viability assay. HGC27 and MKN45 cells in loga-
rithmic growth were washed twice with phosphate‑buffered 
saline (PBS) and seeded on a 96‑well plate with 6 duplicate 
wells at a final density of 5x103 cells/well at 37˚C for 24 h. 
Then, the cells were transfected with either NFIB siRNAs 
or NFIB controls under the same concentration of 100 µM. 

At indicated time‑points, 20 µl of 5 mg/ml 3‑(4,5‑dimeth-
ylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide (MTT; 
Sigma‑Aldrich; Merck KGaA) was added into each well and 
incubated for another 4 h at 37˚C and 5% CO2. Then, the culture 
medium was removed and 150 µl dimethyl sulfoxide (DMSO) 
was added to each MTT‑treated well for 10 min to dissolve the 
crystals. The absorbance at 490 nm was determined using a 
microplate reader (Molecular Devices, LLC, Sunnyvale, CA, 
USA) to assess cell viability. The experiment was repeated at 
least 3 times.

Colony formation assay. Transfected or non‑transfected 
HGC27 and MKN45 cells (500 cells/well) were evenly seeded 
on 6‑well plates in triplicate and were grown for 48 h in 
RPMI‑1640 medium with 10% FBS at 37˚C. Then, both cell 
types were divided into 2 groups and transfected with either 
NFIB siRNAs or NFIB controls under the same concentra-
tion of 100  µM, separately. After 14  days, the cells were 
fixed with 4% paraformaldehyde (Sigma‑Aldrich; Merck) 
for 30 min, stained with Giemsa (Sigma‑Aldrich; Merck) for 
20 min, and photographed under an inverted fluorescence 
microscope (IX51; Olympus Corp., Tokyo, Japan) equipped 
with an Olympus Qcolor 3 digital camera (Olympus Corp.). 
The number of colonies (>50 cells) were analyzed using an 
inverted microscope (Nikon, Inc., Garden City, NY, USA).

Cell migration and invasion assay. Cell migration and 
invasion were assessed with Transwell chambers (Corning 
Incorporated, Corning, NY, USA) containing 24‑well inserts 
with 8‑µm pores in the presence or absence of Matrigel ECM 
(BD Biosciences, Franklin Lakes, NJ, USA), according to 
the manufacturer's protocols. After 48 h of transfection, both 
MKN45 (100,000/chamber) and HGC27 (100,000/chamber) 
cells were seeded to the upper chamber filled with Gibco™ 
Opti‑MEM™ (Thermo Fisher Scientific, Inc.) serum‑free 
medium and incubated for an additional 24 h for migration or 
48 h for invasion. The lower chamber was filled with 600 µl 
Gibco™ RMPI‑1640 medium (Thermo Fisher Scientific, Inc.) 
mixed with 10% FBS (ScienCell Research Laboratories, Inc., 
Carlsbad, CA, USA). Then, the cells in the upper chamber 
were wiped off, and the penetrated cells were fixed in 4% para-
formaldehyde and stained with crystal violet staining solution 
(dilution rate: 1:3) at room temperature for 15 min. Cells were 
quantified by counting in 5 randomly selected fields for each 
membrane under light microscope with an x100 magnification, 
and the average number of cells from 3 independent tests was 
regarded as the migration or invasion value.

Western blot analysis. The total proteins from treated cells and 
biopsy samples of gastric tumors were extracted with radioim-
munoprecipitation assay (RIPA) lysis buffer (Pierce; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). The contents of 
the extracted proteins were quantified using the BCA Protein 
Assay Reagent kit (Pierce; Thermo Fisher Scientific, Inc.). 
For analysis of protein expression, equal amounts of protein 
(40 µg) from each sample were run on 12% sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis (SDS‑PAGE) 
and electro‑transferred to polyvinylidene difluoride (PVDF) 
membranes (EMD Millipore, Billerica, MA, USA). Following 
blocking with 5% bovine serum albumin for 2 h at 37˚C, the 
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membranes were probed with the primary antibody against 
phosphorylated Akt (cat. no. 4060S), Akt (cat. no. 9272S), 
phosphorylated Stat3 (cat. no. 9145S), Stat3 (cat. no. 12640S) 
and GAPDH (cat. no. ab9485) at a concentration of 1:1,000 
overnight at 4˚C. After being washed 3 times with Tris‑buffered 
saline with Tween‑20 (TBST) buffer, the horseradish 
peroxidase‑goat anti‑rabbit antibodies (cat. no. 10285‑1‑AP; 
ProteinTech, Co., Wuhan, China) were added at 1:3,000 dilu-
tions and incubated with the membranes at room temperature 
for 1 h. After being washed again, the protein bands were 
visualized and quantified using Electrochemiluminescence 
Plus Detection system (EMD Millipore). GAPDH was used as 
an internal reference.

Immunohistochemistry (IHC) analysis. Immunohisto
chemistry was performed with polymer‑based technology 
(EnVision; Dako; Agilent Technologies, Inc., Santa Clara, 
CA, USA) as described by previous studies (13). The study 
was approved by the Ethics Committee of Union Hospital, 
Tongji Medical College, Huazhong University of Science and 
Technology. The gathering and use of the patient data and 
tissues were consented by all patients involved. The tissue speci-
mens of GC patients and adjacent normal tissues (male:female, 
2:17; age range, 37‑83 years) collected by the Department of 
Gastrointestinal Surgery of Union Hospital from November 
2013 to December 2016 were fixed with 4% paraformaldehyde 
overnight at 4˚C and then embedded in paraffin, sliced into 
4‑mm sections with a microtome and then fixed onto slides. 
The tissue sections were dewaxed with xylene and rehydrated 
with graded alcohol concentrations as instructed by the stan-
dard procedures. The sections were then treated in EDTA 
(pH 8.0) and autoclaved at 121˚C for 5 min to retrieve the anti-
genicity. After being washed in PBS (0.1 M, pH 7.4, 3 times 
for 5 min), the endogenous peroxidase was blocked with 3% 
hydrogen peroxide for 15 min at room temperature. After 
being washed again with PBS, the slides were incubated with 
primary antibodies for 1 h at room temperature. The primary 
antibody and dilution were: NFIB (cat. no. ab186738; Abcam), 
1:100 dilution. Immunostaining was performed using the 
EnVision system with diaminobenzidine (Dako Cytomation, 
Glostrup, Denmark). The relative intensity of NFIB expres-
sion was evaluated with the Image‑Pro Plus (IPP version 6.0; 
Media Cybernetics, Inc., Silver Spring, MD, USA).

Statistical analysis. Statistical analyses were performed using 
SPSS 20.0 software package (SPSS, Inc., Chicago, IL, USA). 
All data were compared and analyzed as the mean ± standard 
deviation (SD) from at least 3  independent experiments. 
Statistical significance was estimated with Student's t‑test 
between 2 groups and one‑way analysis of variance (ANOVA) 
followed by the least significant difference method for 3 and 
more groups. The association between NFBI expression and 
clinical parameters was analyzed using a Chi‑squared test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

NFIB is highly expressed in GC tissues and cell lines. For 
starters, we explored the functions of NFIB in GC by examining 

its expression levels in GC tissues as well as GC cell lines. 
NFIB expression was examined in 37 primary GC tissues 
coupled with their corresponding normal adjacent mucosa, 
as well as the human GC (AGS, MKN45, HGC27, MGC803 
and SGC7901) cell lines. A strong and widely‑distributed 
cytonuclear staining pattern of NFIB was detected in GC 
specimens by immunohistochemical (IHC) staining, whereas 
the corresponding normal mucosa exhibited weak or no 
staining of NFIB (Fig. 1A and B). Western blotting, as shown 
in Fig. 1C, further confirmed that the expression of NFIB 
was significantly higher in GC tissues than the corresponding 
adjacent tissues. In addition, western blotting revealed that the 
expression level of NFIB was also elevated in most human GC 
cell lines, among which the MKN45 and HGC27 cell lines 
had the highest expression (Fig. 1D). Consistent with the NFIB 
expression comparisons at the protein levels, the mRNA levels 
of NFIB in GC tissues were markedly enhanced, compared 
with those in adjacent non‑cancerous tissues (Fig. 1E).

Elevated NFIB expression is associated with poorer clinical 
prognosis of GC patients. To investigate the roles played by 
NFIB in the clinical characteristics as well as the prognosis 
of GC patients, we compared the relationships between the 
expression of NFIB in GC tissues and the clinical features of 
37 GC patients that we collected (Table I).

Statistical analysis revealed that NFIB overexpression in 
GC patients was significantly associated with more advanced 

Table I. Clinicopathological characteristics of patients.

	 NFIB
	 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological factors	 n	 High	 Low	 P‑value

Age (years)				    0.5766
  >60	 7	 5	 2
  <60	 30	 19	 11
Sex				    0.1881 
  Male	 20	 15	 5
  Female	 17	 9	 8
Pathological T stage				    0.0011a

  T1+T2	 10	 2	 8
  T3+T4	 27	 22	 5
Pathological N stage				    0.0353a

  N0	 22	 11	 11
  N1+N2	 15	 13	 2
Tumor differentiation				    0.0043a 
  High	 5	 0	 5
  Moderate	 26	 19	 7
  Low	 6	 5	 1

The NFIB staining intensity was independently scored as follows: 
<50% staining was identified as low expression, and >50% as high 
expression. aP<0.05. Chi‑squared test was used for the evaluation of 
statistical significance. NFIB, nuclear factor I/B.
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tumor‑node‑metastasis  (TNM) stages and tumor differen-
tiation (P<0.05). Other clinical parameters, including age and 
sex, were not statistically significantly associated to NFIB 
overexpression. These statistical analysis data predicted NFIB 
as an oncogenic molecule in GC and revealed it to be associ-
ated with differentiation and metastasis, which prompted us to 
further study its roles and functions with respect to the aggres-
siveness, invasion, metastasis and proliferation of GC cells.

Elevated NFIB expression promotes the migratory and 
invasive characteristics of GC cell lines. Since our data 
demonstrated that NFIB expression is significantly elevated 
in GC tissue samples and cell lines, as well as associated to 
poorer clinical prognosis, we next aimed to find out whether 
NFIB overexpression, to some extent, is responsible for the 
malignancy of GC. We chose the two cell lines, MKN45 and 
HGC27, as the cell tools for our further research, since they 
expressed the highest levels of NFIB protein among all the 
examined GC cell lines.

To investigate the effects of NFIB silencing on the migra-
tion and invasion aspects of GC cells, we first examined the 
efficacy of NFIB‑siRNA on decreasing NFIB expression. 

Both MKN45 and HGC27 cell lines were divided into two 
subgroups and designated as siNFIB and siNC groups, which 
were transfected with either the NFIB‑siRNA (siNFIB) or 
the negative‑control siRNA (siNC), respectively. The western 
blotting revealed that siNFIB significantly decreased the 
expression of NFIB in both cell lines, compared with the siNC 
groups (Fig. 2).

We further investigated the effects of NFIB knockdown on 
the migratory and invasive capacities of the GS cell lines with 
Transwell assays. The results revealed that the downregula-
tion of NFIB markedly inhibited the migration (Fig. 3C) as 
well as the invasion  (Fig. 3B) abilities of GC cells. When 
transfected with NFIB‑siRNA, both MKN45 (Fig. 3A) and 
HGC27 (Fig. 3B) cells became less effective on penetrating 
the Transwell chamber membranes and extracellular matrix 
(ECM) coatings.

NFIB expression promotes the colony formation in GC cell 
lines. Since the tumorigenicity of GC cells is one of the most 
important factors for cancer malignancy, we also explored the 
roles of NFIB in the tumorigenicity properties of GC with 
colony formation assays. As shown in Fig. 4, the siNFIB groups 

Figure 1. NFIB is highly expressed in gastric cancer (GC) tissues and cell lines. (A) The immunohistochemical (IHC) staining detected strong NFIB expres-
sion in the cytonuclei of GC tumor tissues, whereas in adjacent non‑cancerous tissues, the expression of NFIB was weak and majorly restricted to the gland 
area. (B) The IHC detection of the mRNA samples of 37 GC tissue pairs revealed an elevated NFIB expression ratio (64.8% positive, 24/37) in GC tissues, 
compared to the lower expression ratio of NFIB (32.4% positive, 12/37) in adjacent non‑cancerous tissues. (C) Western blotting revealed a higher protein 
expression of NFIB in GC tissue samples compared to the adjacent normal tissues. N, normal tissue; T, GC tissue. (D) NFIB expression was examined by 
western blotting in 5 human GC cell lines (AGS, MKN45, HGC27, MGC823 and SGC7901) and the normal human gastric mucosal cell line GES1. Higher 
NFIB expression was detected in all human GC cell lines except for AGS, compared with the GES1 cell line. (E) Consistent with the IHC and western blot 
analysis findings, the RT‑PCR detection of the mRNA samples of the 37 GC tissue pairs confirmed significantly higher NFIB expression in GC tissues (1.7‑fold 
relative to the adjacent non‑cancerous tissues). *P<0.05, **P<0.01. NFIB, nuclear factor I/B. 
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of HGC27 (Fig. 4A) and MKN45 (Fig. 4C) displayed inhibited 
ability to form colonies. The numbers and sizes of the colonies 
were significantly limited for both cell lines compared with 
the NC groups (Fig. 4B and D).

NFIB expression promotes the proliferation and viability of 
GC cell lines. Another important factor of malignancy for 
GC is the proliferation of GC cells. We studied the contri-
bution of NFIB on the proliferation and viability aspects of 

Figure 2. NFIB‑siRNA is transfected to gastric cancer (GC) cells and knockdown efficacy is examined by western blot analysis. The results revealed that 
NFIB‑siRNA was efficient at knocking down the expression of NFIB in both (A) MKN45 and (B) HGC27 cell lines. When the cells were treated with 
NFIB‑siRNA transfection, the expression of NFIB was significantly suppressed at the protein level (*P<0.05). NFIB, nuclear factor I/B. 

Figure 3. Migration and invasion capabilities of gastric cancer (GC) cells are determined by 3 independent Transwell assays. The results of the Transwell assays 
revealed that after knocking down the expression of NFIB, the number of cells which penetrated the chamber membranes as well as the ECM matrix of both 
(A) MKN45 and (B) HGC27 were decreased. (C and D) Statistical analysis revealed that compared with the NC‑siRNA groups, the NFIB‑siRNA groups had 
significantly fewer numbers of penetrated cells (the analysis was based on 3 independent trials; *P<0.05, **P<0.05). NFIB, nuclear factor I/B. 

https://www.spandidos-publications.com/10.3892/or.2018.6574
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GC cells by MTT assays. Relative to the higher prolifera-
tion ability of the siNC groups, the proliferation rates of the 
siNFIB groups of MKN45 (Fig. 5A) and HGC27 (Fig. 5B) 
cells were significantly reduced. The inhibition effects of 
NFIB knockdown on the proliferation of GC cells were 
most evident during the first 48 h. Notably, after 48 h, the 
siNFIB groups had almost restored the proliferation viabili-
ties. This may be explained by the effective duration of the 
NFIB‑siRNA which may have expired.

NFIB expression promotes the EMT of GC cell lines. EMT 
has been studied and is believed to contribute to the migration, 
transformation, invasion and malignant behavior of numerous 
types of cancer, including GC. We thus investigated the associa-
tions between NFIB expression and the EMT properties of GC 
cells. The western blot results (Fig. 6) revealed that compared 
with the siNC groups, the siNFIB groups of HGC27 and 
MKN45 cells expressed a higher level of E‑cadherin and lower 
levels of N‑cadherin and vimentin, suggesting that knockdown 

Figure 5. The proliferation rates of (A) MKN45 and (B) HGC27 cells were examined by MTT assay 2 days after transfection with NFIB‑siRNA or NC‑siRNA. 
The OD values reflected the number of cells. Statistical analysis was based on 3 independent trials with 5‑wells for each group (*P<0.05, **P<0.01). NFIB, 
nuclear factor I/B; GC, gastric cancer; NC, negative control; OD, optical density.

Figure 4. The tumorigenicity of gastric cancer (GC) cells was examined with semi‑quantified methods by colony formation assays. The ability to form colonies 
of (A) HGC27 and (C) MKN45 cells in the siNFIB groups was distinctly inhibited. (B and D) Statistical comparison further confirmed the decreased tumori-
genicity of the siNFIB groups (the analysis was based on 3 independent trials; **P<0.01). NFIB, nuclear factor I/B; siNFIB, NFIB‑siRNA; siNC, NC‑siRNA.
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of NFIB expression in the GC cells did in fact promote the 
EMT characteristics of them.

NFIB exhibits its functions in GC cells by modulating the 
Akt/Stat3 signaling pathways. Since we demonstrated that 
NFIB is an important and novel regulator for the malignancy 
of GC, we were interested in determining the molecular mech-
anism by which NFIB functions. Since NFIB is a member 
of the nuclear factor family, which regulates the expression 
and phosphorylation of various molecules, we hypothesized 
that overexpressed NFIB possessed its functions in GC 
cells by regulating the phosphorylation of its downstream 
signaling molecules. A number of studies have reported 
that the Akt/Stat3 signaling pathway is associated with the 
malignancy of cancer cells, including lung (14), bladder (15) 
and breast cancer (16); however, no study has investigated 
the relationships between NFIB and the Akt/Stat3 signaling 
pathways yet. Thus, we explored whether NFIB affected this 
pathway in GC. Western blotting revealed that the expres-
sion levels of p‑Akt and p‑Stat3 were suppressed when 
NFIB was inhibited by NFIB‑siRNA, while the expression 
levels of total protein of these molecules exhibited no differ-
ence between the siNFIB and the siNC group (Fig. 7). The 

results clearly revealed that the Akt/Stat3 signaling pathway 
is responsible for the NFIB‑regulated malignancy in GC 
cells, which may act as the downstream molecular signaling 
pathway of NFIB.

Discussion

To date, gastric cancer (GC) is still one of the most lethal and 
common cancers worldwide, which is often associated with 
a high mortality and morbidity (17‑19). The majority of GC 
patients are diagnosed at an advanced stage and receive a poor 
prognosis (20). One of the reasons for the poor outcomes of 
GC is the malignant biological behaviors of GC cells, particu-
larly for those with low‑to‑intermediate differentiation stages, 
which often possess strong abilities in proliferation, migration, 
invasion and tumorigenesis (21,22).

Increasing evidence and studies have indicated that nuclear 
factor I/B (NFIB), a member of the nuclear factor family and 
a transcriptional factor necessary for the normal process of 
body development as well as cell division and differentiation 
in various types of tissues, is also critical in the formation and 
development of cancers (23). Previous studies have confirmed 
the oncogenic roles of NFIB in some types of cancer, such 

Figure 6. Western blot analysis results of EMT proteins in MKN45 and HGC27 cell lines. The expression levels of E‑cadherin were elevated following the 
knockdown of NFIB in both NFIB‑siRNA groups, while the expression of N‑cadherin and vimentin was concurrently downregulated, which was in accor-
dance to the predisposition of EMT transformation (*P<0.05, **P<0.01). NFIB, nuclear factor I/B; EMT, epithelial‑mesenchymal transition.

Figure 7. Western blot analysis of the phosphorylation levels of Akt and Stat3 in MKN45 and HGC27 cell lines revealed that the phosphorylation levels of all 
3 proteins were significantly decreased following the transfection of NFIB‑siRNA and concurrent knockdown of NFIB. No obvious difference was observed 
on the total protein levels of Akt and Stat3 (*P<0.05, **P<0.01, #NS not significant). NFIB, nuclear factor I/B.

https://www.spandidos-publications.com/10.3892/or.2018.6574
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as small‑cell lung cancer  (24), melanoma  (25) and breast 
cancer (26). Unlike many other classic molecules in tumor 
development, the roles played by NFIB are dependent of the 
tissue origins and the source of cancer cells. In different types 
of cancer, NFIB could play the part of an oncogene, a tumor 
suppressor, or components of gene fusion (23). However, to the 
best of our knowledge, the relationship between NFIB and GC 
has yet to be reported. Thus, the present study demonstrated 
for the first time that NFIB is associated to the malignancy of 
GC, which may be a novel aspect for the investigation of GC 
and a new target for the precise antitumor treatment of GC.

A recent study revealed that NFIB exerts its functions 
by targeting various downstream signaling pathways and 
molecules. For example, NFIB mediates the migration and 
invasion of melanoma cells through the regulation of EZH2 
and MITF (25). Since NFIB belongs to a family of nuclear 
factors, it controls numerous cancer‑related pathways, and 
thus, it is usually enigmatic when it comes to which pathway it 
controls for specific types of cancer. Finding the downstream 
signaling pathway for NFIB functioning in the development of 
GC is of critical importance.

It was reported that most GC patients experienced muta-
tions in the Akt/Stat3 pathway and that this pathway could 
control the invasion, migration and proliferation of GC 
cells (27). Since Akt is a protein kinase and is responsible for 
the phosphorylation of different types of functional proteins, 
finding an association between NFIB and Akt would be 
helpful in explaining the oncogenic functions of NIFB in 
GC (28). Stat3 is another essential transcription factor that can 
translocate itself to the cell nucleus to regulate the expression 
of various pro‑invasive factors, such as MMPs, HSP70 and 
HSP90 (29). No studies have depicted the relationship among 
NFIB, Akt and Stat3 before. In the present study, we detected 
the interplay among the NFIB/Akt/Stat3 pathways in which 
NFIB served as the upstream regulator of Akt and Stat3. 
Notably, according to our western blot examination results, 
after knocking down the expression of NFIB, the phosphoryla-
tion of both Akt and Stat3 were reduced, nevertheless, total 
protein expression of Akt and Stat3 remained unchanged. This 
suggests that NFIB may not be connected with the Akt/Stat3 
signaling pathway by directly controlling the protein expres-
sion levels of the signal molecules. Given the fact that NFIB 
is a nuclear factor which is responsible for the transcription of 
numerous nuclear proteins, which may include the activators 
of the Akt/Stat3 signaling pathway we thus hypothesized that 
NFIB, as a nuclear factor, could control the activation of the 
Akt/Stat3 pathway by upregulating the expression level of its 
activators. Further and more extensive research is warranted to 
examine and ascertain our hypothesis.

Notably, our study has only initially identified the 
functions and roles played by NFIB in GC, and the 
NFIB/Akt/Stat3 signaling pathway. Our research data is not 
suffcient to depict the more detailed mechanisms of NFIB in 
the development of GC. Further investigation is warranted to 
determine whether NFIB contributes to other aspects of GC 
malignancy, such as apoptosis or the cell cycle, or if other 
signaling pathways are also involved in the function of NFIB 
in GC. Moreover, in vivo experiments are also important to 
be conducted in the future in order to elucidate the roles of 
NFIB.

In summary, we demonstrated that NFIB plays an onco-
genic role in the formation, development, and metastasis of 
GC, and it forms an axial relationship with Akt and Stat3 in 
which NFIB inhibits the phosphorylation of both Akt and 
Stat3. Exploring the molecular mechanism by which NFIB 
promotes GC malignancy through the NFIB/Akt/Stat3 axis 
may be helpful for the understanding of the formation and 
development of GC and may be the targets in GC treatment 
which could be insightful to develop more effective and 
targeted therapy for GC.
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