ONCOLOGY LETTERS 21: 81, 2021

Nuclear factor I/B mediates epithelial-mesenchymal
transition in human melanoma cells through ZEB1
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Abstract. The relationship between nuclear factor I/B (NFIB)
and cancer attracts growing research interest. NFIB has diverse
and specific roles in tumor progression and invasion. However,
the potential effects and functions of this transcription factor
in melanoma remain unclear. The present study sought to
determine the distinguishing properties of NFIB in melanoma
cells. Immunohistochemical examination of the tissues of
15 patients with melanoma indicated that the expression of
NFIB was high in melanoma specimens, compared with the
benign nevus and normal skin specimens. In addition, the
relationship between high NFIB expression and low overall
survival rate was assessed. Functional studies demonstrated
that NFIB enhanced the malignancy of melanoma, including
proliferation, migration and invasion. In addition, NFIB
silencing in A375 and A875 cell lines inhibited the process
of epithelial-mesenchymal transition (EMT), upregulated
E-cadherin and zona occludens-1, but suppressed N-cadherin
and vimentin expression. These findings may suggest a new
function of NFIB in promoting the migration and invasion of
melanoma cells. Therefore, the present study further evalu-
ated the association between NFIB and zinc finger protein
E-box binding homeobox-1 (ZEB1) in melanoma. Mechanistic
experiments revealed that NFIB exerted its roles during EMT
by regulating ZEBI1. Overall, the present data indicates that
NFIB promotes the malignancy of melanoma, particularly
EMT, by modulating the ZEBI axis, such as ZEB2, ATM and
CHKI1, which may represent a potential molecular therapeutic
target in melanoma.
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Introduction

Malignant melanoma, which arises from melanocytes, is
lethal and common in the global population, ranking 5th
for the incidence of malignant tumors in males, and 6th in
females for mortality rate (1). Furthermore, its mortality seri-
ously threatens human health and imparts a grave economic
burden (2,3). Although surgical resection of malignant tissue
is recognized as the most effective therapy in the early stages
of melanoma, the 5-year survival rate in metastatic mela-
noma is only 15%, with patients experiencing a very poor
prognosis (4,5). Furthermore, melanoma is characterized
by high rates of recurrence with high mortality, often diag-
nosed in the last stages and resistant to current therapeutic
approaches (6,7). Therefore, further studies are needed to
identify novel biomarkers for malignant melanoma and to
develop a deeper understanding of the mechanisms that lead
to melanoma progression.

Epithelial-mesenchymal transition (EMT) is an indis-
pensable biological process that is closely connected to
embryogenesis and the first stage of wound healing (8).
Recently, it has become widely acknowledged that the
mechanism of EMT is more complex in melanoma. Indeed,
abnormal activation of the EMT pathway alters the micro-
environment by which epithelial tumor cells that initially
undergo EMT are able to revert to epithelial phenotype
by mesenchymal-epithelial transition at the distant site,
therefore tumor cells penetrate the basement membrane and
migrate (9). A variety of transcription factors act as molecular
switches that directly regulate the occurrence of the EMT
process in melanoma (10,11). Among these, zinc finger protein
E-box binding homeobox (ZEB) proteins, especially ZEB1
and -2, participate in the initiation of EMT in melanoma by
downregulating the expression in microphthalmia-associated
transcription factor (MITF) (12).

Nuclear factor I (NFI) is a type of transcription factor
family, which is widely found in mammals and also known
as CCAAT box-binding transcription factor (CTF). This
family is characterized by a highly conserved N-terminal
DNA-binding region, and divided into four subtypes (A, B,
Cand X) based on the variable C-terminus region (13,14). NFIs
are known to be involved in the regulation of DNA replication
and gene expression and to promote cell proliferation and
differentiation during the embryonic development (15-17).
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In addition, NFIs are abnormally expressed in various
tumors and has a complex and diverse function in some
tumors (18). For instance, human NFI type-B (NFIB) serves
a crucial role in different aspects of tumor development,
acting as an oncogene or tumor suppressor in different
types of tumor and participating in tumor-associated
fusion gene formation (19-21). Previous studies on the role
of NFIB in colorectal cancer (CRC) have indicated that
NFIB triggers EMT of CRC cells through upregulation of
SNAII expression (22). Moreover, NFIB seems to mediate
the conversion between the two transcription factors, POU
class 3 homeobox 2 and MITF, through the upregulation of
enhancer of zeste homolog 2, which increases expression of
MITF and decreases expression of BRN2, thus driving the
invasive phenotype in the melanoma (23). However, few
studies have been conducted on the specific mechanisms
involved in melanoma metastasis based on NFIB. Thus, the
present study investigated the impact of NFIB on EMT in
A375 and A875 cell lines. Given that ZEBI1 has two possible
binding sites for the NFIB promoter (24), it was hypothesized
that there was an association between ZEB1 and NFIB. The
findings of this study may provide insight into the metastasis
of malignant melanoma, with particular emphasis on EMT.

Materials and methods

Clinical specimens. To detect the expression of NFIB by
immunohistochemistry (IHC), 15 melanoma samples,
15 benign nevus samples and 10 normal skin samples were
collected between December 2017 and January 2018 from
different patients. The total number of patients enrolled for
the study was 40. Clinical samples of melanoma and nevus
in this study were provided and pathologically diagnosed by
the Department of Dermatology, Tongji Hospital affiliated
with Huazhong University of Science and Technology, while
normal skin samples were obtained from the Department of
Urology, Tongji Hospital affiliated with Huazhong University
of Science and Technology. These tissue specimens were fixed
in 10% formalin at room temperature after resection. After
24 h of fixation, the samples were then embedded in paraffin
for IHC. All the participants were newly diagnosed and had
not received any comprehensive antitumor treatment before the
surgical section. They were informed of their rights and signed
an informed consent form. The present study was approved
by the Ethics Review Committee at Tongji Hospital affiliated
with Huazhong University of Science and Technology.

IHC analysis. The expressions of NFIB protein in the samples
of melanoma, nevus and normal skin were detected by IHC.
All three kinds of specimens were cut into uniform sections
of 3-um thickness. The samples were treated with 10% polyly-
sine, then fixed on glass slides using melted paraffin at 65°C for
5 min and baked in an oven at 65°C overnight. The next day,
the prepared sections were hydrated by dewaxing with graded
alcohol and xylene at room temperature. Thereafter, antigen
retrieval was carried out using 600 ml 10 mM sodium citrate
(pH 6.0) heated in a microwave oven at 100°C for 6-8 min and
then cooled at room temperature. Several drops of hydrogen
peroxide were then added for incubation at room temperature
for 15 min to neutralize the excess oxygen radicals and reduce

the background. Then, a primary antibody specific for NFIB
(cat. no. ab186738; 1:100 dilution; Abcam) was added to the
sections at 4°C overnight, followed by incubation with a
secondary antibody conjugated with streptavidin-HRP at room
temperature for 30 min. A freshly prepared DAB coloring
solution was used to enhance coloration with hematoxylin
re-dyeing, 1% hydrochloric acid ethanol differentiation, trypan
blue pan-blue and gradient alcohol dehydration. Subsequently,
the relative intensity of NFIB expression was evaluated using
Image-Pro Plus software (IPP version 6.0; Media Cybernetics,
Inc.).

Bioinformatics analysis. The present study analyzed from
TCGA website (https://xenabrowser.net/heatmap/) and the
Oncomine Cancer Microarray database (https://www.onco-
mine.org/resource/login. html) to compare the expression
levels of NFIB mRNA in 227 samples, including 92 mela-
noma, 85 benign nevus and 50 normal skin specimens. In
each dataset, the median value of NFIB expression was used
to divide the samples into an NFIB high-expression group and
an NFIB low-expression group. The analysis was performed
using GraphPad Prism 5.0 and log-rank tests (GraphPad
Software, Inc.).

Cell lines and culture condition. The human melanoma cell
lines A375, A875 and SK-MEL-1, and the normal HaCaT kera-
tinocyte cell line were purchased from the China Center for
Type Culture Collection. HaCaT cells were authenticated by
STR. All cell lines were resuspended in Dulbecco's Modified
Eagle Medium (DMEM; Gibco; Thermo Fisher Scientific,
Inc.) supplemented with 10% fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc.) and incubated at 37°C with
5% CO,. The cell culture medium was replaced or the cells
were sub-cultured, as appropriate, every 1-2 days.

Cell transfection. A375 and A875 cells were uniformly seeded
into 6-well plates at 4x10° cells/well and incubated overnight.
The cells were resuspended in Opti-MEM (Thermo Fisher
Scientific, Inc) then transfected with small interfering (si)
RNA (si-NFIB, 5-AGGAUACUCUGAAGAACUAUU-3";
Guangzhou RiboBio Co., Ltd.) to silence NFIB expression
at 50 nM/well. The transfected cells were screened using puro-
mycin (5.0 ug/ml). The recombinant plasmid pcDNA.3.1-NFIB
(Guangzhou RiboBio Co., Ltd.) was transfected into A375
and A875 cells to induce NFIB overexpression at 0.2 ug/well.
si-negative control (NC; 5"TTCTCCGAACGTGTCACGTdT
dT-3") and empty vectors were used as controls. Silencing
and overexpression efficiency were examined by western blot
and reverse transcription-quantitative PCR (RT-qPCR). After
10 days of lentivirus transfection or 72 h after siRNA transfec-
tion, western blot and RT-PCR analyses were used to detect
the expression of target genes. Plasmids pcDNA-NFIB were
transfected into 293T cells for luciferase reporter assays.

Establishment of an EMT model of melanoma cells. The A375
and A875 cells were uniformly seeded into a 6-well plate at
a density of 4x10° cells/well, and cultured to ~75% conflu-
ence. Cells were then treated with 5 ng/ml TGF-B1. TGF-p1
(PeproTech, Inc.) was used to stimulate EMT. Untreated cells
were used as a control. A phase-contrast microscope (Model
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CKX41; magnification, x100; Olympus Corporation) was used
to examine cell morphological changes after 24 h.

RT-gPCR. Total RNA was extracted from cells 48 h following
transfection using TRIzol® solution following the manufactur-
er's instructions (Thermo Fisher Scientific, Inc.). An ultraviolet
spectrophotometer with a wavelength between 260 and 280 nm
was used to measure the RNA concentration. Total RNA was
reverse transcribed to cDNA with RT Master Mix (Takara Bio,
Inc.) according to the manufacturer's instructions. RT-PCR was
performed with SYBR Master Mix (Takara Bio, Inc.) using
the StepOne-Plus system (Thermo Fisher Scientific, Inc.).
RT-PCR was performed with 40 cycles under the following
conditions: Denaturation at 95°C for 30 sec, annealing at 60°C
for 1 min and extension at 95°C for 5 sec. Each experiment
was conducted three times. The specific primer sequences for
evaluating the NFIB expression in melanoma cell lines were as
follows: i) NFIB forward, 5'-~AAAAAGCATGAGAAGCGA
ATGTC-3'; ii) NFIB reverse, 5-ACTCCTGGCGAATATCTT
TGC-3'; iii) GAPDH forward, 5'-ACAACTTTGGTATCG
TGGAAGG-3";, and iv) GAPDH reverse, 5'-GCCATCACG
CCACAGTTTC-3. GAPDH served as an endogenous control
to normalize NFIB expression in each sample. The relative
expression of NFIB was calculated using the comparative Cq
(244€9) method (25).

Cell proliferation. The Cell Counting Kit-8 (CCK-8; Beijing
Baisi Biological Technology Co., Ltd.) was used to evaluate
the rate of cell proliferation. In brief, A375 and A875 cells
were uniformly seeded into three 96-well plates at a density of
1x10° cells/well, in culture medium volume 100 pl/well. 10 pl
CCK-8 solution was added into the media. The absorbance of
cells was assessed at a fixed time every day, and the data were
continuously detected by a microplate reader (Thermo Fisher
Scientific, Inc.). The optical density of cells was measured
at a 450 nm wavelength. The cells were incubated for 24,
48 and 72 h at 37°C with 5% CO,.

Colony formation assay. Melanoma cells in the logarithmic
growth period were seeded in a 6-well plate at a density of
5x10 cells/well containing DMEM medium with 10% FBS
and incubated at 37°C in a humidified incubator with 5% CO,.
When the colonies were visible to the naked eye, the culture
was stopped immediately and then fixed with 4% parafor-
maldehyde (Google Biotechnology Co., Ltd.) and stained by
0.1% crystal violet (Google Biotechnology Co., Ltd.). Finally,
the number of colonies (>50 cells) were analyzed under an
inverted microscope (Olympus Corporation), and the colony
number and colony formation rates were calculated. Clone
formation rate=(number of clones/number of inoculated cells)
x100%.

Wound healing assay. To assess the effects of NFIB on cell
migration, 5x10* A375 and A875 cells were seeded during the
logarithmic growth period in the 6-well plate to ensure that
the cells would reach 90-100% confluency the next day. Three
parallel lines were drawn on the back of the 6-well plate with
a marker pen, and a 100-ul pipette tip was selected to draw a
line on the bottom of the cell of the 6-well plate. After this,
the cells were washed with sterile PBS repeatedly 3-5 times

to remove floating cell debris. The cells were then cultured
in serum-free medium for 24 and 48 h. Migration between
scratches was observed under an inverted microscope under
x100 magnification and kept at the same position and time
under the mark.

Cell migration and invasion assay. Migration and invasion
were evaluated in 24-well Transwell chambers (Corning Inc.)
in the presence or absence of Matrige]™ ECM (Corning Inc.)
coating. Aftertransfection for48h, A375 (5x10*cells/chamber)
and A875 (1x10° cells/chamber) cells resuspended in 200 ul
of serum-free DMEM medium were seeded into the upper
chamber. The lower chamber received 600 yl of DMEM
medium mixed with 10% FBS. Then, the cells were incu-
bated for an additional 24 h for migration assays or 48 h for
invasion assays at 37°C with 5% CO,. Finally, the cells in
the upper chamber were wiped off with a cotton bud, and
the penetrated cells underneath the chamber were fixed with
4% paraformaldehyde and stained with 0.1% crystal violet
staining solution (both at room temperature for 30 min). The
cells were counted in five randomly selected fields for each
membrane under an inverted microscope and photographed
at x100 magnification.

Western blot analysis. Total protein was extracted using RIPA
buffer (Thermo Fisher Scientific, Inc.) supplemented with
protease inhibitor cocktail and 1% PMSF (Roche Diagnostics).
The protein was quantified using a BCA Protein Assay
Reagent kit (Thermo Fisher Scientific, Inc.) and were collected
and mixed with loading buffer. Equal amounts of protein
(40 pug) from each sample were separated by 10% SDS-PAGE
and transferred to PVDF membranes (EMD Millipore). The
membranes were blocked in 5% milk in TBST buffer for 2 h at
room temperature, then incubated with primary antibodies at
the recommended dilution overnight at 4°C. After binding with
secondary antibody conjugated HRP at room temperature for
1 h,Image J (National Institutes of Health) was used to measure
the band density. GAPDH acted as an internal reference,
and each sample was analyzed three times. NFIB (1:1,000;
cat. no. ab80835) and GAPDH (1:1,000; cat. no. ab9485)
antibodies were purchased from Abcam. Vimentin (1:1,000;
cat. no. 10366-1-AP) were purchased from ProteinTech Group,
Inc. E-cadherin (1:1,000; cat. no. sc-71007) and N-cadherin
(1:1,000; cat. no. sc-71002) were purchased from Santa Cruz
Biotechnolgy, Inc. Secondary horseradish peroxidase-goat
anti-rabbit antibodies (1:1,000; cat. no. 10285-1-AP) were
purchased from ProteinTech Group, Inc.

Statistical analysis. All data are presented as the mean =+ stan-
dard deviations (SD) from three independent experiments. All
statistical analyses were performed using GraphPad Prism
(version 6.0; GraphPad Software, Inc.). Unpaired Student's
t-test was employed to compare the difference between two
groups. One-way ANOVA followed by the Least Significant
Difference was used for multigroup comparisons. The log-rank
test and Kaplan-Meier survival curves were used to analyze
the association between NFIB expression and overall survival.
Statistical analyses were performed using GraphPad Prism 5.0
(GraphPad Software, Inc.). P<0.05 was considered to indicate
a statistically significant difference.
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Figure 1. NFIB is highly expressed in human malignant melanoma tissues and associated with poor prognosis. (A) Immunohistochemical staining of NFIB in
melanoma tissues, paired with benign nevus and normal skin. P<0.001, one-way ANOVA test. (B) NFIB mRNA expression in melanoma, nevus and normal
skin in two Oncomine datasets. “P<0.01, ““P<0.001; one-way ANOVA test. (C) Based on the mean NFIB expression set by the TCGA database website,
patients with melanoma were divided into high and low NFIB expression groups. Kaplan-Meier survival analysis and log-rank test were used to evaluate the
effect of NFIB expression on overall survival. (D) NFIB protein expression in the A375, A875 and SK-MELI human melanoma cell lines and the normal

human HaCaT keratinocytes. NFIB, nuclear factor I/B.

Results

NFIB is relatively high in human malignant melanoma and
associated with poor prognosis. The expression and molecular
mechanism of NIFB have not been clearly reported in mela-
noma previously. Initially, the present study analyzed the
localization of NFIB in clinical samples. NFIB expression
levels were examined by ITHC in 15 malignant melanoma
samples, 15 benign nevus samples and in 10 normal skin
non-matched samples. In total, 12 malignant melanoma
samples were positive for NFIB expression, five benign nevus
samples were positive for NFIB expression, no normal skin
sample was positive for NFIB expression. Notably, NFIB was

widely distributed in melanoma samples with a cytonuclear
staining pattern (data not shown). A significantly higher
expression of NFIB was observed in the melanoma specimens,
compared with benign pigmented nevus and normal human
skin (Fig. 1A). Furthermore, mRNA expression data from
the Haqq and Talantov Oncomine datasets supported these
findings (Fig. 1B).

The Oncomine datasets were also used to explore the rela-
tionship between NFIB expression levels and overall survival.
The log-rank test and Kaplan-Meier survival analysis indi-
cated that high NFIB expression was associated with lower
overall survival rate, relative to the NFIB low-expression
group (Fig. 1C). This indicated that NFIB may serve as a poor
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Figure 3. NFIB expression promotes cell migration. Wound healing assays were used to evaluate the capacity of cell migration following transfection with
NFIB-siRNA or NC-siRNA in both (A) A375 and (B) A875 cells. Statistical analysis of wound healing rates in (C) A375 and (D) A875 cells. “P<0.01. NFIB,
nuclear factor I/B; siRNA, small interfering RNA; NC, negative control. Magnification, x100.

prognostic indicator for melanoma and could be associated
with the aggressiveness of melanoma cells.

In addition, western blotting suggested that NFIB expres-
sion levels were also elevated in the A375, A875 and SK-MEL1
melanoma cell lines, compared with the normal human kerati-
nocyte HaCaT cell line (Fig. 1D).

NFIB expression promotes migration and invasion in mela-
noma cell lines. To further investigate the role of NFIB on
malignancy in melanoma, NFIB expression was silenced in

A375 and A875 cells using transfection with NFIB-siRNA.
Detection of knockdown efficiency was done by RT-qPCR and
western blot analysis. NFIB expression was notably dropped
in melanoma cell lines using transfection with NFIB-siRNA
compared with NC-siRNA (Fig. 2). Subsequently, the role of
NFIB on migration and invasion in melanoma cell lines was
evaluated in wound healing and Transwell assays. Transfection
with NFIB-siRNA significantly reduced the migratory capacity
of both A375 and A875 cells, compared with NC-siRNA
(P<0.01; Figs. 3 and 4). In addition siRNA-mediated NFIB
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silencing also significantly reduced the invasion capacity of
both A375 and A875, relative to the NC-siRNA (Fig. 4).

NFIB promotes melanoma cell proliferation and colony forma-
tion. Considering that NFIB is highly expressed in human
malignant melanoma, the present study sought to investigate
whether NFIB affects colony formation and proliferation of
melanoma cells. In CCK-8 assays, proliferative ability was
significantly reduced in NFIB-silenced melanoma cell lines
relative to their respective NC-siRNA controls (Fig. 5A and B).
Interestingly, the inhibition effect on the proliferation of
melanoma cells began to appear in the first 24 h, and peaked
between 24 and 48 h, whereas this effect disappeared after
48 h. Furthermore, the colony formation rate of cells trans-
fected with NFIB-siRNA was significantly lower than that of
the NC-siRNA group in A375 and A875 cells (Fig. 6B and D).

Furthermore, compared with the NC-siRNA, cells transfected
with NFIB-siRNA also exhibited restricted colonies in both
size and numbers (Fig. 6A and C). Consequently, these data
suggested that NFIB may enhance the malignancy of mela-
noma cells, by enhancing the proliferative ability.

NFIB expression promotes EMT in melanoma cell lines.
A large number of studies have suggested that EMT has an
important role in malignant tumors, focusing on malignant
behaviors, such as migration and invasion. During the progres-
sion of EMT, E-cadherin is known to be downregulated and
N-cadherin is upregulated, which reduces the polarity of
epithelial cells and weakens the connection with the basement
membrane to obtain higher invasion and migration capaci-
ties (26). Thus, the present study examined whether NFIB had
an effect on melanoma EMT. Morphological changes of the
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analysis of ZEB1 and NFIB expression following transfection with NFIB-siRNA or NC-siRNA. "P<0.05, “P<0.01 *“P<0.001. NFIB, nuclear factor I/B;
siRNA, small interfering RNA; NC, negative control; ZEBI, zinc finger protein E-box binding homeobox-1.

melanoma cells were observed under TGF-1 treatment and
NFIB-siRNA transfection. During inverted phase-contrast
microscopy, A375 and A875 cells that initially had epithe-
lial morphology developed an elongated fibroblast-like
morphology upon exposure to TGF-B1-induced EMT. In

contrast, the NFIB-siRNA group melanoma cells were closely
packed, and the number of cells in the same field of view was
higher, compared with the NC-siRNA group, therefore that
TGF-p1 treated NFIB knockdown cells mostly retained their
primary epithelial morphology (Fig. 7A). Western blotting
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suggested that the downregulation of NFIB was accompanied
by relatively higher expression levels of E-cadherin and ZO-1,
compared with the control groups. Conversely, relatively low
expression levels of N-cadherin and VIM were associated with
the NFIB-siRNA transfected cells (Fig. 7B and C). Overall,
these data indicated that NFIB can promote EMT in mela-
noma cells.

NFIB positively regulates EMT by modulating ZEBI in mela-
noma cell lines. To further elucidate the specific molecular
mechanism of NFIB in the regulation of EMT in melanoma
cells, the A357 and A875 cell lines were transfected with
NFIB-cDNA groups or NC-cDNA. The overexpression
was detected by RT-qPCR and western blot analysis. NFIB
expression was overexpressed in A375 and A875 cells using
transfection with NFIB-cDNA compared with NC-cDNA
(Fig. 8).

In gastrointestinal epithelial tumors, it has been docu-
mented that NFIB is closely related to tumor EMT and
promotes the occurrence of EMT in tumor cells by upregu-
lating the expression of SNAII. It was speculated that NFIB
imbued its functions in melanoma by modulating its down-
stream signaling molecules. ZEB1 has been studied in various
tumors and served an important role in EMT. However, the
association between NFIB and ZEB1 remains unclear; thus,
the present study proceeded to explore this in melanoma. In
line with the data obtained from melanoma cells in western
blotting, NFIB overexpression was associated with elevated
ZEBland N-cadherin, while the expression of E-cadherin
was downregulated (Fig. 9A and B). Supporting this, NFIB
silencing downregulated ZEB1 in A375 and AS875 cells,
compared with NC-siRNA (Fig. 9C and D), indicating that
ZEBI1 was associated with NFIB in the regulation of EMT in
melanoma.

Discussion

NFIB is a member of the NFI nuclear transcription factor
family. NFIB plays an important role in the development of
normal embryos and the formation and development of various
organs by participating in DNA replication and transcription
and can be detected and localized in the nucleus at the early
stages of murine embryonic development at 14.5 days (27,28).
Accumulating studies indicate that NFIB is closely related
to the occurrence of malignant tumors through gene fusion,
especially in adenoid cystic carcinoma (29). However, some
scholars have pointed out that NFIB may have tumor-suppres-
sive effects as rearrangement leads to NFIB gene truncation
and loss of function, together with other related genes, such
as NFIB-AIG1, NFIB-MAN1AI and NFIB-NKAIN2 (30-32).
Due to this contradictory, double-sided effect of NFIB, which
is characterized by both oncogenic and tumor-suppressive
activity, the role of NFIB in melanoma remains unclear.

The present study demonstrated that NFIB was upregu-
lated in human melanoma samples, relative to nevus and
normal skin samples. Furthermore, NFIB expression was
associated with a poor prognosis in melanoma. These are
consistent with previous observational data in patients with
non-small-cell lung cancer (31). Moreover, the present study
revealed that high expression of NFIB was associated with

poor prognosis in patients with melanoma. Consistent with
the aforementioned NSCLC study, NFIB is overexpressed and
regulates cell viability and proliferation during transforma-
tion of murine SCLC, where NFIB amplification is ~15% of
primary human SCLC (33).

Based on this evidence, and to further understand the
biological functions of NFIB in melanoma cell lines,
siRNA-mediated silencing of NFIB was employed to
explore the role of this molecule. NFIB silencing inhibited
melanoma cell proliferation, colony formation, as well as
cell migration and invasion. The cell cycle of melanoma
cells was analyzed; however, the experimental results were
not satisfactory, and there is no suggestion that there was
an association between NFIB expression and the cell cycle
in melanoma (data not shown). However, in another study,
NFIB knockdown in TP53-mutated triple-negative breast
cancer cells promoted cell death, triggered cell cycle arrest
and enhanced sensitivity to docetaxel, a first-line chemo-
therapeutic drug in breast cancer treatment (34). These
results suggest that NFIB might serve an important role in
melanoma.

A growing number of studies have proposed the behavior
of EMT to be a reversible biological process that can regu-
late migration and invasion in human melanoma (11,35,36).
To examine the underlying biological functions by which
NFIB promotes migration and invasion in melanoma cells,
functional experiments were performed, through which it was
uncovered that NFIB had a positive effect on the occurrence of
EMT. A recent study revealed that NFIB was involved in the
EMT process in colorectal cancer by encompassing various
downstream effector molecules (22,37). Western blots were
not conducted on the groups treated with TGF-§1, therefore
further experimentation is needed to analyze this. Considering
that NFIB regulates numerous cancer-related pathways, the
downstream signaling pathway is of great significance for
NFIB in the development of melanoma.

ZEBI1 is a well-characterized transcription factor
that facilitates tumor invasion and metastasis through an
EMT-independent mechanism in carcinoma cells (12,38-40).
Since ZEBI belongs to the ZEB family and binds the E-box
sequence CACCT, which has two possible binding sites for
NFIB, finding a connection between NFIB would be useful
to understand the oncogenic functions of NIFB in mela-
noma (41). Thus, it was hypothesized that NFIB might regulate
ZEBI to influence the EMT of melanoma. The present data
support the idea that NFIB overexpression can increase ZEBI
expression. Conversely, the silencing of NFIB could repress
ZEBI. However, the present conclusion only provides a new
site for NFIB to regulate the biological process in melanoma;
further extensive research is needed to verify this hypothesis
and determine whether there is an NFIB-ZEBI axis that
modulates the process of EMT. Besides, additional in vivo, cell
cycle and apoptosis assay experiments are worth conducting
to determine whether NFIB contributes to other aspects of
melanoma malignancy or if there exist ZEB2-related or other
signaling pathways that are also linked with the function of
NFIB in melanoma. Collectively, the present findings may
hold promising insights into NFIB as a novel prognostic
biomarker to predict prognosis and potential therapeutic target
in melanoma.
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