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Abstract

Background/Aims: Cell surface morphology plays pivotal roles in malignant progression and
epithelial-mesenchymal transition (EMT). Previous research demonstrated that microvilli play
a key role in cell migration of non-small cell lung cancer (NSCLC). In this study, we report
that Forkhead box class O1 (FOXOL1) is downregulated in human NSCLC and that silencing
of FOXOL1 is associated with the invasive stage of tumor progression. Methods: The cell
proliferation, migration, and invasion were characterized in vitro, and we tested the expression
of the Epithelial-mesenchymal transition (EMT) marker by immunofluorescence staining and
also identified the effect of FOXO1 on the microvilli by scanning electron microscopy (SEM).
Results: Functional analyses revealed that silencing of FOXOL1 resulted in an increase in NSCLC
cell proliferation, migration, and invasion; whereas overexpression of FOXO1 significantly
inhibited the migration and invasive capability of NSCLC cells in vitro. Furthermore, cell
morphology imaging showed that FOXO1 maintained the characteristics of epithelial cells.
Immunofluorescence staining and western blotting showed that the E-cadherin level was
elevated and Vimentin was reduced by FOXO1 overexpression. Conversely, the E-cadherin level
was reduced and Vimentin was elevated in cells silenced for FOXO1. Furthermore, scanning
electron microscopy (SEM) showed that FOXO1 overexpression increased the length of the
microvilli on the cell surface, whereas FOXO1 silencing significantly reduced their length.
Conclusions: FOXOL1 is involved in human lung carcinogenesis and may serve as a potential

therapeutic target in the migration of human lung cancer.
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Introduction

Lung cancers can be classified into two major types according to their pathological
characteristics: Small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC).
The latter can be further divided into a variety of cancer subtypes according to their
heterogeneous morphology and cell origin, which are named for the type of cell found in
the tumor, such as adenocarcinoma, squamous cell carcinoma, and large cell carcinoma [1,
2]. These subtypes of NSCLC account for ~85% of all lung cancer cases [3, 4]. The mortality
rate of NSCLC in many countries is increasing because of its high metastatic potential [5, 6].
Cancer metastasis is closely related to cell migration and motility; therefore, it is important
to identify the underlying mechanisms of motility and migration of NSCLC.

Studies have linked the tumor suppressor activity of Forkhead box transcription
factor O proteins (FOXOs) to the regulation of genes involved in angiogenesis, apoptosis,
cell cycle arrest, cell metabolism, oxidative stress, immune regulation, differentiation, and
cell death [7-11]. In multiple cancer types, FOX03 overexpression reduces cell viability
and invasiveness [12]. FOXO3 downregulation increases the expression of TWIST1 and cell
motility [13, 14]. Similarly, FOXO4 downregulation by the PI3K-AKT pathway correlates with
metastasis. In addition, it limits prostate cancer cell migration and invasion in vitro and in
vivo [15]. Moreover, FOXO1 has been shown to negatively regulate RUNX2 transcriptional
activity, RUNX2-mediated migration, and the invasion of prostate cancer cells. A recent study
suggested that FOXO1 is also involved in the promotion of breast tumor cell invasion [16].
However, the mechanisms of FOXO1-mediated cell motivations in NSCLC remain poorly
understood.

Epithelial-mesenchymal transition (EMT) is a developmental mechanism of tumor
progression that is frequently observed in various types of cancers. Cancer cells that
undergo EMT have increased metastatic properties. Increasing evidence shows that EMT
is related to a high mortality rate and poor prognosis [17, 18]. During EMT, epithelial cells
reorganize their cytoskeleton to alter cell polarity and morphology, and lose their junctions,
which increases the invasive capacity of the cells. The hallmarks of EMT include decreased
expression of E-cadherin and overexpression of Vimentin [19, 20]. In recent years, it was
observed that EMT is closely related to carcinoma progression, and acts as a major driver of
cellular morphogenesis and tumor progression [21]. Although EMT is able to modulate cell
surface ultrastructure, its regulatory mechanism of the changes in cellular ultrastructure in
tumor metastasis is largely unknown.

In the current study, we knocked down FOXO1 in the NSCLC cell line H1792 using RNA
interference (RNAi)and overexpressed FOXO1inthe NSCLC cellline H520 usingarecombinant
plasmid. We analyzed the biological behavior of the cells, including the expression and cellular
location of epithelial and mesenchymal markers, such as E-cadherin and Vimentin, and the
changes of the cell ultrastructure in NSCLC. Our results demonstrated that overexpression of
FOXO1 suppressed NSCLC proliferation and invasion in vitro. Furthermore, FOXO1 inhibited
the EMT-like phenotype by increasing the length of the microvilli on the cell surface. These
findings suggested that FOXO1 is a potential tumor suppressor gene in NSCLC development
and progression, as well as a therapeutic target in NSCLC metastasis.

Materials and Methods

Cell culture

Human bronchial epithelial cell line 16HBE, and human NSCLC cell lines H1792, H520, and H1650,
H460 were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). These cells
were identified by the cell banks using short tandem repeat analysis. 16HBE cells were isolated from the
normal human bronchial epithelium. H520 is a cell line from squamous cell carcinoma of the lung, H1792
is a cell line from adenocarcinoma cell carcinoma of the lung, H1650 is cell line from metastatic lung and
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pleural effusion and H460 is a cell line from large cell carcinoma of the lung. Stable cell line H520/FOX01 was
maintained in our laboratory. Cells were cultured in Roswell Park Memorial Institute (RPMI 1640) medium
(Invitrogen, Carlsbad, CA, USA). All media were supplemented with 10% fetal bovine serum (Invitrogen),
and cell lines were maintained at 37 °C in a humidified atmosphere containing 5% CO,,.

Clinical samples

Thirty paired lung cancer and benign adjacent non-cancerous tissue samples were analyzed using
real-time quantitative reverse transcription PCR (qQRT-PCR). This study was approved by the Institutional
Review Board of the Third Affiliated Hospital of Harbin Medical University, and written informed consent
was obtained from all patients.

Immunohistochemical staining

Immunohistochemical staining was determined by the staining intensity and the percentage of
immunoreactive cells. 6-um-thick sections were prepared by cutting paraffin-embedded colon cancer
tissues. After deparaffinization and rehydration, 3% H,0, was used to block endogenous peroxidase activity.
Furthermore, microwave treatment was used to retrieve the antigen before blocking nonspecific reactions
using 5% bovine serum albumin. The sections were then incubated with primary antibodies against FOX01
(Abcam, Cambridge, MA, USA) at 4 °C overnight. After incubation with streptavidin-biotin peroxidase-
labeled secondary antibody for 1 h at room temperature, 3, 3’-diaminobenzidine (DAB) substrate (ZSGB
Bio, Beijing, China) was applied for staining according to the manufacturer’s instructions. Negative control
staining was performed by replacing the primary antibodies with phosphate-buffered saline (PBS). The
results were evaluated by a pathologist who was blinded to the clinical information. The staining intensity
was scored as follows: 0 (negative), absent or staining < 5% of cells; grade 1, mild to moderate staining of
5-50% of cells; grade 2, moderate to intense staining of more than 50% of the cells.

Scanning Electron Microscopy (SEM) Analysis

The cells were cultured in RPMI 1640 for 24 h, washed with PBS three times, and placed in 4%
paraformaldehyde (PFA) for 1 h at 37 °C. The cells were then washed with PBS five times and treated with
1% osmium tetroxide (Sigma-Aldrich, St. Louis, MO, USA) for 1 h in PBS at room temperature. Dehydration
was then accomplished by submersing the samples in an ethanol gradient (20%, 50%, 75%, 90%, and
100%) for 5 minutes at room temperature. The samples were then coated with a thin film of gold using a
sputter Q150TES at 20 mA for 10 seconds before viewing by SEM (Quanta FEG 250 (FEI)) at 3 KV.

Transfection and Western Blotting

For transient transfection, 4 x 105 cells were plated into 6-well plates and kept in antibiotic-free
medium for 12 h before transfection. The cells were then transfected with the short interfering RNA (siRNA)
or plasmid using Lipofectamine 2000 (Invitrogen) according to the manufacturer’s instructions. The FOX01
siRNA sequence was 5’- CGGAGAAUGUAUACAAGCATT-3". For western blotting, cells and specimens were
washed with ice cold PBS and lysed in Radioimmunoprecipitation assay (RIPA) buffer with 0.1% protease
inhibitor cocktail III (Calbiochem, San Diego, CA, USA). Proteins (25 pg) were loaded onto a 12% SDS-
PAGE gel, electrophoresed, and then transferred to polyvinylidene fluoride (PVDF) membranes (Millipore,
Bedford, MA, USA). After blocking with 5% skimmed milk, the membranes were incubated with anti-FOX01
(1:1000 dilutions, Abcam, CA, USA), anti-GAPDH (1:5000 dilutions, Santa Cruz Biotechnology, Santa Cruz,
CA, USA) at 4 °C overnight, followed by incubating with horseradish peroxidase conjugated-secondary
antibody (ZSGB-BIO, Beijing, China) for 1 h at room temperature, and the immunoreactive bands were
visualized using ECL detection reagents (Millipore). GAPDH served as the loading control.

qRT-PCR

Total RNA was extracted using the Trizol reagent (Invitrogen) according to the manufacturer’s
instructions. Total RNA (1 pg) was converted to first-strand cDNA using SuperScript II Reverse
Transcriptase (Invitrogen). The qRT-PCR analysis was performed with appropriate primers on a ViiA™ 7
Real-Time PCR System (Applied Biosystems, Foster City, CA, USA), using the Fast SYBR Green Master Mix
System (Invitrogen) according to the manufacturer’s instructions. The primer sequences were: FOXO1
sense 5’-CAGCAAATCAAGTTATGGAGGA-3’ and antisense 5-CTGAGAGGAGGGGTGTTACTAT-3’; E-cadherin
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sense 5-GTCGAGGGAAAAATAGGCTG-3’ and antisense 5-GCCGAGAGCTACACGTTCAC-3’; Vimentin sense
5’-GACAGAGTGTCACTCTGTTGCC-3’ and antisense 5’- ATGCCTGTAGTCCCAGCTAC-3’; GAPDH sense
5’-AACAGCCTCAAGATC ATCAGC-3’ and antisense 5’-GGATGATGTTCTGGAGAGCC-3". The level of GAPDH was
quantified as a control.

Cell Proliferation Assay

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assays were used to evaluate
the ability of cell proliferation. For the MTT assay, 24 h after transfection, 3 x 103 cells per well were seeded
in 96-well plates, each with eight replicas. The cells were then incubated with 0.5 mg/ml MTT (Sigma-
Aldrich) at 37 °C for 4 h. The medium was removed, and the precipitated Formosan was dissolved in 150 pl
dimethyl sulfoxide (DMSO). The absorbance of the solution was measured at 490 nm using a micro-plate
auto-reader (Bio-Rad, Richmond, CA, USA). The cells were treated and measured every day for 5 days.

Transwell Invasion Assay

A matrigel invasion assay was performed using Millipore Trans-well chambers (8 um: pore size); 2
x 10* FOXO1-transfected AH520 cells or siFOXO1-transfected NCI-H1792 cells were seeded in the upper
chamber of a 12-well plate, which was coated with Matrigel (Corning), in 500 pl of RPMI 1640 medium
without serum. The lower chamber was filled with 500 ul RPMI 1640 medium with 15% FBS to induce cell
migration. The chamber was incubated at 37 °C, for 24 h. At the end of incubation, cells in the upper surface
of the membrane were removed with a cotton swab. Migrated cells on the lower surface of the membrane
were stained with Giemsa (HiMedia). The images were obtained using a CKX41 inverted microscope
(Olympus) and the cells were counted in eight different view fields, using Image] software. The experiment
was conducted in triplicate.

Transwell Migration Assay

Transwell migration was performed using a culture plate with 8.0 mm polyethylene terephthalate
(PET) insert-strips (BRAND, Wertheim, Germany). Cells (3 x 10%) cells were plated into the top chamber in
0.2 ml of RPMI-1640 medium without FBS. The lower chambers were placed into a culture plate, each well
containing 600 ml of RPMI-1640 medium with 10% fetal calf serum to act as the nutritional attractant. After
incubation for 12 h at 37 °C, the cells that had traversed the membrane were fixed with 20% methanol and
stained by crystal violet for 15 min. The cells from three different fields in each chamber were counted and
expressed as the average number of cells per field of view using a phase contrast microscope.

Cell Scratch Wound Healing Assay

For the scratch wound healing assay, FOXO1-transfected AH520 cells, siFOXO1-transfected NCI-H1792
cells, and control cells were directly seeded on 12 well plates after trypsinization. Sixteen hours later, a 3
mm wound was introduced across the diameter of each plate, and the suspended cells were washed away
with PBS three times. The cells were then cultured in a medium with 1% FBS. Cell migration was observed
by microscopy at 0 h and 16 h. The wound width was analyzed objectively using Image ].

Immunofluorescent Staining

Cells seeded on glass coverslips in 12-well plates were fixed in 4% formaldehyde solution in PBS
buffer (pH 7.4) for 15 min at room temperature, and then permeabilized with 0.1% Triton X-100 10 min
at room temperature. After blocking in 3% bovine serum albumin in PBS for 30 min at room temperature,
specific antibodies were used to detected E-cadherin, and Vimentin. Following incubation with donkey anti-
Rabbit IgG AlexaFluor-488 or donkey anti-mouse IgG AlexaFluor-568 (Invitrogen), the cells were stained
with 2-(4-amidinophenyl)-1H-indole-6-carboxamidine (DAPI, Burlingame, CA, USA). Finally, images were
captured under a Zeiss LSM 510 META confocal microscope.

Cell Spreading Assay

The assays were performed as described previously with the following modifications [22]. Briefly,
cells at 80% confluence were detached using EDTA-trypsin, and RPMI 1640 with 10% FBS was added to
terminate trypsinization immediately. The FOXO1-transfected H520 cells, siFOXO1-transfected H1792 cells,
and control cells were then resuspended in RPMI 1640 containing 10% FBS and seeded on coverslips in
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12-well dishes and cultured. Cell spreading was monitored at different time points. Cells were then washed
with PBS and fixed with 4% paraformaldehyde. Photographs were taken at 40 x magnification under a
phase contrast microscope (Leica DM IRB). The cell surface area (um? 25-50 cells) was quantified using

Axiovision Software™ Rel 4.7 (Zeiss).

Statistical analysis

All data are presented as the mean * standard deviation (SD), and mean values were compared by
using Student’s t-test. Results were considered statistically significant when p < 0.05 was obtained. The
statistical analyses were performed in Statistical Package for Social Science (SPSS; version 18.0) software.

Results

FOXO01 is significantly downregulated in

NSCLC

To gain insights into the role of
FOXO01 in NSCLC, we analyzed the protein
and mRNA expression levels of FOXO01
in lung cancer and benign adjacent
non-cancerous tissues (n = 30) by
immunohistochemical staining and qRT-
PCR. The results of immunohistochemical
staining suggested that FOXO1 expression
in cancer was lower (Fig. 1A and B). As
shown in 1C, the expression of the FOX01
mRNA was significantly downregulated
in 80% (24/30) of the cases, compared
with that in the corresponding adjacent
normal lung tissues. FOXO1 levels were
consistently lower in most of the NSCLC
cell lines, including H1650, H460, and
H520 cell lines, compared with that in
the human bronchial epithelial cell line
16HBE (Fig. 1D and E). To investigate the
localization of the endogenous expression
of FOXO1 by immunofluorescence, the
subcellular localization of FOX01 was
determined in H1792. We also detected
the localization of FOX01 in H520/
Fox01-GFP cells. The results showed that
FOXO1 is mainly localized in the nucleus
(Fig. 1F). Furthermore, we detected the
proliferation of these cell lines (Fig. 1G).
Among the four NSCLC cell lines, the
proliferation of H1792 was lower than
the others, which contrasted with the
FOXO1 expression. The localization of
FOX01 in the nucleus may suggest an
important tumor suppressing function.
In summary, our results provided the
evidence of FOXO1 being a potential
tumor suppressor gene associated with
lung cancer progression.
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Fig. 1. FOX01 expression in NSCLC tissues and cell
lines. (A), (B) Immunohistochemical analysis showing
FOXO1 levels in lung cancer tissues and adjacent lung
tissues. Scale bar, 100 um. (C) Real-time PCR analyses
of FOXO1 were performed in 30 paired human tumor
and normal tissues. (D, E) Western blotting and real-
time PCR analysis showing FOXO1 level in various lung
cancer cell lines. (F) Immunofluorescence staining to
detect the localization of FOXO1. Scale bar, 10 um. (G)
The proliferation of H1792, H1659, H520, H460, and
H16BE cells.
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Fig. 2. FOXO1 regulates NSCLC cell proliferation. [ A T
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Overexpression of FOX01 suppresses

NSCLC cell proliferation in vitro

Toinvestigatetherole of FOXO1inlung
cancer progression, we overexpressed
FOXO01 in H520 and H460 cells, and used
siRNAs targeting FOXO1 to inhibit FOX01
expression in H1792 and H1650 cells. The
effective knockdown and overexpression
of FOXO1 was confirmed by qRT-PCR
and western blotting. Compared with
the control cells, FOXO1-transfected
cells showed high FOXO1 expression.
FOX01 siRNA-transfected cells showed
significantly reduced FOXO1 expression
(Fig. 2A). We assessed the effect of FOX01
alteration on NSCLC cell proliferation in
FOXO01 overexpressing cells and si-FOX01
cells using the MTT assay. As shown in Fig.
2B and C, increased FOXO1 significantly
inhibited H520/FOX01 and H460/F0X01
cell proliferation compared with the
vector-only cells. In addition, reduced
FOXO01 expression significantly increased
cell proliferation in H1792/siFOX01 and
H1650/siFOX01cells, compared with the
scrambled siRNA cells.

FOXO01 inhibits cell invasion and

migration of NSCLC cells

To determine the role of FOXO1 in
cell invasion, Transwell migration assays
were performed in H520/FOX01 and
H1792/F0X01si cells. We observed that
105 + 9 H520/Vector cells invaded the
Transwell membrane. In Fig. 3A and B,
H520/FOX01 decreased the average
number ofinvading cellsto 41 + 6, whereas
silencing of FOXO1 resulted in 107+8
invading cells. There was significant
suppression of cell invasion between
FOXO01 overexpressing and control cells
(p < 0.05), and silencing FOXO1 promoted
invasion compared with the cells
transfected with the scrambled siRNA
(p < 0.05). Furthermore, to determine
the role of FOXO1 in cell migration, a cell
scratch healing assay was performed in
H520/F0X01 and H17921/F0X01si cells.
Decreased cell migration was correlated
with FOXO1 overexpression. In contrast,
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Fig. 4. FOXO1 inhibits TGF-B1-induced EMT in NSCLC
cells. (A) Morphology of H520/vector, H520/F0X01,
H1792/siCtrl, and H1792/FOXO1si cells with or
without TGF-B1 treatment (10 ng/ml) for 24 h. (B)
E-cadherin and Vimentin in H520/FOX01 and H1792/
FOXO1si cells with TGF-1 treatment (10 ng/ml) for
48 h were detected by immunofluorescence staining.
Statistical analysis showed the relative fluorescence
intensity of E-cadherin or Vimentin. Quantification of
the fluorescent intensity was performed using Image
J. Values represent means + SD of three independent
experiments. * indicates p<0.05*. (C) E-cadherin and
Vimentin in H520/FOX01 and H1792/FOX01si cells
after TGF-B1 treatment (10 ng/ml) for 48 h were
detected by western blotting and real-time PCR.

the cell migration ability was significantly enhanced by si-FOXO1. Thus, the role of FOX01 in
cell migration was examined in lung cancer cells. As shown in Fig. 3C and D, the migration
of H520/F0X01 cells was significantly lower compared with that in H520/Vector cells (p <

0.001).
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Silencing of FOXO01 is linked to the EMT-like phenotype

EMT is involved in tumor progression and an aggressive phenotype of lung cancer.
EMT implicates loss of epithelial markers, and the concomitant acquisition of mesenchymal
markers. To investigate the role of FOXO1 in EMT, H520/F0X01, H1792/F0X01-si, and
control cells were stimulated with or without TGF-B1 (10 ng/ml) for 24 h. As shown in
Fig. 4A, H520/FOXO01 cells did not show an obvious EMT phenotype in response to TGF-f31
stimulation, whereas H1792/FOX01si cells treated with TGF-B1 acquired a more elongated
and migratory morphology compared with H1792/scramble cells. This suggested that
FOXO01 has an inhibitory effect on EMT. Immunofluorescence staining showed that the
E-cadherin levels were elevated in H520/FOXO cells; however, Vimentin levels were reduced.
Furthermore, compared with H17921/scramble cells, FOXO1 knockdown in H17921/
FOXO1si cells led to less E-cadherin but more Vimentin expression in response to TGF-$1
treatment for 48 h (Fig. 4B). Our results indicated that overexpression of FOX01 in H520
cells led to a reduction of Vimentin expression and a restore expression of E-cadherin after
TGF-B1 treatment, as assessed by western blotting and q-RT-PCR assays (Fig. 4C). Collectively,
these results indicated that FOXO1 inhibits the migration of NSCLCs by suppressing EMT.

FOXO01 inhibits NSCLC malignancy by

regulating the ultrastructure of the Ll

cell surface

The cell surface ultrastructure plays
an important role in cell adhesion and
migration. Aberrant regulation of the
cell ultrastructure has been identified in
various cancers. Toinvestigate how FOX01
regulates cell surface ultrastructure, SEM
analysis was performed on H520/FOX01
and H1792/F0X01si cells (Fig. 5A and C).
As shown in Fig. 5B and D, overexpression
of FOXO01 in H520/F0XO01 cells increased E
the length of the microvilli (p < 0.05),
whereas FOXO1 silencing significantly
reduced the length of the microvilli (p <
0.05). The SEM analysis suggested that the
increased length of microvilli induced by
FOXO1 plays a key role in ultrastructural
alteration. To gain further insights into
cell spreading, we tested cell spreading
at different time intervals after plating
the H520/FO0X01, H1792/siFOX01, and
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control cells. We found that approximately
84% of FOXO1-overexpressing cells
spread at 2 h after plating, whereas 58%
of control cells spread at 2 h after plating.
In contrast, only about 56% of si-FOX01
cells and 78% of the control cells spread
at 2 h (Fig. 5E). The result suggested
that FOXO1 promotes the cell spreading
process significantly, whereas si-FOX01
slows down cell spreading.
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Fig. 5. FOXO1 alters cell surface ultrastructure. (A)
Scanning election microscope images of H520/FO0X01
and H520/Vector cells with TGF-B1 treatment (10 ng/
ml) for 48 h. (B) The box and whisker graph represent
the length of the microvilli in H520/FO0X01 and H520/
Vector cells, which were measured using the Line Tool
of Image | software. (C) Scanning election microscope
images of H1792/scramble and H1792/F0XO01si cells
with TGF-B1 treatment (10 ng/ml) for 48 h. (D) The
box and whisker graph represent the length of the
microvilli in H1792/scramble and H1792/FOXO01si
cells. (E) H520/F0X01, H1792/siFOX01 and control
cells spread on the surface of 6-wells plate at the
indicated time points: 0 and 2 h. Scale bar, 100 mm.
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Discussion

FOXO is one of the most studied subgroups of forkhead transcription factors. This
family consists of four members FOX01, FOX03, FOX04, and FOX06. The activity of FOXO
transcription factors is mainly regulated by covalent modifications. Forkhead box protein
01 (FOXO01) is a major target protein for activated P13K/AKT signaling [23, 24]. FOXO1
orchestrates programs of gene expression that regulate cell proliferation, apoptosis,
and transition. FOXO1 proteins are regulated by phosphorylation, ubiquitination, and
acetylation via several kinases [25]. By contrast, AMPPK and JNK were suggested to induce
nuclear translocation and activation of FOXO1 proteins [26]. In addition, FOXO transcription
factors regulate different cellular processes, such as inhibition of proliferation, induction of
differentiation or apoptosis, and protection against oxidative damage. Several recent studies
have shown that there is an association between FOXO1 levels and malignant progression
of a variety of cancer types [27]. However, there is no direct evidence regarding the effect of
FOXO1 on the progression of NSCLC. In this study, we demonstrated that FOXO1 inhibited the
cell migration and EMT phenotype of NSCLC cells by regulating the cell surface ultrastructure.

Most recent studies have shown that inhibiting EMT decreases the metastatic ability
of tumors in multiple cancers. Dong et al. confirmed that FOXO1 levels were inversely
correlated with the levels of EMT inducers, and FOXO1 can bind to the ZEBZ promoter to
inhibit the invasion and metastasis of hepatocellular carcinoma by reversing EMT [28]. In
addition, FOXO1 interacts with the epithelial marker molecule E-cadherin, which is a core
characteristic of EMT [29]. In recent years, the targeting of EMT-related pathways in human
cell lines and murine models revealed the crucial importance of EMT in the progression and
lethality of lung cancer. In our study, to explore the role of FOXO1 in lung cancer progression,
we analyzed the cell proliferation and cell migration in NSCLCs and confirmed the function
of FOXO1 in tumor cell migration. Our results showed that FOXO1 overexpression inhibited
cell migration and invasion. Conversely, FOXO1 silencing significantly increased the cells’
migration and invasion abilities, resulting in EMT. These results suggested that FOXO1
decreased the metastatic ability of NSCLCs by inhibiting the EMT.

Microvilli have a role in the formation of E-cadherin-based adherens junctions
between epithelial cells, in addition to their role in cell migration [30, 31]. Consistent with
these reports, SEM analysis was used to detect the effect on cell ultrastructure of FOXO1.
Remarkably, we observed that cells overexpressing FOXO1 had longer microvilli on the
cell surface and showed enhanced cell adhesion. Moreover, we found that the length of the
microvilli on the FOXO1-silenced cells was shorter than that of the control cells. However,
we have little data on the mechanism by which FOXO1 regulates the length of the microvilli
and how this enhances the adhesive ability of NSCLCs. One possibility is that the numerous
microvilli induced by FOXO1 expression may be a prerequisite for the cells to form adherens
junctions.

The present study provides new insights by demonstrating that the enhanced cell
adhesion effect of FOXO1 is mediated by regulating the length of microvilli. Moreover, the
present study extended the function via plasmid vector enhanced FOXO1 expression. Finally,
FOXO01 was found to reduce cell migration, although the mechanism of this effect requires
further investigation. In summary, these results shed light on FOXO1’s inhibition of the
metastatic ability of NSCLCs by regulating the length of the microvilli.

Abbreviations
FOXO01 (Forkhead box class 01); NSCLC (Non-small cell lung cancer); EMT (Epithelial-

mesenchymal transition); siRNA (small interfering RNA); DAPI (2-(4-amidinophenyl)-1H-
indole-6-carboxamidine); SEM (scanning electron microscopy).
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