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The role of miR-143-3p/FNDC1 axis on the progression of non-small cell lung cancer
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The study aimed to explore the functional role of fibronectin type III domain containing 1 (FNDC1) in non-
small cell lung cancer (NSCLC), as well as the mechanism governing its expression. The expression levels of
FNDC1 and related genes in tissue and cell samples were detected by qRT-PCR. Kaplan-Meier analysis was
employed to analyze the association between FNDC1 level and the overall survival of NSCLC patients.
Functional experiments such as CCK-8 proliferation, colony formation, EDU staining, migration and invasion
assays were conducted to investigate the functional role of FNDC1 in regulating the malignancy of NSCLC
cells. Bioinformatic tools and dual-luciferase reporter assay were used to identify the miRNA regulator of
FNDC1 in NSCLC cells. Our data revealed the upregulation of FNDC1 at mRNA and protein levels in NSCLC
tumor tissues cancer cell lines, compared with normal counterparts. NSCLC patients with higher FNDC1
expression suffered from a poorer overall survival. FNDC1 knockdown significantly suppressed the prolifera-
tion, migration and invasion of NSCLC cells, and had an inhibitory effect on tube formation. We further demon-
strated that miR-143-3p was an upstream regulator of FNDC1 and miR-143-3p expression was repressed in
NSCLC samples. Similar to FNDC1 knockdown, miR-143-3p overexpression inhibited the growth, migration
and invasion of NSCLC cells. FNDC1 overexpression could partially rescue the effect of miR-143-3p overex-
pression. FNDC1 silencing also suppressed the tumorigenesis of NSCLC cells in mouse model. In conclusion,
FNDC1 promotes the malignant prototypes of NSCLC cells. miR-143-3p is a negative regulator of FNDC1 in
NSCLC cells, which may serve as a promising therapeutic target in NSCLC. 
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Introduction
Lung cancer, a highly invasive and metastatic malignancy,

remains as one of the leading cancer type globally.1 Lung cancer
can be categorized into non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC), with NSCLC accounting for 80%
and SCLC 20% of total lung cancer cases.2 Despite advances in
diagnostic approaches such as computed tomography (CT) and the
proposed usage of certain biomarkers, the incidence and mortality
of lung cancer is continue rising.3,4 This may be due to tumor
heterogeneity and the difficulty in diagnosing lung cancer at early
stage. Patients at early stage can be treated with optimal surgical
resection, together with neoadjuvant or adjuvant therapy. Chemo-
and targeted-therapies have been widely used in patients at
advanced stages, such as platinum, gefitinib or bevacizumab.5 Even
though these drugs show promising clinical effect in certain patients,
the 5-year overall survival of lung cancer patients remains under
20%.6 Therefore, the investigation of molecular mechanisms
underlying the malignant progression of lung cancer might
c o n t r i b u t e  t o  t h e  f o r m u l a t i o n  o f  n o v e l  a n t i - c a n c e r  s t r a t e g i e s . 7 , 8

Fibronectin is a cell surface glycoprotein family present in
extracellular matrix, which is implicated in cellular mobility and
cell differentiation. Although fibronectin contributes to fibrotic
pathobiology, its role in cancer biology remains controversial.9

Fibronectin Type III Domain Containing 1 (FNDC1) is a protein-
coding and disease-related gene that encodes a protein containing
conserved fibronectin type III domain.10 It is primarily located in
the nuclear speckles and involved in the regulation of multiple
cellular processes, such as proliferation, migration, metabolism and
apoptosis.11 In cancer biology, there is increasing evidence regarding
the dysregulation of FNDC1 in tumor progression. The upregulation
of intracellular FNDC1 is closely related to distal metastasis of
breast cancer.12 FNDC1 overexpression has also been related to skin
tumor progression, which may be regulated by TGF-β and
inflammatory cytokines.13 FNDC1 may also serve as an oncogenic
factor in prostate cancer cells, and the knockdown of FNDC1
showed an inhibitory effect on cell proliferation and migration.14

Besides, FNDC1 is highly expressed in gastric cancer and elevated
FNDC1 expression is associated with a dismal prognosis in the
patients, which could be attributed to enhanced metastatic potential
in gastric cancer patients.15 Although there is abundant evidence
supporting the oncogenic role FNDC1 in many cancer types, its role
in NSCLC remains to be clarified. Additionally, only few studies
investigated the mechanisms underlying FNDC1 upregulation in
tumor cells. For example, miR-1207-3p was identified as an
upstream regulator of FNDC1 in prostate cancer.14 How FNDC1
becomes dysregulated in other cancers is largely unknown.

In this study, we aim to investigate the expression pattern of
FNDC1 in NSCLC tumors, study its functional role in regulating
NSCLC cell malignancy and clarify the mechanism underlying its
dysregulation in NSCLC. We reported the overexpression of
FNDC1 in NSCLC tumor samples and human NSCLC cell lines
compared to the normal counterparts. FNDC1 knockdown
suppressed the malignant phenotype of NSCLC cells, including
cell growth, migration and invasion. miR-143-5p was identified
as a miRNA regulator to suppress the expression of FNDC1. 
miR-143-5p level was reduced in tumor samples and cancerous
cell lines, and its overexpression impaired the malignancy of
NSCLC cells. Importantly, we showed that silencing FNDC1
could attenuate tumor growth of NSCLC cells in mouse model.
Our findings established the oncogenic function of FNDC1 in
NSCLC, identified miR-143-3p as the negative regulator of
FNDC1, and highlighted miR-143-3p/FNDC1 axis as a promising
therapeutic target in NSCLC.

Materials and Methods

Cells and cancer samples  
Human NSCLC cell lines (H1975, A549, CALU6, CALU3,

H1229) and the normal human bronchial epithelial cells (HBE) were
purchased from ATCC. Cells were cultured in Dulbecco’s modified
Eagle medium (DMEM, Gibco, Thermo Fisher Scientifics,
Waltham, MA, USA) containing 10% FBS, 100 U/mL penicillin
and 100 μg/mL streptomycin. Tumor samples and para-cancerous
pulmonary specimens from 80 NSCLC patients were collected from
Affiliated Hospital of Chifeng University, which were frozen in
liquid nitrogen immediately. The study was approved by the Ethics
Committee Board of Affiliated Hospital of Chifeng University, and
the written informed consent was obtained from each patient in
accordance with institutional guidelines.

Cell transfection
The short hairpin RNA (shRNA) targeting FNDC1 (shFNDC1)

or a negative control (shNC) was synthesized by Suzhou
GenePharma Co., Ltd (Suzhou, China) and subcloned into lentivirus
plasmids. For lentivirus production, the lentiviral vector, packaging
plasmid (pAX2), and VSV-G envelope plasmid (pMD2.G) were co-
transfected into HEK-293T cells by Lipofectamine 2000 (Thermo
Fisher Scientific) according to the manufacturer’s instructions. 
48 h after the transfection, the supernatants of HEK-293T cells
containing the lentiviral particle were collected and filtered through
a 0.45 μm membrane. For NSCLC cell infection, 2×106 cells were
seeded into a 6-well plate and grown to 60-70% confluency. Cells
were infected with the corresponding recombinant lentivirus at a
multiplicity of infection (MOI) =5 in the presence of 10 µg/ml
polybrene. Infected cells were selected with 3 μg/mL puromycin
(Sigma-Aldrich, St. Louis, MO, USA) for two weeks to eliminate
the uninfected cells before further experiment. Western blotting and
qRT-PCR were used to measure the knockdown efficiency.

Cell viability assay
NSCLC cells infected with lentivirus carrying shRNA targeting

FNDC1 or control shRNA were seeded in to a 96 -well plate at a
density of 1500 cell/well and cultured in a humidified cell culture
incubator for 0, 24, 48, and 72 h, respectively. Subsequently, 10 μL
CCK8 reaction solution (Solarbio Science & Technology Co., Ltd.,
Beijing, China) was added to the cell culture at indicated time point
and the cells were further incubated for 3 h in a humidified cell culture
incubator. The medium was then removed, and samples in each well
were dissolved in 150 μL DMSO for 15 min at 37°C. The optical
value of each sample at 450 nm was recorded with a multifunctional
microplate reader (BioTek Instruments, Winooski, VT, USA).

Tube formation assay
An in vitro angiogenesis assay kit (ab204726; Abcam,

Cambridge, UK) was employed for tube formation assay. In brief,
50 μL extracellular matrix (ECM) solution was added to a pre-
chilled 96-well culture plate for 15-min coating at 37°C; 2.0×104

cells in DMEM with 10% (FBS) were seeded to each well for 18-h
incubation. Cell morphology was then observed with a phase-
contrast microscope (Leica, Wetzlar, Germany). The Image J
Angiogenesis Analyzer (National Institutes of Health, Bethesda,
MD, USA) was used for quantification of the network structure. 

Migration and invasion assay
Transwell system (Corning, Inc., Corning, NY, USA) without

matrigel pre-coating was applied for cell migration assay. Two (2)
x 105 cells suspended in 350 µL serum-free medium were loaded
into the upper chamber. Five hundred (500) µL complete medium
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was added into the bottom chamber. The cells were then cultured
for 48 h, followed by the fixation with 4% paraformaldehyde at
room temperature for 10 min and the staining with 0.5% crystal
violet (Beyotime Institute of Biotechnology, Jiangsu, China) for 20
min. The migrating cells on the insert were photographed and
counted from 5 randomly selected fields in each sample. For the
cell invasion assay, transwell assay inserts (8 µm; Corning, Inc.)
were coated with 1% matrigel. The upper insert was filled with
serum-free medium containing 2×105 cells, while the bottom
chamber was loaded with 500 µL complete medium. After 48 h,
invading cells on the membrane were fixed in 4% paraformaldehyde
and stained with 0.5% crystal violet (Beyotime) for 10 min. The
invading cells were photographed and counted from 5 randomly
selected fields in each sample.

EDU incorporation analysis
Cells were seeded into a 96-well plate at the density of 5000

cells/well. Click-iT™ EdU Cell Proliferation Kit for Imaging, Alexa
Fluor™ 555 (Thermo Fisher Scientific) was used to detect cell
proliferation. Prewarmed the 2x EdU solution was mixed (1:1 ratio)
with the cell culture medium, and the cells were pulsed for 2 h. Cells
were washed twice with PBS, followed by fixation with 100 µL of
3.7% formaldehyde 15 min at room temperature. After the removal
of fixative solution, cells were washed twice with 100 µL of PBS with
3% BSA. Then 100 µL of 0.5% Triton® X-100 in PBS was added to
each well for 20-min incubation. After the removal of Triton® X-100
solution, 1 x Click-iT® reaction cocktail was prepared based on the
manufacturer’s instruction and added to cells for 30-min incubation.
The staining cocktail was removed and cells were counterstained by
500 nM DAPI for 10 min. After washing with PBS, and the images
were captured under a fluorescence microscope (Leica).

Dual luciferase reporter assay
To demonstrate the functional interaction between miR-143-3p and

FNDC1 mRNA, the wild type binding sequence or the mutated sequence
was cloned into the PmirGLO vector expressing firefly luciferase
(Promega, Madison, WI, USA). The reporter plasmid was co-transfected
into 293T cells with either miRNA mimic or miR-NC in a 96-well plate
(6000 cells/well) using lipofectamine 2000 reagent according to the
manufacturer’s instructions; 48 h post transfection, the relative luciferase
activities were measured using dual-Luciferase reporter assay Kit
(Promega) on a microplate reader (BioTek Instruments). The relative
firefly luciferase activity in the reporter plasmid was normalized to that
of Renilla luciferase (hRlucneo) control plasmid.

Western blot 
Total protein was extracted from tissue and cell samples using

RIPA lysis buffer containing protease inhibitor cocktail (Thermo
Fisher Scientific). Cells suspended in RIPA buffer were lysed on ice
for 10 min and lysed cells were centrifuged at 14,000 x g for 10
min. The concentration of obtained supernatant sample was
measured using a Bradford assay kit (Beyotime Institute of
Biotechnology). Fifteen (15) μg of total protein in each sample was
denatured at 95°C for 10 min and loaded into a 10% or 12% SDS-
PAGE gel. After separation, the protein bands were transferred onto
a NC membrane (EMD Millipore), which was blocked with 5%
milk at room temperature for 1 h. The membrane was probed with
primary antibodies at 4°C for 18 h: FNDC1 (PA5-56603, 1:1000
dilution); GAPDH (#5174, 1:2000 dilution; Cell Signaling
Technology Inc., Danvers, MA, USA), vimentin (ab92547, 1:1000
dilution; Abcam), N-cadherin (ab76011, 1:1000 dilution; Abcam),
E-cadherin (ab40772, 1:1000 dilution; Abcam), VEGFA (ab52917,
1:1000 dilution; Abcam). The membrane was washed with TBST
buffer (Beyotime Institute of Biotechnology) and then incubated
with HRP-conjugated secondary antibodies (Cell Signaling

Technology Inc.; anti-mouse secondary antibody, # 7076; and anti-
rabbit secondary antibody; #7074, both at 1:2500 dilution) at room
temperature for 1 h. Signal development was conducted using an
ECL Prime Western blotting kit (Bio-Rad Lab., Hercules, CA,
USA). The protein bands were photographed on a gel imager system
(Bio-Rad), and the densitometry analysis of band intensity was
performed with Image J software (NIH).

Xenograft mouse model
All animal procedures were approved by the Animal Care and

Use Ethical Committee of Affiliated Hospital of Chifeng University.
Twelve male nude mice weighing 30-40 g were housed in specific
pathogen-free conditions on a 12-h light/dark cycle. The mice were
randomly assigned into two groups (6 mice in each group): sh-NC
group (injected with H1299 cells infected with lentivirus carrying
sh-NC), (2) sh-FNDC1 (injected with H1299 cells infected with
lentivirus carrying sh-FNDC1); 0.2 mL of cell suspension
containing 2×106 cells were injected into the right flank of each
mice. Tumor volumes were monitored 7, 14, 21, and 28 days post-
injection respectively, using a caliper and the following formula:
tumor volume = 0.5 × length × width2. On day 28, the mice were
euthanized by CO2 asphyxiation and subsequent cervical
dislocation. The tumors of terminally dead mice were resected for
weight measurement and further analysis. The lung tissue was also
collected for metastasis analysis.

Hematoxylin and Eosin (H&E) staining
H&E staining was performed using H&E Stain Kit (ab245880,

Abcam). The tissues were fixed with paraformaldehyde and then
embedded in paraffin. The tissue blocks were cut into 5 μm sections
using a microtome. For deparaffinization and re-hydration, the
sections were subjected to three washes of xylene for 5 min each,
two washes of 100% ethanol for 10 min each, two washes of 95%
ethanol for 10 min each, and two washes in distilled water  for 5 min
each. Deparaffinized/hydrated section of the lung tissues was
incubated in adequate Mayer’s hematoxylin solution to completely
cover tissue section for 5 min. The section was rinsed twice with
distilled water to remove excess stain. Then adequate Bluing reagent
was applied to cover tissue section for 30 sec. After washing with
distilled water, the section was dehydrated in absolute alcohol,
followed by staining with Eosin Y solution for 2 min. The section
was rinsed using absolute ethanol for three times and then mounted
to a slide. The images were collected under an inverse microscope
(Leica).

Immunohistochemistry
The tumor tissues sections were prepared as described in the

H&E section. After deparaffinization and rehydration, the sections
were subjected to antigen retrieval by heating the section in a
microwave submersed in 1x citrate unmasking solution
(SignalStain® Citrate Unmasking Solution, 10x, #14746; Cell
Signaling Technologies, Inc.). The heating was performed at a sub-
boiling temperature (95-98°C) for 10 min. Sections were cooled
on bench top for 30 min, and then incubated in 3% hydrogen
peroxide for 10 min at 25°C. After three times washes in TBST
buffer for 5 min, the sections were blocked with 5% normal goat
serum (Sigma-Aldrich) for 1 h and then incubated with primary
antibody (anti-Ki67, ab15580, 1:300 dilution; Abcam); anti-
FNDC1, PAB22769, 1:300 dilution; Amyjet Scientific, Wuhan,
China) overnight at 4°C. The rabbit IgG isotype (ab270144, 1:300
dilution, Abcam) was used as the staining control for the
background signal. The sections were washed three times using
TBST buffer for 5 min each, and then incubated with 300 μL
SignalStain® Boost Detection Reagent (HRP, rabbit #8114; Cell
Signaling Technologies, Inc.) for 30 min at room temperature.
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Signal development was performed using 400 μL SignalStain®

substrate (#8059; Cell Signaling Technologies, Inc.) and the nuclei
were counter-stained with hematoxylin before imaging. The
positive staining signaling was assessed using the IgG isotype
negative controls as the background reference. There were 6 tumor
samples (n=6 mice) processed in each group, at least 5 sections
were analyzed for each tumor samples.

Data analyses using online tools
Starbase (https://www.hsls.pitt.edu/obrc/index.php?page= URL

20110217163843), Targetscan (https://www.targetscan.org/
vert_72/), miRDB (http://mirdb.org/) as well as miRWalk
(http://mirwalk.umm.uni-heidelberg.de/) were used in our study for
predicting the miRNA regulators of FNDC1. The associations of
overall survival in patients with different FNDC1 expression level

Figure 1. The upregulation of FNDC1 in NSCLC tumor tissues and cell lines. A) FNDC1 expression in Lung squamous cell carcinoma
(LUSC), lung adenocarcinoma (LUAD) and the adjacent normal tissues from TCGA database. B) The mRNA level of FNDC1 was deter-
mined by qRT-PCR in NSCLC tumor and adjacent normal tissues of NSCLC patients (n=80, p<0.001). C) The overall survival rate of
NSCLC patients in FNDC1-high and low-expression groups by Kaplan Meier analysis. D) The protein level of FNDC1 in 4 cases of
NSCLC tumor and adjacent tissues was examined by Western blot. E) The mRNA levels of FNDC1 in NSCLC cell lines (h1229, calu3,
h1975, calu6, A549) and human bronchial epithelial cells (HBE) were examined by qRT-PCR. F) The protein levels of FNDC1 in
NSCLC cell lines and HBE cells were detected by Western blot.
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was analyzed via K-M plotter (https://kmplot.com/analysis/), with
the median FNDC1 expression level as the cut-off for high- and
low-expression groups. For all the online tools, we used the default
setting for our data mining.

RNA extraction and qRT-PCR
Total RNA samples from NSCLC tissues and cells were

extracted using Trizol reagent (Thermo Fisher Scientific) based on
the supplier’s instructions; 5 μg of total RNA was used for reverse-
transcription into cDNA using RevertAid First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific). The cDNA was quantified
by qPCR using BlazeTaq™ SYBR Green qRT-PCR Mix (Takara)
on the CFX96 Touch qPCR system (Bio-Rad). The following
cycling condition was used: 95°C 2 min, 40 cycles of 95°C 30 s,

[page 132]                                           [European Journal of Histochemistry 2023; 67:3577]

Figure 2. Downregulation of FNDC1 inhibited the proliferation of NSCLC cells. A) FNDC1 knockdown in A549 and h1229 cells by
two shRNAs (sh-FNDC1 #1, #2) and the knockdown efficiency was detected by Western blot and qRT-PCR. B) CCK-8 proliferation
assay in A549 and h1229 cells stably expressing sh-NC, sh-FNDC1 #1, and #2. C) EDU incorporation staining of proliferating cells in
A549 and h1229 cell line stably expressing sh-NC, sh-FNDC1 #1, and #2. Scale bar: 50 µm.
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60°C 30 s and 70°C 60 s. Standard method (2−ΔΔCT) was employed
to analyze the relative expression of each target. Primer sequences
used in this study: hsa-miR-143-3p (forward: TGAGATGAAGCAC
TGTAGCTC, reverse: GAGCTACAGTGCTTCATCTCA), U6
(forward: CTCGCTTCGGCAGCACA, reverse: AACGCTTCA
CGAATTTGCGT), GAPDH (forward: CCTGCACCACCAAC
TGCTTA, reverse: GGCCATCCACAGTCTTCTGAG), FNDC1
(forward: CAACATTGCCTATGGGAAGTCA, reverse: CTCGA
TCCATTCACCTCCAG).

Statistical analysis
Statistical analyses in this study were performed with GraphPad

Prism version 8.0 (GraphPad software). The data were expressed as
the mean ± standard deviation. Unpaired Student’s t-test was used
for two-group comparisons and one-way ANOVA with Tukey’s post-
hoc test was employed for multiple comparisons. The association
between FNDC1 expression level and clinicopathological data of
NSCLC patients was investigated by Chi-square test.

Results

FNDC1 was upregulated in NSCLC tissues and cell lines
To explore the potential role of FNDC1 in NSCLC, we

searched TCGA database for the lung cancer patients of containing
lung squamous cell carcinoma (LUSC), lung adenocarcinoma
(LUAD) and the adjacent normal tissues, and compared the
expression levels of FNDC1 in the tumor and normal tissues. It
was found that FNDC1 was significantly upregulated lung tumor
tissues of both LUSC and LUAD, compared to normal tissues
(Figure 1A). We also collected tumor tissues and normal tissues

from 80 NSCLC patients and analyzed FNDC1 expression pattern,
which validated the overexpression of FNDC1 in NSCLC (Figure
1B). The 80 NSCLC patients were divided into FNDC1 low-
expression (n=40) and high-expression group (n=40) based on the
median expression value of FNDC1. The overall survival analysis
of the two groups by Kaplan Meier curve demonstrated a poorer
prognosis in FNDC1 high-expression group (Figure 1C). Western
blot analysis confirmed the elevated protein level of FNDC1 in
NSCLC tumor samples compared to the adjacent ones (Figure 1D).
Further, the increase of FNDC1 expression at mRNA and protein
level was also found in NSCLC cell lines (calu6, A549, calu3,
h1229, h1975) when compared to human bronchial epithelial cells
( H B E )  ( F i g u r e  1  E , F ) .  W e  a l s o  a n a l y z e d    
FNDC1 level and clinicopathological data of NSCLC patients by
Chi-square test (Table 1). High FNDC1 level was associated with
advanced TNM stage and distal node metastasis in NSCLC
patients. Together, these findings unveil the significance of FNDC1
overexpression in NSCLC, suggesting FNDC1 as a potential
oncogenic factor in NSCLC.

Knockdown of FNDC1 inhibited the proliferation 
of NSCLC cells

To investigate the functional roles of FNDC1 in NSCLC cells,
we used two shRNAs (stable strains were constructed by lentivirus)
to silence FNDC1 expression. Compared with control cells (sh-NC),
sh-FNDC1 #1 and #2 could effectively reduce FNDC1 level in
A549 and h1229 lines (Figure 2A). As revealed by CCk-8
proliferation assay, silencing FNDC1 could impair the proliferation
of NSCLC cells (Figure 2B). Consistently, knockdown of FNDC1
suppressed the DNA synthesis rate of NSCLC cells, as shown by
the reduced number of EDU incorporating cells (Figure 2C). These
data indicated that FNDC1 is required for sustaining the
proliferation in NSCLC cells.

Table 1. Correlation between FNDC1 expression and clinicopathological characteristics of non-small cell lung cancer patients.

Clinicopathological characteristics                      Total FNDC1 expression                                               p
                                                                                                                         High                               Low                                         

Gender                                                                                                                                                                                                                                                                
        Male                                                                                          36                                                19                                              17                                                   0.653
        Female                                                                                     44                                                21                                              23                                                        
Age (years)                                                                                                                                                                                                                                                        
        ≤60                                                                                            45                                                21                                              24                                                   0.499
        >60                                                                                            35                                                19                                              16                                                        
Tumor size                                                                                                                                                                                                                                                          
        T1                                                                                               22                                                10                                              12                                                   0.922
        T2                                                                                               19                                                 9                                               10                                                        
        T3                                                                                               19                                                10                                               9                                                         
        T4                                                                                               20                                                11                                               9                                                         
Distant metastasis                                                                                                                                                                                                                                           
        Positive                                                                                     44                                                31                                              13                                              0.001***
        Negative                                                                                   36                                                 9                                               27                                                        
Differentiation                                                                                                                                                                                                                                                  
        High                                                                                           30                                                14                                              16                                                   0.875
        Moderate                                                                                 20                                                10                                              10                                                        
        Poor                                                                                          30                                                16                                              14                                                        
TNM stages                                                                                                                                                                                                                                                        
        I                                                                                                  19                                                14                                               5                                                 0.002**
        II                                                                                                16                                                 7                                                9                                                         
        III                                                                                               14                                                 6                                                8                                                         
        IV                                                                                               21                                                 3                                               18                                                        

TNM, overall stage to describe the tumor (T), node (N), and metastasis (M) categories; **p<0.01, ***p<0.001.
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Figure 3. Silencing FNDC1 suppressed the migration, invasion, EMT and angiogenic potential of NSCLC cells. A) Transwell migration
assay in A549 and h1229 cell line stably expressing sh-NC, sh-FNDC1 #1, and #2; scale bar: 250 µm. B) Transwell invasion assay in
A549 and h1229 cell line stably expressing sh-NC, sh-FNDC1 #1, and #2; scale bar: 250 µm. C) In vitro tube formation assay in A549
and h1229 cell line stably expressing sh-NC, sh-FNDC1 #1, and #2; scale bar: 50 µm. D) The protein levels of E-cadherin, N-cadherin
and VEGFA in A549 and h1229 cell line stably expressing sh-NC, sh-FNDC1 #1, and #2.
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Figure 4. miR-143-3p negatively targets FNDC1. A) "Starbase", "miRDB" and "miRWalk" miRNA database was utilized to predict the
predicted the candidate miRNAs of FNDC1; three common candidates were identified: hsa-miR-143-3p; hsa-miR-9-5p; hsa-miR-448.
B) Cells were transfected with miR-NC, miR-143-3p mimic, miR-9-5p mimic, or miR-448 mimic, respectively; FDNC1 expression was
detected by qRT-PCR 48 h after transfection. C) Dual luciferase reporter assay using FDNC1-WT or MUT reporter in the presence of
miR-143-3p mimic or miR-NC. D) The protein level of FNDC1 was analyzed by Western blot after the transfection of miR-NC or miR-
143-3p mimic. E) The RNA level of miR-143-3p after the transfection of NC inhibitor or miR-143-3p inhibitor. F) The protein level
of FNDC1 after the transfection of NC inhibitor or miR-143-3p inhibitor. G) The expression level of miR-143-3p in tumors tissues
and adjacent normal tissues of NSCLC patients (n=80, p<0.001). H) The correlation of FNDC1 and miR-143-3p expression in NSCLC
tumor samples (n=80, p<0.001).
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Knockdown of FNDC1 repressed the migration, 
invasion, epithelial-mesenchymal transition and in vitro
angiogenesis of NSCLC cells

To further study the impact of FNDC1 silencing on the
malignancy of NSCLC cells, we performed cell migration and

invasion upon FNDC1 knockdown. As shown in Figure 3 A,B, the
knockdown of FNDC1 inhibited the migratory and invasive
capacity of NSCLC cells. In the tube formation, silencing FNDC1
also suppressed the angiogenic potential of NSCLC cells (Figure
3C). As cell migration and invasion is related to the epithelial-

[page 136]                                           [European Journal of Histochemistry 2023; 67:3577]

Figure 5. FNDC1 overexpression partially reversed the effect of miR-143-3p mimic on the malignancy of NSCLC cells. A) The protein
level of FNDC1 in A549 and H1229 cells transfected with empty vector or FNDC1 expression vector. B) CCK-8 assay in cells trans-
fected with miR-NC, miR-143-3p mimic or miR-143-3p mimic plus NDC1 expression vector. C) EDU staining in above experimental
conditions. D,E) Transwell migration and invasion assay in above experimental conditions. F) In vitro tube formation in above exper-
imental conditions; scale bar: 50 µm. G) E-cadherin, N-cadherin and VEGFA protein levels in above experimental conditions.
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mesenchymal transition (EMT), we next measured EMT markers
by Western blot. As shown in Figure 3D, knockdown of FNDC1
increased the protein expression of E-cadherin (epithelial marker),
while the protein levels of N-cadherin (mesenchymal marker) and
VEGF-A (angiogenic factor) were reduced. Taken together, these
results suggest FNDC1 promotes the migration, invasion, EMT and
angiogenic potential of NSCLC cells.

MiR-143-3p could negatively regulate FNDC1 expression
Generally, miRNAs are important regulator of protein level in

the progression of cancers. We next sought to seek for the miRNA
regulator of FNDC1. With the prediction of three public databases
(Starbase, miRDB and miRWalk), we found three common
candidate miRNAs which could potentially regulate FNDC1: hsa-
miR-143-3p; hsa-miR-9-5p; hsa-miR-448 (Figure 4A). Among
them, we focused on the analysis of miR-143-3p, since only miR-
143-3p mimic could significantly repress FNEC1 expression
(Figure 4B). Dual luciferase reporter assay revealed that, compared
with miR-NC, the transfection of miR-143-3p mimic was able to
repress the luciferase activity in the WT reporter of FNDC1, while
this inhibition was abolished in the MUT reporter of FNDC1,
indicating that the two molecules interact with each other via wild
type binding sites (Figure 4C). The transfection of miR-143-3p
mimic also reduced FNDC1 expression at protein level (Figure 4D).
We also used miR-143-3p inhibitor to downregulate miR-143-3p in
A549 and h1229 cells (Figure 4E). In contrast to  miR-143-3p
mimic, FNDC1 protein level was increased upon the transfection
of miR-143-3p inhibitor (Figure 4F). To investigate miR-143-3p
expression pattern in NSCLC samples, the RNA level of miR-143-
3p in 80 cases of NSCLC tumor and adjacent normal tissues was
measured by qRT-PCR, which revealed the significant
downregulation of miR-143-3p in NSCLC tumors (Figure 4G).
There was also a significant negative association between the
expression of FNDC1 and miR-143-3p (Figure 4H). Overall, our
data suggest that miR-143-3p interact with FNDC1 mRNA to
negatively regulate its expression.

Overexpression of FNDC1 partially rescued the effect
of miR-143-3p mimic in NSCLC cells

In order to prove the regulator miR-143-3p/FNDC1 axis in
NSCLC cells, we applied FNDC1 overexpression plasmid to
increase FNDC1 in A549 and H1229 cells (Figure 5A). Then the
cells were transfected with miR-NC, miR-143-3p mimic or miR-
143-3p mimic plus FNDC1 expression vector. CCK8 assay showed
that miR-143-3p mimic could suppressed cell proliferation, and the
co-transfection of FNDC1 plasmid partially restored cell
proliferation (Figure 5B). Similarly, miR-143-3p mimic reduced the
EDU-positive cells, and FNDC1 overexpression increased EDU-
positive cells (Figure 5C). Migration and invasion ability of NSCLC
cells in different groups were determined by transwell assays with
or without the Matrigel coating. miR-143-3p mimic inhibited the
migratory and invasive abilities of NSCLC cells, and FNDC1
overexpression partially enhanced cell migration and invasion in
the presence of miR-143-3p mimic (Figure 5 D,E). Similar rescue
effect was observed for the angiogenic potential in the tube
formation assay (Figure 5F). Lastly, we examined EMT marker by
Western blot in different experimental groups. The transfection of
miR-143-3p mimic dramatically decreased the expression of N-
cadherin and VEGFA, while the expression level of E-cadherin was
increased. However, the co-transfection of FNDC1 plasmid partially
reversed the effects of miR-143-3p mimic on N-cadherin, E-
cadherin and VEGFA levels (Figure 5G). Taken together, these
results indicate that miR-143-3p/FNDC1 axis regulates the
malignant phenotype in NSCLC cells.

Knockdown of FNDC1 suppressed tumor formation
and metastasis of NSCLC cells in vivo

To investigate the in vivo role of FNDC1 in NSCLC, xenograft
mouse model was established using H1299 cells stably expressing
sh-NC or sh-FNDC1. The tumor growth measurement showed the
tumor-suppressive effect of FNDC1 silencing in vivo (Figure 6
A,B). Compared with sh-NC group, the knockdown of FNDC1
significantly reduced tumor volume and tumor weight. Ki-67 is a
proliferative marker.16 The immunohistochemical  staining of Ki-
67 and FNDC1 showed that, in the sh-FNDC1 groups with the
downregulation of FNDC1, the expression level of Ki-67 was also
significantly repressed (Figure 6C), indicating the proliferation-
suppressive effect of FNDC1 knockdown in vivo. In addition,
FNDC1 silencing also suppressed the EMT by downregulating N-
cadherin and VEGFA and upregulating E-cadherin (Figure 6D).
Consistent with this, H&E staining in the lung tissues revealed
reduced lung metastatic nodules in the mice injected with FNDC1
silencing cells (Figure 6 E,F).

Discussion
The functions of extracellular matrix related proteins in the

progression of cancer have attracted increasing research attention.6
For instance, fibronectin dysregulation was implicated in the
progression of gastric cancer.17 Structural domain of FNDC1 was
reported to be a pathogenic factor leading to acute otitis.12

Additionally, FNDC1 is involved in the regulation of cardiomyocyte
apoptosis under hypoxia.17,18 Similarly, FNDC1 also contributes to
hypermethylation-induced apoptosis in human salivary gland
adenoid cystic carcinoma.19 Our study reported the overexpression
of FNDC1 in NSCLC tumor samples and cancer cell lines. Its
knockdown not only undermines the malignant phenotype of
NSCLC cells, but also impairs tumor growth and metastasis in the
animal model. Thus, our data provide solid evidence supporting the
oncogenic role of FNDC1 in NSCLC.

Previous studies suggest that FNDC1 level could be modulated
by miRNAs in cancers. For example, miR-1207-3p/FNDC1 axis is
implicated in prostate cancer. The increased expression of miR-
1207-3p shows inhibitory effects on the migration and proliferation
of prostate cancer cells by targeting FNDC1.14 However, the specific
mechanism of FNDC1 overexpression in NSCLC remains to be
elucidated. Lung cancer is a heterogeneous disease and their
multiple factors implicated in its malignant progression.
Understanding the molecular mechanisms responsible for the
malignancy of NSCLC is essential for the development of effective
therapies. Challenges in Lung cancer or NSCLC management also
include the lack of reliable diagnostic and prognostic biomarkers.
In present study, reported that the heightened FNDC1 level was
correlated with the dismal prognosis in NSCLC patients, indicating
its potential as a prognostic marker. Importantly, we also identified
miR-143-3p as a negative regulator of FNDC1. miR-143-3p was
downregulated in NSCLC tumor and cell lines, and its
overexpression attenuate the malignant phenotype of NSCLC cells.
These data suggest that miR-143-3p serves as a tumor-suppressor
in NSCLC cells, although its tumor-suppressive effect needs to be
further validated in animal model.

miRNAs plays important roles in post-transcriptional regulation
of protein expression. Different miRNAs may serve as either
oncogenic factors or tumor suppressors across cancer types.20

miRNAs could repress target gene expression through binding to
the 3′UTR (untranslated region) of mRNA. In this study, we
confirmed the interaction of miR-143-3p with FNDC1 mRNA
3’UTR in NSCLC cells. Moreover, miR-143-3p was downregulated
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in NSCLC tissues and its expression level was conversely correlated
with FNDC1 expression. A previous study has reported that miR-
143-3p was downregulated in bladder cancer, and its reduced level
was associated with the poor prognosis of bladder cancer patients.21

In addition, the downregulation of miR-143 was also found in
cervical cancer, and its overexpression inhibited tumor cell growth
through targeting Bcl-2.22 Furthermore, miR-143-5p could
downregulate COX-2 in gastric cancer to induces apoptosis and
undermine cell survival.23 We showed that miR-143-3p

overexpression not only suppressed cell growth, but also impaired
the migration and invasion of NSCLC cells by attenuating EMT.
Thus, our data and previous evidence altogether support the tumor-
suppressive function of miR-143-3p in different cancer.
Nevertheless, the mechanisms underlying miR-143-3p
downregulation in NSCLC tumors need to be investigated in future
studies. We surmise that other non-coding RNAs such as lncRNAs
or circRNAs may function as upstream regulators governing the
expression of miR-143-3p.

Figure 6. Knockdown of FNDC1 suppresses cell proliferation and metastasis of NSCLC cells in vivo. A) H1299 cells stably expressing
sh-NC or sh-FNDC1 were inoculated into nude mice, and the tumor volume was measured every 7 days (n=6 in each group). B) The
subcutaneous tumor mass was measured on day 28. C)  immunohistochemical staining of Ki-67 and FNDC1 was performed in the
tumor sections of sh-NC and sh-FNDC1 groups; scale bar: 200 µm (40x) and 100 µm (200x). D) The protein levels of E-cadherin, N-
cadherin and VEGFA in the tumor tissues of sh-NC and sh-FNDC1 groups were measured by Western blot. E) The number of lung
nodules in the lung tissue of sh-NC and sh-FNDC1 groups (n=6 in each group). F) H&E staining of the lung tissues of sh-NC and sh-
FNDC1 groups. Representative images under 40x (scale bar: 180 µm) and 200x (scale bar: 40 µm) magnification.
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