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ARTICLE INFO ABSTRACT

Keywords: Non-small cell lung cancer (NSCLC) is the most common type of primary lung cancer and regarded as cancer
FBXL3 killer. The aim of this study was to discover the detailed function and molecular mechanism of F-box and leucine
miR-4735-3p rich repeat protein 3 (FBXL3) in NSCLC. In this study, the expression level of FBXL3 in NSCLC tissues and cell
Ell';;:r‘:gofn lung cancer lines was firstly examined and identified. Moreover, the relationship between FBXL3 and the overall survival

rate of NSCLC patients was analyzed by Kaplan-Meier survival curve. Functionally, MTT, colony formation assay
and transwell assays were performed to determine the role of FBXL3 in regulating NSCLC cell proliferation,
migration and invasion. The proliferation and migration were suppressed by overexpression of FBXL3, indicating
the potential tumor suppressive role of FBXL3 in NSCLC. In addition, the dual-luciferase reporter and RNA pull-
down assays revealed that miR-4735-3p was a novel upstream modulator of FBXL3. Further study showed that
miR-4735-3p was upregulated in NSCLC tissues and cell lines. Finally, rescue assays and function assays revealed
that miR-4735-3p exerted oncogenic function in NSCLC, and this function can be attenuated by FBXL3. Taken
together, FBXL3 was regulated by miR-4735-3p and suppressed cell proliferation and invasion in non-small cell

lung cancer.

1. Introduction

As one of the most common malignancies, lung cancer has become
the leading cause of cancer-related death all over the world [4,27].
Non-small cell lung cancer (NSCLC) accounts for approximately 80%
among all types of lung cancer [11]. Non-small cell lung cancer is
commonly classified into two subtypes, squamous cell carcinoma and
adenocarcinoma cell carcinoma [29]. Although, advances have been
made in the chemotherapy and molecular targeting therapy, the overall
5-year survival rate for NSCLC patients is still low [31]. Therefore, it is
critical to find the diagnostic markers and effective therapeutic targets
for NSCLC.

The currently developed treatment method was miRNAs-mediated
translational suppression of mRNAs, which led to gene silencing at
mRNA level [6]. F-box and leucine rich repeat protein 3 (FBXL3) has
been reported to be downregulated in colorectal cancer, and acted as a
target gene of miRNA [10]. MicroRNAs (miRNAs) are small non-coding
RNA and consist of 21-23 nucleotides [16]. Increasing studies have
documented that miRNAs exert its role in posttranscriptional level via
changing the translation of mRNA [3,26]. Reports also demonstrated
the effects of miRNAs on gene expression and biological processes in
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different types of cancers [12,15]. Some miRNAs participated in the
development and progression of NSCLC via suppressing or degrading
the expression of their targets [2,14,32,33]. These reports suggested
miRNAs can act as an upstream gene of mRNA and regulate mRNA
expression. However, little was known about FBXL3 and its correlation
with miRNA in NSCLC. Thus, this study aims to explore the interaction
between FBXL3 and miR-4735-3p and their functions in NSCLC.

2. Materials and methods
2.1. Tissue samples

All tissue samples (NSCLC tissues, n = 80; adjacent normal tissues,
n = 80) were collected from NSCLC patients in the Third Medical
Oncology Department of Thoracic Cancer, Liaoning Cancer Hospital &
Institute. This study was approved by the ethics committee of Cancer
Hospital of Liaoning Cancer Hospital & Institute. The informed consents
had been obtained from all patients.
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2.2. Cell culture

Four NSCLC cell lines (NCL-H460, NCL-H358, NCL-H1299 and NCL-
H146) and one normal bronchial epithelial cell line (16HBE) were
purchased from the Institute of Biochemistry and Cell Biology of the
Chinese Academy of Sciences (Shanghai, China). Cell lines were
maintained in DMEM medium (GIBCO-BRL) and supplemented with
10% fetal bovine serum (FBS, Sigma, San Francisco, CA, USA), 100 U/
ml of penicillin and 100 pg/ml of streptomycin (Sigma). Cell lines were
cultured in a humidified atmosphere at 37 °C with 5% CO,.

2.3. Plasmid construction

The pcDNA-FBXL3 vector and specific siRNA against FBXL3 vector
were synthesized by GenePharma (Shanghai, China). MiR-4735-3p
mimics, miR-4735-3p inhibitor (anti-miR-4735-3p) and their negative
control (miR-NC or anti-NC) were synthesized from GenePharma
(Shanghai, China). According to the recommendation of manufacturer,
LipofectamineTM 2000 reagent (Invitrogen, Carlsbad, CA, USA) was
used to transfect all plasmids into NCL-H460 and NCL-H1299 cells. The
sequence of miR-4735-3p inhibitor: UUUCCACGAGUUUAAUCUGUA.
The miR-4735-3p mimics sequence: AAAGGUGCUCAAAUUAGACAU.
The miR-NC sequence: CGGUUCGCTAGCGCCGACUCG. The anti-NC
sequence: CAGUACUUUUGUGUAGUACAA.

2.4. RNA isolation and qRT-PCR

Total mRNAs were extracted from NSCLC cells by using TRIzol re-
agent (Qiagen, Dusseldorf, Germany). Subsequently, reverse transcrip-
tion was conducted by TagMan® MicroRNA Reverse Transcription Kit
(Life technologies). The synthesis of complementary DNA (cDNA) was
performed using Oligo (dT). The SYBR Premix Ex TaqTM Kit (TaKaRa,
Tokyo, Japan) was used for Real-time PCR. The amplification para-
meters were: 95 °C for 5 min, 40 cycles of 95 °C for 30s, 60 °C for 30s
and 72 °C for 1 min, following the final extension was 72 °C for 5 min.
The results were calculated with the 2“4t method and normalized to
GAPDH. The primers for real-time PCR were showed as followings:
FBXL3 (forward), 5'-AGACCTTGGAGCTTGCTTGG-3’, FBXL3 (reverse),
5’—CCTGGGCAGTTTGCTTTGAC-3’; miR-4735-3p (forward), 5-GAAG
GTGCTCAAACCAGACAT-3’, miR-4735-3p (reverse), 5’- CTCTACAGCT
ATATTGCCAGCCA-3’; GAPDH (forward), 5-AACAGGAGGTCCCTACT
CCC-3’, GAPDH (reverse), 5-GCCATTTTGCGGTGGAAATG-3’; U6 (for-
ward), 5’-GCAGACCGTTCGTCAACCTA-3’, U6 (reverse), 5’-AATTCTGT
TTGCGGTGCGTC-3".

2.5. Cell viability assay

MTT (Sigma-Aldrich, St. Louis, MI, USA) assay was carried out to
detect the cell viability. Briefly, NCL-H460 and NCL-H1299 cell lines
were seeded into 96-well plates at a density of 4 x 10° cells/well. NCL-
H460 and NCL-H1299 cells were transfected with FBXL3 or NC with
different time stage (24, 48, 72, 96 h). Cell viability was assessed by
observing the absorbance at 490 nm for each well using a microplate
spectrophotometer.

2.6. Colony formation assay

After transfection, NCL-H460 and NCL-H1299 cell lines were plated
in the 6-well plates at a density of 1 x 10%/100 pL, following an in-
cubation at 37 °C in a humidified atmosphere with 5% CO,. After two
weeks, cells were treated with phosphate buffered saline (PBS,
Invitrogen, CA, USA). The colonies were fixed with 4% paraformalde-
hyde for 30min and dyed with 0.1% crystal violet for 15min.
Subsequently, the colonies were washed three times with PBS. At last,
the pictures of plates were taken. The stained colonies were counted
manually.
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2.7. Apoptosis assay

2.7.1. Flow cytometry analyses

48 h post-transfection, NCL-H460 and NCL-H1299 cell lines were
reaped and digested with trypsin, followed by low speed centrifugation
for 15min to wipe off the supernatant. Then, cells were washed two
times with precooled PBS (Invitrogen, CA, USA) prior to the fixation
with 5ml of 70% pre-iced ethanol at 4 °C overnight. Thereafter, the
fixed cells were stained with propidium iodide (PI, Sigma-Aldrich; San
Francisco, CA, USA) in the presence of Ribonuclease A (BD Biosciences,
San Diego, CA, USA) at 4 °C for 30 min in the dark. The cell cycle dis-
tributions in the GO/G1, S, and G2/M phases were detected and ana-
lyzed via FACScan (Beckman Coulter, Mansfield, MA, USA) and FlowJo
software (Treestar, Inc., Ashland, OR, USA) in accordance with the
standard method.

Apoptosis analysis were conducted by using Annexin V-FITC/PI
Apoptosis Detection Kit (Sigma-Aldrich). After transfection, NCL-H460
and NCL-H1299 cell lines (2 x 10* /mL) were harvested and washed 3
times in PBS. Thereafter, cells were cultured in 70% cold ethanol for 1 h
on ice and dyed with 200 pL of binding buffer, which containing 10 uL
Annexin V-FITC and 5 pL of PI. After incubation for 1h in the dark at
room temperature, FACScan and FlowJo software were used to analyze
cell apoptosis.

2.7.2. Cell migration and invasion assays

After 48 h transfection, NCL-H460 and NCL-H1299 cells were col-
lected and cultured in serum-free culture medium for twelve hours,
followed by digestion. Subsequent to washing three times with PBS
(Invitrogen), cells were suspended in the serum-free DMEM containing
10 mg/L of FBS. The concentration of cell suspension was adjusted to
2 x 10° cells/mL. Cell migration and invasion were detected using a
24-well plate transwell chamber (8 um pore size, Corning, NY, USA)
which was pre-coated with (for invasion) or without (for migration)
Matrigel (Sigma-Aldrich Chemical Company, St Louis, MO, USA). 48 h
later, 200 pL of cells in serum-free medium were added into the upper
chamber. 500 uL of medium containing 10% FBS was placed into the
lower chamber. Following 48 h incubation at 37 °C with 5% CO,, cells
in the upper membrane were wiped off, while cells that migrated into
the lower chamber were fixed in methanol and stained with 0.1%
crystal violet. These migratory cells were imaged and counted under an
inverted optical microscope (magnification x 100; Olympus
Corporation, Tokyo, Japan) through selecting 5 random fields.

2.7.3. Luciferase reporter assay

The wild-type (WT) or mutant (MUT) 3’UTR of FBXL3 containing
the predicted miR-4735-3p binding sites was cloned into the pRL-TK
vectors. Then, 100ng of pRL-TK-3'UTR-wt or mutant and 20ng of
pGL3.0 control vector were co-transfected into NCL-H460 and NCL-
H1299 cells which were planted in 24 well plate. After 4 h transfection,
50 nM of miR-4735-3p mimic or miR-NC was transfected into NSCLC
cells, respectively. The luciferase activities in each cell line were ana-
lyzed by dual luciferase assay kit (Promega, Madison, USA).

2.7.4. RNA pull-down assay

In brief, miR-4735-3p, miR-4735-3p-Mut, mimics-NC were sepa-
rately biotinylated to be Bio-miR-4735-3p-wt, Bio-miR-4735-3p-mut
and Bio-NC by GenePharma Company (Shanghai, China). Then, they
were transfected into NCL-H460 and NCL-H1299 cells. After 48h
transfection, NCL-H460 and NCL-H1299 cells were collected and lysed.
At last, they were incubated with Dynabeads M-280 Streptavidin
(Invitrogen, CA) for 10 min and washed with buffer. The bound RNAs
were quantified and analyzed by qRT-PCR. The primers were listed as
follows: Bio-miR-4735-3p (forward), 5-GAAGGTGCTCAAACCAGA
CAT-3’, Bio-miR-4735-3p (reverse), 5- CTCTACAGCTATATTGCCAG
CCA-3’; Bio-miR-4735-3p-Mut (forward), 5'-CGCATCACTAGAGCCGAC
TAC-3’, Bio-miR-4735-3p-Mut (reverse), 5- CTCTACAGCTATATTGCC
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AGCCA-3’; Bio-NC (forward), 5’ — CCCCAAAACCCAAGGACCAA-3’, Bio-
NC (reverse), 5’ — CCGTCCACGTACCAGTTGAA-3".

2.7.5. Western blotting assay

In brief, NCL-H460 and NCL-H1299 cells were placed into six-well
plates and lysed on ice using RIPA buffer. Then, proteins (50 ug) were
separated by SDS-PAGE gel (Thermo Scientific, CA, USA) and trans-
ferred onto a polyvinylidene difluoride (PVDF, Millipore, Billerica, MA,
USA) membrane. Subsequently, the membranes were incubated with
5% defatted milk for 48 h at room temperature. Anti-FBXL3 (ab96645,
Abcam, Cambridge, MA, USA, at 1: 1000 dilution), anti-E-cadherin
(ab1416, Abcam, at 1: 1000 dilution), anti-N-cadherin (ab18203,
Abcam, at 1: 1000 dilution) and anti-GAPDH (ab8245, Abcam, at 1:
1000 dilution) were utilized as the primary antibodies. The secondary
antibodies were HRP-conjugated antibodies at 1: 2000 dilution.
Membranes were cultured with primary antibodies at 4 °C all night and
then with secondary antibodies for two hours at room temperature.
Finally, an enhanced chemiluminescence (ECL, Bio-Rad lab, Hercules,
CA, USA) was utilized to visualize the protein signals.

2.7.6. Statistical analysis

Statistical analyses were analyzed via using SPSS 17.0 software.
Statistical significances were measured by Student’s t-test and one-way
ANOVA. Kaplan-Meier analysis and log rank test were utilized to detect
the overall survival rate of NSCLC patients. Cox regression analysis was
further applied to analyze prognostic factors. The correlation between
FBXL3 and miR-4735-3p was detected by Spearman’s correlation ana-
lysis. Data represent mean # standard deviation (SD) of at least three
independent experiments. p < 0.05 was considered significantly.

3. Results
3.1. FBXL3 was downregulated in NSCLC tissues and cell lines

To explore the role of FBXL3 in the NSCLC, qRT-PCR assay was
firstly conducted to measure the expression level of FBXL3 in 80 pairs of
NSCLC tissues and corresponding normal tissues. Results revealed that
FBXL3 expression was significantly downregulated in cancer tissues
compared with normal tissues (Fig. 1A). In addition, we analyzed the
expression levels of FBXL3 in four NSCLC cell lines (NCL-H460, NCL-
H358, NCL-H1299 and A549) and one normal bronchial epithelial cell
line (16HBE). The expression levels of FBXL3 was significantly de-
creased in NSCLC cell lines, especially in NCL-H460 and NCL-H1299
cells (Fig. 1B). The mean value of the expression level of FBXL3 in
NSCLC tissues was used as a diving line. We divided all samples into
two groups (high expression group and low expression group). Then,
we assessed the correlation between FBXL3 expression and the clinic-
pathological features of 80 NSCLC patients. The expression level of
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Table 1
Correlation between the expression of FBXL3 and clinicopathological features
of NSCLC patients. (n = 80).

Variable FBXL3 Expression P-value
Low High

Age

< 60 17 31 0.810

=60 10 22

Gender

Male 20 36 0.241

Female 7 17

Lymph Node Metastasis

Negative 12 20 0.632

Positive 15 33

Smoking

No 19 39 0.795

Yes 8 14

TNM Stage

I-II 14 41 0.024

II-1v 13 12

Low/high by the mean expression of FBXL3. Pearson 7 test.
* p < 0.05 was considered statistically significant.

FBXL3 was associated with TNM stage (p = 0.024), but not with
smoking, lymph node metastasis and age as well as gender (Table 1). In
addition, these prognostic factors were further detected by Cox re-
gression analysis. The result showed that FBXL3 expression and TNM
stage were two independent prognostic factors for NSCLC patients
(Table 2). Furthermore, Kaplan-Meier analysis validated that high level
of FBXL3 indicated higher overall survival rate compared with those
with low level of FBXL3 (Fig. 1C). Collectively, these findings indicated
that FBXL3 expression might be correlated with NSCLC progression.

3.2. Overexpression of FBXL3 suppressed NSCLC cell proliferation by
regulating cell cycle progress and cell apoptosis

To investigate the biological function of FBXL3 in NSCLC, gain-of-
function experiments were conducted. QRT-PCR showed that the ex-
pression level of FBXL3 was significantly increased in NCL-H460 and
NCL-H1299 cells transfected with pcDNA-FBXL3 (Fig. 2A). MTT assay
revealed that upregulated FBXL3 obviously suppressed cell viability in
NCL-H460 and NCL-H1299 cells (Fig. 2B). Consistent with MTT, colony
formation assay demonstrated that overexpression of FBXL3 sig-
nificantly reduced the colony numbers in NCL-H460 and NCL-H1299
cells (Fig. 2C). Furthermore, we analyzed whether FBXL3 regulated
NSCLC cell proliferation via modulation of cell cycle distribution and
cell apoptosis. Flow cytometry analysis revealed that FBXL3 over-
expression obviously led to cell cycle arrested at GO/G1 phase in both
NCL-H460 and NCL-H1299 cells (Fig. 2D). In addition, upregulation of
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Fig. 1. FBXL3 was downregulated in NSCLC tissues and cell lines. (A) FBXL3 expression was detected by qRT-PCR assay in 80 pairs of NSCLC tissues and adjacent
normal tissues. (B) FBXL3 expression was measured by qRT-PCR assay in NSCLC cell lines (NCL-H460, NCL-H358, NCL-H1299 and A549) and one normal bronchial
epithelial cell line (16HBE). (C) Kaplan-Meier survival curve and log rank test were utilized to detect the association between FBXL3 expression and overall survival

rate of NSCLC patient. * p < 0.05; **p < 0.01.
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Table 2
Multivariate analysis of prognostic parameters in patients with NSCLC by Cox
regression analysis.

Variable Category HR(95%CI) P-value

FBXL3 expression Low 0.305(0.15-0.621) 0.001""
High

Age < 60 0.861(0.418-1.77) 0.686
=60

Gender Male 1.159(0.545-2.46) 0.701
Female

Lymph Node Metastasis No 1.099(0.522-2.31) 0.803
Yes

Smoking No 1.16(0.538-2.49) 0.705
Yes 0.007""

TNM Stage I-1I 0.278(0.109-0.70)

II-1vV

Proportional hazards method analysis showed a positive, independent prog-
nostic importance of FBXL3 expression (p = 0.001), in addition to TNM stage
(p = 0.007). “p < 0.01 was considered statistically significant.
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FBXL3 accelerated NCL-H460 and NCL-H1299 cells apoptosis (Fig. 2E).

3.3. Overexpression of FBXL3 suppressed cell migration, invasion and EMT
progress in NSCLC

We further detected whether FBXL3 could affect NSCLC cell mi-
gration. Transwell assay showed that overexpressed FBXL3 inhibited
cell migration and invasion in both NCL-H460 and NCL-H1299 cell
lines (Fig. 3A-B). Additionally, we detected the relative protein level of
EMT-related markers, thereby confirming the role of FBXL3 in reg-
ulating EMT process. Results suggested that FBXL3 overexpression in-
creased the protein level of E-cadherin, while decreased the level of N-
cadherin (Fig. 3C).

3.4. MiR-4735-3p is an upstream modulator of FBXL3 in NSCLC

To detect the underlying molecular mechanism by which FBXL3
regulated NSCLC, we analyzed the potential upstream target genes of
FBXL3. 92 upstream miRNAs of FBXL3 were predicted using the online
prediction tool starbase (http://starbase.sysu.edu.cn/browseNcRNA.
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Fig. 2. Overexpression of FBXL3 suppressed NSCLC cell proliferation by regulating cell cycle progress and cell apoptosis. (A) Transfection efficiency were
exhibited in both NCL-H460 and NCL-H1299 cells. (B) NCL-H1688 and NCL-H1299 cCell viability were detected by CCK-8 assay after NCL-H460 and NCL-H1299
cells were transfected with NC and pcDNA-FBXL3 (FBXL3). (C) Colony formation ability of NCL-H460 and NCL-H1299 cells transfected with NC and pcDNA-FBXL3
(FBXL3) were examined by colony formation assay. (D-E) Cell cycle and apoptosis were analyzed by flow cytometry analysis after NCL-H460 and NCL-H1299 cells
were transfected with NC and pcDNA-FBXL3 (FBXL3). *p < 0.05; **p < 0.01.
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Fig. 3. Overexpression of FBXL3 suppressed cell migration, invasion and EMT progress in NSCLC. (A-B) Transwell assays were performed to analyze cell
migration and invasion after NCL-H460 and NCL-H1299 cells were transfected with NC and pcDNA-FBXL3 (FBXL3). (C) Relative protein level of EMT-related markers
in NCL-H460 and NCL-H1299 cells were tested by western blot assay. ** p < 0.01.

php). Among all these potential miRNAs, only miR-4735-3p has not
been studied in NSCLC. Therefore, we chose it for following study. The
putative binding site between 3’-UTR of FBXL3 and miR-4735-3p was
shown (Fig. 4A). Luciferase reporter assay showed that the luciferase
activity was reduced by co-transfecting with miR-4735-3p mimic and
wild-type 3’'UTR of FBXL3 (FBXL3-WT), while the luciferase activity
was not changed when cells were co-transfected with mutant 3’'UTR of
FBXL3 (FBXL3-MUT) (Fig. 4B). The interaction between miR-4735-3p
and FBXL3 was further confirmed by RNA pull-down assay (Fig. 4C). In
addition, the expression levels of miR-4735-3p was assessed in NSCLC
tissues and cell lines by qRT-PCR assay. Obviously, miR-4735-3p was
upregulated in NSCLC tissues and cell lines (Fig. 4D-E). Using the mean
value of miR-4735-3p expression as the threshold, the NSCLC samples
were classified into miR-4735-3p high expression group and miR-4735-
3p low expression group. We then detected the relationship between
miR-4735-3p expression and the overall survival rate of NSCLC patients
by Kaplan-Meier method. Results demonstrated that higher expression
of miR-4735-3p predicted poor overall survival (Fig. 4F). In addition,
Spearman's correction analysis revealed that FBXL3 expression was
negatively associated with miR-4735-3p expression in NSCLC tissues
(Fig. 4G). Then, the regulatory effect of miR-4735-3p on FBXL3 ex-
pression was evaluated by qRT-PCR and western blot assay. Results
revealed that inhibition of miR-4735-3p increased the mRNA and pro-
tein levels of FBXL3, while the levels of FBXL3 were re-decreased by si-
FBXL3 (Fig. 4H-I). These data suggested that miR-4735-3p interacted
with FBXL3 in NSCLC.

3.5. MiR-4735-3p interacted with FBXL3 to regulate NSCLC progression

To further confirm the role of miR-4735-3p/FBXL3 axis in NSCLC, a
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series of rescue assays were conducted in NCL-H460 cells. MTT assay
and colony formation assay indicated that knockdown of FBXL3 sig-
nificantly reversed the inhibitory effect of miR-4735-3p inhibition on
NSCLC cell proliferation (Fig. 5A-B). In addition, flow cytometry ana-
lysis indicated that miR-4735-3p inhibition arrested cell cycle at GO/G1
phase, while co-transfected si-FBXL3 decreased the GO/Gl arrest
(Fig. 5C). Moreover, the increased apoptosis induced by miR-4735-3p
inhibition was rescued by co-transfecting si-FBXL3 (Fig. 5D). Transwell
assay demonstrated cell migration and invasion ability was attenuated
by transfecting miR-4735-3p inhibitor into NSCLC cell, but knockdown
of FBXL3 remarkably dismissed the inhibitory effect of miR-4735-3p
inhibition (Fig. 5E). Furthermore, we treated NCL-H460 cell with miR-
NC, miR-4735-3p mimics and FBXL3 expression vector. As presented in
Fig. 5F-G, cell proliferation was promoted by miR-4735-3p mimics,
which was partially reversed by FBXL3. Furthermore, cell cycle pro-
gress promoted by miR-4735-3p was arrested at GO/G1 phase by co-
transfection with FBXL3 expression vector (Fig. SH). Similarly, cell
apoptosis rate was decreased by miR-4735-3p mimics, and was reversed
re-enhanced by co-transfecting FBXL3 expression vector (Fig. 5I). At
last, cell migration and invasion promoted by miR-4735-3p over-
expression were partially suppressed by FBXL3 overexpression
(Fig. 5J).

4. Discussion

Non-small cell lung cancer (NSCLC) is one of the most common form
of lung cancer [23]. More than thousands of new prevalence-incidence
cases of patients with NSCLC was reported annually [21]. Reports
showed that the delay of diagnosis of NSCLC patients or metastatic
property was the major difficulty for the clinical therapy of NSCLC [22].


http://starbase.sysu.edu.cn/browseNcRNA.php

D. Wang et al.

Pathology - Research and Practice 215 (2019) 358-365

A B NCL-H460 NCL-H1299
= miR-NC . MiR-NC
1 miR-4735-3p mimics [ miR-4735-3p mimics
" N.S .
Position 18-25 of FBXL3 z 12 " —Ne g &
= = 1.2 "
3 UTRWT 5 .. GCACCUUA.. 3 g e 8 40
8 2 03
NRNRRRE! 3 08 3
has-miR-4735-3p 3’ ...CGUGGAAA... 5 S 06 8
S T 06
IRNNRR E E
3 UTR-MUT 5 ... CUUUAGG...3 0 - 2 0.4
B 02 T 02
Q [0]
T 00 € 00
FBXL3-WT  FBXL3-MUT FBXL3-WT FBXL3-MUT
C D E F
mmm NCL-H460 oy &
C—INCL-H1299 o @
£ 30 " ‘?;1 0 n=80 & 8 ) o
E2s £ gl x _
2 = = E6 - g 0.81
c 20 ‘6 G =
o < 6' ° = .
@ ke > » 0.6
< 15 @ 24 - 3 \
@ o 44 < & 0.4] n
w10 S z - 9 .
o S xo o
£ 5 g ol £ 0.2] — Low-miR-4735-3p
3 2 2 — High-miR-4735-3p
© S0 . . S0 o —
Bio-NC Bio-miR- Bio-miR- X Normal i B 460 139% 009 (50 0 10 20 30 40 50 60
47353p  4735-3p-Mut et B o e o R Months
G H . |
& =
3 w 3.5 xx
3 3
§ 8.0] o 3.0
% 5 2.5 FEXLS | oo i smsm
5 6.0 &
o> g 2.0
S g cAPDH | D
§ 401 % 1.5
S ; 1a)
2 2 1.0 a(\i\,\io&\,«\&? ) \@g\'{l&g
2 20] I 05 K g s©
© 4 AT x
o . . . . . ’
14 0.0 1.0 2.0 3.0 4.0 anti-NC anti-miR anti-miR-4735
Relative expression of FBXL3 -4735-3p  -3p + si-FBXL3

Fig. 4. MiR-4735-3p is an upstream modulator of FBXL3 in NSCLC. (A) The binding site between miR-4735-3p and FBXL3 was exhibited. (B) The luciferase
activity was examined in NCL-H460 and NCL-H1299 cells co-transfected with miR-4735-3p mimic and pmiRGLO-3’-UTR-FBXL3-WT (FBXL3-WT) or miR-4735-3p
mimic and pmiRGLO-3’-UTR-FBXL3-MUT (FBXL3-MUT). (C) The interaction between miR-4735-3p and FBXL3 was verified by RNA pull-down assay (D) The
expression of miR-4735-3p in 80 pairs of NSCLC tissues and adjacent normal tissues was measured by qRT-PCR assay. (E) MiR-4735-3p expression was examined by
qRT-PCR assay in NSCLC cell lines (NCL-H460, NCL-H358, NCL-H1299 and NCL-H146) and one normal bronchial epithelial cell line (16HBE). (F) Kaplan-Meier
survival curve and log rank test were utilized to detect the association between miR-4735-3p expression and overall survival rate of NSCLC patient. (G) Spearman's
correction analysis revealed the correlation between FBXL3 expression and miR-4735-3p expression. (H-I) The mRNA and protein levels of FBXL3 were detected in
NSCLC cell transfected with anti-NC, anti-miR-4735-3p or anti-miR-4735-3p + si-FBXL3. ** p < 0.01. N.S: no significance.

Till now, few effective therapeutic treatment and prevention method
were found [20].

FBXL3 has been reported in human malignant cancers as a potential
tumor suppressor, except for NSCLC. In this study, we detected the role
of FBXL3 in NSCLC. The expression level of FBXL3 was found to be
lower in NSCLC tissues and cell lines. Previous report has revealed that
dysregulation of mRNA is correlated with the prognosis of cancer pa-
tients [25]. In the present study, we analyzed the correlation between
FBXL3 expression and the clinicopathological features of NSCLC pa-
tients. The expression of FBXL3 was correlated with TNM stage. More
importantly, the downregulation of FBXL3 correlated with the low
overall survival of NSCLC patients. Therefore, we confirmed that FBXL3
might involve in NSCLC progression. Functionally, mRNAs can regulate
various biological processes, such as cell proliferation, apoptosis and
migration [9,24]. In this study, we detected the functions of FBXL3 in
regulating NSCLC cell proliferation and migration. Interestingly, over-
expression of FBXL3 efficiently suppressed cell proliferation, induced
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cell apoptosis and led to cell cycle arrest. Moreover, the cell migration,
invasion and EMT process were found to be inhibited by FBXL3 over-
expression.

Mechanistically, mRNAs can interact with miRNAs to regulate tu-
morigenesis and tumor progression [17-19,28]. MiRNAs are frequently
dysregulated in NSCLC [1,7,30] and are able to regulate various bio-
logical processes, such as cell proliferation, migration and invasion
[5,8,13]. Therefore, in our present study, we investigated the miRNA
which cold interact with FBXL3 in NSCLC. Based on bioinformatics
analysis, dual-luciferase report assay and pull-down assay, mechanism
investigation demonstrated that miR-4735-3p was able to bind to
FBXL3 3’UTR and negatively regulated FBXL3 in NSCLC. Similarly, we
analyzed the correlation between miR-4735-3p expression and the
overall survival rate of NSCLC patients. High expression level of miR-
4735-3p was associated with the low overall survival rate of NSCLC
patients. Finally, rescue assays demonstrated that miR-4735-3p pro-
moted NSCLC progression, while the function of miR-4735-3p was
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Fig. 5. MiR-4735-3p interacted with FBXL3 to regulate NSCLC progression. (A-B) Effects of FBXL3 knockdown on miR-4735-3p inhibitor-mediated NSCLC cell
proliferation was detected by MTT and colony formation assay. (C-D) Cell cycle and apoptosis were measured by flow cytometry analysis when NSCLC cells were co-
transfected with anti-miR-4735-3p or anti-miR-4735-3p and si-FBXL3. (E) Cell migration and invasion ability were detected by transwell assay after NSCLC cell co-
transfected with anti-miR-4735-3p or anti-miR-4735-3p and si-FBXL3. (F-G) Cell proliferation was examined in cells transiently transfected with miR-NC, miR-4735-
3p mimics or in cells co-transfected with miR-4735-3p mimics and FBXL3 expression vector. (H-I) Cell cycle distribution and cell apoptosis were detected in cells
transiently transfected with miR-NC, miR-4735-3p mimics or in cells co-transfected with miR-4735-3p mimics and FBXL3 expression vector. (J) Transwell migration
and invasion assays were conducted in cells transiently transfected with miR-NC, miR-4735-3p mimics or in cells co-transfected with miR-4735-3p mimics and FBXL3
expression vector. * p < 0.05; **p < 0.01.

attenuated by FBXL3, indicating that miR-4375-3p interacted with
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FBXL3 was regulated by miR-4735-3p and acted as a tumor suppressor
in NSCLC. Our research findings revealed that miR-4735-3p and FBXL3
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contribute to enrich the therapeutic strategy for NSCLC.
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