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Abstract

tributes to LSCC migration.

Background: Accumulating evidence shows that circular RNAs (circRNAs) plays vital roles in tumor progression.
However, the biological functions of circRNAs in laryngeal squamous cell carcinoma (LSCC) metastasis is still unclear.

Methods: gRT-PCR was used to detect circFLNA, miRNAs and FLNA mRNA expression. Transwell assay and west-
ern blot were performed to evaluate cell migration ability and to detect FLNA, MMP2 and MLK1 protein expression,
respectively. RNA pull-down analysis was used to find the binding-miRNAs of circFLNA. Luciferase reporter assay was
used to examine the effect of circFLNA on miRNAs and miR-486-3p on FLNA expression.

Results: In this study, we confirmed that a Filamin A (FLNA)-derived hsa_circ_0092012 known as circFLNA, was
upregulated in LSCC, and the higher expression of circFLNA was correlated with LSCC lymph node metastasis.
Increased circFLNA facilitates LSCC cell migration ability through upregulating FLNA and MMP2 protein expression.
Mechanistically, we find that circFLNA sponges miR-486-3p in LSCC cells, relieving miR-486-3p-induced repression of
FLNA which promotes LSCC cell migration. Accordingly, FLNA mRNA is overexpressed in LSCC tissues and a higher
FLNA level is correlated with poor survival. Dysregulation of the circFLNA/miR-486-3p/FLNA regulatory pathway con-

Conclusions: In summary, our study sheds light on the regulatory mechanism of circFLNA in LSCC migration via
sponging miR-486-3p, which downregulates the FLNA protein expression. Targeting circFLNA/miR-486-3p/FLAN axis
provides a potential therapeutic target for aggressive LSCC.
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Background

Laryngeal carcinoma is the second most frequently diag-
nosed head and neck cancer worldwide [1], with an esti-
mated 17,590 new cases and 3230 deaths projected to
occur in the United States in 2018 [2]. Laryngeal squa-
mous cell carcinoma (LSCC) is the most common type of
laryngeal carcinoma and accounts for ~95% of laryngeal
carcinoma cases. Currently, the main treatment for LSCC
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is surgery, followed by radiotherapy and chemotherapy
[3, 4]. Disease specific survival rates for limited cancers
(stages I, II) typically range from 60 to 90%. However,
once recurrence or distant metastasis occours, patients
remains worse 5-year survival rate of 64% and almost die
of this disease [5, 6]. Therefore, there is an urgent need
to study the underlying molecular mechanisms that con-
tribute to LSCC migration.

Circular RNAs (circRNAs) are a new class of endog-
enous non-coding RNAs [7]. Unlike linear RNAs con-
taining a 5’ caps and 3/ tails, circRNAs are characterized
by covalently closed-loop structures and therefore do
not have 5 and 3’ ends [8]. Recently, increasing evi-
dence has confirmed that circRNAs play critical roles
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in carcinogenesis and cancer progression [9], includ-
ing proliferation, apoptosis, migration and invasion. For
example, circHIPK3 derived from exon 2 of the HIPK3,
regulates hepatocellular carcinoma proliferation and
migration [10]; circITCH acts as a tumor suppressor
contributing to bladder cancer proliferation [11]; and
circRNA_104916 regulates colon cancer cell apoptosis,
migration, and invasion [12]. A previous study has found
that 302 circRNAs are upregulated, while 396 are down-
regulated in LSCC tissues compared with that in non-
tumor tissues as per a microarray analysis [13]. However,
the biological functions of circRNAs in LSCC metastasis
remain unclear.

A previous study demonstrated that the expression
of hsa_circ_0092012, termed circFLNA form exon-9 to
exon-15 of the filamin A (FLNA) gene, is upregulated in
human LSCC via high-throughput circRNA microarray
[13]. Nevertheless, the role of circFLNA in LSCC remains
unknown. In the present study, we first confirmed that
circFLNA was present and upregulated in LSCC tissues
and cell lines. A functional study showed that the over-
expression of circFLNA promoted LSCC cell migration.
Mechanistically, circFLNA sponged miR-486-3p in LSCC
cells, relieving the miR-486-3p effect, leading to eleva-
tion of migration-related FLNA expression thus affecting
LSCC migration and progression.

Methods

Tissues collection

All 39 pairs of LSCC tissues and adjacent normal epi-
thelial tissues were obtained from patients who had
undergone surgery and received primary surgical resec-
tion of LSCC between September 2017 and July 2018 in
the Department of Otolaryngology, Second Hospital of
Hebei Medical University. None of patients with LSCC
were treated with radiotherapy or chemotherapy prior
to surgery. All patients with LSCC were histopathologi-
cally and clinically diagnosed. The patients were further
divided into two groups according to lymph node metas-
tasis. The study protocol was approved by the Ethics
Committee of Second Hospital of Hebei Medical Univer-
sity and written consent was obtained from each patient
(HebMU20080026). All of experiments in this paper obey
World Medical Association Declaration of Helsinki.

Cell culture condition and transfection

Three human LSCC cell lines (Tu212, SCC-2 and SCC-
40) were purchased from American Type Culture
Collection (Manassas, VA, USA). A normal human
keratinocyte cell line (HOK), and LSCC cell line Hep2
were available in our own lab. All cells were main-
tained in RPMI-1640 (Gibco, Beijing, China) with 10%
fetal bovine serum (FBS) (Clark Bio, Claymont, DE,

Page 2 of 13

USA), 100 U/ml penicillin and 100 pg/ml streptomycin.
According to the manufacturer’s protocol, the transfec-
tion was carried out using Lipofectamine 2000 (Invit-
rogen). The miR-486-3p mimic, mimic-negative control
(NC), miR-486-3p inhibitor, inhibitor-NC, miR-574-5p
mimic, miR-1275 mimic, sh-FLNA, sh-circFLNA and
shCtl were purchased from GenePharma Co., Ltd
(Shanghai, China). The sequences of sh-RNA were
shown in follows: sh-circFLNA-1#: GUGCCAGCU
CCCUGAAGGGTT; si-circFLNA-2#: GCCAGCUCC
CUGAAGGGGCTT; sh-FLNA-1#: CCGCCAAUAACG
ACAAGAATT; sh-FLNA-2 # CAGGCAACAUGG
UGAAGAATT. Overexpression vector and luciferase
reporter vector were purchased from GENEWIZ Com-
pany (Suzhou, China).

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) analysis

Total RNA was extracted using QIAzol Lysis Reagent
(Qiagen, 79306) according to the manufacture’s protocol.
The concentration and purity of total RNA were meas-
ured using a NanoDrop® spectrophotometer (NanoDrop;
Thermo Fisher Scientific, Inc., Wilmington, DE, USA).
For miRNA, the miScriplIRT kit (QIAGEN GmbH,
D-40724 Hilden, GERMANY) was used for reverse tran-
scription, and the miScript SYBR® Green PCR kit was
used for qRT-PCR according to the manufacturer’s pro-
tocol. For circRNA and mRNA expression, the M-MLV
First Strand Kit (Life Technologies) was used to synthe-
size to cDNA from RNA. The Platinum SYBR Green
qPCR Super Mix UDG Kit (Invitrogen) was used for the
qRT-PCR. qPCR was carried out using Platinum SYBR
Green qPCR Super Mix UDG Kit (Invitrogen). U6 and
GAPDH were used as control, respectively. The primers
were designed as follows: miR-34a-5p:GGCTGGCAG
TGTCTTAGCTGGTTG; miR-92b-5p:AGGGACGGG
ACGCGGTGC; miR-296-3p:GCGAGGGTTGGGTGG
AGGCTC; miR-486-3p:GCCGGGGCAGCTCAGTAC
AG; miR-661:TGCCTGGGTCTCTGGCCTGC; miR-
574-5p:GGCTGAGTGTGTGTGTGTGAGTGTG; miR-
760:CGGCTCTGGGTCTGTGGGG; miR-486-3p:GGG
GCTGGGGCCGGGGCC; miR-1226-5p:GTGAGGGCA
TGCAGGCCTG; miR-1271-3p:AGTGCCTGCTATGTG
CCAGGC; miR-1275:GGCGTGGGGGAGAGGCTGTC;
miR-1287-5p:GGCTGCTGGATCAGTGGTTCGAG;
FLNA-F:AATGTGACGACAAGGGCGAC, FLNA-
R:AGCACGTGAACGGCATACTC;  circFLNA-F:CCA
GCTGAGGCTCTACCGTGCC, circFLNA-R:GAGGCG
TCAGCATCCCCAACAG, linearFLNA; F:GCTTGG
CCAACAGTGACAGTGTAGG, linearFLNA-R:CAG
CTACCAGCCCACCATGGAG. All data were analyzed
by adopting 2-AACt method as described previously [14].
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RNA pull-down analysis

RNA pull-down analysis was performed as described
previously [15]. Briefly, the Hep2 cells were incubated
with biotin (Bio)-labeled oligonucleotide probes against
circFLNA  (Bio-5-CAACAGCCCCTTCAGGGAGCT
GGCACGGGC (GenePharma Co., Shanghai, China) at
37 °C for 4 h. M-280 Streptavidin Dynabeads (Life Tech-
nologies) were added per 100 pmol of biotin-DNA oligos,
and the mixture was then rotated for 30 min at 37 °C. The
beads were captured by magnets (Life Technologies) and
washed five times. Each experiment was replicated in
triplicate.

Western blot analysis

The cultured cells were lysed with lysis buffer. Equal
amounts of protein were run on 10% SDS-PAGE, and
electro-transferred to a polyvinylidene fluoride (PVDF)
membranes (Millipore). Following blocking in 5% non-
fat milk, the membranes were incubated with spe-
cial primary antibodies as follows: anti-MKL1 (1:1000,
ab49311), anti-MMP2 (1:1000, ab37150), anti-FLNA
(1:1000, ab51217) and anti-B-actin (1:1000, sc-47778).
The blots were treated with the Immobilon™ Western
(Millipore), and detected by ECL (enhanced chemilu-
minescence) Fuazon Fx (Vilber Lourmat). Images were
captured and processed using FusionCapt Advance Fx5
software (Vilber Lourmat). All experiments were repli-
cated in triplicate.

Luciferase assay

Luciferase assay was performed as previously described
[15]. For circFLNA-binding-miRNA luciferase assays, the
Hep2 cells were co-transfected with an miRNA mimic
(Gene pharma; Shanghai) or NC mimic (200 pmol)
combined with 100 ng of circFLNA-luciferase reporter
or an empty vector; For the miR-486-3p-FLNA lucif-
erase assay, the Hep2 cells were co-transfected with a
miRNA-486-3p mimic or NC mimic combined with
FLNA-3'UTR-luciferase reporter (wt or mut). Dual-Glo
Luciferase Assay system (Promega, Madison, WI) was
used to detected luciferase activity according to the man-
ufacturer’s protocols. Firefly luciferase activity was meas-
ured and normalized against the Renilla luciferase (RLuc)
activity.

Transwell migration assay

Cell migration ability was tested by 8-pm pore size tran-
swell filiters (Costar, Cambridge, Massachusetts). In
brief, Hep2 cells (1 x 105 cells/well) were transferred
onto the upper chambers of a serum-free culture. RPMI-
1640 containing 10% FBS was added to the lower cham-
bers. Following incubation at 37 °C and 5% CO, for 24 h,
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migratory cells on the upper side of the chamber and
medium part of the lower chamber was scraped off with
a cotton swab. Then the membranes were stained by
crystal violet solution. The migratory cell number was
counted in three randomly areas using a microscope.

Target prediction

miRanda (http://www.microrna.org), RNAhybrid (http://
bibiserv.techfak.uni-bielefeld.de/rnahybrid/submission
.html) RNA22 (https://cm.jefferson.edu/rna22/Interactiv
e/) were used to identify the potential target miRNAs of
circFLNA; Targetscan (http://www.targetscan.org) was
used to identify the potential target gene of miRNA.

Statistical analysis

Data were presented as mean=+SEM. Student’s ¢ test
was used to analyze differences between two groups.
Spearman’s correlation analysis was use to evaluate the
correlation analysis. Values of P<0.05 were considered
statistically significant. Graphpad Prism 7.0 software was
using to perform the statistical analysis (GraphPad Soft-
ware, San Diego, CA, USA).

Results

circFLNA is upregulated in LSCC tissues and correlates

with lymph node metastasis

To identify the biofunctions of circFLNA in LSCC pro-
gression, we first used divergent primers to amplify the
circRNAs formed by head-to-tail splicing. The agarose
gel of PCR products confirmed that circFLNA was
present in the LSCC tissues (Fig. 1a). We then utilized
qRT-PCR to detect the expression of circFLNA in LSCC
(n=39) tissues and adjacent normal tissues (n=239).
The results showed that the circFLNA level was higher
in LSCC tissues compared with that in adjacent normal
tissues (Fig. 1b, c). Next, the 39 LSCC patients were
classified into two groups according to the presence or
absence of lymph node metastasis. Surprisingly, circ-
FLNA expression was higher in the group with lymph
node metastasis (n=14) than in that without lymph
node metastasis (n=25) (Fig. 1d). In order to investi-
gate the clinical significance of circFLNA in LSCC, we
analyzed the circFLNA expression level in 39 LSCC and
their clinicopathologic characteristics. The correlation
analysis of circFLNA expression significantly associ-
ated with lymph node metastasis (P=0.048) (Table 1).
However, there was no significant correlation between
circFLNA expression and other clinicopathologic fac-
tors, such as age, smoking, sex, T classification, clini-
cal stage and pathological grade. Moreover, RT-qPCR
was used to detect the circFLNA expression in four
LSCC cell lines (SCC-2, SCC-40, Hep2 and Tu212) as
compared with that in the human oral keratinocyte cell
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Fig. 1 circFLNA is upregulated in LSCC tissues and correlates with lymph node metastasis. a PCR was used to detect circFLNA in LSCC tissues by
using convergent or divergent primers. Divergent primers amplify circFLNA in cDNA but not in genomic DNA (gDNA). GAPDH was used as linear
control. b Hematoxylin and eosin staining of normal laryngeal tissues and LSCC tissues. ¢ circFLNA expression in LSCC tissues (n=39) and adjacent
normal tissues (n =39) detected by gqRT-PCR analysis. Normalized to GAPDH. **P<0.01 vs. adjacent normal tissues. d LSCC patients divided into two
groups, with lymph node metastasis group or without lymph node metastasis group. gRT-PCR detected the expression of circFLNA in two groups.
*P<0.05 vs. group without lymph node metastasis. @ gRT-PCR analysis detected the expression of circFLNA in four LSCC cell lines (SCC-2, SCC-20,
Hep2 and Tu212) compared with human oral keratinocyte cell line HOK. *P < 0.05 vs. HOK cell

line HOK. As Fig. 1e showed, circFLNA expression was  circFLNA plays an essential role in LSCC cell migration

elevated in Hep2 and SCC-2 cells but not in the SCC-  Because of circFLNA was upregulated in LSCC tissues
40 or Tu212 cells. These findings suggest that circFLNA  with lymph node metastasis, we performed a loss-and-
was upregulated in LSCC tissues and may be correlated  gain experiment to investigate whether circFLNA was a
with tumor metastasis. response to LSCC cell migration. First, Hep2 and SCC-2
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Table 1 Correlation between circFLNA mRNA expression
and clinicopathological characteristics

Characteristics Number circFLNA expression P value?®
of patients ——
(%) Low (%)  High (%)

Total no. of patients 39 20 19

Age (years)
<60° 18 10(66.67) 8(3333) 0751
>60 21 10(47.62) 11(52.38)

Gender
Male 31 15(4839) 16(5161) 0.695
Female 8 5(62.50) 3(37.50)

T stage
T1/2 16 74375  9(5625) 0523
T3/4 23 13(56.52) 10(43.48)

Lymph node metastasis
NO 25 16 (64.00) 9 (36.00) 0.048
N+ 14 4(2857) 10 (71.43)

Clinical stage
/11 15 6 (40.00) 9 (60.00) 0333
/v 24 14(58.33) 10(41.67)

Pathological grade
G1/2 27 15(55.56) 12 (4444) 0501
G3 12 54167)  7(5833)

Smoking status
Non-smoker 7 3(4286) 4(57.14) 0695
Smoker 32 17(53.13) 15 (46.87)

Alcohol consumption
Non-drinker 8 3(37.50) 5(62.50) 0451
Drinker 31 17 (54.84) 14 (45.16)

Significant associations are shown in italic face in the P value column (P
value <0.05)

@ Chi square test
b Median age

cells were transfected with circFLNA overexpression
plasmid, pcDNA3.1-circFLNA or its empty vector. As
shown in Fig. 2a, transfection with pcDNA3.1-circ-
FLNA markedly increased circFLNA level in Hep2 and
SCC-2 cells. Then, transwell migration assays showed
that the overexpression of circFLNA significantly pro-
moted Hep2 cell and SCC-2 cell migration abilities
(Fig. 2b). In contrast, LSCC cells were transfected with
shRNA against circFLNA or its negative control. RT-
qPCR analysis showed that shcircFLNA transfection
caused considerable downregulation of circFLNA level
in Hep2 cell and SCC-2 cells as compared with that of
control shRNA. Meanwhile, transwell migration assays
revealed that knockdown of circFLNA inhibited Hep2
cell migration. These results suggest that overexpres-
sion of circFLNA promotes LSCC cell migration.
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circFLNA promotes cell migration by upregulating FLNA
protein expression

Because of FLNA is considered as an important onco-
gene in multiple types of cancer owing to its role in can-
cer cell proliferation, apoptosis and migration [16]. We
next examined whether circFLNA-associated migration
by regulating FLNA expression. As shown in Fig. 3a,
overexpression of circFLNA substantially increased the
migration-marker protein matrix metalloproteinase-2
(MMP-2) level and FLNA protein level; however, it did
not affect megakaryoblastic leukemia 1 (MKL1) protein
expression in the Hep2 cells. In contrast, knockdown of
circFLNA in Hep2 cell markedly decreased MMP-2 and
FLNA protein level (Fig. 3a). Subsequently, RT-qPCR
analysis showed that overexpression or knockdown of
circFLNA expression in Hep2 cells did not affect FLNA
mRNA expression (Fig. 3b). In order to confirm the func-
tion of FLNA in LSCC migration, we then knocked down
the FLNA level in Hep2 cells. Transfection of shFLNA
in Hep2 cells significantly decreased the FLNA protein
level compared with that of control shRNA-transfected
cells (Fig. 3c). Depletion of FLNA in Hep2 cells decreased
Hep2 cell migration (Fig. 4d line 2) compared with nega-
tive control. Moreover, the migration ability was partly
rescued following the overexpression of FLNA compared
with that following the overexpression of circFLNA alone
(Fig. 4d). These findings indicate that circFLNA positively
regulates the FLNA protein expression and is associated
with LSCC cell migration.

circFLNA sponges miR-486-3p in LSCC cell

Because of circRNAs functions as miRNAs sponges to
regulate gene expression, we sought to analyze the poten-
tial binding miRNAs of circFLNA. First, we identified the
miRNA-binding sites in the circFLNA sequence by using
three target prediction programs, miRanda, RNA22 and
Rnahdrid. As shown in Fig. 4a, circFLNA contained
sequences complementary to miR-34a-5p, miR-92b-5p,
miR-296-3p, miR-486-3p, miR-661, miR-574-5p, miR-
760, miR-486-3p, miR-1226-5p, miR-1271-3p, miR-1275
and miR-1287-5p. Second, biotin-labeled circFLNA
probe pull-down assay was used to examine the expres-
sion of miRNAs in the circFLNA-overexpressed Hep2
cells. Using RT-qPCR analysis, the pull-down efficiency
of circFLNA was obviously enhanced in circFLNA-
overexpressed Hep2 cells (Fig. 4b). Third, RT-qPCR
analysis was used to detect the level of the candidate
miRNAs in the precipitates pulled down with biotin-
labeled circFLNA. As shown in Fig. 4c, miR-486-3p,
miR-547 and miR-1275-5p were significantly enriched
in the circFLNA-overexpressed precipitates. Further-
more, luciferase assays showed that co-transfection with
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Fig. 2 circFLNA plays an essential role in LSCC cell migration. a Hep2 cells were transfected with circFLNA overexpression vector pcDNA3.1-
circFLNA or empty vector. circFLNA level was detected by gRT-PCR analysis. ***P <0.001 vs. empty vector. b Hep2 cells were treated as (a), cell
migration was detected by transwell assay. Right panel shows migration cell number analysis of three independent experiments. *P < 0.05 vs. empty
vector. ¢ Hep2 cells were transfected with shcircFLNA-1, shcircFLNA-2, or negative control (shCtl). gRT-PCR were used to examine circFLNA level.
*P<0.05 vs. shCtl. d Hep2 were treated as ¢, cell migration was detected by transwell assay. Right panel shows migration cell number. *P<0.05 vs.
shCtl

circFLNA-luciferase-reporter vector and miR-486-3p,
but not miR-574-5p or miR-1275-5p, significantly
decreased the luciferase activity mediated by wild-type
circFLNA sequence. Neither miR-574-5p nor miR-
1275-3p decreased the luciferase activity mediated by
the miRNA binding site-mutated circFLNA (Fig. 4d). In
addition, the expression of miR-486-3p was not signifi-
cantly different between the LSCC tissues and adjacent
normal tissues (Fig. 4e). These results indicate that circ-
FLNA sponges miR-486-3p in the LSCC cells.

FLNA is a direct target of miR-486-3p

Because of circRNAs may function as miRNA sponges
and form the circRNA-miRNA-mRNA axis to play its
biological effect in gene regulation, we used miRNA tar-
get prediction to identify the target genes of miR-486-3p.
Surprisingly, FLNA was found to contain highly con-
served miR-486-3p-binding sites in its 3'UTR (Fig. 5a).
Thereafter, Hep2 cells transfected with miR-486-3p
mimic or inhibitor, respectively. The transfection effi-
ciency was detected using RT-qPCR. As shown in
Fig. 5b, transfection with miR-486-3p mimic significantly

increased while transfected miR-486-3p decreased the
miR-486-3p level in Hep2 cells, compared with the
negative control. Next, Hep2 cells were co-transfected
with FLNA-3'UTR-reporter plasmid containing the
miR-486-3p-binding site (wt or mut) and miR-486-3p
mimic. As we expected, miR-486-3p mimic significantly
decreased luciferase activity mediated by wild-type
3’-UTR but had no effect on the luciferase activity medi-
ated by its mutant (Fig. 5¢). In order to obtain further evi-
dence supporting the function of miR-486-3p in LSCC
cell migration, we transfected Hep2 cells with mimic and
inhibitor or their corresponding control and detected the
FLNA protein expression. As shown in Fig. 5d, deple-
tion of miR-486-3p increased the FLNA expression level
while overexpression of miR-486-3p markedly decreased
the FLNA protein expression. Similarly, transwell migra-
tion assay showed that the miR-486-3p overexpression
reduced Hep2 cell migration, whereas knockdown of
miR-486-3p promoted Hep2 cell migration (Fig. 5e).
These findings suggest that miR-486-3p directly reduces
FLNA expression by target its 3’UTR and correlates with
LSCC cell migration.
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Fig. 3 circFLNA promotes cell migration by upregulating FLNA protein expression. a Hep2 cells were transfected pcDNA3.1-circFLNA or pcDNA3.1,
shFLNA or negative control, respectively. Western blot analysis was used to detect MMP2 and FLNA protein level. B-actin was used as an internal
control. Right panel shows densitometric analysis. **P < 0.01 vs. empty vector. b Hep2 cells were prepared as a, gRT-PCR were used to detect
FLNA mRNA expression. ¢ Hep2 cells were transfected shFLNA or negative control. Western blot analysis were used to examine FLNA protein
level. Bottom panel shows densitometric analysis. *P <0.05 vs. empty vector. d Hep2 cells were transfected with pcDNA3.1-circFLNA or sh-FLNA,
respectively, or co-transfected with both together. Cell migration was detected by transwell assay. Bottom panel shows migration cell number.
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Linear FLNA mRNA is up-regulated in LSCC tissues

and correlated with poor prognosis

To identify whether FLNA expression was altered in
LSCC tissues, we used RT-qPCR to validate the FLNA
mRNA expression in LSCC tissues and adjacent nor-
mal tissues. FLNA mRNA expression was up-regulated
in LSCC tissues compared with that in adjacent normal
tissues (Fig. 6a). Similar result from the TCGA database
confirmed that FLNA was increased in LSCC tissues
(Fig. 6b). Moreover, FLNA mRNA level was markedly
higher in the lymph node metastasis group than in the
group without lymph node metastasis (Fig. 6¢). The cor-
relation analysis also revealed a significant positive cor-
relation between FLNA and circFLNA level (P=0.0255,
R=0.3945) (Fig. 6d). Thereafter, using the TCGA

database, data from Oncolnc (http://www.oncolnc.org/)
human clinical sample surveys suggested that patients
with higher FLNA mRNA expression had a significantly
worse overall survival (P=0.025, Fig. 6e). These findings
indicate that the FLNA mRNA expression is higher in the
LSCC tissues and predicts poor survival.

circFLNA/miR-486-3p/FLNA pathway regulates LSCC cell
migration

In order to further investigate the relationship between
the circFLNA/miR-486-3p/FLNA pathway and LSCC
cell migration, some rescue experiments were per-
formed. First, Hep2 cells were transfected with
shFLNA, miR-486-3p mimic or co-transfected with
both. Western blot analysis detected protein level
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of migration-maker MMP2. The result showed that
overexpression of miR-486-3p decreased MMP-2 and
FLNA protein level. Co-transfection of them together
enhanced the effect of miR-486-3p-induced alone
(Fig. 7a). Furthermore, transwell assays showed that
knockdown of FLNA in Hep2 cells significantly inhib-
ited cell migration compared with that in NC group
and enhanced the inhibitory effect of miR-486-3p over-
expression on cell migration (Fig. 7b). Constantly, Hep2
cells were transfected with pcDNA3.1-circFLNA, miR-
486-3p mimic, or co-transfected with them together. As
shown in Fig. 7c, overexpression of circFLNA increased
expression levels of MMP2 and FLNA. However, co-
transfection of miR-486-3p partly reversed circFLNA-
induced MMP-2 and FLNA increase. Transwell assays
also showed that overexpression of circFLNA sig-
nificantly promoted cell migration compared with its
negative control and reversed the inhibitory effect of
miR-486-3p overexpression on cell migration (Fig. 7d).

These findings further confirm that the circFLNA/miR-
486-3p/FLNA axis regulates LSCC cell migration.

Discussion

In the last few decades, several circRNAs functions
have been identified, including as competing endog-
enous RNAs or miRNA sponges [17], interaction with
RNA binding proteins [18], modulation of the stability
of mRNAs [19], translation of proteins and regulation of
gene transcription [20]. circRNAs has been confirmed as
sponges for miRNAs that influence gene expression by
reducing the inhibitory effect of miRNA on its target gene
[21]. Accumulating evidence suggests that circRNAs play
specific biological roles in cancer migration and develop-
ment. Yang has found that circAMOTLIL contributes to
prostate cancer migration and EMT by sponging miR-
193a-5p and affecting Pcdha level [15]. Bi reported that
circRNA_102171 overexpression promoted papillary
thyroid cancer migration via activation of Wnt/p-catenin
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pathway [22]. Additionally, circRNA_0023642 [23] and
circRNA_103809 [24] have been reported to correlate
with cancer migration. In the present study, we first
confirmed that circFLNA was present in LSCC tissues
and cell lines. As expected, circFLNA was upregulated
in LSCC tissues and its expression level was correlated
with lymph node metastasis. Thereafter, using a series
of in vitro assays, we found that circFLNA acted as an
important migration promotor in LSCC, suggesting that
circFLNA may be a potential biomarker or a therapeutic
target in LSCC.

FLNA is important for organogenesis during develop-
ment owing to its ability to induce cell migration via its
actin-binding properties [25]. It serves as a scaffold for
over 90 binding partners and is involved in multiple cell
functions, of which cell migration and adhesion are par-
ticularly critical [26]. Mechanistically, FLNA promotes
cell adhesion and migration by directing p1 integrin to
the site of cell attachment and through its correlation

with vimentin [27, 28]. Recently, FLNA has been consid-
ered to be a tumor-promoting protein with an important
role in tumor development and metastasis, including
bladder cancer [16], lung cancer [29], melanoma tumor
[30] and breast cancer [31]. Moreover, high level of FLNA
implicates poor survival and drug resistance [32]. There-
fore, FLNA may be a possible target for future thera-
pies. In the present study, we found that overexpression
of circFLNA in Hep2 cells increased the FLNA protein
expression but did not affect the FLNA mRNA expres-
sion. miR-486-3p, as an important mediate, directly tar-
geted the FLNA 3’UTR inhibiting FLNA expression that
promoted LSCC migration. Meanwhile, LSCC tissues
had a higher expression of FLNA mRNA than their corre-
sponding non-tumorous tissues, as supported by the data
from TCGA. A higher FLNA expression indicated poor
prognosis in patients with LSCC. Based on these inter-
esting findings, it was inferred that higher linear FLNA
mRNA may directly inregulate the transcription level in
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LSCC; however, circFLNA indirectly enhances the level
of FLNA protein in the post-transcriptional level. As pre-
viously mentioned, the expression of circRNA could not
always be consistent with the level of which the circRNA-
derived linear RNA [33]. Therefore, the underlying mech-
anisms of how and why both circFLNA and linear FLNA
are upregulated in LSCC requires further investigation.
miRNA, as the most important non-coding RNA,
post-transcriptionally regulates target gene protein

expression through interaction with the 3’-UTR of their
target genes in a sequence-specific base pairing manner
[34]. Various aberrantly expressed miRNAs are asso-
ciated with the progression and prognosis of LSCC.
miR-370 targeted FoxM1 functions as a tumor sup-
pressor in LSCC [35]; miR-1290 acts as a novel poten-
tial oncomiR in LSCC [36]; miR-1297 mediates PTEN
expression and contributes to LSCC cell progression
[37]. circRNAs contain one or more types of miRNA
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binding sites, and the association between miRNA and
disease indicates that circRNAs may play a regulatory
role by sponging miRNAs. Increasing evidence suggests
that circRNAs mainly function in forming circRNA-
miRNA-mRNA axis to play its biological effect in gene
regulation. For example, circMTO1 acts as the sponge
of miR-9 to suppress hepatocellular carcinoma progres-
sion [38]; circTCF25 serves a the regulatory role on
the pathway in bladder carcinoma by binding to miR-
103a [39]; circACTA2/miR-548-5p axis acts as a novel
regulatory mechanism in smooth muscle alpha-actin
expression [40]. In the present study, we confirmed that
circFLNA could sponge miR-486-3p and prevent miR-
486-3p from binding FLNA 3'UTR in LSCC cells. The
results also indicated that miR-486-3p reduced LSCC
cell migration by negative moderation of FLNA protein
level. Interestingly, miR-486-3p is not significant differ-
ent between LSCC tissues and adjacent normal tissues.
It is suggested that circFLNA only contributes to miR-
486-3p functions but not its expression. These findings
suggest that miR-486-3p plays a critical role in LSCC
migration.

Conclusions

In conclusion, we showed that circFLNA was upregu-
lated in LSCC tissues, and it can efficiently sponged
miR-486-3p to inhibit FLNA expression. We also dem-
onstrated that overexpression of circFLNA can effectively
promoted migration of LSCC cells by targeting miR-
486-3p/FLNA axis. Our findings provide a new therapeu-
tic target for the treatment of LSCC.

Abbreviations

LSCC: laryngeal squamous cell carcinoma; FLNA: filamin A (FLNA); MMP2:
matrix metalloproteinase-2 MMP2; circRNAs: circular RNAs; RT-gPCR: reverse
transcription-quantitative polymerase chain reaction; MKL1: megakaryoblastic
leukemia 1.

Acknowledgements

Authors thanks for Biocaring Biotechnology Co,, Ltd (Shijiazhuang, China)
to provide the patent of circRNA overexpression vector (Patent No.
ZL201710215532.0).

Authors’ contributions

Conception and design: HD, JW and CS; Tissues collection: HZ, JD and XR;
Development of methodology: JW, YL, XJ and OX; Acquisition of the data: YL,
HZ and JW; Analysis of data: SL, XJ and YL; Writing the manuscript: JW, YL and
HD. All authors read and approved the final manuscript.



Wang et al. Cancer Cell Int (2019) 19:196

Funding
Not applicable.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate

The present study was authorized Ethics Committee of Second Hospital of
Hebei Medical University. All patients and volunteers were anonymous and
provided written informed consent.

Consent for publication
Written consent was obtained from all participants.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Pathology, Hebei Medical University, 361 Zhongshan East
Road, Shijiazhuang 050017, People’s Republic of China. 2 Department of Oto-
laryngology, The Second Hospital of Hebei Medical University, 215 Heping
West Road, Shijiazhuang 050000, People’s Republic of China. 3 Department

of Anesthesiology, The 4th Hospital of Hebei Medical University, 169 Tianshan
Street, 050000 Shijiazhuang, People’s Republic of China. * Departmen of Endo-
crinology, The First Hospital of Hebei Medical University, 89 Donggang Road,
Shijiazhuang 050000, People’s Republic of China.

Received: 23 April 2019 Accepted: 22 July 2019
Published online: 29 July 2019

References

1. Steuer CE, El-Deiry M, Parks JR, Higgins KA, Saba NF. An update on larynx
cancer. CA Cancer J Clin. 2017;67(1):31-50.

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin.
2018;68(1):7-30.

3. Merlano M, Vitale V, Rosso R, Benasso M, Corvo R, Cavallari M, Sanguineti
G, Bacigalupo A, Badellino F, Margarino G, et al. Treatment of advanced
squamous-cell carcinoma of the head and neck with alternating chemo-
therapy and radiotherapy. N Engl J Med. 1992,327(16):1115-21.

4. Wolf GT, Bellile E, Eisbruch A, Urba S, Bradford CR, Peterson L, Prince
ME, Teknos TN, Chepeha DB, Hogikyan ND, et al. Survival Rates Using
Individualized Bioselection Treatment Methods in Patients With
Advanced Laryngeal Cancer. JAMA Otolaryngol Head Neck Surg.
2017;143(4):355-66.

5. Megwalu UG, Sikora AG. Survival outcomes in advanced laryngeal cancer.
JAMA Otolaryngol Head Neck Surg. 2014;140(9):855-60.

6. Harris BN, Bhuskute AA, Rao S, Farwell DG, Bewley AF. Primary surgery for
advanced-stage laryngeal cancer: a stage and subsite-specific survival
analysis. Head Neck. 2016;38(9):1380-6.

7. Memczak S, Jens M, Elefsinioti A, Torti F, Krueger J, Rybak A, Maier L,
Mackowiak SD, Gregersen LH, Munschauer M, et al. Circular RNAs
are a large class of animal RNAs with regulatory potency. Nature.
2013;495(7441):333-8.

8. Chen LL, Yang L. Regulation of circRNA biogenesis. RNA Biol.
2015;12(4):381-8.

9. Meng§S, Zhou H, Feng Z, Xu Z, Tang Y, Li P Wu M. CircRNA: functions
and properties of a novel potential biomarker for cancer. Mol Cancer.
2017;16(1):94.

10. Chen G, ShiY, Liu M, Sun J. circHIPK3 regulates cell proliferation and
migration by sponging miR-124 and regulating AQP3 expression in
hepatocellular carcinoma. Cell Death Dis. 2018;9(2):175.

11. Yang C, Yuan W, Yang X, Li P, Wang J, Han J,Tao J, Li P.Yang H, Lv Q et al.
Circular RNA circ-ITCH inhibits bladder cancer progression by spong-
ing miR-17/miR-224 and regulating p21, PTEN expression. Mol Cancer.
2018;17(1):19.

12. Min L, Wang H, Zeng Y. CircRNA_104916 regulates migration, apoptosis
and epithelial-mesenchymal transition in colon cancer cells. Front Biosci
(Landmark Ed). 2019;24:819-32.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Page 12 of 13

Lu C, Shi X, Wang AY, Tao Y, Wang Z, Huang C, Qiao Y, Hu H, Liu L. RNA-Seq
profiling of circular RNAs in human laryngeal squamous cell carcinomas.
Mol Cancer. 2018;17(1):86.

Adnan M, Morton G, Hadi S. Analysis of rpoS and bolA gene expres-

sion under various stress-induced environments in planktonic and
biofilm phase using 2(-DeltaDeltaCT) method. Mol Cell Biochem.
2011;357(1-2):275-82.

Yang Z, Qu CB, Zhang Y, Zhang WF, Wang DD, Gao CC, Ma L, Chen JS, Liu
KL, Zheng B, et al. Dysregulation of p53-RBM25-mediated circAMOTL1L
biogenesis contributes to prostate cancer progression through the
circAMOTL1L-miR-193a-5p-Pcdha pathway. Oncogene. 2018;38(14):2516.
Wang Z, Li C, Jiang M, Chen J, Yang M, Pu J. Filamin A (FLNA) regulates
autophagy of bladder carcinoma cell and affects its proliferation, invasion
and metastasis. Int Urol Nephrol. 2018;50(2):263-73.

Capel B, Swain A, Nicolis S, Hacker A, Walter M, Koopman P, Goodfellow P,
Lovell-Badge R. Circular transcripts of the testis-determining gene Sry in
adult mouse testis. Cell. 1993;73(5):1019-30.

DuWW, Yang W, Liu E, Yang Z, Dhaliwal P, Yang BB. Foxo3 circular RNA
retards cell cycle progression via forming ternary complexes with p21
and CDK2. Nucleic Acids Res. 2016;44(6):2846-58.

Hansen TB, Wiklund ED, Bramsen JB, Villadsen SB, Statham AL, Clark SJ,
Kjems J. miRNA-dependent gene silencing involving Ago2-mediated
cleavage of a circular antisense RNA. EMBO J. 2011;30(21):4414-22.

Li Z,Huang C, Bao C, Chen L, Lin M, Wang X, Zhong G, Yu B, Hu W, Dai L,
et al. Exon-intron circular RNAs regulate transcription in the nucleus. Nat
Struct Mol Biol. 2015;22(3):256-64.

Hansen TB, Kjems J, Damgaard CK. Circular RNA and miR-7 in cancer.
Cancer Res. 2013;73(18):5609-12.

Bi W, Huang J, Nie C, Liu B, He G, Han J, Pang R, Ding Z, Xu J, Zhang J.
CircRNA circRNA_102171 promotes papillary thyroid cancer progression
through modulating CTNNBIP1-dependent activation of beta-catenin
pathway. J Exp Clin Cancer Res. 2018;37(1):275.

Zhou LH, Yang YC, Zhang RY, Wang P, Pang MH, Liang LQ. Cir-
cRNA_0023642 promotes migration and invasion of gastric cancer cells
by regulating EMT. Eur Rev Med Pharmacol Sci. 2018;22(8):2297-303.
Bian L, Zhi X, Ma L, Zhang J, Chen P, Sun S, Li J, Sun'Y, Qin J. Hsa_cir-
cRNA_103809 regulated the cell proliferation and migration in colorectal
cancer via miR-532-3p/FOX04 axis. Biochem Biophys Res Commun.
2018;505(2):346-52.

Savoy RM, Ghosh PM. The dual role of filamin A in cancer: can't live

with (too much of) it, can't live without it. Endocr Relat Cancer.
2013;20(6):R341-56.

Zhou AX, Hartwig JH, Akyurek LM. Filamins in cell signaling, transcription
and organ development. Trends Cell Biol. 2010;20(2):113-23.

Kim H, McCulloch CA. Filamin A mediates interactions between cytoskel-
etal proteins that control cell adhesion. FEBS Lett. 2011;585(1):18-22.
Kim H, Sengupta A, Glogauer M, McCulloch CA. Filamin A regu-

lates cell spreading and survival via betal integrins. Exp Cell Res.
2008;314(4):834-46.

ZhangV, ZhuT, Liu J, Liu J, Gao D, Su T, Zhao R. FLNa negatively
regulated proliferation and metastasis in lung adenocarcinoma A549
cells via suppression of EGFR. Acta Biochim Biophys Sin (Shanghai).
2018;50(2):164-70.

Krebs K, Ruusmann A, Simonlatser G, Velling T. Expression of FLNa in
human melanoma cells regulates the function of integrin alphalbetal
and phosphorylation and localisation of PKB/AKT/ERK1/2 kinases. Eur J
Cell Biol. 2015;94(12):564-75.

Zhao P MaW, Hu Z, Zang L, Tian Z, Zhang K. Filamin A (FLNA) modulates
chemosensitivity to docetaxel in triple-negative breast cancer through
the MAPK/ERK pathway. Tumour Biol. 2016;37(4):5107-15.

JinYZ, Pei CZ, Wen LY. FLNA is a predictor of chemoresistance and poor
survival in cervical cancer. Biomark Med. 2016;10(7):711-9.

Salzman J, Chen RE, Olsen MN, Wang PL, Brown PO. Cell-type specific
features of circular RNA expression. PLoS Genet. 2013;9(9):e1003777.
Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and function.
Cell. 2004;116(2):281-97.

Yungang W, Xiaoyu L, Pang T, Wenming L, Pan X. miR-370 targeted FoxM1
functions as a tumor suppressor in laryngeal squamous cell carcinoma
(LSCQ). Biomed Pharmacother. 2014,68(2):149-54.

Janiszewska J, Szaumkessel M, Kostrzewska-Poczekaj M, Bednarek

K, Paczkowska J, Jackowska J, Grenman R, Szyfter K, Wierzbicka M,



Wang et al. Cancer Cell Int (2019) 19:196

37.

38.

39.

Giefing M, et al. Global miRNA expression profiling identifies miR-

1290 as novel potential oncomiR in laryngeal carcinoma. PLoS ONE.
2015;10(12):e0144924.

Li X, Wang HL, Peng X, Zhou HF, Wang X. miR-1297 mediates PTEN
expression and contributes to cell progression in LSCC. Biochem Biophys
Res Commun. 2012;427(2):254-60.

Han D, Li J, Wang H, Su X, Hou J, Gu Y, Qian C, Lin Y, Liu X, Huang M, et al.
Circular RNA circMTO1 acts as the sponge of microRNA-9 to suppress
hepatocellular carcinoma progression. Hepatology. 2017,66(4):1151-64.
Zhong Z, Lv M, Chen J. Screening differential circular RNA expression pro-
files reveals the regulatory role of circTCF25-miR-103a-3p/miR-107-CDK6
pathway in bladder carcinoma. Sci Rep. 2016;6:30919.

Page 13 of 13

40. SunY,Yang Z, Zheng B, Zhang XH, Zhang ML, Zhao XS, Zhao HY,
Suzuki T, Wen JK. A novel regulatory mechanism of smooth muscle
alpha-actin expression by NRG-1/circACTA2/miR-548f-5p axis. Circ Res.
2017;121(6):628-35.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Upregulation of circFLNA contributes to laryngeal squamous cell carcinoma migration by circFLNA–miR-486-3p-FLNA axis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Tissues collection
	Cell culture condition and transfection
	Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis
	RNA pull-down analysis
	Western blot analysis
	Luciferase assay
	Transwell migration assay
	Target prediction
	Statistical analysis

	Results
	circFLNA is upregulated in LSCC tissues and correlates with lymph node metastasis
	circFLNA plays an essential role in LSCC cell migration
	circFLNA promotes cell migration by upregulating FLNA protein expression
	circFLNA sponges miR-486-3p in LSCC cell
	FLNA is a direct target of miR-486-3p
	Linear FLNA mRNA is up-regulated in LSCC tissues and correlated with poor prognosis
	circFLNAmiR-486-3pFLNA pathway regulates LSCC cell migration

	Discussion
	Conclusions
	Acknowledgements
	References




