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Abstract. — OBJECTIVE: The heterogeneity
of breast cancer leads to its complexity and di-
versity in the process of evolution, which brings
great difficulties to the stratification and indi-
vidualized treatment of breast cancer patients.
The long noncoding RNA FGF14 antisense RNA
2 (FGF14-AS2) is concerned with the progres-
sion and prognosis of breast cancer, but the un-
derlying molecular mechanism of FGF14-AS2 in
breast cancer has rarely been reported.

PATIENTS AND METHODS: The expressions
of FGF14-AS2 and miR-205-5p in breast cancer
tissues and cells were detected by quantitative
Real Time-Polymerase Chain Reaction (qRT-
PCR). The proliferation, migration, invasion, and
apoptosis of breast cells were assessed by MTT
or transwell or flow cytometry assay. The in-
teraction between FGF14-AS2 and miR-205-5p
were predicted by IncRNA-microRNA database
DIANA-LncBase v2 and confirmed by the Du-
al-Luciferase Reporter Assay System.

RESULTS: FGF14-AS2 was down-regulated
while miR-205-5p was up-regulated in breast
cancer tissues and cells and correlated with tu-
mor stage and size. Functionally, the overex-
pression of FGF14-AS2 or miR-205-5p knock-
down suppressed proliferation, migration, and
invasion, and induced apoptosis of breast can-
cer cells. Moreover, FGF14-AS2 could directly
bind to miR-205-5p, and the overexpression of
FGF14-AS2 undermined the miR-205-5p induced
effects on proliferation, migration, invasion, and
apoptosis in breast cancer cells.

CONCLUSIONS: FGF14-AS2 directly bind to
miR-205-5p to repress proliferation, migration,
invasion, and induce apoptosis in breast cancer.
This study may provide a potential therapeutic
strategy for breast cancer.
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Abbreviations

IncRNA = long non-coding RNA, si-RNA = small in-
terfering RNA, si-FGF14-AS2 = targeting FGF14-AS2,
si-NC = siRNA negative control, miR-NC and anti-NC =
miR-205-5p mimics or inhibitor and their corresponding
negative control, FITC = V-fluorescein isothiocyanate.

Introduction

Breast cancer is one of the most common ma-
lignant tumors in females around the world, and
the second leading cause of cancer-related deaths
among women in the United States!. With the
development of medical technology, breast can-
cer can be treated to the greatest extent through
surgery, endocrine, cytotoxicity, or targeted ther-
apy’. However, breast cancer is a heterogeneous
disease with different clinical and therapeutic
specificity®, so there is an urgent need to provide
potential biomarkers for patient stratification and
personalized treatment to avoid overtreatment or
insufficient treatment.

Long non-coding RNA (IncRNA), a transcript
with a length of more than 200 nucleotides that
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cannot be translated into proteins, plays a vital
regulatory role in human tissues physiology and
disease processes*’. Many studies®’ show that
the abnormal expression of IncRNAs is related
to tumorigenesis and progression. For instance,
IncRNA HEIH was up-regulated in colorectal
cancer tissues and cells, and positively correlat-
ed with tumor size, invasion depth, and poor
prognosis'’. Also, IncRNA LUCATTI is positively
correlated with ovarian cancer metastasis and
clinical staging''. Therefore, understanding more
about the mechanism of cancer-related IncRNAs
will contribute to the development of molecular
markers for prognostic assessment and gene ther-
apy. A novel long non-coding RNA, FGF14 anti-
sense RNA 2 (FGF14-AS2), has been reported to
be prominently down-regulated in breast cancer
tissues'?>. However, the molecular mechanism of
FGF14-AS2 in breast cancer has rarely been re-
ported.

In the present study, we demonstrated that
FGF14-AS2 was dramatically down-regulated
while miR-205-5p was up-regulated in breast
cancer tissues and cells and correlated with tumor
stage and size. FGF14-AS2 could directly bind to
miR-205-5p to repress proliferation, migration,
invasion ability, and induced apoptosis in breast
cancer cells.

Patients and Methods

Human Breast Cancer Tissues Samples

Tissues samples (breast cancer tissues samples
and adjacent normal tissues) were obtained from
80 patients with breast cancer who underwent
surgery at the First Affiliated Hospital of Sun
Yat-Sen University. All participants obtained in-
formed consent and did not receive chemotherapy
or radiotherapy before surgery. According to clin-
ical stages, 80 cases of breast cancer were divided
into two groups: TNM I+l (n=32) and TNM
[II+IV (n=48). In addition, 80 patients with breast
cancer were divided into two groups according
to the size of their tumors: <2 cm (n=43) and >2
cm (n=37). This study was approved by the Inde-
pendent Ethics Committee of the First Affiliated
Hospital of Sun Yat-Sen University.

Cell culture and Transfection

Breast cancer cells lines (MDA-MB-231 and
SK-BR-3) and human epithelial breast cells
(MCF-10A) were obtained from the American
Type Culture Collection (ATCC, Manassas, VA,
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USA). MDA-MB-231 and SK-BR-3 cells lines
were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM; Gibco, Rockville, MD, USA)
with 10% fetal bovine serum (FBS; Thermo
Fisher Scientific, Waltham, MA, USA). MCF-
10A cells were cultured in DMEM-F12 media
containing 10% fetal bovine serum. All cell
lines were maintained in a 37°C incubator with
5% CO,.

A pcDNA (Thermo Fisher Scientific, Waltham,
MA, USA) was used to construct pcDNA-FGF14-
AS2 overexpression vector (FGF14-AS2). Small
interfering RNA (si-RNA) targeting FGF14-AS2
(si-FGF14-AS2), siRNA negative control (si-NC),
miR-205-5p mimics or inhibitor, and their corre-
sponding negative control (miR-NC and anti-NC)
were purchased from GenePharma (Shanghai,
China). The Lipofectamine 2000 reagent (Ther-
mo Fisher Scientific, Waltham, MA, USA) was
used for transfection oligonucleotides or plasmids
into MDA-MB-231 and SK-BR-3 as directed by
the manufacturer.

Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR)

The total RNA of breast cancer tissues and
cells was isolated using the TRIzol Reagent (Ta-
KaRa, Otsu, Shiga, Japan) as directed by the
manufacturer. PrimeScript™ TR reagent (TaKa-
Ra, Otsu, Shiga, Japan) was used to reverse the
cDNA. SYBR Premix Ex Taq II kit (TaKaRa,
Otsu, Shiga, Japan) was used for Real Time-
PCR analysis. GAPDH or U6 sRNA was used
as an internal reference gene for FGF14-AS2 and
miR-205-5p. The primers pairs for amplifying
were listed as following: FGF14-AS2 (forward,
5’-AGTTCCAGTTACCATCTTCA-3’;  reverse,
5>~ AGGTTCATAGTTGCCAGAC-3") GAPDH
(forward, 5-GACTCCACTCACGGCAAAT-
TCA-3”; reverse, 5-TCGCTCCTGGAAGATG-
GTGAT-3’). The relative expression was calculat-
ed by the 224 method.

Cell Proliferation Assays

Cell proliferation ability was assayed using
the MTT kit (Promega Corporation, Madison,
WI, USA). Briefly, the post-transfecting cells
were incubated with 20 pg of 5 mg/mL MTT
solution for 4 h. Then, 150 pg of dimethyl sulf-
oxide (DMSO) solution was added to dissolute
the formazan crystals. Finally, the Microplate
Reader (Thermo Fisher Scientific, Waltham,
MA, USA) was used to measure the absorbance
of the solution at 570 nm.
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Cell Migration and Invasion Assays

The migration and invasion ability of MDA-
MB-231 and SK-BR-3 cells was determined us-
ing the transwell chamber (8 mm pore filter; BD
Bioscience, Franklin Lakes, NJ, USA). 100 nug
transfected cells with the density of 3x10°/ml
were added into the upper chamber containing
free FBS. Meanwhile, the medium with 10%
FBS was added to the lower chamber and cul-
tured for 24 h. For the invasion assay, the upper
chamber was filled with the Matrigel matrix (BD
Biosciences, Franklin Lakes, NJ, USA). Then,
the migrated cells at the bottom of the transwell
membrane were stained using 0.1% crystal violet.
At last, the migration and invasion numbers of
MDA-MB-231 and SK-BR-3 cells were observed
and photographed using an inverted microscope
(Olympus, Tokyo, Japan).

Flow Cytometry Assays

The apoptosis rate of MDA-MB-231 and SK-
BR-3 cells was detected with an annexin V-flu-
orescein isothiocyanate (FITC) apoptosis-de-
tection kit (Beyotime, Shanghai, China). After
transfection, the cells were collected, washed,
and re-suspended in the binding solution. Sub-
sequently, the annexin V-FITC and propidium
iodide (PI) were used to stain the cells in the dark
for 20 min. After incubation, the apoptotic rate of
MDA-MB-231 and SK-BR-3 was assessed with
a FACScan® flow cytometry (BD Biosciences,
Franklin Lakes, NJ, USA).

Luciferase Reporter Assays

An online IncRNA-microRNA database DI-
ANA-LncBase v2 (http:/www.microrna.gr/Lnc-
Base) was utilized to predict the binding sites of
FGF14-AS2 and miR-205-5p. The pGL3-control
Luciferase reporter vectors (Promega, Madison,
WI, USA) were used to construct the Lucifer-
ase reporter vectors of the wild type FGF14-
AS2 (FGF14-AS2-wt) and mutant FGF14-AS2
(FGF14-AS2-mut). The Luciferase reporter vec-
tors and miR-205-5p or miR-NC were co-trans-
fected into MDA-MB-231 and SK-BR-3 cells
using Lipofectamine 2000 transfection reagent.
Finally, the Luciferase activity of Luciferase re-
porter vectors in MDA-MB-231 and SK-BR-3
cells was determined using the Luciferase Re-
porter Assay kit (Promega, Madison, WI, USA).

Statistical Analysis
Statistical analysis was evaluated using SPSS
software (version 19.0, IBM Corp., Armonk,

NY, USA). The Student’s #-test was used to an-
alyze the differences between the two groups.
Pearson’s correlation coefficient was utilized to
determine the relationship between FGF14-AS2
and miR-205-5p. When the p-value is less than
0.05, it is considered to have statistical signifi-
cance.

Results

The expression of FGF14-AS2 was down-reg-
ulated in breast cancer tissues and cells and cor-
related with tumor stage and size. To define the
roles of FGF14-AS2 in breast cancer progression,
gRT-PCR was utilized for the detection of the
expression of FGF14-AS2 in 80 paired breast
cancer tissues and adjacent normal tissues. The
results presented that FGF14-AS2 was down-reg-
ulated in breast cancer tissues and cells compared
with the adjacent normal tissues and MCF-10A
cells (Figures 1A and 1D). Then, the clinical in-
formation on breast cancer patients was further
analyzed. According to clinical stages, 80 cases
of breast cancer were divided into two groups:
TNM I (n=32) and TNM III+IV (n=48). As
shown in Figure 1B, the expression of FGF14-
AS2 in the TNM III+IV group was significantly
lower than that in the TNM I+II group. In addi-
tion, 80 patients with breast cancer were divided
into two groups according to the size of their
tumors: <2 cm (n=43) and >2 cm (n=37). The re-
sults from qRT-PCR showed that, compared with
the group with tumor size <2 cm, FGF14-AS2 in
the >2 c¢cm group was strikingly down-regulated
(Figure 1C). Therefore, these data indicated that
FGF14-AS2 was down-regulated in breast cancer
tissues and cells and correlated with tumor stage
and size.

Overexpression of FGF14-AS2 Repressed
Proliferation, Migration, Invasion, and
Induced Apoptosis in Breast Cancer Cells
To explore the biological functions of FGF14-
AS2 on breast cancer progression, MDA-MB-231
and SK-BR-3 cells were transfected with FGF14-
AS2 or NC. The results presented that, compared
to the NC group, FGF14-AS2 expression levels in
the FGF14-AS2 group were dramatically up-reg-
ulated (Figure 2A). Moreover, the MTT and
transwell assays indicated that the proliferation,
migration, and invasion ability of MDA-MB-231
and SK-BR-3 cells were remarkably inhibited in
the FGF14-AS2 group in comparison with the NC
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Figure 1. FGF14-AS2 was down-regulated in breast cancer tissues and cells and correlated with tumor stage and size. 4, and
D, FGF14-AS2 expression levels were detected by qRT-PCR in breast cancer tissues (4) and cells (D). B, The expression of
FGF14-AS2 was negatively correlated with TNM stage. C, FGF14-AS2 expression was negatively correlated with tumor size.

£p<0.05.

group (Figures 2B, 2D, and 2E). Besides, the flow
cytometry analysis showed that the apoptosis
rates of both MDA-MB-231 and SK-BR-3 cells
were evidently enhanced in the FGF14-AS2 group
than in the NC group (Figure 2C). These results
indicated that the overexpression of FGF14-AS2
repressed proliferation, migration, invasion, and
induced apoptosis in breast cancer cells.

MiR-205-5p Was a Target of FGF14-AS2
in Breast Cancer Cells

Based on the above results, an online In-
cRNA-microRNA database DIANA-LncBase v2
was used to investigate the possible molecular
mechanism of FGF14-AS2 on breast cancer pro-
gression. As showed in Figure 3A, we observed
that miR-205-5p had a possible binding site in
FGF14-AS2. A Dual-Luciferase Reporter Assay
was performed to confirm this prediction. The
results presented that miR-205-5p overexpression
could drastically reduce the Luciferase activity
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of the FGF14-AS2-wt in both MDA-MB-231 and
SK-BR-3 cells, but not of FGF14-AS2-mut (Fig-
ure 3B). However, when miR-205-5p was inhibit-
ed, the Luciferase activity of the FGF14-AS2-wt
was effectively increased, while FGF14-AS2-mut
remained unchanged (Figure 3B). These data im-
plied that miR-205-5p was a target of FGF14-AS2
in breast cancer cells.

MiR-205-5p Was Upregulated in Breast
Cancer Tissues and Cells, and Correlated
With Tumor Stage and Size

To survey the roles of miR-205-5p in breast
cancer progression, we measured the expres-
sion of miR-205-5p in breast cancer tissues and
adjacent normal tissues, as well as in the breast
cancer cells by qRT-PCR. The results showed
that miR-205-5p was markedly up-regulated in
breast cancer tissues and cells (Figures 4A and
F). In addition, miR-205-5p in the TNM III+IV
group was significantly higher than that in the
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A Position 648-669 of FGF14-AS2

5 -GAUUAAAAAAGAAAAUGAAGGG-3’
3’ -GUCUGAGGCCACCUUACUUCCU-5
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Figure 3. MiR-205-5p was a target of FGF14-AS2 in breast cancer cells. A4, The predicted binding sites of miR-205-5p in
FGF14-AS2 by LncBase Predicted v2. B, C, The Luciferase activity of MDA-MB-231 and SK-BR-3 cells co-transfected with
miR-205-5p or miR-NC or anti-miR-205-5p or anti-NC and FGF14-AS2-wt or FGF14-AS2-mut were detected by a Dual-

Luciferase Reporter Assay. *p<0.05.

TNM I+ group (Figure 4B). Besides, compared
to the group with tumor size <2 cm, miR-205-5p
in the >2 c¢cm group was strikingly up-regulated
(Figure 4C). Pearson’s correlation coefficient in-
dicated that between FGF14-AS2 and miR-205-
5p the expression levels in breast cancer tissues
were inversely correlated (Figure 4D). Moreover,
the overexpression of FGF14-AS2 could inhib-
it the expression levels of miR-205-5p in both
MDA-MB-231 and SK-BR-3 cells, and FGF14-
AS2 knockdown enhanced miR-205-5p expres-
sion levels (Figure 4E). Then, miR-205-5p was
up-regulated in breast cancer tissues and cells
and was inversely correlated with FGF14-AS2.
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Inhibition of MiR-205-5p Impeded
Proliferation, Migration, Invasion, and
Induced Apoptosis in Breast Cancer Cells
In consideration of the above results, MDA-
MB-231 and SK-BR-3 cells were transfected
with anti-miR-205-5p or anti-NC to explore the
functions of miR-205-5p on breast cancer pro-
gression. First, we found that miR-205-5p was
markedly down-regulated in both MDA-MB-231
and SK-BR-3 cells which were transfected with
anti-miR-205-5p (Figure 5A). Besides, the prolif-
eration, migration, and invasion ability of MDA-
MB-231 and SK-BR-3 cells were transfected with
anti-miR-205-5p and were remarkably inhibited
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(Figures 5B, D, and E). Moreover, the apoptosis
rates of MDA-MB-231 and SK-BR-3 cells were
transfected with anti-miR-205-5p and were re-
markably enhanced (Figure 5C). In principle, the
inhibition of miR-205-5p could impede prolifera-
tion, migration, invasion, and induce apoptosis in
breast cancer cells.

Overexpression of FGF14-AS2
Undermined the MiR-205-5p Induced
Effects on Proliferation, Migration,
Invasion, and Apoptosis in
Breast Cancer Cells

To determine whether FGF14-AS2 affects
breast cancer cells proliferation, migration, in-
vasion, and apoptosis by regulating miR-205-5p,
the miR-NC, miR-205-5p, miR-205-5p+NC, and
miR-205-5p+FGF14-AS2 were transfected into
MDA-MB-231 and SK-BR-3 cells for rescue
experiment. The result from qRT-PCR assay
showed that miR-205-5p overexpression mark-
edly up-regulated miR-205-5p expression in
both MDA-MB-231 and SK-BR-3 cells, while
the overexpression of FGF14-AS2 could reverse
this trend (Figure 6A). In addition, MTT, tran-
swell and flow cytometry assays showed that
miR-205-5p overexpression strikingly facilitat-
ed proliferation, migration, and invasion, and
repressed apoptosis of MDA-MB-231 and SK-
BR-3 cells, while the overexpression of FGF14-
AS2 could reverse miR-205-5p induced effects
on proliferation, migration, invasion, and apop-
tosis (Figures 6B-6E).

Discussion

As in other countries, breast cancer is the most
common malignant tumor in China, threatening
the lives and health of the female population. Al-
though the treatment of breast cancer has made
great progress, the efficacy is still unsatisfactory.
Many researches'*"> have indicated the crucial
roles of IncRNAs in the progression of diverse
tumors. In this study, we aimed at exploring the
expression and molecular mechanism of FGF14-
AS2 in breast cancer and provide a theoretical
basis for developing new strategies for diagnosis
and treatment of breast cancer.

It is well documented that the abnormal ex-
pression of IncRNAs plays a vital role in the
tumorigenesis and progression of breast cancer.
For example, IncRNA SNHG20 and HOXA11-AS
were up-regulated in breast cancer tissues and

promoted proliferation and migration of breast
cancer cells'*!"”. Ma et al'® reported that IncRNA
FGF13-ASI1 was down-regulated in breast cancer
tissues, and was associated with poor prognosis.
In this study, we found that FGF14-AS2 was
down-regulated in breast cancer tissues and cells
and correlated with tumor stage and size. The
overexpression of FGF14-AS2 could repress pro-
liferation, migration, invasion, and induce apop-
tosis in breast cancer cells. Yang et al'? pointed
out that the decreased expression of FGF14-AS2
was correlated with tumor size and stage as well
as lymph node metastasis, which was consistent
with our study.

Tay et al” have demonstrated that IncRNAs
function as competing endogenous RNAs, bind-
ing to specific microRNAs (miRNA) to regulate
the progression of multiple diseases. MiRNAs,
a kind of non-coding RNA with a length of 20-
200 nucleotides, mainly regulate gene expres-
sion by targeting the 3’ untranslated region of
target miRNAs, and participate in diversiform
biological processes such as cell differentiation,
proliferation, invasion, and apoptosis®®. It has
been proven that miRNAs could act as potential
biomarkers and therapeutic targets for many
diseases?' . MiR-205-5p was reported to be an
anti-tumor gene in prostate cancer’. Lu et al®
showed that miR-205-5p promoted paclitaxel
resistance and progression of endometrial can-
cer. In this study, we utilized DIANA-LncBase
v2 to predict and confirmed that FGF14-AS2
could directly bind to miR-205-5p with the Lu-
ciferase Reporter Assay. Moreover, miR-205-5p
was up-regulated in breast cancer tissues and
cells, and the inhibition of miR-205-5p could
impede proliferation, migration, invasion, and
induced apoptosis of breast cancer cells. De
Cola et al* showed that miR-205-5p was highly
expressed in breast cancer stem cells and related
to drug resistance in targeted therapy. De Cola
et al*’” also showed that miR-205-5p inhibition
could recede metastatic of breast cancer cells.
Besides, the overexpression of FGF14-AS2 un-
dermined the miR-205-5p induced effects on
proliferation, migration, invasion, and apoptosis
in breast cancer cells.

Conclusions
We found that FGF14-AS2 was down-regulat-

ed while miR-205-5p was up-regulated in breast
cancer tissues and cells and correlated with

6979



Y. Yang, N. Xun, J.-G. Wu

"S0°0>dy "¢-4d-S PUB [€T-GIN-VAIN JO sdrel () sisoydode pue “Ayiqe (3) uoiseaur pue

‘(@) voneadiw ‘(g) uoneidjijoid oy} JururwLIAIAP 10J PawLIoyIdd orom sAesse A130Wo03L0 MO pue [[omsuet) ‘L LN “F ‘g SI199 €-49-S Pue [€7-9IN-VAIN Ul uoissardxs dg-6oz
—J1ur uo130239p 10y pawriojrad a1om sKesse YD J-LYD ‘p A[eansadsar ‘zSv-H14D4+ds-s0z-y 1w 10 DN-dG-goz-y1ur 10 dg-gz-yTur 10 DN-YIW YILM PIINPOIIUI S[[3I €-g-JS pue
1€T-9IN-VAIN 'S1199 190ue0 sea1q ur sisoydode pue ‘uorseur ‘uoneidiw ‘uoneidfijord uo s309530 paonput dg-goz-y 1w Y} pOUTWIOPUN ZS V-] D] JO uoissa1dxa1oA( "9 aunbi4

S
g
5

Jaquinu 199 uonelbipy

00€

£-y¥aMs

(wugzg)adueqiosqy

I
TSV-r1404+dG-Goz- W - dg-soz-yiw - LSl

ON+dg-Goz-Hiw ON-HIW -e-
£-dg-MS

uzL

Lec-aN-vaw

usy uve

11

ZSV-1404+d5-G0Z-YIW -+~ dG-Goz-HIW =

ON+dg-G0zZ-HIW

ON-HIW —e-
LEC-aN-VaN

s
&
& Y
O >
&
O Q >
Zlv 0&.& OAWV :W/«v
L & & <
EE )
- o _
2 2
05 8 0s 8
® *
< <
ool @ ool ®
3 3
o5t m ost m
00z 3 o0z 3
H G 7 H
cugNs ose LEZ-aN-vaW o2 m
S
&
=y &
O d.v/.
L
PN
& x
& & ¢
= 0
& > -4
oot B 3 3
] S s %
) ] 2
00z 8 > @
5 2 o B
00¢ € d * 2
g - 2 " s
00¥ w SL = 13
€-ya-MS LE2-aN-VanN o
S
&
=
&
S
V«v Q o
N @ ¢ s
& & & W.'V
uo ® ) * [
o0 0
> A A
2 Lo 2 Fy
o S8 =5
50 & 3< z3 <
: ‘32 -+
s ¢ 8% -
G N3 v 93
= v & g8
] g ¥ g )
s * * s o
€-¥a-MS L€2-aN-Van




LncRNA FGF14-AS2 represses breast cancer

tumor stage and size. FGF14-AS2 could directly
bind to miR-205-5p to repress proliferation, mi-
gration, invasion ability, and induced apoptosis
in breast cancer cells. This study may provide a
potential therapeutic strategy for breast cancer.
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