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Abstract. — OBJECTIVE: The main purposes of
this study are to investigate the possible effects
of long noncoding RNAs (IncRNAs) MAFG-AS1 on
the growth and metastasis of breast carcinoma.

PATIENTS AND METHODS: The quantitative
Real Time-Polymerase Chain Reaction (qRT-
PCR) assay was used to assess the MAFG-AS1
level in breast cancer tissues and cells. The
wound healing and transwell invasion analy-
sis were applied to explore the invasion and mi-
gration of breast cancer cell in vitro. The ex-
pressions of epithelial-mesenchymal transition
(EMT) related markers were determined by West-
ern blotting. Xenograft model and lung metasta-
sis model were used to assess the progression
of breast carcinoma cell in vivo.

RESULTS: The level of IncRNA MAFG-AS1 is
higher in breast carcinoma, and the aggressive
phenotypes of breast carcinoma cell are en-
hanced by MAFG-AS1 transfection. Moreover, we
identify that MAFG-AS1 overexpression reduces
the expression of miR-339-5p and miR-339-5p is
the target of MAFG-AS1 in breast carcinoma. In
addition, matrix metalloproteinase 15 (MMP15) is
the functional regulated gene of miR-339-5p in
breast carcinoma. The aggressiveness of breast
carcinoma induced by IncRNA MAFG-AS1 is
weakened by the miR-339-5p. Finally, we demon-
strated that the development of breast carcinoma
cell is enhanced by MAFG-AS1 in vivo.

CONCLUSIONS: MAFG-AS1 appears to play
an oncogene role in breast carcinoma by regu-
lating the miR-339-5p/MMP15.
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Introduction

Breast cancer has been recognized as one of
the most common types of malignant cancers

and is the leading cause of cancer-related deaths
worldwide!. Recently, treatment strategies, such
as chemotherapy, radiotherapy and molecular tar-
geting treatment significantly improve the thera-
peutic outcome of patients®>. However, the clinical
outcome of patients with breast cancer needs to
improve. The metastasis of cancer cells is one ma-
jor difficulty of overcoming the poor prognosis of
breast cancer patients. The epithelial-mesenchy-
mal transition (EMT) process of cancer cells is a
crucial step during metastasis®*. Therefore, inhi-
bition of EMT may be helpful for inhibiting breast
cancer cell metastasis and for improving the poor
clinical outcome of patients.

Earlier investigations have proved that In-
cRNAs epigenetically regulate their target genes
and play crucial roles in the development of
cancers’’. For example, IncRNA maternally ex-
pressed gene 3 (MEG3) suppresses the growth
and metastasis of gastric cancer cell via regulat-
ing the p53 signaling pathway?®. In colorectal can-
cer, IncRNA MAFG-ASI promotes the develop-
ment of tumor through regulating miR-147b and
activating NADH dehydrogenase (Ubiquinone) 1
Alpha Subcomplex, 4 (NDUFA4)’. MicroRNAs
(miRNAs), which are small endogenous nucle-
otides, regulate the expression of target genes.
Currently, more than 2000 miRNAs have been
identified and have been proved to be related to
diseases, including cancer'*!!,

Here, we demonstrated that MAFA-AS1 was
over-regulated in breast cancer tissue compared
to that in adjacent normal tissue. Moreover, we
identified that miR-339-5p was modulated by
MAFA-ASI in breast cancer. Additionally, we
verified that the aggressiveness of breast cancer
cell was enhanced by MAFG-ASI. Functional
experiments demonstrated that IncRNA MAFG-
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ASI facilitated the aggressiveness of breast cancer
through the modulation of miR-339-5p-MMP15.

Materials and Methods

Breast Carcinoma Tissues and Cells

Breast carcinoma cells (MDA-MB-231,
HCC1937, MCF-7, and MDA-MB-468) and the
normal epithelial breast cell line, MCF-10A, were
obtained from Nanjing Cobioer Biotechnolo-
gy Co., Ltd (Nanjing, Jiangsu, China). The cells
were was cultured using Dulbecco’s Modified Ea-
gle’s Medium (DMEM; Thermo Fisher Scientif-
ic, Waltham, MA, USA) containing 10% of FBS
(Thermo Fisher Scientific, Waltham, MA, USA).
42 cases of breast cancer and normal tissues were
obtained from the Tai’an Central Hospital (Tai’an,
Shandong, China). The experiment protocol was
approved by the Ethics Committee of the Tai’an
Central Hospital.

Transfections

MiRNA-control inhibitor (miR-NC inhibitor),
miR-339-5p inhibitor, miRNA control (miR-NC)
and miR-339-5p were obtained from GeneCopoe-
ia (Guangzhou, Guangdong, China). Scramble or
MAFG-ASI, which was provided by GeneCopoe-
ia and was cloned into the pcDNA3.1 (GeneCo-
poeia). MDA-MB-231 cell was transfected with
miRNAs using Lipofectamine 3000 (Thermo
Fisher Scientific, Waltham, MA, USA).

Migration Assay

5 x 10° MDA-MB-231 or MCF-7 cell was seed-
ed into 6 well plates. After 24 h, a wound was
made by a 100 pl pipette tip. The picture of the
wound width was taken at 0 h and 48 h, respec-
tively.

Invasion Assay

200 ul MCF-7 or MDA-MB-231 cells (1 x 10°)
were seeded in the upper chamber of the transwell
(Corning, Shanghai, China). 600 pl medium con-
tained 20% FBS was used as a chemo-attractant
and plated into the lower chamber. After 24 h,
4% of paraformaldehyde and 1% of crystal vio-
let were used to fix and stain the invaded cells,
respectively.

Quantitative Real-time (qRT-PCR) Assay
RNAs were extracted with TRIzol (Thermo

Fisher Scientific, Waltham, MA, USA). For the

analysis the level of MMP15, RNA was tran-

scribed by PrimeScript RT Reagent Kit and oligo
dT primer (TaKaRa, Dalian, Liaoning, China).
The SYBR PrimeScript miRNA RT PCR kit (Ta-
KaRa, Dalian, Liaoning, China) was used to de-
tect the level of miRNA-363. The 244 method
was adapted to the analysis of MMP15, IncRNA
MAFG-ASI, and miR-339-5p. The primer se-
quences are the as following: MMPI15 forward,
5’-ATGACGACCCCCAATAAAGGA-3’, and
reverse, 5’-CACCGACATGGTTACCAGC-3’;
GAPDH forward, 5-AGGTCGGTGTGAACG-
GATTTG-3, and reverse: 5-TGTAGACCAT-

GTAGTTGAGGTCA-3"; miR-339-5p, forward
5-GGGTCCCTGTCCTCCA-3> and reverse:
5-TGCGTGTCGTGGAGTC-3’; U6 forward,

5-CTCGCTTCGGCAGCACATATACT-3’, and
reverse, 5’-ACGCTTCACGAATTTGCGT-
GTC-3"; MAFG-AS1 forward, 5-ATGACGAC-
CCCCAATAAAGGA-3’, and reverse, 5-CAC-
CGACATGGTTACCAGC-3.

Luciferase Reporter Gene Assay

The pmirGLO Dual-Luciferase miRNA Tar-
get Expression Vector was obtained from Prome-
ga (Madison, WI, USA). The wild type 3-UTR
of MMP15 or MAFG-ASI (wt-MMPI15 or wt-
MAFG-AS]) was inserted into the vector. The
mutated type 3’-UTR of MAFG-AS1 or MMP15
(mut-MAFG-AS1 or mut-MMP15) was produced
using the quikChange XL site-directed muta-
genesis kit (Agilent Technologies, Santa Clara,
CA, USA). MAFG-AS1 and miR-339-5p or miR-
339-5p and MMPI5 were co-transfected into
MDA-MB-231 cell using the Lipofectamine 3000
(Thermo Fisher Scientific, Waltham, MA, USA).
The luciferase reporter assay kit (Promega, Mad-
ison, WI, USA) was applied to the analysis of the
luciferase activity.

Transplanted Tumor Model

100 ul MDA-MB-231 cells (2x107) were subcu-
taneous injected subcutaneously into nude mice.
The tumor size was weekly recorded and the
tumor volumes were calculated. Volume = 0.5%
length x width?. After 35 days, all mice were sac-
rificed and the tumor was extracted for the sub-
sequent immunohistochemical staining analysis.

Experimental Metastasis Model
MAFG-AS1 transfected MDA-MB-231 cell
(5x10°) was injected into BALB/c mice through
the tail vein. After two weeks, the mice were sac-
rificed and lung tissues were applied for H&E
staining. All animal experiments were approved
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by the Ethics Committee of Tai’an Central Hospi-
tal (Shandong, China).

Statistical Analysis

Results were expressed as the Mean = SD. The
difference was analyzed using either two-tailed
Student’s ¢-test or one-way ANOVA followed by
post-hoc Dunnett’s test. p<0.05 was statistically
significant.

Results

MAFG-AST Is Up-reqgulated in Breast
Carcinoma

The statistical analysis of dysregulation of
IncRNAs was conducted using the dataset
(GSE113851) which contained both cancer and
normal tissues'> V¢ found that MAFG-AS1 was
overexpressed in breast carcinoma tissue in con-
trast to that in the normal tissue (Figure 1A).
Meanwhile, MAFG-AS1 in breast cancer, as
well as the adjacent normal tissue, was analyzed.
We also observed that its level was significantly

A B

' :F—> o
0

———=
-
I

» o
0‘6@ 0'300
N e"f;\
<

higher in breast carcinoma in contrast to normal
(Figure 1B). Meanwhile, MAFG-AS1 was dis-
tinctly over-expressed in breast carcinoma cells,
including MDA-MB-231, MCF-7, MDA-MB-468,
and HCC1937) than that in the normal epitheli-
al breast cell, MCF-10A (Figure 1C). These data
suggested that MAFG-AS1 was up-regulated in
breast carcinoma.

The Aggressive Phenotypes of Breast
Carcinoma was Enhanced by MAFG-AS'1
The pcDNA3.l containing MAFG-AS] was
transfected into the MDA-MB-231 cell to raise
MAFG-ASI level (Figure 2A). Transwell inva-
sion and wound closure analysis were applied to
analyze the function of MAFG-ASI on the MDA-
MB-231 cell invasion and migration. We observed
that the migration and invasion of MDA-MB-231
cell were enhanced by the transfection of MAFG-
ASI (Figure 2B-2C). At the same time, the aggres-
siveness of the MCF-7 cell was also promoted by
MAFG-ASI (Figure 2D-2E). In addition, the level
of the mesenchymal-related marker, N-cadherin
was raised by MAFG-ASI1, while MAFG-ASI in-
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Figure 1. MAFG-ASI is up-regulated in breast cancer. A, Representative down-expressed IncRNAs in breast cancer and
non-cancer tissues was shown in the heatmap. B. Levels of MAFG-ASI in breast cancer and normal tissues were detected
using qRT-PCR. "p<0.01, compared to normal. C. Levels of MAFG-ASI in breast cancer cells and MCF-10A were analyzed

using qRT-PCR assay. “p<0.01, compared to MCF-10A.
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Figure 2. MAFG-ASI increases the migration, invasion, and EMT of breast cancer cells in vitro. A. MDA-MB-231 cell was
transfected with pcDNA3.1-MAFG-ASI1 or Scramble and level of MAFG-ASI was analyzed using qRT-PCR. B. Migration
of MDA-MB-231 cell was analyzed using the wound healing test. C. The invasion of MDA-MB-231 cell was analyzed using
transwell invasion test. D. MCF-7 cell was transfected with pcDNA3.1-MAFG-ASI or Scramble. The migration of MCF-7 cell
was analyzed using wound healing test. E. Invasion of the MCF-7 cell was detected using transwell invasion test. F. Levels of
E-cadherin and N-cadherin were detected by Western blotting assay. “p< 0.01, compared to control.

hibited the epithelial-related marker, E-cadherin
level in MDA-MB-231 cell (Figure 2F). These data
demonstrated the oncogene function of MAFG-
ASI in the MDA-MB-231 cell in vitro.

MAFG-AS1 Binds to MiR-339-5p

For the purpose of revealing the potential
mechanisms of MAFG-ASI1 in the modulation of
the development of breast carcinoma, the starBase

analysis tool was adopted to identify the target
of MAFG-AS1". Herein, we found that IncRNA
MAFG-AS1 was bound with miR-339-5p (Fig-
ure 3A). Then, the result of qRT-PCR indicated
that miR-339-5p level was significantly lower in
breast cancer (Figure 3B-3C). Moreover, MAFG-
ASI1 negatively regulated the expression of miR-
339-5p (Figure 3D). Next, the luciferase reporter
gene assay was adopted to verify MAFG-ASI



H. Li, G.-Y. Zhang, C.-H. Pan, X.-Y. Zhang, X.-Y. Su

binding with miR-339-5p. As shown in Figure 3E,
miR-339-5p significantly inhibited the luciferase
activity in wt 3-UTR MAFG-AS1 transfected
MDA-MB-231 cell, whereas the luciferase activi-
ty in mut 3’-UTR MAFG-ASI transfected MDA-
MB-231 was not significantly inhibited. All data
implied that MAFG-ASI inversely modulated the
level of miR-339-5p.

MMP15 Is The Target of MiR-339-5p

The TargetScan analysis tool was selected and
we disclosed that MMP15 was a possible target
gene of miR-339-5p (Figure 4A)". Then, the lu-
ciferase reporter gene test was confirmed that
MMPI15 was definitely the precise target of miR-
339-5p. MiR-339-5p suppressed luciferase activ-
ity in MDA-MB-231 cell transfected with wt 3’-
UTR MMPI15 (Figure 4B). Meanwhile, we found
that the MAFG-ASI level was inversely correlat-
ed to miR-339-5p level in breast cancer tissues

A

(Figure 4C). Next, we revealed that the MMP15
level was increased by MAFG-ASI1 transfection
while MMP15 was suppressed in cell co-trans-
fected with IncRNA MAFG-AS1 and miR-339-
5p (Figure 4D). Furthermore, the transfection of
miR-339-5p reduced the aggressiveness of MDA-
MB-231 cell when compared to miR-NC group.
Nevertheless, the miR-339-5p combination with
MAFG-ASI cotransfection rescued the aggres-
siveness of MDA-MB-231 cell compared to the
sole only miR-339-5p transfection (Figure 4E and
4F). As expected, the same consequences were
found from the assays using the MCF-7 cell (Fig-
ure 4G-4H). All results suggested that miR-339-
Sp modulated MMP15 level in breast carcinoma.

Progression of Breast Carcinoma Cell in
Vivo Is Facilitated by MAFG-AS1

We investigated the influence of IncRNA
MAFG-AS] on MDA-MB-231 cell growth in
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Figure 3. MiR-339-5p is the target of MAFG-ASI. A. Bind sites of miR-339-5p between MAFG-AS1 were predicted using
the online bioinformatics analysis tool. B. Levels of miR-339-5p in breast cancer and normal tissues were detected using qRT-
PCR."p<0.01 compared with normal. C. Levels of miR-339-5p in breast cancer cells were measured using qRT-PCR. “p<0.01
compared with MCF-10A. D. Level of miR-339-5p in MDA-MB-231 cell which was transfected with MAFG-ASI1 alone or
cotransfected with MAFG-ASI in combination with miR-339-5p was detected using qRT-PCR. "p<0.01 compared with con-
trol. E. Interaction between MAFG-AS1 and miR-339-5p was confirmed by luciferase reporter gene assay. “p<0.01, compared

to miR-NC + WT-MAFG-ASI.
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Figure 4. MMPIS is regulated by MAFG-ASI and miR-339-5p. 4. Binding sites between miR-339-5p with the 3’-UTR of
MMP15 were predicted using the online bioinformatics analysis tool. B. Interaction between miR-339-5p and MMP15 was con-
firmed by the luciferase reporter assay. “p<0.01, compared to miR-NC + WT-MMPI13. C. Correlation between MAFG-ASI and
miR-339-5p was analyzed using qRT-PCR. D. Level of MMP15 in MDA-MB-231 cell was measured by Western blotting. E.
Migration of MDA-MB-231 cell was analyzed using the wound healing test. F. Invasion of MDA-MB-231 cell was analyzed
using transwell invasion test. G. Migration of MCF-7 cell was measured using the wound healing test. H. Invasion of MCF-7 cell
was analyzed using the transwell invasion assay. ~'p<0.01, compared to control, *p<0.01, compared to MAFG-ASI + miR-NC.
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nude mice. As demonstrated in Figure 5A, the
growth of MDA-MB-231 in vivo was promoted by
MAFG-ASI transfection. Meanwhile, the E-cad-
herin level was reduced and the level of N-cad-
herin was raised by the MAFG-ASI in vivo, re-
spectively (Figure 5B). Besides, in contrast to the
control, the level of MMP15 was increased, and
the miR-339-5p level was reduced in tumor tis-
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sue formed by the MAFG-ASI transfected MDA-
MB-231 cell, respectively (Figure 5C-5D). In the
experimental lung metastasis model, we observed
that lung metastasis of MAFG-ASI transfected
MDA-MB-231 was increased in vivo in compari-
son with control group (Figure SE-5F). Based on
the results, we concluded that MAFG-ASI facili-
tated the development of breast carcinoma in vivo.
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Figure 5. MAFG-ASI1 promotes the growth of MDA-MB-231 cell in vivo. A. MAFG-ASI transfected MDA-MB-231 cells
were inoculated into BALB/c nude mice. The tumor volume was shown. B. Levels of N-cadherin and E-cadherin in tumor
tissue were detected by immunohistochemical (IHC) staining. C. Level of MMP15 in tumor tissue was measured by immu-
nohistochemical (IHC) staining. D. Level of miR-300-5p in tumor tissue was analyzed using qRT-PCR. “*p<0.01, compared to
Scramble. E. Representative picture of lung tissue from mice was injected with Scramble or MAFG-ASI transfected MDA-
MB-231 cell. F. The number of metastatic nodules was counted and showed. “p<0.01, compared to Scramble.
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Discussion

The in-depth study of the exact mechanisms
of breast cancer cell metastasis can help to im-
prove the prognosis of breast cancer patients'>'°.
Previous studies'’?° have demonstrated the role of
many IncRNAs in cancer cell invasion and migra-
tion. We have observed that IncRNA MAFG-ASI
is overexpressed in breast carcinoma cells and tis-
sues. MAFG-ASI played a vital role in promoting
the EMT, invasion and migration of breast carci-
noma via regulating miR-339-5p-MMP15.

Plenty of IncRNAs have been shown to be
overexpressed and serve as carcinogenic factor?.
Consistent with the previous findings, MAFG-
AS1 was significantly up-regulated in breast car-
cinoma tissue. The similar results were also ob-
tained in breast cancer cell lines. Furthermore,
MAFG-AS1 promoted the development of breast
cancer. During the metastasis of the cancer cell,
EMT is the vital process, in which the epithelial
cell transforms into a mesenchymal cell?>. Some
reports have shown the crucial function of EMT
in cancer cell metastasis, and EMT serves as an
independent indicator of cancer prognosis®. The
present study demonstrated the facilitating effect
of MAFG-ASI on breast cancer cell invasive-
ness and migration in vitro. Besides, MAFG-ASI
over-expression had an inhibiting and promoting
effect on the levels of epithelial and mesenchy-
mal marker, respectively, implying the increasing
effect of MAFG-ASI on breast cancer cell EMT.

MiRNAs play significant roles in regulating
pathological processes and other regular physi-
ological activities**?*. In a large number of pre-
vious researches, the potential regulating effect
of IncRNAs on miRNA level'” has been detect-
ed. In this study, from the bioinformatics, we
revealed that the putative target of MAFG-ASI
was miR-339-5p. Besides, in this study, when
compared with normal epithelial breast cell and
adjacent normal tissues, miR-339-5p was evident-
ly down-regulated in the breast cancer cell and
tissue. Furthermore, the miR-339-5p level was
largely suppressed by transfection of MAFG-AS1
in the MDA-MB-231 cancer cell. And the binding
between IncRNA MAFG-ASland miR-339-5p
was further verified by the results of the lucifer-
ase reporter assay.

Matrix metalloproteinase 15 (MMP15) plays a
vital role in breaking down extracellular matrices
(ECM) in the process of pathological processes
such as cancer cell metastasis and some normal
physiological activities, including tissue remodel-

ing, reproduction, embryonic development, etc®.
Previous studies have shown that the metastasis
and invasion of the cancer cell are inhibited by
down-regulation of MMP15%. In this study, both
luciferase reporter gene analysis and online bio-
informatics analysis indicated that MMP15 gene
was a target of miR-339-5p. Besides, based on
gRT-PCR and immunoblotting analysis, the level
of MMP15 was positively and inversely adjusted
by IncRNA MAFG-AS1 and miR-339-5p, respec-
tively. Additionally, miR-339-5p was proved ef-
fective in inhibiting the EMT process, invasion,
and migration of breast cancer. Consistent with
previous findings, we observed that the level
of E-cadherin, as well as N-cadherin, was sup-
pressed and promoted by MAFG-ASI, respective-
ly. And MAFG-ASI also effectively promoted the
expression of MMPI15 and inhibited miR-339-5p
level in vivo.

Conclusions

We showed that MAFG-AS1 was up-regulated
in breast carcinoma and MAFG-AS1 boosted the
aggressive phenotypes of breast cancer via modu-
lating miR-339-5p/MMP15.
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