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MALAT1 promotes angiogenesis of breast cancer
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Abstract. Metastasis-associated lung adenocarcinoma tran-
script 1 (MALATY) is a long non-coding RNA (IncRNA) that
has an oncogenic role in some types of cancers, uncluding
breast cancer (BC). To investigate the role of MALATI in
human BC progression, we detected MALAT1 expression
levels based on tissue samples from 20 BC cases and 20 healthy
controls and found MALATI expression levels to be signifi-
cantly high (P<0.05). Then, we knocked down endogenous
MALAT1 in MCF-7 cells using MALAT1 short hairpin RNA
(shRNA). The results revealed that MALAT1 knockdown
could significantly inhibit proliferation, migration, and tube
formation in vitro. In addition, miR-145 expression inversely
changed in BC tissue cases. Furthermore, knockdown of
endogenous MALATTI significantly increased miR-145 levels
in MCF-7 cells. This finding indicated an interaction between
MALATI1 and miR-145. In addition, knockdown of MALAT1
significantly reduced the expression of vascular endothelial
growth factor in MCF-7 cells. This outcome revealed that
MALATI1 promoted angiogenesis in BC, which may be related
to the expression of miR-145.

Introduction

A long non-coding RNA (IncRNA) is a genomic transcript
that is greater than 200 nucleotides and does not have
a protein-coding function (1,2). Emerging evidence has
revealed that it is an important molecule for normal devel-
opment and tumorigenesis (3-5). Moreover, recent studies
have revealed that IncRNAs are involved in transcriptional,
post-transcriptional, and epigenetic gene regulation (6,7).
Furthermore, numerous IncRNAs can function as oncogenes
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or tumor suppressors (8,9). Metastasis-associated lung adeno-
carcinoma transcript 1 (MALATI) is a large number of
expressed IncRNAs, ~8,000 nucleotides in length, identified
as the first IncRNA associated with metastasis and survival
of non-small cell carcinoma (7). In the absence of an open
reading frame, MALAT]1 exhibits no protein expression in
in vitro translation (1). MALATI regulates gene expression
and post-transcriptionally modifies primary transcripts, which
are highly conserved among mammals (10). Aberrant expres-
sion levels of MALAT1 have been observed in various human
malignancies, including lung, breast and bladder cancer as
well as in osteosarcoma, colorectal cancer, and hepatocellular
carcinoma (11-16).

MicroRNA-145 (miR-145), an important microRNA, is
underexpressed and acts as a tumor-suppressor in several
tumors. In addition, miR-145 has been revealed to inhibit
proliferation and migration of breast cancer (BC) cells (17).
miR-145 was notably downregulated in 106 pairs of normal
and BC cancer tissues, and miR-145 played an inhibitory
role in tumor angiogenesis, cell growth and invasion. Tumor
growth takes place via the post-transcriptional regulation of
new targets N-RAS and VEGF-A (18). miR-145 was revealed
to be significantly downregulated in the plasma and cancer
tissues of patients with colorectal cancer, and overexpression
of miR-145 hindered cell proliferation, migration, and inva-
sion (19). miR-145 was demonstrated to inhibit invasion and
metastasis in osteosarcoma cells, mainly by downregulating
the expression of vascular endothelial growth factor (VEGF)
by specifically combining the 3' untranslated region (3'UTR)
of VEGF mRNA (20). In the present study, we investigated
the following: i) MALAT1 expression in BC tissues; ii) the
role of MALAT1 in the regulation of microvascular endothe-
lial cell proliferation, migration, and tube formation of BC
in vitro using the RNA interference approach; iii) the effect
of MALAT]I on angiogenesis by VEGF; and iv) preliminary
discussion of whether MALAT1 expression levels are corre-
lated with miR-145 in BC.

Materials and methods

Tissue samples. Twenty pairs of invasive ductal carcinoma
specimens and adjacent normal tissues were collected from
the Department of Pathology of The First Affiliated Hospital
of Anhui Medical University from January 2014 to December
2014, with the consent of patients and approval by the Ethics
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Committee of Anhui Medical University (Hefei, China).
Surgical excised tumor samples were collected and rapidly
stored in liquid nitrogen. Patients who had not received chemo-
therapy before surgery were selected. Samples were classified
and selected according to the diagnosis using the anatomical
pathology system (LOGENE pathology management soft-
ware). Tissues were histologically and tumor cytologically
evaluated prior to RNA sample extraction.

RNA isolation, reverse transcription, and real-time quanti-
tative polymerase chain reaction (RT-gPCR). Tissue total
RNA was extracted using TRIzol reagent according to the
manufacturer's instructions (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). Primers were designed
and synthesized based on the gene sequences of MALATI and
GAPDH, respectively. The MALATI1 primer sequences were
as follows: Forward primer, 5~AAAGCAAGGTCTCCCCAC
AAG-3' and reverse primer, 5-GGTCTGTGCTAGATCAAA
AGGCA-3". The GAPDH primers were as follows: Forward
primer, 5'-~ACCACAGTCCATGCCATCAC-3' and reverse
primer, 5"“TCCACCCTGTTGCTGTA-3". Total RNA (1 ug)
was reverse-transcribed into cDNA using the Transcriptor
First Strand cDNA Synthesis Kit (Roche, Shanghai, China).
One pg of the reverse transcription reaction solution was used
as a template for fluorescence quantification and the relative
levels of MALAT1 mRNA to control [glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH)] transcripts were determined
by RT-qPCR using the ABI 7500 Fast Real-Time PCR System.
RT-gPCR amplification was performed in triplicate with reac-
tion conditions beginning at 95°C for 10 min, then 95°C for
10 sec and 60°C for 30 sec for 40 cycles. The relative expression
level of MALAT1 was determined by the 222 method (21).

Cell culture. Human BC cell lines (MCF-7) and human
vascular endothelial cells (HUVECSs) were provided by the
Chinese Academy of Sciences (Shanghai, China). Human
MCF-7 adenocarcinoma cells were cultured in Eagle's
Minimum Essential Medium, and HUVECs were cultured in
Endothelial Basal Medium (EBM2) (both from Lonza Group,
Ltd. (Basel, Switzerland) complete medium with 0.5 ng/ml
long-R3-IGF-1 (T&L Biological Technology, Beijing, China),
0.1 mg/ml heparin and 10% fetal bovine serum (FBS). All
cells were cultured in a humidified atmosphere with 5% CO,
at 37°C.

Design short hairpin RNA constructs and cell transfec-
tion. Lentivirus-encoded short hairpin RNA (shRNA) was
provided by Shanghai GeneChem Co., Ltd. (Shanghai, China)
and MALAT1 was knocked down. shRNA was cloned into
pLKO.1 (GV248) lentiviral vectors. Targeted sequences of
shMALATI and shNC were designed as follows: GGGCTT
CTCTTAACATTTA and TTCTCCGAACGTGTCACGT,
respectively. The BLAST search at www.ncbi.nih.nlm.gov
was used to confirm the specificity of the shRNA sequence.
The shRNA lentiviral infection construct was transfected
into the MCF-7 cell lines with Polybrene. After two weeks
of growth in 2 mg/ml puromycin, they were screened for
a stable cell line and subsequently we determined the effi-
ciency of MALAT1 knockdown by quantitative real-time
PCR (RT-qPCR).
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Figure 1. Expression of MALAT! in breast cancer tissues. RT-qPCR analysis
of relative expression levels of MALAT1 in 20 paired samples of breast
cancer and adjacent non-cancerous tissues. RT-qPCR amplification was
performed in triplicate, and the levels of MALAT1 were normalized against

control GAPDH expression. Values are presented as the mean + SD. "P<0.05.
MALATI, metastasis-associated lung adenocarcinoma transcript 1.
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RT-gPCR analysis of MALATI, miR-145, and VEGF expres-
sion. Samples were ground and total RNA in tumor and
normal tissues was extracted using TRIzol (Invitrogen;
Thermo Fisher Scientific, Inc.). Reverse transcription of cDNA
was performed using the PrimeScript® RT reagent kit (Takara
Biotechnology Co., Ltd., Dalian, China). The designed primers
were as follows: MALATI: Forward, 5~ AAAGCAAGGTCT
CCCCACAAG-3' and reverse, 5'-GGTCTGTGCTAGATC
AAAAGGCA-3. MALATI expression was quantified by
ABI PRISM 7500 system (Applied Biosystems; Thermo
Fisher Scientific, Inc.) using the SYBR® Premix DimerEraser
Kit (Takara Biotechnology Co., Ltd.). GAPDH was used as a
control. The primers for GAPDH were as follows: Forward,
5'-ACCACAGTCCATGCCATCAC-3' and reverse, 5'-TCC
ACCCTGTTGCTGTA-3'. RT-gPCR analysis of miR-145 was
performed using miRNeasy Kit, and cDNA was reversely
transcribed using the miScript® IT RT kit and miScript®
SYBR®-Green PCR kit (all from Qiagen, Inc., Valencia, CA,
USA) used with miScript miRNA PCR Arrays. U6 snRNA
was used as the endogenous control. The cycling program
was performed using ABI PRISM 7500 (Applied Biosystem:s;
Thermo Fisher Scientific, Inc.). The procedure and conditions
for PCR were: 95°C for 2 min and 30 sec, followed by 35 cycles
at 94°C for 30 sec, 62°C for 30 sec, and 72°C for 1 min and
20 sec. Each experiment was repeated three times and the
expression of MALATI, miR-145 and VEGF was quantified
using the 222" method (21).

Cell viability assay. The influence of shAMALATI1 on the
proliferation of HUVECs was demonstrated using cell viability
assays. BC cells were transfected into 4x10° HUVECs/well in
96-well culture plates. The shNC from non-transfected cells
were used as controls. Cell viability was assessed for prolif-
eration at 24, 48, 72, 96 and 120 h by Cell Counting Kit-8
(CCK-8) (Dojindo Molecular Technologies, Inc., Kumamoto,
Japan) according to the manufacturer's instructions. Results
were obtained in three independent experiments, and each
experiment was repeated three times and expressed as the
means + standard deviation. Then, the absorbance at 570 nm
was detected on a microplate reader.
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Figure 2. Downregulation of MALAT1 in breast cancer cell microvascular endothelial cells significantly inhibits proliferation, migration, and tube formation
in vitro. (A) qPCR analysis of relative expression levels of MALAT1 in MCF-7 cells and levels of MALAT1 were normalized against control GAPDH expres-
sion. Results were obtained from triple replicates and are presented as mean = SD. "P<0.05. (B) Knockdown of MALAT]1 expression on the proliferation of
endothelial cells. Cell viability was assessed for proliferation using a cell-activated CCK-8 kit. The results revealed that the activity of the endothelial cells in
the sSaiMALAT]1 group was significantly lower than that in the shNC group. Results were obtained from triple replicates and are presented as the mean + SD.
“P<0.01. (C) Effects of knockdown of MALATI on the migration abilities of HUVECs, and HUVEC migration assays were performed through co-culturing
transfected cells with HUVECsS in 24-well plates with Transwell chambers. Cell migration was assessed at 18 h in a Transwell assay in a blinded manner.
Values are presented as the mean + SD. “P<0.01. (D) Tube formation assays. Cells were seeded on Matrigel-coated wells in the presence of different CM, as
indicated, and incubated for 18 h to form a capillary network. The total number of branched tubes was then counted. Values are presented as the mean + SD.
“P<0.01 (n=3, Student's t-test). MALAT1, metastasis-associated lung adenocarcinoma transcript 1; CCK-8, Cell Counting Kit-8.

Migration assay. MCF-7 cells were seeded at a density of
1x10° cells/well in 24-well culture plates. Twenty-four hours
later, hMALAT1 and shNC vector plasmids were transfected
into MCF-7 cells using (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. After 24 h, the
Transwell chamber was placed in 24-well plates containing
transfected cells. Then, 1x10° HUVECs were added to the
upper chamber with a cell suspension volume of 200 ul, placed

in 5% CO, at 37°C for 18 h. Media (Endothelial Basel Medium
complete medium with 0.5 ng/ml long-R3-IGF-1, 0.1 mg/ml
heparin and 10% FBS) containing transfected cells in the
lower chamber were used as chemoattractants. Subsequently,
the upper chamber liquid and cells were removed, and the
number of cells in the lower chamber were stained with 0.1%
crystal violet for 30 min, and then observed with an inverted
microscope after the removal of the microporous membrane.
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The number of migrated cells were counted using a 40X objec-
tive and images were captured randomly at five different fields
of view. Each experiment was repeated three times.

Assays for tube formation of HUVECs. After the Matrigel had
thawed at 4°C, 50 ul Matrigel Basement Membrane Matrix
(BD Biosciences, Franklin Lakes, NJ, USA) was added to
each well of 96-well cell culture plates, and the endothelial
cells were trypsinized into a single-cell suspension using
endothelial cell culture medium. The cells were counted and
seeded in 96-well cell culture plates pre-coated with Matrigel
at a concentration of 1,500 cells/well. After culturing for
24 h, 6 fields (magnification, x40) were randomly selected
and images were captured using an inverted microscope The
length of microvessel branches and the number of branches
were counted. The experiment was repeated three times.

Statistical analysis. Data were presented as the mean + SD
using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) for data
analysis and repeated at least three times. Quantitative data
were compared using Student's t-test. Correlation analysis was
performed using Spearman's rank test. P<0.05 was considered
to indicate a statistically significant difference, and “and ™
symbols indicated the significance of 0.05 and 0.01 levels,
respectively.

Results

Upregulation of MALATI expression in human breast cancer
tumor tissues. In a collection of 20 pairs of randomly selected
samples from BC patients, the MALAT1 expression level was
significantly higher in tumor tissues compared with adjacent
non-cancerous tissues (P<0.05) (Fig. 1).

Downregulation of MALATI in BC microvascular endothe-
lial cells significantly inhibit proliferation, migration, and
tube formation in vitro. To investigate the biological signifi-
cance of MALATI1 on MCF-7 cells, we first knocked down
endogenous MALATI in MCF-7 cells using MALATI short
hairpin RNA (shRNA). Knockdown of MALAT]1 significantly
decreased the expression of MALAT1 MCF-7 cells. This
result indicated that A MALAT1 was successfully transfected
in MCF-7 cells (P<0.05) (Fig. 2A).

The effect of knockdown of MALAT1 expression on the
proliferation of endothelial cells was confirmed by cell-acti-
vated CCK-8 assay. The results revealed that the activity of
endothelial cells in the sSsIMALAT1 group was significantly
lower than that in the shNC group (P<0.01) (Fig. 2B).

Transwell migration assays were used to assess the migration
abilities of endothelial cells with MALAT1 knockdown. The
rate of endothelial cells in the sSAsIMALAT1 group was signifi-
cantly lower than that in the shNC group (P<0.01) (Fig. 2C).

Assays for tube formation were perfomed. Upon observation
compared with the shNC group, tubular structures and tubular
length decreased in the sSsIMALAT1 group (P<0.01) (Fig. 2D),
indicating that sSsIMALAT] can significantly curb the prolif-
eration, migration, and tube formation of HUVECS in vitro.

Knockdown of MALATI reduces VEGF expression in MCF-7
cells. To further research the potential mechanism of subtractive
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Figure 3. Downregulation of MALAT] in breast cancer cells. qPCR analysis
of the relative expression level of VEGF in MCF-7 cells and the levels of
VEGF were normalized against control GAPDH expression. Amplification
was performed in triplicate. “P<0.01. MALATI, metastasis-associated lung
adenocarcinoma transcript 1; VEGF, vascular endothelial growth factor.

regulation of MALATI, we assessed the expression of VEGF.
Knockdown of MALAT! significantly reduced the expression
level VEGF (P<0.01) (Fig. 3).

Downregulation of miR-145 expression in human BC tumor
tissues. To evaluate the functional relative relevance of
MALATI1 and miR-145 in BC, the MALATI1 and miR-145
expression levels were assessed in clinical specimens by
RT-qPCR. The expression level of miR-145 was significantly
lower in BC tissues than that in adjacent non-cancerous
tissues (P<0.01) (Fig. 4A). Quantitative and regression analysis
of MALATI1 and miR-145 expression in the 20 cancer cases
revealed that there was a negative correlation between
miR-145 and MALAT1 expression in BC tissues (r,=-0.6782,
P=0.001) (Fig. 4B).

Knockdown of endogenous MALATI also significantly
increases the expression level of miR-145 in MCF-7 cells.
We searched the online bioinformatics database (starBase,
v2.0, http://starbase.sysu.edu.cn/) and found that miR-145 and
MALATI have specific binding sites (Fig. 5A). To further
confirm the reciprocal effect between miR-145 and MALAT]I,
we knocked down endogenous MALAT1 in MCF-7 cells using
MALATI1 shRNA. Knockdown of endogenous MALATI1
significantly increased the expression level of miR-145 in
MCEF-7 cells (P<0.01) (Fig. 5B). This result indicated a mutual
interaction between MALAT1 and miR-145.

Discussion

Breast cancer (BC) is a common cancer in women worldwide
and has the second highest mortality rate after lung cancer (22).
Evidence suggests that in addition to short microRNAs,
IncRNA transcripts of ~200-nt in length do not encode
proteins, but affect tumorigenesis by modulating the expres-
sion levels of coding genes. They are valuable biomarkers and
therapeutic targets due to their role in the necessary pathways
for the initiation and progression of tumors, combined with
their tissue and stage specificity (23-25). Studies have revealed
the overexpression of MALATI in hepatocellular carcinoma
and uterine endometrial stromal sarcoma (16,26). MALAT1
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Figure 5. Downregulation of MALAT]I in breast cancer cells. (A) Predicted binding sites between MALAT1 and miR-145. (B) qPCR analysis of the relative
expression levels of miR-145 in MCF-7 cells and the levels of MALAT1 were normalized against control U6 expression. Amplification was performed in
triplicate. “P<0.01. MALATI, metastasis-associated lung adenocarcinoma transcript 1.

plays an important role in the proliferation, migration, inva-
sion, and metastasis of lung cancer (27). MALAT]I has also
been reported as an important endogenous regulator of
mesenchymal stem cell proliferation, angiogenesis, and immu-
nosuppression (28). MALAT1 knockdown and proliferation of
human choriocarcinoma cells in vitro were markedly hindered,
and the tumor size in vivo was reduced. The study indicated
that MALAT1 may be an oncogenic IncRNA promoting
proliferation of choriocarcinoma and it may be a therapeutic
target in human choriocarcinoma (29).

In our study, the expression level of MALAT1 was notably
higher in tumor tissues than in adjacent non-cancerous
tissues (P<0.01, Fig. 1). To investigate the influence of
MALATI on the proliferation, migration, and angiogenesis
of BC microvascular endothelial cells in the present study,
cells were transfected with sScIMALAT1 in vitro. Knockdown
efficiency was evaluated by qPCR (P<0.01, Fig. 2A), and down-
regulation of endothelial cell MALAT1 expression notably
hindered the proliferation of endothelial cells in vitro (P<0.01,
Fig. 2B) and migration (P<0.01, Fig. 2C) while reducing the
ability of in vitro tube formation (P<0.01, Fig. 2D). The above
indicators were key indicators reflecting the functional activity
of endothelial cells.The aforementioned experiments indicated

that MALAT1 could regulate the biological activity of endo-
thelial cells and inhibit vascular structure.

Angiogenesis in tumors refers to the process of producing
new capillaries from existing capillaries, as opposed to the
vasculogenesis of embryonic fibroblasts, wherein early endo-
thelial cells differentiate into new blood vessels. Angiogenesis
under physiological conditions is a strictly controlled process
found only in the context of development, regeneration, and
wound repair. Pathological angiogenesis is a continuous,
noncontrolled process that can promote tumor growth, inva-
sion, and metastasis. Without angiogenesis, tumors larger
than 1-2 mm in diameter may fail to grow due to the lack of
nutrients. Therefore, tumor angiogenesis is important in tumor
growth and progression, whereas vascular endothelial growth
of VEGF is the strongest angiogenic factor and is crucial in the
formation of vascular systems, regulation of the progress and
perviousness of vascular endothelial cells, and neovasculariza-
tion of tumors (30). Studies have revealed that blocking VEGF
signaling inhibits tumor angiogenesis, thus achieving tumor
growth inhibition. As a central regulator of angiogenesis,
VEGEF is heavily targeted in anti-angiogenic therapies (31).
Studies (32) have demonstrated that miRNAs are important
in VEGF-mediated tumorigenesis and new angiogenesis.
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Our assays for tube formation revealed that compared with
the shNC group, tubular structures and tubular length were
decreased in the ssMALAT1 group (P<0.01, Fig. 2D), infer-
ring that SIMALAT]1 can significantly inhibit tube formation
of HUVEC: in vitro. To further research the potential mecha-
nism of negative adjustment of MALAT1, we assessed VEGF
expression. Knockdown of MALATT significantly reduced the
expression level of VEGF (P<0.01) (Fig. 3). This result indi-
cated that MALAT1 promotes BC angiogenesis.

In our study, the expression of miR-145 was downregulated
in BC tissues (Fig. 4A), whereas MALAT1 was upregulated
in BC tissues (Fig. 1) and the expression of miR-145 was
negatively correlated with MALATI1 expression in BC
tissues (r,=-0.6782, P=0.001, Fig. 4B). This finding indicated
interaction between MALAT1 and miR-145. In 2006, trans-
fecting synthetic RNA transcripts containing tandem miRNA
binding sites into cells regulated the abundance of intracel-
lular miRNAs (33). We also confirmed that the mRNA of the
protein-encoding gene, pseudogenes, and IncRNAs can be
used as miRNA molecular sponges that regulate the miRNA
or miRNA expression of other target genes (25,34). Researcher
also confirmed that the mRNA of the protein-encoding gene,
pseudogenes, and IncRNAs can be used as miRNA molecular
sponges that play a significant role in regulating the miRNA or
miRNA expression of other target genes (25,34).We predicted
miRNA targeting MALAT]1 using http://www.mircode.org/
and revealed 105 binding sites on the MALAT1 RNA strand,
downregulated expression of miR-145 in BC, and its pres-
ence in the MALAT1 RNA chain-binding site (Fig. SA). The
expression of miR-145 was also upregulated in BC cells by
knocking down MALAT1 (P<0.01, Fig. 5B), suggesting inter-
action between MALATI1 and miR-145. However, the specific
relationship warrants further study.
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