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Abstract: Breast cancer is the most common cancer in women around the world. However, the molecular mecha-
nisms underlying breast cancer pathogenesis are only partially understood. Here, in this study, we found that miR-
1228 was up-regulated in breast cancer cell lines and tissues. Ectopic expression of miR-1228 mimics leads to
promoted cell growth, invasion and migration. Using bioinfomatic analysis and 3’UTR luciferase reporter assay, we
determined SCAI can be directly targeted by miR-1228, which can down-regulate endogenous SCAI protein level.
Furthermore, our findings demonstrate that SCAl was down-regulated in breast cancer cell lines and tissues. Rescue
experiment demonstrated that miR-1228 promoted cell growth is attenuated by over-expression of MOAP1 and
miR-1228 promoted cell invasion and migration can be attenuated by over-expression of SCAI. Taken together, this
study provides evidences that miR-1228 serves as an oncogene to promote breast cancer proliferation, invasion

and migration, which may become a critical therapeutic target for breast cancer treatment.
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Introduction

Breast cancer is the most common cancer in
women around the world [1]. It is a complex dis-
ease, characterized by heterogeneity of genetic
alterations and influenced by several environ-
mental factors. Oncogene amplification or dys-
regulation usually occurs late in tumor progres-
sion and correlates well with aggressiveness of
tumor [2]. This may lead to the spreading of
tumor cells from the primary neoplasm to dis-
tant sites [3, 4]. Many proteins including prote-
ases, adhesion molecules, angiogenesis, and
growth factor are involved in and proliferation
and metastasis [5]. Therefore, understanding
the gene and protein expression changes in
breast cancer progression may aid in early
diagnosis and therapeutic intervention.

MicroRNAs (miRNAs) are ~22 nucleotide non-
coding single-stranded RNAs that regulate
gene expression through translational repres-
sion and/or transcript cleavage, based on spe-
cific binding to the complementary sequence in

the coding or noncoding region of mRNA tran-
scripts [6-8]. It has been demonstrated that
miRNAs can function in a variety of biological
processes, including cellular proliferation [9],
metastasis [10], apoptosis [11], differentiation
[12, 13] and metabolism [14]. Aberrant miRNA
expression has been found to be associated
with the development and progress of some
cancers [15]. Furthermore, based on microar-
ray analysis of global miRNA expression profiles
in cancer tissues, researchers have revealed
that miRNA profiles can discriminate malignan-
cies of the breast [16], lung [17], pancreas [18]
and liver [19, 20] from their counterparts.

miR-1228 is located in chromosome 12 and
housed within the LRP1 gene, which has diverse
functions in the cell and has been implicated to
play a role in atherosclerosis and Alzheimer’s
disease [21]. It appears to be phylogenetically
restricted to primates, with some presenting
conserved hairpin structures in human/rhesus/
chimp [22]. Previous studies indicated that miR-
1228 expression is dysregulated in many
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tumors such as malignant mesothelioma, lung
adenocarcinoma, breast cancer. Treatment
with an antitumor agent, Resveratrol, can lead
to a significant reduction in miR-1228 expres-
sion in human non-small cell lung cancer cells.
Enforced miR-1228 expression can sensitize
cells to stress-induced apoptosis through tar-
geting MOAPL1 protein, suggesting that miR-
1228 is a crucial regulator of cellular apoptosis
[23].

In the present study, we have we found that
miR-1228 was up-regulated in breast cancer
cell lines and tissues. Ectopic expression of
miR-1228 mimics leads to promoted cell
growth, invasion and migration. Using bioinfo-
matic analysis, our findings demonstrated that
the 3'UTR of SCAI contains a putative binding
site for miR-1228. We then determined SCAI
can be directly targeted by miR-1228 using
3'UTR luciferase reporter assay. Enforced
expression of miR-1228 represses the endog-
enous expression of SCAI. Furthermore, our
findings demonstrated that SCAlI was down-reg-
ulated in breast cancer cell lines and tissues.
Rescue experiment demonstrated that miR-
1228 promoted cell growth is attenuated by
over-expression of MOAP1 and miR-1228 pro-
moted cell invasion and migration can be atten-
uated by over-expression of SCAI. Taken togeth-
er, this study provides evidences that miR-1228
serves as an oncogene to promote breast can-
cer proliferation, invasion and migration, which
may become a critical therapeutic target for
breast cancer treatment.

Materials and methods
Patient samples

Breast cancer specimens and adjacent normal
tissues were collected in Department of
General Surgery, The Fourth Affiliated Hospital
of Harbin Medical University. All the patients
recruited into the present study did not receive
radiotherapy or chemotherapy or any other
treatment before and after operation. Surgical
specimens of the tumor resection were collect-
ed, and lumps of tumors as well as adjacent
normal tissues, which were at least 2 cm distal
to tumor margins, were snap-frozen in liquid
nitrogen for detection of miR-1228 and SCAI
expression. Written informed consent was
obtained from all study participants. The use of
tissue samples were approved by the ethical
committees of the Department of General

6647

Surgery, The Fourth Affiliated Hospital of Harbin
Medical University.

Cell culture and transfection

The breast cancer cell lines (MDA-MB-468,
MCF-7, MCF-7), and non-malignant breast epi-
thelial cell (MCF-10A) were obtained from the
ATCC and maintained in RPMI 1640 or
Dulbecco’s Modified Eagle Medium (DMEM)
with 10% fetal bovine serum (FBS) and 1% anti-
biotics (Invitrogen, USA). Transfection of the
cells with miR-1228 mimics, miR-1228 inhibi-
tors (anti-miR-1228), pcDNA3-SCAI or pcDNA3-
MOPA1 (Genepharma, China) was performed
using Lipofectamine 2000 (Invitrogen, USA)
according to the manufacturer’s instructions.

Detection of cell phenotypes

The effect of miR-1228 on proliferation of
breast cancer cells was evaluated by MTT and
colony formation assays. MCF-7 and MDA-
MB-468 cells were plated in 96-well culture
plates (3x10° per well). After 24 h incubation,
the cells were transfected with miR-1228 mim-
ics, anti-miR-1228 and their controls for 12, 24,
36 and 48 hours. Then the MTT (0.5 mg/ml;
Sigma-Aldrich, USA) was added to each well (20
pl/well). After 4 hours of additional incubation,
MTT solution was discarded and 200 ml of
DMSO (Sigma, USA) was added and the plates
shaken gently. The absorbance was measured
on an ELISA reader at a wavelength of 570 nm.
For colony formation assay, cells were counted
and seeded in 12-well plates (in triplicate) at
100 cells per well. Fresh culture medium was
replaced every 3 days. The number of viable
cell colonies was determined after 14 days and
colonies were fixed with methanol, stained with
crystal violet, photographed and counted. Each
experiment was performed in triplicate.

Tumor cell invasion assay

Invasion assay was performed with the
Transwell chamber with 8 um pores (Corning,
USA). Fifty microliters diluted matrigel (2 mg/
ml, BD Biosciences, Bedford, MA) was placed
on the inner surface. Cells were transfected for
24 h and isolated to make a final concentration
at 2x10%/ml, which then placed on the top
chamber. RMPI11640 with 20% FBS was added
to the bottom chamber. After 24 h, non-invad-
ing cells were removed from the top of the
Matrigel with a cotton-tipped swab. Invading
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cells at the bottom of the Matrigel were fixed in
methanol and stained with Crystal violet. The
invasiveness was determined by counting the
penetrated cells under a microscope at x200
maghification of 5 random fields in each well.
Each experiment was performed in triplicate.

Wound assay to assess cell migration

Cells were transfected for 24 h and then iso-
lated and plated in twelve-well plates (3x10%/
well) for 24 h. When the cells reached 90% con-
fluence, sterile pipette tips was used to scratch
the wound uniformly. Cell motility was assessed
by measuring the movement of cells into a
scraped wound. The speed of wound closure
was monitored after 72 h by measuring the dis-
tance of the wound from O h. Each experiment
was conducted in triplicate.

Western blotting

Western blotting was performed to determine
protein expression of MOAP1 or SCAI. Cells
were washed twice with cold PBS and total cel-
lular protein was extracted using a modified
RIPA buffer with 0.5% sodium dodecyl sulfate
(SDS) in the presence of proteinase inhibitor
cocktail (Complete mini, Roche). The protein
concentration in the supernatants was deter-
mined using Bradford protein dye reagent (Bio-
Rad, Hercules, CA) and equal amounts of pro-
tein lysates were separated on SDS-
polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to a polyvinylidene difluoride
membranes (Bio-Rad, Hercules, CA, USA). The
membranes were blocked with 5% non-fat milk,
followed by incubation with antibodies against
MOAP1 (1:1000, Millipore) or SCAI (1:1000,
Millipore). As a secondary antibody, horserad-
ish peroxidase (HRP) conjugated secondary
antibody was used, then visualized with
enhanced chemiluminescence (ECL) reagents
(Amersham Pharmacia) according to the manu-
facturer’s protocol. GAPDH (1:1000, Santa
Cruz, CA) was used as an internal control.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA was extracted using TRIzol reagent
(Invitrogen, Carlsbad, CA) from breast cancer
tissues and adjacent non-tumor tissues for
detection the expression of miR-1228 or SCAI.
For quantitative real-time PCR, RNA was first
reversely transcribed into cDNA using Super-
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Script Il reverse transcriptase (Invitrogen).
After that, qPCR was performed with an SYBR
Green | real-time PCR kit (GenePharma,
Shanghai, China) according to the manufactur-
er’'s instructions with the ABI 7300 Real-Time
PCR System. GAPDH mRNA was used as inter-
nal control. The amplification protocol was as
follows: an initial 95°C for 5 min and 50 cycles
of 94°C for 15 s, 55°C for 30 s, and 70°C for
30 s. The analysis was performed with the
three independent preparations of total RNA
samples harvested from each sample group.
The expression level of SCAI mRNA was normal-
ized to that of GAPDH mRNA, and the change in
expression level was calculated using the 2-4¢t
method. A two-tailed t-test (P<0.05 was identi-
fied to indicate a statistically significant differ-
ence) was performed to identify the differen-
tially expressed miRNAs. The following primers
were used: miR-1228 sense: 5-CTTGACATGATTA
GCTGGCATGATT-3; antisense: 5-CCTGTGCAAT-
ATGCCGTGTAGA-3; U6 sense: 5-CTTGACATGAT-
TAGCTGGCATGATT-3; antisense: 5-CTTGACA-
TGATTAGCTGGCATGATT-3; SCAI sense: 5-GAGT
GCTCGCAGCTCATACCT-3; antisense: 5-CCTCA-
CGGCCTGGGATTT-3; GAPDH sense: 5-CCAA
AATCAGATGGGGCAATGCTGG-3; antisense: 5-
TGATGGCATGGACTGTGGTCATTCA-3.

Construction of 3'UTR reporter plasmid and
luciferase assay

The human SCAI wild-type 3'UTR (WT-3'UTR)
harboring miR-1228 target sequence as well as
the seed-sequence mutated version (Mutant-
3'UTR) were synthesized by GenPharm
(Shanghai, China), The SCAI 3'UTR reporter was
generated by inserting the entire WT-3’UTR or
Mutant-3'UTR of human SCAlI mRNA into Xhol/
Notl sites of psiCHECK-2 vector (Promega)
downstream of the Renal luciferase gene. For
the luciferase assay, 1x10° cells were trans-
fected along with the SCAIWT-3'UTR or Mutant-
3'UTR reporter and the miR-1228 mimics in a
24-well plate using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s
protocol. After 24 h, firefly and Renilla lucifer-
ase activities were measured consecutively
using Dual Luciferase Assay (Promega).

Apoptosis analysis

For cell apoptosis assay, MCF-7 cells were
transfected with miR-1228 mimics or MDA-
MB-231 cells were transfected with MDA-
MB-231 for 48 h. Then the cells apoptotic rate
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Figure 1. Relative expression of miR-1228 in breast cancer cells and tissues. A: miR-1228 with increased expres-
sion in MCF-10A, MCF-7, MDA-MB-231 and MDA-MB-468 cells. B: Relative expression of miR-1228 in breast cancer
tissues and adjacent normal tissues. C: Relative expression of miR-1228 with breast cancer staging. D: Relative
expression of miR-1228 in metastases and non-metastases tissues.

was determined by using Annexin V-FITC and PI
staining flow cytometry kit (KeyGEN BioTECH,
China) according to manufacturer’s instruction.
Briefly, the cells in different transfection groups
were harvested and washed with PBS for twice.
After that, cells were resuspended in 500 ml
binding buffer provided by the kit. 5 ml Annexin
V and 5 ml propidium iodide (PI) were added to
the cells and then incubated at room tempera-
ture for 15 minutes in dark. Cells apoptotic rate
was then tested by flow cytometry within 1 h.

Data analysis

A Student’s test was performed to analyze the
significance of differences between the sample
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means obtained from three independent exper-
iments. Differences were considered statisti-
cally significant at P<0.05.

Results

The expression status of miR-1228 in breast
cancer cell lines and tissues

To investigate the role of miR-1228 in breast
cancer pathogenesis, here we used quantita-
tive real-time PCR (gqRT-PCR) to measure the
expression levels of miR-1228 in breast cancer
cell lines and tissues. MDA-MB-468, MCF-7,
MDA-MB-231 and a non-malignant breast epi-
thelial cell MCF-10A were used. Compared to
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Figure 2. miR-1228 promoted breast cancer cell proliferation and reduces cellular apoptosis. A and B: The efficiency
of miR-1228 and anti-miR-1228 were detected with RT-PCR in MCF-7 and MDA-MB-468 cells, respectively. C and
D: Cell viability was determined for 12 h, 24 h, 36 h, and 48 h using MTT assay with MCF-7 cells transfected with
miR-1228 or MDA-MB-468 transfected with anti-miR-1228. E and F: Cells long-term proliferation capacity was de-
termined by colony formation assay with MCF-7 cells transfected with miR-1228 or MDA-MB-468 cells transfected
with anti-miR-1228. G and H: The cells apoptosis was detected using Annexin V assay with MCF-7 cells transfected
with miR-1228 or MDA-MB-468 cells transfected anti-miR-1228. I: Western blot was performed to detect the effect
of miR-1228 and anti-miR-1228 on the expression of MOAP1 in MCF-7 and MDA-MB-468 cells, respectively.

low metastatic MCF-7 cells, the expression of
miR-1228 were obviously increased in highly
metastatic cells, MDA-MB-231 (3.1-fold) and
MDA-MB-468 (3.4-fold) cells; while the expres-
sion of miR-1228 was significantly decreased
in non-malignant breast epithelial cell MCF-10A
(Figure 1A).

To further confirm the role of miR-1228 during
breast cancer progression, we determined the
expression of miR-1228 in breast cancer tis-
sues and adjacent normal tissues by using qRT-
PCR. We observed that miR-1228 expression
was significantly increased in breast cancer tis-
sue compared with adjacent normal breast tis-
sues (Figure 1B). Tumors expressed increasing
levels of miR-1228 with malignancy stage
(Figure 1C); Furthermore, we observed that the
expression of miR-1228 in metastasis tissues
was 9-fold compared with non-metastases tis-
sues (Figure 1D).

miR-1228 promotes cell growth of breast can-
cer cell lines

To explore the role of miR-1228 in regulating
cell growth, a miR-1228 mimic or anti-miR-1228
was transfected into MCF-7 or MDA-MB-231
cells, respectively. Compared with the control
group, the transfection of miR-1228 mimic
markedly increased the level of miR-1228 in
MCEF-7 cells, while the level of miR-1228 was
significantly decreased in MDA-MB-231 cells
(Figure 2A). Next, we tested the effects of miR-
1228 mimic or anti-miR-1228 on cellular
growth. The MTT and colony formation assays
results showed that miR-1228 introduction can
promote the cell growth in MCF-7 cells (Figure
2C and 2E), while blocking the expression of
miR-1228 by anti-miR-1228 attenuated the
proliferation of MDA-MB-231 cells (Figure 2D
and 2F). Furthermore, Annexin V assay showed
that miR-1228 mimics caused a significant
decrease in cell apoptosis compared with the
control group (Figure 2G), while Anti-miR-1228
induced obvious increase of MDA-MB-231 cells
apoptosis. We also confirmed that miR-1228
mimics repressed the expression of MOAP1,
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while anti-miR-1228 induced the protein
expression of MOAP1 (Figure 2l), which was
consistent with previous results illustrating
MOPA1 was a direct target of miR-1228 [23].
Taken together, these results revealed a func-
tional role for miR-1228 in regulating breast
cancer cells proliferation.

miR-1228 promotes cell invasion and migra-
tion of breast cancer cell lines

To further investigate whether miR-1228
affects cell metastasis, transwell invasion
assay and wound healing assay were per-
formed. Compared with the control group, miR-
1228 mimics promoted the invasion of MCF-7
cells (Figure 3A), while anti-miR-1228 inhibited
MDA-MB-231 cells invasion (Figure 3B).
Furthermore, we used wound healing assay to
detect the function of miR-1228 on cell migra-
tion. As shown in Figure 3C and 3D, the miR-
1228 mimics promoted the potential of MCF-7
cells migration, while anti-miR-1228 inhibited
the migration potential of MDA-MB-231 cells.
These results suggested that miR-1228 can
promote breast cancer cells invasion and
migration.

SCAl emerges as a direct target of miR-1228

We then investigated the potential mechanism
of the function of miR-1228 on cell invasion
and migration. Based on the bioinfomatic data
using three computational algorithms, Target-
Scan, miRDB and miRanda, SCAI (suppressor
of cancer cell invasion), a previously identified
protein that regulates invasive cell migration,
was predicted as a potential target of
miR-1228.

It is well known that miRNAs cause mRNA
cleavage or translational repression by forming
imperfect base pairing with the 3'UTR of target
genes. SCAI mRNA carries a binding site for
miR-1228 (Figure 3E), suggesting that SCAI
transcript might be a direct target of miR-1228.
We therefore used 3’'UTR luciferase reporter
assay to verify whether miR-1228 directly tar-
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Figure 3. miR-1228 promotes cell metastasis and targets SCAI. A and B: Transwell invasion assay was performed
in MCF-7 cells transfected with miR-1228 or MDA-MB-468 cells transfected with anti-miR-1228. C and D: Wound
healing assay was performed in MCF-7 cells transfected with miR-1228 or MDA-MB-468 cells transfected with
anti-miR-1228. E: miR-1228 seed sequence and its complementary binding site in MOAP1 3’'UTR (Position: 10108-
10115 bp) are highlighted. F: 3'UTR luciferase reporter assay was performed in MCF-7 cells co-transfected with
miR-1228 plus WT-3’'UTR or miR-1228 plus mutant-3’UTR. G: The protein expression of SCAl was determined using
western blot with MCF-7 cells transfected with miR-1228 or MDA-MB-468 cells transfected with anti-miR-1228,

GAPDH was detected as loading control.

gets SCAI. As shown in Figure 3F, miR-1228
mimics dramatically suppressed the luciferase
activity of the wild-type SCAI 3-UTR in MCF-7
cells, whereas the profound inhibition was abol-
ished when the seed sequences of the miR-
1228 target sequences were mutated in the
SCAI 3’-UTR vector (Figure 3E and 3F). Then the
effect of miR-1228 on the expression of SCAI
protein was evaluated in MCF-7 and MDA-
MB-231 cells transfected with miR-1228 mim-
ics or inhibitor. Compared with the control
group, transfection with miR-1228 mimics lead
to a marked reduction of SCAI expression in
MCF-7 cells, whereas anti-miR-1228 induced a
significant increase in SCAI protein expression
(Figure 3G). These results provide evidence
that miR-1228 inhibits SCAI protein expression
through directly targeting the 3'UTR of SCAI
MRNA.

miR-1228 promotion of cell growth and metas-
tasis is significantly attenuated by MOAP1 and
SCAI overexpression

Since SCAI has been confirmed as a direct tar-
get of miR-1228, we further evaluated the
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expression of SCAI in breast cancer cell lines
and tissues. qRT-PCR was used and measure
the mMRNA expression levels of SCAI in breast
cancer cell lines, which showed that miR-1228
had decreasing expression from MCF-10A,
MCF-7, MDA-MB-231 to MDA-MB-468 cells
(Figure 4A); Furthermore, we observed that
SCAI mRNA and protein expression was signifi-
cantly decreased in breast cancer tissue com-
pared with adjacent normal breast tissues
(Figure 4B and 4C).

To address whether miR-1228 effects on cellu-
lar proliferation, invasion and migration are
indeed due to the suppression of MOAP1 and
SCAl, a rescue experiment was then performed.
As shown in Figure 4D, miR-1228 promoted
MCF-7 cells proliferation was rescued by the
transfection of pcDNA3-MOAP1. Furthermore,
we confirmed that transfection of pcDNA3-SCAI
in MCF-7 cells ablated the miR-1228 mimics
induced cell invasion and migration (Figure 4E
and 4F). These results suggested that miR-
1228-induced breast cancer cell proliferation,
invasion and migration were mediated by
MOAP1 and SCAl, as illustrated in Figure 4G.

Int J Clin Exp Pathol 2015;8(6):6646-6655
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Discussion

MicroRNAs can modulate a wide variety of bio-
logical processes. It has been demonstrated
that miRNAs can play specific roles in cancer
cell proliferation, differentiation, migration and
metastasis. Numerous miRNAs have been
reported to be differentially expressed in breast
cancer cells and tissues, suggesting their
involvement in breast cancer pathogenesis
[20]. However, the roles played by miRNAs in
the pathogenesis of these diseases remained
largely unknown. In this study, we focused on
the miR-1228 potential effectiveness in breast
cancer. We found the expression of miR-1228
were obviously increased in highly metastatic
cells MDA-MB-231 and MDA-MB-468 cells,
while the expression of miR-1228 was signifi-
cantly decreased in non-malignant breast epi-
thelial cell MCF-10A. Breast cancer tissues with
the highest malignancy stage expressed the
highest levels of miR-1228, and the expression
of which was higher in metastases tissues
compared with non-metastases tissues.
Therefore we inferred that miR-1228 may have
proliferation- and metastasis-promoting func-
tion on breast cancer pathogenesis. The
hypothesis was further confirmed by our in vitro
analysis in breast cancer cells with MTT,
Transwell and wound healing assays.

The finding that miR-1228 targeting the protein
MOAP1 to repress cellular apoptotic signaling
has been described in HelLa cells [23]. Here we
confirmed the result that miR-1228 can in-
hibit MCF-7 and MDA-MB-468 apoptosis.
Furthermore, we verified that miR-1228 can
repress the expression of MOAP1 in breast can-
cer cells. To explore other possible targets of
miR-1228, different computational algorithms
were used and we found SCAI may be a poten-
tial target of miR-1228. With the 3'UTR lucifer-
ase reporter assay, SCAl was identified as the
direct target of miR-1228. The increase in miR-
1228 expression is accompanied by down-reg-
ulation of SCAI expression. This fact may partly
explain the down-regulation of SCAl during
breast cancer pathogenesis, which was
observed that SCAl was down-regulated in
breast cancer tissues, and non-malignant
breast epithelial cell MCF-10A expressed the
highest level of SCAI, while highly metastatic
cells (MDA-MB-231 and MDA-MB-468) expre-
ssed relatively lower SCAI expression.
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SCAI (suppressor of cancer cell invasion) is
downregulated in human tumors, implying that
it has tumor suppressor characteristics [24,
25]. SCAI has been demonstrated as a cofactor
for human transcriptional coactivator MAL.
Depletion of MAL proteins inhibits motility and
invasive behavior [26, 27]. Knockdown of SCAI
by RNA-mediated interference causes a drastic
upregulation of Bi-integrin gene expression lev-
els, leading to a striking increase in the ability
of invasive cell migration [27], which was con-
sistent with the promotion, which was consis-
tent with invasion and migration induction abil-
ity in breast cancer cells and further confirmed
our results that miR-1228 can target SCAI.

In summary, this study revealed that SCAI was
adirect target of miR-1228. Enforced miR-1228
expression can reduce SCAl expression.
Moreover, miR-1228 promoted breast cancer
proliferation, invasion and migration was medi-
ated by MOAP1 and SCAIl. Therefore, these
results can provide new insights into the patho-
genesis and therapeutics of breast cancer.
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