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Introduction: The purpose of our research was to evaluate MT1JP in breast cancer.
Material and Methods: For clinical purpose, tissues were collected, and a correlation ana-
lysis ofMT1JP and miRNA-214 gene expressions was conducted. Using an in vitro study,
MDA-MB-231 and MCF-7 cell lines were used as research objects in our research. Colony,
flow cytometry, TUNEL, transwell, adhesion and wound healing assay were used to discuss
the biological activities of the cells. In an in vivo study, tumor weight and volume were
measured, and cell apoptosis was measured by TUNEL assay. The relative mechanism’s
proteins were evaluated by Western blotting or immunohistochemistry assay.

Results: Compared with adjacent tissues, MT1JP and miRNA-214 gene expressions were
significantly different (P<0.001, respectively). By in vitro and in vivo studies, the biological
activities of the cells were significantly decreased in MDA-MB-231 and MCF-7 cell lines
with MT1JP overexpression. The relative mechanism was correlated with miRNA-214/
RUNX3 axis.

Conclusion: The overexpression of MT1JP suppresses the biological activities of breast
cancer cells by regulation miRNA-214/RUNX3 axis in vitro and vivo study.
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Introduction
Breast cancer is one of the most common cancers among females worldwide and
has a high mortality rate." An estimated 40,610 patients with breast cancer were
reported in the United States in 2017.7 In the past decade, treatment and diagnosis
of breast cancer have developed rapidly; however, problems exist in the prognosis
of breast cancer due to tumor metastasis.” Exploring relevant biological molecular
mechanisms of breast cancer is therefore crucial for advancing the development of
novel therapeutics for this disease.

Long noncoding RNAs (IncRNAs) are molecules of noncoding RNA with
a length greater than 200 nucleotides.* LncRNAs do not encode proteins and
were previously thought to be the “noise” of transcription.” However, studies
have demonstrated that IncRNA exerts significant influence in a variety of biologi-
cal activities.® IncRNAs were found to be differentially expressed in gastric cancer,
colorectal cancer and thyroid cancer.” Dysfunction of IncRNA is indicated to have
an intimate association with tumor prognosis, affecting the biological processes of
tumors.® For example, it was reported that the IncRNA encoded by metallothionein
1J (MT1JP) was involved in tumorigenesis, and its expression was down-regulated
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in gastric cancer, bladder cancer, glioma, lung cancer and
other cancerous tissues and cells.”'? Meanwhile, other
studies indicated that MT1JP could function by regulating
particular miRNAs."*'* However, to date, there are lim-
ited studies concerning the role of MT1JP in breast cancer
and related mechanisms. This study, therefore, aimed to
investigate the expression of MT1JP and related miRNAs
in clinical breast cancer tissue samples and adjacent nor-
mal tissues, conducting a correlation analysis, and explor-
ing specific mechanisms of action of MT1JP in breast
cancer through in vitro and in vivo experiments.

Materials and Methods

Clinical Samples

The clinical samples in this study were 23 cancer tissues
and normal paracancerous tissue (>5 cm from the tumor
tissue) collected from breast cancer patients confirmed in
the Third Hospital of Nanchang from September 2016 to
June 2018. All samples were confirmed by the Department
of Pathology in our hospital. Enrolled patients had an
average age of 48.4+7.09 years (range 38~65 years). All
patients were diagnosed with primary breast cancer and
had received no radiotherapy or chemotherapy before the
operation. Extracted samples were divided into two parts,
one of which was placed in 4% paraformaldehyde for
pathological examination, and the other in liquid nitrogen
for cryopreservation. This study was approved by the
ethics committee of third Hospital of Nanchang, which
was in accordance with the Declaration of Helsinki. We
informed consent was obtained either from the patient or
the patient’s family and the patient provided written
informed consent before continuing treatment.

Cell Transfection

Breast cancer cell lines MCF-7, MDA-MB-231, BT-549,
MDA-MNB-468 and MDA-MB-436, as well as human breast
normal epithelial cells MCF10A, were seeded in 6-cm tissue
culture dishes and were transfected at a cell density of approxi-
mately 80%. For transfection, MT1JP overexpression vector
(MT1JP), vector, miRNA-NC (BL) and miRNA-214 overex-
pression vector (miRNA-214) (8 pg each) in appropriate com-
binations were mixed with fetal bovine serum (FBS)-free
culture medium (500 pL),
A. Lipofectamine 2000 transfection reagent (8 pL) was
added to 500uL FBS-free culture medium, mixed well, and
labeled as solution B. Solutions A and B were combined and

and labeled as solution

the mixture was incubated at room temperature for 20 min.

Culture medium was removed from the tissue culture dishes
and cells were washed with PBS. The mixture of solutions
A and B was added to the cells and incubated for 5 h
before replacing with fresh culture medium. At 48 h post-
transfection, the cell was used for subsequent experiments.
All cell lines were purchased from KeyGen Biotech
(Nanjing, China).

RT-qPCR

Trizol (1 mL) was added to the tissue sample (100 mg) or each
well of the 6-well plates containing breast cancer cell lines.
With static treatment at room temperature after mixing for
10 min, 500 pL of chloroform was added and samples were
placed on ice for 2 min before centrifugation at 12,000 rpm, 4°
C for 15 min. The supernatant was transferred to a centrifugal
tube, 500 pL isopropanol was added and the mixture was
incubated statically for 10 min, followed by centrifugation at
12,000 rpm, 4°C for 15 min. The supernatant was discarded
and the pellet was resuspended in 75% ethanol (1 mL) and
then centrifuged at 8000 rpm, 4°C for 15 min. The concentra-
tion and purity of RNA were detected by UV spectrophot-
ometer. Expression of MT1JP and miRNA-214 was measured
by RT-PCR detection kit, with GAPDH or U6 as the internal
reference, and the level of MT1JP expression was calculated
by the Ct method. Table 1 lists the primer sequences for

Table | Primer Sequences

Gene Name | Primer Sequences (5'-3’) Size (bp)

MTIJP F:5-AAAGGGACGTCGGAGAAGTG-3’ 89
R:5'-TCCAGGTTGTGCAGGTTGTT-3’

miRNA-2 14 F:5'-GCGACAGCAGGCACAGACA-3’ 64
R:5'-AGTGCAGGGTCCGAGGTATT-3’

ué F:5'-CTCGCTTCGGCAGCACA-3’ 94
R:5'-AACGCTTCACGAATTTGCGT-3

GAPDH F:5'-AGATCATCAGCAATGCCTCCT-3’ 90
R:5'-TGAGTCCTTCCACGATACCAA-3’

RUNX3 F:5'-TCGAACAGCATCTTCGACTCC-3* | 87
R:5'-GGAGGGAGGTGTGAAGCG-3’

Bim F:5-GCAGATATGCGCCCAGAGAT-3 128
R:5-ACCATTCGTGGGTGGTCTTC-3’

P2] F:5-GCGACTGTGATGCGCTAATG-3 121
R:5-GAAGGTAGAGCTTGGGCAGG-3¥

MMP-2 F:5'-GGCGGTCACAGCTACTTCTT-3’ 102
R:5'-GCCTAGCCAGTCGGATTTGA-3’

MMP-9 F:5-GTACTCGACCTGTACCAGCG-3’ 92
R:5-AGAAGCCCCACTTCTTGTCG-3’
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RT-PCR. The RT-PCR conditions were 40 cycles at 95°C for
30, 95°C for 5 s and 60°C for 30 s, followed by 95°C for 15 s,
60°C for 1 min, and 95°C for 15 s. Three replicates were made
for each sample, and the data were obtained by averaging.

MTT Assay for Cell Proliferation

After treatment for 48 h, cells were collected and seeded in
96-well tissue culture plates at 2x10° cells per well, with
six replicates for each treatment. Cell culture medium
alone was used as the blank control. After incubation for
48 h at 37°C under 5% CO,, 20 uL 4,5-dimethythiazoyl-
zyl 2,5-diphenylterrajolium bromide (MTT, 5 mg mL ™)
solution was added to each well and incubated for 4 h. The
culture medium was then discarded and 150 pL dimethyl
sulfoxide was added to each well and mixed for 10 min.
Following dissolution of the crystals, the absorbance of
each well at 490 nm was measured by a microplate reader,
and the cell survival rate was calculated.

Colony Formation Assay

Cells were collected by trypsin digestion 48 h post-
transfection. The cell concentration was adjusted to 2x10°
cells mL™" and 2 mL was added per well of 6-well culture
plates and incubated overnight at room temperature. The
culture medium was then discarded and cells were fixed
with methanol for 10 min and stained with Giemsa for 20
min. Cells were examined under the microscope for the
formation of clones, with effective clones assessed as colo-
nies containing >50 cells. The number of cloned cells was
calculated for each group.

Detection of Apoptosis Rate by Flow

Cytometry

Cells of each group were collected by trypsin digestion 48
h post-transfection, and the concentration was adjusted to
1x10° cells mL™'. The apoptosis rate of each group was
then determined according to the instructions of the apop-
tosis kit (KeyGEN Biotech, Nanjing, Jiangsu, China).

Cell Cycle Analysis by Flow Cytometry
Cells (1x10°) from each group were collected and 5 uL. RNase
(final concentration of 10 mg mL™") was added and mixed
well, followed by incubation at 37°C for 1 h. Propidium iodide
(PI) dye solution was then added, mixing with a pipette, and
samples were incubated at room temperature in the dark for 30
min. Cell cycle analysis by flow cytometry was carried out
within 1 h after the addition of PL

Detection of Apoptotic DNA Fragments
(TUNEL Assay)

Detection of apoptotic DNA fragments was achieved by
TUNEL assay. Specifically, after 48 h of treatment, cells in
each group were collected (2x 10* cells per well, from 8-well
plate), fixed with 4% formaldehyde, and embedded onto
glass slides. DNA fragment 3'-OH terminal nucleotides
were labeled with biotin-dUTP at 37°C for 1.5 h. Slides
were then co-incubated with horseradish peroxidase (HRP)-
labeled antibodies, and then with 3,3’-diaminobiphenylamine
(DAB) and H,0,. Nuclear fluorescence of the DNA frag-
ments was detected under a fluorescence microscope (BX41,
Olympus, Japan). Quantitative fluorescence intensity was
analyzed by LS5.0 within a square area.

Cell Adhesion Assay

Fibronectin (FN, Sigma L4544, USA) was diluted with
serum-free medium (final concentration 10 mg 1™"), added
into a 96-well plate (50 pL per well), incubated overnight
at 4°C, and then the excess liquid was removed. After
trypsin digestion and cell counting, 100 pL cells at
a density of 1x10° cells mL™" were added to each well
and cultured in a 5% CO, incubator at 37°C for 1 h. After
discarding the culture medium and washing with PBS to
remove non-adherent cells, 200 pL serum-free medium
was added to each well, and the cells were examined
under a microscope, carrying out photography and cell
counting.

Transwell Assay

A transwell chamber was used to assess the invasiveness of
cells in each group. The cells to be tested were placed in the
upper chamber with the addition of serum-free DMEM, and
DMEM with serum was added to the lower chamber, which
had been pretreated with Matrigel to simulate the extracel-
lular matrix. After incubation for 48 h, invasive cells were
fixed with 4% paraformaldehyde, stained slightly with 0.1%
crystal violet solution (Beyotime Biotechnology, China),
and counted under the microscope.

Wound Healing Assay

Cell migration ability was evaluated by wound healing
assay. Treated cells were cultured in a 6-well plate until
they reached a cell density of 90%, then a wound was
created on the cell surface with a pipette tip. The degree of
wound healing was observed at 0, 24 and 48 h after
scratching.
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Immunofluorescence

Cells of each group were inoculated into 24-well plates,
incubated in a CO, cell incubator for 24 h, after that, taken
out in 24-well plates, followed by another incubation in
the CO, cell incubator for 24 h. The cells were then taken
out, fixed with 95% ethanol for 1 h, and permeabilized
with 0.05% Triton X-100 for 20 min. After washing with
PBS, the primary antibody RUNX3 (1:100) was added and
incubated at 4°C overnight. Cells were washed with PBS,
the goat anti-rabbit fluorescence-labeled secondary anti-
body was added and incubated in the dark for 1 h, fol-
lowed by PBS washing (x3). After incubation with DAPI
in the dark for 15 min and further PBS washing (x3), cells
were observed and photographed under a fluorescence
inverted microscope ((BX41, Olympus, Japan)).

Western Blotting

Transfected cells in each group were collected after 48 h of
culture, cellular proteins were extracted using a cell protein
concentration extraction kit (Key GENE Biotech, Nanjing,
Jiangsu, China) and the protein concentration of each sample
was determined by BCA protein concentration detection kit.
Each protein sample was mixed with an equal volume of
2x sample buffer and boiled at 100°C for 5 min to denature
proteins. Subsequently, 50 puL protein samples were added to
each well of 10% protein electrophoresis gels, followed by
electrophoresis at 90 V for 30 min and then at 120 V for 6 h.
Membrane transfer was carried out at 100 V for 90 min at
4°C, and the processed nitrocellulose membrane was sealed
with 5% skimmed milk powder at room temperature for
90 min. The primary antibody (x800 dilution, incubation
overnight at 4°C) and secondary antibody (x1000 dilution,
incubation at room temperature for 90 min) were added in
turn, followed by the addition of developer. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as an inter-
nal reference to analyze the expression level of target
proteins. RUNX3 (UK, abcam ab224641), Bim (UK,
abcam ab32158); P21 (UK, abcam ab109520); MMP-2
(UK, abcam ab92536); MMP-9 (UK, abcam ab76003);
GAPDH (UK, abcam abl181602); Goat anti-rabbit IgG-
HRP (China, KeyGENE, KGAA35).

Luciferase Constructs and Detection of

Luciferase Activity

A luciferase vector was purchased from GenePharm
(Shanghai, China). The 3'UTR of RUNX3 or MT1JP
was cloned into the vector downstream of the luciferase

gene, generating RUNX3-WT or MTI1JP-WT vectors.
Constructs with hypothetical binding sequence mutation
sites were prepared by overlapping PCR. Luciferase activ-
ity was measured 48 h after transfection using the Dual-
Luciferase Assay Kit (Promega, Madison, WI, USA)
according to the manufacturer’s instructions.

Establishment of Tumor Model in Nude
Mice

Twenty-four male BALB/c nude mice, SPF grade, aged
4~5 weeks were randomly divided into four groups after 3
days of adaptive feeding. The groups comprised Vector
(MDA-MB-231 cells transfected with Vector), MT1JP
(MDA-MB-231 cells transfected with MT1JP), MT1JP
+BL (MDA-MB-231 cells transfected with MT1JP and
miRNA-NC) and MTI1JP+miRNA-214 (MDA-MB-231
cells transfected with MT1JP and miRNA-214). Cells of
each group in the logarithmic growth phase were collected
by trypsin digestion and counted, the supernatant was
discarded after centrifugation and a single cell suspension
was prepared in PBS. After adjusting the concentration to
2x107 cells per mL, 100 pL cell suspension was injected
into the armpit of each nude mouse. After injection, the
spirit, diet, drinking, defecation and activity of the mice,
and growth of subcutaneous tumors were observed regu-
larly. Animal experiments were approved by the ethics
committee of Jiangxi University of Traditional Chinese
Medicine. This “Animal Experiment Program” has been
approved by the Laboratory Animal Ethics Committee,
which conforms to the principles of animal protection,
animal welfare and ethics and the relevant provisions of
the National Laboratory Animal Welfare ethics.

Measurement of Tumor Growth and
Weight

The tumor size of each group was recorded once a week
when the tumor diameter was 4—5 mm. Long diameter (a)
and short diameter (b) of the subcutaneous tumors were
measured with vernier calipers. Tumor volume (V) was
calculated according to the formula of axb?/2. After
15 days of tumorigenesis, nude mice were sacrificed and
the tumor tissue was collected and weighed.

Detection of Apoptosis in Tumor Tissues
Paraffin-embedded sections of tumor tissues were taken
from each group, dewaxed with xylene, hydrated with
a gradient concentration of ethanol, washed with PBS and
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dried, then incubated with protease K at room temperature
for 20 min, and dried again after washing. Terminal deox-
ynucleotidyl transferase (TdT)-mediated dUTP nick end
labeling (TUNEL) working solution (50 puL, including 5uL
TdT enzyme and 45 puL. FITC-labeled dUTR) was dripped
onto the section, followed by coverage with preservative
film and incubation at 37°C in the dark for 1 h. The reaction
was observed and the reaction time was controlled under
a light microscope (x400 magnification) after PBS washing
and DAB development. The reaction was stopped with tap
water after successful color development, followed by
hematoxylin nuclear staining for 2 min, returning to blue
with lithium carbonate for 20 s, sealing with neutral gum and
observation under a microscope. A random selection of five
visual fields were examined and cells stained brown or
yellow-brown were judged as apoptotic. The apoptotic rate
for each group was then calculated.

Pathological Examination of Tumor

Tissues

After removal of tumor tissues, they were fixed in 10%
neutral formaldehyde and paraffin sections were prepared.
The prepared sections were dewaxed with xylene and
hydrated by gradient concentration of ethanol, followed
by hematoxylin-eosin (HE) staining and observation under
the light microscope after sealing with neutral gum.

Immunohistochemistry for Protein

Expression in Tumor Tissues

Paraffin sections of tumor tissue were prepared, followed
by dewaxing, hydration, antigen repair, and incubation
with 3% H,O, at room temperature for 10 min to eliminate
endogenous peroxidase activity. Sections were then incu-
bated at 37°C for 15 min with a sealing solution, and the
sealing solution was discarded without washing. The pri-
mary antibody (1:100) was added and incubated at 4°C
overnight. Washing clear, the corresponding biotin-labeled
secondary antibody working solution was added and incu-
bated at 37°C for 15 min, followed by the addition of
HRP-labeled working solution of Streptomyces ovalbumin
and incubation at 37°C for 10~15 min. After development
with DAB for 1-2 min, the reaction was stopped by rin-
sing with tap water, followed by washing with tap water
and re-staining with hematoxylin, dehydration by ethanol
and transparent, and sealing with neutral gum. Image
J image analysis software was used to analyze the expres-
sion level of related proteins in each group.

Statistical Analysis

SPSS 20.0 statistical software was used for statistical
analysis. Measurement data were presented as mean =+
SD. An analysis of variance was used for comparison of
measurement data among multiple groups, and the SNK-q
test was used for pairwise comparison. P<0.05 indicated
that the difference was statistically significant.

Results

Clinicopathological Analysis, and Gene
Expression and Correlation Analysis of
MTI1JP and miRNA-214

HE staining showed that compared with the adjacent normal
tissues, the cells of breast cancer tissues had obvious infiltra-
tion and fuzzy intercellular boundaries, indicating a higher
degree of deterioration in breast cancer tissue (Figure 1A).
RT-qPCR revealed that MT1JP gene expression was signifi-
cantly lower in breast cancer tissues than in normal tissues
(P<0.001, Figure 1B), while miRNA-214 gene expression
was obviously higher in breast cancer tissues (P<0.001,
Figure 1C). Correlation analysis showed that MT1JP gene
expression was negatively correlated with that of miRNA-
214 in breast cancer tissue (P=0.0003, Figure 1D).

Expression of MTI]JP in Various Cell Lines
and lts Effect on Proliferation of Breast

Cancer Cells

In comparison with MCF-10A human normal breast
epithelial cells, MT1JP expression decreased significantly
in the breast cancer cell lines MCF-7, MDA-MB-231, BT-
549, MDA-MB-468, MDA-MB-436 and HCC1937
(P<0.01 or P<0.001, respectively, Figure 2A), with the
lowest expression observed in MCF-7 and MDA-MB
-231 cell lines. This was in agreement with the RT-qPCR
data from breast cancer tissues and adjacent normal tis-
sues. MTT and clone formation assays further showed that
following transfection of MT1JP into breast cancer cell
lines, the proliferation of MDA-MB-231 and MCF-7 cells
was obviously suppressed, and was associated with
a significantly reduced number of formed -colonies
(P<0.001, respectively, Figure 2B-E). However, upon
simultaneous transfection with miRNA-214 and MTI1JP,
cell proliferation and colony formation were evidently
reversed and increased in MDA-MB-231 and MCF-7 cell
lines when compared with cells transfected with MT1JP
alone (P<0.001, respectively, Figure 2B-E).
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Figure | Clinicopathological analysis, detection of gene expression and correlation analysis of MT P and miRNA-214. (A) Pathology of adjacent and cancer tissues by HE
staining (X200 magnification). (B) MT1JP gene expression of adjacent and tumor tissues by RT-qPCR assay. ***P<0.001, compared with adjacent normal tissues. (C) miRNA-
214 gene expression of adjacent and tumor tissues by RT-qPCR assay. ***P<0.001, compared with adjacent normal tissues. (D) Correlation between MTIJP and miRNA-214

in tumor tissues.

Effect of MTIJP on Apoptosis and Cell

Cycle of Breast Cancer Cells

TUNEL and flow cytometry were used to detect the apop-
tosis rate of each group. Compared with the Vector group,
the number of apoptotic cells and apoptosis rate in MDA-
MB-231 and MCF-7 cells transfected with MT1JP were
significantly increased (P<0.001, Figure 3A-D). Following
simultaneous transfection with miRNA-214 and MT1JP,
the number of apoptotic cells and apoptosis rate of MDA-
MB-231 and MCF-7 cells were both remarkably inhibited
compared to cells transfected with MT1JP or miRNA-NC
and MTIJP (MTUJP+BL) (P<0.001,
Figure 3A-D). Furthermore, based on cell cycle analysis
using flow cytometry, the G1 phase ratio of MDA-MB-231
and MCF-7 cells in the MT1JP group and the MT1JP+BL
group was significantly increased compared with the

respectively,

Vector group, while the G2 phase ratio was obviously
inhibited (P<0.001, respectively, Figure 3E and F).
However, in the case of simultaneous cell transfection
with miRNA-214 and MT1JP, the cell cycle of both MDA-
MB-231 and MCF-7 cells recovered
(P<0.001, respectively, Figure 3E and F).

significantly

Effect of MTIJP on Invasion, Migration

and Adhesion of Breast Cancer Cells

Assessment of the effect of MTIJP on the invasive
ability of breast cancer cells using Transwell assay
revealed that the number of invasive MDA-MB-231 and
MCEF-7 cells in MT1JP and MT1JP+BL groups decreased
significantly compared with that of the Vector group
(P<0.001, respectively, Figure 4A and B). Meanwhile,
in comparison with the MTI1JP group, the number of
invasive MDA-MB-231 and MCF-7 cells was obviously
increased in the MTI1JP+miRNA-214 group (P<0.001,
Figure 4A and B). The effect of MT1JP on breast cancer
cell migration in each group was analyzed using a wound
healing assay. Following the transfection of MT1JP into
MDA-MB-231 and MCF-7 cells, the wound healing rate
of these cell lines was evidently decreased at 24 and 48
h compared with cells of the Vector-transfected group
(P<0.001, Figure 4C and D). Following simultaneous
transfection of miRNA-214 and MT1JP into MDA-MB
-231 and MCF-7 cells, the cell migration activity was
remarkably reversed (P<0.05, Figure 4C and D). The
adhesion assay results of the effect of MT1JP on the
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Figure 2 Expression of MT1]P in various breast cancer cell lines and its effect on cell proliferation. (A) MTIJP gene expression in various breast cancer cell lines.
*P<0.01, ***P<0.001, compared with MCF-10A. (B) MTIJP gene expression in MDA-MB-231 cells transfected with different constructs. ***P<0.001, compared
with the Vector group; #P<0.05, compared with the MTIJP group. (C) MTIJP affects colony formation of MDA-MB-231| cells. *** P<0.001, compared with the
Vector group; #P<0.05, compared with the MTIJP group. (D) MTIJP affects colony formation of MCF-7 cells. ***P<0.001, compared with the Vector group;
#p<0.01, compared with the MTIJP group. (E) MTIJP affects colony formation of MDA-MB-231 cells. *¥*P<0.001, compared with the Vector group; **P<0.01,

compared with the MTIJP group.

adhesion of breast cancer cells provided further support.
Transfection of MTI1JP or miRNA-NC and MTI1JP
(MT1JP+BL) into MDA-MB-231 and MCF-7 cells
resulted in a significant decrease in the number of adher-
ent cells (P<0.001, respectively, Figure 4E and F), while
simultaneous transfection of miRNA-214 with MT1JP
significantly restored the adhesion defect in MDA-MB
-231 and MCF-7 cells (P<0.01, Figure 4E and F).

Effect of MTIJP on the Expression of
RUNX3 and Related Proteins, and the
Effect on Localization of RUNX3

Western blotting revealed that expression of the proteins
RUNX3, Bim and P21 in MDA-MB-231 and MCF-7
cells of the MT1JP group and MTI1JP+BL group was
much higher than in cells of the Vector group, while

expression of MMP-2 and MMP-9 proteins was signifi-
cantly lower (P<0.01, respectively, Figure 5A and B).
Following the simultaneous transfection of miRNA-214
with MT1JP, expression of RUNX3, Bim and P21 in
MDA-MB-231 and MCF-7 cells was significantly inhib-
ited, while expression of MMP-2 and MMP-9 was
obviously increased (P<0.01, respectively, Figure 5A
and B). Furthermore, immunofluorescence analysis of
the transfected cells showed that RUNX3 was predomi-
nantly expressed in the nucleus and that the intensity of
expression of RUNX3 in MDA-MB-231 and MCF-7
cells was significantly higher in MT1JP and MTI1JP
+BL groups compared with the Vector group (P<0.001,
respectively, Figure 5C and D). For the MTI1JP
+miRNA-214 group, in both MDA-MB-231 and MCF-
7 cells, the expression of RUNX3 was decreased
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Figure 3 Effect of MTIJP on apoptosis and cell cycle of breast cancer cells. (A) MT1JP affects MDA-MB-231 cell apoptosis by TUNEL assay. ***P<0.001, compared with the
Vector group; ""P<0.01, compared with the MT | JP group. (B) MT )P affects MCF-7 cell apoptosis by TUNEL assay. ***P<0.001, compared with the Vector group; “P<0.01,
compared with the MTIJP group. (C) MTIJP affects MDA-MB-231 cell apoptosis by flow cytometry. ¥*P<0.001, compared with the Vector group; *P<0.01, compared with
the MTIJP group. (D) MTJP affects MCF-7 cell apoptosis by flow cytometry. ¥P<0.001, compared with the Vector group; **P<0.01, compared with the MT1JP group. (E)
MT )P affects the MDA-MB-231 cell cycle by flow cytometry, ¥*P<0.001, compared with the Vector group; #p<0,01, compared with the MTIJP group. (F) MT1]P affects
the MCF-7 cell cycle by flow cytometry. *¥P<0.001, compared with the Vector group; **P<0.01, compared with the MTIJP group.
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MT1JP+BL

Figure 4 Effect of MTIJP on invasion, migration and adhesion of breast cancer cells (A) MTI]P affects invasiveness of MDA-MB-231 cells by transwell assay (X200
magnification) *#*P<0.001, compared with Vector group; **P<0.01, compared with MTIJP group. (B) MTIJP affects the invasiveness of MCF-7 cells by transwell
assay (x200 magnification)***P<0.001, compared with the Vector group; **P<0.01, compared with MTIJP group. (C) MTJP affects wound healing of MDA-MB-23 |
cells (x100 magnification) *#*P<0.001, compared with the Vector group; #P<0.05, compared with the MTIJP group. (D) MTIJP affects wound healing of MCF-7
cells (%100 magnification). ***P<0.001, compared with the Vector group; *P<0.05, compared with the MTIJP group. (E) MTJP affect cell adherent ability in MDA-
MB-231 cell (X100 magnification). *#*P<0.001, compared with the Vector group; **P<0.01, compared with the MTIJP group. (F) MTIJP affects cell adherent ability
in MCF-7 cell (%100 magnification) ***P<0.001, compared with the Vector group; **P<0.01, compared with the MTIJP group.

compared with the MT1JP group (P<0.01, respectively,
Figure 5C and D).

Effect of MTIJP on the Expression of
Related Genes and Verification by

Dual-Luciferase Reporter Gene Assay
RT-gPCR analysis showed that in MDA-MB-231 and
MCF-7 cells, MT1JP gene expression was significantly
higher in the MT1JP, MT1JP+BL and MT1JP+miRNA-
214 groups compared with the Vector group (P<0.001,
respectively, Figure 6A and B). RUNX3, Bim and P21
gene expression was also significantly higher in MT1JP
and MT1JP+BL groups (P<0.001, respectively, Figure 6A
and B), while expression of miRNA-214, MMP-2 and
MMP-9 genes decreased obviously in the MTI1JP
+miRNA-214 group (P<0.001, respectively, Figure 6A
and B). Following simultaneous transfection of miRNA-
214 with MT1JP, in MDA-MB-231 and MCF-7 cells, gene
expression levels of miRNA-214, RUNX3, Bim, P21,
MMP-2 and MMP-9 were significantly reversed compared
with those in the MT1JP group (P<0.01, respectively,
Figure 6A and B). The dual-luciferase reporter gene
assay (Figure 6C) verified that MT1JP could target and
regulate miRNA-214, and that miRNA-214 specifically
regulated RUNX3.

Effect of MT1JP on Breast Cancer Cells
in vivo

As shown in Figure 7A, compared with the normal Vector
group at the same time point, the tumor volume of MT1JP
and MTI1JP+BL groups decreased significantly from
7 days (P<0.01 or P<0.001, respectively, Figure 7A).
After 14 days of treatment, MT1JP and MTI1JP+BL
groups had significantly reduced tumor weight after
tumor tissue stripping and weighing compared with the
Vector group (P<0.001, respectively, Figure 7A), while the
MT1JP+miRNA-214 group had significantly increased
tumor weight compared with the MT1JP group (P<0.01,
Figure 7B). In terms of the pathological changes observed
in each group by using HE staining (Figure 7C), cells of
the Vector group were rich in quantity, tightly distributed,
displayed a cord-like appearance, with rich blood supply,
different cell sizes, large nuclei and appeared hyperchro-
matic with mitotic phase. Meanwhile, there were fewer
tumor cells in the MT1JP and MT1JP+BL groups than in
the Vector group, and the cells displayed a disordered
arrangement, with pyknosis of nuclei and light staining
of chromatin. There was no significant difference observed
between cells of the Vector group and cells of the MT1JP
+miRNA-214 group. RT-qPCR was used to detect the
expression of related genes. Compared with the Vector
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Figure 5 Effect of MT1JP on the expression of RUNX3 and related proteins, and the effect on the localization of RUNX3 (A) MT P affects relative protein expression in
MDA-MB-231 cells as assessed by Western blotting ***P<0.001, compared with Vector group; #p<0.01, compared with MT1]JP group. (B) MTIJP affects relative protein
expression in MCF-7 cells as assessed by Western blotting. **P<0.001, compared with the Vector group; *P<0.01, compared with the MTIJP group. (C) MTIJP affects
RUNX3 protein localization and expression in MDA-MB-231 cells as assessed by immunofluorescence analysis. ***P<0.001, compared with the Vector group; **P<0.01,
compared with the MTIJP group. (D) MTIJP affects RUNX3 protein localization and expression in MCF-7 cells as assessed by immunofluorescence analysis. **P<0.001,

compared with the Vector group; #p<0.01, compared with the MTIJP group.

group, MTI1JP gene expression was much higher in
MT1JP, MT1JP+BL and MTI1JP+miRNA-214 groups
(P<0.001, respectively, Figure 7D), while RUNX3, Bim
and P21 gene expression was significantly higher in
MT1JP and MT1JP+BL groups (P<0.001, respectively,
Figure 7D). Nevertheless, the gene expression levels of
miRNA-214, MMP-2 and MMP-9 in the MT1JP+miRNA-
214 group decreased significantly (P<0.001, respectively,
Figure 7D). Furthermore, upon simultaneous transfection
of miRNA-214 with MT1JP, gene expression levels of
miRNA-214, RUNX3, Bim, P21, MMP-2 and MMP-9
were significantly reversed when compared to the MT1JP
group (P<0.001, respectively, Figure 7D). In addition,
TUNEL staining confirmed that the apoptosis rate of the
MTI1JP and MTI1JP+BL groups was obviously higher
than that of the Vector group (P<0.001, respectively,

Figure 7E), and the apoptosis rate of the MTI1JP
+miRNA-214 group was obviously lower than that of the
MT1JP group (P<0.01, Figure 7E).

In vivo Study of the Effect of MTIJP on

Related Proteins

Expression levels of RUNX3, Bim and P21 proteins were
much higher in the MT1JP and MT1JP+BL groups com-
pared with the Vector group, while expression levels of
MMP-2 and MMP-9 proteins were obviously lower
(P<0.001, respectively, Figure 8). Meanwhile, in compar-
ison with the MTI1JP group, the expression levels of
RUNX3, Bim and P21 proteins in the MT1JP+miRNA-
214 group were evidently inhibited, while those of MMP-
2 and MMP-9 proteins were significantly increased
(P<0.001, respectively, Figure 8).
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Figure 7 Effect of MT1JP on breast cancer cells in vivo. (A) Tumor volume of different experimental groups at different time points. **P<0.01, ***P<0.001, compared with
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TUNEL assay (x400 magnification) **P<0.001, compared with the Vector group; **P<0.01, compared with the MTIJP group.
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Figure 8 Relative protein expression in different experimental groups as assessed by immunohistochemistry (X400 magnification) (A) RUNX3 protein expression ***:
P<0.001, compared with Vector group; **P<0.01, compared with MTIJP group (B) Bim protein expression ***P<0.001, compared with Vector group; **P<0.01, compared
with MT1JP group. (C) P21 protein expression ***P<0.001, compared with the Vector group; #p<0.01, compared with the MT1JP group. (D) MMP-2 protein expression
#44p<0.001, compared with the Vector group; *#P<0.01, compared with the MTIJP group. (E) MMP-9 protein expression ***P<0.001, compared with the Vector group;

##p<0.01, compared with the MTIJP group.

Discussion
LncRNA was initially considered as a noncoding RNA
without biological function, but its role in tumors has
become apparent with the continuous deepening of
research.'”” Previous studies showed expression of
IncRNA MTI1JP was down-regulated in gastric cancer,
lung cancer, squamous cell carcinoma of the tongue and
other cancer tissues, while the survival rate of cancer cells
decreased with the transfection of an MT1JP overexpres-
sion vector.'®'® Recently, it has been confirmed that
IncRNA MT1JP can inhibit tumor development by regu-
lating miRNA-214/RUNX3."? In this study, RT-gPCR was
performed to detect MT1JP expression in breast cancer
tissue and cell lines. Expression of IncRNA MT1JP was
down-regulated in breast cancer tissue, while the expres-
sion of miRNA-214 was significantly increased. In addi-
tion, correlation analysis revealed a significant negative
correlation between MT1JP and miRNA-214. In subse-
quent cell and in vivo tumor-bearing experiments, it was
confirmed that overexpression of IncRNA MT1JP could
effectively inhibit the biological activity of breast cancer
cells. However, the biological activity of breast cancer
cells was significantly reversed after miRNA-214 was
transfected into the breast cancer cells with MTI1JP.
Consequently, the inhibition of IncRNA MT1JP on breast
cancer may be strongly correlated with decreased expres-
sion of miRNA-214. Meanwhile, a luciferase assay veri-
fied that miRNA-214 could target and regulate RUNX3.
Human Runt-related transcription factor 3 (RUNX3) is
a negative regulatory gene of malignant tumors whose

abnormal expression is closely related to various human
malignant tumors. For example, RUNX3 expression has
been reported to be down-regulated in gastric cancer,'® liver

20 21 . . . 2224
cancer,” breast cancer,” adenoid cystic carcinoma

and
other tumor tissues, and indicated poor prognosis. Prior
in vitro experiments showed that overexpression of RUNX3
could induce tumor cell apoptosis while inhibiting prolifera-
tion, migration and invasion.>>*° In this study, considering
that MT1JP overexpression effectively inhibited the expres-
sion of miRNA-214 in breast cancer, and RUNX3 was the
target gene of miRNA-214, the expression level of RUNX3
was significantly increased in breast cancer cells transfected
with MT1JP, thus inhibiting the biological activity of breast
cancer cells.

Bim belongs to the BH3-only subfamily of the Bcl-2
family and is an important pro-apoptotic protein. Multiple
studies have shown that Bim expression deficiency is related
to the poor prognosis of many tumors. For instance, Zhao

127

et al®’ found that Bim deficiency was strongly associated

with the development of lung cancer. Maimaiti et al*®
showed that Bim expression deficiency might indicate poor
prognosis of breast cancer, especially Luminal A breast can-
cer. In addition, Zantl et al*° found that the deficiency of Bim
was related to chemotherapy resistance of renal cell carci-
noma. Accordingly, Bim is classed a tumor suppressor.
Furthermore, it has been shown that RUNX3 can positively
regulate the expression of Bim.?° Overexpression of P21 can
cause multiple cells to stay in the G1 phase of the cell cycle,
leading to apoptosis.’' % Related research reported that over-

expression of RUNX3 could activate P21 expression.*® The
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present study also confirmed that the expression of Bim and
P21 increased simultaneously with the overexpression of
RUNX3. Flow cytometry showed that multiple breast cancer
cells remained in the G1 phase of the cell cycle, which may
be the main cause leading to a large number of apoptotic
cells.

RUNX3 can also effectively inhibit the expression of
MMP-2 and MMP-9.>**> Both MMP-2 and MMP-9 are
critical members of the matrix metalloproteinase (MMP)
family, and overexpression of these proteins significantly
promotes tumor invasion and migration.’®*’ This study
revealed that the role of MT1JP overexpression in inhibit-
ing the invasion and migration of breast cancer cells may
be attributed primarily to the inhibition of MMP-2 and
MMP-9 expression.

In conclusion, this study confirms that overexpression
of MT1JP effectively inhibits miRNA-214 to induce the
subsequent up-regulation of its target gene RUNX3, thus
suppressing the biological activity of breast cancer cells.
The role and mechanism of MT1JP have been confirmed
in this study both in vitro and in vivo. MT1JP, therefore,
shows promise as a potential target gene in the develop-
ment of novel treatments for breast cancer.
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