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Long non-coding RNA MT1JP exerts anti-cancer effects in breast 
cancer cells by regulating miR-92-3p
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Abstract. MT1JP is a LncRNA that is reportedly involved in gastric cancer development, but a bio-
logical role and mechanism for MT1JP in breast cancer is unknown. Quantitative RT-PCR was per-
formed to detect the level of MT1JP and miR-92a-3p, and Western blotting assays ware performed 
to measure the expression of CDK2, cyclinE1, P21, CD151, CD147, MMP2 and MMP9 in breast 
cells. Subsequently, cell viability was analyzed with CCK-8 assay. Cell migration and invasion were 
analyzed with Transwell and Scratch Test, respectively. The results demonstrated that MT1JP was 
significantly down-regulated in breast cells. Additionally, we found that overexpression of MT1JP 
in breast cancer cells significantly inhibited cell proliferation, migration and invasion, and regulate 
the expression of CDK2, cyclinE1 and P21. We then investigated a possible mechanism for these 
results, MT1JP significantly inhibited CD151, CD147, MMP2 and MMP9 protein expression in breast 
cancer cells. Moreover, we found that MT1JP binds to and negatively regulates miR-92-3p, which 
is known to be an oncogene in some human cancers. Our data indicate that MT1JP functions as an 
anti-tumor LncRNA and downregulates miR-92-3p, CD151 and CD147, and may serve as a novel 
diagnostic and therapeutic marker in breast cancer.
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Introduction

The incidence of breast cancer increasing year by year, which 
is one of the most common malignant tumors worldwide 
occurred mainly in female patients (Siegel et al. 2017; Lu 
et al. 2018) . Basic research and clinical treatment of breast 
cancer have made great progress, nevertheless, the prog-
nosis remains poor (Liu et al. 2017; Jastrzebski et al. 2018). 
Although the chemotherapy is the most common way for 
cancer treatment, the drug assistance is also a big issue. New 
kind of drugs like HAp Doped with Ce2O3 also has effects 
on breast cancer (Thirumamagal et al. 2018). In addition, 
poor prognosis can be ascribed to incomplete diagnosis, 
high recurrence rate, and therapy resistance, and the adverse 
effects after combined treatment (Burki 2018; Liu et al. 2018; 
Ulker et al. 2018). Therefore, elucidating the potential mo-
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lecular mechanisms, and developing novel biotherapeutics 
target for this clinically intractable tumor is very important.

LncRNAs are known as a type of functional RNA which 
are longer than 200 nts, lacking in open reading frames and 
the ability to code for proteins (Thomson and Dinger 2016). 
Many recent studies have reported that LncRNAs were close-
ly related to human diseases, including cancers such as lung, 
breast, and gastric cancer (Nagini 2017). LncRNA MT1JP is 
a gene consisting of a few homologous protein-coding genes 
in the metallothionein family located on chromosome 16. 
MT1JP is originally discovered to regulate the tumor sup-
pressor p53 protein expression and p53-related signaling 
pathway (Liu et al. 2016). MT1JP expression is aberrantly 
decreased both in gastric cancer tissues and cell lines, which 
is also closely related to lymphatic metastasis, progression 
of TNM stage, and shorter survival times (Zhu et al. 2018). 
Besides, in vitro analysis has revealed that MT1JP promotes 
cell apoptosis, and alleviates cell proliferation, migration and 
invasion in gastric cancer. Moreover, MT1JP could also sup-
press tumor growth and metastasis in vivo (Lv et al. 2018; Xu 
et al. 2018; Zhang et al. 2018). Whether MT1JP is abnormally 
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functioned in biological alteration and further mechanisms 
in breast cancer remains unknown. 

CD147 is a transmembrane glycoprotein, which belongs 
to a member of the human immunoglobulin superfamily 
and overexpressed in many tumors including breast cancer 
(Li et al. 2009). As an inducer of matrix metalloproteinase 
(MMPs), CD147 plays a critical role in cancer proliferation, 
invasion and metastasis by remodeling the extracellular ma-
trix through activation of MMPs (Pinheiro et al. 2015). The 
tetraspanin CD151 is an important member of the tetraspanin 
family. CD151 contributes to integrin-dependent cell adhe-
sion and motility by directly interacting with laminin-binding 
integrins (α3β1, α6β1, α6β4, and α7β1) (Zhang et al. 2002). 
Upregulation and overexpression of CD151 are found in 
many tumor types. Previous studies have confirmed that the 
expression of CD151 increased markedly in breast cancer tis-
sues compared with that in normal breast tissues. CD147 and 
MMP26 might be regulated by CD151 in a cell type specific 
manner (Liu et al. 2015). Further studies revealed that LncR-
NA could act as a “Sponge” to regulate microRNA (miRNA) 
in breast or other cancer cells, which targets CD151 or CD147 
and regulates downstream functions (Han et al. 2013; Li et 
al. 2017). Therefore, the relationship among MT1JP, CD151 
and/or CD147 in breast cancer were urgently investigated.

In this study, we found that MT1JP mediated breast cell 
line proliferation, invasion and migration by negatively 
regulating miR-92a-3p. To the best of our knowledge, these 
data are the first indication that MT1JP plays an important 
tumor-suppression role in breast cancer.

Methods

Cell culture 

The breast epithelial cell line MCF-10A, human breast cancer 
cell lines MCF-7 and MDA-MB-231 were purchased from 
American Type Culture Collection (ATCC, USA), and 
routinely cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) (Invitrogen) with L-glutamine and 10% (v/v) fetal 
bovine serum (FBS; ExCell Bio). All cells were maintained 
at 37°C in a 5% CO2 humidified atmosphere.

Cell transfection

The MT1JP overexpression plasmid was purchased from Ge-
nePharm (Shanghai, China). The MT1JP was also purchased 
from Shanghai Gene Pharma Co. Ltd (Shanghai, China). The 
sequence was amplified and inserted into the pcDNA3.1 
(+) vector. For transfection, the MCF-7 and MDA-MB-231 
cells were grown in 6-well plates to 50–70% confluence, then 
were transfected with the indicated molecules using Lipo-
fectamine 3000 (Thermo) according to the manufacturer’s 

instructions. Forty-eight hours after transfection, cells were 
ready for the following experiments.

Reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) 

Total RNA from tissues and cells was isolated using Trizol 
reagent (Invitrogen, Carlsbad, USA) according to the manu-
facturer’s instructions. RNA was reverse transcribed with the 
PrimeScript RT Reagent Kit (Invitrogen, USA), quantitative 
reverse transcription PCR (qRT-PCR) was performed us-
ing SYBR Premix Ex Taq (TaKaRa, China), following the 
manufacturer’s instructions. GAPDH was used as an internal 
LncRNA and microRNA control. The primer sequences were 
as follows: MT1JP, forward: 5’-TACCGAGCTCG-GATC-
CTTGCGGTCTCTCCATTTATCG-3’, reverse: 5’-TAC-
CGAGCTCGGATCCTTGCGGTCTCTCCATTTATCG-3’; 
miR-92a-3p, forward: 5’-GGGGCAGTTATTGCACTT-
GTC-3’, reverse: 5’-CCAGTGCAGGGTCCGAGGTA-3’; 
GAPDH, forward: 5’-GCACCGTCAAGGCTGAGAAC-3’, 
reverse: 5’-TGGTGAAGACGCCAGTGGA-3’. We performed 
qRT-PCR using the ABI PRISM 7500 PCR System (Applied 
Biosystems, Foster City, CA, USA) according to the manufac-
turer’s instructions. 2−ΔΔCt method was used in each sample 
as relative quantification (Livak and Schmittgen 2001).

Cell proliferation assay

After transfection with the empty vector or pcDNA-MT1JP, 
we used the Cell Counting Kit-8 (CCK-8; Dojindo Molecular 
technologies, Inc., Kyushu, Japan) according to the manu-
facturer’s protocol to measure cell proliferation. Briefly, we 
plated MCF-7 or MDA-MB-231 cells into 96-well plates 
(2×103 cell/well) respectively. And 10 μl CCK-8 were added 
into each well at 24, 48, 72 and 96 h by incubating at 37°C. 
The optical density (OD) was measured at 450 nm on an 
enzyme-linked immunosorbent assay reader.

Cell invasion assay

Cell migration assays were performed using 24-well culture 
plates inserted with 8-mm pore size culture (Transwell; 
Falcon, BD Biosciences). The lower chamber was filled with 
600 µl DMEM containing 10% FBS. MCF-7 or MDA-MB-231 
cells (1×105 cell/well) were seeded to the upper chamber re-
spectively. After 24 h incubation, the number of the bottom 
well cells were counted by counting chamber.

Cell migration assay

For wound healing assay, MCF-7 or MDA-MB-231 cells 
were seeded in 6-well plates (5×105 cells/well). A pipette tip 
was used to create a wound after 48 h transfection. The cells 
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were then cultured in serum-free medium. Cell migration 
was determined by detecting the average distance of grow-
ing cells migrated into wound surface under an inverted 
microscopy at 0 h and 24 h.

Western blot analysis

The cells and samples were collected and lysed at 48 h after 
treatment using RIPA buffer. Identical amounts of proteins 
were resolved by 10–15% SDS-PAGE and then transferred to 
a PVDF membrane (Millipore Corporation, Billerica, MA, 
USA). The membrane was incubated with specific antibodies 
(CDK2, cyclinE1, P21, CD151, CD147, MMP2 and MMP9; 
Cell Signaling Technology Inc.) and peroxidase-conjugated 
secondary antibodies (KPL, Gaithersburg, MD, USA) at 4°C 
overnight. Chemiluminescence (Milipore Corporation) and 
densitometry analysis (ImageJ software) were applied to 
measure the protein expression. 

Statistical analysis

Data were expressed as the mean ± standard deviation (SD). 
SPSS 17.0 statistical software (SPSS, Inc., Chicago, IL, United 
States) was used for all statistical analyses. Comparisons were 
analyzed by one-way ANOVA followed by Tukey’s test. p < 
0.05 was considered as statistically significant.

Results

Lnc MT1JP is down-regulated in breast cancer cell lines

To investigate the role of MT1JP in breast cancer, we meas-
ured the MT1JP expression in two human breast cancer 
cell lines (MDA-MB-231 and MCF-7) and compared the 
expression in these two cancer cells with a normal breast 
epithelial cell line, MCF-10A. Results showed that MDA-
MB-231 and MCF-7 cell lines had lower MT1JP expression 
than MCF-10A cells (Fig. 1A). These data indicate that 

MT1JP expression is down-regulated in breast cancer cell 
lines compared with normal breast cells. Because MT1JP 
the low expression in MDA-MB-231 and MCF-7 cells, we 
generated a MT1JP-overexpressing plasmid in these two cell 
lines. The MT1JP expression in MDA-MB-231 cells (Fig. 
1B) and MCF-7 cells (Fig. 1C) was upregulated in pcDNA-
Lnc MT1JP group, compared to cells with an empty vector 
(pcDNA group) and control group.

Lnc MT1JP overexpression inhibits proliferation, invasion 
and migration in both MDA-MB-231 and MCF-7 cells

In order to determine the effects of MT1JP to breast cancer 
cells on proliferation, MDA-MB-231 and MCF-7 cells were 
transfected with MT1JP for 24, 48, 72 and 96 h. CCK-8 results 
showed that overexpression of MT1JP significantly decreased 
the proliferation abilities of MDA-MB-231 and MCF-7 cells 
after 72 h (Fig. 2A), and we chose 72 h transfection for our 
further study. Cell growth-associated proteins, including 
CDK2, cyclinE1 and P21 were analyzed in the present study. 
The results indicated that overexpression of MT1JP notably 
enhanced p21 protein expression, and weaken CDK2 and 
cyclinE1 protein expression in MDA-MB-231(Fig. 2B) and 
MCF-7 (Fig. 2C). Thus, overexpression of MT1JP significantly 
inhibited breast cancer cell proliferation. 

Transwell assay and Scratch test were used to detect cell 
migration and invasion in MDA-MB-231 and MCF-7, and 
the results showed no significant difference between control 
group and pcDNA group. Overexpression of MT1JP dra-
matically inhibited the cell migration and invasion compared 
with the negative controls in the breast cancer MCF-7 and 
MDA-MB-231 cell lines (Fig. 3). Thus, our results suggested 
that MT1JP inhibited migration and invasion in breast cancer.

Lnc MT1JP prevents CD151, CD147, MMP2 and MMP9 
expression in breast cancer cells

In order to explore the mechanism between Lnc MT1JP 
and breast cancer, cell proliferation, invasion and metasta-

Figure 1. The expression of MT1JP in breast cancer cells. A. Relative expression levels of MT1JP in MDA-MB-231, MCF-7, and 
MCF-10A cells. *** p < 0.001 vs. MCF-10A. Transfection efficacy of pcDNA-LncMT1JP in MDA-MB-231 (B) and MCF-7 (C) cells. 
*** p < 0.001 vs. control. Data were shown as mean ± SD. 



62 Wu and Li

Figure 2. The effects of MT1JP on cell proliferation. A. Cell proliferation was performed at 24, 48, 72, 96 h using CCK8 assay. B., C. The 
cell cycle proteins were detected by Western blotting, and the band analysis were detected by Image J. * p < 0.05, ** p < 0.01, *** p < 0.001 
vs. control. Data were shown as mean ± SD.
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sis related proteins including CD151, CD147, MMP2 and 
MMP9 were analyzed in the current study. In Figure  4, 
our results indicated that MT1JP significantly inhibited 

CD151, CD147, MMP2 and MMP9 protein expression in 
both MDA-MB-231 and MCF-7 cell lines compared with 
control and pcDNA group.

Figure 3. The effects of MT1JP on cell migration and invasion. A., C. Cell migration was assessed by wound healing assay in MDA-MB-231 
and MCF-7 cells. B., D. Cell invasion was evaluated by Transwell assay in MDA-MB-231 and MCF-7 cells. ** p < 0.01, *** p < 0.001 vs. 
control. Data were shown as mean ± SD.
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miR-92a-3p might be a potential mediator of Lnc MT1JP

miRNAs are crucial regulators in breast cancer. To further 
verify the underlying mechanism of the effect of MT1JP 
overexpression in breast cancer, we utilized multiple target 
prediction programs to identify potential MT1JP that target 
miRNAs. miR-92a-3p was highlighted for further investiga-

tion. Figure 5 illustrated the predicted interaction between 
MT1JP and the miR-92a-3p.

To investigate the expression of miR-92a-3p in breast 
cancer cells, we measured the expression levels of miR-92a-
3p by RT-PCR in Figure 5A, which showed an increase in 
MDA-MB-231 and MCF-7 cells compared with MCF-10A 
cells. In addition, compared with the control and the pcDNA 

Figure 4. The effects of MT1JP on the expression levels of CD151, CD147, MMP2 and MMP9. A and B. The expression levels of 
CD151, CD147, MMP2 and MMP9 were detected by Western blotting. ** p < 0.01, *** p < 0.001 vs. control. Data were shown as 
mean ± SD.



65LncRNA MT1JP in breast cancer

groups, the expression of miR-92a-3p significantly decreased 
in pcDNA-LncMT1JP group in MDA-MB-231 and MCF-7 
cells, respectively (Fig. 5B and C), suggesting that MT1JP 
expression levels are negatively correlated with miR-92a-3p 
expression in breast cancer cells. These data strongly suggest 
that MT1JP negatively regulates miR-92-3p expression in 
breast cancer cells.

Discussion

In the present study, it was demonstrated that MT1JP was 
significantly down-regulated in breast cancer cells com-
pared with normal breast cells. Additionally, we found that 
overexpression of MT1JP in breast cancer cells significantly 
inhibited cell proliferation, migration and invasion, and 
regulate the expression of CDK2, cyclin E1 and p21. To 
further investigated the mechanism, the data indicated that 
MT1JP significantly inhibited CD151, CD147, MMP2 and 
MMP9 protein expression in breast cancer cells. MT1JP 
could negatively regulate miR-92-3p in breast cancer cells. 
Therefore, our data indicate that MT1JP functions as an anti-
tumor LncRNA by downregulating miR-92-3p, CD151 and 
CD147, and may serve as a novel diagnostic and therapeutic 
marker of breast cancer. Due to the effects of MT1JP in 
both MDA-MB-231 (Triplicate-negative breast cancer) and 
MCF-7 (ER-positive breast cancer) cells were not differences, 
therefore, LncRNA MT1JP is not an ER-specific target for 
breast cancer treatment.

It has been reported that breast cancer is the most com-
mon cause of death among women, and more than one mil-
lion women diagnosed with breast cancer annually (Igene 
2008). Therefore, it is urgent to find novel markers that could 
serve as an early diagnostic and therapeutic target for breast 
cancer. A large number of evidences suggest that LncRNAs 
are important to the regulation of cell differentiation, pro-
liferation, and apoptosis (Tay et al. 2014). It is also known 
that aberrant expression of LncRNAs have crucial roles in 

the initiation and development of various human cancers, 
including breast cancer (Youness and Gad 2019). In this 
study, we found that MT1JP expression was down-regulated 
in breast cancer cell lines. We also found that MT1JP over-
expression significantly inhibited proliferation, migration 
and invasion of breast cancer cells. These data indicated that 
MT1JP could serve as a novel biomarker for breast cancer 
diagnosis, and acted as a tumor suppressor in breast cancer, 
which is consistent with previous studies that reported 
tumor-suppressing functions for MT1JP in gastric cancer.

As a  tetraspanin family member, CD151 modulates the 
ligand binding activity of integrin α3β1. CD151 promote me-
tastasis of cancer cells. Also, CD151 is reported to play a role 
in Met-dependent signaling and the TGF-β signaling (Sadej et 
al. 2010). In breast cancer, CD151 overexpression was found 
to be significantly associated with larger tumor size, higher 
nodal stage and advanced stage (Kwon et al. 2012). Previous 
studies confirmed that miR-124 inhibited breast cancer cell 
growth by targeting CD151. MiR-124/CD151 axis contributed 
to the proliferation and migration of breast cancer cells (Han 
et al. 2013). The current data showed that overexpression of 
MT1JP dramatically decreased the expression of CD151, sug-
gesting that CD151 might be involved in the process of MT1JP 
inhibiting breast cancer proliferation, migration and invasion. 
And another study suggested that LncRNA SNHG3 induced 
EMT and sorafenib resistance by modulating the miR-128/
CD151 pathway in hepatocellular carcinoma (Zhang et al. 
2019). CD147 is a matrix metalloproteinase (MMP) inducer 
that is performed to process cancer progression (Sun and 
Hemler 2001; Rucci et al. 2010). MMP family proteins such 
as MMP2, -9 -11 and -14 have been elucidated to degrade 
extracellular matrix (ECM) to promote tumor metastasis and 
invasion (Cancemi et al. 2019). The results manifested that 
MT1JP inhibits expression of CD147 as well as the MMP2 and 
MMP9, indicating that MT1JP might regulate breast cancer 
malignant by ECM remodeling. However, further studies still 
require exploring the relationship and mechanism among 
LncRNA MT1JP, CD151 and CD147.

Figure 5. The effects of MT1JP on the expression of miR-92a-3p. A. Relative expression levels of miR-92a-3p in MDA-MB-231 and MCF-7 
cells (*** p < 0.001 vs. MCF-10A). Relative expression levels of miR-92a-3p in MDA-MB-231 (B) and MCF-7 (C) cells overexpressed 
MT1JP. *** p < 0.001 vs. control. Data were shown as mean ± SD.
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miRNAs are a group of small, highly conserved non-coding 
RNA molecule, which acted as regulators in the tumorigenesis, 
carcinogenesis, and tumor angiogenesis (Croce 2009). And 
miR-92a-3p belongs to the miR-17-92 family that was reported 
to highly expressed in colorectal carcinoma, hepatocellular 
carcinoma, and esophageal squamous cell carcinoma (Shigoka 
et al. 2010; Chen et al. 2011; Tsuchida et al. 2011). In addition, 
miR-92a-3p may be used as a potential biomarker for early 
detection of cancer and monitoring the efficacy of endocrine 
therapy by bioinformatics-based interaction analysis (Cun and 
Yang 2018). Recently, novel regulatory mechanisms concern 
about LncRNAs and miRNAs have been revealed in cancer 
development. LncRNA can regulate miRNAs by acting as mo-
lecular sponges or ceRNA. Previous study found that LncRNA 
MALAT1 promoted growth and metastasis of bladder transi-
tional cell carcinoma by targeting miR-124 (Jiao et al. 2018). 
SNHG14 and miR-92a-3p may be promising molecular targets 
for glioma therapy (Wang et al. 2018). MT1JP also regulated 
the progression of gastric cancer by competitively binding to 
miR-92a-3p and regulating FBXW7 expression (Zhang et al. 
2018). Previous investigation has been indicated that miR-92 
expression were increased in breast cancers compare with 
the corresponding normal control (Sempere et al. 2007), and 
downregulation of miR-92 could promote ERβ1 which is 
a tumor suppressor in breast cancer (Al-Nakhle et al. 2010). In 
present study, we confirmed MT1JP could negatively regulate 
miR-92-3p in breast cancer cells, which was consistent with the 
previous study in gastric cancer. Therefore, MT1JP effects on 
breast cancer cell might mediate by repressing miR-92-3p, and 
the mechanism of MT1JP and miR-92a-3p in breast cancer 
remains to be investigated.

In summary, we found that MT1JP was significantly 
down-regulated in breast cells. Overexpression of MT1JP in 
breast cancer cells significantly inhibited cell proliferation, 
migration and invasion. The mechanism for these effects 
is MT1JP binding and repressing miR-92-3p, thereby may 
inhibiting the expression of CD151. This study provides 
a novel insight that could aid the development of potential 
prognostic indicators for breast cancer patients and improve 
the breast cancer treatment.
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