
Am J Transl Res 2019;11(1):245-256
www.ajtr.org /ISSN:1943-8141/AJTR0083117

Original Article
MT1JP inhibits tumorigenesis and  
enhances cisplatin sensitivity of breast cancer  
cells through competitively binding to miR-24-3p

Donglei Zhu, Xia Zhang, Yun Lin, Shujing Liang, Zhiwang Song, Chunyan Dong

Department of Oncology, Shanghai East Hospital, Tongji University School of Medicine, Shanghai, People’s 
Republic of China

Received July 25, 2018; Accepted December 18, 2018; Epub January 15, 2019; Published January 30, 2019

Abstract: Accumulating evidence indicates that long non-coding RNAs (lncRNAs) play a key role in the development 
of many human cancers. MT1JP is a lncRNA that is reportedly involved in gastric cancer development, but a biologi-
cal role and mechanism for MT1JP in breast cancer is unknown. Here, we found that MT1JP expression was signifi-
cantly down-regulated in breast cancer tissues and cell lines, and that decreased MT1JP expression was associated 
with breast cancer progression and poor survival of breast cancer patients. Additionally, we found that overexpres-
sion of MT1JP in breast cancer cells significantly inhibited cell proliferation and invasion, and also enhanced the 
cisplatin sensitivity of breast cancer cells. We then investigated a possible mechanism for these results, finding that 
MT1JP binds to and negatively regulates miR-24-3p, which is known to be an oncogene in some human cancers. Our 
rescue experiments showed that the tumor suppressive and cisplatin-sensitizing functions of MT1JP were mediated 
by negative regulation of miR-24-3p. Finally, western blot results showed that MT1JP inhibited the Wnt/β-catenin 
signaling pathway. Collectively, our data indicate that MT1JP functions as an anti-tumor lncRNA, enhances cisplatin 
sensitivity in breast cancer, and may serve as a novel diagnostic and therapeutic marker of breast cancer.
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Introduction

Breast cancer is one of the most common 
malignancies that affects women worldwide, 
and its incidence is gradually increasing. It is 
also the second most common cause of can-
cer-related mortality in women [1, 2]. Despite 
great advances in basic research and clinical 
treatment, breast cancer still has a poor prog-
nosis [3, 4]. The unfavorable prognosis can be 
attributed to incomplete diagnoses, high recur-
rence, and treatment resistance, as well as the 
adverse effects of comprehensive therapies 
[5-7]. Therefore, it is important to understand 
the potential molecular mechanisms involved 
in breast cancer development and identify 
novel diagnosis and therapeutic biomarkers of 
breast cancer.

Long non-coding RNAs (lncRNAs) are defined 
as a class of non-coding RNA longer than 200 
nucleotides. Although the absence of protein 

coding previously led them to be considered 
transcriptional “noise” without any biological 
function [8], increasing evidence has shown 
that lncRNAs have important roles; these roles 
include acting as powerful transcriptional and 
post-transcriptional mediators in processes 
such as the initiation and progression of breast 
cancer [9-11]. The lncRNA MT1JP is located on 
chromosome 16 in a cluster that consists of 
several homologous protein-coding genes in 
the metallothionein family. MJ1JP was first 
reported as a tumor suppressor that regulated 
the p53 protein expression level, thereby regu-
lating the p53-related signaling pathway [12]. 
Later, MT1JP was found to be down-regulated in 
gastric cancer tissues and cell lines. Low MT1JP 
expression strongly correlated with lymphatic 
metastasis, advanced Tumor, Node, Metastasis 
(TNM) stage, and shorter survival times for gas-
tric cancer patients. Furthermore, MT1JP over-
expression inhibits gastric cancer cell prolifera-
tion, migration, and invasion; promotes gastric 
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cancer cell apoptosis in vitro; and suppresses 
tumor growth and metastasis in vivo [13, 14]. 
However, the expression, function, and poten-
tial molecular mechanism of MT1JP in breast 
cancer remains unclear.

In this study, we measured the expression of 
MT1JP in breast cancer tissues and corre-
sponding adjacent normal tissues, and explored 
its function in breast cancer cell lines. We also 
investigated the roles of MT1JP in cisplatin 
(DDP) sensitivity. In our investigation of the 
mechanism by which MT1JP regulated breast 
cancer cell line proliferation, invasion, and cis-
platin sensitivity, we found that MT1JP mediat-
ed these effects by negatively regulating miR-
24-3p. To the best of our knowledge, these 
data are the first indication that MT1JP plays an 

important tumor-suppression role in breast 
cancer.

Materials and methods

Human tissue samples

Between January 2006 and December 2011, 
56 paired samples of breast cancer tissue  
and adjacent normal breast tissues were col-
lected from patients undergoing resection sur-
gery at the Department of Oncology, Shanghai 
East Hospital. None of the patients received 
any preoperative anti-cancer treatment, such 
as chemotherapy or radiation before sample 
collection. All samples from resection surgery 
were frozen and stored in liquid nitrogen until 
use. We performed this study with the approval 
of the Ethic and Research Committees of 
Shanghai East Hospital and in accordance with 
the Declaration of Helsinki Principles. Written 
informed consents were obtained from all sub-
jects. The clinical characteristics of all the 
patients are summarized in Table 1.

Cell culture

The breast epithelial cell line MCF-10A and 
human breast cancer cell lines MDA-MB-231, 
SKBR-3, MCF-7, and MDA-MB-468 were pur-
chased from American Type Culture Collection 
(ATCC, USA). They were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM), and supple-
mented with 10% fetal bovine serum, 50 U/ml 
penicillin, and 0.1 mg/ml streptomycin. All cells 
were maintained at 37°C in a 5% CO2 humidi-
fied atmosphere.

Constructs, synthesized oligos, and transfec-
tion

The MT1JP overexpression plasmid was pur-
chased from GenePharm (Shanghai, China). 
The antimiR-24, miR-24 mimic, and scrambled 
siRNA (si-NC) were also purchased from 
Shanghai Gene Pharma Co. Ltd (Shanghai, 
China). The sequence was amplified and insert-
ed into the pcDNA3.1 (+) vector at the BamH1 
sites. For transfection, the MDA-MB-231 and 
SKBR-3 cells were grown in 6-well plates to 
50-70% confluence, then were transfected with 
the indicated molecules using Lipofectamine 
3000 (Thermo) according to the manufactur-
er’s instructions. Forty-eight hours after trans-

Table 1. Expression of MT1JP in relation to 
pathologic and clinical features of breast 
cancer patients

Clinico-pathological 
features N2

MT1JP 
expression P value
H L

All 56 31 25
Age (years) 0.863
    < 60 32 18 14
    ≥ 60 24 13 11
Tumor size 0.027
    < 2 cm 23 15 8
    ≥ 2 cm 33 16 17
ER status 0.417
    Negative 30 17 11
    Positive 26 14 12
PR status 0.251
    Negative 27 16 11
    Positive 29 15 14
Her-2 status 0.330
    Negative 44 24 20
    Positive 12 7 5
Lymph node metastasis 0.493
    Negative 28 16 12
    Positive 28 15 13
Ki-67 0.067
    Negative 25 15 10
    Positive 31 16 15
TNM stage 0.032
    I-II 49 31 18
    III 7 0 7
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fection, cells were ready for the following ex- 
periments.

RNA extraction and real-time polymerase 
chain reaction (PCR)

Total RNA from tissues and cells was isolated 
using Trizol reagent (Invitrogen, Carlsbad, USA) 
according to the manufacturer’s instructions. 
RNA was reverse transcribed with the Prime- 
Script RT Reagent Kit (Invitrogen, USA), quan- 
titative reverse transcription PCR (qRT-PCR) 
was performed using SYBR Premix Ex Taq 
(TaKaRa, China), following the manufacturer’s 
instructions. GAPDH was used as an internal 
lncRNA control. The primer sequences were  
as follows: MT1JP, forward: 5’-TACCGAGCTCG- 
GATCCTTGCGGTCTCTCCATTTATCG-3’, reverse:  
5’-TACCGAGCTCGGATCCTTGCGGTCTCTCCAT- 
TTATCG-3’; GAPDH, forward: 5’-GCACCGTCAA- 
GGCTGAGAAC-3’, reverse: 5’-TGGTGAAGACGC- 
CAGTGGA-3’. We performed qRT-PCR using the 
ABI PRISM 7500 PCR System (Applied Bio- 
systems, Foster City, CA, USA) according to the 
manufacturer’s instructions.

Cell proliferation assay

After transfection with the empty vector or pcD-
NA-MT1JP, we used the Cell Counting Kit-8 
(CCK-8; Dojindo Molecular technologies, Inc., 
Kyushu, Japan) according to the manufactur-
er’s protocol to measure cell proliferation. 
Briefly, we plated 2000 cells into 96-well plates. 
We added 10 µl CCK-8 to the wells and mea-
sured the quantity of formazan formed at 450 
nm absorbance following the instructions 
provided.

Colony formation assay

For the colony formation assay, we seeded 
transfected cells in 6-well plates at 500 cells 
per well and maintained these in media with 
10% FBS. Two weeks later, we fixed cells with 
4% paraformaldehyde and stained with crystal 
violet. Colonies with diameters of more than 
1.5 mm was counted.

Cell invasion assay

The invasion assays were performed in Trans- 
well chambers (Costar, Massachusetts, USA) 
with matrigel coated membranes, according to 
the manufacturer’s instruction. We added 1 × 

105 cells suspended in 300 µl serum-free medi-
um to the upper compartment of inserts in the 
24-well plate, and added 800 µl DMEM supple-
mented with 10% FBS to the lower compart-
ment. After 24 h incubation, non- penetrating 
cells on the upper surface of the membrane 
were removed with a cotton swab, then the 
membrane in the lower chamber was fixed with 
4% formaldehyde and stained with 1% crystal 
violet. We quantified the number of cells that 
invaded through the membrane under a micro-
scope for at least five fields. Experiments were 
performed in triplicate.

Dual-luciferase reporter assay

First, we co-transfected a reporter plasmid con-
taining MT1JP wild type (wt) or MT1JP mutant 
(mut) with the miR-24 mimic or the miR-NC into 
MDA-MB-231 cells. Then, the reporter plasmid 
and the internal control plasmid containing 
renilla luciferase were transfected using 
Lipofectamine 3000 (Invitrogen). After 48 h,  
we examined the luciferase activity using the 
dual-luciferase reporter gene assay system 
(Promega, Madison, USA). Renilla luciferase 
activity was normalized to firefly luciferase 
activity.

Western blot

We performed western blots as previously 
described [15]. After incubation with the sec-
ondary antibody, we visualized protein bands 
using the enhanced chemiluminescence detec-
tion kit (Thermo Fisher Scientific, Waltham, MA, 
USA). The primary antibodies used in this study 
were: β-catenin, cyclin D1, c-myc, and β-actin. 
All antibodies were purchased from Santa Cruz 
Biotechnology (Santa Cruz).

Statistical analysis

All results are shown as mean ± SD and were 
analyzed using GraphPad Prism 5 (GraphPad 
Software, USA) from at least three independent 
experiments. The chi-square tests explored the 
associations between MT1JP level and clinico-
pathological factors. We used the Kaplan-Meier 
method to calculate the survival curve and the 
log-rank test to determine statistical signifi-
cance. The differences between groups were 
analyzed using Student’s t-test. Data were con-
sidered to be statistically significant when P < 
0.05.
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Results

MT1JP expression was down-regulated in 
breast cancer tissues and cell lines

To investigate the role of MT1JP in breast  
cancer, we first used qRT-PCR to examine  
the relative expression of MT1JP in 56 paired 
samples of breast cancer tissues and adjacent 
non-tumor tissues. As shown in Figure 1A,  
the expression level of MT1JP was markedly 
down-regulated in breast cancer tissues com-
pared to expression in adjacent non-tumor  
tissues. We than measured the MT1JP ex- 
pression in four human breast cancer cell  
lines (MDA-MB-231, SKBR-3, MCF-7, and MDA-
MB-468) and compared it to expression in  
a normal breast epithelial cell line, MCF-10A. 
Results showed that breast cancer cell lines 
had lower MT1JP expression than a normal 
breast cell line (Figure 1B). These data indic- 
ate that MT1JP expression is down-regulated 
both in human breast tissues and breast can-
cer cell lines.

Then, we further investigated the correlation 
between MT1JP expression and the clinico-
pathological features of 56 breast cancer 
patients (Table 1). Our results show that down-
regulation of MT1JP expression is significantly 
associated with tumor size (P = 0.027) and 
TNM stage (P = 0.032), but there is not signifi-
cantly associated with age, estrogen receptor 
(ER) status, progesterone receptor (PR) status, 
Her-2 status, or Ki-67. In addition, Kaplan-Meier 
survival curves (Figure 1C) showed that breast 
cancer patients with higher MT1JP expression 
have significantly better overall survival than 
the lower expression group.

MT1JP overexpression impairs proliferation 
and colony formation of MDA-MB-231 and 
SKBR-3 cells

Because MT1JP expression was lower in MDA-
MB-231 and SKBR-3 cells, we generated a 
MT1JP-overexpressing plasmid and performed 
overexpression experiments in these two cell 
lines. The results showed that the expression 

Figure 1. Relative MT1JP expression lev-
els in breast cancer and the clinical sig-
nificance. A. Relative MT1JP expression in 
56 paired samples of breast cancer tissue 
and adjacent non-tumor tissues by qRT-
PCR analysis. **P < 0.01. B. MT1JP lev-
els in breast cancer cells compared with 
levels in normal MCF-10A breast epithelial 
cells. *P < 0.05, **P < 0.01. C. Kaplan-
Meier survival curves for patients with 
breast cancer tissues expressing low and 
high levels of MT1JP.
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was upregulated, compared to cells with an 
empty vector (Figure 2A). CCK-8 assays showed 
that the MT1JP overexpression significantly 
impaired the proliferative abilities of MDA-

MB-231 and SKBR-3 cells (Figure 2B and 2C). 
Similarly, MT1JP overexpression suppressed 
the colony formation abilities of MDA-MB-231 
and SKBR-3 cells (Figure 2D and 2E).

Figure 2. MT1JP overexpres-
sion inhibits proliferation of 
breast cancer cells. A. The 
Expression levels of MT1JP in 
MDA-MB-231 and SKBR-3 cells 
after transfection with pcDNA-
MT1JP or empty vector. **P < 
0.01. B. The CCK-8 assay show-
ing effects of MT1JP overex-
pression on MDA-MB-231 cell 
proliferation. **P < 0.01. C. 
The CCK-8 assay showing ef-
fects of MT1JP overexpression 
on SKBR-3 cell proliferation. *P 
< 0.05, **P < 0.01. D. Effect of 
MT1JP overexpression on MDA-
MB-231 colony formation and 
cell proliferation. *P < 0.05. 
E. Effect of MT1JP on SKBR-3 
colony formation and cell prolif-
eration. **P < 0.01.
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MT1JP overexpression inhibits breast cancer 
cell invasion

To further examine the role of MT1JP in breast 
cancer cell invasion, we performed Transwell 
assays using MDA-MB-231 and SKBR-3 cells. 
We found that overexpression of MT1JP 
impaired the invasion abilities of MDA-MB-231 
and SKBR-3 cells relative to those of the empty 
vector group (Figure 3).

Identification of miR-24-3p as a target of 
MT1JP

Because it is reported that MT1JP functions as 
a competing endogenous RNA (ceRNA) for spe-
cific miRNAs, we used RNAhybird2 and FINDTR3 
to search for miRNAs that complementary base 
pair with MT1JP. We found five miRNAs that 
MT1JP could potentially target, then we com-
pared the expression levels of these five miR-

Figure 3. MT1JP overexpression suppresses MDA-MB-231 and SKBR-3 cells 
invasion. The Transwell assay showing effects of MT1JP overexpression on 
MDA-MB-231 and SKBR-3 cells invasion. **P < 0.01, ***P < 0.001.

MT1JP enhances cisplatin 
sensitivity

To determine the effect of 
MT1JP on the cisplatin sensi-
tivity of breast cancer cells,  
we established two DDP-re- 
sistant breast cancer cells 
(MDA-MB-231/DDP and SKBR-
3/DDP). We found higher IC50 
values in MDA-MB-231/DDP 
and SKBR-3/DDP cells than  
in corresponding parental cell 
lines MDA-MB-231 and SK- 
BR-3, indicating an increas- 
ed resistance to DDP (Figure 
4A). We performed qRT-PCR  
to measure MT1JP expression  
in parental and DDP-resistant 
breast cancer cells. We ob- 
served significantly reduced 
MT1JP expression in MDA-
MB-231/DDP and SKBR-3/
DDP cells (Figure 4B). Then,  
we performed overexpression 
experiments for MT1JP in 
MDA-MB-231/DDP and SKBR-
3/DDP cells, and found that 
expression of MT1JP was up- 
regulated after transfection 
with pcDNA-MT1JP 3 (Figure 
4C). The CCK-8 results showed 
that MT1JP overexpression in 
MDA-MB-231/DDP and SKBR-
3/DDP cells resulted in signifi-
cantly lower IC50 values than 
those of the control group (Fi- 
gure 4D). Together, these data 
suggest that MT1JP expres-
sion induces DDP sensitivity  
in DDP-resistant breast cancer 
cells.
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NAs in MT1JP overexpression cells and in con-
trol cells. We found that miR-24-3p expression 
was most affected by MT1JP overexpression 
(Figure 5A). The dual-luciferase reporter assay 
confirmed the relationship between MT1JP and 
miR-24-3p. Results showed that cells co-trans-
fected with pLUC-MT1JP-wild type and the miR-
24-3p mimic (the MT1JP-wt + miR-24-3p group) 
had significantly lower luciferase activity than 
cells co-transfected with pLUC-MT1JP-wild type 
and the miR-NC (the MT1JP-wt + NC group). In 
contrast, we found no significant difference in 
the relative luciferase activity between the 
MT1JP-mut + miR-24-3p and the MT1JP-mut + 
miR-NC groups (Figure 5B and 5C). In addition, 
we examined miR-24-3p expression in 56 
paired samples of breast cancer tissue and 
adjacent normal tissue by qRT-PCR and found 

that miR-24-3p expression was significantly 
higher in breast cancer tissues than in adjacent 
normal tissues (Figure 5D). Furthermore, the 
expression of miR-24-3p was negatively associ-
ated with MT1JP expression in breast cancer 
tissues (Figure 5E). These data strongly sug-
gest that MT1JP targets and negatively regu-
lates miR-24-3p expression in breast cancer 
tissues.

The tumor suppressive and cisplatin-sensitized 
function of MT1JP in breast cancer cells is de-
pendent on miR-24-3p

Finally, we performed rescue experiments to 
determine whether MT1JP influenced breast 
cancer cell proliferation, invasion, and cisplatin 
sensitivity in a miR-24-3p dependent manner. 

Figure 4. MT1JP overexpression enhances the cisplatin sensitivity of cisplatin-resistant CRC cells. A. The differential 
expressions of MT1JP in MDA-MB-231 and SKBR-3 cells and the cisplatin-resistant MDA-MB-231/DDP and SKBR-
3/DDP cells. B. The expression level of MT1JP in MDA-MB-231/DDP and SKBR-3/DDP cells after transfection with 
pcDNA-MT1JP or empty vector. C. Effect of MT1JP on cisplatin sensitivity of MDA-MB-231/DDP cells. D. Effect of 
MT1JP on cisplatin sensitivity of SKBR-3/DDP cells.
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Our results in Figure 6A confirmed that miR-NC 
or miR-24-3p mimic was stably transfected into 
MDA-MB-231 cells that were already transfect-
ed with pcDNA-MT1JP. CCK-8 assays showed 
that the MT1JP overexpression-induced sup-
pression of proliferation in MDA-MB-231 cells 
was partially abolished in the presence of the 
miR-24-3p mimic (Figure 6B). The presence of 
the miR-24-3p mimic also rescued the MT1JP 
overexpression-induced inhibitory effect on 
invasion in MDA-MB-231 cells (Figure 6C). In 
addition, the MT1JP overexpression-induced 
DDP sensitivity of DDP-resistant MDA-MB-231 
cells was also rescued by miR-24-3p mimic 
(Figure 6D). These data indicate that the tumor 

suppression and cisplatin-sensitizing functions 
of MT1JP in breast cancer cells involves nega-
tive regulation of miR-24-3p.

MT1JP overexpression affected the Wnt/β-
catenin signaling pathway

We performed western blot analysis to investi-
gate whether MT1JP overexpression affected 
the Wnt/β-catenin signaling pathway. The 
results showed that MT1JP overexpression sig-
nificantly inhibited β-catenin expression com-
pared to negative control groups. Furthermore, 
we found that MT1JP overexpression signifi-
cantly suppressed the expression of cyclin D1 

Figure 5. MiR-24-3p is a target of MT1JP. A. qRT-PCR to mea-
sure the expression of nine miRNAs in MT1JP overexpression 
and in control cells. *P < 0.05, ** P < 0.01. B. Putative com-
plementary sites between MT1JP and miR-24-3p. Mutations 
were generated in the MT1JP nucleotides complementary 
to miR-320a. C. Luciferase activity in MDA-MB-231 cells co-
transfected with the miR-24-3p mimic or miR-NC and in control 
luciferase reporters without the MT1JP wt or MT1JP mut in-
sert. ** P < 0.01. D. qRT-PCR was used to measure miR-24-3p 
expression in 56 pairs of breast cancer tissue and adjacent 
normal tissue. ** P < 0.01. E. The correlation between MT1JP 
and miR-24-3p was evaluated.
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and c-myc, which are important downstream 
genes of the Wnt/β-catenin signaling pathway 
(Figure 7).

Discussion

Mounting evidence suggests that lncRNAs are 
important to the regulation of cell differentia-
tion, proliferation, and apoptosis [16, 17]. It is 
also known that aberrant lncRNA has crucial 
roles in the initiation and development of vari-
ous human cancers, including breast cancer. 
For example, Liu et al. reported that MT1JP sup-
presses tumor progression via a p53-related 

signaling pathway [12]. Another report found 
that MT1JP can competitively bind endogenous 
miR-214-3p and regulate RUNX3 expression, 
further supporting involvement in tumorigene-
sis and progression of gastric cancer [14]. In 
addition, MT1JP also regulates the progression 
of gastric cancer by functioning as a competing 
endogenous RNA that competitively binds to 
miR-92a-3p and regulates FBXW7 expression 
[13].

In this study, we found that MT1JP expression 
was down-regulated in breast cancer tissu- 
es and cell lines. The down-regulated MT1JP 

Figure 6. Tumor suppression and cisplatin sensitizing in breast cancer cells caused by MT1JP was partially reversed 
by co-transfection with a miR-24-3p mimic. A. qRT-PCR to measure miR-24-3p expression in MDA-MB-231 cells that 
were stably co-transfected with pMT1JP and miR-24-3p mimic or NC. ** P < 0.01. B. CCK-8 assays to measure pro-
liferation of MDA-MB-231 cells that were stably transfected with pMT1JP and miR-24-3p mimic or NC. C. Transwell 
assays to measure migration and invasion of MDA-MB-231 cells that were stably transfected with pMT1JP and miR-
24-3p mimic or NC. ** P < 0.01. D. Cisplatin sensitivity of MDA-MB-231DDP cells that were stably transfected with 
pMT1JP and miR-24-3p mimic or NC. ** P < 0.01. NC: Negative control.
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expression was associated with tumor size and 
TNM stage. More importantly, breast cancer 
patients with higher MT1JP expression in can-
cer tissues had significantly better prognoses 
than breast cancer patients with lower MT1JP 
expression in cancer tissues. We also found 
that MT1JP overexpression significantly inhibit-
ed proliferation, colony formation, and invasion, 
and enhanced the cisplatin sensitivity of breast 
cancer cells in vitro. These data indicated that 
MT1JP was significantly correlated with the pro-
gression and prognosis of breast cancer 
patients and could serve as a novel biomarker 
for breast cancer diagnosis. However, our 
results showed that MT1JP acted as a tumor 
suppressor in breast cancer, which is consis-
tent with previous studies that reported tumor-
suppressing functions for MT1JP in gastric 
cancer.

Here we present the first evidence, to the best 
of our knowledge, that MT1JP can enhance 
DDP sensitivity in DDP-resistant breast cancer 
cells. DDP represents the first generation of 
platinum drugs and is an effective cell cycle 
nonspecific anti-cancer drug [18]. It has been 
widely used to treat a number of solid malig-
nancies, including breast cancer [19, 20]. 
DDP’s anti-cancer roles are mainly mediated by 
binding to DNA nucleobases and inducing DNA 
damage to trigger apoptosis in cancer cells [21, 
22]. Although breast cancer patients often 
have good initial responses to DDP-based  

by acting as molecular sponges or ceRNA [25]. 
One study found that lncRNA MALAT1 promot-
ed growth and metastasis of bladder transition-
al cell carcinoma by targeting miR-124 [26]. 
Zhang et al. reported that lncRNA UCA1 pro-
motes prostate cancer progression by acting as 
a ceRNA of AFT2 [27]. In this study, we found 
that MT1JP binds miR-24-3p, which is a onco-
gene in serval human cancer, such as lung can-
cer [28], renal cell carcinoma [29], and bladder 
cancer [30]. We performed rescue experiments 
to investigate whether miR-24-3p reversed the 
biological effects of MT1JP in breast cancer, 
finding that MT1JP inhibited breast cancer cell 
proliferation and invasion, and also enhanced 
DDP sensitivity. However, co-transfection with 
miR-24-3p mimic partially reversed these bio-
logical effects, suggesting that MT1JP effects 
on breast cancer cell are mediated by repress-
ing miR-24-3p.

Abnormal activation of the Wnt/β-catenin sig-
naling pathway is widely recognized as an 
important mechanism for breast cancer initia-
tion and metastasis [31]. The Wnt/β-catenin 
signaling pathway is involved in maintaining 
cancer stem cell properties, and plays a critical 
role in the epithelial-mesenchymal transition 
(EMT) [32]. To further explore the possible 
molecular mechanisms for the tumor inhibiting 
effect of MT1JP in breast cancer, we performed 
western blots to determine the effect of MT1JP 
on the Wnt/β-catenin signaling pathway. Our 

Figure 7. MT1JP overexpression affected the Wnt/β-catenin signaling path-
way. Western blot analysis determining effect of MT1JP overexpression on 
the expression level of β-catenin, cyclin D1, and c-myc expression in the 
MDA-MB-231 and SKBR-3 cells.

chemotherapy, DDP resistan- 
ce usually occurs. Therefore, 
enhancing DDP sensitivity in 
DDP-resistant breast cancer 
cells is extremely important  
for the treatment of breast 
cancer. Our results suggest 
that MT1JP may provide a 
novel target to combat DDP 
resistance and could serve as 
a biological indicator of DDP 
sensitivity in breast cancer 
treatment.

Recently, many studies have 
suggested that novel regula- 
tory mechanisms in cancer 
development involve interac-
tions between lncRNAs and 
miRNAs [23, 24]. For example, 
lncRNA can regulate miRNAs 
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results showed that MT1JP overexpression sig-
nificantly inhibited the expression of β-catenin, 
cyclin D1, and c-myc in breast cancer cells. This 
finding indicates that MT1JP overexpression 
inhibited the Wnt/β-catenin signaling pathway.

Taken together, this is the first finding of 
decreased expression of MT1JP in breast can-
cer tissues and cell lines. Furthermore, we 
found that MT1JP inhibited breast cancer cell 
proliferation and invasion, and also enhanced 
DDP sensitivity in breast cancer cells. Our data 
indicate that the mechanism for these effects 
is MT1JP binding and repressing miR-24-3p, 
thereby inhibiting the Wnt/β-catenin signaling 
pathway. This study provides a novel insight 
that could aid the development of potential 
prognostic indicators for breast cancer patients 
and improve the therapeutic effects of cisplatin 
in breast cancer treatment.
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