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Tumor suppressor let-7a inhibits breast cancer cell proliferation, migration and 
invasion by targeting MAGE-A1 
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Let-7 was one of the earliest discovered miRNAs and while it reportedly acts as a tumor suppressor in various solid 
tumors, its function in breast cancer has not been fully studied. Therefore, we examined let-7a and MAGE-A1 expres-
sion in breast tissues by qRT-PCR and found that let-7a expression significantly correlates with larger tumor size, higher 
histological grade (p<0.05) and is significantly lower in patients with Her-2-positive cancers and Ki-67 >14% (p=0.028 and 
p=0.023). MAGE-A1 expression incidence is 50.8% (33/65) and it inversely correlates with let-7a expression (p=0.008). 
let-7a inhibition of breast cancer cell proliferation, migration and invasion was also observed in in vitro cell culture experi-
ments, and dual-luciferase reporter assays showed that melanoma-associated antigen A1 (MAGE-A1) was its target gene; 
the target comprised bases 451-457 of the 3’UTR region of the MAGE-A1 mRNA. RT-qPCR and Western blot analyses 
showed that let-7a inhibited MAGE-A1 expression at both the nucleic acid and protein levels. In our final co-transfection 
experiment, we targeted MAGE-A1 in a breast cancer cell line and observed that let-7a inhibited cell proliferation, migra-
tion and invasion. These combined results confirm that let-7a functions as a tumor suppressor by targeting MAGE-A1 in 
breast cancer and it therefore provides a novel target in breast cancer clinical treatment.
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Breast cancer is the most common cancer, and its 
metastatic progression is a complex process [1–2]. While 
surgery and chemotherapy are the current primary clinical 
treatments, many patients who undergo chemotherapy have 
early tumor recurrence, metastases and poor prognoses. 
Since precise treatment is now sought for breast cancer, 
exploring targeted treatments has become especially vital.

MiRNAs are novel molecules involved in gene regulation 
and are small non-coding RNAs molecules approximately 22 
nucleotides in length which discretely regulate target gene 
expression by post-transcriptional action [3]. Degradation or 
translational inhibition of the target mRNA can be effected by 
sequence-specific base pairing of a miRNA with the 3’ untrans-
lated region (3’UTR) of the target mRNA in the RNA-induced 
silencing complex [4–5]. miRNA involvement in gene 
regulation is the most fundamental step in genetic programs 
which affect cell proliferation, differentiation and apoptosis.

The let-7a MiRNA has received substantial attention 
because of its aberrant expression in human cancers. Multiple 
studies have reported that let-7a is expressed poorly in breast 

cancer [6], lung cancer [7], gastric tumors [8], colorectal 
cancer [9] and laryngeal squamous cancer [10]. This poor 
let-7a expression may also lead to poor prognosis for lung 
cancer patients [7]. Recent studies have also indicated that 
let-7a is a tumor suppressor and represses the expression of 
high-mobility group A (HMGA), RAS and c-MYC which 
are critical oncogenes in tumorigenesis, proliferation and 
invasion [6, 11–13]. However, whether let-7a regulates other 
oncogenes as a tumor suppressor in breast cancer requires 
further study.

The melanoma-associated antigen (MAGE) family is 
characterized by a unique pattern of tissue expression, and 
its members are aberrantly expressed in a wide variety of 
tumors; MAGEs are not expressed in normal adult tissues, 
except for immuno-privileged germ-line tissues [14]. Since 
its first discovery in 1991 [15], dozens of MAGE genes have 
been identified and these are divided into two subtypes: 
MAGE-I and MAGE-II. 

MAGE-I comprises three subfamilies, namely, MAGE-A, 
MAGE-B and MAGE-C. Of these, the MAGE-A subfamily 
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is located at the q28 site of the human X chromosome and 
includes 12 members; MAGE-A1~MAGE-A12 [16]. Studies 
have shown that the A1, A2, A3, A4, A6, and A12 MAGE-A 
sub-family members are expressed in breast cancer to varying 
degrees (6~69%), with higher expression in patients with 
higher recurrence risk [17]. Retrospective studies have shown 
that the mortality rate of MAGE-A1-positive breast cancer 
patients is significantly higher than that of MAGE-A1-nega-
tive patients [18] and further analysis revealed that the serum 
levels of MAGE-A1 serum levels and let-7b were significantly 
higher in patients with invasive carcinomas than in healthy 
women and those with benign breast disease [19]. Thus, 
MAGE-A1 expression increases the risk of recurrence and 
mortality in breast cancer patients and is related to the expres-
sion of let-7 family members. Based on the above findings, this 
study explores interactions between let-7a and MAGE-A1.

Here, we found that let-7 expression was associated with 
poor clinical-pathological characteristics in breast cancer 
patients and that it negatively correlates with MAGE-A1 
expression in breast cancer tissues. Functionally, let-7a 
inhibits breast cancer cell proliferation, migration and 
invasion by targeting MAGE-A1.

Patients and methods

Breast cancer tissues. Tumor tissues (n=65) with 
complete clinical and histopathological data were obtained 
from the department of Breast Center, the fourth hospital of 
Hebei Medical University from 2016 to 2017. The patients 
in the study provided written informed consent for tissue 
sample analysis and did not receive pre-operative treatment 
(including chemotherapy, radiotherapy, targeted therapy and 
endocrine therapy). The protocol of the study was approved 
by the Institutional Ethics Committee at Fourth Hospital of 
Hebei Medical University.

Cell lines and transfection. The human breast cancer 
cell lines MDA-MB-231 (human non-hormone-dependent 
breast cancer cell line) and MCF-7 (human hormone-depen-
dent breast cancer cell line) were obtained from American 
Type Culture Collection (ATCC, USA). Both cell lines were 
cultured in DMEM (Gibco, USA) containing 10% fetal bovine 
serum and 100 IU/ml penicillin/streptomycin at 37 °C in an 
incubator containing 5% CO2 and humidified air. The let-7a 
mimics, let-7a inhibitor, and negative control were synthe-
sized and purified by GenePharma (Shanghai, China). The 
miRNA mimics and inhibitor complexes were transfected at 
working concentrations of 100 nM by HiPerFect Transfection 
Reagent (QIAGEN, GRE) and co-transfected with miRNA 
mimics and MAGE-A1 expression vector by FuGENE® HD 
(Promega, USA).

RNA isolation and qRT-PCR. Total RNA was isolated 
from collected cells by TRIzol reagent (Invitrogen) according 
to the manufacturer’s instructions. For qPCR analysis of 
let-7a, 2 µg RNA was reverse transcribed into cDNA using 
the miDETECT A Track™ miRNA qRT-PCR (Ribobio, 

China), and the reactions were performed by GoTaq® qPCR 
Master Mix on the Quant studio DX real-time PCR System. 
The amount of let-7a was obtained by normalizing the let-7a 
level to small nuclear U6 snRNA as the control. For qPCR 
analysis of MAGE-A1, 2µg RNA was reverse transcribed into 
cDNA using the Reverse Transcription System kit (Promega, 
USA), and the reactions were carried out in triplicate using 
the GoTaq® qPCR Master Mix on the Quant studio DX real-
time PCR System. The amount of MAGE-A1 was determined 
with GAPDH as the control. The specific primers for human 
MAGE-A1 were 5’-GTGGTCCTAAGATCTACCAAGCA-3’ 
(forward) and 5’-AGGGCAGCAGGTAGGAGTG-3’ 
(reverse), and the specific primers for human GAPDH 
were 5’-CGCTGAGTACGTCGTGGAGTC-3’ (forward) 
and 5’-GCTGATGATCTTGAGGCTGTTGTC-3’ (reverse). 
The annealing temperature for both genes was 58 °C. All 
experiments were performed independently in triplicate and 
threshold cycle (Ct) values were analyzed by comparative Ct 
(ΔΔCt).

Western blot. Total protein from the cell lines was 
extracted in RIPA lysis buffer, and equal 30 µg amounts of 
protein lysates were separated by 12% SDS-polyacrylamide 
gel electrophoresis and transferred to polyvinylidene fluoride 
(PVDF) membranes (Beyotime). The membranes were 
blocked with 5% non-fat milk for 1 h. After blocking, the 
membrane was incubated with specific testing antibodies for 
MAGE-A1 (1:500; Santa Cruz, USA) and β-actin (1:1000; 
Proteintech, USA). After overnight blotting at 4 °C, the 
membranes were washed with TBST and then incubated 
with HRP-linked secondary antibodies (1:10 000; ZSGB-BIO, 
China). The protein bands were developed with chemilumi-
nescence (ECL) reagents (Beyotime).

3’-UTR luciferase plasmid construct and analysis. The 
3’-UTR of MAGE-A1 was cloned, and the putative sites that 
could bind to let-7a were mutated. The mutant and wild-type 
sequences were separately cloned into the pmirGLO vector 
(Promega, USA). Cos-7 cells were co-transfected with the 
constructed vectors and let-7a mimic. After 48 h of trans-
fection, the firefly and Renilla dual-luciferase testing system 
(Promega, USA) was used to measure and calculate lucif-
erase activity.

Cell proliferation assay. MDA-MB-231 and MCF-7 cells 
were transfected with let-7a mimic and negative control 
or let-7a inhibitor and inhibitor negative control and were 
seeded into 96-well plates at 24 h after transfection (3×103 
cells/well). After an additional 24 h, 48 h, or 72 h, cells were 
treated with 10 µl CCK-8 (Sigma, Japan) per 100 µl medium 
and cell proliferation was then assessed by recording the 
absorbance at 450 nm (OD value).

Cell invasion assay. MDA-MB-231 and MCF-7 cells were 
subjected to the above treatments. After 24 h transfection, 
5×105 cells were seeded into chambers (8 µm, Corning) 
containing 20µl diluted matrigel (matrigel:DMEM = 7:1). A 
total of 0.2 ml serum-free DMEM was added to the upper 
chamber and DMEM containing 10% fetal bovine serum 
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was added to the lower one for 24 h (MDA-MB-231) or 48 h 
(MCF-7). The invasive cells were fixed and stained with 0.1% 
crystal violet. Three low-magnification areas (×200) were 
randomly selected and cell numbers were determined. The 
experiment was performed in triplicate.

Cell migration assay. For horizontal migration, the tumor 
cells were seeded in 6-well plates and transfected with let-7a 
mimic, let-7a inhibitor and negative control, or co-trans-
fected with miRNA mimic and the MAGE-A1 expression 
vector until the cells reached 100% confluence. The cell layer 
was then scratched through the central axis using a sterile 
plastic tip and loose cells were washed away with PBS. Wound 
healing was observed and photographed at 0 h and 24 h in 
the same selected microscopic fields (×100), and transwells 
without matrigel were used for vertical migration. A total of 
2×105 cells were seeded in the chambers; and 0.2 ml serum-
free DMEM was added to the upper chamber, and DMEM 
containing 10% fetal bovine serum was added to the lower 
chamber for 20 h (MDA-MB-231) or 24 h (MCF-7).

Statistical analysis. Data is expressed as mean ± standard 
deviation (SD), and statistical analysis was performed with 
SPSS 21. The relationship between two groups was analyzed 
by chi-square and the relationship between two or more 
variables was tested by one-way ANOVA.

Results

Expression and relationship of let-7a and MAGE-A1 in 
breast cancer tissues. We used real-time PCR to determine 
the let-7a and MAGE-A1 levels in 65 breast cancer tissues, all 
of which expressed let-7a. For data analysis, we categorized 
all breast cancer patients into let-7a high and low expression 
groups using the quartet of let-7a expression as the cutoff 
threshold in all breast cancer patients. As shown in Table 1, 
the let-7a expression level was significantly lower in patients 
with tumors >2 cm than in patients with tumors ≤2 cm 
(p=0.049) and significantly lower in patients with histolog-

Figure 1. The relationship between let-7a and MAGE-A1 in the whole co-
hort of breast cancer patients.

Table 1. Let-7a and MAGE-A1 expression and clinical-pathological pa-
rameters in breast cancer.

Clinical features N
Let-7a MAGE-A1

High Low p-value + – p-value
Age (years) 0.543 0.265

<50 32 15 17 14 18
≥50 33 13 20 19 14

BMI 0.225 0.543
<25 24 8 16 11 13
≥25 41 20 21 22 19

Menopausal state 0.914 0.903
Premenopause 33 14 19 17 16
Postmenopause 32 14 18 16 16

Tumor size (cm) 0.049 0.168
≤2 35 19 16 15 20
>2 30 9 21 18 12

Axillary lymph node 0.409 0.531
– 34 13 21 16 18
+ 31 15 16 17 14

TNM stage 0.150 0.914
I 17 10 7 9 8
II 39 13 26 20 19
III 9 5 4 4 5

Histological grade 0.041 0.384
G1–2 42 22 20 23 19
G3 23 6 17 10 13

Subtype 0.095 0.683
Luminal A or B 40 22 18 22 18
HER2 positive 14 3 11 6 8
Triple negative 11 5 6 5 6

ER 0.154 0.388
– 25 8 17 11 14
+ 40 20 20 22 18

PR 0.102 0.543
– 26 8 18 12 14
+ 39 20 19 21 18

HER–2 0.028 0.357
– 48 26 22 26 22
+ 17 4 13 7 10

Ki–67 0.023 0.943
≤14% 16 11 5 8 8
>14% 49 17 30 25 24

ical grade III tumors than in patients with histological grade 
II or I (p=0.041). The let-7a expression level was also signifi-
cantly lower in patients with Her-2-positive tumors and 
Ki-67 >14% (p=0.028 and p=0.023, respectively). There were 
no significant differences in age, BMI, menopausal state, 
clinical stage, lymph node metastasis, immunohistochem-
ical typing, ER expression or PR expression. Thirty-three 
breast cancer tissues expressed MAGE-A1, and the rate was 
50.8% (33/65). In MAGE-A1-positive samples, Spearman’s 
rank-order correlation analysis was used and this showed 
that MAGE-A1 expression negatively correlates with let-7a 
expression (p=0.008, Figure 1).
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Let-7a inhibits breast cancer cell proliferation, migra-
tion and invasion. We selected MDA-MB-231 and MCF-7 
cell lines for breast cancer research and measured let-7a 
relative expression (Figure 2A). We then transfected 
cells with mimics (MDA-MB-231) or inhibitor (MCF-7 
dependent on let-7a expression levels, and CCK-8 assays 
revealed significant inhibition of cell proliferation in the 
let-7a mimic-transfected cells and large cell proliferation 
increase in the let-7a inhibitor-transfected cells compared 
to the let-7a mimic NC and inhibitor NC-transfected 
cells (Figures 3A, 3B). The cell scratch assays showed that 
the cells transfected with let-7a mimics migrated slowly 
and that those transfected with let-7a inhibitor migrated 
rapidly compared to the corresponding NC-transfected 
cells (Figures 3C, 3D). Transwell assays (without matrigel) 
showed that the number of tumor cells after treatment with 
let-7a mimics was significantly less than that after treatment 
with the mimic NC, and that the number of tumor cells 
after treatment with let-7a inhibitor was significantly higher 
than that after treatment with the inhibitor NC (Figures 3E, 
3F), This demonstrates that let-7a inhibited breast cancer 
cell migration. 

Matrigel invasion assays indicated that the invading 
cell numbers were significantly decreased in let-7a mimic-
transfected cells compared to control cells and significantly 
increased in the let-7a inhibitor-transfected cells compared 
to controls (Figures 3G, 3H). This established that let-7a 
inhibits tumor cell invasion.

MAGE-A1 is a direct target gene of let-7a. We trans-
fected let-7a mimics and inhibitor into breast cancer cell 
lines (MDA-MB-231 and MCF-7). The MAGE-A1 expres-
sion level was verified by real-time PCR and Western blot. 
The results confirmed that let-7a expression negatively 
correlates with MAGE-A1 expression at the nucleic acid 
and protein levels (Figures 2B, 2C, 2D). Then, we predicated 
the putative target sites of let-7a in the 3’-UTR of MAGE-A1 
using TargetScan. To determine whether MAGE-A1 was 
a direct target of let-7a, we performed luciferase reporter 
assays with a vector encoding the total sequence of the 
MAGE-A1 mRNA 3’-UTR or with a vector encoding its 
mutant 3’-UTR. The putative target site of let-7a in the 
3’-UTR of MAGE-A1 is illustrated in Figure 2E, and results 
showed that luciferase activity was significantly reduced 
by the co-transfection of the entire 3’-UTR of MAGE-A1 
and let-7a mimic, whereas the mutation of the let-7a target 
site blocked decreased luciferase activity (Figure 2F). These 
results clearly indicate that MAGE-A1 is a direct target of 
let-7a.

Let-7a inhibits breast cancer cell proliferation, migra-
tion and invasion by targeting MAGE-A1. The inhibitory 
effects of let-7a on cell proliferation, migration and invasion 
were rescued by co-expression of the MAGE-A1 vector in 
MDA-MB-231 cells (Figure 4). These findings indicate that 
let-7a inhibits cell proliferation, migration and invasion by 
regulating MAGE-A1 expression in MDA-MB-231 cells.

Discussion

The let-7 gene was originally discovered by Reinhart et al. 
in 2000 in a study on nematodes. The final product is 22 bases, 
and the let-7 gene is highly conserved and widely present in 
many animals [20]. The Let-7 family has 13 members, and 
these are located on nine different chromosomes [21]. Like 
most miRNAs, the post-transcriptional regulatory functions 
of let-7 are performed via its specific binding to the 3’UTR 
base sequence of the mRNA of a target gene. When the bases 
of the two are highly complementary, target gene mRNA can 
be degraded, and if these bases are not highly complemen-
tary, the target can be impeded during the process of gene 
mRNA translation [4–5].

The expression of let-7a, a member of the let-7 family, 
is decreased in breast, colon and thyroid cancer tissues 
compared to their normal tissues. When let-7a is over-
expressed in the corresponding tumor cell line, the ability 
of the cell to proliferate, migrate, and invade is reduced 
[6, 9]. Let-7a is associated with pathological tumor stages, 
including the TNM stage and lymph node metastasis in 
papillary thyroid carcinoma patients [22]. Erturk et al. found 
that let-7a expression was 4.67-fold reduced in triple negative 
breast cancer (TNBC) tissues compared to normal tissues 
[23]. However, that study did not investigate the differences 
in let-7a expression in different breast cancer subtypes. 

Many studies addressing the targets of let-7a have been 
conducted. The main targets are RAS, HMGA1/HMGA2, 
c-myc and Lin28 [6, 11–13, 24], and other target genes 
remain to be studied. Let-7a can negatively regulate key 
oncogenes and serve as a suppressor in a variety of malignant 
tumors. The tumor suppressive role of let-7a is widely recog-
nized, and the high expression of let-7a may serve as a new 
breakthrough for cancer gene therapy. Trang [25] used the 
lentivirus method to exogenously import let-7 into a mouse 
model of non-small cell lung cancer and found that 66% of 
the tumors were reduced to varying degrees. This showed 
successful application of let-7 in the treatment of non-small 
cell lung cancer and made a crucial step in clinical application.

MAGE-A family members are highly expressed in cancers 
and play critical roles in tumorigenesis [26]. MAGE-A1, a 
member of the let-7 family, is abnormally expressed in several 
types of tumors, including breast [17–18, 27], colorectal [28] 
and bladder cancers [29] and also glioma [30]. Our group 
reported that MAGE-A’s are not expressed in breast cancer 
adjacent tissues and that the positivity rate in breast cancer 
tissues was 49.17%. Their expression is associated with a high 
histological grade and axillary lymph node metastasis, and 
MAGE-A expression is significantly higher in TNBC and 
may be responsible for its high aggressiveness and epithelial 
mesenchymal transition (EMT) [27].

Our study first examined the expression of let-7a and 
MAGE-A1 mRNA in 65 breast cancers tissues, and found 
that the let-7a expression levels were lower in patients with 
tumors >2 cm than those ≤2 cm and lower in patients with 
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Figure 2. Prediction and validation of MAGE-A1 as the target of let-7a. A) The relative expression level of let-7a in the MCF-7 and MDA-MB-231 cell 
lines. B, C) The breast cancer cell lines were transiently transfected with let-7a mimics (MDA-MB-231) or let-7a inhibitor (MCF-7). After verifying the 
transfection efficiency, qRT-PCR was used to investigate the relative expression of MAGE-A1. MAGE-A1 was significantly decreased or increased in 
response to let-7a mimics or let-7a inhibitor, respectively, compared to their negative controls (mimic NC or inhibitor NC). The graph represents the 
mean 2–ΔΔCt value ± SD. D) Western blot analysis of the MAGE-A1 protein levels in MDA-MB-231 or MCF-7 cells transfected with let-7a mimic or 
inhibitor for 48 h compared to their negative controls. E) Schematic of the putative binding site of let-7a in the MAGE-A1 3’-UTR. A mutant MAGE-A1 
3’-UTR construct was tested in parallel. F) Analysis of luciferase activity. Renilla luciferase reporters containing either the wild-type or mutant form of 
the MAGE-A1 3’-UTR were co-transfected into cos-7 cells with the let-7a mimic or miR-NC. At 48 h post-transfection, Renilla luciferase activity was 
measured. The results were normalized against firefly luciferase values. (mean ± SD; **p<0.01).
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Figure 3. Effects of miR-let7a on tumor cell proliferation, migration and invasion. A, B) CCK-8 assays were performed on days 1, 2 and 3 after transfec-
tion of MDA-MB-231 cells with miR-let7a mimic or of MCF-7 cells with let7a inhibitor. C, D) Cell scratch assays were performed at 24 h after transfec-
tion of MDA-MB-231 cells with miR-let7a mimic or after transfection of MCF-7 cells with let7a inhibitor. ImageJ software was used to calculate the 
mean wound closure rate ± SD. E, F) Transwell analysis (without matrigel) of MDA-MB-231 cells with miR-let7a mimic or of MCF-7 cells treated with 
let7a inhibitor. The quantitative analysis is shown in the right panel. G, H) Transwell invasion analysis of MDA-MB-231 cells with miR-let7a mimic or 
of MCF-7 cells treated with let7a inhibitor (mean ± SD; *p<0.05; **p<0.01).
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histological grade III tumors than in patients with histolog-
ical grade II or I tumors. We also found lower let-7a expres-
sion in patients with Her-2-positive tumors and Ki-67 >14%. 
Therefore, we conclude that let-7a has an important role in 
tumor proliferation, migration and invasion.

 The expression levels of let-7a and MAGE-A1 in MAGE-
A1-positive breast cancer tissues significantly negatively 
correlate. This provides a theoretical basis for the exogenous 
enhancement of let-7a expression to treat breast cancer. To 
prove the role of let-7a in breast cancer, we then transfected 

Figure 4. The inhibition effects of let-7a on cell proliferation, migration and invasion were rescued by the co-expression of MAGE-A1 vector in MDA-
MB-231 cells. A) CCK-8 assays were performed on days 1, 2 and 3 after transfection with the miR-let7a mimic or miR-NC or plus the MAGE-A1 
expression vector or control. B) Cell scratch assays were performed at 24 h after transfection with the miR-let7a mimic or miR-NC or plus the MAGE-
A1 expression vector or control. ImageJ software was used to calculate the mean wound closure rate ± SD. C) Transwell analysis (without matrigel), 
transfection with miR-let7a mimic or miR-NC or plus the MAGE-A1 expression vector or control. The quantitative analysis is shown in the right panel. 
D) Transwell invasion analysis, transfection with miR-let7a mimic or miR-NC or plus the MAGE-A1 expression vector or control. The quantitative 
analysis is shown in the right panel. (mean ± SD, **p<0.01).
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let-7a mimics or inhibitor into MDA-MB-231 or MCF-7 
cells to induce over-expression or under-expression of let-7a. 
Exogenous over-expression of let-7a inhibited cell growth as 
indicated by CCK-8 assays, whereas low expression levels of 
let-7a promoted cell growth. Moreover, cell migration and 
invasion were decreased or increased by the over-expression 
or under-expression, respectively, of let-7a in MDA-MB-231 
or MCF-7 cells, as shown by wound healing and transwell 
assays. 

This is consistent with previous studies and suggests that 
let-7a acts as a tumor suppressor in breast cancer. TargetScan 
software predicted the binding site of let-7a and MAGE-A1 
at bases 451–457 of the 3’UTR region of MAGE-A1 mRNA. 
Dual-luciferase reporter assays and RT-qPCR and Western 
blot analyses then established that let-7a specifically binds to 
this site and inhibits the expression of MAGE-A1 at both the 
nucleic acid and protein levels. In our final co-transfection 
experiment, we observed that let-7a inhibited cell prolifera-
tion, migration and invasion by targeting MAGE-A1 in a 
breast cancer cell line.

One miRNA can have multiple mRNA targets, and one 
mRNA can be targeted by multiple miRNAs [31]. The struc-
tures and functions of Let-7 family members and MAGE-A’s 
have many similarities. TargetScan software showed that 
Let-7 family members have the same predicted binding sites 
for MAGE-A1 and multiple predicted target binding sites 
exist between the Let-7 family and MAGE-A’s. We therefore 
deduct that Let-7 family members have important roles in the 
post-transcriptional regulation of breast cancer by targeting 
MAGE-A sub-family members. 

In breast cancer cells, miRNA gene promoters, including 
Let-7a-3, tend to be abnormally methylated. However, 
let-7a-3 methylation is not associated with disease-free 
survival or overall survival in breast cancer patients [6]. 
Therefore, we hypothesized that the low expression of Let-7a 
in breast cancer may be related to the hypermethylation 
of its gene. However, which signal transduction pathways 
and signal factors are involved, and the precise relation-
ship between low expression of let-7a in breast cancer and 
prognosis require further study.

However, our combined results strongly suggest that 
let-7a acts as a tumor suppressor in breast cancer by targeting 
MAGE-A1, and the positive let-7a targeting of MAGE-A1 
shows great promise as a new strategy in breast cancer treat-
ment.
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