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Abstract
Background  Accumulating studies have identified that microRNAs (miRNAs) are novel regulators acting as tumor suppres-
sors or oncogenes in tumor progression. The aim of the study is to investigate the functional roles of miR-138-5p in breast 
cancer (BC) cells and explore the underlying mechanisms by identifying its target gene.
Methods and results  Our results first showed that miR-138-5p expression was remarkably decreased in BC tissues and cells 
using quantitative real-time PCR analysis. Forced expression of miR-138-5p significantly suppressed cell migration and 
invasion ability of BC using transwell assay. Moreover, miR-138-5p overexpression suppressed cell epithelial–mesenchymal 
transition (EMT) phenomenon of BC by upregulating E-cadherin expression, but downregulating N-cadherin and Vimentin 
expression. More importantly, rhomboid domain-containing protein 1 (RHBDD1) was predicted as the direct target of miR-
138-5p by TargetScan and miRanda, which was subsequently confirmed by luciferase reporter assay in BC cells. RHBDD1 
was up-regulated in BC tissues and negatively correlated with miR-138-5p expression. Furthermore, forced expression of 
miR-138-5p could down-regulate the expression of RHBDD1, but overexpression of RHBDD1 reversed the suppressive 
effects of miR-138-5p in BC cell migration, invasion and EMT.
Conclusions  Our findings revealed the tumor-suppressive role of miR-138-5p in regulating BC migration by targeting 
RHBDD1, suggesting that miR-138-5p negatively regulating EMT might be a therapeutic target in BC.
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Introduction

Breast cancer (BC) is one of the most frequently diagnosed 
malignant diseases worldwide [1]. Of the 316,120 new cases 
of BC expected in the United States (US) in 2017, about 
252,710 are invasive cases, while 63,410 are in situ cases 
[2]. Even though technical progress in the management of 
BC over the last 30 years, mortality rates remain alarmingly 
high, approximately 40,290 deaths from BC are projected 
to occur in US women in 2017 [2]. Metastatic lesions to 
the regional lymph nodes, bone marrow, lung and liver are 
usual when BC cells adapt to a tissue microenvironment of 

distant organs that disseminate from the primary tumor [3]. 
The ability to prospectively identify molecular mechanisms 
controlling growth and metastasis of tumorigenic cancer 
cells will facilitate to design more effective therapies for 
patients with BC.

More than 20 years later since the discovery of the first 
microRNA (miRNAs), there has been growing interest in the 
analysis of the role of miRNAs in developmental and dis-
ease [4]. miRNAs are a large set of endogenous small RNAs 
of 21–24 nucleotides, playing critical roles of the human 
transcriptome through a number of cellular processes and 
pathways, including development, tumorigenesis, and aging 
[5]. Biological studies have revealed that multiple miRNAs 
can function as oncogene or tumor suppressor gene whose 
expression is amplified or lost during malignant progres-
sion [6]. Until now, human genome has been shown to har-
bor ~ 3000 miRNAs and the list is growing [7]. MiRNA-
based therapy has potential clinical advantages, such as 
MRX, a liposomal miR-34a mimic, has shown inhibitory 
effects on hepatocellular carcinoma in clinical trials, and 
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several more await entering clinical phases [8]. As a member 
of a large class of miRNAs, miR-138-5p has been shown to 
suppress cell growth and metastasis via targeting PD-L1 in 
colorectal cancer [9], FOXC1 in pancreatic cancer [10] and 
EIF4EBP1 in nasopharyngeal carcinoma [11]. Moreover, 
targeting G protein-coupled receptor 124 [12] and ZEB2 
[13] by miR-138-5p has recently been reported in non-small 
cell lung cancer. However, the biological role of miR-138-5p 
remains unknown in BC.

Rhomboids are a family of well-conserved intramembrane 
serine proteases that are widely distributed in biological 
systems [14]. These proteins exhibit unusual properties of 
cleaving proteins within their transmembrane domains [15]. 
Previous studies revealed that they control many important 
biological processes, such as activation of Drosophila EGFR 
signaling [16], modulation remodeling of mitochondrial 
membrane [17], host cell invasion by apicomplexan para-
sites [18], and intracellular growth of Toxoplasma gondii 
[19]. Ten years ago, a new member of the Rhomboids fam-
ily was reported as rhomboid domain-containing protein 
1 (RHBDD1) [20]. RHBDD1 is expressed at high levels 
in the testis and is responsible for apoptosis via cleaving 
pro-apoptotic Bcl2 protein BIK [20]. It is now well recog-
nized that RHBDD1 is dysregulated in many cancers and is 
a potent regulator of cellular-biological behaviors of cancer 
cells [21]. It is noteworthy that RHBDD1 functioned as an 
inhibitor of apoptosis and inducer of proliferation, migration 
and invasion of BC cells [22].

In the current study, we explored the biological role of 
miR-138-5p in BC and the mechanism by which it acts 
using BC MDA-MB-231 and ZR-75-30 cells. We focused 
on RHBDD1 as a putative miR-138-5p target and investi-
gated the consequences of RHBDD1 restoration in BC cells. 
Tumor-suppressive miRNA-regulated cancer pathways could 
deepen our understanding of the role of miR-138-5p in BC 
and suggest a new therapeutic target in BC treatment.

Materials and methods

Expression datasets

To investigate the expression level of miR-138-5p in BC, the 
mRNA expression data were downloaded from the Cancer 
Genome Atlas project (TCGA dataset, https​://porta​l.gdc.
cance​r.gov/) dataset. The t test method was used to compare 
the expression of miR-138-5p between BC and adjacent nor-
mal tissues (n = 1000).

Tissue samples

This study was approved by the Ethics Committee of the 
First Hospital of Lanzhou University. A total of 20 paired 

BC tissues and matched adjacent normal tissues were col-
lected from patients who did not receive any radiotherapy or 
chemotherapy before operation. Written informed consent 
was obtained from all patients. All surgically resected tissue 
samples were immediately frozen in liquid nitrogen and then 
stored at − 80 °C until further analysis.

Cell culture and transfection

BC cell lines (MDA-MB-231, MDA-MB-468, T47D and 
ZR-75-30) and the normal breast epithelial cell line MCF-
10A were obtained from American Tissue Culture Col-
lection (ATCC, Manassas, VA, USA). All cell lines were 
cultured in Dulbecco’s Modified Eagle Medium (Gibco, 
Carlsbad, CA, USA) containing 10% fetal bovine serum 
(Gibco) at 37 °C in 5% CO2. Synthetic miR-138-5p mimic 
and scrambled negative control (miR-NC) were purchased 
from GenePharma (Shanghai, China). RHBDD1 coding 
sequences were sub-cloned into pcDNA3.1 (Sangon Bio-
tech, China) to construct RHBDD1 overexpression vector 
(RHBDD1). Empty vector was used as negative control. For 
miR-138-5p overexpression, MDA-MB-231 and ZR-75-30 
cells were transfected with miR-138-5p mimic or miR-NC 
at a final concentration of 50 nM. In the rescue experiments, 
MDA-MB-231 cells were co-transfected with miR-138-5p 
mimic or miR-NC together with RHBDD1 or empty vector. 
All cell transfection was performed for 48 h using Lipo-
fectamine 2000 (Invitrogen, Thermo Fisher Scientific, Inc.) 
according to the manufacturer’s instructions.

Quantitative real‑time PCR

Total RNA was extracted from tissues or cells by TRIzol 
reagent (Life Technologies, Grand Island, NY, USA) and 
complementary DNA (cDNA) was synthesized using a com-
mercial Reverse Transcription Kit (Applied Biosystems, 
Foster City, CA, USA) following the manufacturer’s instruc-
tions. Transcript levels of miR-138-5p and U6 snRNA were 
determined on a 7500 Real-time PCR System with TaqMan 
Gene Expression assays (Applied Biosystems). Forward and 
reverse primer sequences synthesized by Sangon (Shanghai, 
China) were as follows: miR-138-5p (forward, 5′-TGC​AAT​
GGG​TTT​GGC​GTA​GAAC-3′; reverse, 5′-CCA​GTG​CCG​
CAG​GGT​AGG​T-3′), U6 (forward, 5′-CTC​GCT​TCG​GCA​
GCACA-3′; reverse, 5′-AAC​GCT​TCA​CGA​ATT​TGC​GT-3′). 
The fold changes of miR-138-5p expression using U6 as an 
endogenous control were analyzed by the 2−ΔΔCt method.

Transwell migration and invasion assay

The migratory and invasive ability of BC cells were ana-
lyzed using transwell chambers with 8 μm pores (Corning 
Costar Corp., USA). For migration assay, approximately 
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2 × 104 stable transfected BC cells re-suspended with 
serum-free medium were seeded in the upper chamber. 
Then 500  μl medium containing 10% FBS was added 
to the lower chamber. After 24-h incubation, cells that 
migrated to the lower chamber were fixed with 4% para-
formaldehyde for 30 min and stained with 0.1% crystal 
violet for another 30 min at room temperature. Stained 
cells were observed under a microscope (Olympus, Tokyo, 
Japan) and counted in five randomly selected fields (mag-
nification 200 ×). The invasion assay was the same as the 
migration assay except that the upper chambers pre-coated 
with Matrigel (BD Biosciences, USA).

Luciferase reporter assay

A search for putative targets of miR-138-5p was performed 
with TargetScan Human7.2 (www.targe​tscan​.org/vert_72/) 
and miRanda (www.micro​rna.org/) software. For lucif-
erase reporter assay, sequences containing wild-type (WT) 
or mutant (MUT) miR-138-5p-binding site in the 3′UTR of 
RHBDD1 were inserted into the pGL3 luciferase reporter 
vector (Promega, USA) to generate Luc-RHBDD1-WT or 
Luc-RHBDD1-MUT constructs, respectively. After veri-
fied by DNA sequencing, BC cells were co-transfected 
with pGL3 control vector and the Luc-RHBDD1-WT or 
Luc-RHBDD1-MUT vectors together with miR-138-5p 
mimic and miR-NC vectors in 12-well plates using Lipo-
fectamine 2000 according to the manufacturer’s protocol. 
After 48-h transfection, the Firefly and Renilla luciferase 
activities were determined using luciferase reporter assay 
system (Promega, USA) and relative luciferase activities 
were calculated in three independent experiments.

Western blotting

Total proteins were extracted from cells using RIPA lysis 
buffer containing 1% protease inhibitor (Beyotime, Shang-
hai, China) and quantified with a BCA protein assay kit 
(Beyotime) according to the instructions. After denatured, 
protein (30 µg/well) was separated by 10% SDS-PAGE gel 
electrophoresis and then transferred onto polyvinylidene 
difluoride (PVDF, Millipore) membranes. The mem-
branes were blocked with 5% non-fat milk in TBST for 
2 h at room temperature and next incubated with primary 
antibodies against RHBDD1, E-cadherin, N-cadherin, 
Vimentin or GAPDH overnight at 4 °C, followed by incu-
bation with horseradish peroxidase-conjugated secondary 
antibodies (Cell Signaling Technology) for 2 h at room 
temperature. The protein signals were detected using an 
enhanced chemiluminescence kit (GE Healthcare, Chi-
cago, IL, USA).

Statistical analysis

Data are analyzed using SPSS 18.0 software (SPSS, Inc., 
Chicago, IL, USA) and presented as mean ± standard devia-
tion (SD) from three independent experiments. Differential 
comparisons between two groups were conducted using two-
tailed Student’s t test and multiple group comparisons were 
conducted via one-way analysis of variance with Tukey’s 
post hoc test. Correlations between the expression of miR-
138-5p and the expression of RHBDD1 in BC tissues were 
analyzed by Spearman’s correlation. The values of p less 
than 0.05 were considered to be a significant difference.

Results

Expression of miR‑138‑5p was down‑regulated in BC 
tissues and cell lines

The expression of miR-138-5p was first evaluated in TCGA 
database. As shown in Fig. 1a, the expression of miR-138-5p 
was significantly down-regulated in BC (p = 0.0369) in com-
parison with normal tissues. Using quantitative real-time 
PCR analysis, we further determined the expression of miR-
138-5p in 20 pairs of BC tissues and adjacent normal tissues. 
As shown in Fig. 1b, a significant decrease in miR-138-5p 
levels was observed in BC tissues, compared with that in 
matched adjacent tissues. Subsequently, the expression 
of miR-138-5p was further examined in BC cell lines and 
normal breast epithelial cell line MCF-10A. Similarly, the 
expression of miR-138-5p was very less in BC cells than in 
MCF-10A cells (Fig. 1c), particularly in MDA-MB-231 and 
ZR-75-30 cells. Hence, MDA-MB-231 and ZR-75-30 cells 
were used for the in vitro experiments.

Overexpression of miR‑138‑5p inhibited BC cell 
migration and invasion ability

To characterize the function of miR-138-5p on cell migra-
tion and invasion in BC, miR-138-5p mimic and corre-
sponding miR-NC were synthesized and transfected into 
MDA-MB-231 and ZR-75-30 cells. After transfection for 
48 h, quantitative real-time PCR monitored the efficiency 
of transfection. As expected, miR-138-5p expression was 
obviously enhanced in the miR-138-5p mimic-transfected 
group compared with the miR-NC transfected group in both 
MDA-MB-231 (Fig. 2a) and ZR-75-30 cells (Fig. 2b). Next, 
transwell assay was performed to investigate the effects of 
miR-138-5p expression on cell migration and invasion. 
As shown in Fig. 2c, the migrated cells were significantly 
decreased in miR-138-5p mimic group compared with miR-
NC group in MDA-MB-231 (164.0 ± 8.7 vs. 286.3 ± 7.4) and 
ZR-75-30 (258.0 ± 17.7 vs. 366.0 ± 6.2) cells. Similarly, 
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miR-138-5p overexpression significantly reduced the inva-
sive cells from 340.3 ± 5.5 to 173.3 ± 8.4 in MDA-MB-231 
and 157.7 ± 19.1 to 68.7 ± 5.9 in ZR-75-30 cells (Fig. 2d). 
These results indicate that overexpression of miR-138-5p 
significantly impaired the migration and invasiveness of BC 
cells in vitro.

RHBDD1 is a direct target of miR‑138‑5p

To better understand the pathogenesis of BC, we performed 
miR target analysis using the websites TargetScan and 
miRanda to explore the potential targets of miR-138-5p. 
Among these predicted targets, RHBDD1 was selected as 
a potential target gene of miR-138-5p. As shown in Fig. 3a, 
bioinformatics analysis described the putative binding 
sites of miR-138-5p to the RHBDD1 3′UTR. Hence, lucif-
erase reporter assay was performed to validate this inter-
action. The reporter plasmids were co-transfected with 
miR-138-5p mimic or miR-NC in BC cells. The luciferase 
reporter assay revealed that miR-138-5p mimic transfection 
significantly decreased the luciferase activity of the WT 
3′UTR of RHBDD1, without effects on the MUT or con-
trol plasmids in both MDA-MB-231 (Fig. 3b) and ZR-75-
30 (Fig. 3c) cells. Moreover, accumulation of miR-138-5p 
resulted in reductions in RHBDD1 protein in MDA-MB-231 
and ZR-75-30 cells (Fig. 3d). Furthermore, we determined 
the expression of RHBDD1 in BC tissues. As depicted in 
Fig. 3e, RHBDD1 had a significantly higher expression 
in BC tissues compared with adjacent tissues (p < 0.001). 
Through a two-tailed Pearson’s correlation analysis, we dis-
covered that the expression of miR-138-5p was inversely 
correlated with RHBDD1 expression in BC tissues (Fig. 3f, 
p = 0.0491). This finding suggested that miR-138-5p directly 

binds to the 3′-UTR of the RHBDD1 transcript to inhibit the 
expression of RHBDD1 in BC cells.

Addition of RHBDD1 ablated miR‑138‑5p‑mediated 
suppression of cell migration and invasion

Since RHBDD1 was validated as a target of miR-138-5p, 
we further explored whether RHBDD1 was required for the 
miR-138-5p-mediated effect on migration and invasion in 
BC cells by conducting rescue experiments. An overexpres-
sion plasmid of RHBDD1 (pcDNA3.1-RHBDD1) was trans-
fected into MDA-MB-231 cells treated with miR-138-5p 
mimic. Unsurprisingly, transwell assay demonstrated that 
inhibitory effects of cell migration (Fig. 4a) and invasion 
(Fig. 4b) caused by miR-138-5p mimic were partly abolished 
by overexpressing RHBDD1 in MDA-MB-231 cells. These 
data suggest that RHBDD1 and miR-138-5p appear to play 
an opposite role in BC cell migration and invasion.

Addition of RHBDD1 counteracted the effects 
of miR‑138‑5p on EMT‑related gene expression

To deeply investigate the molecular mechanisms underly-
ing the effects of miR-138-5p and RHBDD1 on the migra-
tion and invasion of BC cells, EMT-related proteins in the 
above three groups were detected using western blotting. As 
shown in Fig. 5, the abundance of RHBDD1, N-cadherin 
and Vimentin was reduced, while E-cadherin was elevated in 
MDA-MB-231 cells with transfection of miR-138-5p mim-
ics. Moreover, the introduction of RHBDD1 overexpression 
vector reversed the effect of miR-138-5p on the expression 
of RHBDD1 and EMT-related molecules in MDA-MB-231 
cells.

Fig. 1   The expression of miR-138-5p in BC tissues and cells. a The 
expression levels of miR-1247 in bladder cancer tissues from TCGA 
dataset (n = 1000, p = 0.0369). b The expression levels of miR-138-5p 
in 20 pairs of human BC tissues and adjacent normal tissues were 

detected using quantitative real-time PCR. c The expression levels 
of miR-138-5p in BC cells and MCF-10A were examined by quan-
titative real-time PCR. Each bar represents the mean ± SD values. 
**p < 0.01; ***p < 0.001 vs. MCF-10A
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Discussion

Mounting evidence suggests that miRNAs play key roles in 
proliferation, survival, differentiation, invasion, migration 
and metabolism; therefore, abnormal expression of miRNAs 
would impact the normal cell growth and development, lead-
ing to increased disease progression including cancers [23]. 
In the present study, we found miR-138-5p was significantly 

down-regulated in BC samples derived from TCGA database 
and fresh BC tissue from 20 patients with BC. Besides, it 
was found to be down-regulated in four BC cell lines in 
comparison with normal breast mammary epithelial cell line 
MCF-10a.

Several literature studies have established the critical role 
of miR-138-5p, showing that the gene is down-regulated in 
colorectal cancer and pancreatic cancer, and that enforced 

Fig. 2   Effects of miR-138-5p overexpression on BC cell migration 
and invasion ability. Quantitative real-time PCR was used to detect 
miR-138-5p mimic transfection efficiency in a MDA-MB-231 and b 
ZR-75-30 cells. c Cell migration and d invasion abilities in MDA-

MB-231 and ZR-75-30 cells were tested with transwell assay. Each 
bar represents the mean ± SD values. **p < 0.01; ***p < 0.001 vs. 
miR-NC
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expression of miR-138-5p favors suppression of cancer 
cell proliferation in vitro and inhibition of tumor formation 
in vivo [9, 10]. In malignant retinoblastoma, miR-138-5p 
was found to be lowly expressed and the upregulation of 
this gene correlates with decreased cell viability, migra-
tion, invasion, and increased apoptosis of tumor cells [24]. 
MiR-138-5p is markedly down-regulated in bladder cancer 
and endogenous overexpression of miR-138-5p also led 
to significant inhibition of proliferation and invasion [25]. 
According to these studies, miR-138-5p is suspected to have 
a functional role as a tumor suppressor in BC. Expectedly, 
restoration of miR-138-5p attenuated proliferation, inva-
sion and migration in two BC cell lines, MDA-MB-231 and 

ZR-75-30. To our knowledge, this is the first investigation 
of miR-138-5p in BC biology.

MiRNAs are known to silence translation of their target 
mRNAs through pairing to “seedless” 3′UTR miRNA rec-
ognition sequences, which interacts mainly with the 5′-UTR 
of miRNAs in mammalians [26]. Bioinformatic predictions 
suggest that more than 30% of protein-coding genes can 
be regulated by miRNAs. In our opinion, identification of 
key genes regulated by anti-oncogenic factor miR-138-5p 
is required to reveal the molecular mechanisms of miR-
138-5p in BC progression. We identified putative targets of 
miR-138-5p using two bioinformatics approach, including 
TargetScan Human7.2 and miRanda software. We narrowed 

Fig. 3   RHBDD1 is a target of miR-138-5p. a Putative binding sites 
of miR-138-5p and RHBDD1 were predicted by miRTarBase and 
miRanda. b, c The luciferase activity was investigated in MDA-
MB-231 and MCF-7 cells co-transfected with WT, MUT or control 
luciferase vectors and miR-138-5p mimic or miR-NC. Each bar rep-
resents the mean ± SD values. **p < 0.01 vs. miR-NC. d The effect 

of miR-138-5p on RHBDD1 protein expression was examined in 
MDA-MB-231 and ZR-75-30 cells. e The mRNA expression level 
of RHBDD1 relative to GAPDH in human BC tissues and adjacent 
tissues were detected using quantitative real-time PCR. f A nega-
tive correlation was found between expression of miR-138-5p and 
RHBDD1 in BC tissues
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down the targets of miR-138-5p to one gene, RHBDD1, 
according to the known role of RHBDD1 in BC and some 
other types of malignancies. Using luciferase reporter assay, 
we show that the miR-138-5p 5′UTR sequence “GUG​GUC​
GA” could directly bind to RHBDD1 3′UTR sequence “CAC​
CAG​CA”. Western Blot analysis revealed that miR-138-5p is 
a powerful posttranscriptional regulator of RHBDD1. Fur-
ther, increased expression of RHBDD1 ablated miR-138-5p-
mediated suppression of cell migration and invasion of BC 
cells. These studies demonstrated that miR-138-5p exerted 
anti-oncogenic functions in BC through negatively regulat-
ing RHBDD1.

The EMT is a key determinant in malignant cancer 
cells in the acquisition of invasive and migration features 
[27]. What’s more, loss of E-cadherin and amplification 
of N-cadherin and Vimentin are frequently associated 
with cancer migration and invasion [28]. To gain a deeper 
insight into the molecular mechanisms responsible for miR-
138-5p and RHBDD1-mediated regulation of migration and 
invasion of BC cells, we investigated expression levels of 
E-cadherin, N-cadherin and Vimentin. Our results revealed 
that overexpression of miR-138-5p significantly increased 
E-cadherin and decreased N-cadherin and Vimentin, dys-
regulation of these proteins could partially be restored by 
re-introduction of RHBDD1. These results strongly suggest 
that miR-138-5p blocks migration and invasion of BC cells 

Fig. 4   Addition of RHBDD1 reverses miR-138-5p-mediated sup-
pression on cell migration and invasion of BC cells. MDA-MB-231 
cells were co-transfected with miR-138-5p mimic/miR-NC and with 
RHBDD1 overexpression plasmid/empty vector. The effects of miR-

138-5p and RHBDD1 on a migration and b invasion ability were 
detected in MDA-MB-231 cells by transwell analysis. Each bar rep-
resents the mean ± SD values. **p < 0.01 vs. miR-NC; ##p < 0.01 vs. 
miR-138-5p mimic + vector

Fig. 5   Effects of miR-138-5p and RHBDD1 on EMT-related gene 
expression of MDA-MB-231 cells. MDA-MB-231 cells were co-
transfected with miR-138-5p mimic/miR-NC and with RHBDD1 
overexpression plasmid/empty vector. The expression levels of 
RHBDD1, E-cadherin, N-cadherin, and Vimenin protein were 
detected using Western blotting
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by regulating of EMT markers (E-cadehrin, N-cadherin and 
Vimentin) through repressing RHBDD1. It has been shown 
that RHBDD1 functioned as an inducer of colorectal cancer 
cells invasion and migration via regulating phosphorylation 
of β-catenin at the site Ser 675 and Ser 552 to trigger the 
Wnt signaling pathway [29]. In a further, ZEB1, a potent 
activator of EMT, can also be regulated by RHBDD1 and is 
responsible for RHBDD1-mediated invasion and migration 
of colorectal cancer cells [29]. In the future, we will focus on 
whether RHBDD1 can directly or cooperatively with some 
key factors such as β-catenin and ZEB to regulate the expres-
sion of E-cadherin, N-cadherin and Vimentin in BC cells 
with overexpression of miR-138-5p.

In summary, loss of miR-138-5p was a frequent event 
in BC. MiR-138-5p suppressed proliferation, invasion and 
migration via directly targeting RHBDD1, which indicates 
that miR-138-5p is an anti-oncogenic factor in BC growth 
and metastasis. The identification and characterization of 
miR-138-5p target will deepen our understanding of molecu-
lar mechanisms behind BC development and progression.
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