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Abstract
Background: Breast cancer, as the malignancy with the highest incidence rate and mortality rate in
women, seriously threatens human life and health. Pieces of evidence have suggested that long non-
coding RNAs (lncRNAs) possess important effects on regulating the occurrence and development of
breast cancer.

Results: In the present study, MIR4435-2HG was highly expressed in breast cancer tissues and cells.
Down-regulation of MIR4435-2HG inhibited the viability, proliferation, migration, invasion and epithelial-
mesenchymal transition (EMT) of breast cancer cell lines by Cell Counting Kit-8 (CCK-8), colony
formation, transwell migration and invasion, immuno�uorescence and western blot assays. Dual-
luciferase reporter assay and RNA pull-down analysis con�rmed that miR-22-3p was a target of MIR4435-
2HG. Over-expression of MicroRNA-22-3p (miR-22-3p) obviously inhibited the viability, proliferation,
migration, invasion and EMT of breast cancer cell lines. Transmembrane protein 9 domain family
member B (TMEM9B) was up-regulated in breast cancer tissues and cell lines. Dual-luciferase reporter
assay con�rmed that TMEM9B was a target of miR-22-3p. TMEM9B inhibition partially restored the
effects of MIR4435-2HG/miR-22-3p on the viability, proliferation, migration, invasion and EMT of breast
cancer cell lines.

Conclusions: MIR4435-2HG potentially played a tumor-promoting role in the occurrence and development
of breast cancer, which might be achieved by regulating the miR-22-3p/TMEM9B axis.

1. Introduction
Breast cancer is a kind of malignant tumor originated from breast epithelial tissues and is also the most
common malignant disease in female patients [1]. Recent reports show that the incidence rate of breast
cancer is increasing annually [2]. There are more than 1.3 million newly diagnosed cases of breast cancer
in the world every year, and in China, breast cancer has accounted for 15% of new female tumors [3]. With
the development of early detection, early diagnosis, early treatment, and prognosis monitoring of breast
cancer, the overall mortality of breast cancer patients has decreased signi�cantly [4]. However, malignant
proliferation, recurrence, metastasis and other factors may compensate these bene�ts. There are more
than 45, 000 deaths of breast cancer patients in the world every year [5]. China accounts for 9.2% of the
global deaths and is the greatest contributor [6]. Therefore, breast cancer is still a serious threat to
women's life and health in China. Further understanding of the molecular mechanisms of the occurrence
and development of breast cancer and �nding the key molecules that can effectively inhibit the
proliferation, invasion and metastasis of breast cancer cells will be conducive to the targeted treatment of
clinical breast cancer [7, 8].

Long non-coding RNAs (LncRNA) are a kind of non-coding RNAs with a length from 200 bp to 100 kbp.
LncRNAs account for 4%-9% of the transcripts in the mammalian genome and gained increasing interest
[9]. With the rapid development of RNA sequencing, epigenome technology and computational prediction
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technology, an increasing number of lncRNAs have been found. Previous studies have shown that
lncRNAs are abnormally expressed in breast cancer. Yang et al. identify more than 1300 abnormal
lncRNAs in breast cancer by sequencing [10]. In addition, Shen et al. identify more than 1750 lncRNAs
differentially expressed in triple-negative breast cancer [11]. These results suggest that abnormal
expression of lncRNAs may play an important role in the carcinogenesis of breast cancer. Lv et al. �nd
that the expressions of lncRNAs in triple-negative breast cancer are different from those in non-triple
negative breast cancer, which can be used as biomarkers for individual diagnosis, and may also be
potential targets for evaluating individual therapeutic e�cacy [12]. Moreover, lncRNA H19, SRA, lsinct5
and UCA1 promote the proliferation and/or metastasis of breast cancer. On the contrary, lncRNA GAS5
and XIST inhibit the proliferation and/or metastasis of breast cancer [13].

LncRNA MIR4435-2HG, known as AK001796 and LINC00978, is encoded on human chromosome 2q13
and has been regarded as a new oncogenic lncRNA in many types of cancer [14]. For example, a high
level of MIR4435-2HG is detected in colorectal cancer tissues [15]. Increased level of MIR4435-2HG is
signi�cantly correlated with TNM stage and carcinoembryonic antigen level before treatment. High
MIR4435-2HG expression has a poorer progression-free survival and overall survival (OS) rate [15]. In
addition, MIR4435-2HG is up-regulated in hepatocellular carcinoma tissues, and the expression of
MIR4435-2HG is signi�cantly affected by tumor size instead of tumor metastasis [16]. Additionally,
MIR4435-2HG is over-expressed in ovarian cancer tissues and cells. It is reported that MIR4435-2HG
expression is negatively related to the health conditions of ovarian cancer patients. MIR4435-2HG
knockdown inhibits proliferation, invasion and migration but induces apoptosis of ovarian cancer cells
via the miR-128-3p/CDK14 axis [17]. However, the exact functions and corresponding mechanisms of
MIR4435-2HG in the occurrence and development of breast cancer have been rarely reported [18–20].
Therefore, the present study was designed to determine whether MIR4435-2HG exerted its functional role
in the growth and metastasis of breast cancer and investigate the possible mechanisms.

2. Materials And Methods

2.1 Clinical tissue collection
A total of 60 tissues, including 15 tissues in stage I + II and 15 tissues in stage III + IV, and 30
corresponding adjacent tissues were collected from A�liated Hospital of Nantong University. All patients
did not receive any chemotherapy and signed written informed consent. Moreover, the experimental
procedures were approved by the Ethics Committee of A�liated Hospital of Nantong University.

2.2 Cell lines
Breast cancer cell lines, including Hs-578T, MCF-7, ZR-75-30 and HCC1937, and human breast epithelial
cell line MCF-10A were obtained from the Chinese Academy of Science (Shanghai, China). Cells were
routinely cultured in Dulbecco’s Modi�ed Eagle Medium (DMEM, KeyGEN, Nanjing, China) supplemented
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with 10% fetal bovine serum (FBS, Gibco, USA) and 1% penicillin-streptomycin (Sigma-Aldrich, USA) in a
humidi�ed atmosphere with 5% CO2 at 37oC.

2.3 Cell transfection
Short hairpin RNA (sh)-MIR4435-2HG, sh-TMEM9B, miR-22-3p mimic, miR-22-3p inhibitor and
corresponding negative control (NC) vectors were obtained from Gene Pharma Company (Shanghai,
China). Lipofectamine 3000 (Invitrogen, USA) was performed for cell transfection based on the
speci�cation.

2.4 Cell Counting Kit-8 (CCK-8) assay
Transfected MCF-7 and ZR-75-30 cells at the density of 1 × 104 cells/well were maintained in 96-well
plates and cultured for different time points (0, 24, 48 and 72 h, respectively). Then, cell viability was
determined using a CCK-8 kit (Beyotime, Shanghai, China) according to the protocols of the
manufacturer. The optical density was measured by the OD value at 450 nm by using a microplate reader
(BioTek Instruments Inc., Winooski, VT, USA).

2.5 Colony formation assay
Transfected MCF-7 and ZR-75-30 cells (1 × 103 cells/well) were seeded in six-well plates. The media was
replaced with a fresh culture medium every 2–3 days for 2 weeks. Subsequently, MCF-7 and ZR-75-30
cells were stained with 10% crystal violet for 30 min and observed by using a microscope (Olympus,
Tokyo, Japan).

2.6 Wound healing assay
Transfected MCF-7 and ZR-75-30 cells (5 × 105 cells/well) were seeded into a six-well plate. Once the cells
were 100% con�uent, a wound was made on the surface of the cell using a 200-µL tip, and a serum-free
medium was used. After 0 and 48 h, MCF-7 and ZR-75-30 cells were observed under an inverted
microscope (Tokyo, Japan), and the distance between the wounds was recorded.

2.7 Transwell migration and invasion assays
For migration and invasion assays, transfected MCF-7 and ZR-75-30 cells (1 × 106 cells/well) were
seeded in the transwell chambers containing an 8 µm size porous membrane (Corning, NY, USA). The
upper chamber was inserted without or with matrigel, while the lower chamber was added by 20% FBS.
After 48 h incubation at 37oC, the non-migrating or invading cells in the upper chamber were removed by
cotton wool. The migrated or invaded cells in the upper chamber were stained with 0.1% crystal violet
solution (Sangon Biotech, Shanghai, China) and counted using a microscope (Olympus, Tokyo, Japan).

2.8 RNA extraction and qRT-PCR analysis
RNA from clinical tissues and cell lines was extracted according to the instructions of the TRIzol reagent,
and the OD260/OD280 of the RNA solution was also detected. The reverse transcription reaction was
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conducted according to the instructions of the cDNA synthesis kit, and the PCR reaction solution was
con�gured according to the instructions of the Taq enzyme mixture. The ampli�cation program was set
up for primer sequence as listed below, and a PCR ampli�cation reaction was conducted. PCR reaction
conditions: 50oC for 2 min, 95oC for 10 min (1 cycle), 95oC for 5 s, 65oC for 1 min, 75oC for 20 s (45
cycles); and 75oC for 5 min (1 cycle). Each real-time PCR was repeated 3 times. MIR4435-2HG forward, 5’-
CGGAGCATGGAACTCGACA-3’, and reverse, 5’-CAAGTC TCACACATCCGGG-3’. MiR-22-3p forward, 5’-
AAGCTGCCAGTTGAAGAACTGTA-3’, and reverse, 5’-GCTGTCAACGATACGCTACGTAAC-3’. TMEM9B
forward, 5’-AAAGTCCGCCATTT TGCCAC-3’, and reverse, 5’-ATTCGGGGCTCTGTAGTCCT-3’. U6 forward, 5’-
CTCGCTTCGGCA GCACA-3’, and reverse, 5’-AACGCTTCACGAATTTGCGT-3’. β-actin forward, 5’-
TCGTGGAAGG ACTCATGACC-3’, and reverse, 5’-ATGATGTTCTGGAGAGCCCC-3’. The fold change in gene
expression was calculated using the 2−ΔΔCT method after normalizing to the expression level of U6 and β-
actin.

2.9 Western blot assay
Protein from breast cancer cell lines was isolated using RIPA lysis buffer and quanti�ed with a BCA kit
(Beyotime, Shanghai, China). Protein was separated via 12% SDS-PAGE and then transferred onto PVDF
membranes (EMD Millipore, USA). Subsequently, the membranes were blocked with 5% skimmed milk
and treated with primary antibodies overnight at 4oC. Membranes were washed and probed with HRP-
conjugated secondary antibody (1: 2, 000, ab6728, Abcam, USA) for 1 h at room temperature. Protein
bands were visualized by enhanced chemiluminescence (EMD Millipore) and quanti�ed using ImageJ
software (version 4.3; National Institutes of Health). The primary antibodies used (all from Abcam) were
as follows: Anti-E-cadherin (1: 1, 000, ab1416), anti-vimentin (1: 1, 000, ab92547), anti-α-smooth muscle
actin (SMA, 1: 1, 000, ab32575), anti-TMEM9B (1: 1, 000, ab189253) and anti-β-actin (1: 1, 000, ab8227).

2.10 Immuno�uorescence assay
Transfected MCF-7 and ZR-75-30 cells were cultured in six-well plates at a density of 1 × 105 cells/well.
After �xing in 4% paraformaldehyde and permeabilization with 0.2% Triton X-100 in PBS, cells were
treated with primary antibodies against α-SMA (1: 1, 000, ab32575) overnight at 4oC. Subsequently, cells
were incubated with goat anti-rabbit IgG H&L secondary antibody (1: 1, 000, ab150077). The nuclei were
counter-stained with DAPI. Positive staining was observed under a �uorescence microscope (Zeiss AG,
Germany).

2.11 Subcellular fractionation analysis

Cytoplasmic and nuclear fractions were extracted from MCF-7 and ZR-75-30 cells using the NE-PER
Nuclear and Cytoplasmic Extraction reagent (Thermo Fisher Scienti�c, Inc. USA). RNA from each fraction
was measured by qRT-PCR. U6 was used as internal references for MIR4435-2HG in cytoplasmic and
nuclear fractions, respectively.

2.12 RNA pull-down analysis
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MCF-7 and ZR-75-30 cells were incubated with biotin-labeled miR-22-3p-wild-type (WT) or -mutant (Mut)
for 48 h and lysed in the speci�c buffer. The lysate was incubated with magnetic beads and washed three
times with precooled lysis buffer and salt buffer solution. Finally, the bound RNA was puri�ed with
TRIzol®. MIR4435-2HG or miR-22-3p enrichment was analyzed using qRT-PCR.

2.13 Dual-luciferase reporter assay

The sequence of MIR4435-2HG-WT and Transmembrane protein 9 domain family member B (TMEM9B)-
WT and MIR4435-2HG-Mut and TMEM9B-Mut were inserted into the pmirGLO reporter vector (GenScript,
Shanghai, China). Subsequently, pmirGLO-MIR4435-2HG-WT/Mut and pmirGLO-TMEM9B-WT/Mut were
treated with miR-22-3p mimic or NC into MCF-7 and ZR-75-30 cells using Lipofectamine 3000 (Invitrogen;
Thermo Fisher Scienti�c, Inc., USA). Luciferase activity was measured using a dual-luciferase reporter
assay system (Promega Corporation, USA).

2.14 Statistical analysis

GraphPad Prism 6.0 software was used for graphing. All data were expressed as mean ± standard
deviation (SD). SPSS 17.0 software was used for statistical analysis. Data comparison between groups
was performed by analysis of variance. A pairwise comparison between means was performed by t-test.
P < 0.05 was considered statistically signi�cant.

3. Results

3.1 MIR4435-2HG is highly expressed in breast cancer
tissues and cell lines
To investigate the possible role and underlying mechanisms of MIR4435-2H in breast cancer, the
expression of MIR4435-2H in breast cancer tissues was �rstly evaluated by qRT-PCR. The data of Fig. 1A
showed that MIR4435-2H was signi�cantly over-expressed in breast cancer tissues compared with non-
tumor tissues. In addition, the expression of MIR4435-2H in breast cancer patients at different TNM
stages was also analyzed. The data of Fig. 1B revealed that MIR4435-2H expression was higher in
patients at advanced stage III + IV than that in patients at stage I + II. Moreover, the clinical signi�cance of
aberrant MIR4435-2H expression in the prognosis of patients was further investigated. The results in
Fig. 1C indicated that patients with low MIR4435-2H expression exhibited improved percent survival
compared with patients with high MIR4435-2H expression. Furthermore, qRT-PCR was performed to
detect the expression of MIR4435-2H in breast cancer cells. As expected, the data of Fig. 1D showed that
compared with MCF-10A cells, the expression of MIR4435-2H was obviously higher in breast cancer cells,
especially in MCF-7 and ZR-75-30 cells. These data suggested that MIR4435-2H was up-regulated in
breast cancer tissues and cell lines and might function as an oncogene in the occurrence and
development of breast cancer.
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3.2 Down-regulation of MIR4435-2H inhibits the viability,
proliferation, migration, invasion and EMT of breast cancer
cells
To determine the potential role of MIR4435-2H in breast cancer, MCF-7 and ZR-75-30 cells were
transfected with sh-MIR4435-2H, and transfection e�ciency was detected by the qRT-PCR assay. As
shown in Fig. 2A, the expression of MIR4435-2H was obviously decreased in MCF-7 and ZR-75-30 cells
transfected with sh-MIR4435-2H. Then, a CCK-8 assay was used to evaluate the effects of MIR4435-2H
on the viability of MCF-7 and ZR-75-30 cells, and the data of Fig. 2B showed that down-regulation of
MIR4435-2H signi�cantly inhibited the viability of MCF-7 and ZR-75-30 cells in a time-dependent manner.
Besides, a colony formation assay was performed to assess the effects of MIR4435-2H on the
proliferation of MCF-7 and ZR-75-30 cells. The data in Fig. 2C showed that MIR4435-2H inhibition
signi�cantly suppressed the proliferation of MCF-7 and ZR-75-30 cells. Moreover, the role of MIR4435-2H
in metastasis of MCF-7 and ZR-75-30 cells was also investigated. The data of wound healing and
transwell results showed that down-regulation of MIR4435-2H signi�cantly inhibited migration and
invasion of MCF-7 and ZR-75-30 cells displayed in Fig. 2D and 2E. Furthermore, the effects of MIR4435-
2H on the EMT progress of MCF-7 and ZR-75-30 cells were explored. The data of immuno�uorescence
assay showed that sh-MIR4435-2H signi�cantly inhibited α-SMA expression (Fig. 2F). Western blotting
was performed to evaluate the effects of MIR4435-2H on the expression levels of EMT-related proteins,
including E-cadherin, vimentin and α-SMA. The data of Fig. 2G revealed that sh-MIR4435-2H signi�cantly
decreased the protein expressions of Vimentin and α-SMA and increased the level of E-cadherin protein in
MCF-7 and ZR-75-30 cells. These data suggested that down-regulation of MIR4435-2H inhibited the
viability, proliferation, migration, invasion and EMT of breast cancer cells.

3.3 MIR4435-2H acts as a competing endogenous RNA
(ceRNA) via sponging miR-22-3p
To determine the possible mechanisms of MIR4435-2H in breast cancer, the distribution of MIR4435-2H
was initially investigated by subcellular fraction analysis. As shown in Fig. 3A, MIR4435-2H was primarily
found in the cytoplasm. In addition, to verify whether MIR4435-2H acted as a ceRNA, bioinformatics tools
were utilized to acquire miRNAs that potentially bound to MIR4435-2H. As indicated in Fig. 3B, miR-22-3p
was predicted to possess the target domain for MIR4435-2H. Then miR-22-3p mimic and mimic NC were
transfected into MCF-7 and ZR-75-30 cells, and qRT-PCR was performed to detect transfection e�ciency
(Fig. 3C). Dual-luciferase reporter analysis was performed to validate the interaction between MIR4435-
2H and miR-22-3p. As expected, the data of Fig. 3D showed that exogenous expression of miR-22-3p
signi�cantly decreased the luciferase intensity of MCF-7 and ZR-75-30 cells transfected with MIR4435-
2H-WT. Similarly, RNA pull-down data showed that MIR4435-2H was highly enriched in MCF-7 and ZR-75-
30 cells treated with miR-22-3p-WT (Fig. 3E). Furthermore, the expression of miR-22-3p was down-
regulated in breast cancer tissues and cell lines (Fig. 3F and 3G) and was signi�cantly up-regulated in



Page 8/20

MCF-7 and ZR-75-30 cells transfected with sh-MIR4435-2H (Fig. 3H). Finally, a negative association was
also discovered between MIR4435-2H and miR-22-3p levels in breast cancer tissues (Fig. 3I). These data
suggested that MIR4435-2H served as a ceRNA for miR-22-3p in breast cancer.

3.4 Up-regulation of miR-22-3p inhibits the viability,
proliferation, migration, invasion and EMT of breast cancer
cells
CCK-8 assay was performed to evaluate the effects of miR-22-3p on the viability of MCF-7 and ZR-75-30
cells. As shown in Fig. 4A, miR-22-3p mimic signi�cantly inhibited the viability of MCF-7 and ZR-75-30
cells in a time-dependent manner. Moreover, a colony formation assay was performed to assess the
effects of miR-22-3p on the proliferation of MCF-7 and ZR-75-30 cells. The data in Fig. 4B showed that
up-regulation of miR-22-3p signi�cantly suppressed the proliferation of MCF-7 and ZR-75-30 cells. Then
the data of wound healing and transwell assays showed that miR-22-3p mimic signi�cantly inhibited the
migration and invasion of MCF-7 and ZR-75-30 cells displayed in Fig. 4C and 4D. Additionally, a
immuno�uorescence assay was performed to evaluate the effects of miR-22-3p on the expression of α-
SMA. The results showed that miR-22-3p mimic signi�cantly inhibited α-SMA expression (Fig. 4E).
Furthermore, western blotting was performed to evaluate the effects of miR-22-3p on the expression
levels of EMT-related proteins. The data in Fig. 4F revealed that miR-22-3p mimic signi�cantly decreased
the protein expressions of Vimentin and α-SMA and increased the level of E-cadherin protein in MCF-7
and ZR-75-30 cells. These data suggested that up-regulation of miR-22-3p inhibited the viability,
proliferation, migration, invasion and EMT of breast cancer cells.

3.5 TMEM9B acts as a direct target of miR-22-3p
To investigate the downstream targets of miR-22-3p, bioinformatics tools were utilized to acquire mRNAs
potentially bound to miR-22-3p. As indicated in Fig. 5A, TMEM9B was predicted to possess the target
domain for miR-22-3p. Dual-luciferase assay results further con�rmed the target relationship between
miR-22-3p and TMEM9B (Fig. 5B). In addition, qRT-PCR was performed to detect TMEM9B expression in
breast cancer tissues and cell lines. As shown in Fig. 5C and 5D, TMEM9B was highly expressed in breast
cancer tissues and cell lines. Furthermore, qRT-PCR and western blot assays were performed to evaluate
the mRNA and protein levels of TMEM9B in MCF-7 and ZR-75-30 cells transfected with miR-22-3p mimic
or NC mimic. The data in Fig. 5E and 5F revealed that the mRNA and protein expressions of TMEM9B
were signi�cantly decreased in MCF-7 and ZR-75-30 cells transfected with miR-22-3p mimic. Finally, a
negative association was discovered between miR-22-3p and TMEM9B levels in breast cancer tissues
(Fig. 5G). These data suggested that TMEM9B was a direct target of miR-22-3p and was negatively
associated with miR-22-3p in breast cancer.

3.6 MIR4435-2H regulates the viability, proliferation, migration, invasion and EMT of breast cancer cells
by modulating the miR-22-3p/TMEM9B axis
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To further determine whether MIR4435-2H exhibited its role by regulating the miR-22-3p/TMEM9B axis, a
series of rescue assays were performed. Firstly, CCK-8 and colony formation assays were performed. As
shown in Fig. 6A and 6B, MIR4435-2H knockdown inhibited the viability and proliferation of MCF-7 and
ZR-75-30 cells. However, the miR-22-3p inhibitor promoted MCF-7 and ZR-75-30 cell viability and
proliferation, while TMEM9B2 inhibition exhibited inhibitory effects on the viability and proliferation of
MCF-7 and ZR-75-30 cells. Moreover, wound healing and transwell assays were performed, and the data
indicated that MIR4435-2H knockdown inhibited the migration and invasion of MCF-7 and ZR-75-30 cells.
However, miR-22-3p inhibitor promoted MCF-7 and ZR-75-30 cell migration and invasion, while TMEM9B2
inhibition exhibited suppressive effects on the migration and invasion of MCF-7 and ZR-75-30 cells
(Fig. 6C and 6D). Immuno�uorescence and western blot assays were performed, and the data in Fig. 6E
and 6F illustrated that MIR4435-2H knockdown inhibited the EMT progression of MCF-7 and ZR-75-30
cells. However, miR-22-3p inhibitor promoted MCF-7 and ZR-75-30 cell EMT progression, while TMEM9B2
inhibition exhibited inhibitory effects on EMT progression of MCF-7 and ZR-75-30 cells. These data
suggested MIR4435-2H exerted its roles by modulating the miR-22-3p/TMEM9B axis.

4. Discussion
A large number of studies have con�rmed that abnormal expression of MIR4435-2HG plays an essential
role in multiple tumors, including gastric cancer, prostate carcinoma, and oral squamous cell carcinoma
[21–24]. In this manuscript, MIR4435-2HG was signi�cantly up-regulated in breast cancer tissues and cell
lines. In addition, breast cancer patients with low MIR4435-2HG expression exhibited improved percent
survival compared with those with high MIR4435-2HG expression, which is consistent with previous
studies [15–17], suggesting that MIR4435-2HG may act as an oncogene in the occurrence and
progression of breast cancer. Functionally, our data showed that down-regulation of MIR4435-2HG
notably inhibited the viability, proliferation, migration, invasion and EMT progress of breast cancer cells.
Similarly, MIR4435-2HG exhibited its role in promoting the proliferation and metastasis of colorectal
cancer and ovarian cancer [25–27]. These data suggested that MIR4435-2HG might act as an oncogene
in the occurrence and progression of breast cancer.

LncRNAs affect the occurrence and development of tumors via post-transcriptional regulation [28].
Multiple lncRNAs may regulate gene expression, thus reducing the number of available miRNAs in cells
[29]. Therefore, lncRNAs act as competing ceRNAs to modulate the expression of the target gene via
sponging miRNAs [30]. MIR4435-2HG has been reported to exert ceRNA function in osteoarthritis, glioma,
hepatocellular carcinoma and lung cancer [31, 32]. In this manuscript, bioinformatic analysis of MIR4435-
2HG-miRNA prediction was performed through online software, and the target relationship was veri�ed by
a dual-luciferase reporter and pull-down assays. All the data indicated that miR-22-3p was a direct target
of MIR4435-2HG. Previous studies have illustrated that miR-22-3p exerted essential effects on the
development of many tumors, including bladder cancer, gastric cancer, and lung cancer [33–36]. The data
showed that the level of miR-22-3p was dramatically reduced in breast cancer tissues and cell lines,
which was inversely correlated with MIR4435-2HG expression in breast cancer tissues. Moreover, up-
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regulation of miR-22-3p inhibited the viability, proliferation, migration, invasion and EMT progress of
breast cancer cells. These results indicated that miR-22-3p acted as a tumor suppressor in breast cancer.

MiRNAs act as tumor suppressors through the restraint of their target genes to participate in breast
cancer progression [37]. In this study, TMEM9B was con�rmed as a target of miR-22-3p containing the
putative miRNA response sequences within its 3’-UTR by starBase v2.0. Tmem9B, as a glycosylated
protein located on the lysosomal membrane, has been previously discovered as an NF-κB inducer in
large-scale cDNA over-expression screens [38]. Furthermore, TMEM9B is a key component of
in�ammatory signaling pathways [39]. A remarkable negative correlation between the expression levels
of TMEM9B and miR-22-3p in breast cancer tissues was found in this study. TMEM9B was a direct target
of miR-22-3p in breast cancer cells, which indicated that the ceRNA system existed among MIR4435-2HG,
miR-22-3p and TMEM9B in breast cancer. Next, whether MIR4435-2HG/miR-22-3p/TMEM9B axis
conduced to the progression of breast cancer in vitro was further explored. The relationship between
MIR4435-2HG/miR-22-3P/TMEM9B axis and the progression of breast cancer was investigated in vitro.
The data presented that the effects of MIR4435-2HG knockdown reduced TMEM9B expression level by
the promotion of miR-22-3p. TMEM9B inhibition partly restored the effects of the miR-22-3p inhibitor on
the viability, proliferation, migration, invasion and EMT progression of breast cancer cells transfected with
sh-MIR4435-2HG.

To conclude, MIR4435-2HG was regarded as a vital mediator of cell growth and metastasis in breast
cancer. MIR4435-2HG was obviously up-regulated in breast cancer tissues and cell lines, and MIR4435-
2HG knockdown inhibited breast cancer progression by acting as a ceRNA to down-regulate TMEM9B
through competitively binding to miR-22-3p. These results indicated that MIR4435-2HG/miR-22-
3p/TMEM9B axis might be a potential therapeutic basis for the treatment of breast cancer.
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Figures

Figure 1

MIR4435-2HG is highly expressed in breast cancer tissues and cell lines. (A) The expression of MIR4435-
2HG in breast cancer tissues was detected by qRT-PCR. **P < 0.01 vs. non-tumor tissues. (B) The
expression of MIR4435-2HG in breast cancer tissues at the different stages was detected by qRT-PCR. **P
< 0.01 vs. tumor tissues at stage I+II. (C) Patients with low MIR4435-2HG levels had longer survival times
compared with patients with high MIR4435-2HG expression. (D) The expression of MIR4435-2HG in
breast cancer cell lines was detected using qRT-qPCR. *P < 0.05, **P < 0.01, ***P < 0.001 vs. MCF-10A
cells.
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Figure 2

Down-regulation of MIR4435-2H inhibits the viability, proliferation, migration, invasion and EMT of breast
cancer cells. (A) The expression of MIR4435-2H in MCF-7 and ZR-75-30 cells transfected with sh-
MIR4435-2H was determined by qRT-qPCR. (B) The viability of MCF-7 and ZR-75-30 cells transfected with
sh-MIR4435-2H was assessed by CCK-8 assay at the indicated times. (C) The proliferation of MCF-7 and
ZR-75-30 cells transfected with sh-MIR4435-2H was assessed by colony formation assay. (D) The
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migration of MCF-7 and ZR-75-30 cells transfected with sh-MIR4435-2H was determined by wound
healing assay. (E) The migration and invasion of MCF-7 and ZR-75-30 cells transfected with sh-MIR4435-
2H were determined by transwell migration and invasion assays. (F) The protein expression of α-SMA in
MCF-7 and ZR-75-30 cells transfected with sh-MIR4435-2H was assessed by immuno�uorescence assay.
(G) The expression levels of proteins, including E-cadherin, vimentin and α-SMA, in MCF-7 and ZR-75-30
cells transfected with sh-MIR4435-2H were evaluated by western blot assay. **P < 0.01, ***P < 0.001 vs.
sh-NC.

Figure 3

MIR4435-2H acts as a ceRNA via sponging miR-22-3p. (A) The cellular location of MIR4435-2H was
assessed by subcellular fractionation analysis. ***P < 0.001 vs. cytoplasmic fraction. (B) Binding sites
between MIR4435-2H and miR-22-3p. (C) The expression of miR-22-3p in MCF-7 and ZR-75-30 cells
transfected with miR-22-3p mimic was detected by the qRT-PCR assay. (D) The interaction between
MIR4435-2H and miR-22-3p was evaluated by a dual-luciferase reporter assay. ***P < 0.001 vs. NC mimic.
(E) Relative enrichment of MIR4435-2H and miR-22-3p in MCF-7 and ZR-75-30 cells was detected by RNA
pull-down assay. ***P < 0.001 vs. IgG. The expression of miR-22-3p in (F) breast cancer tissues and (G)
cell lines was detected by the qRT-PCR assay. *P < 0.05 vs. non-tumor tissues, *P < 0.05, ***P < 0.001 vs.
MCF-10A cells. (H) The expression of miR-22-3p in MCF-7 and ZR-75-30 cells transfected with sh-
MIR4435-2H was assessed by qRT-PCR assay. ***P < 0.001 vs. sh-NC. (I) Correlation analysis between
MIR4435-2H and miR-22-3p in breast cancer tissues.
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Figure 4

Up-regulation of miR-22-3p inhibits the viability, proliferation, migration, invasion and EMT of breast
cancer cells. (A) The viability of MCF-7 and ZR-75-30 cells transfected with miR-22-3p mimic was
assessed by CCK-8 assay at the indicated times. (B) The proliferation of MCF-7 and ZR-75-30 cells
transfected with miR-22-3p mimic was assessed by colony formation assay. (C) The migration of MCF-7
and ZR-75-30 cells transfected with miR-22-3p mimic was determined by wound healing assay. (D) The
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migration and invasion of MCF-7 and ZR-75-30 cells transfected with miR-22-3p mimic were determined
by transwell migration and invasion assays. (E) The protein expression of α-SMA in MCF-7 and ZR-75-30
cells transfected with miR-22-3p mimic was assessed by immuno�uorescence assay. (F) The expression
levels of proteins, including E-cadherin, vimentin and α-SMA, in MCF-7 and ZR-75-30 cells transfected
with miR-22-3p mimic were evaluated by western blot assay. *P < 0.05, **P < 0.01, ***P < 0.001 vs. NC
mimic.

Figure 5

TMEM9B is a direct target gene of miR-22-3p and is negatively associated with miR-22-3p. (A) Binding
sites between miR-22-3p and TMEM9B. (B)The interaction between miR-22-3p and TMEM9B was
evaluated by a dual-luciferase reporter assay. ***P < 0.001 vs. NC mimic. The expression of TMEM9B in
(C) breast cancer tissues and (D) cell lines was detected by the qRT-PCR assay. **P< 0.01 vs. non-tumor
tissues, *P < 0.05, **P < 0.01 vs. MCF-10A cells. The (E) mRNA and (F) protein levels of TMEM9B in MCF-
7 and ZR-75-30 cells transfected with miR-22-3p mimic were assessed by qRT-PCR and western blot
assays. ***P < 0.001 vs. NC mimic. (G) Correlation analysis between miR-22-3p and TMEM9B in breast
cancer tissues.
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Figure 6

MIR4435-2H regulates the viability, proliferation, migration, invasion and EMT of breast cancer cells by
modulating the miR-22-3p/TMEM9B axis. (A) The viability of MCF-7 and ZR-75-30 cells after transfection
was assessed by CCK-8 assay at the indicated times. (B) The proliferation of MCF-7 and ZR-75-30 cells
after transfection was assessed by colony formation assay. (C) The migration of MCF-7 and ZR-75-30
cells after transfection was determined by wound healing assay. (D) The migration and invasion of MCF-
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7 and ZR-75-30 cells after transfection were determined by transwell migration and invasion assays. (E)
The protein expression of α-SMA in MCF-7 and ZR-75-30 cells after transfection was assessed by
immuno�uorescence assay. (F) The expression levels of proteins, including E-cadherin, vimentin and α-
SMA, in MCF-7 and ZR-75-30 cells after transfection were evaluated by western blot assay. **P < 0.01 vs.
sh-NC+NC inhibitor, ##P < 0.01, ###P < 0.001 vs. sh-MIR4435-2H+NC inhibitor, $P < 0.05,

$P < 0.001 vs. sh-MIR4435-2H+miR-22-3p inhibitor.

P < 0.01,


