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Abstract: Objective: Breast cancer, as a malignancy with the highest incidence and mortality in women, seriously
threatens women'’s life and health. Pieces of evidence have suggested that long non-coding RNAs (IncRNAs) pos-
sess important roles in regulating the occurrence and development of breast cancer. Methods: RT-qPCR was used
to explore the expression levels of MIR4435-2HG, miR-22-3p and TMEM9B in breast cancer tissues and cell lines.
Cell viability, proliferation, migration and invasion were assessed by CCK-8 assay, Colony formation assay, Wound
healing assay and Transwell assay, respectively. The effect of MIR4435-2HG on EMT progress was explored by
Immunofluorescence assay and Western blot. RNA pull-down analysis and Dual-luciferase reporter assay were per-
formed to validate the interaction between MIR4435-2HG and miR-22-3p, as well as miR-22-3p and TMEM9B. Re-
sults: MIR4435-2HG was notably up-regulated in breast cancer tissues and cell lines. Additionally, down-regulation
of MIR4435-2HG restrained the viability, proliferation, migration, invasion and EMT of breast cancer cells. MiR-22-
3p expression was down-regulated in breast cancer tissues and cell lines, and negatively associated with MIR4435-
2HG expression. Over-expression of miR-22-3p obviously inhibited the viability, proliferation, migration, invasion and
EMT of breast cancer cell lines. Furthermore, TMEM9B was up-regulated in breast cancer tissues and cell lines and
negatively associated with miR-22-3p expression. 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. Conclusion:
MIR4435-2HG plays a potential tumor-promoting role in the occurrence and development of breast cancer, possibly
by regulating the miR-22-3p/TMEM9B axis.
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Introduction metastasis and other factors may compensate
these benefits. There are more than 45,000
deaths from breast cancer in the world every
year [5]. The Chinese population accounts for

9.2% of the global deaths, making China the

Breast cancer is a malignant tumor originating
from breast epithelial tissues and is also the
most common malignant disease in women [1].

Recent reports have shown that the incidence
rate of breast cancer is increasing annually [2].
There are more than 1.3 million newly diagnos-
ed cases of breast cancer in the world every
year, and breast cancer accounts for 15% of
newly diagnosed female tumors in China [3].
With the development of early detection, early
diagnosis, early treatment, and prognosis mon-
itoring of breast cancer, the overall mortality
of breast cancer patients has decreased [4].
However, malignant proliferation, recurrence,

greatest contributor [6]. Therefore, breast can-
cer is still a serious threat to women’s life and
health in China. Further understanding the
molecular mechanisms of the occurrence and
development of breast cancer will be condu-
cive to the targeted treatment of breast cancer
[7, 8].

Long non-coding RNAs (LncRNAs) are a kind of
non-coding RNAs with a length from 200 bp to
100 kbp. LncRNAs account for 4%-9% of the
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transcripts in the mammalian genome and
have attracted increasing interest [9]. With the
rapid development of RNA sequencing, epig-
enome technology and computational predic-
tion technology, an increasing number of
IncRNAs have been discovered. Previous stud-
ies have shown that IncRNAs are abnormally
expressed in breast cancer. Yang et al. identi-
fied more than 1300 abnormal IncRNAs in
breast cancer by sequencing [10]. In addition,
Shen et al. identified more than 1750 Inc-
RNAs differentially expressed in triple-negative
breast cancer [11]. These results suggested
that abnormal expression of IncRNAs may play
an important role in the carcinogenesis of
breast cancer. Lv et al. found that the expres-
sion of IncRNAs in triple-negative breast can-
cer were different from those in non-triple neg-
ative breast cancer, so IncRNAs can be used
as biomarkers for individual diagnosis, and
may also be potential targets for evaluating
individual therapeutic efficacy [12]. Moreover,
IncRNA H19, SRA, LSINCT5 and UCA1 promot-
ed the proliferation and/or metastasis of
breast cancer. On the contrary, INcRNA GAS5
and XIST suppressed the proliferation and/or
metastasis of breast cancer [13].

LncRNA MIR4435-2HG, known as AKO01796
and LINCO0978, is encoded on human chro-
mosome 2913 and has been regarded as a
new oncogenic INcRNA in many types of
cancers [14]. For example, a high level of
MIR4435-2HG was detected in colorectal can-
cer tissues [15]. Increased level of MIR4435-
2HG was significantly correlated with TNM
stage and carcinoembryonic antigen level
before treatment. High MIR4435-2HG expres-
sion can suggest a poorer progression-free
survival and overall survival (OS) rate [15]. In
addition, MIR4435-2HG was up-regulated in
hepatocellular carcinoma tissues, and the
expression of MIR4435-2HG was significantly
affected by tumor size instead of tumor metas-
tasis [16]. Additionally, MIR4435-2HG was
over-expressed in ovarian cancer tissues and
cells. MIR4435-2HG knockdown blocked the
proliferation, invasion and migration but indu-
ced apoptosis of ovarian cancer cells via the
miR-128-3p/CDK14 axis [17]. However, the
exact function and corresponding mechanism
of MIR4435-2HG in the occurrence and devel-
opment of breast cancer have been rarely re-
ported [17]. Therefore, the present study was
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designed to determine whether MIR4435-2HG
exerted its functional role in the growth and
metastasis of breast cancer, and to investigate
its possible mechanisms.

Materials and methods
Clinical tissue collection

A total of 60 tissues, including 15 tissues in
stage I-Il, 15 tissues in stage IlI-1V, and 30 cor-
responding adjacent non-cancerous tissues
were collected from the Affiliated Hospital of
Nantong University. All patients in the study
did not receive any chemotherapy and signed
the written informed consent. Moreover, the
experimental procedures were approved by the
Ethics Committee of Affiliated Hospital of Nan-
tong University (2021-L124). Patients’ overall
survival from the date of surgery to death or
the end of follow-up was followed by telephone
at a four-month interval for a total of 100
months.

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 ob-
tained from the Chinese Academy of Science
(Shanghai, China). Cells were routinely cultured
in Dulbecco’s Modified Eagle Medium (DMEM,
KeyGEN, Nanjing, China) with 10% fetal bovine
serum (FBS, Gibco, USA) and 1% penicillin-
streptomycin (Sigma-Aldrich, USA) in a humidi-
fied atmosphere with 5% CO, at 37°C.

Cell transfection

Short hairpin RNA (sh)-MIR4435-2HG (5-GG-
TCTGGTCGGTTTCCCATTT-3’), sh-TMEM9B (5™~
GAAGCUCUGUCACAAUCAA-3’), miR-22-3p mi-
mic (Sense: 5-AAGCUGCCAGUUGAAGAACUGU-
3’, Antisense: 5-AGUUCUUCAACUGGCAGCUU-
UU-3’), miR-22-3p inhibitor (5-ACAGUUCUUC-
AACUGGCAGCUU-3’) and corresponding nega-
tive control (NC) vectors were obtained from
Gene Pharma Company (Shanghai, China).
Lipofectamine 3000 (Invitrogen, USA) was per-
formed for cell transfection based on the
specification.

Cell counting kit-8 (CCK-8) assay

Transfected MCF-7 and ZR-75-30 cells (1x10*
cells/well) were maintained in a 96-well plate

Am J Transl Res 2022;14(8):5441-5454



MIR4435-2HG promotes breast cancer through miR-22-3p/TMEM9B

and cultured for different time periods (0, 24,
48 and 72 h, respectively). Then, cell viability
was determined by a CCK-8 kit (Beyotime,
Shanghai, China) according to the protocols of
the manufacturer. The optical density was
measured at 450 nm by using a microplate
reader (BioTek Instruments Inc., Winooski, VT,
USA).

Colony formation assay

Transfected MCF-7 and ZR-75-30 cells (1x10°3
cells/well) were seeded in a six-well plate. The
media was replaced with a fresh culture medi-
um 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
with the use of a microscope (Olympus, Tokyo,
Japan).

Wound healing assay

Transfected MCF-7 and ZR-75-30 cells (5x10°
cells/well) were inoculated into a six-well plate.
When the cells were 100% confluent, a wound
was made on the surface of the cells using a
200 pL tip. After O and 48 h, MCF-7 and ZR-
75-30 cells were observed under an inverted
microscope (Tokyo, Japan), and the distance
between the scratch was recorded.

Transwell migration and invasion assays

For migration and invasion assays, transfected
MCF-7 and ZR-75-30 cells (1x10° cells/well)
were seeded in the transwell chambers con-
taining an 8 pum size porous membrane
(Corning, NY, USA). The upper chamber was
inserted without (for migration assay) or with
matrigel (for invasion assay), while the lower
chamber was added with 20% FBS. After 48 h
of incubation at 37°C, the non-migrating or
invading cells in the upper chamber were re-
moved by cotton ball. The migrated or invaded
cells in the upper chamber were stained with
0.1% crystal violet solution (Sangon Biotech,
Shanghai, China) and counted under a micro-
scope (Olympus, Tokyo, Japan).

RNA extraction and gqRT-PCR analysis

RNA from clinical tissues and cell lines was
extracted according to the instructions of the
TRIzol reagent. The OD,, /OD,, of the RNA
solution was also detected. The reverse tran-

scription reaction was conducted according to
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the instructions of the cDNA synthesis kit, and
the PCR reaction solution was configured
according to the instructions of the Taq en-
zyme mixture. The PCR reaction conditions
were: 50°C for 2 min, 95°C for 10 min (1
cycle), 95°C for 5 s, 65°C for 1 min, 75°C for
20 s (45 cycles); and 75°C for 5 min (1 cycle).
Each real-time PCR was repeated 3 times. The
primers were as follows: MIR4435-2HG for-
ward, 5-CGGAGCATGGAACTCGACA-3’, and re-
verse, 5-CAAGTC TCACACATCCGGG-3'. MiR-22-
3p forward, 5-AAGCTGCCAGTTGAAGAACTGTA-
3, and reverse, 5-GCTGTCAACGATACGCTACG-
TAAC-3'. TMEM9B forward, 5-AAAGTCCGCCA-
TTTTGCCAC-3’, and reverse, 5-ATTCGGGGCT-
CTGTAGTCCT-3". U6 forward, 5-CTCGCTTCGG-
CAGCACA-3’, and reverse, 5-AACGCTTCACGA-
ATTTGCGT-3'. B-actin forward, 5-TCGTGGAA-
GGACTCATGACC-3’, and reverse, 5-ATGATGT-
TCTGGAGAGCCCC-3'. The fold change of gene
expression was calculated using the 224¢T
method after normalizing to the expression
level of U6 and B-actin.

Western blot assay

Protein from breast cancer cell lines was iso-
lated using RIPA lysis buffer and quantified
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 treat-
ed with primary antibodies overnight at 4°C.
Membranes were then probed with HRP-
conjugated secondary antibody (1:2,000, ab-
6728, Abcam, USA) for 1 h at room tempera-
ture. Thereafter, protein bands were visualized
by enhanced chemiluminescence (EMD Milli-
pore) and quantified by ImageJ software (ver-
sion 4.3; National Institutes of Health). The pri-
mary antibodies (all from Abcam) were as fol-
lows: Anti-E-cadherin (1:1,000, ab1416), anti-
vimentin (1:1,000, ab92547), anti-a-smooth
muscle actin (SMA, 1:1,000, ab32575), anti-
TMEM9B (1:1,000, ab189253) and anti-p3-
actin (1:1,000, ab8227).

Immunofluorescence assay

Transfected MCF-7 and ZR-75-30 cells were
cultured in a six-well plate at a density of 1x10°
cells/well. After fixation with 4% paraformal-
dehyde and permeabilization with 0.2% Triton
X-100 in PBS, cells were treated with primary
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cooled lysis buffer and salt
buffer solution. Finally, the
bound RNA was purified with
TRIzol®. MIR4435-2HG or miR-
22-3p enrichment was ana-
lyzed using qRT-PCR.

Dual-luciferase reporter assay
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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
measured by qRT-PCR, ***P<0.001 vs. Non-tumor; B: The expression of
MIR4435-2HG in breast cancer tissues at the different stages was mea-
sured by qRT-PCR, ""P<0.001 vs. I+ll; 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 measured by qRT-gPCR, “P<0.05, "*P<0.001 vs. MCF-10A.

antibodies against a-SMA (1:1,000, ab32575)
overnight at 4°C. Subsequently, cells were in-
cubated with goat anti-rabbit 1IgG H&L second-
ary antibody (1:1,000, ab150077). The nuclei
were counter-stained with DAPI. Positive stain-
ing was observed under a fluorescence micro-
scope (Zeiss AG, Germany).

Subcellular fractionation analysis

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

RNA pull-down analysis

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 spe-
cific buffer. The lysate was incubated with mag-
netic beads and washed three times with pre-
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iy (GenScript, Shanghai, China).
Subsequently, pmirGLO-MIR-

! //2 4435-2HG-WT/Mut and pmir-

,\é,ﬁ \qa;\ GLO-TMEM9B-WT/Mut were tr-
N &5’ eated with miR-22-3p mimic or

NC into MCF-7 and ZR-75-
30 cells using Lipofectamine
3000 (Invitrogen; Thermo Fish-
er Scientific, Inc., USA). Lucifer-
ase activity was measured
using a dual-luciferase report-
er assay system (Promega
Corporation, USA).

Statistical analysis

GraphPad Prism 6.0 software was used for
graphing. SPSS 17.0 software was used for
statistical analysis. All data were expressed as
mean + standard deviation (X + sd). Data com-
parison between groups was performed by
analysis of variance. A pairwise comparison
between means was performed by one-way
ANOVA with Turkey test. Kaplan-Meier curve
was used to analyze the relationship between
the expression levels of MIR4435-2HG, miR-
22-3p, TMEM9B and overall survival of pa-
tients with breast cancer. P<0.05 was consid-
ered statistically significant.

Results

MIR4435-2HG is highly expressed in breast
cancer tissues and cell lines

To investigate the possible role and underlying
mechanisms of MIR4435-2HG in breast can-
cer, the expression of MIR4435-2HG in breast
cancer tissues was firstly evaluated by gqRT-
PCR. The data of Figure 1A showed that
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MIR4435-2HG was noatbly over-expressed in
breast cancer tissues compared with that in
non-tumor tissues (P<0.0001). In addition, the
expression of MIR4435-2HG in breast cancer
patients at different TNM stages was also ana-
lyzed. The data of Figure 1B revealed that
MIR4435-2HG expression was higher in pa-
tients at advanced stage llI-IV than that in
patients at stage I-1l (P<0.0001). Moreover, the
clinical significance of aberrant MIR4435-2HG
expression in the prognosis of patients was
investigated. The results of Figure 1C indi-
cated that patients with low MIR4435-2HG
expression exhibited improved percent sur-
vival as compared with patients with high
MIR4435-2HG expression (P=0.0453). Fur-
thermore, gRT-PCR was performed to measure
the expression of MIR4435-2HG in breast can-
cer cells. As expected, the data of Figure 1D
showed that compared with that in MCF-10A
cells, the expression of MIR4435-2HG was
obviously higher in breast cancer cells, espe-
cially in MCF-7 (P<0.0001) and ZR-75-30
(P<0.0001) cells. These data suggested that
MIR4435-2HG was up-regulated in breast
cancer tissues and cell lines, and might func-
tion as an oncogene in the occurrence and
development of breast cancer.

Down-regulation of MIR4435-2HG inhibits the
viability, proliferation, migration, invasion and
EMT of breast cancer cells

To determine the potential role of MIR4435-
2HG in breast cancer, MCF-7 and ZR-75-30
cells were transfected with sh-MIR4435-2HG,
and the transfection efficiency was detected by
the qRT-PCR assay. As shown in Figure 2A, the
expression of MIR4435-2HG was obviously
decreased in MCF-7 (P=0.0001) and ZR-75-
30 (P=0.0002) cells transfected with sh-
MIR4435-2HG. Then, a CCK-8 assay was used
to evaluate the effects of MIR4435-2HG on the
viability of MCF-7 and ZR-75-30 cells. The data
of Figure 2B showed that down-regulation of
MIR4435-2HG significantly inhibited the viabil-
ity of MCF-7 (P=0.0023) and ZR-75-30 (P=
0.0112) cells in a time-dependent manner.
Besides, a colony formation assay was per-
formed to assess the effects of MIR4435-2HG
on the proliferation of MCF-7 and ZR-75-30
cells. The data of Figure 2C showed that
MIR4435-2HG inhibition significantly sup-
pressed the proliferation of MCF-7 (P=0.0006)
and ZR-75-30 (P=0.0006) cells. Moreover, the
role of MIR4435-2HG in metastasis of MCF-7
and ZR-75-30 cells was also investigated. The
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wound healing (MCF-7: P=0.0021; ZR-75-
30: P=0.0023) and transwell results showed
that down-regulation of MIR4435-2HG signifi-
cantly blocked migration (MCF-7: P=0.0003;
ZR-75-30: P=0.0006) and invasion (MCF-7:
P<0.0001; ZR-75-30: P=0.0001) of MCF-7 and
ZR-75-30 cells (Figure 2D, 2E). Furthermore,
the effects of MIR4435-2HG on the EMT prog-
ress of MCF-7 and ZR-75-30 cells were explor-
ed. The data of immunofluorescence assay
showed that sh-MIR4435-2HG significantly
inhibited o-SMA expression (Figure 2F).
Western blotting was performed to evaluate
the effects of MIR4435-2HG on the expression
levels of EMT-related proteins, including E-
cadherin, vimentin and o-SMA. The data of
Figure 2G revealed that sh-MIR4435-2HG sig-
nificantly decreased the protein expression of
Vimentin (MCF-7: P=0.0003; ZR-75-30: P=
0.0007) and a-SMA (MCF-7: P=0.0002; ZR-75-
30: P=0.0008) and increased the level of
E-cadherin (MCF-7: P<0.0001; ZR-75-30:
P<0.0001) protein in MCF-7 and ZR-75-30
cells. These data suggested that down-regula-
tion of MIR4435-2HG inhibited the viability,
proliferation, migration, invasion and EMT of
breast cancer cells.

MIR4435-2HG acts as a competing endog-
enous RNA (ceRNA) via sponging miR-22-3p

To determine the possible mechanisms of
MIR4435-2HG in breast cancer, the distribu-
tion of MIR4435-2HG was initially investigated
by subcellular fraction analysis. As shown in
Figure 3A, MIR4435-2HG was primarily found
in the cytoplasm. In addition, bioinformatics
tools were utilized to acquire miRNAs that
potentially bound to MIR4435-2HG. As indicat-
ed in Figure 3B, miR-22-3p was predicted to
possess the target domain for MIR4435-2HG.
Then miR-22-3p mimic and mimic NC were
transfected into MCF-7 (P=0.0042) and ZR-75-
30 (P=0.0059) cells, and gRT-PCR was per-
formed to detect transfection efficiency (Figure
3C). Dual-luciferase reporter analysis was per-
formed to validate the interaction between
MIR4435-2HG and miR-22-3p. As expected,
the data of Figure 3D showed that exogenous
expression of miR-22-3p significantly decrea-
sed the luciferase intensity of MCF-7 (P=
0.0222) and ZR-75-30 (P=0.0076) cells trans-
fected with MIR4435-2HG-WT. Similarly, RNA
pull-down data showed that MIR4435-2HG
was highly enriched in MCF-7 (P<0.0001) and
ZR-75-30 (P<0.0001) cells with miR-22-3p-WT
(Figure 3E). Furthermore, the expression of
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Figure 2. Down-regulation of MIR4435-2HG inhibits the viability, proliferation, migration, invasion and EMT of breast
cancer cells. A: The expression of MIR4435-2HG in MCF-7 and ZR-75-30 cells transfected with sh-MIR4435-2HG
was determined by qRT-gPCR; B: The viability of MCF-7 and ZR-75-30 cells transfected with sh-MIR4435-2HG was
assessed by CCK-8 assay at the indicated times; C: The proliferation of MCF-7 and ZR-75-30 cells transfected with
sh-MIR4435-2HG was assessed by colony formation assay; D: The migration of MCF-7 and ZR-75-30 cells transfect-
ed with sh-MIR4435-2HG was determined by wound healing assay (100X); E: The migration and invasion of MCF-7

and ZR-75-30 cells transfected with sh-M

IR4435-2HG were determined by transwell migration and invasion assays

(100X); F: The protein expression of a-SMA in MCF-7 and ZR-75-30 cells transfected with sh-MIR4435-2HG was as-
sessed by immunofluorescence assay (400X); G: The expression levels of proteins, including E-cadherin, vimentin

and a-SMA, in MCF-7 and ZR-75-30 cells
*P<0.05, "P<0.01, "P<0.001 vs. sh-NC

transfected with sh-MIR4435-2HG were evaluated by Western blot assay.
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Figure 3. MIR4435-2HG acts as a ceRNA via sponging miR-22-3p. A: The cellular location of MIR4435-2HG was as-
sessed by subcellular fractionation analysis; B: Binding sites between MIR4435-2HG and miR-22-3p; C: The expres-
sion of miR-22-3p in MCF-7 and ZR-75-30 cells transfected with miR-22-3p mimic was measured by the qRT-PCR
assay; D: The interaction between MIR4435-2HG and miR-22-3p was evaluated by a dual-luciferase reporter assay;
C and D: "P<0.05, ""P<0.01 vs. NC mimic; E: Relative enrichment of MIR4435-2HG and miR-22-3p in MCF-7 and
ZR-75-30 cells was measured by RNA pull-down assay, “**P<0.001 vs. IgG. F and G: The expression of miR-22-3p
in breast cancer tissues ("*P<0.001 vs. Non-tumor) and cell lines was measured by the gRT-PCR assay ("P<0.05,
“*P<0.01 vs. MCF-10A); H: The expression of miR-22-3p in MCF-7 and ZR-75-30 cells transfected with sh-MIR4435-
2HG was assessed by qRT-PCR assay, “"P<0.01 vs. sh-NC; I: Correlation analysis between MIR4435-2HG and miR-
22-3p in breast cancer tissues. J: Influence of miR-22 expression on overall survival rate of breast cancer patients
was analyzed by Kaplan-Meier Plotter. K: The survival rate in breast cancer patients with high miR-22-3p expression

and low miR-22-3p expression.

miR-22-3p was down-regulated in breast can-
cer tissues (P<0.0001) and cell lines (MCF-7:
P<0.0001; ZR-75-30: P<0.0001) (Figure 3F,
3G) and was significantly up-regulated in MCF-
7 (P=0.0029) and ZR-75-30 (P=0.0065) cells
transfected with sh-MIR4435-2HG (Figure 3H).
A negative association (P<0.0001) was also
discovered between MIR4435-2HG and miR-
22-3p levels in breast cancer tissues (Figure
3l). Kaplan-Meier Plotter displayed that high
levels of miR-22 expression led to a significant
reduction in overall survival (Figure 3J, P=
0.014). However, our study found no associa-
tion between miR-22-3p and overall survival
(Figure 3K, P=0.9494). These data suggested
that MIR4435-2HG served as a ceRNA for miR-
22-3p in breast cancer.

Up-regulation of miR-22-3p inhibits the viabil-
ity, 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 Figure 4A,
miR-22-3p mimic significantly inhibited the
viability of MCF-7 (P=0.0016) and ZR-75-30
(P=0.0042) cells in a time-dependent manner.
Moreover, a colony formation assay was per-
formed to assess the effects of miR-22-3p on
the proliferation of MCF-7 and ZR-75-30 cells.
The data in Figure 4B showed that up-regula-
tion of miR-22-3p remarkably suppressed the
proliferation of MCF-7 (P=0.0057) and ZR-
75-30 (P=0.0054) cells. Then the data of
wound healing (MCF-7: P=0.0017; ZR-75-30:
P=0.0068) and transwell assays showed that
miR-22-3p mimic significantly inhibited the
migration (MCF-7: P=0.0032; ZR-75-30: P=
0.0184) and invasion (MCF-7: P=0.0016; ZR-
75-30: P=0.0039) of MCF-7 and ZR-75-30
cells (Figure 4C, 4D). Additionally, a immuno-
fluorescence assay was performed to evaluate
the effects of miR-22-3p on the expression of
o-SMA. The results showed that miR-22-3p
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mimic significantly inhibited a-SMA expression
(Figure 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 Figure 4F revealed that
miR-22-3p mimic significantly decreased the
protein expression of Vimentin (MCF-7: P=
0.0001; ZR-75-30: P=0.0001) and «o-SMA
(MCF-7: P=0.0001; ZR-75-30: P<0.0001) and
increased the level of E-cadherin (MCF-7:
P<0.0001; ZR-75-30: P<0.0001) protein in
MCF-7 and ZR-75-30 cells. These data sug-
gested that up-regulation of miR-22-3p inhibit-
ed the viability, proliferation, migration, inva-
sion and EMT of breast cancer cells.

TMEMO9B acts as a direct target of miR-22-3p

To investigate the downstream targets of miR-
22-3p, bioinformatics tools were utilized to ac-
quire mRNAs potentially bound to miR-22-3p.
As indicated in Figure 5A, TMEM9B was pre-
dicted to possess the target domain of miR-22-
3p. Dual-luciferase assay (MCF-7: P=0.0066;
ZR-75-30: P=0.0289) results further confirmed
the target relationship between miR-22-3p and
TMEM9B (Figure 5B). In addition, gRT-PCR was
performed to detect TMEM9B expression in
breast cancer tissues and cell lines. As shown
in Figure 5C, 5D, TMEMOB was highly ex-
pressed in breast cancer tissues (P<0.0001)
and cell lines (MCF-7: P<0.0001; ZR-75-30: P=
0.0001). Furthermore, gRT-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 Figure 5E
(MCF-7:  P=0.0207; ZR-75-30: P=0.0272),
Figure 5F (MCF-7: P=0.0017; ZR-75-30: P=
0.0022) revealed that the mRNA and protein
expression of TMEM9B were significantly de-
reased in MCF-7 and ZR-75-30 cells transfect-
ed with miR-22-3p mimic. Finally, a negative
association (P=0.0005) was discovered bet-
ween miR-22-3p and TMEM9B levels in breast
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Figure 4. Up-regulation of miR-22-3p inhibits the viability, proliferation, migration, invasion and EMT of breast can-
cer 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 (100X); D: The 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 (100X); E: The
protein expression of a-SMA in MCF-7 and ZR-75-30 cells transfected with miR-22-3p mimic was assessed by im-
munofluorescence assay (400X); F: The expression levels of proteins, including E-cadherin, vimentin and a-SMA, in
MCF-7 and ZR-75-30 cells transfected with miR-22-3p mimic were evaluated by Western blot assay. Compared with
NC mimic, "P<0.05, "*P<0.01, ""P<0.001.
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Figure 5. TMEMO9B 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; C and D: The expression of TMEM9B in breast cancer tissues (“"P<0.01 vs. Non-tumor)
and cell lines was detected by the gRT-PCR assay ("P<0.05, ""P<0.001 vs. MCF-10A); E and F: The mRNA and 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; G: Correlation analysis between miR-22-3p and TMEM9B in breast cancer tissues. H: Influence
of TMEM9B expression on overall survival rate of breast cancer patients was analyzed by Kaplan-Meier Plotter. I:
The survival rate in breast cancer patients with high TMEM9B expression and low TMEM9B expression. B, E and F:
“P<0.05, ""P<0.01 vs. NC mimic.
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cancer tissues (Figure 5G). Kaplan-Meier
Plotter indicated that low levels of TMEM9B
expression led to a significant reduction in
overall survival (Figure 5H, P<0.0001). How-
ever, there was no association between TM-
EMOB expression and overall survival in our
study (Figure 5l, P=0.8883). These data sug-
gested that TMEM9B was a direct target of
miR-22-3p and was negatively associated with
miR-22-3p in breast cancer.

MIR4435-2HG regulates the viability, prolifera-
tion, migration, invasion and EMT of breast
cancer cells by modulating the miR-22-3p/
TMEMO9B axis

To further determine whether MIR4435-2HG
exhibited its role by regulating the miR-22-3p/
TMEM9B axis, a series of rescue assays were
performed. As shown in Figure 6A, 6B, MIR-
4435-2HG knockdown inhibited the viability
(P=0.0013) and proliferation (P<0.0001) of
MCEF-7 cells. However, the miR-22-3p inhibitor
promoted MCF-7 cell viability (P=0.0035) and
proliferation (P=0.0002), while TMEM9B2 inhi-
bition exhibited inhibitory effects on the viabili-
ty (P=0.0375) and proliferation (P=0.0094) of
MCF-7 cells. Moreover, results of wound heal-
ing and transwell assays indicated that MIR-
4435-2HG knockdown inhibited the migration
(Figure 6C: P=0.0001, Figure 6D: P<0.0001)
and invasion of MCF-7 cells (P<0.0001).
However, miR-22-3p inhibitor promoted MCF-7
cell migration (Figure 6C: P=0.0009, Figure
6D: P<0.0001) and invasion (P=0.0001), while
TMEM9B2 inhibition exhibited suppressive ef-
fects on the migration (Figure 6C: P=0.0036,
Figure 6D: P<0.0001) and invasion (P=
0.0039) of MCF-7 cells. Data from immunofluo-
rescence and Western blot assays illustrated
that MIR4435-2HG knockdown inhibited the
EMT progression of MCF-7 cells (Figure 6E,
6F). However, miR-22-3p inhibitor promoted
MCEF-7 cell EMT progression, while TMEM9B2
inhibition exhibited inhibitory effects on EMT
progression of MCF-7 cells. These data sug-
gested MIR4435-2HG exerted its role by mo-
dulating the miR-22-3p/TMEM9B axis.

Discussion

A large number of studies have confirmed that
abnormal expression of MIR4435-2HG plays
an essential role in multiple tumors, including
gastric cancer, prostate carcinoma and oral
squamous cell carcinoma [18-21]. In this stu-
dy, MIR4435-2HG was clearly up-regulated in
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breast cancer tissues and cell lines. In addi-
tion, breast cancer patients with low MIR4435-
2HG expression exhibited improved survival
rate compared with those with high MIR4435-
2HG expression, which is consistent with pre-
vious studies. 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 [22-
24]. These data suggested that MIR4435-2HG
might act as an oncogene in the occurrence
and progression of breast cancer.

LncRNAs affect the occurrence and develop-
ment of tumors via post-transcriptional regula-
tion [25]. Multiple IncRNAs may regulate gene
expression, thus reducing the number of avail-
able miRNAs in cells [26]. Therefore, INcCRNAs
act as competing ceRNAs to modulate the
expression of the target genes via sponging
miRNAs [27]. In neuroglioma, MIR4435-2HG
promotes tumor progression by exerting the
ceRNA function of miR-125a-5p [28]. More-
over, MIR4435-2HG acted as a ceRNA of miR-
138-5p in gastric carcinoma [29]. In this study,
the data indicated that miR-22-3p was a direct
target of MIR4435-2HG, which is consistent
with the results of Shen et al. [30]. Previous
studies have illustrated that miR-22-3p exert-
ed essential effects on the development of
many tumors, including bladder cancer, gastric
cancer and lung cancer [31-33]. The data
showed that the level of miR-22-3p was dra-
matically reduced in breast cancer tissues and
cell lines, and was inversely correlated with
MIR4435-2HG expression in breast cancer tis-
sues. Moreover, up-regulation of miR-22-3p
suppressed the viability, proliferation, migra-
tion, invasion and EMT progress of breast can-
cer cells. These results indicated that miR-22-
3p acted as a tumor suppressor in breast
cancetr.

MiRNAs act as tumor suppressors through the
restraint of their target genes to participate in
breast cancer progression [34]. Fan et al. con-
firmed that miR-22-3p blocked tumor progres-
sion via targeting PLAGL2 in breast cancer
[35]. In this study, TMEM9B was confirmed as
a target of miR-22-3p. TMEM9B, as a glycosyl-
ated protein located on the lysosomal mem-
brane, has been previously discovered as an
NF-kB inducer in large-scale cDNA over-expres-
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was assessed by colony formation assay; C: The migration of MCF-7 and ZR-75-30 cells after transfection was deter-
mined by wound healing assay (100X); D: The migration and invasion of MCF-7 and ZR-75-30 cells after transfection
were determined by transwell migration and invasion assays (100X); E: The protein expression of a-SMA in MCF-7
and ZR-75-30 cells after transfection was assessed by immunofluorescence assay (400X); F: The expression levels
of proteins, including E-cadherin, vimentin and a-SMA, in MCF-7 and ZR-75-30 cells after transfection were evalu-
ated by Western blot assay. “*P<0.01, “*P<0.001 vs. sh-NC+NC inhibitor; #P<0.01, #*#P<0.001 vs. sh-MIR4435-
2HG+NC inhibitor; *P<0.05, **P<0.01, ***P<0.001, vs. sh-MIR4435-2HG+miR-22-3p inhibitor.

sion screens [36]. Furthermore, TMEM9B is a
key component of inflammatory signaling path-
ways [37]. 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 indi-
cated that the ceRNA system existed among
MIR4435-2HG, miR-22-3p and TMEM9B in
breast cancer. Next, our data presented that
the effects of MIR4435-2HG knockdown re-
duced TMEMO9B expression level by the promo-
tion of miR-22-3p. TMEM9B inhibition partly
restored the effects of the miR-22-3p inhibitor
on the viability, proliferation, migration, inva-
sion and EMT progression of breast cancer
cells transfected with sh-MIR4435-2HG. The
small number of patients is a limitation of this
paper, and we will increase the number of
patients in later research. In addition, the rela-
tionships between other miRNAs targeted by
MIR4435-2HG and other genes targeted by
miR-22-3p also need to be further studied.

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 blocked
breast cancer progression by acting as a ce-
RNA to down-regulate TMEM9B through com-
petitively binding to miR-22-3p. These results
indicated that MIR4435-2HG/miR-22-3p/TM-
EMOB axis might be a potential therapeutic
basis for the treatment of breast cancer.
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