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Abstract. Extensive research has contributed to the current
understanding of the critical roles played by long non‑coding
RNAs in various types of cancer. The present study aimed to
investigate the function and mechanism of the long non‑coding
RNA, MIR4435‑2HG (also termed LINC00978), in breast
cancer growth and metastasis. Using Gene Expression Profiling
Interactive Analysis, an online web tool, it was revealed that
MIR4435‑2HG was upregulated in breast cancer tissue, and its
high expression was associated with poor prognosis based on
The Cancer Genome Atlas database. MIR4435‑2HG knock‑
down increased cell apoptosis but decreased cell proliferation,
migration and invasion. MIR4435‑2HG knockdown increased
pro‑apoptotic protein expression but decreased anti‑apoptotic
protein expression. In addition, MIR4435‑2HG knockdown leads
to dysregulation of epithelial‑to‑mesenchymal transition‑associ‑
ated genes. Furthermore, knockdown of MIR4435‑2HG results
in inactivation of the Wnt/β‑catenin signaling pathway. The
results of the present study demonstrate the tumor‑promoting
role of MIR4435‑2HG in breast cancer progression.
Introduction
Breast cancer is the most commonly diagnosed malignancy
in women, with 21.6 new cases and 5.7 mortalities per
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100,000 women reported in China in 2008 (1). In recent
years, the incidence and mortality rates of breast cancer has
increased, posing a threat to the physical and mental health of
women worldwide. Globally, ~1.7 million new cases of breast
cancer are diagnosed, with 521,900 deaths every year (2).
Over the past two decades, great progress has been achieved
in the early diagnosis and treatment of breast cancer through
combining surgery, adjuvant therapy and hormone therapy;
however, the overall prognosis of breast cancer remains poor
due to late diagnoses, frequent recurrence and high chemo‑
resistance (3‑6). Therefore, understanding the underlying
mechanisms of breast cancer progression is urgently required.
Doing so may aid in identifying new biomarkers for early
diagnosis and prognosis prediction.
Long non‑coding RNAs (lncRNAs) are >200 nucleotides
in length, but without the protein‑coding ability (7), are aber‑
rantly expressed and play critical regulatory roles in multiple
types of cancer by regulating tumor growth, metastasis and
metabolism (8,9). In breast cancer, a number of individual
lncRNAs are dysregulated and contribute to tumor progression.
For example, LINC01121 mediates the expression of HMGA2
to promote breast cancer cell proliferation, migration and
invasion by sponging microRNA (miR/miRNA)‑150‑5p (10).
In addition, the nuclear LINC00993, which is downregulated
in breast cancer tissue, inhibits triple‑negative breast cancer
growth both in vitro and in vivo by orchestrating the expres‑
sion of cell cycle regulators (11). The lncRNA GAEA interacts
with MEX3C to enhance the K27‑linked polyubiquitination of
PTEN, consequently activating the epithelial‑to‑mesenchymal
transition (EMT) process (12). MALAT1, which is upregu‑
lated in breast cancer tissues, promotes tumor development
and progression both in vitro and in vivo (13). However,
functions of the vast majority of lncRNAs have not yet been
characterized.
MIR4435‑2HG (also named LINC00978 or AK001796), a
lncRNA that is located in the 2q13 region, has been shown to
function as a tumor promoter in various types of cancer (14‑17).
MIR4435‑2HG interacts with EZH2 to inhibit p21 and
E‑cadherin expression, promoting the progression of hepato‑
cellular carcinoma (HCC) (14). Through activating β‑catenin
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signaling and inhibiting miR‑6754‑5p, MIR4435‑2HG
promotes lung cancer progression (15,16). Additionally, a
previous study revealed that MIR4435‑2HG was upregulated in
gastric cancer and promotes tumor growth and metastasis via
activating the Wnt/β‑catenin signaling pathway (17). Several
recent reports (18,19) have revealed that MIR4435‑2HG was
involved in the regulation of cell apoptosis. Knockdown of
MIR4435‑2HG in cisplatin‑resistant cell line HCT116R signif‑
icantly promoted cell apoptosis and restored the sensitivity
to cisplatin (18). MIR4435‑2HG knockdown induced ovarian
cancer cell apoptosis via the miR‑128‑3p/CDK14 axis (19).
Therefore, targeting MIR4435‑2HG using antisense oligonu‑
cleotides to induce apoptosis may be a potential advancement
in cancer drug development. Notably, Deng et al (20) reported
that MIR4435‑2HG is highly expressed in breast cancer cell
lines and tissues, and could be utilized to predict prognosis
in patients with breast cancer. However, the biological func‑
tions and underlying mechanisms of breast cancer remain to
be elucidated.
The aim of the present study was to investigate the func‑
tion of MIR4435‑2HG and its associated signaling pathways
in breast cancer. In addition, the effects of MIR4435‑2HG
knockdown on cell proliferation, apoptosis and migration
were elucidated. The mechanisms by which MIR4435‑2HG
promotes tumor progression have been explored in the
present study. The findings of the present study suggested
that MIR4435‑2HG may be a promising therapeutic target for
breast cancer.
Materials and methods
RNA isolation and reverse transcription‑quantitative PCR
(RT‑qPCR). Using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.), total RNA was extracted from MCF‑7
and MDA‑MB‑231 cells according to the manufacturer's
protocol. The first‑strand cDNA was generated from 1 µg
total RNA using the PrimeScript RT reagent kit (Takara
Bio, Inc.) according to the manufacturer's protocol. For the
RT‑qPCR, SYBR Green Premix Ex Taq (Takara Bio, Inc.)
was used according to the manufacturer's protocol. The rela‑
tive expression levels of target genes were calculated using
the 2‑∆∆Cq method (21) with GAPDH as an endogenous refer‑
ence gene. The primer sequences used in the present study
were as follows: MIR4435‑2HG: Forward, 5'‑AGGCCCCAG
GGAATCTTTCA‑3' and reverse, 5'‑GCCTCTCCCTGAATA
ACTGGG‑3'; GAPDH: Forward, 5'‑GGAGCGAGATCCCTC
CAA A AT‑3' and reverse, 5'‑GGC TGT TGTCATACT TCT
CATGG‑3'. The experiments were performed three times, and
the RT‑qPCR assays were performed in triplicate.
Lentivirus‑mediated RNA interference. The sequence
for the short hairpin (sh) RNA targeting MIR4435‑2HG
was: 5'‑ CAC C GC C CA G AT  T TA  A GG G CT A T T  T CA
AGAGAATAGCCCT TAA ATC TGG GCC TTT TTTG‑3' as
previously reported (14), and the negative control sequence
(shNC) was 5'‑CACCGTTCTCCGA ACGTGTCACGTCAA
GAGATTACGTGACACGTTCGGAGAATTT TTTG‑3'. The
shMIR4435‑2HG (1 µg) and shNC (1 µg) were synthesized
and inserted into the lentivirus core vector that contained an
enhanced green fluorescent protein (EGFP) reporter gene,

hU6‑MCS‑CMV‑EGFP. Recombinant lentiviruses expressing
shMIR4435‑2HG or the empty lentiviral vector shNC were
produced by Shanghai Genechem Co., Ltd. Then, 6x105 cells
were infected with concentrated lentivirus (MOI=40) in the
presence of 8 µg/ml of polybrene (Sigma Aldrich; Merck
KGaA). After 72 h incubation, cells were selected using
puromycin (1 µg/ml; Sigma Aldrich; Merck KGaA) for 5 days.
To evaluate the expression level of MIR4435‑2HG, RT‑qPCR
was used.
Cell apoptosis assay. Apoptotic cells were assessed using
an annexin V‑FITC/propidium iodide apoptosis detection kit
(Abcam) via flow cytometry in MDA‑MB‑231 and MCF‑7 cells
(Cell Bank of Type Culture Collection of the Chinese Academy
of Sciences). Since shRNA lentivirus vector expressing GFP will
influence the FACS signal of Annexin‑FITC, siRNA was used
to knock down MIR4435‑2HG in the flow cytometric analysis
of apoptotic assays. Briefly, breast cancer cells (5x104 cells/ml)
transfected with 50 nM siMIR4435‑2HG (5'‑CCCAGAU UU
AAGGGCUAUUTT‑3') or siNC (5'‑UUCUCCGAACGUGUC
ACGUTT‑3') were seeded in 6‑well culture plates. After 48 h,
cells were digested by 0.25% EDTA‑free trypsin, washed
2 times with cold PBS, resuspended in 100 µl binding buffer,
and stained with Annexin V‑FITC as well as propidium iodide
(100 µg/ml). After 15 min incubation at 37˚C in the dark, apop‑
totic cells were analyzed using a FACS Calibur flow cytometer
(Becton, Dickinson and Company), and analyzed using Cell
Quest software v.3.3 (Becton, Dickinson and Company). The
experiment was performed in triplicate.
Cell culture and growth conditions. Human transformed
mammary epithelial cell line (MCF‑10A) and human breast
cancer cell lines (MDA‑MB‑231 and MCF‑7) were obtained
from the Cell Bank of Type Culture Collection of the Chinese
Academy of Sciences. MDA‑MB‑231 and MCF‑7 cells were
cultured in high‑glucose Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.) in the presence of
1% penicillin/streptomycin. (Sigma‑Aldrich; Merck KGaA).
MCF‑10A cells were cultured in DMEM‑F12 (Gibco; Thermo
Fisher Scientific, Inc.) supplemented with 10% FBS in the
presence of 100 U/ml penicillin, 100 µg/ml of streptomycin,
20 ng/ml of epidermal growth factor and 2 mM of L‑glutamine.
All cells were cultured at 37˚C with 5% CO2 in a standard cell
culture incubator (Thermo Fisher Scientific, Inc.).
Cell Counting Kit‑8 (CCK‑8) assays. Cell proliferation was
detected using CCK‑8 assays (Dojindo Molecular Technologies
Inc.). Briefly, cells were seeded in 96‑well plates at a density
of 1,000 cells/well. At each time point (0, 1, 2, 3, 4 and 5 days),
culture medium was replaced with 100 µl DMEM supple‑
mented with 10 µl CCK‑8 reagent (Dojindo, Japan). Cells were
then incubated at 37˚C for 2 h, and then the absorbance was
measured at 450 nm. Cell proliferation rate was calculated
relative to day 0 (6 h after seeding), which were the controls.
Colony formation assays. A total of 500 cells were seeded per
well onto 6‑well plates. The medium was replenished with fresh
medium every 3 days. After 14 days culture, the medium was
removed and the cells were fixed with 4% paraformaldehyde
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for 20 min at 4˚C after washing twice with PBS, stained with
0.1% crystal violet (Beyotime Institute of Biotechnology) for
20 min at room temperature. After another wash with water,
cells were air‑dried, and colonies containing >50 cells were
counted manually. Images of the representative single colony
was captured using a light microscope (magnification, x100).
Western blot analysis. Total protein was extracted
from MDA‑MB‑231 and MCF‑7 cells infected with
shMIR4435‑2HG‑ or shNC‑viruses using RIPA lysis buffer
(Beyotime Institute of Biotechnology). To extract cytoplasmic
and nuclear proteins, cytoplasmic and nuclear extracts were
prepared using a Nuclear and Cytoplasmic Extraction kit
(Beyotime Institute of Biotechnology) according to the
manufacturer's instructions. The protein concentration of
the soluble materials was measured using a BCA protein
assay kit (Beyotime Institute of Biotechnology), with bovine
serum albumin (Beyotime Institute of Biotechnology)
serving as a standard. Then, the proteins (40 µg per lane)
were separated via 10% SDS‑PAGE and then transferred
onto a polyvinylidene difluoride (PVDF) membrane (EMD
Millipore). The membranes were blocked in 5% fat‑free milk
at room temperature for 1 h followed by incubating with
specific primary antibodies at 4˚C overnight, including the
anti‑β ‑actin (1:5,000; cat. no. ab8227; Abcam), anti‑PCNA
(1:1,000; cat. no. ab92552; Abcam), anti‑GAPDH (1:1,000;
cat. no. ab9485; Abcam), anti‑ZEB1 (1:1,000; cat. no. 3396;
Cell Signaling Technology, Inc.), anti‑E‑cadherin (1:1,000;
cat. no. 3195; Cell Signaling Technology, Inc.), anti‑Lamin
B1 (1:1,000; cat. no. ab133741; Abcam), anti‑N‑cadherin
(1:1,000; cat. no. 14215; Cell Signaling Technology, Inc.),
anti‑Bax antibody (1:1,000; cat. no. 5023; Cell Signaling
Technology), anti‑Bcl‑2 (1:1,000; cat. no. 4223; Cell
Signaling Technology, Inc.), anti‑Cleaved‑caspase‑3 (1:1,000;
cat. no. 9661; Cell Signaling Technology, Inc.), anti‑β‑catenin
(1:1,000; cat. no. ab68183; Abcam), anti‑cleaved‑PARP
(1:1,000; cat. no. 5625; Cell Signaling Technology, Inc.) and
anti‑vimentin (1:1,000; cat. no. 5741; Cell Signaling Technology,
Inc.). Horseradish peroxidase‑conjugated anti‑rabbit (1:1,000;
cat. no. BA1054, Wuhan Boster Biological Technology, Inc.) or
mouse secondary antibodies (1:1,000; cat. no. BA1050, Wuhan
Boster Biological Technology, Inc.) were added and incubated
at room temperature for 1 h. Detection was performed using
the ECL reagent (Pierce; Thermo Fisher Scientific, Inc.).
Protein levels were quantified through densitometry using
Photoshop CS4 version v.11.0.1 (Adobe, Systems, Inc.).
Transwell cell migration and basement membrane matrix
invasion assay. Migration and invasion assays were performed
to evaluate the effect of MIR4435‑2HG on breast cancer cell
metastasis. Briefly, the Transwell inserts (Costar; Corning,
Inc.) with 8 µm pore polycarbonate membranes (Corning,
Inc.) coated with Matrigel at 37˚C for 4 h or without Matrigel
(BD Biosciences) were used in the invasion and migration
assays, respectively. MDA‑MB‑231 and MCF‑7 cells infected
with shNC or shMIR4435‑2HG viruses were resuspended
in a serum‑free medium and further 6x104 cells for MCF‑7
or 2x104 cells for MDA‑MB‑231 were seeded into the upper
chamber of the Transwell insert. The lower chamber was filled
with 500 µl DMEM (Gibco; Thermo Fisher Scientific, Inc.)
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containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.).
After 24 h incubation at 37˚C with 5% CO2, cells in the upper
chamber were gently removed using a cotton swab, whereas
cells in the lower chamber were washed with PBS, fixed with
4% paraformaldehyde at 4˚C for 20 min, and stained with 0.1%
crystal violet at room temperature for 20 min. Eventually, cells
that had migrated/invaded into the filter were counted and
analyzed. Images of the representative migrative or invasive
pictures were captured using a light microscope (magnifica‑
tion, x100). Each assay was performed in triplicate.
Bioinformatics/database analysis. Data from the Gene
Expression Profiling Interactive Analysis (GEPIA) database
(http://gepia.cancer‑pku.cn/index.html) were used to analyze
the differential expression of MIR4435‑2HG and its prognostic
values in breast cancer. A gene symbol (MIR4435‑2HG) was
entered into the ‘Enter gene name’ field. Then the ‘GoPIA!’
button was clicked to obtain the expression profile of the input
gene across all tumor and normal tissues. For the profile of
MIR4435‑2HG expression, input ‘MIR4435‑2HG’ under
‘Gene’, the ‘ANOVA’ option was selected under ‘Differential
Methods’, choose ‘No’ under ‘Log Scale’, choose ‘Match
TCGA normal data’ under ‘Matched Normal data’, the
‘BRCA’ option was selected under ‘Cancer name’; click ‘Plot’
button and the results were then displayed. For the boxplot
of MIR4435‑2HG expression, the ‘Boxplot’ tab under the
‘Expression DIY’ section was clicked, the ‘BRCA’ option
was selected under ‘Cancer name’, choose ‘Yes’ under ‘Log
Scale’, set ‘Jitter size’ as ‘0.4’, and choose ‘Match TCGA
normal data’ under ‘Matched Normal data’; the results were
then displayed in box plots. For the survival analysis, click the
‘Survival Plots’ tab under the ‘Survival’ section, the ‘Overall
Survival’ or ‘Disease Free Survival (DFS)’ was selected under
‘Methods’, choose ‘Quartile’ as the cut‑off value to separate
patients into high (>75% quartile) and low (<25% quartile)
expression groups, choose ‘No’ under ‘Hazards Ratio (HR)’,
choose ‘No’ under ‘95% Confidence Interval’, choose ‘months’
under ‘Axis Units’, and the ‘BRCA’ option was selected under
‘Cancer name’; click ‘Plot’ button and the results were then
displayed.
Statistical analysis. Data are expressed as the mean ± stan‑
dard deviation from three independent experiments unless
otherwise stated. To determine statistical significance, an
unpaired Student's t‑test or one‑way ANOVA (with Tukey's
post hoc test) was used and analyzed using GraphPad Prism
software (version 5.0; GraphPad Software) and SPSS software
(version 22.0; IBM Corp.). Kaplan‑Meier analysis was used to
evaluate disease‑free survival rate and overall survival rate.
P<0.05 was considered to indicate a statistically significant
difference.
Results
MIR4435‑2HG is upregulated in breast cancer tissue and
its high expression level is associated with poor prognosis.
A previous report showed that MIR4435‑2HG is highly
expressed in breast cancer tissues (n=36) compared with
adjacent normal tissues (20). To confirm this observation,
the present study retrieved and analyzed the expression
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Figure 1. MIR4435‑2HG expression is increased in breast cancer tissue and breast cancer cell lines. (A) Dot plot of the MIR4435‑2HG expression profile across
breast cancer tissues (red, n=1,085) and normal tissues (green, n=112) based on GEPIA database. (B) Box plot of MIR4435‑2HG expression in breast cancer
tissues (n=1,085) and normal tissues (n=112) based on the GEPIA database. Kaplan‑Meier (C) overall survival and (D) disease‑free survival in patients with
breast cancer stratified by MIR4435‑2HG expression. (E) Reverse transcription‑quantitative PCR analysis of MIR4435‑2HG expression in the indicated cells
with GAPDH serving as the internal control. *P<0.05, ***P<0.001 vs. MCF‑10A. GEPIA, Gene Expression Profiling Interactive Analysis.

level of MIR4435‑2HG in a large cohort of samples from
patients with breast cancer based on The Cancer Genome
Atlas database using the online web portal GEPIA
(http://gepia.cancer‑pku.cn/index.html) (22). As presented in
Fig. 1A and B, MIR4435‑2HG expression was significantly

upregulated in breast cancer tissues compared with normal
tissues (P<0.05). Kaplan‑Meier analysis demonstrated
that patients with higher MIR4435‑2HG expression levels
exhibited decreased overall survival times (P=0.0083)
and shor ter disease‑free sur vival times (P= 0.022)

ONCOLOGY LETTERS 21: 373, 2021

5

Figure 2. Knockdown of MIR4435‑2HG suppresses the proliferation of breast cancer cells. (A) MDA‑MB‑231 and MCF‑7 cells were infected with
shMIR4435‑2HG or shNC lentivirus (scale bar, 200 µm). (B) Reverse transcription‑quantitative analysis of MIR4435‑2HG expression in indicated cells
with GAPDH serving as an internal control. (C) The cell viability was detected by Cell Counting Kit‑8 assay in MCF‑7 and MDA‑MB‑231 cells following
MIR4435‑2HG knockdown. (D) Knockdown of MIR4435‑2HG decreased the colony formation activity of MDA‑MB‑231 and MCF‑7 cells, as determined by
a colony formation assay. Images of the stained cell colonies were captured. (E) The number of colonies were calculated and statistically analyzed. *P<0.05,
**
P<0.01 and ***P<0.001 vs. shNC. sh, short hairpin; NC, negative control; GFP, green fluorescent protein.

(Fig. 1C and D). In addition, the RT‑qPCR analysis revealed
that MIR4435‑2HG expression was higher in breast cancer
cell lines when compared with that in the normal breast cell
line MCF‑10A (Fig. 1E). Taken together, these data suggest
that MIR4435‑2HG may function as an oncogene in breast
cancer and its high expression is associated with poor prog‑
nosis of patients with breast cancer.
Inhibition of MIR4435‑2HG suppresses the proliferation
of breast cancer cells. To investigate the potential func‑
tion of MIR4435‑2HG in breast cancer, the present study
performed MIR4435‑2HG‑knockdown in MDA‑MB‑231

and MCF‑7 cells by lentiviral infection (shMIR4435‑2HG)
with an empty lentiviral vector as the shNC. Fluorescence
detection showed that the transfection efficiency was >90%
according to the ratio of GFP positive cells in both cell lines
(Fig. 2A). Furthermore, RT‑qPCR analysis showed that
MIR4435‑HG transcript levels were decreased by ~70% in
MDA‑MB‑231 and MCF‑7 cells expressing shMIR4435‑2HG
compared with the shNC group (P<0.01; Fig. 2B). In order
to investigate the effects of MIR4435‑2HG on cell prolifera‑
tion, CCK‑8 and colony formation assays were performed in
MDA‑MB‑231 and MCF‑7 cells. The results revealed that
MIR4435‑2HG‑depleted MDA‑MB‑231 or MCF7 cells
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Figure 3. Knockdown of MIR4435‑2HG enhances cell apoptosis in breast cancer cells. (A) After 48 h transfection, cells were labelled with Annexin V‑FITC
and PI and then cell apoptosis was analyzed by flow cytometry. The original flow cytometry plots are shown in the upper‑right panel of each dot plots. (B) The
percentage of apoptotic cells was calculated. The data are presented as the mean ± standard deviation. (C) Reverse transcription‑quantitative PCR analysis of
MIR4435‑2HG expression following transfection of si‑NC or si‑MIR4435‑2HG with GAPDH serving as the internal control. (D) Protein expression levels of
cleaved‑PARP, PCNA, Bcl‑2, Bax and cleaved‑caspase 3 was measured by western blotting in MDA‑MB‑231 cells (left panel) and MCF‑7 cells (right panel).
(E and F) Relative density of indicated proteins in (D) *P<0.05, **P<0.01, ***P<0.001 vs. shNC. PI, propidium iodide; si, small interfering; sh, short hairpin;
NC, negative control.

proliferated significantly slower than control cells (P<0.01
and P<0.05). Furthermore, shMIR4435‑2HG‑MDA‑MB‑231
or MCF7 cells had significantly fewer and smaller sized
colonies than control cells (P<0.01; Fig. 2D and E). Based
on these results, it was concluded that MIR4435‑2HG
exerts a crucial role in breast cancer cell proliferation, and
that targeting MIR4435‑2HG may effectively inhibit breast
cancer progression.

Effect of MIR4435‑2HG on breast cancer cell apoptosis. The
effects of MIR4435‑2HG on cell apoptosis were assessed
via flow cytometry analyses (Fig. 3A). As presented in
Fig. 3B and C, MIR4435‑2HG knockdown significantly
increased the proportions of apoptotic MDA‑MB‑231 and
MCF‑7 cells compared with siNC‑transfected cells (P<0.05).
To gain further insight into the molecular mechanism by which
shMIR4435‑2HG induces apoptosis of breast cancer cells,
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Figure 4. Knockdown of MIR4435‑2HG attenuates tumor metastasis and invasion via the Wnt/β‑catenin signaling pathway. (A) Transwell migration (upper
panel) and invasion assays (bottom panel) were performed to measure the effects of MIR4435‑2HG downregulation on the migration and invasion abilities
of MDA‑MB‑231 and MCF‑7 cells. Scale bar, 100 µm. (B) Migrated and invaded cells were counted in five random fields. (C) Total, cytoplasmic and nuclear
β‑catenin expression levels were determined via western blotting after inhibiting MIR4435‑2HG. LaminB1 and GAPDH served as nuclear and cytoplasmic
markers, respectively. (D) Expression levels of E‑cadherin, ZEB1, N‑cadherin and vimentin in MDA‑MB‑231 and MCF‑7 cells infected with MIR4435‑2HG
shRNA or shNC. GAPDH was served as internal control. (E) Relative density of indicated proteins in (C). (F) Relative density of indicated proteins in (D).
*
P<0.05, **P<0.01, ***P<0.001 vs. shNC. sh, short hairpin; NC, negative control.

the present study measured the expression levels of several
apoptosis‑associated proteins post‑silencing MIR4435‑2HG.
The western blot results revealed that the expression levels of
Bcl‑2, an anti‑apoptotic marker, and the proliferating marker
PCNA, were decreased significantly in MDA‑MB‑231 and
MCF‑7 cells after inhibiting MIR4435‑2HG. While the expres‑
sion of cleaved‑PARP, cleaved‑caspase‑3 and Bax, which were
makers of activation of apoptosis pathways, were upregulated

upon MIR4435‑2HG knockdown (Fig. 3D and F). These find‑
ings suggested that knockdown of MIR4435‑2HG induces
apoptosis through downregulation of anti‑apoptotic proteins
and upregulation of proapoptotic proteins in breast cancer cells.
Knockdown of MIR4435‑2HG inhibits breast cancer cell
metastasis and invasion via the Wnt/β‑catenin pathway. The
present study performed transwell assays to investigate the
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effect of MIR4435‑2HG on the migration and invasion of breast
cancer cells. As presented in Fig. 4A and B, MDA‑MB‑231
and MCF‑7 cells displayed significantly lowered migration
and invasion capabilities compared with the control cells
upon MIR4435‑2HG silencing. A previous study reported
that MIR4435‑2HG could inhibit gastric cancer progression
through inactivating Wnt/β‑catenin pathway (17). Given that
dysregulation of Wnt/β‑catenin pathway has been shown to be
involved in the progression of various types of tumor, including
breast cancer (23), the present study examined whether
MIR4435‑2HG could regulate breast cancer metastasis by
altering the Wnt/β‑catenin signaling pathway. Following the
western blot analyses, it was revealed that MIR4435‑2HG
knockdown decreased total and nuclear β‑catenin expression,
and slightly elevated the cytoplasmic β ‑catenin expression
(Fig. 4C and E). The present study also assessed the expres‑
sion of EMT‑associated proteins via western blotting. As
presented in Fig. 4D and F, MIR4435‑2HG knockdown
attenuated the expression of N‑cadherin, ZEB1and vimentin,
whereas E‑cadherin expression was enhanced. Collectively,
the aforementioned findings demonstrate that MIR4435‑2HG
contributed to breast cancer cell metastasis through orches‑
trating Wnt/β‑catenin signaling.
Discussion
It has previously been described that MIR4435‑2HG is
upregulated and plays crucial roles in HCC (14), lung
cancer (15), ovarian cancer (24), prostate cancer (25) and
gastric cancer (17). Notably, MIR4435‑2HG expression is
increased in breast cancer tissues and is associated with poor
prognosis (20). However, whether MIR4435‑2HG affects the
biological function of breast cancer cells remains to be eluci‑
dated. To the best of our knowledge, the present study it the
first to report on the oncogenic function of MIR4435‑2HG in
breast cancer cells.
Apoptosis failure, as one of the hallmarks of cancer (also
referred to as genetically programmed cell death), has been
extensively demonstrated to be executed upon the cleavage of
a series of cysteine proteases termed pro‑caspases (26). The
initiators caspase‑8 and ‑9 are the first to be activated during
apoptosis, and they subsequently activate the executioners
caspase‑3 and ‑7, which are responsible for the cleavage of several
downstream substrates, including the PARP protein, ultimately
activating apoptosis (27,28). Activation of caspase‑3 could cleave
BID to promote the mitochondrial apoptosis pathway (29). In
the present study, it was revealed that MIR4435‑2HG knock‑
down causes the upregulation of cleaved‑PARP and cleaved
caspase‑3. Furthermore, MIR4435‑2HG knockdown increased
the expression of pro‑apoptotic protein Bax and decreased the
expression of anti‑apoptotic protein Bcl‑2 in breast cancer cells.
The results of the present study suggest that the mitochondrial
pathway is associated with MIR4435‑2HG knockdown‑medi‑
ated apoptosis in breast cancer cells.
Increasing evidence indicates that the EMT plays a crucial
role in the metastasis of breast cancer. EMT is a complex,
reversible and multi‑step biological event characterized by
the loss of apical polarity and cell‑cell contacts and acquired
mesenchymal phenotypes of mobility, plasticity and stem
cell‑like properties (30,31). Notably, EMT may occur under

physiological processes, such as embryogenesis and wound
healing; however, it is active during carcinogenesis, thereby
conferring the invasive and metastatic abilities of tumor
cells (32). As EMT occurs, the mesenchymal protein markers
N‑cadherin and vimentin are increased and concurrently, the
epithelial protein marker E‑cadherin is decreased (33). In
the present study, it was revealed that MIR4435‑2HG knock‑
down significantly decreased the expression of mesenchymal
markers, including N‑cadherin, vimentin and ZEB1, whereas
it augmented expression of epithelial marker E‑cadherin.
These results indicate that MIR4435‑2HG promotes
metastasis by driving EMT in breast cancer cells. Based
on a previous report, MIR4435‑2HG could inhibit gastric
cancer progression through inactivating Wnt/β ‑catenin
pathway (17). Consistently, the results of the present study
also demonstrated that knockdown of MIR4435‑2HG
resulted in a decrease of total and nuclear β‑catenin expres‑
sion. The Wnt/β‑catenin signaling pathway has been shown
to be involved in the anti‑apoptotic function of cells (34‑36).
Arsenic trioxide (ATO) significantly induced HeLa cell apop‑
tosis via decreasing β‑catenin expression at both the mRNA
and protein levels (34). Triptolide induces breast cancer
cell apoptosis by suppressing the Wnt/β ‑catenin signaling
pathway (35). The generation of reactive oxygen species
by thalidomide suppressed the Wnt/β ‑catenin signaling
pathway, with subsequent activation of the intrinsic apoptotic
pathway (36). However, whether other signaling pathways
are involved in MIR4435‑2HG‑mediated tumor progression
need to be further investigated. Several previous reports have
demonstrated that MIR4435‑2HG promotes cancer progres‑
sion via activating the TGF‑β signaling pathway in prostate
and lung cancer (25,37). Thus, it would be of great importance
to investigate whether MIR4435‑2HG modulates this pathway
in breast cancer. In addition, Kong et al (38) demonstrates that
MIR4435‑2HG promotes HCC cell proliferation by upregu‑
lating miRNA‑487a. Therefore, it is rational to hypothesize
that MIR4435‑2HG may modulate miRNA expression in
breast cancer. Taken together, the present study provides new
insight into the oncogenic roles of MIR4435‑2HG in breast
cancer progression, and thus may be utilized as a critical
therapeutic target for breast cancer treatment. However, addi‑
tional studies are needed to fully understand the molecular
mechanisms of MIR4435‑2HG‑mediated tumor progression.
In conclusion, the present study demonstrated that
MIR4435‑2HG was upregulated in breast cancer and predicts
poor prognosis. Notably, MIR4435‑2HG knockdown promotes
cell apoptosis but inhibits breast cancer cell proliferation,
migration and invasion by impeding the Wnt/β‑catenin axis.
These results suggested the potential value of MIR4435‑2HG
as a novel promising diagnostic, therapeutic and prognostic
target for the treatment of breast cancer.
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