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Abstract. Drug resistance is a major problem to overcome 
in the treatment of cancer; therefore, identifying therapeutic 
targets for drug resistance is a point of focus in the field of 
cancer research. Long non‑coding RNAs (lncRNAs) and 
microRNAs (miRs) not only affect gene expression regulation 
during cell proliferation, but also have several potential roles 
in the drug resistance of malignant tumors. Reverse transcrip‑
tion‑quantitative PCR was used to detect the expression levels 
of DDX11 antisense RNA 1 (DDX11‑AS1) and miR‑497 in 
MCF‑7 and MDA‑MB‑231 cells. Cell transfection techniques 
were used to interfere with the expression levels of DDX11‑AS1 
and miR‑497. Cell Counting Kit‑8 and MTT assays were used 
to detect cell viability. A colony formation assay was used to 
detect cell proliferation. Wound‑healing and Transwell assays 
were performed to measure the levels of cell migration and inva‑
sion. Western blotting was used to analyze the expression levels 
of migration‑associated proteins, and immunofluorescence 
and western blotting were used to determine the expres‑
sion levels of the epithelial‑mesenchymal transition‑related 
proteins E‑cadherin and N‑cadherin, respectively. A luciferase 
reporter gene assay was used to verify the targeted binding of 
DDX11‑AS1 and miR‑497. The present study demonstrated 
that the expression levels of lncRNA DDX11‑AS1 were mark‑
edly increased in paclitaxel (PTX)‑resistant breast cancer 
cell lines. By contrast, knockdown of DDX11‑AS1 expression 

inhibited PTX resistance of breast cancer cells, and suppressed 
the proliferation, invasion and migration of breast cancer cells, 
which was achieved via upregulation of miR‑497 expression. In 
conclusion, knockdown of lncRNA DDX11‑AS1 could inhibit 
the proliferation, migration and PTX resistance of breast cancer 
cells by upregulating miR‑497 expression.

Introduction

Breast cancer is the most common type of malignant tumor 
in women. At present, advanced breast cancer can be treated 
with different drug approaches, including chemotherapy drugs 
(paclitaxel and anthracyclines), targeted therapy (trastuzumab) 
and immunotherapy using immune checkpoint inhibitors (1‑4). 
However, multi‑course chemotherapy can induce resistance of 
tumor cells to chemotherapy drugs, leading to treatment failure 
and tumor progression, which seriously affects the quality of 
life and long‑term survival of patients (5,6).

Research on the function and mechanism of non‑coding 
RNA (ncRNA) has garnered attention in the field of cancer (7). 
ncRNAs, including microRNAs (miRNAs/miRs) and long 
ncRNAs (lncRNAs), are involved in different levels of gene 
expression, including chromatin structure, epigenetic memory, 
transcription, RNA splicing and translation (8). It has been 
reported that lncRNAs, as competing endogenous RNAs 
(ceRNAs), adsorb miRNAs through sponge action, and subse‑
quently regulate the expression of downstream genes at the 
translational level, thus serving an important regulatory role 
in the occurrence, development and prognosis of cancer (9). 
Previous studies have revealed that lncRNAs function as 
ceRNAs in breast cancer cells, and affect invasion, metas‑
tasis, cell proliferation and epithelial‑mesenchymal transition 
(EMT) of breast cancer (10‑12). These findings have improved 
the knowledge of the molecular mechanisms underlying the 
occurrence and development of breast cancer.

The expression levels of lncRNA DDX11 antisense RNA 1 
(DDX11‑AS1) in colorectal cancer have been revealed to be 
positively associated with lymphatic metastasis and TNM 
stage, and to have a marked effect on the overall survival 
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of patients with colorectal cancer. Conversely, knockdown 
of DDX11‑AS1 has been shown to inhibit the proliferation, 
migration and invasion of colorectal cancer cells, and to stimu‑
late cell apoptosis (13). A previous study demonstrated that 
DDX11‑AS1 is highly expressed in esophageal cancer tissues, 
and knockdown of DDX11‑AS1 can inhibit DNA topoisom‑
erase II α transcription by inhibiting TATA‑box binding 
protein‑associated factor 1, thus reducing the sensitivity of 
esophageal cancer cells to paclitaxel (PTX) and inhibiting 
tumor growth. Therefore, DDX11‑AS1 knockdown may be 
a promising therapeutic strategy for esophageal cancer (14). 
However, to the best of our knowledge, the effect of lncRNA 
DDX11‑AS1 on proliferation, migration and PTX resistance in 
breast cancer has yet to be determined.

It has been reported that miR‑497 expression is markedly 
downregulated in breast cancer tissue samples and cell lines (15). 
In other types of cancer, miR‑497 has a tumor‑suppressive 
effect (15,16). Furthermore, previous studies have shown that 
miR‑497 may serve as a biomarker for cancer prognosis (17,18). 
Notably, the expression levels of miR‑497 have been shown to 
be associated with the chemoresistance phenotype of ovarian 
cancer, and the overexpression of miR‑497 may induce 
sensitivity of resistant ovarian tumors to cisplatin treatment (19).

In the present study, the expression levels of lncRNA 
DDX11‑AS1 in breast cancer were detected, and its effects on 
the proliferation and migration of breast cancer cells, as well 
as PTX resistance, were assessed. Additionally, the present 
study discussed the mechanism underlying these effects, in 
order to provide a theoretical basis for targeted therapy of 
chemotherapy resistance in breast cancer.

Materials and methods

Cell culture. MCF‑10A human normal mammary cells, 
and MCF‑7 and MDA‑MB‑231 human breast cancer cell 
lines were obtained from The Cell Bank of Type Culture 
Collection of The Chinese Academy of Sciences. The cells 
were cultured in DMEM (Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10% FBS (Gibco; Thermo Fisher 
Scientific, Inc.), 100 U/ml penicillin and 100 mg/ml strepto‑
mycin in a humidified atmosphere containing 5% CO2 at 37˚C. 
The PTX‑resistant MCF‑7/PTX and MDA‑MB‑231/PTX 
cell lines were generated by an intermittent and stepwise 
method (20). Briefly, the parental MCF‑7 and MDA‑MB‑231 
cells were initially incubated with PTX [Beyotime Institute of 
Biotechnology; the concentration of PTX used was the IC50: 
0.46 µmol/l in MCF‑7 cells; 0.53 µmol/l in MDA‑MB‑231 
cells, as determined using a Cell Counting Kit‑8 asay (CCK‑8)] 
under the same conditions as cell culture for 4 days at 37˚C, 
and then cultured in drug‑free medium for 3‑4 days until 
normal proliferative ability was recovered. PTX treatment 
was performed six times during the induction period and the 
PTX‑resistant clones were then harvested. The MCF‑7/PTX 
and MDA‑MB‑231/PTX cell lines were subsequently cultured 
in complete medium without PTX.

Datebase. The LncBase website (http://carolina.imis.athena‑
innovation.gr/diana_tools/web/index.php?r=lncbasev2%2Findex) 
was used to indicate the binding site between lncRNA 
DDX11‑AS1 and miR‑497.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from cultured cells using RNAzol® 
RT (Sigma‑Aldrich; Merck  KGaA) according to the 
manufacturer's protocol. The concentration and purity of 
RNA were measured using a Nanodrop 2000 (Nanodrop; 
Thermo Fisher Scientific, Inc.). The RevertAid First Strand 
cDNA Synthesis kit (cat. no. K1622; Thermo Fisher Scientific, 
Inc.) was used to synthesize cDNA according to the manufac‑
turer's protocol. The amplification conditions were as follows: 
95˚C for 10 min, followed by 40 cycles at 95˚C for 10 sec and 
60˚C for 60 sec, according to the manufacturer's protocol, and 
then amplified in triplicate via qPCR (cobas Z 480 system; 
Roche Diagnostics) using SYBR Green (final reaction volume, 
20 µl; Roche Diagnostics GmbH), according to the manufac‑
turer's protocol. The primer sequences used for qPCR were 
obtained from GenScript. U6 was used as a reference gene for 
normalization of DDX11‑AS1 and miR‑497. GAPDH was used 
as a reference gene for normalization. The primer sequences 
used for qPCR were as follows: DDX11‑AS1 forward, 5'‑CTG​
GCT​ACT​CTT​CCT​CCT​GG‑3' and reverse, 5'‑CAG​AGG​ACA​
TGT​GGG​AGG​TT‑3'; miR‑497 forward, 5'‑GTG​CAG​GGT​
CCG​AGG​T‑3' and reverse, 5'‑TAG​CCT​GCA​GCA​CAC​TGT​
GGT‑3'; and U6 forward, 5'‑GCT​TCG​GCA​GCA​CAT​ATA​
CTA​AAA​T‑3' and reverse, 5'‑CGC​TTC​ACG​AAT​TTG​CGT​
GTC​AT‑3'. Fold‑changes in lncRNA expression and miR‑497 
were calculated using the 2‑∆∆Cq method (21).

Cell transfection. MCF‑7, MDA‑MB‑231, MCF‑7/PTX and 
MDA‑MB‑231/PTX cells (5x105  cells/well) were seeded 
into 12‑well plates, and then transfected with short hairpin 
RNAs (shRNAs) contained in a vector targeting DDX11‑AS1 
(shRNA‑DDX11‑AS1‑1 and shRNA‑DDX11‑AS1‑2) and 
negative control (shRNA‑NC), miR‑497 inhibitors (miR‑497 
inhibitor‑1 and miR‑497 inhibitor‑2, cat. no. miR20004768‑1‑5; 
Guangzhou RiboBio Co., Ltd.) and scrambled negative control 
(NC) sequences all at a concentration of 20 nM (Shanghai 
GenePharma Co., Ltd.) for 6  h at  37˚C. Cell transfection 
was performed using Lipofectamine®  2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufac‑
turer's protocol. RT‑qPCR was used to detect the transfection 
efficiency at 48 h after transfection. Cells were divided into 
control, shRNA‑DDX11‑AS1, shRNA‑DDX11‑AS1 + inhib‑
itor‑NC and shRNA‑DDX11‑AS1 + miR‑497 inhibitor groups.

CCK‑8 assay. Cell viability was measured using a CCK‑8 
assay (Dojindo Molecular Technologies, Inc.), according to the 
manufacturer's instructions. Cells were seeded into 96‑well 
plates, and trypsinized to prepare a single cell suspension 
with a density of 2x103 cells/ml. Following incubation at 37˚C 
for 48 h, 10 µl CCK‑8 solution was added to each well, and 
cells were further incubated for 2 h at 37˚C. The absorbance 
was measured at 450 nm using a microplate reader (BioTek 
Instruments, Inc.). The Y value for 50% suppression (IC50) was 
calculated according to a linear formula (22).

MTT assay. Cell proliferation was determined using an 
MTT assay. The treated cells were plated into 96‑well 
plates (5x103 cells/well) and incubated with 0.5 mg/ml MTT 
(Sigma‑Aldrich; Merck KGaA) for 3 h at 37˚C. Subsequently, 
formazan was dissolved with 600 µl DMSO for 15 min. The 



Molecular Medicine REPORTS  25:  123,  2022 3

optical density was measured using an enzyme‑linked detector 
at a wavelength of 490 nm.

Colony formation assay. Cells were seeded into six‑well plates 
at a density of 200 cells/well and cultured at 37˚C for 21 days 
until visible colonies appeared. Subsequently, cells were 
washed with PBS three times, fixed with methanol for 15 min 
at room temperature and stained with 0.1% (w/v) crystal violet. 
Megascopic cell colonies (>10  cells) were counted using 
Image‑Pro Plus 5.0 software (Media Cybernetics, Inc.).

Wound‑healing assay. Cell migration was determined using 
a wound‑healing assay. Briefly, transfected cells were plated 
in 12‑well plates at a density of 1x105 cells/well. Once cells 
reached 80%  confluence, the medium was replaced with 
serum‑free DMEM and cells were incubated at 37˚C overnight 
before initiating the experiment. Subsequently, a wound was 
created on the surface of the cell monolayer using a 200‑µl 
pipette tip. The cells were then rinsed twice with serum‑free 
medium in order to remove free‑floating cells and debris. 
An inverted light microscope (magnification, x20; BX51; 
Olympus Corporation) was used to monitor cells at the edges 
of the scratch. The percentage of wound closure was deter‑
mined according to the following equation: [(Ai‑At)/Ai] x100, 
where Ai represents the initial area of the wound at 0 h and 
At represents the area of the wound after 24 h.

Transwell assay. The 24‑well Transwell chambers (pore 
size, 0.1 µm; Costar; Corning, Inc.) precoated with 50 µl 
Matrigel (BD Biosciences) at 37˚C for 30 min were used to 
detect cell invasion. Prior to the experiments, the upper and 
lower chambers were filled with serum‑free DMEM and 
with DMEM supplemented with 10%  FBS, respectively. 
Cells (1.0x105 cells/well) were seeded into the upper chamber 
and were allowed to invade through the membrane for 48 h 
at 37˚C in an atmosphere containing 5% CO2. Finally, the 
cells on the upper surface of the membranes (non‑invaded 
cells) were removed and the Transwell filters were fixed with 
10% cold methanol at room temperature for 15 min prior to 
staining with crystal violet (0.1% in 20% ethanol) for 30 min 
at room temperature. Invaded cells were directly counted 
using an Olympus light microscope (magnification, x100; 
Olympus BX51; Olympus Corporation) and the average cell 
counts in five random fields were calculated.

Western blotting. Total protein was extracted from cells 
with RIPA lysis buffer (Thermo  Fisher Scientific, Inc.). 
Total protein was quantified using a BCA protein assay kit 
(Bio‑Rad Laboratories, Inc.). Equal amounts (30 µg) of protein 
samples were separated by SDS‑PAGE on 10%  gels and 
then electrophoretically transferred onto PVDF membranes 
(EMD Millipore). The PVDF membranes were incubated 
with primary antibodies overnight at 4˚C after blocking with 
10% non‑fat milk for 1 h at room temperature. Subsequently, 
the PVDF membranes were incubated with HRP‑conjugated 
secondary antibody (1:5,000; cat. no. ab150077; Abcam) at 
room temperature for 2 h. Protein signals were detected using 
a chemiluminescence detection kit (Amersham; Cytiva) and 
a semi‑quantitative analysis was conducted using ImageJ 
software (version  1.8.0; National Institutes of Health). 

The following primary antibodies were purchased from 
Abcam: Anti‑matrix metalloproteinase  (MMP)2 (1:1,000; 
cat. no. ab92536), anti‑MMP9 (1:1,000; cat. no. ab76003), 
anti‑N‑cadherin (1:1,000; cat. no. ab76011) and anti‑GAPDH 
(dilution, 1:1,000; cat. no. ab181602) antibodies.

Immunofluorescence. For staining of E‑cadherin protein, the 
cells were fixed in 4% paraformaldehyde/PBS for 20 min and 
permeabilized with 0.1% Triton X‑100/PBS for 3 min at room 
temperature. Subsequently, cells were blocked in 2% goat 
serum plus 1% BSA (both from Thermo Fisher Scientific, 
Inc.) in PBS for 30  min at room temperature, incubated 
with primary antibody at 4˚C overnight, and then incubated 
with secondary antibody conjugated to Alexa Fluor  488 
(cat. no. A32731; Invitrogen; Thermo Fisher Scientific, Inc.) 
at room temperature for 2 h. The nuclei were counterstained 
with DAPI. The primary antibody used was anti‑E‑cadherin 
(1:200; cat.  no.  ab40772; Abcam). Images were acquired 
using a light Leica DM5500B upright microscope (Leica 
Microsystems GmbH) with a Retiga SRV Cooled CCD 
camera (Teledyne Photometrics) and ImagePro Plus software 
(version 6.0; Media Cybernetics, Inc.).

Luciferase reporter gene assay. The interaction between 
DDX11‑AS1 and miR‑497 was predicted using LncBase 
(version 5.0; http://carolina.imis.athena‑innovation.gr/diana_
tools/web/index.php?r=lncbasev2%2Findex). The interaction was 
validated using a dual‑luciferase reporter system (cat. no. D0010; 
Beijing Solarbio Science & Technology Co., Ltd.). The luciferase 
vectors containing wild‑type (WT) and mutant (MUT) binding 
sites of DDX11‑AS1 were constructed using the pGL3 luciferase 
vector (Promega Corporation). miR‑497 mimic and mimic nega‑
tive control were co‑transfected with 20 nM DDX11‑AS1‑WT or 
DDX11‑AS1‑Mut into MCF‑10A cells (1.0x105 cells/well) using 
Lipofectamine 2000 reagent according to the manufacturer's 
protocol. After transfection for 48 h, the relative luciferase activity 
was measured using a microplate reader (BD Biosciences) and 
normalized to Renilla luciferase activity, which was measured 
using a Renilla luciferase activity kit (pRL‑TK; Invitrogen; 
Thermo Fisher Scientific Inc.).The mimic sequences were as 
follows: Mimic negative control, sense UUC​UCC​GAA​CGU​
GUC​ACG​UTT, antisense ACG​UGA​CAC​GUU​CGG​AGA​ATT; 
miR‑497 mimic, sense CAG​CAG​CAC​ACU​GUG​GUU​UGU, 
antisense AAA​CCA​CAG​UGU​GCU​GCU​GUU.

Statistical analysis. Data are presented as the mean ± standard 
deviation. SPSS v22.0 statistical software (IBM Corp.) was 
used for all statistical analyses. Comparisons among groups 
were analyzed by one‑way ANOVA followed by Tukey's 
post hoc test. P<0.05 was considered to indicate a statisti‑
cally significant difference. Each experiment was repeated 
three times.

Results

Expression levels of DDX11‑AS1 in PTX‑resistant breast 
cancer cell lines. The expression levels of DDX11‑AS1 
in MCF‑10A, MCF‑7, MDA‑MB‑231, and PTX‑resistant 
MCF‑7/PTX and MDA‑MB‑231/PTX cell lines were detected 
by RT‑qPCR (Fig.  1A). It was revealed that DDX11‑AS1 
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Figure 1. Expression of DDX11‑AS1 in PTX‑resistant breast cancer cell lines. (A) RT‑qPCR assay was used to detect the expression levels of DDX11‑AS1 
in breast cancer cell lines. **P<0.01, ***P<0.001 vs. MCF‑10A. RT‑qPCR assay was used to detect the expression levels of DDX11‑AS1 in (B) MCF‑7 and 
(C) MDA‑MB‑231 cell lines. *P<0.05, ***P<0.001 vs. 0 µM PTX. DDX11‑AS1, DDX11 antisense 1; lncRNA, long non‑coding RNA; PTX, paclitaxel; RT‑qPCR, 
reverse transcription‑quantitative PCR.

Figure 2. Knockdown of DDX11‑AS1 enhances the sensitivity of drug‑resistant breast cancer cells to PTX. Reverse transcription‑quantitative PCR assay 
detected the expression levels of DDX11‑AS1 in (A) MCF‑7/PTX, (B) MDA‑MB‑231/PTX, (C) MCF‑7 and (D) MDA‑MB‑231 cells after transfection. CCK‑8 
assay detected (E) cell viability and (F) cell inhibition rate in the MCF‑7/PTX cell line. CCK‑8 assay detected (G) cell viability and (H) cell inhibition rate in 
the MDA‑MB‑231/PTX cell line. ***P<0.001 vs. shRNA‑NC. CCK‑8, Cell Counting Kit‑8; DDX11‑AS1, DDX11 antisense 1; lncRNA, long non‑coding RNA; 
NC, negative control; PTX, paclitaxel; shRNA, short hairpin RNA.
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expression was markedly increased in breast cancer cell 
lines compared with that in MCF‑10A cells. Compared with 
those in MCF‑7 cells, the expression levels of DDX11‑AS1 in 
MCF‑7/PTX cells were further increased, which was consis‑
tent with the expression levels detected in MDA‑MB‑231/PTX 
cells. Subsequently, the expression levels of DDX11‑AS1 
in MCF‑7 and MDA‑MB‑231 cells treated with different 
concentrations of PTX were detected by RT‑qPCR, and it 
was revealed that with increasing PTX concentration, the 
expression levels of DDX11‑AS1 in breast cancer cells were 
increased (Fig. 1B and C).

Knockdown of DDX11‑AS1 reduces the sensitivity of 
drug‑resistant breast cancer cells to PTX. Cell transfection 
was used to knockdown DDX11‑AS1 expression in two 
PTX‑resistant cell lines, and MCF‑7 and MDA‑MB‑231 
cells. Cell transfection efficiency was detected by RT‑qPCR 
(Fig.  2A‑D). shRNA‑DDX11‑AS1‑2 was selected for the 
subsequent experiments. The cells were divided into control, 
shRNA‑NC and shRNA‑DDX11‑AS1 groups. Notably, a 3‑fold 
reduction in PTX IC50 was observed in the shRNA‑DDX11‑AS1 
groups compared with that in the shRNA‑NC  groups in 

MCF‑7/PTX (Fig.  2E  and  F) and MDA‑MB‑231/PTX 
(Fig. 2G and H) cells.

Knockdown of DDX11‑AS1 inhibits the proliferation of breast 
cancer cell lines. MTT (Fig. 3A and B) and colony formation 
(Fig. 3C and D) assays demonstrated that the viability of cells 
in the shRNA‑DDX11‑AS1 group was markedly decreased 
compared with that of parental cells in the shRNA‑NC group. 
These results demonstrated that knockdown of DDX11‑AS1 
inhibited the proliferation of breast cancer cells.

Knockdown of DDX11‑AS1 inhibits the invasion and migration 
of breast cancer cells. The present study used wound‑healing 
and Transwell assays to detect the levels of cell migration and 
invasion. In MCF‑7 cells, the results of the wound‑healing 
assay revealed that compared with that of the shRNA‑NC 
group, the cell migration ability of the shRNA‑DDX11‑AS1 
group was markedly decreased (Fig. 4A). The results of the 
Transwell assay revealed that the invasion ability of cells 
in the shRNA‑DDX11‑AS1 group was markedly decreased 
compared with that of cells in the shRNA‑NC group (Fig. 4B). 
Western blotting was used to detect the expression levels of 

Figure 3. Knockdown of DDX11‑AS1 inhibits the proliferation of breast cancer cells. MTT assay detected the viability of (A) MCF‑7 and (B) MDA‑MB‑231 
cells. Colony formation assay was used to detect the reproductive capacity of (C)  MCF‑7 and (D)  MDA‑MB‑231. Clones were counted. *P<0.05, 
***P<0.001 vs. shRNA‑NC. DDX11‑AS1, DDX11 antisense 1; NC, negative control; PTX, paclitaxel; shRNA, short hairpin RNA.
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migration‑related proteins (MMP2 and MMP9); their trend 
was consistent with that of Transwell and wound‑healing 
experiments (Fig. 4C). Subsequently, N‑cadherin expression 
was detected by western blotting. The results revealed that 
N‑cadherin expression was markedly decreased following 
DDX11‑AS1 knockdown (Fig. 4D). In MDA‑MB‑231 cells, 
the effects of DDX11‑AS1 knockdown on invasion and migra‑
tion were consistent with those in MCF‑7 cells (Fig. 5A‑D). 
Subsequently, the expression of the EMT‑related protein 
E‑cadherin was detected by immunofluorescence; the results 

revealed that E‑cadherin expression was markedly increased 
after DDX11‑AS1 knockdown in MCF‑7 and MDA‑MB‑231 
cells (Fig. 6A and B).

Knockdown of DDX11‑AS1 upregulates the expression levels 
of miR‑497. It was demonstrated that the expression levels of 
miR‑497 in PTX‑resistant cell lines were markedly decreased 
(Fig. 7A). In addition, the targeted binding of DDX11‑AS1 and 
miR‑497 was verified using a luciferase reporter gene assay 
(Fig. 7B). Furthermore, the expression levels of miR‑497 in 

Figure 4. Knockdown of DDX11‑AS1 inhibits invasion and migration of MCF‑7 cells. (A) Wound‑healing assay was used to detect cell migration. 
(B) Transwell assay was used to detect cell invasion. Western blotting detected the protein expression levels of (C) MMP2 and MMP9, and (D) N‑cadherin. 
***P<0.001 vs. shRNA‑NC. DDX11‑AS1, DDX11 antisense 1; MMP, matrix metalloproteinase; NC, negative control; PTX, paclitaxel; shRNA, short 
hairpin RNA.
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PTX‑resistant cell lines were markedly increased following 
DDX11‑AS1 interference (Fig.  7C  and D ). These results 
suggested that knockdown of DDX11‑AS1 may upregulate 
miR‑497 expression.

Knockdown of DDX11‑AS1 reduces the sensitivity of 
drug‑resistant breast cancer cells to PTX via upregulation 
of miR‑497 expression. Transfection was used to knock‑
down miR‑497 expression in PTX‑resistant cell lines, 
and transfection efficiency was detected by RT‑qPCR 

(Fig.  8A  and  B). miR‑497 inhibitor‑2 was selected for 
subsequent experiments. Cells were divided into control, 
shRNA‑DDX11‑AS1, shRNA‑DDX11‑AS1 + inhibitor‑NC 
and shRNA‑DDX11‑AS1  + miR‑497 inhibitor groups. 
The results of the CCK‑8 assay demonstrated that the IC50 
value of the shRNA‑DDX11‑AS1 + miR‑497 inhibitor 
group was markedly increased compared with that of the 
shRNA‑DDX11‑AS1 + inhibitor‑NC group in MCF‑7/PTX 
(Fig. 8C and D) and MDA‑MB‑231/PTX (Fig. 8E and F) 
cells.

Figure 5. Knockdown of DDX11‑AS1 inhibits invasion and migration of MDA‑MB‑231 cells. (A) Wound‑healing assay was used to detect cell migration. 
(B) Transwell assay was used to detect cell invasion. Western blotting detected the protein expression levels of (C) MMP2 and MMP9, and (D) N‑cadherin. 
**P<0.01, ***P<0.001 vs. shRNA‑NC. DDX11‑AS1, DDX11 antisense 1; MMP, matrix metalloproteinase; NC, negative control; PTX, paclitaxel; shRNA, short 
hairpin RNA.
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Figure 7. Knockdown of DDX11‑AS1 upregulates the expression levels of miR‑497. (A) RT‑qPCR assay was used to detect the expression levels of miR‑497 in breast 
cancer cell lines. ***P<0.001 vs. MCF‑10A. (B) Luciferase reporter gene assay was used to verify the relationship between DDX11‑AS1 and miR‑497. ***P<0.001 vs. Vector. 
RT‑qPCR assay detected the expression levels of miR‑497 in (C) MCF‑7/PTX and (D) MDA‑MB‑231/PTX cells after transfection. ***P<0.001 vs. shRNA‑NC. 
DDX11‑AS1, DDX11 antisense 1; miR‑497, microRNA‑497; NC, negative control; RT‑qPCR, reverse transcription‑quantitative PCR; shRNA, short hairpin RNA.

Figure 6. Expression of E‑cadherin in breast cancer cell lines. Immunofluorescence was used to detect the expression of E‑cadherin in (A) MCF‑7 and 
(B) MDA‑MB‑231 cells. DDX11‑AS1, DDX11 antisense 1; NC, negative control; shRNA, short hairpin RNA.



Molecular Medicine REPORTS  25:  123,  2022 9

Figure 8. Knockdown of DDX11‑AS1 reduces the sensitivity of drug‑resistant breast cancer cells to PTX by targeting the upregulation of miR‑497. RT‑qPCR 
assay detected the expression of miR‑497 in (A) MCF‑7/PTX and (B) MDA‑MB‑231/PTX cells after transfection. ***P<0.001 vs. Inhibitor‑NC. CCK‑8 assay 
detected (C) cell viability and (D) cell inhibition rate in the MCF‑7/PTX cell line. CCK‑8 assay detected (E) cell viability and (F) cell inhibition rate 
in the MDA‑MB‑231/PTX cell line. ***P<0.001 vs. Control; ##P<0.01 vs. shRNA‑DDX11‑AS1 + inhibitor‑NC. DDX11‑AS1, DDX11 antisense 1; miR‑497, 
microRNA‑497; NC, negative control; PTX, paclitaxel; shRNA, short hairpin RNA.

https://www.spandidos-publications.com/10.3892/mmr.2022.12639


LIANG et al:  EFFECTS OF lncRNA DDX11-AS1 ON BREAST CANCER10

Knockdown of DDX11‑AS1 inhibits the proliferation, invasion 
and migration of breast cancer cells via upregulation of 
miR‑497. Cell transfection was used to interfere with miR‑497 
expression in breast cancer parental cells, and the transfection 
efficiency was detected by RT‑qPCR (Fig. 9A and B). miR‑497 
inhibitor‑2 was selected for subsequent experiments. The cells 
were divided into control, shRNA‑DDX11‑AS1, shRNA‑
DDX11‑AS1 + inhibitor‑NC and shRNA‑DDX11‑AS1  + 
miR‑497 inhibitor groups. The results of MTT (Fig. 9C and D) 
and colony formation (Fig. 9E and F) assays demonstrated that 
the proliferative ability of cells in the shRNA‑DDX11‑AS1 + 
miR‑497 inhibitor group was increased compared with that 

of cells in the shRNA‑DDX11‑AS1 + inhibitor‑NC group. 
In addition, in MCF‑7 cells, the invasion (Fig.  10A) and 
migration (Fig. 10B) of cells in the shRNA‑DDX11‑AS1 + 
miR‑497 inhibitor group were markedly increased compared 
with those of cells in the shRNA‑DDX11‑AS1 + inhibitor‑NC 
group, and MMP2 and MMP9 expression was increased 
(Fig.  10C). Finally, the expression levels of EMT‑related 
proteins (E‑cadherin and N‑cadherin) were detected. The 
expression levels of N‑cadherin (Fig. 10D) in MCF‑7 cells 
in the shRNA‑DDX11‑AS1 + miR‑497 inhibitor group 
were also increased compared with those in cells in the 
shRNA‑DDX11‑AS1 + inhibitor‑NC group. In MDA‑MB‑231 

Figure 9. Knockdown of DDX11‑AS1 inhibits the proliferation of breast cancer cells by targeting miR‑497. Reverse transcription‑quantitative PCR assay 
detected the expression of miR‑497 in (A) MCF‑7 and (B) MDA‑MB‑231 cells after transfection. ***P<0.001 vs. Inhibitor‑NC. MTT detected cell viability 
in (C) MCF‑7 and (D) MDA‑MB‑231 cells. Colony formation assay was used to detect the reproductive capacity of (E) MCF‑7 and (F) MDA‑MB‑231 cells. 
Clones were counted. **P<0.05, ***P<0.001 vs. Control; #P<0.05, ##P<0.01, ###P<0.001 vs. shRNA‑DDX11‑AS1 + inhibitor‑NC. DDX11‑AS1, DDX11 antisense 1; 
miR‑497, microRNA‑497; NC, negative control; shRNA, short hairpin RNA.
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cells, the trend of invasion and migration was consistent with 
that in MCF‑7 cells (Fig. 11A‑D). Subsequently, the expression 
levels of the EMT‑related protein E‑cadherin were detected by 
immunofluorescence, and the results revealed that the expression 
levels of E‑cadherin in cells in the shRNA‑DDX11‑AS1 + 
miR‑497 inhibitor group were decreased compared with those 
in cells in the shRNA‑DDX11‑AS1 + inhibitor‑NC group 
(Fig. 12A and B). These results suggested that knockdown 
of DDX11‑AS1 inhibited the proliferation, invasion and 
migration of breast cancer cells via upregulation of miR‑497 
expression.

Discussion

Chemotherapy has gradually become the main method of 
breast cancer treatment. Cisplatin, carboplatin, docetaxel, 
gemcitabine, PTX, tamoxifen and other chemotherapy drugs 

are able to improve the quality of life and overall survival 
of patients to a certain extent (23). However, chemotherapy 
resistance greatly reduces the efficacy of targeted therapy for 
breast cancer, and causes the phenomenon of drug resistance 
in breast cancer cells (24). Research has demonstrated that 
due to drug resistance, the 5‑year survival rate of patients 
with breast cancer is still <20% worldwide (25). Therefore, it 
is necessary to study the drug resistance markers and related 
mechanisms of breast cancer in order to reverse chemotherapy 
drug resistance.

The newly discovered lncRNA DDX11‑AS1 has been 
reported to be abnormally highly expressed in a number 
of malignant tumors, such as liver cancer (26), colorectal 
cancer (13) and bladder cancer (27). These findings suggested 
that DDX11‑AS1 may be a tumor marker or therapeutic 
target. In addition, it has been reported that the elimina‑
tion of DDX11‑AS1 reduced the resistance of esophageal 

Figure 10. Knockdown of DDX11‑AS1 inhibits the invasion and migration of MCF‑7 cells by targeting miR‑497. (A) Wound‑healing assay was used to detect 
cell migration. (B) Transwell assay was used to detect cell invasion. Western blotting was used to detect the protein expression levels of (C) MMP2 and MMP9, 
and (D) N‑cadherin. ***P<0.001 vs. Control; #P<0.05, ##P<0.01, ###P<0.001 vs. shRNA‑DDX11‑AS1 + inhibitor‑NC. DDX11‑AS1, DDX11 antisense 1; miR‑497, 
microRNA‑497; MMP, matrix metalloproteinase; NC, negative control; shRNA, short hairpin RNA.
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cancer cells to PTX (14). This finding indicated that the drug 
resistance of tumor cells may be overcome by regulating 
DDX11‑AS1.

The present study revealed that lncRNA DDX11‑AS1 
expression was not only abnormally increased in breast cancer 
cells, but also markedly increased in PTX‑resistant breast 
cancer cells. The present experimental results were consistent 
with those of Zhang et al (14). Interfering with DDX11‑AS1 
inhibited the PTX resistance of breast cancer cells, and 
suppressed the proliferation, invasion and migration of breast 
cancer cells.

In terms of the underlying mechanism, it was revealed 
that DDX11‑AS1 could regulate miR‑497 expression. The 
present study revealed that lncRNA DDX11‑AS1 could 
target miR‑497 through the LncBase website. Subsequently, 

the binding relationship between the two was verified 
using the luciferase reporter gene assay. To the best of 
our knowledge, there has been no previous study on the 
relationship between lncRNA DDX11‑AS1 and miR‑497. 
To the best of our knowledge, the present study is the first 
to verify the relationship between lncRNA DDX11‑AS1 
and miR‑497, and study the regulatory effects of the two 
on the proliferation, invasion and drug resistance of breast 
cancer cells. miR‑497 has been shown to be abnormally 
expressed in osteosarcoma (28), melanoma (29), squamous 
cell carcinoma (30) and may be involved in regulation of 
the proliferation, invasion and apoptosis of cancer cells. 
miR‑497 expression was previously revealed to be mark‑
edly downregulated in breast cancer tissue samples and cell 
lines (31,32). Furthermore, a previous study demonstrated 

Figure 11. Knockdown of DDX11‑AS1 inhibits the invasion and migration of MDA‑MB‑231 cells by targeting miR‑497. (A) Wound‑healing assay was used to 
detect cell migration. (B) Transwell assay was used to detect cell invasion. Western blotting was used to detect the protein expression levels of (C) MMP2 and 
MMP9, and (D) N‑cadherin. ***P<0.001 vs. Control; ##P<0.01, ###P<0.001 vs. shRNA‑DDX11‑AS1 + inhibitor‑NC. DDX11‑AS1, DDX11 antisense 1; miR‑497, 
microRNA‑497; MMP, matrix metalloproteinase; NC, negative control; shRNA, short hairpin RNA.
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that miR‑497 reduced cisplatin resistance of ovarian cancer 
cells by targeting mTOR/P70S6K1 (19). In addition, upregu‑
lation of miR‑497 induced resistance of human glioma cells 
to temozolomide by targeting mTOR/Bcl‑2  (33), which 
showed opposite results compared with the current study. 
These findings suggested that miR‑497 may serve an impor‑
tant role in tumor resistance. Therefore, it was hypothesized 
that lncRNA DDX11‑AS1 may affect breast cancer cells and 
drug resistance by regulating miR‑497. The present study 
revealed that knockdown of DDX11‑AS1 enhanced the 
sensitivity of drug‑resistant breast cancer cells to PTX, and 
inhibited the proliferation, invasion and migration of breast 
cancer cells via upregulation of miR‑497 expression.

In conclusion, knockdown of lncRNA DDX11‑AS1 may 
inhibit the proliferation, migration and PTX resistance of 
breast cancer cells by upregulating miR‑497 expression. 

The current study provides a foundation for clinical breast 
cancer treatment and targeted therapy of breast cancer 
resistance.
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