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ABSTRACT

Aims: Drug resistance is becoming a major clinical challenge to the success of breast cancer treatment.
Compelling evidence has shown the association between the deregulated long non-coding RNAs (IncRNAs) and
drug resistance in various malignancies. However, the effects of long intergenic noncoding RNA 00511
(LINCO00511), a newly identified oncogenic IncRNA, on the drug resistance of breast cancer cells remain un-
known.

Main methods: RT-qPCR was performed to detect the expressions of LINC00511, miR-29c, and cyclin dependent
kinase 6 (CDK®6) in breast cancer tissues and cells. Pearson correlation analysis was used to analyze the corre-
lation between miR-29¢, CDK6 and LINC00511 expression in breast cancer tissues. The interactions between
LINC00511, CDK6 and miR-29¢c were explored by luciferase reporter assay, RT-qPCR and western blot. MTT
assay and flow cytometry analysis were applied to evaluate paclitaxel cytotoxicity.

Key findings: LINC00511 and CDK6 were upregulated while miR-29¢ was downregulated in breast cancer tissues
and cells. miR-29c was negatively correlated with LINC00511 and CDK6 expression while LINCO0511 was po-
sitively correlated with CDK6 expression in breast cancer tissues. LINC0051 directly interacted with miR-29¢ to
suppress its expression. LINC00511 knockdown enhanced paclitaxel cytotoxicity in breast cancer cells by up-
regulating miR-29¢c. CDK6 was identified as a target of miR-29c. CDK6 knockdown attenuated the effects of miR-
29c inhibition on paclitaxel cytotoxicity in breast cancer cells. LINC00511 positively regulated CDK6 expression
in breast cancer cells.

Significance: LINC00511 knockdown enhanced paclitaxel cytotoxicity in breast cancer cells via regulating miR-

29¢/CDK6 axis.

1. Introduction

Breast cancer remains one of the most frequently diagnosed gyne-
cological malignancies, currently accounting for 29% of all new cancer
cases, and is the second leading cause of cancer-associated mortality in
females all over the world [1,2]. According to statistics in 2018, there
were an estimated 266,120 new diagnosed cases of breast cancer and
40,920 patients eventually succumb to breast cancer in USA [3]. In
addition to surgical and radiation therapies, conventional che-
motherapy is currently the major anticancer therapy for breast cancer
patients [4]. Paclitaxel, a microtubule-stabilizing agent, is an effective
first-line chemotherapeutic agent commonly used in the treatment of
breast cancer [5]. However, its efficacy is severely limited due to the
emergence of intrinsic or acquired drug resistance [6]. Drug resistance
is becoming a major clinical challenge to the success of breast cancer

treatment [7]. Therefore, elucidating the underlying mechanism of
drug resistance in breast cancer is desperately needed to develop new
therapeutic interventions for reversing the resistance to the existing
drugs.

Recently, high-throughput transcriptome analysis shows that pro-
tein-coding genes make up only about 2% of the human genome, while
the vast majority of the human genome encodes large amounts of non-
coding RNAs (ncRNAs), including microRNAs (miRNAs) and long
ncRNAs (IncRNAs) [8]. miRNAs are a class of small endogenous
ncRNAs that consist of typically 18-22 nucleotides in length. The cru-
cial roles of miRNAs in drug resistance of human malignancies in-
cluding breast cancer have been extensively studied [9]. LncRNAs are a
set of newly identified ncRNAs longer than 200 nucleotides and control
various physiological or pathological processes, including cell pro-
liferation, differentiation, apoptosis, and migration [10]. Increasing
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Table 1
Clinicopathologic characteristics of patients.
Characteristics Case no. %
Age (years) =50 12 57.1%
<50 9 42.9%
Tumor size (cm) =2 13 61.9%
<2 8 38.1%
TNM stage I-1I 13 61.9%
-1V 8 38.1%
Tumor grade I 7 33.3%
I 9 42.9%
111 5 23.8%
Subtype Luminal A 6 28.6%
Luminal B 10 47.6%
HER-2 positive 2 9.5%
Triple negative 3 14.3%
p < 0.0001
5
2 5
o
g 44 o
3 .
-3 B
T 34
9 oo ®
3 2 .
z el
-
o
=
s
=
]
o

-
o
1

-
=}
1

o
[
1

o
=)

Control (n=21)

P =0.0001

oq0

Cancer (n =21)

Relative miR-29c expression

m

LINC00511 expression level
log2(FPKM+0.01)
o

Control (n =21)

Cancer (n =21)

r=-0.368, P = 4.62e-36

12

miR-29c-3p expression level
log2(RPM+0.01)

Life Sciences 228 (2019) 135-144

evidence has indicated that IncRNAs are abnormally expressed in al-
most all malignant human tumors and serve as oncogenes or tumor
suppressors [11]. Moreover, compelling evidence has shown the asso-
ciation between the aberrantly expressed IncRNAs and drug resistance
in various malignancies [12]. Long intergenic noncoding RNA 00511
(LINC00511), located onto chromosome 17q24.3, is a newly identified
cancerogenic IncRNA that is highly expressed in non-small-cell lung
cancer [9], tongue squamous cell carcinoma [13], and breast cancer
[14]. However, the effects of LINCO0511 on the drug resistance of
breast cancer cells remain unknown.

Recently, a novel IncRNA-miRNA-mRNA regulatory mechanism has
been proposed that IncRNAs behave as competing endogenous RNAs
(ceRNAs) to suppress the expression and biological functions of
miRNAs, thereby resulting in the derepression of miRNA targets [15].
According to our bioinformatics analysis data, we found that
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Fig. 1. The expression profiles of LINC00511 and miR-29c in breast cancer tissues and cells. RT-qPCR analysis of LINC00511 (A and B) and miR-29c¢ (C and D) in 21
paired breast cancer tissues and adjacent normal tissues, as well as breast cancer cells (MDA-MB-231, MCF-7, Hs-578T, and T47D) and the immortalized breast
epithelial cell line MCF-10A. (E) Analysis of The Cancer Genome Atlas (TCGA) dataset from starBase of the correlation between LINC00511 and miR-29c expression
in 1085 breast cancer samples. (F) Pearson correlation analysis of the correlation between LINC00511 and miR-29c expression in 21 breast cancer tissues. *P < 0.05.
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WT-LINC00511 5' GAGUCCAUGCCAGAUCAUGGUGCUU

has-miR-29¢c-3p 3' AUUGGCUAAAGUU---UACCACGAU

MUT-LINC00511 5' GAGUCCUCGCCAGAUCGGCCACAAU

C

@8 MUT-LINCO00511

LINCO00511 contained the binding sites pairing with the seed region of
miR-29c. miR-29¢, a member of the miR-29 family, has been reported
to be downregulated in multiple types of tumors, such as hepatocellular
carcinoma [16] and colorectal cancer [17]. Notably, it was previously
reported that miR-29c was downregulated in breast cancer tissues and
played a tumor suppressive role in the progression of breast cancer
[18]. Therefore, we supposed that LINC0O0511 and miR-29c were in-
volved in the ceRNA network in breast cancer.

In the present study, we aimed to determine the role of LINC00511
in paclitaxel cytotoxicity in breast cancer and the underlying molecular
mechanism.

2. Materials and methods
2.1. Patients and tissue samples

Breast cancer tissues and their corresponding adjacent non-tumor
specimens were collected from 21 patients who were histopathologi-
cally diagnosed as breast cancer and underwent radical surgery at
Shanxian Central Hospital. The clinicopathologic characteristics of pa-
tients are presented in Table 1. These surgical tissue samples were snap-
frozen in liquid nitrogen immediately and store in a — 80 °C refrigerator
before total RNA extraction. The clinical research was carried out with
the approval of the Ethics Committee of Shanxian Central Hospital, and
the written informed consent was obtained from all participants before
the start of the study.

2.2. Cell culture and transfection

The breast cancer cell lines (MDA-MB-231, MCF-7, Hs-578T, and
T47D) and the immortalized breast epithelial cell line MCF-10A were
purchased from American Type Culture Collection (ATCC; Manassas,
VA, USA). All cells were maintained in RPMI-1640 medium (Gibco,
Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS; GE
Healthcare, Logan, UT, USA), and 100 U/ml penicillin/streptomycin
(Sigma-Aldrich, St. Louis, MO, USA) in a humidified incubator with 5%
C0O2/95% air at 37 °C. miR-29c¢ mimics (miR-29c), mimic negative
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Fig. 2. The interaction between LINC00511 and
miR-29c¢ in breast cancer cells. (A) The predicted
potential binding sites between LINC00511 and miR-
29c. (B) MCF-7 cells were cotransfected with WT-
LINC00511 or MUT-LINC00511 and miR-29c or miR-
NC and luciferase reporter assay was applied to
measure the luciferase activity at 48h after trans-
fection. (C) miR-29c¢ expression in si-LINC00511- or
si-NC-transfected MCF-7 and T47D cells was de-
tected by RT-qPCR. *P < 0.05.

@8 MCF-7
T47D

~ *

control (miR-NC), miR-29c inhibitor (anti-miR-29c), inhibitor negative
control (anti-miR-NC), small interfering RNA specifically targeting
LINCO00511 (si-LINC00511), siRNA specifically targeting cyclin depen-
dent kinase 6 (CDK6) (si-CDK6) and the scramble control (si-NC) were
purchased from RiboBio (Guangzhou, China). Transient transfection
with these oligonucleotides into MCF-7 and T47D cells were conducted
using Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer's instructions.

2.3. 3-(4,5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT)
assay

Cell viability was evaluated using MTT colorimetric kit (Dojindo,
Tokyo, Japan). In brief, MCF-7 and T47D cells in the logarithmic phase
of growth were plated into 96-well plates at 3 x 10* cells/well and
cotransfected with si-LINC00511, si-CDK6 or si-NC and anti-miR-NC or
anti-miR-29c, followed by treatment with 50 nM paclitaxel (Sigma-
Aldrich) for 48 h. Then, 20 pl of MTT reagent (5 mg/ml; Sigma-Aldrich)
was added to each well, followed by cultivation for another 4 h at 37 °C.
After the removal of supernatant medium, 150 ul dimethyl sulfoxide
(DMSO) was supplemented to dissolve the generated formazan. Finally,
the absorbance at a wavelength of 490 nm was recorded using a mi-
croplate reader (Molecular Devices Corp., Sunnyvale, CA, USA). The
experiments were independently repeated three times in triplicate.

2.4. Apoptosis assay by flow cytometry analysis

Cell apoptosis was assessed by Annexin V-FITC Apoptosis Detection
Kit (BD Biosciences, Franklin Lakes, NJ, US) according to the manu-
facturer's protocols. After treatment as above, MCF-7 and T47D cells
were collected by centrifugation and washed twice with ice-cold PBS.
The cells were then resuspended in 200 pl binding buffer containing
Annexin V-FITC and propidium iodide (PI) and incubated for 15 min in
the dark at room temperature. The stained cells were analyzed using a
FACSCalibur flow cytometer (BD Biosciences) equipped with CellQuest
software (BD Biosciences). The annexin V and PI double-negative cells
were identified as live cells, whereas the annexin V and PI double-
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Fig. 3. Effects of LINCO0511 or combined with miR-29c on the paclitaxel cytotoxicity of breast cancer cells. MCF-7 and T47D cells were cotransfected with si-
LINCO00511 or si-NC and anti-miR-NC or anti-miR-29c, followed by treatment with 50 nM paclitaxel for 48 h. (A and B) MTT assay was performed to determine cell
viability in the treated MCF-7 and T47D cells. (C and D) Flow cytometry analysis was conducted to evaluate apoptosis of the treated MCF-7 and T47D cells.

*P < 0.05.

positive cells were recognized as late apoptotic cells. The annexin V-
positive and Pl-negative cells were recognized as early apoptotic cells,
and the annexin V-negative and PI-positive cells were recognized as
necrotic cells. The experiments were independently repeated three
times.

2.5. Reverse transcription-quantitative polymerase chain reaction (RT-
gPCR) analysis

Total RNA from collected tissues and cells was isolated using
RNAiso Plus (Takara, Tokyo, Japan) and RNA concentration was
quantified using a NanoDrop ND-1000 spectrophotometer (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). For the detection of
LINCO00511 and CDK6 mRNA expressions, 1pug of total RNA was re-
versely transcribed into first-strand ¢cDNA using a PrimeScript RT
Reagent Kit (Takara) and qPCR were then performed using the SYBR
Green PCR kits (Roche, Mannheim, Germany), with GAPDH as an in-
ternal control. For the detection of miR-29c¢ expression, cDNA was
synthesized from 1 pg of total RNA using miRNA ¢DNA synthesis kit
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(CWBIO, Beijing, China) and TagMan miRNA assays (Applied
Biosystems, Carlsbad, CA, USA) was used to examine miR-29c expres-
sion, with U6 small nuclear RNA (snRNA) as an endogenous control. All
PCR reactions were conducted on a CFX96 real-time PCR System (Bio-
Rad, Hercules, CA, USA). Relative gene expression was calculated by
27 44C method. The primers used are as follows: LINCO0511, 5-AAA
GGA AGA AAT GAC CGA GGG-3’ (forward), 5-GAG TCC TCA TGC CTA
TAA TCA CG-3’ (reverse); CDK6 mRNA, 5-TGG AGA CCT TCG AGC
ACC-3’ (forward), 5-CAC TCC AGG CTC TGG AAC TT-3’ (reverse);
GAPDH, 5-GAA GGT GAA GGT CGG AGT C-3’ (forward), 5-GAA GAT
GGT GAT GGG ATT TC-3’ (reverse); miR-29¢, 5’-TGA CCG ATT TCT
CCT GG-3’ (forward), 5-GTG CAG GGT CCG AGG T-3’ (reverse); U6, 5’-
TGC GGG TGC TCG CTT CGG CAG C-3’ (forward), 5’-CCA GTG CAG
GGT CCG AGG T-3’ (reverse). The experiments were independently
repeated three times.

2.6. Western blot analysis

Protein was extracted from cultured cells using ice-cold RIPA lysate
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Fig. 4. The expression of CDKG6 in breast cancer tis-
sues and cells. (A) RT-qPCR analysis of CDK6 mRNA
expression in 21 paired breast cancer tissues and
adjacent normal tissues. (B and C) RT-qPCR and
western blot analysis of CDK6 expression at mRNA
and protein levels in breast cancer cells (MDA-MB-
231, MCF-7, Hs-578T, and T47D) and the im-
mortalized breast epithelial cell line MCF-10A. (D)
The correlation between miR-29c and CDK6 mRNA
expression in 1085 breast cancer samples from TCGA
dataset from starBase. (E) Pearson correlation ana-
lysis of the correlation between miR-29¢ and CDK6
mRNA expressions in 21 breast cancer tissues.
*P < 0.05.
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buffer (Beyotime, Shanghai, China) supplemented with protease in-
hibitor cocktail (Sigma-Aldrich). The protein concentrations were then
determined by the BCA protein assay kit (Beyotime). Equal amounts of
protein lysates were subjected to 12% SDS-PAGE gels, and then elec-
trophoretically transferred onto nitrocellulose membranes (Millipore,
Billerica, MA, USA). After that, the membranes were blocked with 5%
non-fat dried milk in Tris-buffered saline with 0.1% Tween (TBST) for
1h at room temperature, followed by incubation with primary anti-
bodies against CDK6 (Abcam, Cambridge, UK) and p-actin (Abcam) at
4°C overnight. After being washed with TBST for three times, the
membranes were incubated with horseradish peroxidase (HRP)-tagged
secondary antibody (Abcam) for 2h. Finally, the protein bands were
detected using a chemiluminescence detection kit (Amersham
Pharmacia Biotech, Piscataway, NJ). The experiments were in-
dependently repeated three times.

2.7. Luciferase reporter assay

The fragments of LINCO0511 containing the binding sites of miR-
29c were prepared by PCR amplification and subcloned into a pGL3
basic vector (Promega, Madison, WI, USA) to produce WT-LINC00511.
The mutations of the miR-29¢ binding sites within the LINC00511

0.4
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Relative miR-29c expression

luciferase reporter vector (MUT-LINC00511) were generated using the
QuikChange site-directed mutagenesis kit (Agilent Technologies, Inc.,
Santa Clara, CA, USA). Similarly, the luciferase reporter constructs in-
corporating the wild-type (WT) or mutated (MUT) CDK6 3'UTR frag-
ments within the binding sites of miR-29c were constructed, namely
WT-CDK6 and MUT-CDK®6, respectively. MCF-7 cells were grown in
triplicate in 24-well plates and cotransfected with 100 ng constructed
luciferase reporter plasmids and 200ng miR-29¢ or miR-NC using
Lipofectamine™ 2000 (Invitrogen). At 48h post-transfection, Renilla
and firefly luciferase activities were measured using the Dual-Luciferase
Reporter Assay System (Promega). The experiments were in-
dependently repeated three times.

2.8. Statistical analysis

All experimental data are displayed as mean = standard deviation
(SD). Statistical analysis was carried out using GraphPad Prism 5
(GraphPad Software, San Diego, CA, USA). Student's t-test and one-way
analysis of variance (ANOVA) were used to determine the differences
between two or multiple groups, and a P value < 0.05 was considered
to be statistically significant.
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Fig. 5. The interaction between CDK6 and miR-29c in breast cancer cells. (A) Schematic of the predicted miR-29c binding sites in the 3’'UTR of CDK6. (B) MCF-7 cells
were cotransfected with WT-CDK6 or MUT-CDK6 and miR-29¢ or miR-NC. At 48 h post-transfection, luciferase activity was measured using luciferase reporter assay.
(C and D) The mRNA and protein expressions of CDK6 were examined by RT-qPCR and western blot, respectively, in MCF-7 and T47D cells transfected with miR-29¢

or miR-NC for 48h. *P < 0.05.

3. Results

3.1. LINC00511 was upregulated while miR-29c was downregulated in
breast cancer tissues and cells

To explore the significance of LINC00511 and miR-29c in breast
cancer, we initially detected the expressions of LINC00511 and miR-29c¢
in 21 paired breast cancer tissues and adjacent normal tissues by RT-
qPCR. As displayed in Fig. 1A and C, LINCO0511 expression was up-
regulated while miR-29¢c expression was downregulated in breast
cancer tissues as compared with that in corresponding adjacent normal
tissues. We also examined the expressions of LINC00511 and miR-29c¢
in breast cancer cell lines and the RT-qPCR results demonstrated that
LINCO00511 expression was higher (Fig. 1B) and miR-29c expression
was lower (Fig. 1D) in MDA-MB-231, MCF-7, Hs-578T, and T47D breast
cancer cells than the immortalized breast epithelial cell line MCF-10A,
in line with the results from breast cancer tissues. The Cancer Genome
Atlas (TCGA) dataset from starBase showed an inverse correlation be-
tween LINC00511 and miR-29c expression in 1085 breast cancer sam-
ples (Fig. 1E). Besides, Pearson correlation analysis suggested that
LINC00511 was also negatively correlated with miR-29¢ expression in
the 21 breast cancer tissues (Fig. 1F).

3.2. miR-29c was a target of LINCO0511 in breast cancer cells

To determine the relationship between LINC0O0511 and miR-29c,
the bioinformatic database starBase was used to predict the potential
miRNAs that can be regulated by LINC00511 and we found that
LINC00511 contained binding sequences complementary to miR-29¢
seed regions, as shown in Fig. 2A. To further validate the direct binding
between LINC00511 and miR-29c, luciferase reporter assay was per-
formed and the results manifested that luciferase activity was decreased
in MCF-7 cells after cotransfection with WT-LINC00511 and miR-29¢
relative to the control group (Fig. 2B). However, no significant differ-
ence was observed in MCF-7 cells when cotransfected with MUT-
LINC00511 and miR-29¢ compared to the control group (Fig. 2B).
Moreover, RT-qPCR analysis demonstrated that miR-29¢ expression
was elevated in si-LINC00511-transfected MCF-7 and T47D cells with
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respect to si-NC-introduced group (Fig. 2C). These data suggested that
LINCO00511 acted as a molecular sponge of miR-29c in breast cancer
cells.

3.3. LINC00511 knockdown enhanced paclitaxel cytotoxicity in breast
cancer cells by upregulating miR-29¢

To clarify the effects of LINC0O0511 on the paclitaxel cytotoxicity of
breast cancer cells as well as the underlying mechanism, MCF-7 and
T47D cells were cotransfected with si-LINC00511 or si-NC and anti-
miR-NC or anti-miR-29c¢, followed by treatment with 50 nM paclitaxel
for 48h. MTT assay implicated that LINC00511 knockdown ex-
acerbated paclitaxel-induced inhibition of cell viability in MCF-7
(Fig. 3A) and T47D cells (Fig. 3B), suggesting that LINC00511 knock-
down improved paclitaxel cytotoxicity in breast cancer cells. However,
this effect was substantially relieved following cotreatment with
LINC00511 depletion and miR-29¢ inhibition. Meanwhile, flow cyto-
metry analysis demonstrated that paclitaxel exposure resulted in a re-
markable increase of apoptosis in MCF-7 (Fig. 3C) and T47D cells
(Fig. 3D), which was enhanced by LINC00511 silencing, suggesting that
LINC00511 knockdown improved paclitaxel cytotoxicity by prompting
paclitaxel-induced apoptosis in breast cancer cells. Nevertheless, sup-
pression of miR-29c attenuated the effect of LINC00511 silencing on
paclitaxel-induced apoptosis in MCF-7 (Fig. 3C) and T47D cells
(Fig. 3D). Collectively, these findings indicated that LINC00511
knockdown enhanced paclitaxel cytotoxicity in breast cancer cells by
upregulating miR-29c.

3.4. CDK6 was upregulated in breast cancer cells

CDK6, a member of CDK family, was previously demonstrated to be
a direct target of miR-29¢ in bladder cancer [19] and gastric cancer
[20]. Moreover, it has been proposed that new drugs targeting CDK4/6
provided new directions for drug-resistant breast cancer [21]. There-
fore, we supposed whether miR-29¢ could directly target CDK6 in
breast cancer. We firstly detected the expression of CDK6 in breast
cancer tissues by RT-qPCR. As shown in Fig. 4A, CDK6 mRNA expres-
sion was increased in breast cancer tissues versus that in adjacent
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Fig. 6. Effects of miR-29c or along with CDK6 on the paclitaxel cytotoxicity in breast cancer cells. MCF-7 and T47D cells were cotransfected with anti-miR-NC or anti-
miR-29¢ and si-CDK®6 or si-NC, followed by exposure to 50 nM paclitaxel for 48 h. (A and B) MTT assay was carried out to assess cell viability in the treated MCF-7
and T47D cells. (C and D) Flow cytometry analysis was performed to analyze the apoptosis of treated MCF-7 and T47D cells. *P < 0.05.

normal tissues. Meanwhile, we discovered that CDK6 expression at both
mRNA (Fig. 4B) and protein (Fig. 4C) levels was highly expressed in
breast cancer cell lines including MDA-MB-231, MCF-7, Hs-578T, and
T47D relative to the immortalized breast epithelial cell line MCF-10A.
Interestingly, TCGA dataset and Pearson correlation analysis both ex-
hibited a negative correlation between miR-29¢ and CDK6 expressions
in breast cancer tissues (Fig. 4D and E).

3.5. CDK6 was a target of miR-29c in breast cancer cells

The bioinformatic database TargetScan showed that CDK6 was
predicted to exhibit miR-29c-binding sequences in its 3'UTR regions, as
presented in Fig. 5A. To confirm the direct interaction between CDK6
and miR-29¢, luciferase reporter vectors containing the WT or MUT
CDK6 3’'UTR fragments within the binding sites of miR-29¢c were con-
structed. The subsequent luciferase reporter assay demonstrated that
MCF-7 cells cotransfected with miR-29¢ and WT-CDK6 showed a re-
duced luciferase activity compared with that cotransfected with miR-
NC and WT-CDK6 (Fig. 5B). Furthermore, RT-qPCR and western blot
analysis revealed that the mRNA and protein expressions of CDK6 were
suppressed following transfection with miR-29c in MCF-7 and T47D
cells (Fig. 5C and D). Therefore, we concluded that CDK6 was a target
of miR-29c in breast cancer cells.

3.6. CDK6 knockdown attenuated the effects of miR-29c inhibition on
paclitaxel cytotoxicity in breast cancer cells

To explore whether miR-29c regulated paclitaxel cytotoxicity in
breast cancer cells via a CDK6-dependent manner, MCF-7 and T47D
cells were cotransfected with anti-miR-NC or anti-miR-29c¢ and si-CDK6
or si-NC, followed by exposure to 50 nM paclitaxel for 48 h. MTT assay
revealed that paclitaxel treatment led to a significant repression of cell
viability in MCF-7 and T47D cells, while miR-29c inhibition attenuated
paclitaxel-induced reduction of cell viability (Fig. 6A and B). Never-
theless, CDK6 knockdown effectively abolished the effect of anti-miR-
29c on cell viability in MCF-7 and T47D cells in the presence of pa-
clitaxel (Fig. 6A and B). Flow cytometry analysis further implicated that
transfection with anti-miR-29c distinctly weakened paclitaxel-induced
apoptosis in MCF-7 and T47D cells, which was reversed following re-
introduction with si-CDK6 (Fig. 6C and D). Collectively, these data
suggested that miR-29c inhibition decreased paclitaxel cytotoxicity in
breast cancer cells by upregulating CDK6.

3.7. LINC00511 positively regulated CDK6 expression in breast cancer cells

We further investigated the effects of LINCO0511 on CDK6 expres-
sion in breast cancer cells. RT-qPCR and western blot analysis proved
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Fig. 7. Effects of LINC00511 on CDKG6 expression in breast cancer cells. (A) RT-qPCR analysis of CDK6 mRNA expression in MCF-7 and T47D cells transfected with si-
LINC00511 or si-NC for 48 h. (B) Western blot analysis of CDK6 protein level in si-LINC00511 or si-NC-introduced MCF-7 and T47D cells. (C) The correlation between
LINC00511 and CDK6 mRNA expression in 1104 breast cancer samples from TCGA dataset from starBase. (D) Pearson correlation analysis of the correlation between
LINC00511 and CDK6 mRNA expressions in 21 breast cancer tissues. (E) Schematic illustration showing that LINC00511 knockdown enhances paclitaxel cytotoxicity

by miR-29¢/CDK6 axis in breast cancer cells. *P < 0.05.

that CDK6 expression at mRNA and protein levels was decreased in si-
LINCO00511-introduced MCF-7 (Fig. 7A) and T47D cells (Fig. 7B). By
analysis of TCGA dataset from starBase, we found that LINC0O0511 ex-
pression was positively correlated with CDK6 expression in 1104 breast
cancer samples (Fig. 7C). Also, Pearson correlation analysis implied
that LINC00511 was positively correlated with CDK6 expression in 21
breast cancer tissues (Fig. 7D). These results demonstrated that
LINCO00511 positively regulated CDK6 expression in breast cancer cells.

4. Discussion

Currently, chemotherapy is widely applied in the treatment of
various types of human malignancies including breast cancer.
Nevertheless, the emergence of drug resistance in breast cancer severely
limits the efficacy of conventional chemotherapies in clinical setting
and remains a considerable hurdle contributing to treatment failure
[22]. In recent decades, increasing studies have suggested that dysre-
gulated IncRNAs are associated with drug resistance/sensitivity in
breast cancer via a variety of intrinsic mechanisms [23]. For example,
knockdown of IncRNA H19 elevated tamoxifen sensitivity in tamoxifen-
resistant breast cancer cells by inhibiting Wnt pathway and epithelia-
mesenchymal transition process [24]. LncRNA GAS5 overexpression
enhanced cell sensitivity to tamoxifen in breast cancer cells by serving
as a molecular sponge for miR-222 to modulate phosphatase and tensin
homologs (PTEN) expression [25]. LncRNA UCA1 enhanced tamoxifen
resistance in breast cancer cells through a miR-18a-hypoxia inducible
factor-la (HIF-1a) feedback regulatory loop [26]. LINC00511, a newly
identified cancerogenic IncRNA, was found to be highly expressed and
contribute to tumorigenesis and stemness in breast cancer [27]. Con-
sistently, the present study demonstrated that LINC00511 was
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upregulated in breast cancer tissues and cells. It should be noted that
Qu et al. raised a question as to whether the MCF-10A cells served as a
suitable model for normal mammary epithelial cells, and this question
warranted further investigation [28]. To the best of our knowledge, we
provided the first evidence that LINCO0511 knockdown enhanced pa-
clitaxel cytotoxicity in breast cancer cells by prompting paclitaxel-in-
duced apoptosis. A recent study suggested that LINCO0511 depletion
decreased proliferative ability, endothelial tube formation, and metas-
tasis by regulating vascular endothelial growth factor A/miR-29b-3p
axis in pancreatic ductal adenocarcinoma [29]. LINC00511 interacted
with miR-765 and modulated the progression of tongue squamous cell
carcinoma via targeting laminin subunit gamma 2 [30]. LINC00511
was also reported to promote osteosarcoma cell proliferation, colony
formation, and migration by targeting miR-765 [31].

miR-29¢ has been widely recognized as an anticancer miRNA in
many tumors [18,32]. Li et al. reported that miR-29¢ played a sup-
pressive role in breast cancer by regulating the tissue inhibitor of me-
talloproteinases 3 (TIMP3)/signal transducer and activator of tran-
scription 1 (STAT1)/forkhead box protein O1 (FOXO1) pathway [18].
miR-29c suppressed breast cancer progression via down-regulating its
target gene, a disintegrin and metalloproteinase 12 (ADAM12) [33]. It
is reportedly involved in the modulation of drug resistance in several
types of human tumors. For example, it was reported that miR-29¢c was
downregulated in cisplatin-resistant liver cancer cells and over-
expression of miR-29c restored cisplatin chemosensitivity in liver
cancer by direct targeting sirtuin 1 [34]. In pancreatic cancer, miR-29¢
enhanced the chemosensitivity to gemcitabine in vitro and in vivo by
inhibiting ubiquitin specific peptidase (USP)-22-mediated autophagy
[35]. However, the role of miR-29c¢ in drug resistance of breast cancer
cells remains unclear. Herein, our study demonstrated that miR-29c
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was downregulated in breast cancer tissues and cells. Notably, TCGA
dataset and Pearson correlation analysis both revealed a negative cor-
relation between LINCO051 and miR-29c expression in breast cancer
samples. Bioinformatics analysis and luciferase reporter assay further
suggested that miR-29c was a target of LINC0051 and LINC0051 sup-
pressed miR-29c expression via acting as a ceRNA. Rescue experiments
revealed that miR-29c¢ inhibition significantly abolished the effects of
LINCO0051 silencing on paclitaxel cytotoxicity in breast cancer cells,
suggesting that LINC00511 knockdown enhanced paclitaxel cytotoxi-
city in breast cancer cells by sponging miR-29c.

CDK®6, a cyclin-D1-dependent kinase, has attracted increasing re-
search interest due to its involvement in the control of G1 progression
and G1/S phase transition of the cell cycle, and inhibition of CDK6 can
induce cell cycle arrest and uncontrolled tumor cell proliferation
[36-38]. Recent studies have revealed that CDK6 was aberrantly am-
plified or overexpressed in various cancers such as bladder cancer [39],
glioblastoma [40], osteosarcoma [41], and breast cancer [42], and
exerted a cancerogenic activity in experimental models [43]. In our
study, we demonstrated that CDK6 expression at mRNA and protein
levels was higher in breast cancer tissues and cells. In addition, CDK6
was discovered to be inversely correlated with miR-29¢ expression and
positively correlated with LINCO0511 expression in breast cancer tis-
sues, as demonstrated by TCGA dataset and Pearson correlation ana-
lysis. CDK6 was further identified as a target of miR-29c in breast
cancer cells, which was similar with the previous reports in bladder
cancer [19] and gastric cancer [20]. Moreover, we found that
LINCO00511 served as a molecular sponge of miR-29c to harbor its ex-
pression, thus leading to the release of CDK6 from miR-29c. Mechan-
istically, CDK6 knockdown attenuated the effects of miR-29¢ on pacli-
taxel cytotoxicity in breast cancer cells. Collectively, these results
demonstrated that LINCO0511 knockdown enhanced paclitaxel cyto-
toxicity in breast cancer cells by regulating the miR-29¢/CDK6 axis.

5. Conclusion

In summary, we demonstrated for the first time that LINC00511
knockdown enhanced paclitaxel cytotoxicity in breast cancer cells by
working as a molecular sponge of miR-29¢ and in turn decreasing CDK6
expression (Fig. 7E), contributing to better understanding the molecular
mechanism underlying the drug resistance in breast cancer. Therefore,
LINC00511 may be a promising therapeutic target for enhancing the
efficacy of paclitaxel-based chemotherapy during the treatment of
breast cancer. However, an in vivo experiment must be conducted to
confirm our results.
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