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Abstract
Background

The purpose of this study was to explore regulatory mechanism of the long non-coding RNA LINC00680
underlying the breast cancer chemoresistance via miR-205/CDKL5 axis.

Methods

Bioinformatics methods were applied to screen lncRNAs, miRNAs and mRNAs for construction of a
competing endogenous RNA network. Dual-luciferase reporter assay were used to explore the relationship
between LINC00680, miR-320b and CDKL5. CCK-8 assay and Transwell assay were utilized to evaluate
the proliferation, migration and invasion in docetaxel-resistant cells.

Results

LINC00680 and CDKL5 protein levels were both up-regulated when induced by different concentration of
docetaxel. LINC00680 knockdown decreased the expression level of drug resistance related genes
(MDR1, MRP5, LRP1), proliferation, invasion of breast cancer cells. Bioinformatics prediction and dual-
luciferase assay reveled that miR-320b both targeted the 3’-UTR of LINC00680 and CDKL5, suggesting
that the modulation of LINC00680 on CDKL5 through sponging miR-320b.

Conclusions

Overall, the results indicate the important role of LINC00680 in the docetaxel resistance through miR-
320b/CDKL5 pathway, providing a novel therapy strategy for breast cancer drug resistance.

Background
Breast cancer (BC) is the most common malignancy tumor in women worldwide, and it is the leading
cause of cancer-related mortality among women[1]. Despite remarkable progress in the treatments of
breast cancer over the past decade, women dying from this cancer type were gradually increasing due to
the frequent chemotherapeutic resistance and tumor metastasis [2, 3]. So in depth understanding of the
molecular mechanisms regulating the drug resistance is of great importance, which would provide more
treatment options for those with end-stage disease.

Taxanes, including paclitaxel and docetaxel, are commonly accepted as the common chemotherapeutic
agents for breast cancer in clinical practice[4], while the resistance to docetaxel remains a persistent
problem. In recent years, several genes have been found to be associated with docetaxel resistance, for
example, the differential expression of the ATP-binding cassette subfamily B member 1 (ABCB1) gene is
the putative biomarkers in docetaxel-resistance cancers[5, 6]; Permeability glycoprotein (Pgp) acts as an
ATP-dependent e�ux pump and reduced docetaxel concentration by expelling the drug[7]. Also cyclin-
dependent kinase-like 5 (CDKL5), a kind of widely expressed serine/threonine kinase, is an X-linked gene.
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CDKL5 de�ciency or mutations cause a distinct disorder, especially in neuro system because it is
expressed throughout the brain starting at late embryonic stages. However, Jiang et., al [8] found that
CDKL5 could promote progression and β-lapachone resistance of glioma, Robin et., al[9] indicated CDKL5
presented as prognostic marker for glioblastoma, and Masahiro et., al[10] suggested CDKL5 peptide can
be used for cytotoxic T-lymphocyte-mediated immunotherapy, so it’s of great interest for us to �nd the role
of CDKL5 in the progression of breast cancer.Long non-coding RNAs (lncRNAs) is a kind of RNAs with
length over 200 nucleotides, and usually described to in�uence mRNA generation and expression[11].
Previous studied have shown that lncRNAs are also implicated in chemotherapy resistance. Long non-
coding RNA cancer susceptibility candidate 2 (CASC2), lncRNA ferritin heavy chain 1 pseudogene 3
(FTH1P3) are both reported to contribute to paclitaxel resistance of breast cancer[12, 13]. Two lncRNAs,
lncRNA SNHG14 and H19, both contributes to the trastuzumab resistance of breast cancer[14, 15]. Thus,
lncRNAs are found to regulate gene expression at post-transcription level via sponging microRNAs[15]
and modulate transcriptional gene[16, 17]. So the investigation of the role of lncRNAs in breast cancer
could help with the understanding of chemotherapy resistance and provide the novel therapeutic strategy.
LINC00680 is �rstly reported as a protective biomarker and an independent prognostic indicator of soft-
tissue sarcoma[18], then it was reported to promote the progression of non-small cell lung cancer and
glioblastoma cells[19, 20]. Nevertheless, the expression pattern, biological function and underlying
mechanism of LINC00680 in breast cancer progression and docetaxel resistance are scarcely
unresearched. In this study, we found that LINC00680 regulated breast cancer progression and docetaxel
resistance via regulating CDKL5 via sponging miR-320b. To verify this hypothesis, we determined the
expression of LINC00680 in breast cancer cell lines, and performing in vitro experiments to investigate the
functional relevance of LINC00680 with chemotherapy resistance.

Methods
Cell lines and culture

Human breast cancer cell lines MCF-7 was obtained from the Cell Bank of the Chinese Academy of
Science (Shanghai, China). The docetaxel-resistant variant of MCF-7 cells (MCF-7/Doc) was generated in
a stepwise manner by exposing drug-sensitive MCF-7 cells to increasing doses of docetaxel as recently
described[21]. MCF-7/Doc was maintained in drug-free medium for 2 weeks before subsequent
experiments to avoid the in�uence of toxic insult, and parental MCF-7 was cultured unexposed to
docetaxel, as a control for all experiments.

All cell lines were grown in Dulbecco's modi�ed Eagle's medium (DMEM) high glucose (Hyclone, Logan,
USA) supplemented with 10% fetal bovine serum (FBS, Gibco, Grand Island, NY, UT, USA), 100 U/ml
penicillin, and 100 μg/ml streptomycin (both purchased from Beyotime Ltd, Shanghai, China) under a
humidi�ed incubator at 37℃ in an atmosphere of 5% CO2.

Drug-resistance and proliferation ability analysis
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Drug cytotoxicity and proliferation ability were measured by Cell Counting Kit-8 (CCK-8) assays in vitro.
Approximately 5,000 cells suspended in 100 μl culture medium were plated in 96-well plates and
incubated with increasing concentration of docetaxel. To calculate the drug lethal to 50% of the cells
(IC50), the proliferative ability of no-docetaxel treated cells was seated as 100% standard. After incubation
for 48 h, 10 μl Cell Counting Kit-8 reagents were added and the absorbance of 450 nm were detected
according to the manufacturer’s instructions using the Multiskan FC (ThermoFisher Scienti�c, Waltham,
MA, USA).

RNA interference and transfection

RNA interference sequence for LINC00680, miR-320b and CDKL5 were designed and synthesized by Gene
pharma company (Shanghai, China). siRNA sequence targeting was as follows: si-LINC00680, forward
oligo, 5’- UAUAGUUCAAGUCAUAAACUG -3’, reverse oligo, 5’-GUUUAUGACUUGAACUAUAGG-3’; si-CDKL5,
forward oligo, 5’-UCACAUAUUUGUUCUAAUCAU-3’; reverse oligo, 5’-GAUUAGAACAAAUAUGUGAAA-3’.
Interfering RNAs were transfected into cells in 6-well plates using LipofectamineTM 2000 reagent
(Invitrogen, Carlsbad, CA, USA) following the manufacturer’s instructions.

Quantitative real-time polymerase chain reaction (qRT-PCR) assay

RNA from cells was isolated using the TRIZol reagent (ThermoFisher Scienti�c) and its quanti�cations
were assessed by Nanodrop 2000 spectrophotometer (ThermoFisher Scienti�c). Total 2 μg RNA was
reversed to cDNA using SuperScriptTM IV One-Step RT-PCR System (Thermo Fisher Scienti�c). qRT-PCR
reaction was performed using an ABI7500 system (Applied Biosystems, Foster City, CA, USA) and SYBR
Green PCR Master Mix (Thermo Fisher Scienti�c). The primers were designed and shown in Table 1.
Relative levels of gene expression were expressed relative to glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) or SncU6 using 2-∆∆Ct method.

Table 1 Primers for qRT-PCR assay
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Gene Name Primers (5’ to 3’)

LINC00680 Forward AGATGGTGAGAACTGGTCTGA

  Reverse GGGCTCTGGGTCTGAATCTT

miR-320b Forward GATGCTGAAAAGCTGGGTTG

  Reverse TATGGTTGTTCTGCTCTCTGTCTC

CDKL5 Forward CTGGGGAAGGTAAAGCGGC

  Reverse TTAAATGACTCCCCCGCCGA

MDR1 Forward GGCTACATGAGAGCGGAGGA

  Reverse GGAATGTTCTGGCTTCCGTTG

MRP5 Forward TTGCTACGTGAGTGTACGCC

  Reverse GATGTGAGGACTGGCTGGTT

LRP5 Forward GTTACACTGGAGAGAGCAGCAT

  Reverse CCTCTGTCCTCTCATCCTTCA

GAPDH Forward ACAGTCAGCCGCATCTTCTT

  Reverse GACTCCGACCTTCACCTTCC

SncU6 Forward CTCGCTTCGGCAGCACA

  Reverse AACGCTTCACGAATTTGCGT

Western blot analysis

Cells were lysed by RIPA lysis buffer (Beyotime) added within protease inhibitors cocktail (Roche Applied
Science, Indian polis, IN, USA), and then were incubated at 4℃ for 30 min, the samples were centrifuged
at 12,000 × g for 15 min at 4℃. Then, the suspending protein was transferred onto sodium
dodecylsulphate polyacrylamide gel electrophoresis (SDS-PAGE) and then blotted onto PVDF membrane
(Millipore, Billerica, MA, USA). PVDF membrane was incubated with primary antibodies against CDKL5
and β-actin (both purchased from Abcam, Cambridge, CA, USA) at 4℃ overnight. The membrane was
incubated with second antibody (horseradish peroxidase-conjugated goat anti-rabbit or horseradish
peroxidase-conjugated goat anti-mouse) at room temperature for 2 h. Lastly, blots were detected using
ECL chemiluminescence detection kit (Thermo Fisher Scienti�c).

Transwell invasion assay

Brie�y, cells (1×104 per well) were seeded and suspended in medium containing 1% FBS, then the cells
were plated into the upper chamber of Transwell plates which was pre-coated with Matrigel, the lower
chamber was �lled with DMEM medium with 10% FBS. After 24 h of incubation, the non-invaded cells on
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upper surface of membrane were removed using cotton. The cells invaded through the membrane were
�xed with methanol for 20 min at room temperature, after washing with PBS, the cells were stained with
0.1% crystal violet. The number of invaded cells in �ve randomly selected �elds of each group was
counted, all experiments were performed in triplicate.

Dual-luciferase reporter assay

The 3’-UTR of LINC 00680 and CDKL5 mRNA containing miR-320b binding sites were ampli�ed and
cloned into the pGL3-Basic luciferase vector (Promega, Madison, WI, USA). Then the LINC00680 and
CDKL5 mRNA, wild type or mutant type sequences were synthesized and transfected into HEK-293T cells
with miR-320b mimics or negative controls using Lipofectamine 2000 (ThermoFisher Scienti�c). After 24
h of transfection, the luciferase activity was measured using Dual-Luciferase Reported System
comparing to Rinella luciferase (Promega).

Statistical analysis

Data were presented as mean ± SD. The statistical analyses were performed using SPSS version 19.0
software (IBM, Chicago, IL, USA) ad charted using GraphPad Prism 6.0 (GraphPad Software, La Jolla, CA,
USA). The statistical analysis was performed using one-way ANOVA for difference among groups and
student’s t-test for comparing within groups. The P value less than 0.05 were considered statistical
signi�cance.

Results
LINC00680 and CDKL5 protein were up-regulated in docetaxel resistance of breast cancer cells in vitro

To investigate the expression levels of LINC00680, qRT-PCR was performed in docetaxel resistance breast
cancer cells. Results showed that LINC00680 expression was signi�cantly upregulated in MCF-7/Doc
cells compared with its parental MCF-7 cells. Besides, IC50 value of docetaxel for MCF-7/Doc cells was
signi�cantly higher than that in parental MCF-7 cells. Furthermore, the LINC00680 expression presented
time- and dose-dependent characteristic in MCF-7/Doc cells when treated with different dose of docetaxel
or different processed time (0, 6, 12, 24 h). Meanwhile, we found that CDKL5 protein was up-regulated
with the docetaxel treatment. Therefore, above data suggested that LINC00680 and CDKL5 protein might
be the potential key molecular in chemotherapy of breast cancer.

LINC00680 modulated CDKL5 expression through targeting miR-320b

In present experiments, we had veri�ed that LINC00680 and CDKL5 protein were both up-regulated in
MCF-7/Doc cells when treated with docetaxel, so bioinformatics tools were performed to investigate the
interaction within LINC00680 and CDKL5 in the deep study. Results showed that miR-320b shared with
LINC00680 3'-UTR, and miR-320b was upregulated in MCF-/Doc cells transfected with si-LINC00680.
Moreover, miR-320b was predicted to bind with the position of 931- 937 in CDKL5 3'-UTR and validated by
dual-luciferase reporter assay. The data indicated LINC00680 and CDKL5 mRNA were both up-regulated
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when transfected with miR-320b inhibitor. Furthermore, Western blot analysis showed that CDKL5 protein
expression was decreased when transfected with si-LINC00680 and increased when transfected with
miR-320b inhibitor. In summary, we hold the hypothesis that LINC00680 might modulate the expression
of CDKL5 protein through targeting miR-320b.

The associated role of LINC00680, miR-320b and CDKL5 on breast cancer proliferation, invasion and
docetaxel resistance

In present research, we reported the LINC00680/miR-320b/CDKL5 pathway in breast cancer
tumorigenesis, and then functional experiments were performed to con�rm it. The results showed that the
levels of multidrug resistance related genes (MDR1, MRP5, LRP1) decreased in CDKL5 knockdown or
LINC00680 silencing cells, while miR-320b inhibitor transfection reversed the inhibition of LINC00680
knockdown. CCK-8 assay also indicated that CDKL5 knockdown or LINC00680 knockdown suppressed
the proliferation vitality, and miR-320b inhibitor reversed the inhibition of LINC00680 knockdown.
Transwell invasion assay showed that the invaded cells reduced in CDKL5 siRNA transfection cells and
miR-320b inhibitor reversed this inhibition function of LINC00680 silencing. Therefore, the above data
suggested the role of LINC00680/miR-320b/CDKL5 signaling on breast cancer proliferation, invasion and
docetaxel resistance.

Discussion
Several studies revealed the function of LINC00680 in cancer, including promoting malignancy in
glioblastoma[19], predicting the clinical outcome and survival of patients with sarcoma[18] and
promoting the progression of non-small cell cancer[22]. Our work con�rmed a new role of LINC00680 in
breast cancer, breast cancer cells with docetaxel resistance shown increasing expression of both
LINC00680 and CDKL5 (Fig. 1). Docetaxel resistance of breast cancer cells was inhibited by the
knockdown of LINC00680 (Fig. 2). These results indicated that LINC00680 associated with chemo-
resistance of breast cancer cells.

Both the role of lncRNA in miRNA generation and miRNA negative regulation were identi�ed[23, 24]. In
present study, it was shown that both LINC00680 and 3'-UTR of CDKL5 were targeted by miR-320b (Fig.
3). The expression level of CDKL5 was regulated by LINC00680 (Fig. 3) through competing the miR-320b
target sites of CDKL5 3'-UTR, which is known as ‘‘competing endogenous RNA (ceRNA)” hypothesis[25].

The function of CDKL5 is not well understood. It was reported that CDKL5 localizes at multiple
subcellular structures[26, 27], and involved in cell division[26]. The association between CDKL5 and drug
resistance was identi�ed[28, 29].  In vitro experiments suggested that knockdown of CDKL5 and
LINC00680 decreased the expression of MDR1, MRP5 and LRP1 (Fig. 4), which are known as drug-
resistance genes in various cancers[30-33]. The role of MDR1 and MRP7 in docetaxel resistance were
demonstrated in different types of cancer[34-37]. As shown by Jiang et al.[29], CDKL5 promotes
chemotherapeutic drug resistance of glioma may through PI3K/AKT pathway. Our study hinted that the
expression of CDKL5 and LINC00680 together with chemo-resistance genes MDR1, MRP5 and LRP1 play
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an important role in docetaxel resistance of breast cancer. The interaction between CDKL5 and MDR1,
MRP5 and LRP1 needs further study.

Conclusion
In consistent with previous �ndings in other cancers, our results have shown that LINC00680 promote cell
proliferation, migration, and invasion in breast cancer. Taking together, the results shown in present study
implied that LINC00680 may act as miR-320b competitor, which regulates the promote cell proliferation,
migration, invasion and docetaxel resistance of breast cancer cells through CDKL5.
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Figures

Figure 1

LINC00680 and CDKL5 were both up-regulated in docetaxel resistance BC cells. (A) qRT-PCR assay
indicated the levels of LINC00680 in docetaxel resistance BC cells (MCF-7/Doc) compared with its
parental cells. (B-C) The survival percentage of MCF-7/Doc and MCF-7 cells when treated with increasing
concentration of docetaxel. (D-E) Expression of LINC00680 in MCF-7/Doc cells incubated with different
dose of docetaxel or different processed time. (F-G) Western blot showed the expression level of CDKL5
in MCF-7/Doc cells treated with different dose of docetaxel. Data was expressed as mean ± SD, *P<0.05,
**P<0.01, presents statistically difference.
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Figure 2

LINC00680 silencing suppressed the docetaxel resistance of BC cells in vitro. (A) qRT-PCR showed
LINC00680 expression in MCF-7/Doc cells transfected with si-RNAs. (B) qRT-PCR showed the mRNA
levels of drug resistance related genes in MCF-7/Doc cells transfected with si-RNAs. (C) Cell viability
measured by CCK-8 assay and IC50 value for docetaxel in MCF-7/Doc cells transfected with si-
LINC00680 or empty vector (si-control). (D) Transwell cell invasion assay indicated the invasive cell
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number decreased in MCF-7/Doc cells transfected with si-LINC00680 compared with that transfected
with empty vector. Data was expressed as mean ± SD, *P<0.05, **P<0.01, presents statistically difference.

Figure 3

LINC00680 modulated CDKL5 expression via sponging the miR-320b. (A) Bioinformatics tools showed
the complementary binding sequence of miR-320b and 3’-UTR of LINC00680 wild type and mutant type.
(B) Dual-luciferase reporter assay showed the luciferase vitality within miR-320b/vector and 3’-UTR of
LINC00680 mutant or wild type. (C) The levels of miR-320b in MCF-7/Doc cells transfected with si-
LINC00680 detected by qRT-PCR assay. (D) Bioinformatics tools showed the complementary binding
sequence of miR-320b and CDKL5 3’-UTR. (E) Dual-luciferase reporter assay showed the luciferase
vitality within miR-320b/vector and 3’-UTR of CDKL5 mutant or wild type. (F, G) Western blot analysis
showed the CDKL5 expression in MCF-7/Doc cells transfected with si-LINC00680 or/ and miR-320b
inhibitor. Data was expressed as mean ± SD, *P<0.05, **P<0.01, presents statistically difference.
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Figure 4

The associated role of LINC00680, miR-320b and CDKL5 on breast cancer proliferation, invasion and
docetaxel resistance. (A) qRT-PCR showed the mRNA expression of drug resistance related gene in MCF-
7/Doc cells transfected with si-LINC00680, miR-320b inhibitor or CDKL5 siRNA. (B) CCK-8 assay
indicated the proliferation vitality of MCF-7/Doc cells. (C) Transwell invasion assay showed the invasive
ability of MCF-7/Doc cells transfected with si-LINC00680 and/or miR-320b inhibitor and CDKL5 siRNA.
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Data was expressed as mean ± SD, *P<0.05, **P<0.01, presents statistically difference comparing with si-
control group. #P<0.05, ##P<0.01, presents statistically difference comparing with si-LINC00680 group.


