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Background: Paclitaxel (PTX) occupies a considerable status in the chemotherapies of

breast cancer (BC), but the drug resistance keeps an obstructive factor of PTX treatment.

This study was designed to explore the molecular mechanism of long non-coding RNA

(lncRNA) urothelial carcinoma-associated 1 (UCA1) in PTX resistance of BC.

Methods: UCA1, microRNA-613 (miR-613) and cyclin-dependent kinase 12 (CDK12) expres-

sion was assayed through quantitative real-time polymerase chain reaction (qRT-PCR). Cell

Counting Kit-8 (CCK-8) assay was implemented for evaluating the half inhibitory concentra-

tions (IC50) of PTX and cell viability. Cell apoptosis was examined by flow cytometry. The target

relationship was explored using dual-luciferase reporter assay and RNA immunoprecipitation

(RIP) assay. CDK12 protein level was detected throughWestern blot. Xenograft tumor assay was

applied for assessing the influence of UCA1 on PTX resistance of BC in vivo.

Results: UCA1 expressed highly in PTX-resistant BC tissues and cells and regulated PTX

resistance in BC cells by affecting cell viability and apoptosis in part. UCA1 negatively

interacted with miR-613 and modulated PTX resistance via sponging miR-613. CDK12 was

a downstream gene of miR-613 and miR-613 exerted the modulation of PTX resistance via

targeting CDK12. Furthermore, UCA1 regulated CDK12 level through interacting with miR-

613. The regulatory role of UCA1 in PTX resistance of BC was achieved by miR-613/

CDK12 axis in vivo.

Conclusion: UCA1 mediated PTX resistance in BC through the miR-613/CDK12 axis,

manifesting that UCA1 might improve the PTX treatment of BC as a significant therapeutic

biomarker.
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Introduction
Breast cancer (BC), the most frequent gynecological cancer, is the major cause of

cancer-associated death among females in the majority of the countries.1 Despite

the modern therapeutic strategies that have been developed, conventional che-

motherapy remains a crucial significance, including the drugs of paclitaxel (PTX),

cisplatin, doxorubicin, and so on.2–4 PTX is an effective drug chemotherapy in

clinical treatment for BC, and the combined therapy based on PTX is usually as

first-line therapy.5–7 However, the acquired resistance might seriously affect the

therapeutic effect to cause the eventual failure of treatment. Hence, the underlying

molecular mechanism of PTX resistance needs to be expounded for alternative

treatment.
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As a class of non-coding RNAs (ncRNAs), long ncRNAs

(lncRNAs) are deficient in the ability of coding proteins.8

Emerging studies have validated the participation of

lncRNAs in the formation of PTX chemoresistance in BC.

For example, lncRNA FTH1P3 was shown to expedite PTX

resistance in BC via the miR-206/ABCB1 axis;9 Han et al

illuminated that lncRNA H19 activated PTX resistance

in BC through inhibiting apoptosis and the regulation of

Akt pathway;10 Zheng et al asserted that CASC2 generated

the promotion of PTX resistance of BC by regulating miR-

18a-5p/CDK19.11 Recently, urothelial carcinoma-associated

1 (UCA1) was reported to be dysregulated in BC and

involved in the multiple resistance regulation.12 But the

role and functional mechanism of UCA1 in PTX resistance

in BC are obscure.

MicroRNAs (miRNAs) belong to short ncRNAs and

can regulate protein expression via combining with the

3ʹ-untranslated region (3ʹUTR) of the messenger RNA

(mRNA) in mammalian cells.13 Wang et al announced

that miR-335 suppressed PTX resistance in BC by target-

ing SETD8.14 Zhang et al proved that miR-155-3p

reversed PTX resistance through the negative interaction

with MYD88 in BC.15 Previous reports demonstrated that

miR-613 was down-regulated in BC16 and impeded the

production of PTX resistance in triple-negative BC.17

However, it needs further exploration of the molecular

mechanism behind miR-613 in PTX resistance of BC.

Cyclin-dependent kinase 12 (CDK12), a member of CDK

family, was up-regulated and actively involved in the regula-

tion of chemoresistance in BC.18 A recent study claimed that

CDK12 induced trastuzumab resistance by regulating WNT

and IRS1-ErbB-PI3K signaling pathways in BC.19 Besides,

CDK12 down-regulation inhibited de novo and PARP inhi-

bitor resistance in triple-negative BC.20 Herein, we intended

to investigate whether CDK12 affected PTX resistance in BC

and the possible relation with UCA1 and miR-613. Our study

emphasized on the regulatory mechanism among UCA1,

miR-613 and CDK12 in PTX resistance of BC, hoping to

offer a preferable understanding regarding the molecular

mechanism of drug resistance in BC.

Materials and Methods
Tissues Collection
BC tissues were collected from 60 patients subjected to

adenomammectomy in Yantai Hospital of Traditional

Chinese Medicine. These tissues from BC patients with

progressive disease during primary chemotherapy or

recurrent disease within 6 months of completing primary

chemotherapy were defined as PTX-resistant tissues

(n=30) while PTX-sensitive tissues (n=30) were obtained

from those patients suffered recurrence beyond 6 months

or without recurrence, referring to the classification criteria

in a previous study.21 These tissue samples were preserved

in liquid nitrogen at once. All the BC tissue samples were

collected with the signing of written informed consent and

in accordance with the Declaration of Helsinki. This study

was performed with the approval of the Ethical Committee

of Yantai Hospital of Traditional Chinese Medicine.

Cell Culture and Treatment
All cell lines used in the current study were purchased from

the American Type Culture Collection (ATCC, Manassas,

VA, USA). Human BC cell line MCF-7 was maintained in

Dulbecco’s Modified Eagle’s medium (DMEM; Corning

Life Sciences, Corning, NY, USA) and breast epithelial

cell line MCF-10A was cultivated in DMEM/F12 (1:1)

mixed solution, adding with 10% fetal bovine serum (FBS;

Serapro, Naila, Germany) and 1% penicillin-streptomycin

mixture (Transgen, Beijing, China). Anabiotic cells were

cultured in a 37°C incubator with abundant humidified air

and 5% CO2. The PTX-resistant BC cell line (MCF-7/PTX)

was established through treating MCF-7 cells with different

concentrations of PTX (Sigma, Saint Louis, MO, USA) as

previously reported.22

Cell Transfection
The vectors or oligonucleotides were transfected into BC

cells with 60% confluence using Lipofectamine 3000 reagent

(Invitrogen, Carlsbad, CA, USA). The vectors and oligonu-

cleotides used in this study were bought from GenePharma

(Shanghai, China) and listed as below: overexpression vector

of UCA1 and CDK12 (OE-UCA1 and OE-CDK12), small

interfering RNA (siRNA) targeting UCA1 and CDK12

(si-UCA1 and si-CDK12), short hairpin RNA (shRNA)

against UCA1 (sh-UCA1), miR-613 mimic (miR-613),

miR-613 inhibitor (anti-miR-613) and corresponding nega-

tive controls (Vector, si-NC, sh-NC, miR-NC and anti-NC).

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)
The qRT-PCR experimentwas executed exploitingTBGreen®

Premix Ex Taq™ II Kit (Takara, Dalian, China) via the ABI

Prism 7500 sequence detection system (Applied Biosystems,

Foster City, CA, USA) according to the presentation of the last
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study.23 The expression levels of UCA1 and CDK12 were

standardized by glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) while small nuclear RNAU6 was used for normal-

izing miR-613, using the 2−ΔΔCt method.24 The sequences of

primers are shown in Table 1.

Cell Counting Kit-8 (CCK-8)
The CCK-8 assay was administered to examine the half

inhibitory concentration (IC50) of PTX and cell viability.

Firstly, the 96-well plates were seeding with a total number

of 1 × 103 BC cells per well overnight. After treatment with

PTX for 48 h, the plates were supplemented with CCK-8

reagent (Beyotime, Shanghai, China) with 20 μL/well.
Following incubation for 2 h, the absorbance was recorded

under a microplate reader at 450 nm. Particularly, the value

of IC50 pointed to the concentration of PTX with cell

activity of 50%. And at 24 h, 48 h and 72 h post-

transfection, cell viability of MCF-7 and MCF-7/PTX

cells was also examined as above.

Flow Cytometry
Annexin V-fluorescein isothiocyanate (Annexin V-FITC)/

propidium iodide (PI) kit (Sigma) was exploited to deter-

mine cell apoptosis. Briefly, cells were collected through

the digestion by 0.25% trypsin (Transgen) and centrifuga-

tion at 3000 rpm for 10 min. After washing by pre-cooled

1 × Phosphate buffered saline (PBS; Transgen), 500 μL 1

× binding buffer was used for the preparation of cell

suspension, which was incubated with Annexin V-FITC

(5 μL) and PI (5 μL) for staining in the dark. Twenty min

later, apoptotic cells were quantified using the flow cyt-

ometer (BD Biosciences, San Diego, CA, USA).

Dual-Luciferase Reporter Assay
After the target prediction by Starbse3.0, the dual-luciferase

reporter assay was applied for the further validation of the

target combination. The sequences of wild-type (WT, with

the binding sites for miR-613) and mutant-type control

(MUT, with the mutant sites for miR-613) UCA1 were,

respectively, cloned into the pGL3 vector (Promega,

Madison, WI, USA) to construct UCA1-WT and UCA1-

MUT. Likewise, CDK12-WT and CDK12-MUT were

obtained through cloning the 3ʹUTR sequence into the

pGL3 vector. Afterwards, these recombinant reporters were

transfected into BC cells with miR-613 or miR-NC, sepa-

rately. After lysing with 1 × passive lysis buffer (PLB;

Promega), the relative luciferase activities of lysates were

assayed following the producer’s instruction of the dual-

luciferase reporter system (Promega). Renilla activity served

as the internal reference for firefly activity.

RNA Immunoprecipitation (RIP) Assay
RIP assay was conducted applying with Magna RNA immu-

noprecipitation kit (Millipore, Bedford, MA, USA) follow-

ing the user’s guideline. In short, harvested BC cells were

incubated with magnetic beads pre-coated with antibodies

against Argonaute2 (anti-Ago2; Abcam, Cambridge, United

Kingdom, ab32381) using anti-Immunoglobulin G (anti-

IgG; Abcam, ab205718) as the negative control. After the

extraction of RNA, qRT-PCR was used for measuring RNA

enrichment of UCA1 andmiR-613. Cell lysates un-incubated

with magnetic beads acted as the positive control (In-put).

Western Blot Assay
To begin with, total proteins were obtained from tissues and

cells via Radio-Immunoprecipitation Assay (RIPA) lysis

buffer (Sigma). Next, 40 μg proteins were separated using

sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE) for 90 min, and instantly transferred onto

polyvinylidene fluoride (PVDF) membranes (Millipore)

for 1 h. Whereafter, PVDF membranes were blocked by

5% skim milk (Beyotime). After 3 h, primary antibodies

anti-CDK12 (Abcam, ab37914, 1:1000) and anti-GAPDH

(Abcam, ab181602, 1:3000) were incubated at the room

temperature for 4 h. Then, goat anti-rabbit secondary anti-

body (Abcam, ab205718, 1:5000) was applied to conjugate

with primary antibodies for 1 h. Finally, the immunoreac-

tive signals were analyzed using the Image J software (NIH,

Bethesda, MD, USA) after the detection of the enhanced

chemiluminescence reagent (Sigma).

Table 1 Primers Used for qRT-PCR Analysis

Genes Primer Sequences (5ʹ-3ʹ)

UCA1 Forward: 5ʹ-TTTATGCTTGAGCCTTGA-3’

Reverse: 5ʹ-CTTGCCTGAAATACTTGC-3’

miR-613 Forward: 5ʹ-GTGAGTGCGTTTCCAAGTGT-3’

Reverse: 5ʹ-TGAGTGGCAAAGAAGGAACAT-3’

CDK12 Forward: 5ʹ-CTAACAGCAGAGAGCGTCACC-3’

Reverse: 5ʹ-AAAGGTTTGATAACTGTGCCCA-3’

GAPDH Forward: 5ʹ-GGCTCATGACCACAGTCCATG-3’

Reverse: 5ʹ-TCAGCTCTGGGATGACCTTG-3’

U6 Forward: 5ʹ-CTCGCTTCGGCAGCACA-3’

Reverse: 5ʹ-AACGCTTCACGAATTTGCGT-3’
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Xenograft Tumor Assay
Twenty-four BALB/c nude mice (seven-week-old) were

bought from Vital River Laboratory Animal Technology

(Beijing, China) and randomly divided into four groups with

6mice/group.Micewere subcutaneously injectedwithMCF-7

cells (5×106 cells/mice) transfected with OE-UCA1 or Vector,

as well as MCF-7/PTX cells stably expressed sh-UCA1 or sh-

NC. Following injection for 5 d, mice were intraperitoneally

injected with 5 mg/kg PTX every 5 d. Tumor volume was

measured with the formula: length × width2 ×0.5. After 25 d,

mice were executed with euthanasia and tumor tissues were

weighed. And the expression levels of UCA1, miR-613 and

CDK12 in excised tissues were detected by qRT-PCR or

Western blot. Animal studies were performed in compliance

with the ARRIVE guidelines and the Basel Declaration.

Experimental procedures were approved by the Institutional

and Local Committee on the Care and Use of Animals of

Yantai Hospital of Traditional Chinese Medicine. All animals

received humane care according to the National Institutes of

Health (USA) guidelines.

Statistical Analysis
All experiments were administrated three times and data

were presented as the mean ± standard deviation (SD).

Statistical analysis of data was through SPSS 19.0 software

and GraphPad Prism 7 was applied for graphing. The dif-

ference analysis was carried out by Student’s t-test or one-

way analysis of variance followed by Tukey’s test. P < 0.05

represented a significant difference at the statistical level.

Results
The Up-Regulation of UCA1 Was Shown

in PTX-Resistant BC Tissues and Cells
The demographic features of participated BC patients are

shown in Table 2. Then, the expression of UCA1 collected

tissues was initially analyzed by qRT-PCR. As illustrated in

Figure 1A, the expression of UCA1 was considerably higher

in PTX-resistant BC tissues than in PTX-sensitive tissues.

Similarly, a conspicuous increase of UCA1 level was exhib-

ited in MCF-7/PTX cells by comparison with parental MCF-7

cells and normal MCF-10A cells (Figure 1B). Through the

analysis of CCK-8 assay, IC50 of PTX was distinctly elevated

in MCF-7/PTX cells compared to MCF-7 cells, proving the

formation of PTX resistance inMCF-7/PTX cells (Figure 1C).

Significantly, UCA1 was overexpressed in PTX-resistant BC

tissues and cells.

UCA1 Regulated PTX Resistance in BC

Cells Partly by Affecting Cell Viability and

Apoptosis
To investigate the effect of UCA1 on PTX resistance in BC,

we transfected OE-UCA1 intoMCF-7 cells and sh-UCA1 into

MCF-7/PTX cells. Apparently, the overexpression efficiency

of OE-UCA1 inMCF-7 cells and knockdown efficiency of sh-

UCA1 in MCF-7/PTX cells were greatly contrasted to their

controls (Figure 2A). IC50 of PTX was obviously boosted by

UCA1 overexpression in MCF-7 cells and inhibited in MCF-

7/PTX cells transfectedwith sh-UCA1 (Figure 2B). Regarding

cell viability, as shown in Figure 2C, MCF-7 cells transfected

with OE-UCA1 presented a significant promotion after treat-

ment of 5 µMPTX compared to the Vector group, andMCF-7/

PTX cells transfected with sh-UCA1 exhibited the decreased

cell viability after treatment of 20 µM PTX relative to the sh-

NC group. In addition, MCF-7 cells manifested a lower apop-

tosis rate as a result of UCA1 overexpression compared with

PTX+Vector group, while knockdown of UCA1 had

a stimulative effect on cell apoptosis in MCF-7/PTX cells

treated with PTX (Figure 2D). Collectively, UCA1 could

modulate PTX resistance of BC cells via affecting cell viabi-

lity and apoptosis.

UCA1 Directly Interacted with miR-613
We discovered the conjugated sites between UCA1

and miR-613 using Starbase3.0 (Figure 3A), having

Table 2 Relationship of UCA1 Expression with Clinic Pathological Features in Breast Cancer Patients

Variable

Expression of UCA1 Age (Years) Tumor Size WHO Grade

≤60 >60 ≤5 cm >5 cm Ⅰ-Ⅱ Ⅲ

Low (%) 22(73.3) 8(16.7) 24(80) 6(20) 22(73.3) 8(16.7)

High (%) 18(60) 12(40) 21(70) 9(30) 14(46.7) 16(53.3)

P-value 0.273 0.371 0.035*

Note: *P < 0.05
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Figure 1 The up-regulation of UCA1 was shown in PTX-resistant BC tissues and cells. (A–B) The expression of UCA1 was assayed using qRT-PCR in PTX-resistant BC

tissues (A) and cells (B) as well as their sensitive controls. (C) IC50 of PTX was evaluated through CCK-8 assay in MCF-7/PTX cells and parental MCF-7 cells. *P < 0.05.

Figure 2 UCA1 regulated PTX resistance in BC cells by partly affecting cell viability and apoptosis. (A) Overexpression efficiency of OE-UCA1 in MCF-7 cells and

knockdown effect of sh-UCA1 in MCF-7/PTX cells were assessed via qRT-PCR. (B) IC50 of PTX was analyzed by CCK-8 assay. (C) Cell viability was examined by CCK-8 in

MCF-7 cells treated with 5 μM PTX and transfected with OE-UCA1 or Vector, as well as in MCF-7/PTX cells treated with 20 μM PTX and transfected with sh-UCA1 or sh-

NC. (D) Cell apoptosis was measured by flow cytometry. *P < 0.05.
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a conjecture that UCA1 might target miR-613. To

affirm this prediction, UCA1-WT or UCA1-MUT was

transfected into MCF-7 or MCF-7/PTX cells with miR-

613 or miR-NC. As displayed in Figure 3B, the relative

luciferase activity was clearly descended in UCA1-WT

group after overexpression of miR-613, while it

remained almost unchanged in UCA1-MUT transfec-

tion group. Also, RIP assay demonstrated that UCA1

and miR-613 were enriched in Ago2 pellet compared

with IgG group (Figure 3C). Then, the level of

miR-613 was determined by qRT-PCR. In comparison

to PTX-sensitive BC tissues and cells, the miR-613

expression was much lower in PTX-resistant

tissues and cells (Figure 3D). Moreover, the up-

regulation of UCA1 caused the decrease of miR-613

expression in MCF-7 cells, and there was an overt

elevation of miR-613 level in MCF-7/PTX cells trans-

fected with sh-UCA1 oppositely (Figure 3E). The

above results indicated that UCA1 negatively inter-

acted with miR-613.

UCA1 Modulated PTX Resistance in BC

Cells via Sponging miR-613
The regulatory mechanism between UCA1 and miR-613

was explored subsequently. We first examined the inhibi-

tory effect of anti-miR-613 in MCF-7 cells and overex-

pression impact of miR-613 in MCF-7/PTX cells on the

expression of miR-613, and qRT-PCR presented the suc-

cessful outcomes (Figure 4A). MCF-7 cells were trans-

fected with anti-miR-613, anti-miR-613+sh-UCA1 or

relative controls and MCF-7/PTX cells were transfected

with miR-613, miR-613+OE-UCA1 or matched controls.

As for IC50 of PTX, the anti-miR-613-induced rising in

MCF-7 cells and the lessening evoked by miR-613 in

MCF-7/PTX cells were, respectively, mitigated by knock-

down of UCA1 and up-regulation of UCA1 (Figure 4B).

Notably, UCA1 depression alleviated the promotion of cell

viability caused by miR-613 inhibitor in 5 µM PTX-

treated MCF-7 cells and UCA1 overexpression also abated

the miR-613-induced repression of cell viability of MCF-

7/PTX cells treated with 20 µM PTX (Figure 4C). Besides,

Figure 3 UCA1 directly interacted with miR-613. (A) Starbase3.0 was exploited to predict the binding sites between UCA1 and miR-613. (B) and (C) Dual-luciferase

reporter assay and RIP assay were applied for analyzing the interaction between UCA1 and miR-613. (D) The expression of miR-613 was measured by qRT-PCR in PTX-

resistant BC tissues and cells. (E) QRT-PCR was implemented to determine miR-613 level in MCF-7 cells transfected with OE-UCA1 or Vector and MCF-7/PTX cells

transfected with sh-UCA1 or sh-NC. *P < 0.05.
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the transfection of sh-UCA1 relieved the inhibition of

apoptosis rate by miR-613 inhibitor in MCF-7 cells; mean-

while, miR-613-motivated enhancement of cell apoptosis

in MCF-7/PTX cells was ameliorated following the

increase of UCA1 expression (Figure 4D). All in all,

UCA1 regulated PTX resistance through sponging miR-

613 in BC cells.

CDK12 Acted as a Target of miR-613
Through the bioinformatics analysis of Starbase3.0, the

3ʹ-UTR of CDK12 displayed the complementary points for

miR-613 (Figure 5A). Then, dual-luciferase reporter assay

showed that the introduction of miR-613 manifestly reduced

the luciferase activity of CDK12-WT group compared to

CDK12-MUT group in MCF-7 and MCF-7/PTX cells

(Figure 5B). The combination between miR-613 and

CDK12 was further verified by RIP assay, in which the

enrichment of CDK12 and miR-613 was much higher in

Ago-2 pellet that in IgG group (Figure 5C). And CDK12

was remarkably increased in PTX-resistant BC tissues

and cells by contrast to PTX-sensitive tissues and

cells (Figure 5D). Furthermore, there was a marked

up-regulation of CDK12 protein expression in MCF-7 cells

transfected with anti-miR-613, whereas the inverse phenom-

enonwas shown inMCF-7/PTX cells after overexpression of

miR-613 (Figure 5E). It is evidence-based that miR-613

targeted CDK12 in BC and PTX-resistant BC cells.

MiR-613 Negatively Mediated PTX

Resistance in BC Cells via Targeting

CDK12
To study the modulatory relation between miR-613 and

CDK12 in PTX resistance of BC, the overexpression effect

of OE-CDK12 and interference effect of sh-CDK12 on

CDK12 level were evaluated firstly. As Figure 6A pre-

sented, CDK12 protein level was signally up-regulated in

MCF-7 cells transfected with OE-CDK12 and the decline

of CDK12 expression was noteworthy in sh-CDK12 group

compared to sh-NC group. After transfection of OE-

CDK12, OE-CDK12+miR-613 or respective controls in

MCF-7 cells and transfection of sh-CDK12, sh-CDK12

+anti-miR-613 or relative controls in MCF-7/PTX cells,

IC50 of PTX were determined. The results manifested that

miR-613 transfection weakened the promoted effect on

IC50 of PTX evoked by CDK12 overexpression in MCF-

7 cells; similarly, miR-613 inhibitor counteracted the sh-

CDK12-mediated inhibition of IC50 of PTX in MCF-7/

PTX cells (Figure 6B). After treatment with PTX, trans-

fection of OE-CDK12 triggered the enhancement of cell

viability and suppression of cell apoptosis in MCF-7 cells

Figure 4 UCA1 modulated PTX resistance in BC cells via sponging miR-613. (A) The inhibition of anti-miR-613 and overexpression of miR-613 were severally measured in

MCF-7 cells and MCF-7/PTX cells by qRT-PCR. (B) IC50 of PTX was assayed by CCK-8 in MCF-7 cells transfected with anti-miR-613, anti-miR-613+sh-UCA1 or matched

controls and MCF-7/PTX cells transfected with miR-613, miR-613+OE-UCA1 or relative controls. (C) CCK-8 was used for detecting cell viability in MCF-7 cells treated

with 5 μM PTX and MCF-7/PTX cells treated with 20 μM PTX, transfected with the above groups. (D) Flow cytometry was executed for assessing cell apoptosis. *P < 0.05.
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but CDK12 knockdown led to the restraint of cell viability

and elevation of apoptosis rate in MCF-7/PTX cells,

whereas these effects were, respectively, receded follow-

ing overexpression of miR-613 in MCF-7 cells and miR-

613 down-regulation in MCF-7/PTX cells (Figure 6C

and D). Taken together, miR-613 exerted the regulation

of PTX resistance in BC cells by targeting miR-613.

UCA1 Could Regulate CDK12

Expression via the Negative Interaction

with miR-613
To analyze whether CDK12 was affected by UCA1, MCF-7

cells were transfected with OE-UCA1, OE-UCA1+miR-613

and MCF-7/PTX cells were transfected with sh-UCA1, sh-

UCA1+anti-miR-613, along with their negative controls.

After the analysis of Western blot, the transfection of OE-

UCA1 resulted in the up-regulation of CDK12 protein

expression, which was rescued following overexpression of

miR-613 in MCF-7 cells (Figure 7A). Simultaneously, we

found that the sh-UCA1-induced descent of CDK12 protein

level in MCF-7/PTX cells was also neutralized by co-

transfection of sh-UCA1 and anti-miR-613 (Figure 7B).

Therefore, UCA1 regulated the level of CDK12 through

direct interaction with miR-613.

The Modulation of UCA1 in PTX

Resistance of BC Was Achieved by

miR-613/CDK12 Axis in vivo
Xenograft tumor model was constructed to research the

effect of UCA1 on PTX resistance in vivo. As shown in

Figure 8A, the volume and weight of tumor from mice

injected with MCF-7 cells were conspicuously increased in

PTX+OE-UCA1 group in contrast to PTX+Vector group.

The qRT-PCR and Western blot suggested the introduction

of UCA1 promoted the UCA1 expression as well as CDK12

mRNA and protein levels but refrained the expression of

miR-613 in excised tissues (Figure 8B and C). On the

contrary, there were presented much lower tumor volume

Figure 5 CDK12 acted as a target of miR-613. (A) The candidate target of miR-613 was predicted by Starbase3.0. (B) and (C) The target relation between miR-613 and

CDK12 was analyzed by dual-luciferase reporter assay and RIP assay. (D) CDK12 expression was detected by Western blot in PTX-resistant BC tissues, cells and controls.

(E) Western blot was performed to examine the CDK12 level in MCF-7 cells transfected with anti-miR-613 or anti-NC and MCF-7/PTX cells transfected with miR-613 or

miR-NC. *P < 0.05.
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and weight in PTX+sh-UCA1 group than that in PTX-sh-

NC group of MCF-7/PTX cells (Figure 8D). The analysis of

qRT-PCR and Western blot suggested that the expression of

UCA1 and CDK12 (mRNA and protein) was decreased

while miR-613 was enhanced after knockdown of UCA1

in vivo (Figure 8E and F). The above data clarified that

UCA1 modulated tumor growth of BC by affecting PTX

resistance via miR-613/PTX axis in vivo.

Figure 6 MiR-613 negatively mediated PTX resistance in BC cells via targeting CDK12. (A) Western blot was conducted to assess the overexpression efficiency of OE-

CDK12 in MCF-7 cells and knockdown effect of sh-CDK12 in MCF-7/PTX cells. (B) CCK-8 was applied for detecting the IC50 of PTX in MCF-7 cells transfected with OE-

CDK12, OE-CDK12+miR-613 or relative controls in MCF-7 cells and MCF-7/PTX cells transfected with sh-CDK12, sh-CDK12+anti-miR-613 or matched controls. (C–D)

Cell viability (C) and apoptosis (D) were severally assayed by CCK-8 and flow cytometry in 5 μM PTX-treated MCF-7 cells and 20 μM PTX-treated MCF-7/PTX cells

transfected with the above groups. *P < 0.05.

Figure 7 UCA1 could regulate CDK12 expression via the negative interaction with miR-613. (A–B) The protein expression of CDK12 was examined by Western blot in

MCF-7 cells transfected with OE-UCA1, OE-UCA1+miR-613 or corresponding controls (A) as well as MCF-7/PTX cells transfected with sh-UCA1, sh-UCA1+anti-miR-613

or matched controls (B). *P < 0.05.
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Discussion
In the current clinic therapeutic strategies, traditional che-

motherapy is still an effective treatment for BC.25 Thus, it

is imperative to seek biomarkers for alleviating the acquired

drug resistance. In this study, we explored the role of lncRNA

UCA1 in PTX-resistant BC and the molecular mechanism of

PTX resistance generation behind UCA1 in BC.

According to the published articles, UCA1 exhibited

the essential function in the regulation of chemoresistance

of various types of cancers. For instance, Yang et al vali-

dated the stimulative effect of UCA1 on multidrug resis-

tance of retinoblastoma cells by inhibiting miR-513a-5p.26

A study of ovarian cancer indicated that UCA1 contributed

to cisplatin resistance via the signal network of miR-143/

FOSL2.27 Li et al reported that UCA1 facilitated resistance

to tamoxifen in BC via mediating the EZH2/p21 axis and

the PI3K/AKT pathway.28 Our assays firstly indicated the

up-regulation of UCA1 in PTX-resistant BC tissues and

cells. Subsequently, we found that overexpression of

UCA1 elevated PTX resistance and down-regulation of

UCA1 refrained resistance to PTX in BC cells. The

positive regulation of UCA1 on PTX resistance in BC

was consistent with the above-mentioned reports.

LncRNAs are usually considered as miRNA sponges in

various cancers.29–31 In this report, we identified miR-613 as

a miRNA target through the bioinformatics analysis, and

then dual-luciferase reporter assay and RIP assay affirmed

that UCA1 targeted miR-613. MiR-613 was shown to reduce

PTX resistance in triple-negative BC cells.17 In conformity

with this finding, our results verified the inhibitory effect of

miR-613 on PTX resistance in BC. Moreover, UCA1 regu-

lated resistance to PTX through directly combining with

miR-613. MiRNAs regulate the expression of downstream

gene by interaction with its 3ʹUTR generally.32–34 CDK12

was testified to be a decided target gene of miR-613. And

CDK12 could positively regulate PTX resistance in BC.

Furthermore, the effect of miR-613 on PTX resistance was

achieved by targeting CDK12.

Liu et al declared that UCA1 was conductive to the

progression of nasopharyngeal carcinoma through the reg-

ulation of miR-124-3p/ITGB1 network.35 Wu et al attested

that UCA1 promoted drug resistance via inhibiting

Figure 8 The modulation of UCA1 in PTX resistance of BC was achieved by miR-613/CDK12 axis in vivo. (A) Tumor volume and weight were measured in mice injected

with MCF-7 cells of PTX+OE-UCA1 and PTX+Vector groups. (B) The expression of UCA1, miR-613 and CDK12 was determined using qRT-PCR in excised tissues. (C)

CDK12 protein level was detected by Western blot. (D) After injection with MCF-7/PTX cells treated with PTX+sh-UCA1 and PTX+sh-NC, the volume and weight of

tumors from mice were assayed. (E) QRT-PCR was performed for the examination of UCA1, miR-613 and CDK12 levels. (F) Western blot was administrated to test the

protein expression of CDK12 in vivo. *P < 0.05.
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autophagy by miR-582-5p/AG7 axis in bladder cancer.36

Additionally, UCA1 improved BC progression through

enhancing PTP1B by sponging miR-206.37 These studies

suggested the signal network of lncRNA-miRNA-mRNA

in cancer regulation. Our data presented that UCA1 regu-

lated the expression of CDK12 via the direct combination

with miR-613. Therefore, we concluded that the function

of UCA1 in regulating PTX resistance in BC was carried

out by the miR-613/CDK12 axis. And the assays in vivo

confirmed again that UCA1 affected the PTX resistance to

regulate tumor growth of BC in vivo through miR-613/

CDK12.

In summary, lncRNA UCA1 mediated PTX resistance

in BC via the regulation of miR-613/CDK12 axis. The mole-

cular modulatory network of UCA1/miR-613/CDK12 was in

the elucidation of PTX resistance in BC for the first time,

which exploited a potential pathway for restoring PTX sen-

sitivity to BC. UCA1 might be a resultful indicator for PTX

treatment in BC.
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