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Abstract. Acquisition of resistance to paclitaxel is one of the
most important problems in treatment of breast cancer patients,
but the molecular mechanisms underlying sensitivity to paclitaxel remains elusive. Emerging evidence has demonstrated
that microRNAs (miRNAs) play important roles in regulation
of cell growth, migration and invasion through inhibiting
the expression of its target genes. In our previous studies, we
have shown that microRNA-335 (miR‑335) decreased obviously between paclitaxel-resistant (PR) and parental breast
cancer cells through miRNA microarray. However, the roles
of miR‑335 in breast cancer progression and metastasis are
still largely unknown. NT21MP was designed and synthesized
as an antagonist with CXCR4 to inhibit cellular proliferation
and induce apoptosis. Therefore, the aim of this study was to
explore the underlying mechanism of miR‑335 and NT21MP
in reverse PR in breast cancer cells. In this study, we found that
miR‑335 expression is significantly lower in PR MCF‑7 and
SKBR-3 cells (MCF‑7/PR and SKBR-3/PR) compared with
their parental MCF‑7 and SKBR-3 cells. Functional experiments showed that overexpression of miR‑335 and NT21MP
increased the number of apoptosis cells, arrested cells in
G 0/G1 phase transition, and suppressed cell migration and
invasion in vitro. Dual luciferase assays revealed that SETD8
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is a direct target gene of miR‑335. Furthermore, miR‑335
markedly inhibited expression of SETD8 via Wnt/β‑catenin
signaling and subsequently inhibited the expression of its
downstream genes cyclin D1, and c‑Myc. Additionally, ectopic
expression of miR‑335 or depletion of its target gene SETD8
could enhance the sensitivity of PR cells to paclitaxel. Taken
together, these date elucidated that NT21MP and miR‑335
mediated PR of breast cancer cells partly through regulation
of Wnt/β ‑catenin signaling pathway. Activation of miR‑335
or inactivation of SETD8 could be a novel approach for the
treatment of breast cancer.
Introduction
Breast cancer is one of the most common female cancers in the
world. The American Cancer Society provides an overview of
female breast cancer statistics in the United States, ~252,710
new cases of invasive breast cancer and 40,610 breast cancer
deaths are expected to occur among US women in 2017 (1).
Breast cancer is also the highest incidence of female malignant tumor in China, accounting for ~30% (2). The treatments
for breast cancer include surgical resection, radiotherapy,
endocrinotherapy and chemotherapy. Chemotherapy is one
of the standard therapies which have been shown to inhibit
tumor growth and prolong survival in patients (3). Paclitaxel
has been recognized as the first-line therapy in breast cancer
treatment. However, its efficacy is often limited by the development of drug resistance (4,5). Therefore, identifying the
underlying mechanism is responsible for regulating chemotherapy resistance for improving breast cancer treatment.
MicroRNAs (miRNAs) are small non-coding RNAs
of ~19-25 nucleotides in length, which functions in posttranscriptional regulation of gene expression by binding to
the 3'‑untranslated region (3'‑UTR) (6). Several studies have
demonstrated that miRNA misregulation can increase chemoresistance in cancer if specific proteins are affected (7-9),
which indicated that miRNAs might play important roles in
drug resistance. For instance, miR‑205 enhanced chemosen-
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sitivity of breast cancer cells to TAC (docetaxol, doxorubicin
plus cyclophosphamide) chemotheraphy by suppressing both
VEGFA and FGFZ, leading to evasion of apoptosis (10). A
study showed that miR‑221/222 confers tamoxifen resistance
in breast cancer by targeting P27kip1, a downstream modulator
of PI3K/Akt pathway (11). Raza et al reported that miR‑644a/
CTBP1/P53 axis could suppress drug resistance by simultaneous inhibition of cell survival and epithelial-mesenchymal
transition (EMT) in breast cancer (12). Another study revealed
that miR‑125a-3p function as a tumor suppressor potentiates
docetaxel sensitivity by regulating the BRCA1 signaling (13).
Moreover, miR‑452 could regulate the expression of
insulin‑like growth factor-1 receptor (IGF-1R), and mediated
the change of adriamycin (ADR) resistance of breast cancer
MCF‑7 cells (14). Furthermore, miR‑3646 is an important
regulator responsible to Doc-resistant phenotype of breast
cancer cells, and manipulates GSK-3β-dependent activation
of β‑catenin signaling pathway (15). Over the past few years,
numerous miRNAs have been reported to be involved in breast
cancer tumorigenesis, such as miR‑17-59 (16), miR‑25 (17),
miR‑222 (18), miR‑375 (19), miR‑200c (20), miR‑29a (21),
miR‑145 (22), miR‑489 (23,24). Given the major roles of
miRNAs in regulating protein expression in general, it is
reasonable to infer that targeting miRNAs could be a promising approach to overcome drug resistance.
A growing body of data indicates that miR‑335 plays an
essential role in drug resistance (25-27). Kim et al found
that miR‑335/SIAH2/HDAC3 axis regulates the response to
anticancer drugs (25). Another study revealed that the expression of miR‑335 was downregulated in all the ovarian cancer
resistant cells, suggesting a direct involvement in the development of chemoresistance (26). Interestingly, Tang et al found
that miR‑335 could regulate WW domain binding protein 5
induces multidrug resistance of small cell lung cancer through
the Hippo pathway (27). Although these studies have shown
the potential role of miR‑335 in chemoresistance in human
cancer cells, the function of miR‑335 in breast cancer remains
poorly understood.
Here, we report that miR‑335 was downregulated in paclitaxel-resistant (PR) human breast cancer cells and describe the
mechanism of PR mediated by miR‑335. Our previous study
showed that the 21-residue N-terminal of vMIP-II (NT21MP),
is a potent antagonist of SDF-1α and CXCR4 (28), could
inhibit breast cancer progression and metastasis in vivo (29).
In this study, we provide experimental evidence that the use
of NT21MP and overexpression of miR‑335 suppressed the
cells migration and invasion, increased the PR cell apoptosis
and arrested cells into G0/G1 phase. Furthermore, SETD8 was
validated as a potential target of miR‑335, miR‑335/SETD8
promoted PR by regulating Wnt/β‑catenin signaling pathway
activities. Our data provide new insights that miR‑335 is
potentially a clinically significant breast cancer biomarker.
Materials and methods
Cell culture. Human breast cancer cell lines SKBR-3, MCF‑7,
paclitaxel-resistant cells (SKBR-3/PR and MCF‑7/PR) were
cultured at 37˚C in 5% CO2 in Dulbecco's modified Eagle's
medium (DMEM; Gibco, Gaithersburg, MD, USA) supplemented with 10% fetal bovine serum (FBS). MCF‑7/PR and
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SKBR-3/PR cells were maintained in culture medium with
10 and 25 µg/ml paclitaxel (30).
Reagents and antibodies. NT21MP was designed by our
laboratory and synthesized by GL Biochem Ltd. (Shanghai,
China). The amino acid sequence information of the NT21MP
is H-D-leu-D-Gly-D-Ala-D-Ser-D-Trp-Dhis-D-Arg-DPro‑D-Asp-D-Lys-Cys-Cys-Leu-Gly-Tyr-GlnLys-Arg-ProLeu‑Pro‑OH. Annexin V and Dead Cell and Cell Cycle
Detection kit were purchased from Beyotime (Shanghai,
China). Superscript First-Strand Synthesis system was
purchased from Thermo Scientific (Waltham, MA, USA).
SYBR GreenER™ qPCR Super Mix was from Life
Technologies (Carlsbad, CA, USA). Tumor Invasion assay kit
was from BD Biosciences (Bedford, MA, USA). Primary antibodies against SETD8, β‑catenin, c‑Myc and cyclin D1 and
β-actin were from Santa Cruz Biotechnology (Santa Cruz, CA,
USA).
miRNA real-time RT-PCR. The miRNA RT-PCR was used to
detect the alterations of miR‑335 expression in breast cancer
cells. Brieﬂy, 10 ng of total RNA was reverse transcribed into
cDNA using TaqMan miRNA hsa‑miR‑335-specifc primers
(Applied Biosystems). Then real-time PCR was performed
using a TaqMan MicroRNA Reverse Transcription kit (Applied
Biosystems). RNA U6 was carried out as endogenous control
in each sample. The relative expression was analyzed using the
comparative Ct method.
Wound healing assay. The PR cells were seeded in 6-well
plate until the cells reached 80-90% confluency. The confluent
monolayers were scratched with a 10-µl pipette tip to generate
the wound. Then cells were washed twice with PBS and further
cultured for 24 h to allow wound healing at 37˚C with 5% CO2.
The photographic images were taken at 0 and 24 h. At least
three independent experiments were performed in each cell line.
Western blot analysis. Cells were harvested and lysed with
RIPA buffer. The protein concentrations were measured using
Bio-Rad protein assay kit (Bio-Rad Laboratories, CA, USA).
The proteins were resolved through 10% SDS-polyacrylamide
gel electrophoresis and then electrotransferred to PVDF
membranes. These membranes were immunoblotted with
indicated antibodies for western blotting as described previously (30). Quantification of protein bands was performed
using the ImageJ software.
Transwell invasion assays. The invasive activity of cells was
measured using Transwell inserts precoated with Matrigel as
described earlier (17). Briefly, cells were added to the 24-well
upper chamber of the inserts. Cell culture medium with
10% FBS was added to the lower chamber. After incubation
for 20 h at 37˚C in 5% CO2. Then cells on the upper side of
the Transwell were removed, the invading cells on the underside were fixed with 4% paraformaldehyde, and stained with
Giemsa solution. The stained invaded cells were photographed
under a microscope in five randomly-selected fields.
Apoptosis assay and cell cycle assay. Cells were collected by
trypsinization, flow cytometry analysis was performed using
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Figure 1. Downregulation of miR‑335 in PR cells. (A) Expression of miR‑335 in parental and PR cells detection by qRT‑PCR. (B) Effect of NT21MP on the
expression of miR‑335 in SKBR-3/PR and MCF‑7/PR cells detection by qRT‑PCR. Compared with control group, *P<0.05, **P<0.01, ***P<0.001, and compared
with SDF-1α group, △P<0.05, △△P<0.01, △△△P<0.001.

an Annexin V and Dead Cell kit and Cell Cycle Detection kit
according to the manufacturer's instructions. All experiments
were performed in triplicate.
Luciferase reporter assay. The miR‑335 response element
(wild-type or mutated) in the 3'‑UTR of SETD8 was cloned
into pMIR-Report (Ambion) plasmid downstream of luciferase
reporter gene with firefly luciferase. Cells seeded into 24-well
plates were co-transfected with miR‑335 mimics (miR‑335
inhibitor) and luciferase reporter constructs containing WT or
MT SETD8 3'‑UTR. After 48 h of transfection, the luciferase
activities were measured according to the manufacturer's protocols (Promega). Each experiment was repeated in triplicate.
qRT-PCR assay for gene expression. Total RNA was isolated
with Trizol (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer's protocols. Real-time quantitative PCR
was performed using an IQ5 Multicolor Detection system
(Bio-Rad). The SYBR green RT-PCR assay was described
previously (31). The primers used in PCR reactions are:
SETD8 forward, 5'-ACT TAC GGA TTT CTA CCC TGT
C-3'; reverse, 5'-CGA TGA GGT CAA TCT TCA TTC C-3'.
GAPDH forward, 5'-CAG CCT CAA GAT CAT CAG CA-3';
reverse, 5'-TGT GGT CAT GAG TCC TTC CA-3'. β‑catenin
forward, 5'-GGC TAC TGT TGG ATT GAT TCG AA-3';
reverse, 5'-GCT GGG TAT CCT GAT GTG CAC-3'. c‑Myc
forward, 5'-GCG ACT CTG AGG AGG AAC A-3'; reverse,
5'-TGA GGA CCA GTG GGC TGT-3'. Cyclin D1 forward,
5'-CCC TCC GTA TCT TAC TTC AA-3'; reverse, 5'-GAT
GGT CTG CTT GTT CTC AT-3'.
Transfection. Cells were seeded in 6-well plates and
transfected with SETD8 siRNA, or control siRNA using

Lipofectamine 2000 as described before (32). The sequences
used for SETD8 siRNA are as follows: SETD8 siRNA1,
forward oligo, 5'-CAG GAA GAG AAC UCA GUU ATT-3';
reverse oligo, 5'-UAA CUG AGU UCU CUU CCU GTT-3'.
SETD8 siRNA2, forward oligo, 5'-GCA ACA GAA UCG
CAA ACU UTT-3'; reverse oligo, 5'-AAG UUU GCG AUU
CUG UUG CTT-3'. SETD8 siRNA3, forward oligo, 5'-CCU
AGG AAG ACU GAU CAA UTT-3'; reverse oligo, 5'-AUU
GAU CAG UCU UCC UAG GTT-3'. The non-targeting control
siRNA, forward oligo, 5'-UUC UCC GAA CGU GUC ACG
UTT-3'; reverse oligo, 5'-ACG UGA CAC GUU CGG AGA
ATT-3'. After the transfection, the cells were used for further
analysis as described under the results section.
Statistical analysis. Data were expressed as mean ± SEM
from at least three independent experiments. All statistical
analyses were done using GraphPad Prism 4.0 (GraphPad
software, La Jolla, CA, USA). Student's t-test was used to
compare different groups. P<0.05 was considered statistically
significant.
Results
Downregulation of miR‑335 in PR cells. Multiple miRNAs
were upregulated and some miRNAs were downregulated in
PR cells by miRNA microarray (data not shown). Our previous
study on miRNA microarray analysis revealed that miR‑335
was significantly downregulated in PR cells compared with
parental cells. Heidary et al confirmed that miR‑335 critically
served as anti-oncogene in breast cancer (33). qRT-PCR was
performed to validate that miR‑335 was significantly reduced
in PR cells, and miR‑335 might play a pivotal role in both
SKBR-3/PR and MCF‑7/PR cells (Fig. 1A).
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Figure 2. NT21MP and overexpression of miR‑335 inhibit biological activity in PR cells. (A) Images of wound assay of the SKBR-3/PR and MCF‑7/PR cells
treated with control, NT21MP, miR‑335 mimics or both. (B) Quantitative results are illustrated for (A). (C) Transwell assays were performed in SKBR-3/PR
and MCF‑7/PR cells after treatment with NT21MP and miR‑335 mimics. (D) Quantitative results are illustrated for (B). (E and G) Evaluation of the effect
of miR‑335 mimics and NT21MP on cell apoptosis and cell cycle in SKBR-3/PR and MCF‑7/PR cells using Muse Cell Analyzer. (F) Quantitative results are
illustrated for (E). Compared with control group, *P<0.05, **P<0.01, ***P<0.001, compared with NT21MP group, #P<0.05, ##P<0.01, ###P<0.001, compared with
miR‑335 mimics group, △P<0.05, △△P<0.01, △△△P<0.001.

NT21MP inhibits SDF-1α -induced decrease of miR‑335
expression in PR cells. Our previous studies have shown that
SDF-1α could promote breast cancer cellular proliferation,
metastasis combined with CXCR4. SKBR-3/PR and MCF‑7/PR
cell treatment with SDF-1α (0.1 µg/ml) lead to the decrease of
miR‑335 expression, while NT21MP (1 µg/ml) could inhibit
the effect of SDF-1α and upregulation of the expression of
miR‑335 (Fig. 1B).
NT21MP and overexpression of miR‑335 inhibit biological
activity in PR cells. To further confirm the effect of NT21MP
and overexpression of miR‑335 in regulation of cell motility, we
performed the migration and invasion assays in SKBR-3/PR and
MCF‑7/PR cells treated with NT21MP and miR‑335 mimics.
Our wound healing assay showed that NT21MP or miR‑335
mimics inhibited the cell migration respectively, and the

combine use of NT21MP and miR‑335 mimics made a more
obvious suppression (Fig. 2A and B). In line with these findings, our invasion assay results revealed that NT21MP and
miR‑335 mimics suppressed cell invasion in PR cells (Fig. 2C
and D). Additionally, we performed cell apoptosis and cell
cycle experiments to observe the function of NT21MP and
miR‑335. Results showed that both miR‑335 mimics and
NT21MP increased the number of cell apoptosis (Fig. 2E
and F) and arrested cells in G0/G1 phase (Fig. 2G and Tables I
and II) in both SKBR-3/PR and MCF‑7/PR breast cancer cells
compared with the control.
miR‑335 specifically suppresses SETD8 expression in PR
cells. To explore the molecular mechanism by which miR‑335
contributes to breast cancer progression. we measured the
putative miR‑335 target genes, three computational algo-
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Table I. Cell cycle was arrested in G0/G1 phase treated with
NT21MP and miR‑335 mimics in SKBR-3/PR cells.

Table II. Cell cycle was arrested in G0/G1 phase treated with
NT21MP and miR‑335 mimics in MCF‑7/PR cells.

Groups

Groups

Control
NT21MP
miR‑335 mimics
miR‑335 mimics+NT21MP

G0/G1 phase (%) S phase (%)
41.5±0.43
50.5±0.56a
51.5±0.49a
60.1±0.98a,b

24.3±0.33
20.9±0.31
19.2±0.20a
16.7±0.25a,b

Control
NT21MP
miR‑335 mimics
miR‑335 mimics+NT21MP

G0/G1 phase (%) S phase (%)
12.7±0.24
20.1±0.33a
19.3±0.19a
27.3±0.20a,b

50.9±1.04
40.2±0.75a
43.3±0.69a
33.1±0.70a,b

Compared with control group, aP<0.05; compared with NT21MP and
miR-335 mimics group, bP<0.05.

Compared with control group, aP<0.05; compared with NT21MP and
miR-335 mimics group, bP<0.05.

rithms including TargetScan, miRanda and PicTar were used
in combination to search for potential targets of miR‑335.
Among these genes, SETD8 was identified as a potential target
based on a predicted binding site of miR‑335 at its 3'‑UTR
(Fig. 3A). To ascertain whether miR‑335 regulates SETD8,
we investigated the effects of miR‑335 on SETD8 expression
in SKBR-3/PR and MCF‑7/PR cells. qRT‑PCR demonstrated
that miR‑335 mimics treatment led to a downregulation of
SETD8 in SKBR-3/PR and MCF‑7/PR cells, whereas miR‑335
inhibitor treatment induced an upregulation in SKBR-3 and
MCF‑7 cells (Fig. 3B). Western blot analysis results showed
that SETD8 expression was suppressed by transfection of
the miR‑335 mimics in SKBR-3/PR and MCF‑7/PR cells and
enhanced by transfection of the miR‑335 inhibitor in MCF‑7
and SKBR-3 cells (Fig. 3C). To confirm that miR‑335 directly
targets the presumed binding sites in the SETD8 3'‑UTR
and negatively regulates SETD8 expression, we constructed
luciferase reporter plasmid with the wild-type and mutant
SETD8 3'‑UTR region. Results showed a significant decrease

in luciferase activity with SETD8 3'‑UTR wild-type, but
not SETD8 3'‑UTR mutation in SKBR-3/PR and MCF‑7/PR
cells. Consistently, miR‑335 inhibitor treatment remarkably
increased luciferase activity with wild-type SETD8 in MCF‑7
and SKBR-3 cells (Fig. 3D). Collectively, these results indicated that SETD8 was a target gene of miR‑335 and might
contribute to PR in breast cancer.
NT21MP and overexpression of miR‑335 regulate the downstream genes of Wnt/β‑catenin signaling pathway. In order to
elucidate the mechanism of NT21MP and miR‑335 mimics in
regulation of the biological activity of PR cells, SETD8 as a
target gene of miR‑335 was measured. As miR‑335 mimics,
SETD8 was downregulated after treatment with NT21MP,
and it is obviously decreased in combined use of NT21MP
and miR‑335 mimics (Fig. 4). We then examined the protein
and gene expression level of β‑catenin by western blot analysis
and real‑time PCR, respectively. As expected, we observed
a reduction of β ‑catenin in the treatment of NT21MP and

Figure 3. miR‑335 works by targeting SETD8 in PR cells. (A) SETD8 were the target genes of miR‑335 by bioinformatics prediction. (B) qRT‑PCR assay was
performed to detect the mRNA level of SETD8 in SKBR-3/PR and MCF‑7/PR cells treated with miR‑335 mimics, and in SKBR-3 and MCF‑7 cells treated with
miR‑335 inhibitor. Compared with control group,*P<0.05, **P<0.01, ***P<0.001. (C) Western blot analysis was conducted to measure the expression of SETD8
after miR‑335 mimics and miR‑335 inhibitor transfection. (D) Luciferase reporter assays were performed to identify the binding of miR‑335 to SETD8 3'‑UTR.
Compared with empty vector group, *P<0.05.
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Figure 4. NT21MP and overexpression of miR‑335 by regulation SETD8 and Wnt/β‑catenin signaling pathway. (A) Effects of NT21MP and miR‑335 mimics
on SETD8 and the downstream genes of Wnt/β‑catenin signaling pathway using qRT‑PCR. (B) Western blot analysis was performed to measure the effects of
miR‑335 mimics and NT21MP on SETD8 and the downstream genes of Wnt/β‑catenin signaling pathway. Compared with control group, *P<0.05, **P<0.01,
***
P<0.001, compared with NT21MP group, #P<0.05, ##P<0.01, ###P<0.001, compared with miR‑335 mimics gourp, △P<0.05, △△P<0.01, △△△P<0.001.

miR‑335 mimics (Fig. 4). Consistently the expression of the
downstream genes of Wnt/β ‑catenin signaling c‑Myc and
cyclin D1 were also decreased in both PR cell lines. These
findings provided the evidences that NT21MP and miR‑335
could regulate Wnt/β‑catenin signaling.

NT21MP and si‑SETD8 affected PR cells partially through
SETD8 mediated-Wnt/β‑catenin signaling. To further confirm
the function of SETD8 in PR cells, we performed experiment
to confirmed that high expression of SETD8 in SKBR-3/PR
and MCF‑7/PR cells (Fig. 5A and B), which is consistent with
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Table III. Cell cycle was arrested in G0/G1 phase treated with
NT21MP and si‑SETD8 in SKBR-3/PR cells.
Groups
Control
NT21MP
si‑SETD8
si‑SETD+NT21MP

G0/G1 phase (%)

S phase (%)

51.5±1.20
63.6±0.83a
67.6±1.11a
78.0±0.97a,b

29.6±0.64
21.9±0.49a
16.7±0.57a
12.8±0.55a,b

Compared with control group, aP<0.05; compared with NT21MP and
si‑SETD8 group, bP<0.05.

Table IV. Cell cycle was arrested in G0/G1 phase treated with
NT21MP and si‑SETD8 in MCF‑7/PR cells.
Groups
Control
NT21MP
si‑SETD8
si‑SETD8+NT21MP
Figure 5. The expression of SETD8 is upregulated in PR cells. (A) qRT‑PCR
assay and western blot analysis were used to detect the mRNA level of SETD8
in parental and PR cells. Compared with control group, *P<0.05. Western blot
analysis was performed to measure the expression of SETD8 in SKBR-3/PR
and MCF‑7/PR cells after SETD8 siRNA transfection. (B) Western blot
analysis was performed to measure the expression of SETD8 in MCF‑7/PR
and SKBR-3/PR cells transfected with SETD8 siRNAs. (C) Western blot
analysis was performed to measure the expression of SETD8 in SKBR-3/PR
and MCF‑7/PR cells transfected with SETD8 siRNAs.

low expression of miR‑335 in PR cells. To determine whether
SETD8 plays a key role in Wnt/β‑catenin signaling pathway, we
depleted the SETD8 using its specific siRNAs in SKBR-3/PR
and MCF‑7/PR cells. We found significant decrease of SETD8
with its siRNAs by western blot analysis (Fig. 5C). Then,
we used SETD8 siRNA3 for the following experiments.
To further illuminate the function of NT21MP and silence
of SETD8 reverse drug resistance through Wnt/β ‑catenin
signaling pathway, we detected the expression of β‑catenin.
Our qRT‑PCR results showed that depletion of SETD8 and
NT21MP could decreased the expression of β‑catenin, more
remarkable reduction was seen with combination of both. As
the target genes of Wnt/β ‑catenin signaling pathway, there
is also a corresponding reduction of c‑Myc and cyclin D1
(Fig. 6A). Western blot analysis showed similar changes in the
protein levels (Fig. 6B). Taken together, these results indicated
that NT21MP and SETD8 plays a critical role in regulating
PR via suppressing Wnt/β‑catenin signaling pathway in breast
cancer cells.
NT21MP and depletion of SETD8 inhibit biological activity
in PR cells. To explore whether NT21MP and si‑SETD8
are involved in PR-mediated the variation of cell biological
activity. we investigated whether reduction of expression

G0/G1 phase (%)

S phase (%)

19.0±0.31
66.7±1.20a
60.7±1.11a
87.0±1.25a,b

60.0±0.55
17.2±0.43a
23.3±0.59a
10.7±0.50a,b

Compared with control group, aP<0.05; compared with NT21MP and
si‑SETD8 group, bP<0.05.

SETD8 could mimic the growth of miR‑335. Our wound
healing assay showed that NT21MP and SETD8 siRNA transfection could retarded cell motility in PR cells (Fig. 7A and B).
Moreover, in line with this findings, our invasion assay results
revealed NT21MP and depletion of SETD8 suppressed the cell
invasion in SKBR-3/PR and MCF‑7/PR cells (Fig. 7C and D),
the proportion of apoptotic cells increased (Fig. 7E and F),
cell cycle were arrested in G 0/G1 phase (Fig. 7G and Tables III
and IV), these affects are more significant after combination
use of NT21MP and si‑SETD8 than used alone. These results
suggested that NT21MP and si‑SETD8 to a certain extent,
reversed the resistance of PR cells in breast cancer.
Synergistic effect of combined miR‑335 and SETD8 siRNA.
We explored whether combination use of si‑SETD8 and overexpression of miR‑335 had a synergistic or additive effect. As
shown in Fig. 8, western blot analysis was performed to detect
the expression of SETD8 and its downstream target genes,
combination use of miR‑335 mimics and si‑SETD8 significantly enhanced the function of individual treatment group in
both SKBR-3/PR and MCF‑7/PR cells. To further detect the
correlations and to determine the functional consequences
of this combination, cell migration and invasion analysis
were performed after treatment with miR‑335 mimics and
si‑SETD8. Results showed that combination of both enhanced
the inhibition compared with individual treatment group in
both PR cells (Fig. 9A-D). Furthermore, combination of both
treatments also showed a synergistic effect in cell apoptosis
and accumulated cell cycle into G 0/G1 phase (Fig. 9 and
Tables V and VI).
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Figure 6. NT21MP and si‑SETD8 affect PR cells partially through SETD8 mediated-Wnt/β‑catenin signaling. (A) Effects of si‑SETD8 and NT21MP on the
downstream genes of Wnt/β‑catenin signaling pathway using qRT‑PCR. (B) SKBR-3/PR and MCF‑7/PR cells transfected with si‑SETD8 and NT21MP were
used for assessing the expression of Wnt/β‑catenin markers by western blot analysis. Compared with control group, *P<0.05, **P<0.01, ***P<0.001, compared
with NT21MP group, #P<0.05, ##P<0.01,###P<0.001, compared with si‑SETD8 groups, △P<0.05, △△P<0.01, △△△P<0.001.

Discussion
A number of studies have demonstrated that miRNAs are
involved in the occurrence and development of breast cancer.
Experimental evidence has demonstrated that dysregulation of
miR‑335 play an important role in breast cancer progression

and metastasis (34). For instance, miR‑335 inhibits proliferation, cell cycle progression, colony formation and invasion via
targeting PAX6 in breast cancer cells (35). A study showed
that miR‑335 inhibits migration of breast cancer cells
through targeting oncoprotein c-met (36). Some studies have
demonstrated that miR‑335 is a suppressor of breast cancer
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Figure 7. Dealing with NT21MP or low-expression of SETD8 inhibits cell biological activity in PR cells. (A) NT21MP and si‑SETD8 inhibited the migration of
PR cells. (B) Quantitative results are illustrated (A). (C) Transwell assay was performed in SKBR-3/PR and MCF‑7/PR cells after treatment with NT21MP and
si‑SETD8. (D) Quantitative results are illustrated (C). (E) NT21MP and si‑SETD8 induced the apoptosis of SKBR-3/PR and MCF‑7/PR cells. (F) Quantitative
results are illustrated (E). (G) Effects of si‑SETD8 and NT21MP on the cell cycle of SKBR-3/PR and MCF‑7/PR cells. Compared with control group, *P<0.05,
**
P<0.01, ***P<0.001, compared with NT21MP group, #P<0.05, ##P<0.01, ###P<0.001, compared with si‑SETD8 group, △P<0.05, △△P<0.01, △△△P<0.001.

Table V. Cell cycle was arrested in G0/G1 phase treated with
miR‑335 mimics and si‑SETD8 in SKBR-3/PR cells.

Table VI. Cell cycle was arrested in G0/G1 phase treated with
miR‑335 mimics and si‑SETD8 in MCF‑7/PR cells.

Groups

Groups

Control
miR‑335 mimics
si‑SETD8
miR‑335 mimics+si‑SETD8

G0/G1 phase (%) S phase (%)
61.5±0.26
70.3±0.43a
77.4±0.28a
83.4±0.74a,b

24.4±0.41
19.9±0.81a
17.1±0.14a
11.2±0.63a,b

Control
miR‑335 mimics
si‑SETD8
miR‑335 mimics+si‑SETD8

G0/G1 phase (%) S phase (%)
60.7±0.19
68.7±0.51a
66.0±0.63a
78.0±0.41a,b

25.2±0.85
22.2±0.56a
20.7±0.66a
15.2±0.24a,b

Compared with control group, a P<0.05; compared with miR-335
mimics and si‑SETD8 group, bP<0.05.

Compared with control group, a P<0.05; compared with miR-335
mimics and si‑SETD8 group, bP<0.05.

metastasis, loss of miR‑335 leads to the activation of SOX4
and TNC (encoding tenascin C), which are responsible for

the acquisition of metastatic properties (37,38), additionally,
miR‑335 is directly associated with relapse. Interestingly, Png
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Figure 8. Combination of miR‑335 mimics and si‑SETD8 treatment shows enhanced effect of SETD8 inhibition. (A) Western blot analysis was performed in
SKBR-3/PR and MCF‑7/PR cells treated with miR‑335 mimics and si‑SETD8. (B) Quantitative results are illustrated (A). Compared with control group, *P<0.05,
**
P<0.01, ***P<0.001, compared with miR‑335 mimics group, #P<0.05, ##P<0.01, ###P<0.001, compared with si‑SETD8 group, △P<0.05, △△P<0.01, △P<0.001.

et al identified miR‑335 as a robust inhibitor of breast cancer
reinitiation (39), and miR‑335 acts as a metastasis suppressor,
as a decrease in its expression could be connected to the ability
to form breast cancer metastasis in mice (40). In this study,
we compared the expression of two paclitaxel sensitive and
resistant cell line pairs and identified miR‑335 as a miRNA
that can modulate the sensitivity to paclitaxel in breast cancer
cells.
Nowadays, studies increasingly focus on the regulation
function of individual miRNAs on cancer cells, but only for a
very small fraction, their targets are experimentally affirmed.
In our study, we explored the molecular mechanism underlying the function of miR‑335 and found that SETD8 is one
of the target gene. SETD8 (also known as SET8, PR-SET7
or KMT5A), first characterized in 2002, is the only known
PKMT (protein lysine methyltransferase) that catalyzes the
monomethylation of histone H4 lysine 20 (H4K20) (41-43).
Several studies have demonstrated that SETD8 is involved
in cell cycle regulation, invasion cell maturation and
survival (44,45), SETD8 also plays an important role in the
progress of human cancer. For instance, Zhang et al found that
miR‑127-3p inhibits proliferation and invasion by targeting
SETD8 in human osteosarcoma cells (46). Moreover, high
expression of SETD8 was associated with a shorter survival

time in gastric cancer patients, and SETD8 was found to be
an independent predictor of gastric cancer outcome (47).
Additionally, modulation of SETD8 is associated with breast
cancer (48-50). In line with these observations, our data
showed that SETD8 was also necessary for the migration and
invasion activity and PR of breast cancer cells, co-treatment
with miR‑335 mimics and si‑SETD8 significantly enhanced
the effect compared with individual treatment group, which is
mediated by Wnt/β‑catenin signaling.
Recent studies revealed that Wnt signaling plays a critical
role in a wide range of biological and pathophysiological
processes (51,52). Accumulating evidence has suggested that
SETD8 was critically involved in Wnt/β ‑catenin signaling.
Knockdown of SETD8 reduces H4K20mel, and consequently, several of the tested Wnt target genes show reduced
activation (53) and it was plausible to test whether SETD8 is
recruited through interaction with β‑catenin. Li et al reported
that SETD8 is a Wnt signaling mediator and is recruited by
LEF1/TCF4 to regulate the transcription of Wnt-activated
genes (54). Additionally, reduced PPARγ-setd8-H4K20mel
would be associated with reduced Wnt signaling genes
β ‑catenin, and Wnt target gene Axin2 (55). In line with the
role of miRNAs in regulating Wnt/β‑catenin, we found that
upregulation miR‑335 could decrease β ‑catenin expression
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Figure 9. Combination of miR‑335 mimics and si‑SETD8 treatment inhibits cell biological activity in PR cells. (A) miR‑335 mimics and si‑SETD8 inhibited
the migration of PR cells. (B) Quantitative results are illustrated (A). (C) Transwell assay were performed in SKBR-3/PR and MCF‑7/PR cells after treatment
with miR‑335 mimics and si‑SETD8. (D) Quantitative results are illustrated (C). (E) miR‑335 mimics and si‑SETD8 induced the apoptosis of SKBR-3/PR
and MCF‑7/PR cells. (F) Quantitative results are illustrated (E). (G) Effects of si‑SETD8 and miR‑335 mimics on the cell cycle of SKBR-3/PR and MCF‑7/PR
cells. Compared with control group, *P<0.05, **P<0.01, ***P<0.001, compared with NT21MP group, #P<0.05, ##P<0.01, ###P<0.001, compared with si‑SETD8
group, △P<0.05, △△P<0.01, △△△P<0.001.

Figure 10. The signaling pathway of the molecular mechanism of NT21MP
and miR‑335 regulate paclitaxel resistance in breast cancer.

in PR cells. In particular, knockdown of SETD8 by siRNA
displays a phenomenon with the effect of miR‑335 in PR
cells.
As β‑catenin is a critical component of the well-studied
Wnt/β ‑catenin signaling pathway, when Wnt/β ‑catenin
signaling is activated, β ‑catenin degradation is inhibited.
Cyclin D1 is a cycle related gene which can promote the cell
cycle from G1-S phase transition period at the downstream of
Wnt/β‑catenin signaling pathway (56). Boonmuen et al also
demonstrated that Wnt/β‑catenin signaling target genes include
c‑Myc, cyclin D1 and Axin2 in MCF‑7 and MDA‑MB‑231
cells (57). Thus, our findings suggested that SETD8 as a target
gene of miR‑335, may represent a promising therapeutic target
of PR breast cancer cells through Wnt signaling and its downstream genes c‑Myc and cyclin D1. However, the mechanism
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by which SETD8 regulates Wnt/β‑catenin signaling activity
remains to be investigated.
We previously synthesized NT21MP and demonstrated
that NT21MP could inhibit cellular proliferation, promote
apoptosis and inhibit the progression of breast cancer
in vivo (29). As shown in Fig. 10, our results showed that
SDF-1α acting at CXCR4 induced the downregulation of
miR‑335, NT21MP as a potent antagonist could attenuates
these changes. The combined use of NT21MP and overexpression of miR‑335 or silence of SETD8 contributes to the
reduction of PR breast cancer cell migration and invasion,
influencing the proportion of apoptotic cells and the cell
cycle.
To this end, our data suggested that NT21MP is a potent
antagonist, and miR‑335 level might serve as a potential
biomarker of PR breast cancer and that miR‑335 overexpression
might aid in overcoming breast cancer cell drug resistance. Our
findings revealed that miR‑335 might function as an important
miRNAs in paclitaxel resistance by regulating SETD8 and could
serve as a promising candidate for therapeutic intervention.
In conclusion, we have identified that miR‑335 can regulate
breast cancer paclitaxel-resistance through its direct target
gene SETD8 and Wnt/β ‑catenin signaling pathway. Both
miR‑335 and SETD8 may be used to predict the prognosis
of patients with drug resistance of breast cancer. NT21MP,
as a small molecules compound may represent new therapeutic strategy of breast cancer. However, more investigation
needs to be carried out to illustrate how SETD8 regulates
Wnt signaling, the potential therapeutic role of miRNAs and
NT21MP remains a major clinical challenge.
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