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MiRNA-107 inhibits proliferation and migration by
targeting CDKS8 in breast cancer
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Abstract: Background: MicroRNAs (miRNAs) are small, non-coding RNAs (18-25 nucleotides) that post-transcription-
ally modulate gene expression by negatively regulating the stability or translational efficiency of their target mRNAs.
The aim of this study was to investigate the expression pattern of microRNA-107 (miR-107) in human breast can-
cer, and its potential role in disease pathogenesis. Methods: Quantitative reverse transcription-polymerase chain
reaction (qQRT-PCR) was performed to determine the expression level of miR-107 in 30 breast cancer specimens
and adjacent normal breast tissues. MTT and colony formation assays, transwell and wound healing test, cell cycle
assays were conducted to explore the potential function of miR-107 in human MDA-MB-231 breast cancer cells.
Luciferase reporter assays were employed to validate regulation of a putative target of miR-107. The effect of modu-
lating miR-107 on endogenous levels of this target were subsequently confirmed via Western blotting. Results:
miR-107 expression was relatively decreased in breast cancer specimens compared with adjacent normal tissues
(P<0.01). Overexpression of miR-107 suppressed MDA-MB-231 cell proliferation and migration, meanwhile the cells
were arrested at GO/G1 phase. Luciferase assays using a reporter carrying a putative miR-107 target site in the 3’,
untranslated region (3’-UTR) of CDK8 revealed that miR-107 directly targets CDK8. Overexpression of miR-107 led
to downregulation of CDK8 at the mRNA and protein level, as assessed by Western blotting. Conclusions: miR-107
may play an important role in breast cancer progression, which might negatively regulate the expression of CDK8
and inhibit the proliferation and migration of MDA-MB-231 cell line.
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Introduction pressor gene or oncogene. In the past few

decades, it has been shown that miR-107 acts

Breast cancer is a common highly heteroge-
neous malignancy, and is one of the main gyne-
cological cancers in the world [1]. miRNAs are a
class of 18 to 25 nucleotides single-stranded
non-coding RNA, and can regulate gene expres-
sion at post-transcriptional level through inhib-
iting protein translation or degrading mRNA of
target gene [2]. There has been significant evi-
dence showing that miRNAs regulate as many
as 30% of the human protein coding genes [3].
Current molecular cancer research has mostly
focused on miRNA function in the regulation of
tumor initiation, development and molecular
targeted therapy. About half of the miRNA
upstream genes locate in tumor-associated
region on chromosome, and miRNA are abnor-
mally expressed in a variety of tumors, suggest-
ing that miRNAs may function as a tumor sup-

as a tumor suppressor gene in several tumor
development process, but so far the role and
mechanism of miR-107 in breast cancer growth,
invasion and metastasis are still unclear [4-6].

CDKS8 (cyclin dependent kinase 8) locating on
chromosomel3q12 has five transcripts and
only one transcript encodes protein product
containing 464 amino acid residues (molecular
weight 53.2 kD). CDK8 has important function
on the regulation of gene transcription [7].
Recent studies suggest that CDKS8 is important
in the process of tumor development [8]. CDK8
plays a key role in the regulation of cell cycle
and cell growth on post-transcriptional level,
and promotes the development and progres-
sion of colorectal cancer [9]. But the role of
CDKS8 in breast cancer has not been reported
yet.
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This study explored the function of miRNA-107
in human breast cancer cell MDA-MB-231 and
underlying mechanism. Firstly, total RNAs of
collected 30 cases of breast invasive ductal
carcinoma were extracted and used to detect
miR-107 expression in breast cancer tissues by
gRT-PCR. Then the effects of miR-107 on prolif-
eration activity, migration and cell cycle of
MDA-MB-231 were verified by in vitro cell cul-
ture experiments, which further clarified the
function of miRNA-107 in breast cancer devel-
opment. Finally, miR-107 downstream target
gene CDKS8 was figured out through online pre-
diction software, and specific binding between
miR-107 and CDK8 was confirmed by luciferase
reporter gene assay. Besides, Western blotting
further validated that miR-107 negatively regu-
lated CDK8 expression.

Material and methods
Specimens

30 cases of breast cancer specimens and adja-
cent normal breast tissue (>5 cm apart from
cancer tissue) were obtained from department
of Thyroid and Breast Surgery, Shanghai Tenth
People’'s Hospital. Removed specimens were
immediately stored in liquid nitrogen. All speci-
mens were pathologically confirmed as invasive
ductal carcinoma, and all patients did not
receive chemotherapy and radiotherapy.

Cell line

Human breast cancer cell line MDA-MB-231
was purchased from Chinese Academy of
Sciences in Shanghai, human embryonic kid-
ney HEK293 cells were purchased from
American Type Culture Collection (ATCC).

Reagents

DMEM/high glucose medium and fetal bovine
serum were purchased from Hyclone. miR-107
mimics and negative control (NC) were pur-
chased from Shanghai GenePharma Ltd.
Lipofectamine 2000 reagents were purchased
from Invitrogen. CDK8 3’-UTR plasmid was con-
structed by Shanghai Sbo-bio Company. Dual
luciferase reporter gene assay kit was pur-
chased from Promega. BCA protein concentra-
tion assay kit was purchased from Beyotime
Biotechnology Research Institute. CDK8 mono-
clonal antibody was purchased from Cell
Signaling Company. MTT cell proliferation assay
reagents were purchased from Sigma. Transwell
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chambers were purchased from Corning. The
remaining chemical reagents were all analytical
grade products.

Cells culture

Human breast cancer cells MDA-MB-231 were
cultured in DMEM/high glucose medium con-
taining 10% fetal bovine serum at 37°C, 5%
CO,. Cell were passaged every other day using
25 cm? cell culture flasks and maintained in
good condition.

Total RNA extraction and qRT-PCR

Breast cancer and normal tissues removed
from liquid nitrogen were grounded in liquid
nitrogen and processed according to instruc-
tions of miRcute microRNA Extraction Kit from
TIANGEN Company. Extracted total RNA was
placed at -20°C. Reverse transcription reaction
reagents were prepared according to instruc-
tions of KaPa kit. RT conditions: 37°C, 15 min;
85°C, 5 sec. Synthesized cDNA was used as
template for gPCR amplification. Premix,
mMiRNA-107 primer and ROX1 were added into
10 ul reaction system according TaKaRa kit
instruction. qPCR conditions: 95°C, 5 min;
95°C, 5sfor40cycles;60°C, 30s. Fluorescence
was analyzed. 10 ul reaction system. GAPDH
was used as an internal control.

MTT assay for proliferation activity

MDA-MB-231 cells was cultured in 25 cm? cul-
ture flask to approximately 80%-90% density
collected by digestion and centrifugation, and
then seeded into 96 well plates at 1,000 cells/
well. 96-well plate was placed in cell culture
incubator until cell monolayer reaches 40%-
50% density. 50 nM or 100 nM mimics was
transfected into cells according to Invitrogen
Lipofectamine reagent instructions, with small
RNA fragments transfected group (NC) as the
negative control. 20 uyl MTT solution (5 mg/ml)
was added daily for 4 days. Supernatant was
discarded and 150 ul DMSO (dimethyl sulfox-
ide) was added to each well. Then plates were
placed on low-speed shaker for 10 min to fully
dissolve the crystals. Absorbance at 490 nm
was measured by the multi-plate reader.
Experiment was performed with sextuplicates
and repeated for 3 times.

Colony-forming unit assay

miR-107 mimics or negative control was trans-
fected into MDA-MB-231 cells at 100 nM con-
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centrations. 48 h later transfected cells were
seeded into 6-well plates as 500 cell/well with
triplicate and incubated at 37°C, 5% CO2 for 7
days until visible cloning were observed in the
dish. Culture medium was discarded. Each well
was washed with PBS twice carefully. Then
cells were fixed with 4% paraformaldehyde for
10 min and stained with 0.1% crystal violet.
After washed with running water three times
and dried at room temperature, each well was
observed and photographed. Cell colonies with
more than 50 cells were counted under the
microscope. Clone formation rate was calculat-
ed as following formula: Clone formation rate =
number of formed colony / number of seeded
cells x 100%.

Transwell experiment

In accordance with Transwell chamber instruc-
tions, DMEM/high glucose medium containing
10% FBS was added to the lower chamber
while MDA-MB-231 cell suspension transfect-
ed with miR-107 mimics or NC for 48 h was
added to the upper chamber. After incubation
at37°C, 5% CO, for 12-18 h, the lower chamber
was observed using inverted microscope.
Incubation was terminated when cells passed
into lower chamber. Inside of the upper cham-
ber was cleaned with a cotton swab. Lower
chamber was immersed and washed with PBS,
fixed with 4% paraformaldehyde, stained with
0.1% crystal violet, washed for three times with
running water, and then photographed.
Membrane-binding crystal violet was dissolved
with 300 pl 33% glacial acetic acid, and then
absorbance at 573 nm was measured using
microplate reader.

Cell scratch assay

MDA-MB-231 cells was cultured in 25 cm? cul-
ture flask to approximately 80%-90% confluen-
cy, collected by digestion and centrifugation,
and then seeded into 6-well plates at 2.5x10°
cells/well. 6-well plate was placed in cell cul-
ture incubator until cell monolayer reaches
40%-50% density. 100 nM miR-107 mimics
was transfected into MDA-MB-231 cells. The
transfected cells was incubated until the cell
monolayer reached to 100% density. The bot-
tom of 6-well plates was scratched with a P200
pipette tip and washed 3 times with PBS to
wash off unattached cells. The width of scratch
was observed at O h, 24 h and 48 h using
inverted microscope (50-fold). Each experi-
ment was repeated three times.

34

Cell cycle analysis

Transfection was performed as mentioned
above. 48 h post transfection, cells were
digested, resuspended, centrifuged at 4°C,
3200 r/min for 10 min and washed with PBS for
three times. Then cells was stained with 250 pl
0.05 g/L propidium iodide (PI) in dark at room
temperature for 30 min, and analyzed by flow
cytometry (FACSCanto ™ II, BD Biosciences).

miR-107 target gene prediction and 3’-UTR
plasmid vectors construction

mMiRNA target genes were predicted using
online prediction software miRanda, TargetScan
and PicTar. 3-UTR region of CDKS8 including
miR-107 targeting sequence was amplified
using PCR amplification. Upstream primer:
5-GCCGGCATAGACGCGTGCTGCATCGGAATC-
TTGTC-3’, downstream primer: 5-ATCCTTTATTA-
AGCTTACCACATACAAAGACAAATGCTT-3" (Mlu 1,
Hind Ill restriction sites were underlined). Target
sequence after T-A clone was sub-cloned into
the vector pMIR and inserted into the down-
stream of firefly luciferase gene. This recombi-
nant vector was named as pMIR-REPORT. All
constructed plasmids were validated by restric-
tion analysis and DNA sequencing.

Luciferase report gene detection

HEK293 cells in logarithmic growth phase were
seeded into 96-well culture plate, incubated at
37°C, 5% CO, for 24 h, and co-transfected with
pPMIR-REPORT and miR-107 mimics (or NC)
using Lipofectamine 2000. Experiment was
performed with sextuplicates and repeated for
3 times. Detection was performed following
instruction of dual luciferase reporter gene
assay kit. Cell culture medium was discarded
after 24 h transfection. Wells were washed
three times with PBS and treated by 20 ul cell
lysis buffer for 15 min at room temperature.
100 ul firefly luciferase detection solution was
added to detect firefly luciferase activity, then
100 ul renilla luciferase dection reagent was
added to measure renilla luciferase activity.
Luciferase activity (C) = firefly luciferase / renil-
la luciferase activity. Relative luciferase activity
was calculated in each group.

Western blotting

Three groups of monolayer cells were washed
with ice-cold PBS for 2 times, added RIPA lysis
buffer [1% Triton X-100, 50 mmol/L (Tris pH
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Figure 1. miR-107 was significantly decreased in
breast cancer tissues. The mRNA expression of miR-
107 was measured by qRT-PCR in breast cancer tis-
sues (Cancer tissue) and adjacent normal breast
tissue (Normal tissue). Graph represents the 224
values + SD, p<0.01.
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Figure 2. miR-107 inhibited cell proliferation. The
MTT assay was performed to measure the prolif-
eration level of MDA-MB-231 cells transfected with
negative control (NC) or miR-107 mimics at the indi-
cated concentrations. miR-107 had strongest inhibi-
tory effect on cell proliferation (inhibition ratio up to
47.4%) at concentration of 100 nM for 72 h. Graph
represented OD at 490 nm + SD, p<0.01.

7.4), 150 mmol/L NaCl, 20 mmol/L iodoacet-
amide, 1 mmol/L PMSF, 1% aprotinin], lysed on
ice for 30 min, scrapped off, transferred into EP
tube and centrifuged at 4°C, 12000xg for 30
min. The supernatants were collected and pro-
tein concentration was determined using BCA
protein quantitation kit. Each sample with 60
pg protein was added 1X SDS sample buffer
[100 mmol/L Tri-HCI (pH 6.8), 4% SDS, 0.2%
bromophenol blue, 20% glycerol, 200 mmol/L
B-mercaptoethanol], and denatured at 95°C for
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Figure 3. miR-107 inhibited cell colony formation. A:
Representative images of crystal violet stained colo-
nies in MDA-MB-231 cells transfected with miR-107
or NC. B: Cloning efficiency, P<0.05.

5 min. Proteins were separated by 10% SDS-
PAGE electrophoresis and transferred to 0.45
pum NC membrane. Membrane was blocked
with 5% skim milk for 1 h, and incubated with
1:1000 diluted CDK8 monoclonal antibodies at
4°C overnight. The membrane was then incu-
bated with 1:1000 diluted B-actin antibody at
room temperature for 1 h, washed with PBST
three times, and detected with Odyssey
system.

Statistical methods

Experimental data was showed as mean + SD.
Two groups were compared using t-test com-
parison and multi-groups were compared using
variance analysis by SPSS17.0 statistical soft-
ware. P<0.05 indicates significant difference.

Results
miR-107 in breast cancer tissues was reduced

To analyze miR-107 expression in breast can-
cer tissues, total RNA of 30 cases of invasive
breast cancer and adjacent normal tissues
were extracted and diluted to 10 ng/ul as tem-
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Figure 4. miR-107 inhibited migration of MDA-MB-231 breast cancer cells.
Cell migration ability was analyzed by transwell chamber assay 18 h after
miR-107 or NC transfection. A: Representative images of crystal violet stained
MDA-MB-231 migratory cells transfected with miR-107 or NC. B: Quantifica-
tion of the migratory cells by solubilization of crystal violet and spectrophoto-
metric reading at OD 573 nm. Data represented mean + SD, p<0.01.
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Figure 5. miR-107 inhibited scratch healing of MDA-MB-231 cells. Cell scratch
assay was used to detect the migration of MDA-MB-231 cells. Scratch healed
in NC group after 48 h, while scratch in miR-107 transfected group did not.

trol. The results showed that
miR-107 in breast cancer tis-
sues (2.645 + 0.6832) signifi-
cantly decreased compared
with normal tissues (8.487 +
0.8821, P<0.01) (Figure 1).

miR-107 inhibited prolif-
eration of breast cancer cell
MDA-MB-231

Breast cancer cell MDA-
MB-231 were treated with 50
nM, 100 nM miR-107 mimics
for 24 h, 48 h, 72 h or 96 h
and measured the absor-
bance at 490 nm. Inhibition
rate was calculated as follow-
ing: inhibition rate (%) = (OD
value of the control group -
OD value of experimental
group) / OD value of control
group x 100%. Compared
with the control group, miR-
107 treated group was inhib-
ited in a dose and time
dependent manner. Cell pro-
liferation was strongest inhib-
ited when cells were treated
with 100 nM miR-107 mimics
for 72 h with the inhibition
rate of 47.4% (P<0.01) (Figure
2).

miR-107 decreased MDA-
MB-231 clone formation rate

Clone formation rate of miR-
107 mimics transfected gro-
up (9.667 £ 0.0213) was sig-
nificantly lower than that of
NC group (20.333 = 0.0768),
demonstrating that miR-107
mimics significantly inhibited
MDA-MB-231 colony forma-
tion (P<0.05) (Figure 3).

miR-107 inhibited MDA-
MB-231 cell migration

Absorbance at 573 nm show-
ed that tumor cells migrating
out of chamber in 50 nM miR-
107 mimics-treated group

plate. gRT-PCR was performed to assess miR- (0.216 + 0.0046) was statistically reduced
107 expression with GAPDH as an internal con- than negative control group (0.436 + 0.0041),
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Figure 6. MiR-107 affected
cell cycle distribution. A:
Cell cycle distribution was
analyzed by flow cytometry
48 h after transfection of
MDA-MB-231 breast can-
cer cells with 200 nM miR-
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Figure 7. CDK8 was a direct target of miR-107. A:
The binding site for miR-107 in the 3’-UTR of CDK8
mRNA. B: The relative luciferase activity (firefly/re-
nilla) was measured in HEK293 cells after co-trans-
fection of the CDK8 luciferase construct with either
miR-107 or NC, p<0.01.

(P<0.01), indicating that miR-107 could inhibit
tumor cell invasion (Figure 4). Cell scratch
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assay showed that cell transfected with miR-
107 mimics migrated slowly. Scratch in control
group was almost healed 48 h after scratch
had been made but not in miR-107 mimics
group. These data showed that miR-107 inhib-
ited MDA-MB-231 cell migration (Figure 5).

Cell cycle analysis

Flow cytometry analysis of MDA-MB-231 cells
transfected with 150 nM miR-107 mimics for
48 h showed that cells in GO/G1 phase incr-
eased significantly while cells in G2/M phase or
S phase cells had no significant change, sug-
gesting that miR-107 arrested cell cycle mainly
in GO/G1 phase (P<0.05) (Figure 6).

Luciferase reporter gene assay

Comparison of luciferase activity in experimen-
tal group with negative control group showed
that luciferase activity in MDA-MB-231 cells co-
transfected with pMIR-REPORT and miR-107
mimics (3.183 + 0.0336) was 34.7% of that in
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Figure 8. miR-107 inhibited CDK8 expression. A: Western blotting analysis of CDK8 protein level. B-actin was used as
a loading control. B: The expression level of CDK8 in MDA-MB-231 cells, normalized by B-actin expression, P<0.05.

pPMIR-REPORT and NC co-transfected group
(9.166 + 0.0904). This difference was statisti-
cally significant (P<0.01). This data showed
that there was specific binding between miR-
107 and 3’-UTR in CDKS8 gene (Figure 7).

miR-107 negatively regulated CDK8 protein
expression

CDKS8 protein expression measured by Western
blotting in MiR-107 transfected MDA-MB-231
cells was significantly decreased compared
with control group. Grayscale analysis showed
that CDK8 protein expression was inhibited
after transfection with the inhibition rate of
46.3% (P<0.05) (Figure 8).

Discussion

Breast cancer is one of the most common
malignant tumors in female. Currently, surgery
and chemotherapy are the main treatments,
but some patients accepted chemotherapy
have early recurrence and metastasis resulting
poor prognosis, especially the patients with
negatively expressed estrogen, progesterone,
and human epidermal growth factor (triple neg-
ative breast cancer, TNBC) [10]. Therefore it is
especially important to explore TNBC-targeting
treatment. It has been a global research
hotspot to looking for new therapeutic targets
for breast cancer treatment [11]. The discovery
of the first miRNA, lin-4 in Caenorhabditis ele-
gans initiated a new era of miRNA biology.
Since then, thousands of miRNAs have been
identified and annotated. Furthermore, an
increasing body of evidence indicates that miR-
NAs are differentially expressed between nor-
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mal and tumor tissues, suggesting that dysreg-
ulation of miRNA expression is a key factor
underlying tumorigenesis [12-16]. A large num-
ber of studies suggest that understanding of
miRNA function will provide us broad prospects
to understand and overcome tumor. The key to
study miRNA function is to determine its target.
CDKS8 is a member of CDK family (CDKs), which
is a group of serine-threonine protein kina-
se and consists of 10 members with different
homology. In the past decade, It has been
showed that CDKs are excessively activated in
different tumors [17]. Preclinical studies have
proved that CDKs can promote gene transcrip-
tion, cell differentiation and angiogenesis [18].
Recent study has shown that miR-107 targeting
to CDK protein can inhibit cancer cell invasion
[5]. But the role of miR-107 in breast cancer
has not been reported.

miRNA functions through interacting with tar-
get gene thus the key to explore the mecha-
nism of miRNA is to study the interaction
between miRNA and its target gene. In this
study, CDK8 was predicted to be the target
gene of miR-107 by online biological software,
then luciferase reporter vectors containing
CDKS8 gene 3-UTR region with miR-107 binding
site was constructed and specific binding
between miR-107 and CDK8 was verified.
However, it is still not clear about the exact
function of miR-107, the impact of miR-107 on
the biological behavior of breast cancer cells,
and the underlying molecular mechanism. We
over-expressed miR-107 in triple negative
breast cancer cells MDA-MB-231, and Western
blotting showed that CDK8 was significantly
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decreased in miR-107 over-expressed cells,
indicating that miR-107 may affect CDK8 pro-
tein levels. This data confirmed that CDKS8 is
miR-107 target gene, and proved prediction
data from bioinformatics software. Over-
expression of miR-107 was found to be able to
significantly inhibit breast cancer cell prolifera-
tion in the MTT assay, inhibit breast cancer cell
migration in transwell and cell scratch experi-
ments, and arrest cell cycle to GO/G1 phase.
miRNA has now become a global cancer
research hotspot [19, 20], and this study
strongly suggested that miR-107 could affect
the function of TNBC cells line MDA-MB-231,
although it needs to be studied further that if
miR-107 functions by targeting to CDK8. In gen-
eral, the research focusing on miR-107 and its
target gene is expected to become a new direc-
tion of TNBC treatment exploration.

Conclusion

In summary, our study demonstrated that miR-
107 is downregulated in breast cancer speci-
mens compared with normal tissue. Up-regula-
tion of miR-107 expression causes cellular
growth inhibition, migration and G1 phase
arrest by targeting CDK8. These data indicate
that miR-107 may serve as a tumor suppressor
gene involved in breast cancer pathogenesis.
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