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Abstract: CDK8 is a cyclin-dependent kinase (CDK) member of the mediator complex that couples transcriptional 
regulators to the basal transcriptional machinery, and it has been investigated for possible tumor promoting func-
tions. However, it is unclear whether CDK8 is involved in breast tumor cells growth. The aim of this study was to 
determine whether the suppression of CDK8 by small interfering RNA (siRNA) inhibits the growth of human breast 
cancer cell. Methods: CDK8-siRNA transfection was used to silencing the CDK8 gene in established breast cancer 
cell line, MDA-MB-231 and MCF-7, successful transfection being confirmed by Real-time PCR and could be shown 
by Western Blotting. CDK8 deletion caused significant decline in cell proliferation was observed in breast cancer 
cell lines as investigated by MTS assay, the number and size of the colonies formed were also significantly reduced 
in the absence of CDK8. Furthermore, transwell test were conducted to explore the migration of breast cancer cells. 
Moreover CDK8 gene knockdown arrested cell cycle. Results: CDK8 mRNA expression was reduced after transfec-
tion with CDK8-siRNA, and protein expression had a similar trend. Transfection of CDK8-siRNA suppressed breast 
cancer cells proliferation and migration; meanwhile the cells were arrested at G0/G1 phase. Conclusions: CDK8 
plays an essential role in breast cancer progression, which might inhibit the proliferation and migration in breast 
cancer cells.
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Introduction

Breast cancer is the most common malignancy 
and the second leading cause of death in 
women [1]. The three most commonly diag-
nosed types of cancer among women in the 
United States in 2012 were estimated to be 
cancers of the breast, lung and colon, account-
ing for 52% of cancer cases in women, while 
breast cancer alone was expected to account 
for 29% of all new cancer cases among women 
and it has been the number one cause of can-
cer death among women [2]. The causes and 
pathogenesis of breast cancer are poorly 
understood, breast cancer may result from 
genetic alteration of normal cells.

Small interfering RNA (siRNA) is a kind of small 
molecular RNA (21~25 nucleotides), processed 
by Dicer (RNAase III family specific for double 
stranded RNA enzyme). siRNA is a member of 
the siRISC [3], arouse the complementary tar-

get mRNA silencing. In the last few years, siRNA 
has gained more attention as a more specific 
and efficient approach of cancer therapy. The 
function of siRNA mediated cancer therapy is to 
down regulate the mutant cancer relevant tran-
scripts and restoring wild-type function in het-
erozygous cancer cell models [4]. For this thera-
py identification of genes which have a 
significant role in cancer development and pro-
gression is of utmost importance.

CDK8 (cyclin dependent kinase 8) locating on 
chromosome13q12 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 [5]. and 
is involved in the regulation of the transcription 
in the formation of tumors [6, 7]. Recently, 
CDK8 was demonstrated to be a potent oncop-
rotein [6], which plays a key role in the regula-
tion of cell cycle and cell growth on post-tran-
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scriptional level, and promotes the development 
and progression of colorectal cancer [8]. CDK8 
is a cyclin-dependent kinase (CDK) member of 
the mediator complex that couples transcrip-
tional regulators to the basal transcriptional 
machinery, and is implicated in the transcrip-
tional regulation of key pathways involved in 
cancers.

Even though CDK8 has been recognized as a 
novel diagnostic marker in various cancers, its 
role in breast cancers has not been well illus-
trated. Consequently, to better elucidate the 
role of CDK8 in breast cancer, siRNA was intro-
duced in breast cancer cell line MDA-MB-231 
and MCF-7 to downregulate the expression of 
CDK8. In addition, we verified the mRNA and 
protein expression levels of CDK8 in breast 
cancer cells. The present study’s results show 
that the knockdown of CDK8 has an inhibitory 
effect on breast cancer cell proliferation and 
migration suggesting that CDK8 can be applied 
as a potentially therapeutic marker for breast 
cancer treatment.

Materials and methods

Cell line

Human breast cancer cell line MDA-MB-231 
and MCF-7 cells were purchased from Chinese 
Academy of Sciences in Shanghai.

Reagents

DMEM/high glucose medium and fetal bovine 
serum were purchased from Hyclone. siRNA 
and CDK8 primer were synthesized by In- 
tegrated Biotech Solutions Co, Ltd (Shanghai, 
China). SuperScript III Reverse Transcriptase 
kit, Lipofectamine 2000 and TRIZOL reagents 
were purchased from Invitrogen. CDK8 mono-
clonal antibody was purchased from Cell 
Signaling Company. BCA protein concentration 
assay kit was purchased from Beyotime 
Biotechnology Research Institute. CellTiter 
96AQueous One Solution Cell Proliferation 
Assay kit for MTS purchased from Promega. 
Transwell chambers were purchased from 
Corning. The remaining chemical reagents were 
all analytical grade products.

Cell culture

Human breast cancer cells MDA-MB-231 and 
MCF-7 were cultured in DMEM/high glucose 

medium containing 10% fetal bovine serum at 
37°C, 5% CO2. Cell were passaged every other 
day using 25 cm2 cell culture flasks and main-
tained in good condition.

siRNA transfection

The Sense of the siRNA were as follows: 5’- 
GGGAAUGGUGAAGUCACUAUUAUAUTT-3’ and 
Anti-sense were 5’-AUAUAAUAGUGACUUCAC- 
CAUUCCCTT-3’. The Sense of negative control 
RNA (NC) were as follows: 5’-UUCUCCGAA- 
CGUGUCACGUTT-3’ and Anti-sense were 5’- 
ACGUGACACGUUCGGAGAATT-3’. MDA-MB-231 
and MCF-7 cells were cultured in 6-well plates 
until 50%-60% confluence, transfected with 
siRNAs or NC with a final concentration 100 nM 
using Lipofectamine 2000, according to the 
manufacturer’s instructions. At 48 h after 
transfection, cells were harvested for qRT-PCR 
or Western Blotting analyses.

RNA extraction, cDNA preparation, and real-
time quantitative PCR analysis

Total RNA was extracted from cells using the 
TRIZOL reagent (Invitrogen). The reverse tran-
scription reaction was performed using 
SuperScript III Reverse Transcriptase kit 
(Invitrogen) with a random hexamer. Real-time 
quantitative PCR was performed using the 
SYBR-Green Master PCR Mix kit (TAKARA). 
Expression of mRNA was assessed by evaluat-
ing threshold cycle (CT) values. The CT values 
of the CDK8 were normalized with the expres-
sion level of GAPDH. The quantification experi-
ment was done in triplicate for every sample. 
The primer sequences were as follows: 5’-G- 
GGATCTCTATGTCGGCATGTAG-3’ (forward) and 
5’-AAATGACGTTTGGATGCTTAAGC-3’ (reverse) 
for CDK8; 5’-CATGAGAAGTATGACAACAGCCT-3’ 
(forward) and 5’-AGTCCTTCCACGATACCAAAGT- 
3’ (reverse) for GAPDH.

Western Blotting analysis

Western Blotting was performed according to 
the procedure described by Al-Madhagi et al. 
[9]. Briefly, breast cancer cell lines, MDA-
MB-231 and MCF-7 were divided into two 
groups: siRNA group, the negative control 
group. They were cultured and transfected with 
CDK8-siRNA as described above. After 48 h of 
incubation, the cell media were removed, and 
the cells were washed twice with PBS. Then, 
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the total proteins were extracted from cell cul-
tures using RIPA buffer (Beytime, Shanghai, 
China). The protein amounts were measured 
using the BCA method. Thirty micrograms of 
total protein were separated by 10% SDS-PAGE 
and transferred to 0.45 μm 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 incubated with 1:1000 

diluted β-actin antibody at room temperature 
for 1 h (Cell Signaling, USA), and then washed 
three times (10 min each) with TBST, and 
detected with Odyssey system.

Cell proliferation assay

Cell proliferation was determined by MTS assay. 
24 h after transfection, cells were collected 
and approximately 1×103 cells were plated into 

Figure 1. The evaluation of CDK8 knockdown at the RNA level by qRT-PCR. A. CDK8 mRNA expression in MDA-
MB-231 cell. B. CDK8 mRNA expression in MCF-7 cell. Graph represents the 2-ΔΔCt values + SD, p < 0.01.

Figure 2. Western Blotting images of CDK8 protein in breast cancer cells. A. Western Blotting analysis of CDK8 
protein level, β-actin was used as a loading control. B. The expression level of CDK8 in MDA-MB-231 cells. C. The 
expression level of CDK8 in MCF-7 cells. P < 0.01.
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96-well plates, which were treated for 24 h, 48 
h, 72 h, and 96 h respectively, and then 20 μL 
of MTS solution was added to each well. Plates 
were incubated at 37°C for 4 h. The optical 
density (OD) at 490 nm was determined with 
microplate reader (BioTek).

Cell colony formation assay

The MDA-MB-231/siRNA or NC and MCF-7/
siRNA or NC cells were seeded in 6-well plates 
and were incubated at 37°C for 1 week. The 
medium was replaced every 3 days. After wash-
ing twice with PBS, the colonies were fixed with 
4% paraformaldehyde for 30 min and stained 
with giemsa for 10 min. Then, the visible colo-
nies were counted.

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 and MCF-7 cells suspen-
sion transfected with siRNA or NC for 48 h was 
added to the upper chamber. After incubation 
at 37°C, 5% CO2 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 μl 33% glacial acetic acid, and then 
absorbance at 573 nm was measured using 
microplate reader.

Cell cycle analysis

The cell cycle distributions in the infected cells 
were analyzed using flow cytometer following 
propidium iodide (PI) staining. The infected 
cells were seeded on 6-well plates at a cell den-
sity of 2.5×105. After 48 h the cells were col-
lected, washed with ice cold PBS and were 
fixed with 75% ethanol and incubated for anoth-
er 30 min at 4°C. The ethanol was removed by 
centrifugation and the remaining cell pellets 
were suspended in 100 μg/ml of DNase-free 
RNase for 30 min at 37°C. Finally, the PI solu-
tion (100 μg/ml) was added to the cell suspen-
sion and analyzed by flow cytometer (FACS Cali-
bur, BD Biosciences) after filtering through a 50 
μm nylon mesh.

Statistical analysis

All results represent the mean ± standard devi-
ation from three independent experiments. The 
Students t test was used to evaluate the differ-
ences between the control cells and CDK8 
silenced cells in SPSS 13.0 software. Significant 
significance was set at p < 0.05.

Figure 3. CDK8-siRNA inhibited cell proliferation. The MTS assay was performed to measure the proliferation level 
of breast cancer cells transfected with CDK8-siRNA or non-silencing control (NC) at the indicated concentrations. 
A. CDK8-siRNA inhibited MDA-MB-231 cell proliferation (inhibition ratio = 32.56%) at concentration of 100 nM for 
72 h. B. CDK8-siRNA had strongest inhibitory effect on MCF-7 cell proliferation (inhibition ratio up to 49.23%) at 
concentration of 100 nM for 72 h. Graph represented OD at 490 nm ± SD, p < 0.05.
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Results

CDK8 expression down regulation by CDK8-
siRNA

The Lipofectamine 2000 carrying the CDK8-
siRNA or negative control siRNA were infected 
into MDA-MB-231 and MCF-7 cells. After 48 h, 
to determine the effect of siRNA on the endog-
enous expression of CDK8. As shown in Figure 
1 both the breast cancer cells were success-
fully infected with the CDK8-siRNA by real time 
PCR, (p < 0.01). Further the gene expression 
levels of CDK8 following CDK8-siRNA infection 
was observed by Western Blotting analysis. As 
shown in Figure 2 the CDK8 protein expression 
was also markedly inhibited due to CDK8-siRNA 
infection in both MDA-MB-231 (Figure 2A) and 
MCF-7 cells (Figure 2B), (p < 0.01). Therefore, it 
was confirmed that the CDK8-siRNA is an effec-
tive method to reduce the higher expression 
level of CDK8 in breast cancer cells.

CDK8-siRNA infection suppressed the prolif-
eration of breast cancer cells

The effect of silencing CDK8 on breast cancer 
cell proliferation was analyzed by MTS assay. 

Inhibition rate was calculated as following: inhi-
bition rate (%) = (OD value of the control group 
- OD value of experimental group) / OD value of 
control group × 100%. It could be clearly 
observed that the proliferation of both CDK8-
siRNA infected in MDA-MB-231 and MCF-7 
cells proliferation was time-and dosage-depen-
dent decreased. At a concentration of 100 
nmol/L at 72 h, the cell viability was significant-
ly (p < 0.05) reduced in both cell lines com-
pared to the non-silencing control siRNA infect-
ed cell groups. Inhibition rate (%) of 
MDA-MB-231 cell was 32.56% (Figure 3A), and 
MCF-7 cell was 49.23% (Figure 3B). These 
results indicate that the higher expression lev-
els of CDK8 are closely related to the prolifera-
tion of breast cancer cells.

Colony formation of breast cancer cells were 
suppressed by the silencing of CDK8

Both MDA-MB-231 and MCF-7 cells are growing 
in groups and therefore the effect of CDK8 
silencing on this colony forming ability of breast 
cancer cells was investigated by performing 
colony formation assay following Giemsa stain-
ing. The number and the size of the colonies 

Figure 4. CDK8-siRNA inhibited breast cancer cell colony formation. A and B. Representative images of crystal violet 
stained colonies in MDA-MB-231 and MCF-7 cells transfected with CDK8-siRNA or NC. C. Cloning efficiency in two 
breast cancer cells, P < 0.01.
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were observed in both CDK8-siRNA infected 
cell group and the non-silencing control siRNA 
infected group. Clone formation rate of CDK8-
siRNA transfected group (37 ± 0.0543) was sig-
nificantly lower than that of non-silencing con-
trol group (157 ± 0.0707) in MDA-MB-231 cell 
(Figure 4A), (p < 0.01), and CDK8-siRNA trans-
fected group (34 ± 0.0447) was significantly 
lower compared to non-silencing control group 
(117 ± 0.0111) in MCF-7 cell (Figure 4B), (p < 
0.01). Collectively, these results strongly sup-
port that in the absence of CDK8 both the num-
ber and the size of the colonies are suppressed 
(Figure 4C).

CDK8-siRNA inhibits breast cancer cells migra-
tion in vitro

Absorbance at 573 nm showed that breast can-
cer cells migrating out of chamber in 100 nM 
CDK8-siRNA group (0.54 ± 0.0819) was statis-
tically reduced than non-silencing control group 
(0.967 ± 0.0208) in MDA-MB-231 cell (Figure 
5A), (P < 0.05), and 100 nM CDK8-siRNA group 
(0.4 ± 0.0100) was also reduced than non-
silencing control group (1.167 ± 0.0153) in 
MCF-7 cell (Figure 5B), (P < 0.01). The results 
indicating that CDK8 could promote breast can-
cer cell migration (Figure 5C).

Infection with CDK8-siRNA arrested the cell 
cycle of breast cancer cells

The effect of CDK8 on the cell cycle progres-
sion was analyzed by flow cytometry by using 
both CDK8-siRNA and non-silencing control 
siRNA in MDA-MB-231 and MCF-7 cells. The 
FACS results indicated that CDK8-siRNA signifi-
cantly increased the percentage of cells in G0/
G1 compared to non-silencing siRNA. This 
increase in the G0/G1 phase was coupled with 
a significant decrease in the percentage of 
cells in S and G2 after 48 h of transfection. 
CDK8-siRNA could arrest cells in the G0/G1 
phase at concentrations as low as 50 nM in 
MDA-MB-231 (Figure 6A and 6C), (p < 0.05), 
and MCF-7 cells required a higher concentra-
tion (100 nM) of siRNA to show significant 
results (Figure 6B and 6D), (p < 0.05).

Discussion

Breast cancer is the most common mortality 
cause of women worldwide despite of higher 
research on controlling the cancer progression 
[10]. Therefore, novel methods of cancer treat-
ments are approached recently. Among them 
cancer therapy at the gene level through under-
standing of the molecular functions of cancer 
cell survival has gained more attention [11]. 

Figure 5. CDK8-siRNA inhibited migration of breast cancer cells. Cell migration ability was analyzed by transwell 
chamber assay 18 h after CDK8-siRNA or NC transfection. A. Representative images of crystal violet stained MDA-
MB-231 migratory cells transfected with CDK8-siRNA or NC (p < 0.05). B. Representative images of crystal violet 
stained MCF-7 migratory cells transfected with CDK8-siRNA or NC (p < 0.01). C. Quantification of the migratory cells 
by solubilization of crystal violet and spectrophotometric reading at OD 573. Data represent mean + SD, p < 0.05.
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This study was focused to identification of an 
oncogenic target in breast cancer cells and 
investigation of the effects of silencing the 
respective gene on breast cancer cell prolifera-
tion. Our data demonstrated that siRNA medi-
ated silencing of CDK8 gene has a significant 
influence on the survival of breast cancer cells. 
The proliferation rate, colony forming ability, 
wound healing assay and the cell cycle progres-
sion was strongly inhibited by the absence of 
CDK8. Hence it is clear that CDK8 has played 
an important role in the proliferation and pro-
gression of breast cancer cells.

CDK8 is a member of CDK family (CDKs), which 
is a group of serine-threonine protein kinase 
and consists of 10 members with different 
homology. CDK8 locating on chromo-
some13q12 has five transcripts and only one 
transcript encodes protein product containing 
464 amino acid residues (molecular weight 
53.2 kD). In the past decade, It has been 
showed that CDKs are excessively activated in 
different tumors [12]. Preclinical studies have 
proved that CDKs can promote gene transcrip-
tion, cell differentiation and angiogenesis [13]. 
CDK8 plays a key role in the regulation of cell 
cycle and cell growth on post-transcriptional 
level, and promotes the development and pro-
gression of colorectal cancer [14]. Recent stud-
ies have shown that CDK8 plays a central role 

in the regulation of β-catenin activation. 
Furthermore, CDK8 may also be involved in 
other signaling pathways, It is reported that 
CDK8 is a positive co-stimulatory regulator of 
the expression of p53 gene [15] and p53’s 
downstream gene p21 since the binding of 
CDK8 to the p53 gene can increase its tran-
scription activity. CDK8 could also regulate the 
Notch signaling pathway [16] and exerted posi-
tive regulatory effects on the tumorigenicity 
related mRNA prolongation [17]. Therefore, 
CDK8 may be considered to be a proto-onco-
gene based on the above observations.

To investigate the effects of the activity of 
CDK8 on breast cancer, CDK8 interference was 
constructed and transfected in breast cancer 
cells MDA-MB-231 and MCF-7 by the applica-
tion of siRNA in our study. After silencing CDK8 
by siRNA, our results showed that CDK8 expres-
sion was markedly lower at the mRNA and pro-
tein level. The results showed that both cell 
lines expressed significantly high levels of 
CDK8. These significant higher levels of CDK8 
expression was down regulated by transfecting 
with CDK8-siRNA in order to find whether CDK8 
down regulation has any effect on the breast 
cancer cell survival. The results demonstrated 
that siRNA mediated silencing of CDK8 gene 
has a significant influence on the survival of 
breast cancer cells. The proliferation rate, colo-

Figure 6. CDK8 affected cell cycle distribution. A. Cell cycle distribution was analyzed by flow cytometry 48 h after 
transfection of MDA-MB-231 cells with 50 nM CDK8-siRNA or NC. B. Cell cycle distribution was analyzed by flow 
cytometry 48 h after transfection of MCF-7 cells with 100 nM CDK8-siRNA or NC. C and D. The respective proportion 
of G0/G1 phase, S-phase and G2/M phase of CDK8-siRNA and NC groups, P < 0.05.
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ny forming ability and the cell cycle progression 
was strongly inhibited by the absence of CDK8 
gene. Hence it is clear that CDK8 gene has 
played an important role in the proliferation 
and progression of breast cancer cells.

In conclusion through this study identifies 
CDK8 as a critical gene in the breast cancer 
cell survival and growth. Therefore, siRNA medi-
ated silencing of the CDK8 gene has inhibitory 
effects on the breast cancer cell proliferation 
by inhibiting the cell cycle progression. 
Accordingly, it is indicated that the intervene 
strategy targeting CDK8 in breast cancer may 
be of clinical value.
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