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MiRNA-26b inhibits cellular proliferation by targeting
CDKS in breast cancer
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Abstract: Objectives: MicroRNA-26b (miR-26b) has been reported to be down-regulated in a wide range of malignant
tumors, However, the mechanism by which miR-26b is implicated in breast cancer tumorigenesis is incompletely
understood. This study was undertaken to evaluate the expression pattern of miR-26b and characterize its biologi-
cal role in human breast cancer. Methods: Reverse transcription-polymerase chain reaction (RT-PCR) was used to
quantify the expression levels of miR-26b in breast cancer and adjacent non-cancerous breast tissues. MTT, colony
formation assay and cell cycle assay were carried out to characterize the miR-26b function. Finally, to validate the
target gene of miR-26b, luciferase reporter assay was employed, followed by RT-PCR and Western blot confirma-
tion. Results: Here, we found that miR-26b expression was relatively downregulated in breast cancer specimens
(P<0.01). Overexpression of miR-26b dramatically suppressed cell proliferation, colony formation and induced GO/
G1 cell cycle arrest of MDA-MB-231 and Mcf-7 cells. Luciferase assays revealed that miR-26b directly targeted the
3'UTR of CDK8. Overexpression of miR-26b led to the downregulation of CDK8 and B-catenin expression. Similarly,
CDK8 knockdown by siRNA suppressed cell growth and subsequent B-catenin expression. Conclusions: These find-
ings suggest that miR-26b exerts a tumor suppressive role in breast cancer and the miR-26b-mediated growth

inhibition is achieved through suppression of a new target gene CDKS.
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Breast cancer as one of the most common
female cancers is a leading cause of cancer
mortality worldwide [1]. microRNAs, a class of
small non-coding RNAs, can modulate gene
expression post-transcriptionally through either
protein translation repression or mRNA degra-
dation of target genes [2]. Over the past
decade, miRNAs are emerging as critical regu-
lators in carcinogenesis and tumor progression
by acting either as oncogenes or tumor sup-
pressor genes [3-6]. miR-26b is consistently
down-regulated in a wide range of malignant
tumors, such as hepatocellular carcinoma [7],
nasopharyngeal carcinomas [8], primary squa-
mous cell lung carcinomas [9], squamous cell
carcinoma of tongue [10] and breast cancer
[11]. Overexpression of miR-26b promotes the
apoptosis of MCF-7 breast cancer cells by tar-
geting SLC7A11 [11]. However, the mechanism
by which miR-26b is implicated in breast can-
cer tumorigenesis is uncompletely understood.

Cyclin-dependent kinase (CDK) 8 is located on
chromosome 13g12.13 and is found to be fre-

quently dysregulated in various human cancers,
including colorectal cancers [12, 13], gastric
cancer [14], esophageal squamous cell carci-
noma [15], bladder cancers [16] and melanoma
[17]. CDK8 was identified as an oncogene
involved in the proliferation and cell cycle regu-
lation of colorectal cancer cells [12, 18].
Moreover, CDK8 activation is essential for the
B-catenin-dependent oncogenesis and progres-
sion in a variety of cancers [12, 14, 19]. On the
one hand, CDK8 may directly modulate
B-catenin-activated transcription. For instance,
B-catenin target genes are regulated by the
homologs of CDK8 module subunits MED12
and MED13 [20-22]. On the another, CDK8 has
been demonstrated to repress E2F1 that sup-
presses B-catenin and thus enhances B-catenin
indirectly [11, 19].

In this study, we investigated the potential
involvement of miR-26b in breast cancer and
explored the possible mechanism. First of all,
we examined the expression of miR-26b in
human breast cancer specimens and tested its
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effects on cell proliferation, colony formation,
and cell-cycle distribution. Finally, we searched
for miR-26b targets using gene prediction-
based and systematic experimental approa-
ches.

Materials and methods
Specimens

In this study, 38 pairs of fresh breast cancer
and normal specimens (>2 cm from tumor tis-
sues) were obtained from the Department of
Breast and Thyroid Surgery of Shanghai Tenth
People’s Hospital. All the samples were con-
firmed as invasive ductal breast cancer, and no
patients had received any chemotherapy or
radiotherapy ahead of surgery.

Cell culture

The MDA-MB-231 and Mcf-7 breast cancer cell
lines were obtained from the Chinese Science
Institute and cultured in Dulbecco’s modified
Eagle’'s medium (DMEM) (Gibco, USA) supple-
mented with 10% fetal bovine serum (FBS,
Gibco), as well as 100 units of penicillin/ml and
100 pg of streptomycin/ml (Enpromise, China).
Cells were incubated at 37°C in a humidified
chamber containing 5% CO,,.

Real-time polymerase chain reaction (PCR)
analyses

To quantify miR-26b expression, we followed
the protocol of Chen et al for primer design and
real-time reverse transcription (RT)-PCR [23].
The miR-26b was harvested according to the
instruction of the miRcute miRNA isolation kit
(Tiangen, China). The following primers were
used: 5-GTCGTATCCAGTGCAGGGTCCGA GGT-
ATTCGCAC TGGATACGACGAGCCA-3’ (stem-loop
primer), 5-CGCCCTGTTCTCCATTACTT-3’ (sense)
and 5-CCAGTGCAGGG TCCGAGGT-3’ (anti-
sense) for miR-26b; 5-GTCCTAT CCAGTGCAG-
GGTCCGAGGTGCACTGGATACGACAAAATATGG
AAC-3’ (stem-loop primer), 5-TGCGGGTGCTC-
GCTTCGCAGC-3’ (sense) and 5-CCAGTGCAGG-
GTC CGAGGT-3’' (antisense) for the U6 small
nuclear RNA. cDNA was generated by reverse
transcription according to the instructions of
the PrimeScript™ RT-PCR kit (Takara, Japan).
Quantitative real-time PCR was performed on a
7900HT fast RT-PCR instrument (Applied
Biosystems, Singapore). PCR parameters for
miRNA quantification were as follows: 2 min at
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95°C, and then 40 cycles of 30 sec at 95°C,
and 45 sec at 60°C.

For CDK8 mRNA expression quantification,
total RNA was isolated using TRIzol (Invitrogen,
USA), and cDNA was generated by reverse tran-
scription following the protocol of the Pri-
meScript™ RT-PCR kit (Takara). Quantitative
real-time PCR was performed on a 7900HT fast
RT-PCR instrument (Applied Biosystems, Sin-
gapore). All the primers used were as follows:
5-TCACCTTTGAAGCCTTTAGC-3’ (sense) and
5-CTGATGTAGGAAGTGGGTCT-3’ (antisense) for
CDKS8; 5-AGCGAGCATCCCCC AAAGTT-3’ (sense)
and 5-GGGCAC GAAGGCTCATCATT-3’ (anti-
sense) for B-actin. The PCR parameters for rela-
tive quantification were as follows: 2 min at
95°C, followed by 40 cycles of 15 sec at 95°C
and 30 sec at 60°C. The relative expression
was calculated using the equation relative
quantification (RQ) = 222¢T [24].

Western blot analysis

48 hours after miR-26b mimics transfection,
cell proteins were extracted and then quanti-
fied by BCA protein assay (Beyotime, China),
equal amounts of protein samples (20 pg) were
separated with 12% SDS-polyacrylamide gel
(SDS-PAGE) and transferred onto PVDF mem-
branes (Beyotime, China). Immune complexes
were formed by incubation of the proteins with
primary antibodies CDK8 and B-catenin (Cell
signalling, USA) at the dilution of 1:1000 over-
night at 4°C. Blots were washed and incubated
for 1 h with anti-rabbit secondary antibody at
1:1000 dilution. Immunoreactive protein bands
were detected with an odyssey scanning
system.

MTT assay

MDA-MB-231 and Mcf-7 cells (5000/well) were
plated in 96-well plates (BD Biosciences, USA)
and incubated at 37°C overnight, when the
confluence of MDA-MB-231 and Mcf-7 cells
reached 50-60%, 100 nmol/L, 150 nmol/L
miR-26b mimics or 50 nmol/L CDK8 siRNA
(Genepharma, China) were transfected into
cells according to the protocol of lipofectamine
2000 (Invitrogen, USA), The experiment used
one negative control transfected with NC or
siRNA control. Cell proliferation was assessed
at 24, 48, 72, 96 and 120 h, following the
instructions of the MTT proliferation assay kit
(Sigma, USA).
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The colonies were fixed and stained with
0.5% crystal violet for 15 min. Colonies less
T than 2 mm in diameter and faintly stained
were ignored. The number of colonies in 10
random view fields was counted under a

microscope.

Cell cycle assay

Figure 1. miR-26b is downregulated in breast cancer speci-

mens.
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Figure 2. miR-26b suppresses the proliferation of MDA-
MB-231 cells (A) and Mcf-7 cells (B).
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Colony formation assay

MiR-26b treatment groups and control are the
same with MTT assay, 24 h after miR-26b mim-
ics transfection. MDA-MB-231 and Mcf-7 Cells
were digested with trypsin and suspended into
a single cell status. 500 cells from each group
were cultured in the 6-well plate for 25 days.
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After the transfection of miR-26b mimics at
the concentration of 100 nmol/L for 48 h,
Cells were collected and fixed in 70% etha-
nol at 4°C overnight. After removal of 70%
ethanol, the cells were incubated with 1
mg/ml RNase A in PBS for 30 min. Then, a
total of 250 pl 0.05 g/L PI staining solution
was added into each sample and incubated
for 30 min at room temperature and then
analyzed by a flow cytometer (FACSCanto™
Il, BD Biosciences).

Luciferase activity assay

The 3’-untranslated region (3'UTR) of mMRNA
sequence of CDKS8 containing predicted
miR-26b binding site was amplified by PCR
following the protocol of Primer star kit
(Takara), The corresponding mutant con-
structs were created by mutating the seed
regions of the miR-26b-binding sites
(5-ACUUGA-3’ to 5-AG CCCA-3’). The prim-
in the reaction were (sense
el 5-TAGGCGATCGCTCGAGG ACTGTGCAGCT-

CTTCAACTGCTAC-3)).
PCR products were cloned into the Xho |
site in the 3-UTR of Renilla luciferase of

Reporter plasmids (200 ng psi-
CHECK-2 reporter vector containing CDK8
3-UTR) and 100 nmol/L miR-26b mimics
were cotransfected into 293T cells (60%
confluence) using Lipofectamine 2000 (Invi-
trogen, USA), control groups here include
cells cotransfected with psiCHECK-2/CDK8
3-UTR (200 ng) and miR-NC (100 nmol/L),
psiCHECK-2/CDK8 3’-UTR mutant (200 ng)

and miR-26b mimics (100 nmol/L) as well as

psiCHECK-2/CDK8 3’-UTR mutant (200 ng) and
miR-NC (100 nmol/L). After 48 h cells were
lysed and reporter activity was determined
report assay system

(Promega, USA). Firefly luciferase values were

normalized to Renilla, and the ratio of firefly/

renilla was presented.

using Dual-luciferase
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Figure 3. Clonogenic assay for breast cancer cells proliferative activity in different treatment groups after miR-26b
transfection.
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Statistical analysis

Data were presented as the means + standard
deviation from at least three separate experi-
ments. The two independent sample t-test was
used to draw a comparison between groups. All
tests were two-tailed, and the significance level
was set at P<0.05.

Results

miR-26b expression is downregulated in hu-
man breast cancer specimens

We first determined the expression level of miR-
26b in breast cancer tissues and normal adja-
cent tissues (NATs) by real-time RT-PCR.
Quantitative analysis indicated that miR-26b
expression was significantly decreased by 7.33-
fold in breast cancer tissues compared with
NATs (P<0.01) (Figure 1).

Forced expression of miR-26b suppresses the
proliferation of breast cancer cells

To determine the impact of miR-26b on the pro-
liferation of breast cancer cells, miR-26b mim-
ics were transfected into MDA-MB-231 and
Mcf-7 cells at the final concentrations of 100
and 150 nmol/L. Figure 2 shows that cellular
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All these findings demonstrate
that miR-26b inhibits the pro-
liferation of MDA-MB-231 and
T Mcf-7 breast cancer cells.
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Flow cytometer analysis re-
vealed that the percentage of
GO/G1 phase MDA-MB-231
and Mcf-7 cells (45.96+2.02%,
77.24+0.60%) dramatically
increased in the 100nmol/L
miR-26b  mimics-transfected
group, which was higher than

CDK8+miR-26bCDK8+NC mut+miR-26b mut+NC

Relative expression of CDK-8

those in NC (38.21+1.86%
and 64.79+0.51%), suggest-
ing that miR-26b can initiate
GO/G1 phase arrest (Figure
4). These results indicate that
miR-26b may function as a
growth suppressor by induc-
ing GO/G1 phase arrest in
human breast cancer.

miR-26b directly targets
CDK8 in breast cancer cells

Next, we wanted to investi-

Cc NC miR-26b

CDKS s s
B-actin umm—, S—

Figure 5. CDKS8 is a direct target of miR-26b.

proliferation gradually decreased as the con-
tent of miR-26b increased. Treatment of cells
with 100 nM miR-26b led to a decrease in
MDA-MB-231 and Mcf-7 cell growth at 48 h
(19.48% and 17.89%), 72 h (28.25% and
22.20%), 96 h (28.70% and 29.55%) and 120 h
(30.15% and 33.86%) (P<0.01) compared with
the negative control. This inhibitory effect was
significantly enhanced following transfection
with 150 nM miR-26b at 24 h (26.83% and
26.18%), 48 h (36.79% and 37.71%), 72 h
(48.64% and 53.06%), 96 h (52.87% and
61.56%) and 120 h (57.58% and 60.32%)
(P<0.01). Moreover, the colony formation assay
showed that the colony number in miR-26b
mimics-transfected groups was significantly
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miR-26b NC

gate the mechanism of miR-
26b inhibition of proliferation
of MDA-MB-231 cells. Predi-
cted miR-26b targets were
identified using the algorithms
of TargetScan and microRNA.
org among hundreds of poten-
tial target genes, we specifi-
cally focused on CDKS8, as it
has been consistently report-
ed to be oncogene in various
cancers. We identified a bind-
ing site for miR-26b in the 3-UTR of CDK8
mRNA. To confirm that miR-26b can bind to the
predicted site, we performed a luciferase
reporter assay in the 293T cell line. Figure 5A
shows that the luciferase activity significantly
decreased after co-transfection with psi-
CHECK-2/CDK8 3’-UTR and miR-26b mimics in
comparison with control cells. The results dem-
onstrated that miR-26b specifically binds to the
3’-UTR of CDK8 mRNA. The effect of miR-26b
transfection on CDK8 mRNA and protein
expression was respectively assessed using
RT-PCR and Western blot in MDA-MB-231 cell
line. as shown in Figure 5B and 5C, the qRT-
PCR and western blotting analysis found that
CDKS8 expression at the mRNA and protein lev-
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els decreased in the miR-26b mimic-treatment
group relative to NC. The results support the
hypothesis.

MIiR-26b inhibits proliferation via regulation of
CDK8

Given that CDKS8 is a direct target of miR-26b,
we hypothesized that the inhibitory effect of
miR-26b on breast cancer cell viability might be
achieved via targeting CDK8. To investigate
this, we knocked down CDK8 expression and
checked its impact on the growth of MDA-
MB-231 cells. Treatment of cells with 50 nmol/L
CDKS8 siRNA markedly suppressed cell viability
by 19%, 23%, 37% and 27% at 24 h, 48 h, 72 h
and 96 h, respectively, compared with control
siRNA (P<0.01) (Figure 6A). These results dem-
onstrate that downregulation of CDK8 expres-
sion by miR-26b contributes, at least partially,
to the suppression of the growth of breast can-
cer cells. It has been reported that CKD8 acti-
vates the B-catenin-dependent oncogenesis in
various cancers, therefore, miR-26b might be
implicated in the Wnt/B-catenin-dependent
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oncogenesis via regulation of CDK8. As shown
in Figure 6B, CDK8 siRNA remarkably silenced
the expression of CDK8, and B-catenin expres-
sion was relatively decreased as compared
with siRNA control, In agreement with this find-
ing, Overexpression of miR-26b led to the down-
regulation of CDK8 and B-catenin expression
(Figure 6C). All these findings support the
involvement of miR-26b in the proliferation of
breast cancer cells via targeting CDKS.

Discussion

The discovery of the first miRNA, lin-4, in
Caenorhabditis elegans initiated a new era of
mMiRNA biology. Since then, thousands of miR-
NAs have been identified and annotated.
Furthermore, an increasing number of evidenc-
es indicate that miRNAs are differentially
expressed between normal and malignant
tumor tissues, miRNA deregulation is a critical
cause of cancer formation. In this study, we
performed RT-PCR to determine the expression
pattern of miR-26b in breast cancer. Compared
to the normal breast tissues, miR-26b expres-
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sion was significantly down-regulated in the
breast cancer specimens. Similar finding has
been revealed in a number of cancers [7-11].
Xiao-Xiao Liu et al reported miR-26b expression
is relatively downregulated in breast cancer cell
lines MCF7, HCC1937, MDA-MB-231, MDA-
MB-468, MDA-MB-453, BT-549 and BT-474 as
comparing with the normal breast skin cells
CCD-1095Sk [11]. These results indicate that
miR-26b is downregulated in human breast
cancer specimens and cell lines.

miR-26b has been reported as a critical regula-
tor in carcinogenesis and tumor progression by
acting as tumor suppressor gene in various
cancers [8, 11]. In this study, we found that
transfection of miR-26b mimics into MDA-
MB-231 and Mcf-7 cells significantly sup-
pressed cellular proliferation, which is in con-
sistence with previously published studies in
glioma [30] and desferrioxamine (DFOM)-
treated carcinoma of nasopharyngeal epithelial
(CNE) cells [8]. Furthermore, overexpression of
miR-26b increased the proportion of breast
cancer cells in GO/G1 phase. Similar to this
finding, miR-26banditshostgenes CTDSP1/2/L
could cooperate to block G1/S-phase progres-
sion by activating pRb protein in hepatocellular
carcinoma [25].

To understand the mechanisms by which miR-
26b suppresses tumor cell proliferation in
breast cancer, we identified CDK8 as one of
potential target genes using TargetScan and
microRNA.org. Our data showed that miR-26b
directly interacted with the CDK8 3’UTR and
downregulated CDK8 mRNA and protein levels
in BC cells. These results demonstrate that
CDKS8 is a direct target gene of miR-26b in
breast cancer. CDK8 kinase activity is neces-
sary for B-catenin-driven transformation and
for expression of several B-catenin transcrip-
tional targets in a variety of cancers. Our study
found that miR-26b was able to inhibit CDK8
and B-catenin expression, knockdown of CDK8
caused significant decrease of cellular prolifer-
ation and pB-catenin expression. Therefore,
downregulation of CDK8 by miR-26b contrib-
utes to miR-26b mediated proliferation sup-
pression in MDA-MB-231 cells.

Collectively, Given the downregulation of miR-
26b and its ability to suppress proliferation and
cell-cycle progression, restoration of miR-26b
could be a promising therapeutic target for the
treatment of breast cancer in the future.
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