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C/EBPa inhibits proliferation of breast cancer cells via a
novel pathway of miR-134/CREB
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Abstract: C/EBPa plays an important role in the modulation of cell proliferation, differentiation or apoptosis in
various tissues. Most recently, reduced expression of C/EBPa and growth inhibitory effect was found in primary
mammary carcinomas. However, the underlying mechanism is still not fully aware. Here, we firstly identified miR-
134 as a target of C/EBPa in MCF7 breast cancer cell lines. C/EBPa overexpression promoted miR-134 expression,
causing suppression of apoptosis- protective genes CREB and Bcl-2, and resulted in the proliferation inhibition of
MCF7 cells. Moreover, anti-miR-134 rescued the proliferation inhibition of MCF7 cells and the suppression of anti-
apoptotic genes CREB and Bcl-2 caused by C/EBPa overexpression. Collectively, C/EBP« inhibited cell growth in
breast cancer cells via a novel pathway miR-134/CREB.
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Introduction

Breast cancer is a common threat to women’s
health. Originating in undifferentiated terminal
structures of the mammary gland, breast can-
cer involves the clonal expansion of a trans-
formed cell into an epithelial hyperplasia until
the formation of adenocarcinomas [1]. Nu-
merous transcription factors or other mole-
cules were overexpressed or silenced during
this process. Among the transcription factors,
CCAAT/enhancer binding proteins (C/EBP) have
been implicated in cellular proliferation or
apoptosis in multiple tissues including mam-
mary gland [2, 3].

C/EBPq, the founding member of the C/EBP
family, plays an important role in the modula-
tion of cell proliferation, differentiation or apop-
tosis in various tissues, including adipose, liver,
lung and blood [2, 4-6]. Most recently, reduced
expression of C/EBPa was found in primary
mammary carcinomas. Overexpression of C/
EBP« in breast cancer cell lines led to inhibition
of proliferation [7]. However, the underlying
mechanism is still not fully aware.

MicroRNAs are small non-coding RNAs that
control the translation of target messenger

RNAs, thus regulating various critical biological
processes. MiR-134 was discovered as a brain-
specific miRNA and it played an essential role in
the differentiation of the embryonic stem cell to
central nervous system by suppression of
Nanog [8]. It was also reported that SIRT1 regu-
lated memory and plasticity via miR-134-medi-
ated post-transcriptional regulation of cAMP
response binding protein (CREB), an anti-apop-
totic gene in a number of tissues [9]. For a long
time, miR-134 was thought to only act in ner-
vous system [10, 11]. However, much lately, a
large-scale screening identified miR-134 as a
candidate tumor metastasis suppressor, for its
down-regulation in hepatocellular carcinoma
(HCC) and significantly inhibitory effect on inva-
sion and metastasis in HCC [12]. In addition,
miR-134 was demonstrated to regulate epithe-
lial-mesenchymal transition in lung adenocarci-
noma cells [13]. These findings in non-nervous
system suggested that miR-134 may play a role
in more other tissues.

In this current study, we reported that miR-134
level was markedly distinct between normal
and cancerous breast tissues. MiR-134 expres-
sion pattern was consistent with C/EBP« during
the MCF7 breast cancer cell proliferation.
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Cell culture

MCF-7 breast cancer cells
were purchased from the
American Type Culture Collec-
tion (Manassas, VA) and were
cultured in DMEM supplement-
ed with 10% FBS (Gibco,
Invitrogen, Carlsbad, CA) and
1% penicillin, streptomycin,

o
2o and neomycin antibiotic mix-

ture. Cells were grown in a
humidified incubator with an
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atmosphere of 95% air-5% CO,
at 37°C.

Transfection of oligonucle-
otides and plasmids

The pcDNA-C/EBPa expres-
sion plasmid was constructed
and tested to be effective by
Dingguo Changsheng Bio-tech-
nology Co. LTD. (Beijing, China).
Oligo antagonist and mimic for
miR-134 were designed and
synthesized by Ribobio Bio-

Normal

technology Co. LTD. (Guang-
zhou, China).

Figure 1. Expression of C/EBPa and miR-134 in normal and cancerous

breast tissue. Relative expression levels of C/EBPa (A) and miR-134 (B)
are shown in 48 normal breast tissues, 48 primary breast cancer samples.
The relative level of C/EBPa was normalized so that the mean ratio of the

For transfection, MCF7 cells
were seeded into 6-well plates.
When growing to 80% of con-

48 cancerous breast samples equals a value of 0.5. The relative level of fluence, their medium was

miR-134 was normalized to the mean value of 18S RNA in the 48 normal

breast tissues.

Moreover, overexpression and silence of C/
EBPa caused elevation and descent of miR-
134 level respectively. Simultaneously, the
anti-apoptotic gene CREB and B-cell lympho-
ma-2 (Bcl-2) were down- and up-regulated
response to the alternation of miR-134 level.
Collectively, we found a novel pathway that C/
EBPa induced breast cancer cell apoptosis via
miR-134/CREB.

Materials and methods
Samples

RNA was excreted from the mammary cells of
48 healthy and excised primary breast tumors
of 48 women treated at Affiliated Xijing Hospital,
Fourth Military Medical University, Xi'an, China,
from 2012 to 2014. The samples were exam-
ined histologically for the presence of tumor
cells.
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changed to MEM without FBS
and antibiotic mixture. After
starvation for 4 hours, the
medium was changed for DMEM supplemented
with 10% FBS. Immediately, 6 ug of pcDNA-C/
EBPa, or 100 nm miR-134 mimic, or 100 nm
Oligo antagonist for miR-134 were co-transfect-
ed or transfected alone into the cells with
Lipofectamine 3000 (Invitrogen) according to
the manufacturer’s instruction. After another
6-8 h, the medium was changed for fresh
DMEM supplemented with 10% FBS.

RNA extraction and RT-gPCR

Total RNA was isolated using TRIzol reagent
(Invitrogen) following the manufacturer’s
instructions. The resultant RNA was applied in
the reverse transcription reaction to obtain the
first chain cDNA. Real-time gPCR reactions
were carried out in a final volume of 25 pl, using
SYBR Premix Ex Taq (TaKaRa), 0.4 mM of each
primer, and 200 ng of cDNA template. Each
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Figure 2. C/EBPa promoted expression of miR-134 in MCF-7 breast cancer cells. A. The regulation relationship
MiR-134 is predicted to be promoted by C/EBP« using the online server ChiPBase. B. Overexpression of C/EBP«
elevated the level of miR-134 in MCF-7 cells. The pcDNA-C/EBPa was transfected into MCF-7 cells. At time points of
d0,d1,d2,d3,d4,the level of miR-134 in the cells was determined by real-time qPCR. "P < 0.05.
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Figure 3. Overexpression of C/EBPa decreased cell proliferation of MCF-7
breast cancer cells. A. Overexpression of C/EBPa decreased expression of
CREB and Bcl-2. At time points of day O, day 2, day 3, day 4, expression
of the anti-apoptotic genes CREB and Bcl-2 in the MCF-7 cells were deter-
mined by Western blotting. B. MCF-7 cell proliferation was decreased by C/
EBPa overexpression. After transfection, the cell numbers were counted by
Cellometer® Cell Counters and Cell Analysis Systems (Nexcelom Bioscience
LLC, Lawrence, MA). "P < 0.05.

individual sample was run in
triplicate wells. The reactions
were initially denatured at
95°C for 3 min followed by 35
cycles of 95°C for 15 s, 60°C
for 1 min. Quantification of
amplicons was done using ABI
7300 software (Applied Biosys-
tem). The primers applied in
the reactions are as follows: C/
EBPa (F: 5-TGG ACA AGA ACA
GCA ACG AG-3’, R: 5-TTG TCA
CTG GTCAGC TCC AG-3’), CREB
(5’-TCA GCC GGG TAC TAC CAT
TC-3’, 5-TTC AGC AGG CTG TGT
AGG AA-3’), Bcl-2 (5-ATT GTG
GCC TTC TTT GAG TTC G-3,
5-CAT CCC AGC CTC CGT TAT
CC-3’), 18S (F: 5-AAA CGG CTA
CCA CAT CCA AG-3, R: 5-CCT
CCA ATG GAT CCT CGT TA-3').
MiR-134 Stem-loop primer and
quantitative primers were de-
signed and produced by Ribo-
bio Biotech.

Western blotting

Cells were washed with PBS,
and lysed in NP40 lysis buffer
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(50 mMTris-HCI, 150 mM NaCl, 0.1% NP-40, 5
mM EDTA, 10% glycerol) with protease inhibi-
tors cocktail (Sigma). Proteins were separated
in SDS-PAGE, transferred, and immunoblotted
with various antibodies. The antibodies used
were anti-C/EBPa (dilution 1:500; Abcam), anti-
CREB (dilution 1:500; Cell Signaling), anti-Bcl-2
(dilution 1:500; Cell Signaling), and anti-GAPDH
(dilution 1:5000; Sigma).

Web servers

The regulation relationship was predicted by
the online server ChlPBase_(http://deepbase.
sysu.edu.cn/chipbase/), which is an integrated
resource and platform for transcriptional regu-
lation of long non-coding RNAs (IncRNASs),
microRNAs, other ncRNAs and protein-coding
genes based on ChIP-Seq data.

Statistical analysis

All data were expressed as mean + S.E.M. of
three or more biological replicates. Two-tailed
Student’s t-test was employed to determine
P-values. The significance was set at P < 0.05,
and extremely significance at P < 0.01.

Results

C/EBPo and miR-134 were both down-regulat-
ed in cancerous breast tissues

Relative levels of C/EBPa and miR-134 in 48
normal breast tissues and 48 primary breast
cancer samples were compared. The real-time
qPCR analysis showed that the level of C/EBPx
mRNA in primary breast cancer samples was
just about 1/3 of that of normal breast samples
(Figure 1A). Interestingly, we detected a similar
expression pattern of miR-134. The level of
miR-134 in the cancerous samples was about
1/2 of that of the normal ones (Figure 1B). C/
EBPa and miR-134 were both down-regulated
in cancerous breast tissues, hinting that there
may be some association between C/EBPx and
miR-134.

Mir-134 was promoted by in MCF-7 breast can-
cer cells

Then we tried to clarify the regulatory relation-
ship between C/EBPa and miR-134. The pre-
dict output of the online server ChlPBase, an
integrated resource and platform for transcrip-
tional regulation of non-coding RNAs and pro-
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tein-coding genes based on ChIP-Seq, showed
that miR-134 was likely to be a target of C/
EBPa (Figure 2A).

The pcDNA-C/EBPa was transfected into MCF-7
cells. Attime pointsofd 0,d 1,d 2,d 3, d 4, the
level of miR-134 in the cells was determined by
real-time qPCR. The data indicated overexpres-
sion of C/EBPa promoted miR-134 expression
in MCF-7 cells (Figure 2B). CREB, target gene of
miR-134, also an important anti-apoptotic gene
in many processes, was decreased response to
the increase of miR-134 (Figure 3A). Another
apoptosis-inhibitory factor Bcl-2 was also mini-
mized after transfection (Figure 3A). Simul-
taneously, cell count analysis showed the cell
proliferation was dramatically inhibited by C/
EBP« overexpression (Figure 3B).

Anti-miR-134 rescued the proliferation inhibi-
tion by C/EBP« overexpression

To testify the inhibition was associated with the
elevation of miR-134. The pcDNA-C/EBP«, or
miR-134 mimic, or miR-134 antagonist (anti-
miR-134) were transfected alone or co-trans-
fected into MCF7 breast cancer cell lines. At
day 4 of transfection, the cell numbers were
counted by the Cell Counters and Cell Analysis
Systems. The result pointed that mimic miR-
134 has the same effect with C/EBP« overex-
pression on inhibition of MCF7 cells and anti-
miR-134 rescued the inhibition (Figure 4A). In
consistent with the result of the cell count anal-
ysis, the suppression of anti-apoptotic genes
CREB and Bcl-2 was also alleviated (Figure 4B).
Therefore, C/EBPa inhibited cell proliferation
via regulating miR-134/CREB.

Discussions

Although several reports have indicated that C/
EBPa had an proliferation inhibitory effect in
breast cancer [7, 14]. However, not much is
known about the underlying mechanism and
network mediating the anti-proliferation
impacts of C/EBPa. The present study showed
that C/EBPa and miR-134 were consistently
down-regulated in breast cancer and had an
apoptosis-inducing effect in MCF7 breast can-
cer cell lines. This apoptosis-inducing effect
was mediated by miR-134 and its target anti-
apoptotic gene CREB.

C/EBPa was most well-known as an import reg-
ulator in adipocyte differentiation [5]. MiR-134
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Figure 4. MiR-134 inhibitor rescued the proliferation inhibitory effect by C/EBPa overexpression. The pcDNA-C/EBPq, or miR-134 mimic, or miR-134 inhibitor were
transfected alone or co-transfected into MCF7 breast cancer cell lines for 4 day. A. The cell numbers were counted by Cellometer® Cell Counters and Cell Analysis
Systems. B. Expression of CREB and Bcl-2 proteins were detected by Western blotting. *P < 0.05.
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was thought to be nervous-specific for a long
time. Though most recently a few evidence
showed that it also functioned in HCC (Zha et
al, 2014) and lung adenocarcinoma cells
(Kitamura et al, 2014), there still is no report
that it has an effect on development of breast
cancer. In this current study, we showed that
miR-134 was diversely expressed between nor-
mal and cancerous breast tissues. Besides,
elevation of miR-134 could induce cell apopto-
sis by decreasing CREB and Bcl-2 in MCF7
breast cancer cells. To our knowledge, this is
the first report that miR-134 had an effect on
breast cancer.

Since miR-134 exerts a great role in embryonic
stem cell differentiation and nervous system
development [15-17], regulation of its expres-
sion was also an import part of its function
exploration. We predicted and testified C/EBP«
was an upstream promoting gene for miR-134.
Then, as a target gene of miR-134, CREB was
indirectly suppressed by C/EBP«. Thus the
anti-apoptotic effect of CREB was inhibited and
the cells exhibited proliferation inhibition. CREB
acts as an anti-apoptotic gene in multiple tis-
sues and the molecular mechanisms varies in
different tissues [18-20]. However, we still do
not know how CREB functions in the breast
cancer cells. Further studies will be focused on
the CREB mechanism of apoptosis protection
in the breast cancer cells.

In conclusion, we found a novel pathway that C/
EBPa induced breast cancer cell apoptosis via
miR-134/CREB.
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