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CCAAT enhancer binding protein β promotes tumor growth and inhibits 
apoptosis in prostate cancer by methylating estrogen receptor β 

D. LI1,2,#, J. LIU1,2,#, S. HUANG1, X. BI1, B. WANG3, Q. CHEN1, H. CHEN1, X. PU1,2,* 

1Department of Urology, Guangdong General Hospital, Guangdong Academy of Medical Science, Guangzhou, Guangdong 510080, China; 
2Department of Urology, Guangdong General Hospital’s Nanhai Hospital, The Second People’s Hospital of Nanhai district, Foshan City, 
Guangdong, 528251, China; 3Department of Urology, General Hospital of PLA, Beijing 100853, China 

*Correspondence: xiaoyongpu0080@163.com 

Received December 5, 2016 / Accepted May 2, 2017

The CCAAT enhancer binding protein β (C/EBPβ) is overexpressed at late stages in carcinogenesis of prostate cancer 
(PCa), suggesting that it could potentially contribute to progression of PCa. Estrogen receptor beta (ERβ) is a tumor 
suppressor gene in PCa. However, whether C/EBPβ could regulate ERβ by promoter methylation is still poorly under-
stood. In this study, expression levels of C/EBPβ and ERβ in two PC lines (LNCap and PC-3), prostatic epithelial cell 
line (RWPE-1), forty-eight paired non-cancerous and cancerous peripheral blood samples were examined via qRT-PCR, 
western blotting and methylation-specific PCR. In addition, PCa cell line was infected with pCDH-C/EBPβ and pLKO.1-C/
EBPβ and expression levels of C/EBPβ, ERβ and DNA methyltransferases were detected. Finally, the role of C/EBPβ in 
proliferation and apoptosis of PCa cell lines was examined by MTT and flow cytometer assay. Our results show a higher 
frequency of promoter methylation of ERβ levels in blood samples from PCa patients (16 of 48 cases) compared with that 
from healthy controls (3 of 48). Besides, elevated expression levels of C/EBPβ were found in PCa patients and two PCa lines 
(LNCap and PC-3) compared to non-cancerous cases or prostatic epithelial cell line (RWPE-1), while opposite expression 
levels of ERβ were found. Overexpression of C/EBPβ could regulate ERβ expression, DNA methyltransferases expression, 
cell proliferation and apoptosis. Our results support the conclusion that C/EBPβ down-regulated ERβ expression through 
increasing its promoter methylation, and then regulated proliferation and apoptosis in PCa. 
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Prostate cancer (PCa) is the most frequently diagnosed 
cancer in men which accounts for 44% of all cancer cases 
together with lung and bronchus, and colorectal cancers 
cases. Among these three kinds of cancer, PCa alone accounts 
for 1 in 5 new diagnoses. In 2016, it is estimated that over 
180,890 patients were diagnosed with PCa and 26,120 of 
them will succumb to death in USA [1]. As is known to all, 
carcinogenesis is the result of an interaction between genetic 
and environmental factors, which varies between ethnic 
backgrounds, individuals and sexes [2]. More and more 
evidence in the past decades suggests that epigenetic altera-
tions play an important role in the generation and progres-
sion of PCa by silencing tumor suppressor genes [3–5]. 
The most common mode of epigenetic variation which 
may lead to tumorigenesis is methylation in CpG islands in 
the promoter of tumor suppressor genes [6]. However, the 
current information of PCa that involves a clear epigenetic 

component remains incompletely understood and its appli-
cation in clinical practice is also limited [7].

CCAAT enhancer binding protein β (C/EBPβ), a member 
of transcription factor family (C/EBPα, β, γ, δ, ε and ζ), 
contains a basic leucine-zipper domain for DNA binding 
and dimerization [8]. C/EBPβ is reported to have opposing 
functions in several different cell types. It can terminate 
cell differentiation and growth arrest and can also promote 
proliferation in other cell types [9]. C/EBPβ is overexpressed 
in late stages of PCa [10] and has also been suggested to be a 
co-repressor of androgen receptor in PCa, and to participate 
in regulation of PCa cell proliferation and PCa metastasis 
[10–13]. Although previous studies indicate that C/EBPβ 
affects PCa through regulating the expression of several DNA 
damage response- and invasion-related genes, the concrete 
underlying mechanism and related signaling pathways have 
not been clearly identified yet. 
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Estrogen receptors (ER) represent a family of receptors 
that are activated by hormone estrogen with two classes: ERα 
and ERβ [14]. ERβ, predominantly expressed in the epithe-
lium of prostate, was reported to inhibit promote differentia-
tion, cell proliferation and induce apoptosis excessively [15, 
16]. Recent studies found that the ERβ expression in PCa 
tissues was decreased, indicating that the ERβ might be a 
tumor suppressor gene in prostate cancer [17, 18]. Lots of 
researches have reported that the promoter hypermethylation 
of CpG islands was associated with down-expression of some 
tumor suppressors in cancer [19, 20]. In the present study, 
we hypothesized that overexpression of C/EBPβ may result 
in ERβ promoter methylation, and then lead to the etiolog-
ical mechanisms of PCa. The expression of C/EBPβ and 
the methylation status of the ERβ promoter were examined 
using genomic DNA extracted from peripheral blood of PCa 
patients and corresponding healthy controls. Our hypoth-
esis was further supported experimentally by using prostatic 
epithelial and cancer cell lines.

Patients and methods

Subject and sample collection. Peripheral blood samples 
from 48 PCa patients were obtained from the collections 
at the department of urology, Guangdong general hospital. 
They were clinically diagnosed with PCa from January 
2015 to July 2016 and their baseline clinical data are shown 
in Table 1. Meanwhile, 48 peripheral blood samples were 
randomly collected from healthy controls during a routine 
physical examination. Healthy controls subjects had no 
known history of hormone-sensitive diseases. All patients 
provided written informed consent for their blood samples 
to be utilized in this research. This study was approved by the 
ethics committee of Guangdong general hospital.

Quantitative real-time PCR analysis. RNA was extracted 
from all peripheral blood samples using an RNAprep Pure 
Hi-Blood Kit according to the manufacturer’s protocol 
(Tiangen Biotech Co., Ltd., Beijing, China). OD260/280 
was determined to assess the purity of RNA. The Easys-
cript First-Strand cDNA Synthesis SuperMix kit (TransGen, 
Co., Ltd., Beijing, China) was used for reverse transcription 
PCR. Primers for C/EBPβ and ERβ (Table 2) were dissolved 
in RNase-free water to the recommended concentrations 
according to primer data sheets. Quantitative PCR reactions 
were conducted as previously described.

Western blotting. Total proteins from the peripheral 
blood samples were extracted, and cells were collected in 
1.5 ml tubes and washed twice with PBS, and then placed 
on ice for 30 min in RIPA lysis buffer (Beyotime Institute of 
Biotechnology, Shanghai, China) with 1 mM PMSF (Shanghai 
Sangon Biotech Co., Ltd, Shanghai, China). Supernatants 
were acquired by centrifugation at 13,000 rpm for 15 min at 
4 °C. Subsequently, protein concentration was detected by the 
BCA Protein Quantitative Assay (Shanghai Sangon Biotech 
Co., Ltd, Shanghai, China). Total 40 μg protein sample was 

separated on 12% SDS-PAGE gel, and then transferred onto 
PVDF membranes, which were blocked in 5% nonfat milk for 
1 h. The membranes were incubated overnight at 4 °C with 
mouse anti-human β-actin monoclonal antibody (1:1000, 
Santa Cruz, CA, USA), mouse polyclonal antibody against 
ERβ (1:1000, Abcam, CA, USA) and mouse polyclonal 
antibody against C/EBPβ (1:1000, Abcam, CA, USA) and were 
washed for three times with PBS, then incubated with goat 
anti-mouse IgG(H+L)-HRP (1:5000, Jackson immunoRe-
search, PA, USA) or goat anti-rabbit IgG(H+L)-HRP (1:5000, 
Jackson immunoResearch, PA, USA) for 2 h at room tempera-
ture, respectively. Ultimately, the proteins were detected with 
Enhanced chemiluminescence (ECL, Millipore, MA, USA) 
and analyzed with the densitometry software Image J.

Methylation-specific PCR (MS-PCR) and sequencing 
analysis. The methylation status of ERβ was measured by 
MS-PCR which can distinguish between un-methylated 
DNA and methylated DNA. Genomic DNA was extracted 
from all peripheral blood samples using a TIANamp Blood 
DNA Kit according to the manufacturer’s protocol (Tiangen 
BIOTECH Co., Ltd., Beijing, China). Extracted genomic 
DNA was treated with bisulfite using CpGenome TM DNA 
Modification Kit (CHEMICON International, Temecula, 
CA, USA) according to the manufacturer’s instruction. PCR 
amplification was carried out as previously described [21]. 
The PCR products were separated on a 2% agarose gel, then 
extracted from the gel and purified.

Cell culture. The human prostate cancer cell lines (PC-3 
and LNCaP) and prostatic epithelial cell line (RWPE-1) were 

Table 1. Frequency distributions of clinical data in prostate cancer cases 
and healthy controls.
Variables Prostate cancer cases Healthy controls
Number 48 48
Age at sample collection
50–59 2 4
60–69 20 22
70–79 22 18
≥80 4 4
Gleason scores –
6–7 18
8–9 22
10 3
Unclear 5
Serum PSA –
<4 2
4–10 9
>10 37
Bone metastasis –
Yes 10
No 38
Surgery –
Yes 12
No 36
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obtained from American Type Culture Collection (ATCC). 
PC-3 and LNCaP were cultured in Dulbecco’s Modified 
Eagle Medium (DMEM, Gibco, Carlsbad, CA, USA) supple-
mented with 10% fetal bovine serum (FBS) and RWPE-1 was 
cultured in Keratinocyte-SFM Serum Free Medium (Invit-
rogen, Life Technology Co., Ltd., CA, USA) in an atmosphere 
of 95% air and 5 % CO2 at 37 °C.

Construction of lentivirus vector. Human C/EBPβ 
gene was synthesized by Shanghai Sangon Biotech Co., Ltd 
(Shanghai, China) and was cloned into pCDH lentiviral 
vector. In pCDH lentiviral vector, the green fluorescent 
protein (GFP) was a single transcript under the control of 
a CMV promoter and expressed after the transcription 
of C/EBPβ gene. To knockdown C/EBPβ expression, the 
interfering sequence 5’-CCT TTA GAC CCA TGG AAG 
TTT-3’ was selected. The oligonucleotides were annealed 
and the double-stranded oligonucleotides were cloned into 
pLKO.1 vector. The lentiviral vector pCDH, pCDH-C/EBPβ, 
pLKO.1- shNC (negative control) and pLKO.1-shC/EBPβ 
were co-transfected with the corresponding helper plasmids 
into 293T cells by Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA), respectively. After 6 h, DMEM was exchanged 
by complete medium (containing 10% FBS). The superna-
tant was harvested after culturing for 48 h and concentrated 
by ultrafiltration. PCa cell lines were infected with recom-
binant lentivirus pCDH, pCDH-C/EBPβ, pLKO.1- shNC 
and pLKO.1-shC/EBPβ, respectively. Cells without infec-
tion served as blank group. Medium was replaced by fresh 
medium 24 h post-infection, and cells were collected 72 h 
post-infection for subsequent analysis.

Quantitative real-time PCR analysis of DNA methyl-
transferases. The relative expression levels of DNA methyl-
transferases including DNMT1, DNMT2, DNMT3A and 
DNMT3B were determined in all five groups as described 
above. The primers were provided in Table 3. 

Methyl thiazolyl tetrazolium (MTT) assay. The 1×104 
cells were seeded into each well of a 96-well plate. On the 

second day, the cells were infected with lentivirus pCDH, 
pCDH-C/EBPβ, pLKO.1- shNC and pLKO.1-sh C/EBPβ, 
respectively, and then the cells were incubated for various 
periods of time (37 °C, 5% CO2 and saturation humidity). 
MTT (10 μl, 5 mg/mL) (Shanghai Sangon Biotech Co., Ltd, 
Shanghai, China) was added into each well at the same time 
every day and then the cells were incubated for 4 h. Dimethyl 
sulfoxide (DMSO, 100 μl, Shanghai Sangon Biotech Co., Ltd, 
Shanghai, China) was later added into each well to solubi-
lize the formazan crystals. The zero hole (medium, MTT, 
DMSO) and blank hole were set up. The absorbance was read 
at 570 nm using a microplate reader (Molecular Devices, CA, 
USA). All determinations were carried out in triplicate.

Flow cytometer assay. For cell cycle detection, the cells 
with infection were digested with 0.25% Trypsin (Invit-
rogen, Carlsbad, CA, USA) and collected by centrifuga-
tion at 1,500 rpm for 6 min, then washed with phosphate 
buffer saline (PBS, Shanghai Sangon Biotech Co., Ltd, 
Shanghai China) once. Cells were fixed with ice-cold 75% 
ethanol at 4 °C overnight and then centrifuged (1,500 rpm 
for 6 min) and ethanol was removed by washing with PBS. 
Cells were slightly resuspended with 300 μl PBS and treated 
with 50 µg/ml RNase A (Shanghai Sangon Biotech Co., Ltd, 
Shanghai, China) for 30 min at 37 °C. The cells were stained 
with propidium iodide (PI, BioLegend, USA) in the dark 
for 15 min at 4 °C and detected by flow cytometer (BD, San 
Diego, CA, USA). Annexin V-APC Apoptosis Detection 
kit (BD, San Diego, CA, USA) was used to detect the cell 
apoptosis.

Statistical analysis. All statistical analyses were performed 
using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Data 
were presented as mean ± standard deviation (SD). One-way 
analysis of variance (ANOVA) was used to analyze the differ-
ence between groups, followed by student’s t test. Statistical 
analyses of methylated cases were conducted using Chi 
square test to compare the two sets of enumeration data. 
A p<0.05 was regarded as statistically significant.

Table 2. Primer sequences used for PCR in methylation status analysis and quantitative real-time PCR in ERβ mRNA expression.
Target Primer sequence (5’→ 3’) Size 

Forward Reverse (bp)
MSP-M ATTGTTTTTTGAAATTTGTAGGGC ACCTTCTCTAAAATACGAACACGTA 221
MSP-U GTTTTTTGAAATTTGTAGGGTGA ACCTTCTCTAAAATACAAACACATA 218
BSP TAGTAGATGTGGAATTGGAGAGTTTG AATAACCCCAACACAAAAAAAAC 256
ERβ TTCCCTCCACCTTCCCAAC GGTTAGCCCACTTCTGTAAGCG 262
GAPDH CGGAGTCAACGGATTTGGTCGTAT AGCCTTCTCCATGGTGGTGAAGAC 232

Table 3. Primer sequences used for quantitative real-time PCR in DNA methyltransferases.
Gene Forward primer Reverse primer
DNMT1 CGACTACATCAAAGGCAGCAACCTG TGGAGTGGACTTGTGGGTGTTCTC
DNMT2 AAGCTGTAAGCCAGCCCATATAC TCAGCAGTGAACAGAACCTACATG
DNMT3A CGAGTCCAACCCTGTGATGATTG GCTGGTCTTTGCCCTGCTTTATG
DNMT3B TTGGAATAGGGGACCTCGTGTG AGAGACCTCGGAGAACTTGCCATC
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controls (p<0.05). Same expression modes of these two genes 
were detected in PCa lines and non-cancerous cells on both 
mRNA and protein levels.

Expression of C/EBPβ and ERβ in lentiviral vectors. 
The stable overexpression or downexpression of C/EBPβ 
was examined by western blot. Recombinant lentiviruses 
pCDH, pCDH-C/EBPβ, pLKO.1-shNC and pLKO.1-shC/
EBPβ were efficiently transfected into LNCaP cells and PC-3 
cells (Figure 3A–D). Additionally, western blotting analysis 
suggested that the expression of C/EBPβ was remarkably 
increased in pCDH-C/EBPβ group compared to that in the 
pCDH and blank groups in both LNCaP cells and PC-3 cells, 
while that in pLKO.1-shC/EBPβ was significantly reduced. 
These results demonstrate that lentiviral vector pCDH-C/
EBPβ and pLKO.1-shC/EBPβ were successfully constructed 
and lentivirus had a high efficiency of infection.

Furthermore, the expression of ERβ was determined by 
western blot analysis in order to investigate effect of C/EBPβ 
overexpression and downexpression. The expression level of 
ERβ in pCDH-C/EBPβ was significantly reduced compared 
with that in empty vector group and blank group, while in 
pLKO.1-shC/EBPβ it was significantly increased in both 
LNCaP and PC-3 cells (Figure 3A, C, and E).

Expression of DNA methyltransferases. We further 
examined whether the expression levels of DNA methyl-
transferases genes were affected in overexpression or 
downexpression of C/EBPβ cells. By a quantitative real-time 
PCR method, transcripts from all DNMTs were detected in 
blank, pCDH, pCDH-C/EBPβ, pLKO.1- shNC and pLKO.1-
shC/EBPβ groups. However, DNMT1 and DNMT3B were 
expressed at higher levels in pCDH-C/EBPβ cells than those 
in the blank and pCDH cells, while in pLKO.1-shC/EBPβ 
cells they were expressed at lower levels (p<0.05). The other 
two genes (DNMT2 and DNMT3A) were expressed in same 
trends but without significance (Table 5). This result suggests 
that overexpression of C/EBPβ might have some relevance to 
methylation status.

Effect of C/EBPβ on cell proliferation and apoptosis of 
LNCaP cell. To explore the effects of C/EBPβ overexpres-
sion on PCa cell proliferation, MTT analysis was performed 
in our study. The results show that the absorbance of LNCaP 
cells and PC-3 cells was significantly increased in pCDH-C/
EBPβ group at 72 h compared with that in blank and empty 
vector groups, while in pLKO.1-shC/EBPβ group it was 
significantly decreased (Figure 4). The apoptotic rate in 

Results

Methylation analysis of the ERβ promoter in PCa. 
MS-PCR analysis was performed to identify the methylation 
status of 48 PCa cases and 48 healthy controls. Sample S3 and 
S15 in PCa group displayed a clear methylated band which 
represented methylated DNA (Figure 1). However, S1 and 
S2 in control group showed no methylated bands. Total 16 
cases in 48 prostate cancer patients (33.33%) showed positive 
methylation in the ERβ promoter while 3 cases in 48 healthy 
controls (6.25%) were determined as methylation-positive. 
The methylation frequency in the ERβ promoter was signifi-
cantly higher in PCa patients than that in healthy controls 
(p<0.05, Table 4).

Expression of C/EBPβ and ERβ in PCa. The expression 
levels of C/EBPβ and ERβ gene were determined in PCa 
patients and healthy controls and in three cell lines on both 
mRNA and protein levels. In Figure 2, we can see that the 
expression of ERβ in blood samples from PCa patients was 
significantly lower than that from healthy controls (p<0.05), 
while the expression of C/EBPβ in blood samples from PCa 
patients was significantly higher than that from healthy 

Figure 1. Methylation status of the promoter of the estrogen recep-
tor (ER) β gene in genomic DNA from prostate cancer patients (T) and 
healthy controls (C). M methylated band, U unmethylated band. Num-
bers indicate the sample number.

Table 4. Comparison of methylation status of the promoter in ERβ between prostate cancer patients and healthy controls.

Methylation status
Numbers (%)

p-valuea OR (95 %CI)bProstate cancer 
(n=48)

Healthy controls 
(n=48)

Unmethylated 32 (66.67 %) 45 (93.75 %)
methylated 16 (33.33 %) 3 (6.25%) 0.046 3.000 (0.983-9.158)

ap-values were analyzed for the frequencies of methylation status between prostate cancer cases and healthy controls, p-values were determined by the x2 test
bOR (95 %CI) were calculated as the unmethylated as reference
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Figure 2. The expression of the C/EBPβ and ERβ gene at the transcription level in non-cancerous, cancerous blood samples and cells (A–D). The expres-
sion of the C/EBPβ and ERβ gene at the translation level in prostate cancer (E–G) and prostatic epithelial cell lines (H–J). Data were shown as mean ± 
SD. **p<0.01 versus control.

LNCaP cells was quantitatively analyzed by flow cytometry 
and the results show that apoptotic cells ratio was diminished 
in pCDH-C/EBPβ group compared to that in pCDH group 
(p<0.05, Table 6). Besides, the apoptotic rate in pLKO.1-C/

EBPβ group was significantly increased compared to that in 
pLKO.1-NC group (p<0.05). These data suggested that C/
EBPβ plays a vital role in maintaining cell proliferation and 
apoptosis.
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Figure 3. Lentiviral vectors pCDH-C/EBPβ and pLKO.1-C/EBPβ were successfully constructed and had a high efficiency of infection in both LNCaP 
cells and PC-3 cells; expression of ERβ in LNCaP and PC-3 cell line was measured by western blotting and the representative gel electrophoresis bands 
were shown (A). Quantitative analysis of C/EBPβ and ERβ expression levels in LNCaP cells (B–C) and PC-3 cells (D–E). Data were shown as mean ± 
SD. **p<0.01 versus blank; ##p<0.01 versus pCDH; &&p<0.01 versus pLKO.1- C/EBPβ.

Table 5. The expression levels of DNA methyltransferases.
DNMT1 DNMT2 DNMT3A DNMT3B

Blank 1.06±0.25 1.03±0.14 1.04±0.21 1.02±0.11
pCDH 0.98±0.19 1.09±0.23 0.97±0.14 0.96±0.22
pCDH-C/EBPβ 1.38±0.24*# 1.17±0.14 1.08±0.20 1.30±0.18*#

pLKO.1-shNC 0.98±0.21 0.99±0.24 1.03±0.16 1.07±0.26
pLKO.1-shC/EBPβ 0.78±0.18*& 0.93±0.13 0.89±0.19 0.82±0.12*&

*p<0.05 versus Blank, #p<0.05 versus pCDH, &p<0.05 compared with 
pLKO.1-shNC.

Table 6. Cell apoptosis in three groups.
Group Apoptotic cells ratio (%)
Blank 12.14±0.89
pCDH 20.32±1.86*

pCDH-C/EBPβ 15.49±0.51*#

pLKO.1-shNC 19.09±1.17*

pLKO.1-shC/EBPβ 26.06±1.43*&

*p<0.05 versus Blank, #p<0.05 versus pCDH, &p<0.05 compared with 
pLKO.1-shNC.

Figure 4. C/EBPβ regulated LNCaP cell proliferation in LNCaP cells (A) 
and PC-3 cells (B). **p<0.01 versus control; *p<0.05 versus control.
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Discussion

PCa is the most frequently diagnosed cancer in men. 
However, the prognosis including low cure rate and easy 
recurrence of PCa is poor because of lack of effective thera-
pies. Therefore, there is an urgent need to investigate the 
molecular mechanisms of PCa in order to screen more 
therapy targets. In this study, we found that the methyla-
tion frequency of ERβ was significantly higher in PCa 
patients than in healthy controls. Further in vitro analysis 
demonstrated that overexpression of C/EBPβin PCa could 
downregulate the expression of ERβ and further lead 
to increase of PCa cell proliferation and decrease of cell 
apoptosis. These results indicate that C/EBPβ plays a central 
role in PCa tumorgenesis, and suggest the C/EBPβ as a 
potential therapeutic target in PCa.

ERβ is a tumor suppressor gene which was reported to 
induce cell apoptosis, inhibit cell proliferation and promote 
cell differentiation. In this study, the methylation status 
of ERβ was detected in PCa patients by MS-PCR. Among 
the 48 PCa patients, in 16 of them (33.33%) hypermethyl-
ation in promoter of ERβ was found, while only 6.25% of 
healthy controls were found methylated in ERβ. Previous 
studies have demonstrated that high methylation of tumor 
suppressor gene could lead to decreased expression of these 
suppressor genes in tumor tissue [22]. Therefore, we hypoth-
esized that ERβ promoter methylation may result from 
overexpression of C/EBPβ in PCa patients. Furthermore, we 
observed increase in the expression of DNA methyltransfer-
ases including DNMT1, DNMT3B (p<0.05), DNMT2 and 
DNMT3A (p>0.05) at a transcript level in pCDH-C/EBPβ 
group. These de novo DNA methyltransferase enzymes are 
responsible for DNA methylation [23]. The upregulation of 
DNA methyltransferases in our study further confirmed the 
association between C/EBPβ and DNA methylation status.

In some normal cells, C/EBPβ has been shown to have 
anti-proliferative effects. As previously described, C/EBPβ 
can interact with the retinoblastoma protein family to 
suppress the expression of E2F target genes (S-phase genes), 
then inhibit the cell proliferation in human primary fibro-
blasts [9]. Reducing C/EBPβ expression could resist the 
calcium induced growth arrest in primary keratinocytes [24]. 
However, C/EBPβ displays promoting effects on cell prolifer-
ation in tumor cells. Inhibition of C/EBPβ expression signifi-
cantly inhibited glioblastoma cells proliferation and invasion, 
and also prolonged survival in a murine brain tumor model 
[25]. In PCa, Barakat et al. found that C/EBPβ expres-
sion is negatively regulated by androgen receptor activity 
and expression levels of C/EBPβ are significantly elevated 
in Castration-resistant PCa samples compared to those in 
benign prostate. Our study was consistent with their findings 
in the elevated expression of C/EBPβ in PCa samples.

To further validate our hypothesis, we constructed 
an overexpression lentiviral vector pCDH-C/EBPβ and 
downexpression lentiviral vector pLKO.1-C/EBPβ and trans-

fected these lentiviral vector into PCa cells. Our in vitro 
experiments suggest that expression level of ERβ was signifi-
cantly reduced in pCDH-C/EBPβ cells and was remarkably 
increased in pLKO.1-C/EBPβ cells, suggesting the interac-
tion between C/EBPβ and ERβ.

There were inevitably certain limitations in the current 
study. First of all, we analyzed the methylation status using 
a qualitative approach. More quantitative methylation 
measurements such as pyrosequencing and quantitative-MSP 
will be adopted in our further studies which may provide 
more analytical power to the investigation. Moreover, these 
observations need to be vigorously examined in our future 
research. It would also be meaningful to follow those healthy 
subjects who showed positive ERβ promoter methylation for 
their future likelihood of developing PCa.

In summary, we found that overexpression of C/EBPβ 
promoted proliferation and inhibited apoptosis, and overex-
pression of C/EBPβ decreased the expression of ERβ. We 
suppose that the methylation of the ERβ promoter may be 
an underlying genetic mechanism of PCa tumorigenesis and 
may contribute to the familial aggregation of the disease. C/
EBPβ might be a potential therapeutic target for treating PCa 
though in vivo studies conducted in animal models are still 
needed.
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