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Postnatal expression pattern of the C/EBP alpha 
gene in porcine subcutaneous adipose tissue
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ABSTRACT

CCAAT/enhancer binding protein α (C/EBPα) has been implicated as a key regulator of 
adipocyte differentiation and lipid metabolism. The pattern of C/EBPα gene expression in different 
growth stages and its relation to adipose deposition was studied. Fifteen female Duroc × Landrace 
× Yorkshire pigs in five groups of three pigs each, weighing 1, 30, 50, 70 and 90 kg were used 
to study developmental gene expression of C/EBPα in subcutaneous adipose tissue by means of 
semi-quantitative RT-PCR. The results showed that the C/EBPα mRNA levels in porcine adipose 
tissue continuously increased as the pigs grew and deposited fat from 1 to 90 kg body weight (BW) 
(P<0.05). The presented data show a close positive correlation between the levels of C/EBPα gene 
expression and the fat deposition rate in pigs. The experiment showed that total adipose weight 
increased significantly with BW (P<0.05).
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INTRODUCTION

CCAAT/enhancer binding protein α (C/EBP α) belongs to the bZIP protein 
family of nuclear transcription factors, which contain a basic region and a leucine 
zipper domain in the C-terminal part of the molecule (Vinson et al., 1989). This 
transcription factor is expressed at high levels in quiescent hepatocytes and in 
differentiated adipocytes (Umek et al., 1991).

1 Corresponding author: e-mail: jiang_junfang@sohu.com 



62 PATTERN OF C/EBP ALPHA GENE IN PORCINE TISSUE

The key role of C/EBPα in adipocyte differentiation is now well established 
(MacDougald and Lane, 1995). Many adipocyte-expressed genes possess C/EBP 
binding sites in their proximal promoters that mediate transactivation by C/EBPα. 
Compelling evidence shows that C/EBPα is required for adipocyte differentiation. 
Expression of C/EBPα under control of an inducible promoter is sufficient to induce 
adipocyte differentiation of 3T3-L1 preadipocytes in the absence of exogenous 
hormonal stimuli. Conversely, expression of antisense C/EBPα RNA in 3T3-L1 
preadipocytes blocks the normal differentiation program, and transfection of a 
“sense” C/EBPα RNA expression vector into the “anti-sense” cells restores their 
capacity to differentiate (Lin and Lane, 1992). These findings are supported by 
investigations with C/EBPα knock-out mice, which fail to develop adipose tissue 
normally or to accumulate triglycerides, the hallmark of white adipose tissue (Wang 
et al., 1995).

Efficient production of good quality pig meat may be obtained by reducing the 
total fat amounts while fat depots important for meat quality are kept at optimum 
levels. The aim of this experiment was to determine the pattern of C/EBPα gene 
expression in different growth stages and its relation to adipose deposition to 
obtain information for regulating meat production quality.

MATERIAL AND METHODS

Animals 

A total of fifteen female Duroc × Landrace × Yorkshire pigs in five groups, 
each group containing three pigs weighing 1, 30, 50, 70, or 90 kg (three replicates 
for each age group) were euthanized under anaesthesia and exsanguinated after a 
12 h fast and ad libitum access to water. Subcutaneous adipose tissue was quickly 
dissected and frozen in liquid nitrogen, then stored at -70°C until extraction of 
total RNA. Left-half carcasses were weighed after the head, hooves, tail, viscera 
(except the kidney) were removed, subcutaneous, ventral and mesentery adipose 
tissues in left-half carcasses were dissected and weighed, and fat deposition rates, 
calculated. All of the animal experiments were done according to the guidelines 
for animal experiments at the National Institute of Animal Health.

Extraction of RNA  

The following materials were used: mortars and pestles (baked overnight at 180°C), 
pipette tips (DEPC-treated and autoclaved), gel running apparatus (treated with 3% 
H2O2 and incubated overnight with DEPC-treated water), 1.5 ml polypropylene 
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centrifuge tubes (washed and incubated overnight at room temperature with 
DEPC-treated water).

The RNA extraction procedure was as follows:
1.  Using a mortar and pestle, 100 mg of adipose tissue were ground to a fine 

powder, while continuously adding liquid nitrogen to the mortar to keep the 
sample frozen. 

2.  The tissue powder was rapidly transferred to a centrifuge tube and 1 ml TRIzol 
Reagent (Sigma, USA) was added and then mixed until thoroughly suspended 
(a turbid solution was formed).

3.  Centrifugation at 12,000 × g at 4°C for 10 min and removal of the fatty layer 
on the surface of the aqueous phase. 

4.  The aqueous layer was transferred to a fresh centrifuge tube, 200 μl chloroform 
was added and mixed for 30 sec.

5.  Centrifugation at 12,000 × g at 4°C for 10 min, and the upper clear phase was 
carefully transferred to a fresh centrifuge tube. 

6.  An equal volume of isopropanol was added and mixed, allowing the sample 
to stand for 10 min at room temperature, and then centrifuged for 10 min at 
12,000 × g at 4°C.

7.  The supernatant was removed and the RNA pellet washed by adding 0.75 ml 
of 75% chilled ethanol, and then centrifuged at 12,000 × g at 4°C for 5 min.

8.  The RNA pellet was dried at room temperature and dissolved in DEPC-treated 
autoclaved water.

9.  The RNA was quantified by measuring the absorbance at 260 nm. The 
A260/280 ratio was also calculated.

Synthesis of cDNA

Synthesis of first-strand cDNA was performed using a Reverse Transcription 
System kit (first-strand cDNA-synthesis kit, Promega, USA) as described by the 
manufacturer with oligodT-primer and using approximately 1 μg of total RNA 
treated with DNase as the template. 

PCR

The reverse-transcribed cDNA was amplified with Taq DNA polymerase 
(Promega, USA) by polymerase chain reaction (PCR) in a thermocycler (Gene Amp 
PCR system 9600) using paired sense and antisense primers designed by the Primer 
Premier 5.0 software (Table 1). Primer sequences for the C/EBPα gene were designed 
based on known sequences (Antonson and Xanthopoulos, 1995) and part of a single 
exon was amplified. The primers were synthesized by Shanghai Sangon Biological 
Engineering Technology and Services Co., Ltd (China). The conditions for PCR for 
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C/EBPα were: denaturation at 94°C for 2 min, followed by 31 cycles of amplification 
at 94°C for 50 s, 56°C for 50 s, and 72°C for 1 min, and followed by final extension 
at 72°C for 10 min. The conditions for PCR for β-actin were: denaturation at 94°C 
for 2 min, followed by 31 cycles of amplification at 94°C for 50 s, 53°C for 50 s, and 
72°C for 1 min, and followed by final extension at 72°C for 10 min.

DNA sequencing and sequence analysis

DNA sequencing and sequence analysis were performed by the method 
described by Khoo et al. (2003).

mRNA expression analysis

The expression of pig C/EBPα gene mRNA was determined by semi quantitative 
RT-PCR (Tengku Muhammad et al., 2000) using the housekeeping beta-actin 
gene as an external control. The PCR products were electrophoresed on 1% (w/v) 
agarose gel, electrophoresis band intensities of the PCR products were quantified 
using NIH Image Version 1.62 software.

Statistical analysis 

All the data were analysed statistically according to the ANOVA procedure 
(SAS Institute, 1989) and the treatment means were separated by Duncan’s 
multiple range test. Statistical significance was at P<0.05 for all statistical tests.

RESULTS

Developmental pattern of C/EBPα gene expression

The developmental pattern of C/EBPα gene expression of adipose tissue in 
pigs with liveweight of 1, 30, 50, 70 and 90 was evaluated using semi-quantitative 
RT-PCR, which allows the assessment of relative C/EBPα mRNA levels in pigs 
at different growth stages. The results of electrophoresis of PCR products of three 

Table 1. Primers sequences for C/EBPα and β-actin genes
Gene Primers Size (bp) Species

C/EBPα S:  5’- GGTGGACAAGAACAGCAACG -3’ 370 porcine
A:  5’- AGGCACCGGAATCTCCTAGT -3’

β-actin S:  5’-GGAGATCGTGCGGGACAT-3’ 318 porcine
A:  5’-GTTGAAGGTGGTCTCGTGGAT-3’
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pigs from each group are shown in Figure 1, C/EBPα gene mRNA was detected 
in pig adipose tissue at all stages of growth. As shown in Figure 2, the C/EBPα 
gene expression in porcine adipose tissue was weight-dependent. C/EBPα mRNA 
was present in a very low concentration at birth (the relative quantity was 0.21). 
The relative C/EBPα mRNA levels (C/EBPα /β-actin) steadily increased from 
0.21, 0.53, 0.89, 1.63, to 2.52 as the pigs grew (P<0.05), the highest expression of 
C/EBPα mRNA was observed at the highest, 90 kg, body weight.

Figure 1. Electrophoresis of RT-PCR products for C/EBPα and β-actin genes in the subcutaneous 
adipose tissue of pigs weighed 1, 30, 50, 70 and 90 kg. (1), (2), (3): the products from the first pig, 
the second pig and the third pig in each weight group, respectively 

Figure 2. The pattern of C/EBPα mRNA levels in the subcutaneous adipose tissue of pigs weighed 1, 
30, 50, 70 and 90 kg. The data show the mean mRNA level of three pigs in each weight group as the 
ratio of the band intensity of each PCR product to the corresponding β-actin PCR product
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Developmental pattern of fat deposition 
  

Table 2 shows that the fat (subcutaneous, ventral and mesentery adipose 
tissues) deposition rates were 7.94, 11.48, 14.99, 16.75, and 20.73% at the 
growth stages of 1, 30, 50, 70, and 90 kg liveweight, respectively, of pigs. 
The ratio increased significantly at all stages studied (P<0.01). The weight of 
the subcutaneous, ventral and mesenteric adipose tissues at different growth 
stages increased significantly between all stages studied (P<0.01), with 
the subcutaneous adipose tissue accounting for the highest percentage (Table 2).

Table 2 . Developmental adipose deposition (mean±SD)

Liveweight  
kg

Subcutaneous 
adipose

kg

Ventral adipose 
kg

Mesenteric 
adipose 

kg

Fat deposition 
rate 
%

 1 0.031a ± 0.017 0.003a ± 0.001 0.028a ± 0.002   7.94a ± 0.75
30 1.236b ± 0.036 0.042a ± 0.002 0.395b ± 0.043 11.48b ± 0.23
50 3.890c ± 0.053 0.254b ± 0.124 0.605c ± 0.099 14.99c ± 0.43
70 6.661d ± 0.536 0.344c ± 0.068 1.029d ± 0.059 16.75d ± 1.13
90 11.12e ± 0.308 0.920c ± 0.076 1.798e ± 0.226 20.72e ± 0.57

means within a column with different superscripts are significantly different (P<0.05)

The relation between C/EBPα gene expression and fat deposition 
 

C/EBPα mRNA levels increased as fat was deposited from 1 to 90 kg body 
weight (Figures 2 and 3; P<0.05). Correlation analysis showed that there was a 
positive correlation between the levels of C/EBPα gene expression and the fat 
deposition rate (r=0.87, P<0.05) during growth from 1 to 90 kg body weight.

Figure 3. The pattern of fat deposition rate in pigs weighed 1, 30, 50, 70 and 90 kg. The data show 
the mean of fat deposition rate of three pigs in each weight group
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DISCUSSION

Developmental pattern of adipocyte C/EPBα gene expression

This study showed that C/EBPα mRNA was present at birth at a very low 
concentration (only 0.84% of that at the stage of 90 kg liveweight) and that 
the relative quantity of C/EBPα mRNA (C/EBPα /β-actin) steadily increased 
as pigs grew. Ding (1999) also found that porcine C/EBPα transcripts were at 
a continuously low concentration in adipose tissue until a several-fold increase 
occurred between 17 and 28 days postpartum. Lee et al. (1998) detected the 
C/EBPα protein in foetal pigs at 50 days postconception in the nuclei of cells 
located in the region of development of porcine subcutaneous adipose tissue. By 
days 75 and 95 post-conception, there are differentiated fat cells that have nuclei 
positive for the C/EBPα protein. The detection of the C/EBPα protein in the nuclei 
of partially differentiated adipocytes before birth may not be compatible with the 
very low levels of C/EBPα transcripts at birth. However, these observations are 
from independent studies, the protein determinations are not quantitative, and the 
concentration of the C/EBPα transcript used at translation was not measured.

The pattern of porcine transcript C/EPBα gene expression was studied in vitro. 
In porcine S/V cells from day 0 to 7 of cell differentiation, the amount of the 
C/EBPα transcripts was at 40 to 55% of that on day 10 and doubled between day 
7 and 10 of cell differentiation (Ding, 1999). After 1 day of culture in bovine 
serum plus dexamethasone, 16% of the S/V cells were positive for C/EBPα (Yu 
and Hausman, 1998). After 3 days of culture, 32% of the S/V cells were C/EBPα-
positive. All cells with lipid deposits were positive for C/EBPα. In porcine S/V 
cells differentiating in vitro, there was a considerable level of C/EBPα present very 
early in the differentiation as evidenced on C/EBPα transcripts and protein levels 
(Yu and Hausman, 1998). Consistent with these observations was the detection 
of the C/EBPα protein in both porcine S/V cells and differentiated adipocytes 
obtained from 8-day-old pigs (Lee et al., 1998). In contrast, in the rodent-derived 
clonal cell lines (3T3-L1 and 3T3-F442A), the C/EBPα transcript concentration 
was undetectable or extremely low in undifferentiated cells and increased rapidly 
beginning at 3 or 4 days after addition of differentiation medium (Kim and 
Spiegelman, 1996). 

Developmental pattern of fat deposition

The weight of subcutaneous, ventral and mesentery adipose tissues increased 
significantly during growth from 1 to 90 kg body weight (P<0.01). This result 
indicated that the capacity of adipose deposition in pigs increased as they grew. 
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Wang and Shao (1989) reported that the fat percentage increased significantly as 
the weight of commercial lean pigs increased. The study from Souza et al. (2004) 
showed that the fat content of the carcass was significantly correlated  (P<0.001) 
with animal age; the fat percent in the carcass, shoulder, loin, belly and ham primal 
cuts significantly increased (P<0.05) from 16 to 25 weeks of age. The backfat 
depth at the P2 site significantly increased (P<0.001) from 16 to 25 weeks of age. 
The backfat depth along the carcass midline at the fore, middle and hind sites 
significantly increased (P<0.001) in pigs from 16 to 25 weeks of age.

The relation between C/EPBα gene expression and fat deposition

Several experimental approaches have revealed an adipogenic role for 
C/EBPα. This study showed that there was a positive correlation between the 
levels of C/EBPα gene expression and the fat deposition rate. C/EBPα mRNA 
levels increased as fat was deposited from 1 to 90 kg liveweight in pigs.

C/EBPα regulates the expression of adipocyte-characteristic genes such as 
lipoprotein lipase (LPL), leptin, adipocyte fatty acid binding protein (aP2), and 
fatty acid synthase (FAS). The result is adipocyte differentiation, accumulation 
of triglycerides, and activation of many of the genes involved in adipocyte 
metabolism. Ultimately, the result is an increase in total white adipose tissue mass 
(Tontonoz et al., 1994). Disruption of the C/EBPα gene gave rise to mice that 
failed to develop white adipose tissue (Wang et al., 1995). 

The C/EBPα-deficient liver in ob/ob mice had a significantly decreased 
triglyceride content. Deficiency in hepatic C/EBPα expression caused an exacerbation 
of hyperglycaemia. Hepatic C/EBPα plays a critical role in the acceleration of 
lipogenesis in ob/ob mice and in glucose homeostasis by the indirect regulation 
of insulin secretion (Matsusue et al., 2004). Recent studies suggest that CCAAT/
enhancing-binding protein (C/EBP) isoforms and sterol regulatory element binding 
protein (SREBP)-1c regulate fatty acid synthesis in adult type II cells in vitro. 
Regulation of lipogenesis at the mRNA level is predominantly on enzymes of fatty 
acid synthesis and appears to be regulated by C/EBPα (Zhang et al., 2004). 

CONCLUSIONS

This study showed the developmental pattern of C/EBPα gene expression in 
adipose tissue in different growth stages and the positive relation with adipose 
deposition in pigs.

The characterization of C/EBPα, a potentially central regulator of adipocyte 
development, could open the door for novel approaches to regulate fat deposition 
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according to the developmental pattern of C/EBPα gene expression in pigs and the 
treatment of obesity and other disorders of adipose tissue in human using specific 
antagonists of C/EBPα.
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