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ABSTRACT: Beef marbling is caused by intramuscular 
deposition, and it is an economically important trait in the 
beef industry. Vitamin A (VA) is an important feed 
supplement for cattle, but in excess it could hinder 
marbling. In cattle, VA forms various derivatives such as 
all-trans retinoic acid (all-trans RA) and 9-cis retinoic acid 
(9-cis RA). So, in this study, we investigated the genes 
involved in bovine intramuscular adipogenesis after VA 
treatment with all-trans RA and 9-cis RA.Differential gene 
expression levels were validated by microarray analysis in a 
clonal bovine intramuscular preadipocyte (BIP) cell line 
derived from the intramuscular adipose tissue of the 
musculu slongissimusthoraicis of Japanese Black cattle. 
The BIP cells were harvested six days after adipogenic 
stimulation with 1μM all-trans RA or 1μM 9-cis RA (and 
controls with no RA).The all-trans RA and 9-cis RA treated 
cells had reduced transcription of genes involved in the 
circulatory system (blood vessel development, 
GO:0001568) and muscle development (striated muscle 
tissue development, GO:0014706) compared with no RA 
treatment. In addition, the all-trans RA and 9-cis RA treated 
cells had increased transcription of genes involved in the 
immune system (immune system process, GO:0002376), 
protein kinase B signaling (positive regulation of protein 
kinase B signaling cascade, GO:0051897) and stimuli 
(response to stimulus, GO:0050896, GO:0051869).The 
major conclusion from these results is that the genes of 
muscle development controlled by vitamin A are related to 
adipogenesis in BIP. 
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Introduction 
 

In the beef industry, the type and amount of 
adipose tissue are directly associated with meat quality and 
value. In particular, beef marbling, which is caused by 
intramuscular deposition, is an economically important 
trait. In Japan high quality meat is normally produced by 
giving Japanese Black cattle a high carbohydrate and low 
vitamin A (VA) diet during the cattle fattening stages. In 
general, adipose tissue is regulated by retinoic acids (RA), 
which are mediated by RA receptors (RAR) and retinoic X 
receptors (RXR). RARs are activated by all-trans RA 
(ATRA), and 9-cis RA (9cRA) is a high-affinity ligand for 
RXRs. It is thought that the binding of all-trans RA and 9-
cis RA to RARs and RXRs, respectively, triggers adipocyte 
differentiation (Germain et al. 2006). However, in bovine 
the overall gene interactions related to adipocyte 
differentiation are not yet fully understood, and it is also 
unclear exactly how adipocyte differentiation is associated 
with VA. Ohyama et al. (1998) reported that ATRA and 
retinol decreased glycerol-3-phosphate dehydrogenase 

(GPDH) activity and cells of contain lipid droplets in 
bovine Stromal-vascular (SV) cells containing 
preadipocytes. In contrast, Garcia-Rojas et al. (2010) 
reported that in bovine adipose tissue ATRA and 9cRA are 
the best activator of peroxisome proliferator-activated 
receptor γ (PPARγ) coactivator 1α during differentiation. 
Moreover, we have previously shown that ATRA increased 
triglyceride accumulation and adipose differentiation-
related protein (ADFP) gene expression (Mizoguchi et al. 
2013). A clonal bovine intramuscular preadipocyte (BIP) 
cell line has been derived from the intramuscular adipose 
tissue of the musculuslongissimusthoracis of Japanese 
Black cattle (Aso et al. 1995). The BIP cells have a 
fibroblastic appearance and this cell line is useful for 
studying bovine adipogenesis because the methods of 
differentiation induction are well established (Nakajima et 
al. 1998; Inoue-Murayama et al. 2000).Some global 
analysis of gene expression in the BIP has been conducted 
(Yamazaki et al. 2005, Mizoguchi et al. 2010), but no 
global gene analysis has yet been performed using VA. The 
objectives of this current study are to investigate how VA 
affects the mechanism of fat metabolism in bovine by 
identifying differentially expressed genes and biological 
processes. DNA microarray analysis will be used to identify 
the genes and biological processes that are related to all-
trans RA or 9-cis RA treatments. 

 
Materials and Methods 

 
Cell culture and differentiation.The BIP cells 

were cultured in Dulbecco’s modified Eagle’s medium 
(DMEM, Invitrogen, Carlsbad, CA, USA) with 1.0g/L D-
glucose, supplemented with 10% fetal bovine serum (FBS, 
Nichirei Bio Inc., Tokyo, Japan), 100U/mL penicillin and 
100μg/mL streptomycin. The cells were grown in a 5% 
CO2/95% air atmosphere at 37oC, as described previously 
(Aso, 1995). To obtain mature adipocytes, the BIP cells 
were seeded at a density of 2.5×104cells/cm2 and incubated 
for 3 days to achieve confluence. Confluent cultures were 
transferred to a new DMEM differentiation medium 
containing 50ng/mL insulin, 0.25 μM dexamethasone, 5mM 
octanoate, 10mM acetic acid, 10% FBS, 100U/mL 
penicillin, and 100μg/mL streptomycin. The cells were 
cultured for up to 6 days, with the media changed every 2 
days. The BIP were treated with all-trans RA (1μM) or 9-
cis RA (1μM), or given no treatment (control). 

Total RNA extraction and DNA microarray 
analysis. The BIP cells were harvested 0 and 6 days after 
adipogenic stimulation. Total RNA samples were extracted 
from the BIP cells using Trizol reagent (Invitrogen, 
Carlsbad, CA, USA), and then treated with DNase I (Takara 



Bio Inc., Shiga, Japan).RNA quantity and quality were 
determined using a Nanodrop ND-1000 spectrophotometer 
(Thermo Fisher Scientific Inc., Waltham, MA) and an 
Agilent Bioanalyzer (Agilent Technologies, Palo Alto, CA), 
as recommended. 

Data analysis of microarray. Intensity values of 
each scanned feature were quantified using Agilent feature 
extraction software version 10.7.3.1, which performs 
background subtractions. We only used features which were 
flagged as having no errors (flags present) and we excluded 
features which were not positive, not significant, not 
uniform, not above background, saturated,or 
werepopulation outliers (marginal and absent flags). 
Normalization was performed using Agilent GeneSpring 
GX version 11.0.2. (per chip:normalization to 75 percentile 
shift; per gene: normalization to median of all samples). 
There were atotal of 43,653 probes on Agilent B. taurus 
(Bovine) Oligo Microarray v2 (Design ID: 023647), 
excludingcontrol probes.The altered transcripts were 
quantified using the comparative method. We applied >= 2-
fold change in signal intensity to identify the significant 
differences of gene expression in this study. The data were 
then processed usingFisher’s exact test and multiple test 
correction to identify significant overrepresentation of GO 
annotations belonging to Molecular Functions. 

 
Results 

 
Microarray analysis. Microarray analysis showed 

probes with differentially expressed genes (> 2 fold); 
ATRA vs D6 down =800 probes, ATRA vs D6 up =760 
probes, 9cRA vs D6 down =763 probes, 9cRA vs D6 up 
=726 probes, 9cRA vs ATRA down =1 probe, 9cRA vs 
ATRA up=3 probes. This study shows effect of ATRA and 
9cRA on gene expression are almost the same in BIP. 

GO analysis. In the ATRA vs D6 down analysis, 
we grouped the GO Term into two general categories. The 
first group contains GO Terms related to the circulatory 
system, namely blood vessel development (GO:0001568), 
vasculature development (GO:0001944), angiogenesis 
(GO:0001525), blood vessel morphogenesis (GO:0048514), 
cardiovascular system development (GO:0072358), and 
circulatory system development (GO:0072359) (Table 1). 
The second group of GO Terms are related to muscles; 
these are striated muscle tissue development 
(GO:0014706), muscle structure development 
(GO:0061061), actomyosin structure organization 
(GO:0031032), and muscle organ development 
(GO:0007517) (Table 1). In ATRA vs D6 up analysis, we 
grouped the GO Terms into three general categories. The 
first group contains GO Terms related to the immune 
system, namely immune system process (GO:0002376), and 
innate immune response (GO:0045087, GO:0002226) 
(Table 2). The second group contains GO Terms related to 
protein kinase B signaling. These GO Terms are positive 
regulation of protein kinase B signaling cascade 
(GO:0051897), and regulation of protein kinase B signaling 
cascade (GO:0051896) (Table 2). The third group of GO 
Terms is related to response to stimulus. These GO Terms 
are response to stimulus (GO:0050896, GO:0051869), and 

regulation of response to stimulus (GO:0048583) (Table 3). 
The 9cRA vs D6 analysis is almost same as ATRA vs D6. 

 
 

Table 1. GO Terms with significant down-regulation withATRA 
compared with Day 6 
GO Accession GO Term Count P Value 

GO:0048856 

anatomical structure 
development 653 4.895E-05 

GO:0032502 developmental process 773 4.895E-05 

GO:0007275 

multicellular organismal 
development 672 4.895E-05 

GO:0048731 system development 548 4.895E-05 

GO:0048646 

anatomical structure formation 
involved in morphogenesis 150 7.783E-05 

GO:0044767 

single-organism developmental 
process 563 1.586E-04 

GO:0001568 blood vessel development 96 2.662E-04 

GO:0009653 

anatomical structure 
morphogenesis 311 2.885E-04 

GO:0001944 vasculature development 102 5.107E-04 

GO:0044707 

single-multicellular organism 
process 923 1.031E-03 

GO:0001525 angiogenesis 61 1.122E-03 
GO:0048514 blood vessel morphogenesis 78 2.132E-03 
GO:0032501 
GO:0050874 

multicellular organismal 
process 952 2.132E-03 

GO:0072358 

cardiovascular system 
development 150 2.614E-03 

GO:0072359 

circulatory system 
development 150 2.614E-03 

GO:0060537 muscle tissue development 57 2.614E-03 
GO:0048869 cellular developmental process 492 5.335E-03 
GO:0030154 cell differentiation 459 7.542E-03 

GO:0050678 

regulation of epithelial cell 
proliferation 42 7.757E-03 

GO:0048513 organ development 402 8.031E-03 

GO:0014706 

striated muscle tissue 
development 55 1.016E-02 

GO:0009888 tissue development 220 1.068E-02 
GO:0061061 muscle structure development 78 3.912E-02 

GO:0031032 

actomyosin structure 
organization 14 4.770E-02 

GO:0044699 single-organism process 2591 5.366E-02 
GO:0007517 muscle organ development 56 5.845E-02 
GO:0007155 cell adhesion 145 6.050E-02 
GO:0022610 biological adhesion 146 6.210E-02 

GO:0050679 

positive regulation of epithelial 
cell proliferation 24 6.491E-02 

GO:0044344 

cellular response to fibroblast 
growth factor stimulus 9 7.751E-02 

GO:0030857 

negative regulation of 
epithelial cell differentiation 4 7.751E-02 

GO:0022409 

positive regulation of cell-cell 
adhesion 4 7.751E-02 

GO:0071774 

response to fibroblast growth 
factor stimulus 9 7.751E-02 

GO, gene ontology; P Value : modified Fisher exact P value; Count, the 
number of GO Term in all genes on the microarray 

 
Discussion 

 
Gene expression analysis of BIP has previously 

been conducted using Subtraction and serial analysis of 
gene expression (SAGE), but these analyses did not add 
vitamin A including ATRA and 9cRA (Yamazaki et al. 
2005, Mizoguchi et al. 2010). In the current study, we 
wanted to assess the influence of vitamin A on gene 
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expression of BIP.There are a main points of focus in this 
study.The point of focus was that gene expression related to 
muscle was decreased by ATRA and 9cRA. In a previous 
study we suggested that the accumulation of triglyceride in 
BIP increased on the addition of ATRA (Mizoguchi et al. 
2013). In addition, ATRA and 9cRA have been found to 
increase the expression of peroxisomal proliferator-
activated receptor γ (PPARγ), which is an adipocyte 
differentiation marker in bovine adipose tissue (Garcia et al. 
2010). These reports suggest that vitamin A might promote 
adipogenesis in bovine adipose cells. In our study, the 
genes related to muscle were decreased by Vitamin A, 
which indicates that expression of these genes might inhibit 
adipogenesis. However, vitamin A inhibits intramuscular 
adipogenesis during the fatting stages in feedlots, and many 
studies have reported that low serum vitamin A 
concentrations increased beef marbling scores. The 
relationship between Vitamin A and subcutaneous fat 
thickness (SFT) has also been well-studied in bovine. Oka 
et al. (1997) reported that SFT did not correlate with 
vitamin A restriction, and it has also been reported that SFT 
positively correlated with serum vitamin A (Kato et al. 
2011). Moreover, Nade et al. (2002) reported that vitamin A 
increased muscle weight in Wagyu.Based on these results 
we hypothesize that vitamin A does not inhibit bovine IMF 
adipogenesis directly, but rather that IMF adipogenesis is 
inhibited by muscle development which is promoted by 
vitamin A.It is likely that the lack of correlation between 
vitamin A and SFT is because subcutaneous fat does not 
surround the muscles. 

 
 
 

Table 2. GO Terms with significant up-regulation with ATRA compared 
with Day 6 

GO Accession GO Term Count P Value 

GO:0002376 immune system process 269 1.065E-02 
GO:0045087 
GO:0002226 

innate immune response 74 2.067E-02 

GO:0051897 

positive regulation of protein 
kinase B signaling cascade 13 2.067E-02 

GO:0050896 
GO:0051869 

response to stimulus 1330 2.067E-02 

GO:0051896 

regulation of protein kinase B 
signaling cascade 16 4.621E-02 

GO:0048518 
GO:0043119 

positive regulation of 
biological process 689 4.780E-02 

GO:0042127 regulation of cell proliferation 204 4.780E-02 
GO:0060711 labyrinthine layer development 9 4.933E-02 

GO:0048583 

regulation of response to 
stimulus 479 6.757E-02 

GO, gene ontology; P Value : modified Fisher exact P value; Count, the 
number of GO Term in all genes on the microarray 

 
 

 
 
 
 
 
 
 

Conclusion 
 

We investigated the genes using microarray analysis 
involved in bovine intramuscular adipogenesis after VA 
treatment with all-trans retinoic acid (all-trans RA) and 9-
cis retinoic acid (9-cis RA). The major conclusion is that 
the genes of muscle development controlled by vitamin A 
are related to adipogenesis in BIP. 
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