Differences in liver and fat gene expression due to gender and feeding level in Iberian pigs  
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Abstract. Diet, gender, age and breed are factors affecting porcine metabolism. The aim of this study has been to investigate the gene expression patterns of the major sites for lipid metabolism (liver and fat) conditional on gender and moderate feeding restriction in Iberian pigs using microarrays. Our results show that tissue effect account for more differentially expressed genes than gender and feeding restriction. We report that relevant biological functions of adipose tissue are reflected to transcription level and several key genes implicated in lipid metabolism are specifically overrepresented in liver or fat. Our results support previous studies showing than in pig, as in cattle or sheep, de novo fatty acid synthesis largely occurs in adipose tissue while in humans or rodents it occurs in liver. Besides, we identified several relevant metabolic differences between genders at hepatic level but no at adipose level. Finally, we hypothesize that a moderate feeding restriction does not have large effects on liver or fat gene expression of obese pigs, although we could identify expression differences consistent in both hepatic and fat tissues for some genes related to immune system, coagulation and apoptosis.
Keywords: gene expression, Iberian pigs, gender, feeding restriction.

1   Introduction

It is known that diet, gender, age and breed are factors affecting porcine metabolism.  The basis for understanding the mechanisms through which these factors affect metabolism, might well come from the integration of known physiologic effects and genomic findings in relevant tissues such as liver and fat. Liver plays a major role in the regulation of carbohydrates, lipid and amino acid metabolism, hormone production and detoxification. Recent research has shown that adipose tissue has another functions besides fat storage [1]. Finally, both are considered the major sites for lipid metabolism.

Several studies have used microarrays methodology to analyze the effects of breed, sex and diet changes on porcine gene expression identifying relevant transcription factors and nuclear receptors known to mediate these effects [2, 3].

 The objective of our study was to investigate the gene expression patterns of the major sites for lipid metabolism conditional on gender and feeding restriction in Iberian pigs, a model of an obese porcine breed.

2   Methods

Three full sib families of four entire Iberian pigs, two males and two females, were used in this experiment. The animals were randomly divided in two groups of six Iberian pigs, three males and three females per group. Each group was fed during 15 weeks with respective average daily intakes of 107 g (High feeding level) and 86 g (Low feeding level) of feed per kg of metabolic weight. RNA samples from subcutaneous fat and liver collected from carcasses were hybridized with Affymetrix porcine Genechip following MIAME recommendations. Expression data were normalized using GCRMA method and the expression differences were identified using a mixed model (GEAMM software) and a FDR<0.05. Gender and feeding level effects were analyzed in a joint liver and fat analysis and in two separate tissue analyses. 

Probe annotation was done using Affymetrix NetAffx tool. The biological interpretation of the data was carried out using the public DAVID database.
Validations of microarray results were carried out by real-time quantitative PCR (SYBR green) method, using GAPDH and BM2 as control genes. Two DE genes between tissues, three DE transcripts between genders and seven DE genes between feeding levels were selected to be tested by RT-qPCR. 
3 Results and Conclusions

Our results showed that tissue effect account for much more DE genes than gender or feeding restriction effects (Table 1). 

	Effects
	Tissue
	Gender 
	Feeding level 

	
	
	Joint
	Liver
	Fat
	Joint
	Liver
	Fat

	DE genes
	4,961
	19
	297
	14
	12
	85
	2

	Fold changes
	1.2-2,627
	1.2-226
	1.1-62
	1.1-62
	1.3-5
	1.1-2.2
	1.1-2.3


Table 1. Number of differentially expressed (DE) genes and fold changes identified for each effect: tissue, gender and feeding level.
Expression differences for all tested genes were successfully validated by RT-qPCR, except for feeding level effect in liver, where only the 50% of the tested genes were statistically confirmed.
Expression differences between tissues

The analysis of the expression differences between liver and fat reported a total of 4,961 differentially expressed (DE) genes. Liver plays key roles in several metabolic pathways; therefore a high number of upregulated genes in liver (2,123) would be expected. However, it has been also detected a high number of upregulated genes in adipose tissue (2,997). This result supports previous studies that show adipose tissue not only as a fat-storage depot [1]. Moreover our results show that relevant functions of adipose tissue are reflected at the transcription level, the DE genes identified in fat represent relevant overrepresented pathways, including carbohydrate and energy metabolisms and endocrine system. 

Liver and fat are the main sites for lipid metabolism in vertebrates but important functional differences of the liver and adipose tissues among species have been reported. In the present study, we have identified several key gene families and genes implicated in lipid metabolism differentially overrepresented in liver or fat (Fig.1). The most remarkable group of these DE genes is the one related to fatty acid synthesis in adipose tissue. Our result supports the studies showing than in pig, as in cattle or sheep, de novo fatty acid synthesis largely occurs in adipose tissue while in humans or rodents occurs in liver [4]. 
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Fig. 2. Main genes and gene families implicated in lipid metabolism differentially overrepresented in liver or adipose tissue.
Effect of gender on gene expression

The idea that sexual dimorphism of gene expression is concentrated on mammalian sexual chromosomes of sexual and reproductive tissues has been refused in recent studies [2, 5]. Our results confirm the enrichment of X and Y genes in somatic tissues such as liver and adipose tissue by identifying several DE sex-chromosomes genes in the joint and in the separate analyses (7, 17 and 5 genes, respectively).

 Apart from the genes identified as consistently differentially expressed between genders across tissues, our results show a tissue dependence of the gender effect on gene expression, as we found a much higher number of DE genes due to gender effect in hepatic tissue than adipose tissue, 297 genes in liver and only 14 in adipose tissue. This result does not agree with previous study in mice [5], which reported a higher number of DE genes in adipose tissue.

It is well known that body composition, fuel metabolism and metabolic disorders differ between genders in mammals. In the present study, most of the identified biological processes in liver are related to known gender differences, such as antioxidant capacity, regulation of growth or the response to toxics [6]. We report 18 upregulated genes in females, resulting in overrepresentation of oxidation reduction GO process, eight genes upregulated in males, resulting in overrepresentation of regulation of growth GO process and 18 genes upregulated in males, resulting in overrepresentation of response to chemical stimulus GO process. Therefore and although alterations in mRNA expression do not directly correspond to alterations in protein expression, we suggest that several relevant metabolic differences between genders occur at hepatic level but no at adipose level.

Effect of moderate feeding restriction on gene expression 

Dietary restriction has been shown to be associated with a delayed occurrence of age-associated pathophysiological changes and an increased life span [7]. Moreover, in livestock species the study of transcriptome in combination with dietary treatments is of great interest because the use of restricted feeding in the young individuals to induce compensatory growth in adults is a common strategy in the production system of some farm animals [8]. 

Effects of feeding level on the recorded phenotypic traits show significant differences in daily gain (101g/d), final body weight (9.5 kg) and backfat thickness (5 mm) between pigs fed with High and Low feeding level. However, no differences were observed in intramuscular fat percentages. Note that no significant differences were observed between genders for these phenotypic traits.

Tissue is very important for genes whose expression differs between feeding level, as for gender effects. We report a higher number of DE genes due to feeding restriction in hepatic tissue (85 genes) than adipose tissue (2 genes). However, these results must be interpreted with caution because our experimental design has a limited power to detect changes in gene expression due to moderated feeding restriction in liver or fat independently. Only three out of six selected genes have been validated as DE in liver conditional to the feeding level, according to the results obtained by RT-qPCR. We consider that the joint liver and fat analysis (12 DE genes) is more powerful to detect feeding restriction effects consistent across both tissues, supported by the successful validation by RT-qPCR of BAT1 gene in liver and fat.

It has been reported that enhancement of immune response and anticoagulation factors, and the balance between prosurvival and death-promoting factors, may underlie some antiaging mechanisms associated with feeding restriction [9,10,11]. Even more, Lkhagvadorj study [3] reported expression differences of several genes implicated in those pathways in response to caloric restriction. In our study, among the limited list of DE genes due to the effect of feeding restriction consistent in both hepatic and fat tissues, we could identify expression differences in genes related to immune system, as BAT1 upregulated by 1.8-fold in Low feeding level pigs; coagulation factors as F13A1, downregulated by 1.8-fold in Low feeding level pigs; and apoptosis as CASP7, downregulated by 1.4-fold in Low feeding level pigs.

The expression results related to feeding restriction obtained in our study contrast with the obtained in Lkhagvadorj study [3].  Lkhagvadorj et al. reported a large number of DE genes in adipose (6,144 transcripts) and hepatic (305 transcripts) tissues due to caloric restriction. Moreover, adipose tissue underwent major transcriptional changes in response to the caloric restriction than hepatic tissue. The discrepancies between both studies can be due to several explanations. The feeding restriction used in our study was a 20% reduction during 15 weeks while in Lkhagvadorj study the caloric restriction was 25% during eight days. Besides, in our study, the High feeding level pigs were also slightly restricted, although close to the voluntary feed intake, because young Iberian pigs cannot be fed ad libitum due to problems of leg weakness associated to extreme fattening. Therefore, the feeding restriction applied in our study could be not enough to generate large expression changes and/or the effects of feeding restriction on transcriptome could be reduced after 15 weeks. It can be even more important the effect of the pig breed used in the experiment.  It has been described that response to dietary intervention of genes related to lipogenesis is different in lean and obese individuals, being diluted the effects in obese subjects [12]. Iberian pigs have a low capacity for protein accretion, but a high capacity for fat accumulation and low basal metabolism [13]. However, in Lkhagvadorj study, the pig breed used, Yorkshire, is one cosmopolitan porcine lean breed. Moreover, we have tested by RT-qPCR one of the most relevant DE genes identified by Lkhagvadorj, FASN gene, and the expression differences between feeding levels were not significant. Therefore, we hypothesize that a moderate feeding restriction does not have large effects on liver or fat gene expression of obese pigs, however, we cannot discard that larger effects could be detected in other tissues. 
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