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LDL Low density lipoprotein 

ME Malic enzyme 

MODY Maturity-onset diabetes of the young 

NADH Nicotine amide adenine dinucleotide 

NADPH Nicotine amide adenine dinucleotide phosphate 

OCR Oxygen consumption rate 

PC Pyruvate carboxylase 

PDH Pyruvate dehydrogenase 

PLS Partial least squares 

qPCR Quantitative polymerase chain reaction (Real-time-PCR) 

RCR Respiratory control ratio 

RNA Ribonucleic acid 

SEM Standard error of the mean 

ROS Reactive oxygen species 

SNP Single nucleotide polymorphism 

SREBP1c  Sterol regulatory element-binding protein-1c 

T1D Type 1 Diabetes 

T2D Type 2 Diabetes 

TCA Tricarboxylic acid 

TSS Transcription start site 

UCP-2 Uncoupling protein 2 

WHO Word health organization 
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number is expected to increase world-wide to an estimated 552 million people, 
9.9% of individuals 20-79 years by 2030 (Fig. 1). Out of the total number of 
diabetes cases in 2010, 90% is accounted for by T2D ((IDF) 2011). This number is 
likely to increase even further to epidemic proportions due to an ageing 
population, changes in diet and physical inactivity.  

  

FIGURE 1: Map showing the estimated number of people with diabetes per country 
in 2011 and 2030, respectively.  
The estimated number of adults living with diabetes in 2011 is 366 million, representing 
8.3% of the global adult population. This number is projected to increase to 552 million 
people by 2030, or 9.9% of adults, which equates to approximately three more people with 
diabetes every 10 seconds. Map derived from IDF diabetes atlas, 5th edition 
(http://www.idf.org/diabetesaltlas.) 

2011

2030





































28 

methyltransferases (DNMTs) regulate this process. Different DNMTs are 
responsible for the maintenance of methylation during replication and de novo 
methylation. DNA methylation of gene promoters is generally associated with 
transcriptional repression, either by obstructing transcription factors to bind to the 
promoter or by attracting other transcriptional repressors such as HDACs (Jones 
2012). 

Histone modifications 

The total length of the DNA packaged into the nucleus of each eukaryotic cell is 
almost 2 meters long. This, along with the fact that the DNA is continuously 
transcribed and repaired poses no small demand on its structure and storage. This 
structure is obtained by the assembly of DNA into chromatin. Chromatin is built 
up by nucleosomes, which each contains ~147 bp of DNA wrapped around a 
protein octamer of histones. The histone octamer is composed of a central 
heterotetramer of histones H3 and H4, flanked by two heterodimers of histones 
H2A and H2B (Peterson and Laniel 2004; Ling and Groop 2009). Each histone 
also has an N-terminal segment that extends from the surface of the nucleosome, 
commonly referred to as a histone tail. These histone tails are sites of many post-
translational modifications. They do not change the structure of individual 
nucleosomes or their stability, but they play an essential role in regulating high-
order chromatin structures (Peterson and Laniel 2004). These post-translational 
modifications include acetylation and methylation of lysines (K) and arginines (R), 
phosphorylation of serines (S) and threonines (T), ubiquitylation and sumoylation 
of lysines, as well as ribosylation. 

Histone acetylation 
A key step towards understanding the role of histone modifications was the 
discovery of nuclear HAT (Brownell, Zhou et al. 1996) and its antagonist the 
HDAC (Taunton, Hassig et al. 1996). They were found to function as co-activators 
and co-repressors of transcription, respectively. They exert their function by 
adding (HAT) or removing (HDAC)  acetyl groups to lysine residues of histone 
H3 or H4 (Choi and Friso 2010) . Acetylation of histones is generally associated 
with activation of gene transcription (Fig. 7). A possible function in DNA repair 
has also been proposed for acetylation of certain lysines on histones H3 and H4 
(Peterson and Laniel 2004). HDAC inhibitors have been recognized as a novel 
cancer treatment since they induce cell cycle arrest and apoptosis (Song, Han et al. 
2011). 

There seems to be a relationship between histone hyperacetylation and gene 
expression under diabetic conditions since primary human endothelial cells 
exposed to hyperglycemic conditions display increased expression and enrichment 
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method. In study I and III, hypoxanthine phosphoribosyltransferase (hprt) was 
used as the housekeeping gene.  

Normfinder (Andersen, Jensen et al. 2004), an algorithm for identifying the 
optimal housekeeping gene, was used to test the stability of the selected 
housekeeping gene expression compared to that of the genes of interest as well as 
an additional housekeeping gene, cyclophilin A (Ppia). 

 

FIGURE 12: Comparison of Taqman and SYBR Green qPCR 
In the Taqman probe-based qPCR, the reporter (R) is bound to a gene-specific probe 
together with a quencher (Q). When the sequence corresponding to the probe is 
transcribed, the reporter is released and emits fluorescence in proportion to the amount of 
transcripts produced. In the SYBR Green dye based qPCR, the dye (R) emits fluorescence 
when bound to double-strand DNA (dsDNA) in proportion to dsDNA amounts.  Figure 
was modified from www.invitrogen.com 
The low density array (LDA) used in study I is an array with Taqman gene expression 
assays. It was designed to target 46 essential genes in glycolysis, the TCA cycle, and the 
respiratory chain. 
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