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Abstract 
The human fat mass and obesity-associated (FTO) gene has, as the name suggests, been 
associated with obesity. It has been reported that individuals homozygous for the FTO 
rs9939609 high-risk A allele weigh more on average than individuals homozygous for the 
FTO rs9939609 low-risk T allele. However, the exact mechanism of how it affects obesity, 
has not been established. The human enzyme stearoyl-CoA desaturase (SCD) is involved 
in fatty acid biosynthesis, as it plays an important role in the de novo lipogenic pathway, 
and thereby lipid storage. SCD activity has been positively correlated with obesity. The 
aim of this study was to investigate the association between plasma SCD activity indices 
and rs9939609 variant of the FTO gene before and after a high-carbohydrate meal. The 
subjects were 35 healthy human adults with the median age 26 (range 20-36) years. They 
were divided into two groups, one homozygous for the FTO rs9939609 high-risk allele 
(AA; 16 subjects) and the other homozygous for the FTO rs9939609 low-risk allele (TT; 
19 subjects). The study showed that the level of the product (i.e. fatty acid 16:1n-7) was 
significantly higher in the AA group than in the TT group, resulting in a significantly 
higher SCD-16 activity index (16:1n-7/16:0 ratio) in the AA group compared to the TT 
group. The results indicate that the SCD-16 activity index in subjects homozygous for the 
high-risk A allele is more affected than those homozygous for the low-risk T allele 
following a high-carbohydrate meal.  

Útdráttur 
Fitumassa- og offitutengda (FTO) genið í mönnum hefur, eins og nafnið gefur til kynna, 
verið tengt við offitu. Greint hefur verið frá því að einstaklingar arfhreinir um FTO 
rs9939609 áhættu genasamsætuna (AA) séu þyngri en þeir einstaklingar sem arfhreinir eru 
um áhættulausu genasamsætuna (TT). Hins vegar hefur ferli þessara tengsla ekki verið 
staðfest. Ensímið stearoyl-CoA desaturasi (SCD) tengist fitusýrumyndun, þar sem það 
spilar stórt hlutverk í de novo fitumyndunarferlinu og þar með myndun forðafitu. Jákvæð 
fylgni hefur fundist á milli virkni SCD og offitu. Markmið rannsóknarinnar var að skoða 
tengsl milli virknistuðla SCD í plasma og rs9939609 tilbrigði FTO gensins fyrir og eftir 
kolvetnaríka máltíð. Þátttakendur í rannsókninni voru 35 heilbrigðir einstaklingar á 
aldursbilinu 20-36 (miðgildisaldur 26) ára. Þeim var skipt í hópa eftir arfgerð FTO 
rs9939609. Einn hópurinn var arfhreinn um áhættu genasamsætuna (AA; n=16) en hinn 
arfhreinn um þá áhættulausu (TT; n=19). Hlutfall (%) myndefnisins, það er fitusýrunnar 
16:1n-7, var marktækt hærra í AA hópnum miðað við TT hópinn, sem leiddi til þess að 
SCD-16 virknistuðullinn (hlutfall 16:1n-7/16:0) var marktækt hærri í AA hópnum miðað 
við TT hópinn. Niðurstöðurnar gefa til kynna að eftir kolvetnaríka máltíð verður SCD-16 
virknistuðullinn fyrir meiri áhrifum í mönnum sem eru arfhreinir um áhættu 
genasamsætuna (AA), heldur en hjá þeim sem eru arfhreinir um áhættulausu 
genasamsætuna (TT).  



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

 
 
 
 
I hereby declare that this thesis is based on my own observations, is written by me and has 

neither in part nor as a whole been submitted for a higher degree. 
 

Hér með lýsi ég því yfir að ritgerð þessi er samin af mér og hún hefur hvorki að hluta til né 
í heild verið lögð fram áður til hærri prófgráðu. 

 
 

_____________________________________________ 
Harpa Óskarsdóttir  
Kennitala: 050292-3399 

 
 
 
 
 
 
 
 
 
 
 
 



 

 
 



ix 

Table of Contents 
List of Figures ...................................................................................................................... x 
List of Tables ....................................................................................................................... xi 
Acronyms ............................................................................................................................ xii 
Acknowledgements ............................................................................................................ xv 
1 Introduction ..................................................................................................................... 1 1.1 Obesity..................................................................................................................... 1 

1.2 The fat mass and obesity-associated gene ............................................................... 1 
1.3 Stearoyl-CoA desaturase ......................................................................................... 4 

1.3.1 Fatty acids in phospholipids........................................................................... 4 
1.3.2 SCD activity ................................................................................................... 7 

1.4 Epigenetics .............................................................................................................. 7 
1.4.1 The FTO protein ............................................................................................ 8 
1.4.2 The SCD protein ............................................................................................ 9 

1.5 Is there an association between the FTO gene and SCD activity? .......................... 9 
2 Materials and methods ................................................................................................. 11 2.1 Subjects ................................................................................................................. 11 

2.2 Preload breakfast and blood sampling................................................................... 11 
2.3 Materials ................................................................................................................ 12 
2.4 Lipid extraction and fatty acid analysis ................................................................. 12 

2.4.1 Lipid extraction ............................................................................................ 12 
2.4.2 Fatty acid analysis ........................................................................................ 13 

2.5 Statistical analysis ................................................................................................. 14 
3 Results ............................................................................................................................ 15 
4 Discussion ...................................................................................................................... 19 
5 Conclusion and future perspectives ............................................................................ 21 
References........................................................................................................................... 23 
Appendix A ......................................................................................................................... 31 Preload Breakfast FTO-study ......................................................................................... 31 
Appendix B ......................................................................................................................... 33 Table IB .......................................................................................................................... 33 
 



x 

List of Figures  
Figure 1.1 Schematic figure of chromosome 16. .................................................................. 2 
Figure 1.2 Schematic figure of two homologous chromosomes showing different 

alelle combinations. ............................................................................................ 3 
Figure 1.3 Drawings of: a) The saturated palmitic acid (16:0) and b) The 

monounsaturated palmitoleic acid (16:1n-7). ..................................................... 5 
Figure 1.4 Schematic figure of the fates of lipid and non-lipid dietary factors from 

the gut to other parts of the body ........................................................................ 6 
Figure 3.1 Boxplots of SCD-16 activity index values in plasma phospholipids................. 17 
Figure 3.2 Scatter plot of ∆SCD-16 activity index as a function of BMI. .......................... 18 
 
 



xi 

List of Tables  
Table 1.1  Sources of fatty acids in plasma phospholipids. ................................................... 6 
Table 2.1  Materials used in lipid extraction. ...................................................................... 12 
Table 3.1  Characteristics of study subjects homozygous for the high-risk A allele 

(AA) and subjects homozygous for the low-risk T allele (TT). ....................... 15 
Table 3.2  Fatty acids (% of total FA) of plasma phospholipids in the TT and  AA 

groups, before and after a high-carbohydrate meal .......................................... 16 
Table IB Comparison of fatty acids and SCD activity indices in plasma 

phospholipids between AA and TT subjects .................................................... 33 
 
 



xii 

Acronyms 
16:0           Palmitic acid 
16:1n-7          Palmitoleic acid 
18:0           Stearic acid 
18:1n-9          Oleic acid 
21:0           Heneicosanoic acid 
-KG  Alpha-ketoglutarate 
AA           Genotype of individuals homozygous for the high-risk rs9939609 A allele          
AlkB           Alpha-ketoglutarate-dependent dioxygenase 
BHT           Butylated hydroxytoluene 
BMI           Body mass index 
C/EBPs          CCAAT/enhancer binding proteins 
CE           Cholesterol esters 
CHCl3          Chloroform 
DNA           Deoxyribonucleic acid 
f6A           N6-formyladenosine 
FA           Fatty acids 
FAME          Fatty acid methyl esters  
Fe2+           Ferrous 
Ft           Fused toes 
FTO           Fat mass and obesity-associated 
GC           Gas chromatography 
GWAS          Genome-wide association studies 
HDL           High-density lipoproteins 



xiii 

 
 
 
 
hm6A           N6-hydroxymethyladenosine 
Kb           Kilobases 
LD           Linkage disequilibrium 
LDL           Low-density lipoproteins 
m6A           N6-methyl-adenosine 
Mb           Megabases 
mRNA          Messenger RNA 
MUFA          Monounsaturated fatty acids 
NaCl           Natrium chloride 
PCOS          Polycystic ovary syndrome 
PL           Phospholipids 
PUFA          Polyunsaturated fatty acids 
Pre-mRNA          Precursor mRNA 
RNA           Ribonucleic acid 
SCD           Stearoyl-CoA desaturase 
SD           Standard deviation 
SFA           Saturated fatty acids 
SNP           Single nucleotide polymorphism 
SREBP-1c          Sterol-regulatory element-binding protein-1c 
TAG           Triacylglycerides 
T2D           Type 2 diabetes 
TT           Genotype of individuals homozygous for the low-risk rs9939609 T allele 
VLDL          Very low-density lipoproteins 



xiv 



 

xv 

Acknowledgements 
The work presented in this thesis was performed at the Department of Physiology, 
University of Iceland.  
First of all, I would like to thank my advisor, Guðrún Valgerður Skúladóttir, PhD, for 
giving me the opportunity to work on this project, her wonderful guidance and advice.  
This work was supported by a grant from the Swedish Research Counsil. I want to thank 
Helgi B. Schiöth, Professor in Pharmacology and his team behind the FTO study: Anna 
Larsen, MSc, Emil Nilsson, PhD and Lyle Wiemerslage, PhD, at the Department of 
Neuroscience, Uppsala University, Sweden. Their work is gratefully appreciated. 
I would like to give special thanks to members at the Department of Physiology, 
University of Iceland, and Lilja Guðrún Steinsdóttir in particular for her technical 
assistance. I would also like to thank Lára Björgvinsdóttir, MSc, and her staff at Lýsi hf. I 
also want to thank Kamma Thordarson, MA, for grammatical advice. 
Finally, I would like to thank my family for their patience and ongoing support throughout 
this project.  





 

1 

1 Introduction 
1.1 Obesity 
Scientists all over the world have been studying obesity and obesity-related disorders such 
as diabetes, cardiovascular diseases and cancer, trying to find possible causes and 
treatments for the development of obesity. It is clear that there is no simple answer, since 
obesity results from complex interplay between genetics, food intake, exercise, hormones 
and enzymes. Understanding their interconnections can therefore be a challenging task.  
The prevalence of obesity has more than doubled in the last 35 years (World Health 
Organization, 2015) and the advantages of understanding its causes are widespread. Today, 
the economic impact of obesity amounts to 2 trillion American dollars and about 30% of 
the global population are overweight or obese. That number is estimated to reach almost 
50% by 2030 (Dobbs et al., 2014). 

1.2 The fat mass and obesity-associated gene  
A mutation in mice called Fused toes (Ft) was created by insertional mutagenesis. It 
resulted in the deletion of six genes within 1.6 megabases (Mb) on chromosome 8, 
including the Fatso (Fto) gene (Peters et al., 2002). Ironically, the gene was named Fatso 
only because of its large size of at least 250 kilobases (Kb), since biological function was 
unknown at the time (Peters et al., 1999). Mice that were homozygous for the deletion died 
at midgestation and showed malformations of the head and central nervous system, growth 
retardation and random left-right asymmetry. Mice that were heterozygous for the deletion 
had fused toes and an enlarged thymus, but no change in body mass was reported. Since 
the Fto gene was one of six deleted genes it was not known which phenotypic traits were 
due to the Fto gene deficiency (Peters et al., 2002).  
A similar phenotype as seen in the Ft mouse, along with obesity, has been described in a 
human patient with a partial chromosomal duplication on the long arm (q) of chromosome 
16 on the region where the fat mass and obesity-associated (FTO) gene is located in 
humans, 16q12.2 (Figure 1.1) (Stratakis et al., 2000). 
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Figure 1.1 
Schematic figure of chromosome 16. The FTO gene is located at 16q22.2, which is 
highlighted. Figure adapted from “Human Chromosome 16” (Wellness Advocate, n.d).  
The human FTO gene is located at the long arm of chromosome 16 (Figure 1.1). It has 
been associated with body mass index (BMI), obesity and metabolic disorders in genome-
wide association studies (GWAS) (Church et al., 2010). These studies have shown that 
there are numerous obesity-associated single nucleotide polymorphisms (SNPs; genetic 
variations in a single nucleotide), within intron one of the FTO gene. These SNPs might 
contribute to the regulation of the FTO gene and even nearby genes. Variants around the 
lead SNP, rs9939609, have been the focus of attention (Almén et al., 2013).  
SNPs that have been associated with BMI lie within a 47 kb linkage disequilibrium (LD) 
block, consisting of the first two introns and exon number two of the FTO gene. LD is the 
nonrandom association of alleles at different loci (Figure 1.2), and varies among different 
ancestry, and is for example usually weaker in populations of African descent. It is 
therefore not necessarily the same SNPs that are involved with obesity or obesity-related 
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disorders depending on ancestry. The association could either be due to control elements of 
other genes or correlations between FTO SNPs (Fawcett and Barroso, 2010). 
 

 
Figure 1.2 
Schematic figure of two homologous chromosomes with three different alleles each, 
showing that a genotype can be either homozygous (same allele on both chromosomes) or 
heterozygous (different allele on each chromosome) for an allele. Figure adapted from 
“Chapter 9, Patterns of Inheritance” (Zalisko, 2015). 
It has been reported that individuals homozygous for the high-risk rs9939609 A allele 
weigh more on average than individuals homozygous for the low-risk rs9939609 T allele 
(Church et al., 2010). It is estimated that 16% of the European population is homozygous 
for the rs9939609 A allele. 
It is not yet understood how the FTO gene contributes to higher likelihood of obesity. 
Some studies have suggested that it affects food intake and dietary preference (Church et 
al., 2010). However, another study has shown that fasting mice for 18 hours did not alter 
levels of FTO protein or mRNA in the brain, suggesting that it is highly unlikely that 
hunger and increased food intake post-fasting can be caused by alterations in FTO 
expression (McTaggart et al., 2011). It has been reported that Fto knockout mice had lower 
body fat mass compared to wild type mice despite eating relatively more (Fischer, J. et al., 
2009), and that mice had higher body weight when the Fto gene was overexpressed 
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(Church et al., 2010). The data, along with a recent study on humans (Claussnitzer et al., 
2015), suggest that the FTO gene plays a role in metabolism, adipogenesis and energy 
homeostasis but does not stimulate increased or decreased food intake (Almén et al., 2013).  
An animal study has shown that fasting leads to downregulation of the Fto gene and that 
feeding may lead to upregulation (Stratigopoulos et al., 2008). Furthermore, the expression 
of the Fto gene in mouse models of obesity has been shown to differ from fasted and sated 
states (Fawcett and Barroso, 2010). In addition, in humans, the expression of lipid-storage 
markers along with mitochondrial, browning and respiration genes has been reported to be 
different depending on FTO genotypes (Claussnitzer et al., 2015).  

1.3 Stearoyl-CoA desaturase 
Stearoyl-CoA desaturase (SCD) plays an important role in the de novo lipogenic pathway 
by catalyzing fats into products that are incorporated into storage lipids. 
SCD has been associated with the onset of obesity and obesity-related diseases (Almén et 
al., 2013; Church et al., 2010; Fischer et al., 2009; McTaggart et al., 2011). It is the rate 
limiting enzyme that catalyzes the biosynthesis of monounsaturated fatty acids (MUFA) in 
mammalian cells and tissues by introducing a double-bond on the carbon at the 9 position 
of the growing fatty acid chain (Ntambi and Miyzaki, 2004; Figure 1.3b).  
1.3.1 Fatty acids in phospholipids 
SCD facilitates the production of two of the most common MUFA of animal tissues; 
palmitoleic acid (16:1n-7; Figure 1.3b) and oleic acid (18:1n-9), from their saturated fatty 
acid (SFA) precursors; palmitic acid (16:0; Figure 1.3a) and stearic acid (18:0) (Ntambi 
and Miyzaki, 2004). 
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Figure 1.3 
a) The saturated palmitic acid (16:0) has 16 carbon atoms. It is saturated, which means 
that it only has single bonds between the individual carbon atoms, represented in each 
“corner” on the zigzag line, in the fatty acid chain. Each carbon has two attached 
hydrogen atoms (not shown) and is therefore carrying the maximum possible number of 
hydrogen atoms. Three carbons are numbered on the figure, i.e. carbons 9, 10 and 16. 
b) The monounsaturated palmitoleic acid (16:1n-7) has 16 carbon atoms with one double 
bond between carbon atoms 9 and 10 (the 9 position). Carbon atoms 9 and 10 now have 
a single hydrogen attached, i.e. the fatty acid chain is unsaturated. 
One of the most abundant SFA in western diets is stearic acid (18:0), which can also be 
synthesized by elongation of palmitic acid (16:0). Stearic acid is the major substrate for the 
SCD enzyme (Figure 1.4) and its content in adipose tissue has been shown to be inversely 
correlated with BMI (Caron-Jobin et al., 2012).  
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Figure 1.4 
In a normal dietary state, fatty acid (FA) composition in plasma phospholipids (PL) 
reflects that of dietary fat (Saadatian-Elahi et al., 2009). On the other hand, when excess 
dietary intake of carbohydrates, proteins or alcohol is consumed, liver de novo saturated 
fatty acid (SFA) synthesis is stimulated (Vinknes et al., 2013b). The SFA 16:0 undergoes 
chain elongation (enzyme catalyzing elongation: elongase) to 18:0 and/or desaturation 
(enzyme catalyzing desaturation: Steroyl CoA desaturase, SCD) to the monounsaturated 
FA (MUFA) 16:1n-7 and 18:1n-9. In the liver, the SFA and MUFA become components of 
PL, triacylglycerides (TAG) and cholesterol esters (CE). The very low-density lipoproteins 
(VLDL) transport de novo synthesized lipids (PL, TAG, CE) from the liver to other parts of 
the body through the bloodstream where VLDL becomes low-density lipoprotein (LDL). 
Table 1.1 

Sated Chylomicrons VLDL LDL HDL
Fasted  - VLDL LDL HDL

Sources of fatty acids in plasma phospholipids 

 
VLDL, very low-density lipoproteins; LDL, low-density lipoproteins; HDL, high-density lipoproteins. 
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Sources of FA in the sated state are phospholipids (PL), triacylglycerides (TAG) and 
cholesterol esters (CE) in chylomicrons, very low-density lipoproteins (VLDL), low-
density lipoproteins (LDL) and high-density lipoproteins (HDL), and in fasted state the 
sources of FA are VLDL, LDL and HDL. Chylomicrons transport diet-derived lipids from 
the gut to the rest of the body while VLDL, produced in the liver, become LDL in the 
blood stream. HDL recycle PL and cholesterol from other cells to the liver (Table 1.1). 
The composition of FA in plasma lipids is the result of dietary intake and metabolism 
(Saadatian-Elahi et al., 2009). The chylomicron levels in blood plasma peak at 1-5 hours 
after a meal and are absent after a 12 hour fast (Cox and García-Palmeri, 1990). 
1.3.2 SCD activity 
SCD activity indices in plasma phospholipids can be estimated by using the fatty acid ratio 
of product to precursor, i.e. palmitoleic acid to palmitic acid (16:1n-7/16:0) or oleic acid to 
stearic acid (18:1n-9/18:0). The 16:1n-7/16:0 ratio is less susceptible to dietary influence 
and has been the preferred marker of SCD activity index (Warensjö et al., 2008; Vinknes et 
al., 2013a). 
A study on mice that were deficient in the SCD gene showed that this made them resistant 
to high-carbohydrate diet-induced obesity and fatty liver (Sampath et al., 2011), and 
obesity-prone rats fed with a high-fat diet had increased SCD activity index in their 
adipose tissue (Cedernaes et al., 2013). SCD is regulated by many factors, including both 
hormonal and dietary factors. Insulin and a high-carbohydrate diet have been identified as 
positive effectors of SCD transcription and many transcription factors linked to the SCD 
promoter, including sterol-regulatory element-binding protein-1c (SREBP-1c) (Mauvoisin 
and Mounier, 2011). 

1.4 Epigenetics 
Epigenetics involves genetic control by external or environmental factors other than the 
individual’s DNA sequence. These factors can “switch genes on or off”, changing how 
cells read them, in other words, these factors control gene expression levels.  
A study showed that individuals heterozygous of the rs9939609 A allele expressed more of 
the high-risk A allele than the low-risk T allele, suggesting that variations in the FTO gene 
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expression is due to cis-regulatory site(s) within intron 1 of the FTO gene (Berulava et al., 
2010). 
1.4.1 The FTO protein  
Studies using bioinformatics have shown that FTO, which is a nuclear protein, has a high 
sequence similarity to the DNA repair protein, AlkB, found in E.coli and mammalian 
homologues of AlkB. These proteins all belong to the family of Fe2+ and -ketoglutarate 
(-KG) dependent dioxygenases (Gerken et al., 2007; Sanchez-Pulido and Andrade-
Navarro, 2007), which are known to be involved in DNA repair, posttranslational 
modifications and fatty acid metabolism (Ozer and Bruick, 2007). In the presence of Fe2+ 
and -KG, FTO can catalyze the demethylation of 3-methyl Thymidine and 3-methyl 
Uridine in single-stranded DNA and RNA (Yeo and O’Rahilly, 2012) and it has been 
reported that N6-methyl-adenosine (m6A) in DNA and RNA is another substrate for FTO 
as it catalyzes the m6A demethylation, requiring -KG and Fe2+ for its activity (Jia et al., 
2011).  
m6A is a methylated base in mRNA at the frequency of 3-5 per mRNA molecule, making it 
the dominating methylated base in mRNA in mammalian cells (Harper et al., 1990). The 
function of m6A is largely unknown but it has been suggested that it affects pre-mRNA 
processing and/or other nuclear RNAs (Jia et al., 2011). FTO oxidatively reverses the 
methylation of m6A, showing that RNA modification is reversible (Zheng et al., 2013). 
The reaction products of FTO, N6-hydroxymethyladenosine (hm6A) and N6-
formyladenosine (f6A), have half-lives of about 3 hours under physiological conditions 
before they are converted to unmodified adenosine, and are likely to have specific binding 
proteins but their function remains unexplored (Zheng et al., 2013). This strongly suggests 
the function of FTO in epigenetic regulation as it controls the m6A modification in nuclear 
RNAs as an RNA demethylase.  
Based on m6A localization, FTO could be associated in multiple steps of RNA metabolism 
(Xu et al., 2014). One study concluded that FTO acts as a transcriptional coactivator that 
enhances the transactivation capability of the CCAAT/enhancer binding proteins (C/EBPs) 
from unmethylated and methylation-inhibited gene promoters (Wu et al., 2010). It is 
possible that the nucleic acid demethylation activity of FTO could provide a mechanism 
through which it affects expression of other genes, such as genes that are involved in 
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carbohydrate metabolism and genes involved in fatty acid synthesis (Fawcett and Barroso, 
2010).  
1.4.2 The SCD protein  
The human SCD gene encodes an enzyme, stearoyl-CoA desaturase (SCD), involved in 
fatty acid biosynthesis (UniProt, 2015). SCD activity is upregulated by prolipogenic 
hormones such as insulin and nutrients such as glucose, on the transcriptional level (Peter 
et al., 2009). It has been shown that SREBP-1c, a transcription factor that is particularly 
abundant in the liver and adipose tissue, can activate the SCD promoter and is suggested to 
play a role in the regulation of the SCD gene expression (Bené et al., 2001). This is 
interesting because it has been documented that SREBP-1c directly controls the C/EBP 
promoter, since it activates the transcription from the C/EBP promoter through SREBP 
binding sites (Le Lay et al., 2002). 
Saturated fats, high-carbohydrate diet and insulin have been identified as positive effectors 
of SCD transcription while polyunsaturated fatty acids (PUFA) have been found to be 
powerful inhibitors of SCD gene expression (Ntambi, 1999). Studies have shown that 
carbohydrates are involved in the activation of SCD gene expression, for example a study 
involving mice that were given a high sucrose diet for 2 days had increased SCD and 
SREBP-1 mRNA expression (Miyzaki et al., 2001). No carbohydrate response element has 
been found on the SCD promoter, so the exact mechanism of carbohydrates effect on SCD 
gene expression is unknown (Mauvoisin and Mounier, 2011). However, a high-
carbohydrate diet substantially increases insulin levels and therefore the effect of 
carbohydrates could be caused by the effect of insulin on the SCD gene transcription 
(Mauvoisin et al., 2007). Indeed, it has been reported that SREBP-1c insulin activation of 
SREBP-1c triggers a transcriptional cascade in adipocytes, involving C/EBP (Le Lay et al., 
2002). 

1.5 Is there an association between the FTO gene and SCD activity? 
It is evident that both SCD activity and the FTO gene link to obesity. Both factors have 
separately been extensively studied in relation to obesity, but studies on the FTO gene have 
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given various suggestions on how it affects human adiposity (Fischer J. et al., 2009; 
Church et al., 2010; McTaggart et al., 2011; Almén et al., 2013; Claussnitzer et al., 2015). 
The aim of this project was to investigate the potential association of a high-carbohydrate 
meal with SCD activity in two groups of human subjects, one homozygous for the high-
risk A allele, the other homozygous for the low-risk T allele. 
The fatty acids were analyzed in plasma phospholipid samples of 16 subjects homozygous 
for the rs9939609 A allele and 19 subjects homozygous for the rs9939609 T allele for 
comparison. Blood was collected both before (t=0 h; fasted) and after (t=2 h; sated) a high-
carbohydrate meal. SCD-16 and SCD-18 activity indices were estimated as the ratio of 
palmitoleic acid to palmitic acid (16:1n-7/16:0) and oleic acid to stearic acid (18:1n-
9/18:0), respectively, in fasted and sated states. 
 
 
 
 
 
 
 
 
 



 

11 

2 Materials and methods 
The analysis of fatty acids in plasma phospholipids and estimation of enzyme activity 
related to lipid metabolism is part of a larger study of the FTO gene. The FTO gene was 
studied extensively at the University of Uppsala, Sweden, where Helgi B. Schiöth, 
professor at the Department of Neuroscience, Functional Pharmacology, was the project 
manager.  
The collection of plasma samples from the subjects before and after a high-carbohydrate 
meal was conducted in Uppsala. Plasma samples were shipped to Iceland in June 2014, 
where lipid extraction and fatty acid analysis in plasma phospholipids were completed. 
Lipid extraction and fatty acid analysis were performed at the Department of Physiology, 
University of Iceland. 

2.1 Subjects 
The subjects were 35 healthy human adults with the median age 26 (range 20-36) years. 
They were divided into two groups, one homozygous for the high-risk allele (AA; 16 
subjects) and the other homozygous for the low-risk allele (TT; 19 subjects).  

2.2 Preload breakfast and blood sampling 
The subjects were fasting when the first blood samples were obtained (t=0 h; fasted). After 
the first blood sampling the subjects were given a preload breakfast (Appendix A). When 
2 hours had passed since the preload breakfast was consumed, new blood samples (t=2 h; 
sated) were collected.  
Plasma was separated from whole blood by centrifugation at 4000 rounds per minute (rpm) 
for 10 minutes at 4°C, and the 0.5 mL plasma samples were frozen at minus 80°C until 
shipment to Iceland. During the transport the samples were on dry ice, and then stored at 
approximately minus 76°C at arrival in the Department of Physiology, University of 
Iceland, until the analyses were performed.  
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2.3 Materials 
Chemicals and other materials that were used in lipid extraction are shown in Table 2.1. 
Manufacturer and chemical formulas are shown when applicable. 
Table 2.1 
Materials used in lipid extraction. 
Material Chemical Formula Manufacturer

Acetic acid CH3COOH Merck KGaA, Darmstadt, Germany
Boron trifluoride (14% in methanol) BF3●CH3OH Sigma Chemical Co., St. Louis, MO, USA
Butylated hydroxytoluene [(CH3)3C]2C6H2(CH3)OH Sigma Chemical Co., St. Louis, MO, USA
Chloroform CHCl3 Merck KGaA, Darmstadt, Germany
Diethyl ether (C2H5)2O Merck KGaA, Darmstadt, Germany
Heneicosanoic acid methyl ester (C21:0) CH3(CH2)19COOCH3 Nu-Check-Prep, Elysian, MN, USA
Hexane C6H14 Merck KGaA, Darmstadt, Germany
Isooctane CH₃C(CH₃)₂CH₂CH(CH₃)CH₃ Merck KGaA, Darmstadt, Germany
Natrium chloride NaCl Merck KGaA, Darmstadt, Germany
Nitrogen N2 ÍSAGA, Reykjavík, Iceland
Petroleum ether Not applicable Merck KGaA, Darmstadt, Germany
Thin-Layer chromatography plates Not applicable Adsorbosil H, Alltech, Deerfield, IL, USA  

2.4 Lipid extraction and fatty acid analysis 
2.4.1 Lipid extraction 
Plasma lipids were extracted by the method of Folch et al. (1957). Plasma samples with the 
volume of 0.5 mL were mixed with 1.25 mL methanol containing butylated 
hydroxytoluene (BHT, 5 mg/100 mL) as antioxidant, in a 8 mL pyrex glass tube and 
vortexed briefly. Natrium chloride solution (NaCl, 0.9%) of 0.5 mL was added to the mix 
and the mixture vortexed again. Finally, chloroform (CHCl3) with BHT (5 mg/100 mL) 
was added and the mixture vortexed before it was agitated for 30 minutes. After agitation, 
the mixture was centrifuged at 3000 rpm for 15 minutes. The monophasic supernatant 
containing lipids and solvents was separated from the protein layer with a pasteur pipette to 
a new pyrex glass tube and the protein layer discarded. A solution of 1.25 mL methanol 
with BHT (5 mg/100 mL) and 1 mL 0.9% NaCl was added into a new pyrex tube, vortexed 
and centrifuged at 1700 rpm for 15 minutes to get a biphasic solution. The upper layer, 
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containing the NaCl solution and methanol, was discarded and the lower layer, CHCl3 and 
the lipids (TAG, PL, cholesterol, CE and free fatty acids), was transferred to a new pyrex 
glass tube. The pyrex tube was put under a stream of nitrogen to eliminate oxygen from the 
extraction medium. Lipids were dissolved in chloroform and stored at minus 30°C until the 
PL were separated from the other lipids. 
The PL were separated on thin-layer chromatography plates in a mobile phase of 
petroleum ether, diethyl ether and acetic acid (volume 80:20:1) for 45 minutes. Before 
methylation of PL fatty acids, 2 mL boron trifluoride–methanol solution and an external 
standard, heneicosanoic acid (C 21:0), were added to each sample and oxygen eliminated 
by nitrogen stream. The fatty acids were methylated in a preheated 100°C oven for 45 
minutes. Distilled water (1.5 mL) and hexane (1.5 mL) with BHT (5 mg/100 mL) were 
added to the samples, vortexed and centrifuged at 1700 rpm for 10 minutes. The upper 
phase, containing fatty acid methyl esters (FAME), was transferred to a new pyrex glass 
tube. Another 2 mL of hexane was put in the old pyrex tube, vortexed and centrifuged at 
1700 rpm for 10 minutes. Upper phase was put in the same pyrex tube as the water/hexane 
extraction. The extraction samples were dried by nitrogen blow. The FAME were 
dissolved in 100 µL isooctane, transferred into gas chromatography (GC) vials and stored 
at minus 30°C until FAME analysis was performed. 
2.4.2 Fatty acid analysis 
The FAME analysis was done by a HP Series II 5890A gas chromatograph equipped with 
a flame ionization detector and a Chrompack CP-WAX 52CB capillary column (25 m x 
0.32 mm i.d. x 0.2 µm film thickness) CP 7743. Temperatures of the injector and detector 
were maintained at 235°C and 250°C. The initial temperature of the oven was 90°C and 
after 2 minutes it was increased to 165°C at the rate of 30°C/min and then to 225°C at the 
rate of 3°C/min, where it remained constant for 6 minutes. Hydrogen was used as the 
carrier gas at 40 kPa (kilopascals). 
Instrumental control and data handling was done by the software HP 3365 Chemstation, 
version A.02.12 (Hewlett Packard Co., Palo Alto, CA, USA). The FAME peaks were 
calibrated against commercial standards (Sigma Chemical Co., St. Louis, MO, USA; Nu-
Check-Prep, Elysian, MN, USA). 
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2.5 Statistical analysis 
Data are presented as median (range), mean ± standard deviation (SD) or percentages. FA 
values are presented as percentages of total FA.  
When comparing the two independent groups (TT and AA), the Welch’s two sample t-test 
was used. When comparing the two dependent states (fasted and sated), in each group, a 
paired t-test was used. Values were considered significant at the p < 0.05 level. 
Statistical analysis was carried out using the open source R statistical software (see 
http://www.R-project.org/). 
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3 Results 
Subjects in the FTO study were 35 healthy adults with the median age 26 (range 20-36) 
years, 83% of them were male.  
None of the study subjects had a body mass index (BMI) under 20 kg/m2 but 34.3% of the 
study subjects had a BMI of 25 kg/m2 or more (26.3% in the TT group and 43.6% in the 
AA group), where all of them were male. None of the low-risk TT subjects had a BMI of 
30 kg/m2 or more, but 18.6% of the high-risk AA group did (Table 3.1). 
Table 3.1 
Characteristics of study subjects homozygous for the high-risk A allele (AA) and subjects 
homozygous for the low-risk T allele (TT). 
Genotype TT AA 

(n=19) (n=16)
Age (years) 25 (22-36) 26 (20-33)
Gender (% male) 89.5 75.0
Weight (kg) 80.1 (65.7-92.8) 78.8 (53.5-124.8)
Height (m) 1.84 (1.60-1.98) 1.80 (1.63-1.94)
BMIa (kg/m2) 23.75 (20.41-28.47) 24.65 (20.14-35.69)
   BMI between 25 and 30 (%) 26.3 25.0
   BMI greater than 30  (%) 0.0 18.6
Glucoseb (mmol/L) 5.0 (4.4-5.9) 5.0 (4.2-5.9)
Waist circumference (cm) 82 (75-94.0) 84 (65-120)  
Data are presented as median (range).a BMI, body mass index.b Fasted state capillary plasma glucose. 
In fasted state there was no significant difference observed in the levels of fatty acids of 
interest, i.e. 16:0 and 18:0, and their products, 16:1n-7 and 18:1n-9 between the two groups 
(Table 3.2; Appendix B, Table IB). However, in sated state the level of 16:1n-7 was 
significantly higher (p = 0.037) in the AA group than in the TT group, resulting in a 
significantly higher (p = 0.035) SCD-16 activity index in the AA group compared to the 
TT group (Figure 3.1; Appendix B, Table IB). In the sated state the level of 18:1n-9 in 
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plasma PL was significantly lower compared to fasted state in both TT and AA groups (p = 
0.0002 and p = 0.0240, respectively; Table 3.2). 
Table 3.2 
Fatty acids (% of total FA) of plasma phospholipids in the TT and  AA groups, before and 
after a high-carbohydrate meal.  

Fasted Sated Fasted Sated

16:0 25.80 ± 4.12 24.83 ± 3.09 25.73 ± 3.79 26.11 ± 3.04 
16:1n-7 0.404 ± 0.195 0.356 ± 0.198 0.472 ± 0.207 0.540 ± 0.280 *
18:0 14.41 ± 1.93 14.16 ± 2.04 14.14 ± 1.39 14.36 ± 1.65 
18:1n-9 11.33 ± 1.23 11.08 ± 1.26  ## 10.86 ± 1.02 10.61 ± 1.06  #

Fatty acids

TT  AA
(n=19) (n=16)

 
Data are presented as mean ± standard deviation (SD). 
*p < 0.05 compared to TT group. Welch‘s two sample t-test. 
# p < 0.05 compared to fasted state. Paired t-test. 
## p < 0.01 compared to fasted state. Paired t-test. 
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Figure 3.1 
Boxplots of SCD-16 activity index values in plasma phospholipids of the two groups, AA 
and TT, before (left; fasted) and after (right; sated) a high-carbohydrate meal. Lower 
“hinges” correspond to the first quartiles (25th percentile), upper hinges correspond to the 
third quartiles (75th percentiles) and middle line of boxes corresponds to median values. 
“Notches” show 95% confidence intervals of median values. White points show mean 
values.  
The association between the ∆SCD-16 activity index and BMI behaved differently 
depending on genotype, being positive in the high-risk group (AA), but negative in the 
low-risk group (TT).  However, in both cases the coefficient of determination (R2) was 
very low, or 1.4% for AA and 3.8% for TT (Figure 3.2).  
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Figure 3.2 Scatter plot of ∆SCD-16 activity index (fasted versus sated) as a function of BMI (kg/m2). 
Red points show values of high-risk subjects with the AA genotype and green triangles 
show values of low-risk subjects with the TT genotype. The red regression line with R2 = 
0.014 corresponds to the AA group and the green regression line with R2 = 0.038 
corresponds to the TT group.  
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4 Discussion  
This is the first study to investigate the effects of a high-carbohydrate meal on SCD 
activity in plasma phospholipids of subjects homozygous for the rs9939609 A allele and 
homozygous for the rs9939609 T allele of the FTO gene. The results indicate that the 
SCD-16 activity index in subjects homozygous for the high-risk A allele is more affected 
than those homozygous for the low-risk T allele, only two hours following a high-
carbohydrate meal.  
It is possible that carbohydrates upregulate the FTO gene expression, similar to the SCD 
gene expression mechanisms (Miyzaki et al., 2001, Mauvoisin and Mounier, 2011). In this 
short period of two hours after a meal, it was evident that the FTO rs9939609 AA genotype 
showed an increase in the SCD-16 activity index while the FTO rs9939609 TT genotype 
did not. This indicates that, depending on nutritional status, the FTO rs9939609 high-risk 
AA genotype could provide a mechanism through which it affects expression of the SCD 
gene, involved in fatty acid and carbohydrate metabolism (Fawcett and Barroso, 2010).  
Studies have shown that BMI is positively correlated with SCD-16 activity index 
(Warensjö et al., 2009). However, no such correlation was observed in the present study. 
The coefficient of determination (R2) was very low in both groups, giving strong evidence 
that there is no significant association between BMI and ∆SCD-16 activity index. The 
small sample size of over-weight adults may preclude enough power to assess the 
relationship between ∆SCD-16 acitvity index and BMI, since no relationship was found 
between BMI and ∆SCD-16 activity index. 
SCD-16 activity index has been shown to reflect SCD activity and is the preferred marker 
of de novo synthesis of MUFA, since SCD-18 activity is more susceptible to dietary 
influence (Warensjo et al., 2008; Vinknes et al., 2013a). Indeed, the levels of the product 
of SCD-18, 18:1n-9, was significantly lower, following the high-carbohydrate meal in both 
groups, confirming that the SCD-18 is more susceptible to diet.  
Lifestyle factors, such as dietary patterns and alcohol consumption, are expected to 
influence fatty acid composition in plasma phospholipids (Saadatian-Elahi, 2009). The data 
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in the present study indicate, that dietary habits and lifestyle is similar in both groups, due 
to similar fatty acid composition in fasted plasma phospholipids. 
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5 Conclusion and future perspectives 
The FTO rs9939609 A allele has been linked to various diseases, including endometrial 
cancer, type 2 diabetes (T2D) and polycystic ovary syndrome (PCOS) (Reviewed in Xu et 
al., 2014). 
High SCD activity in the liver gives rise to mechanisms such as reduced fatty acid 
oxidation, increased lipid synthesis, transport of VLDL TAG to tissues and storage of FA, 
leading to obesity (Poudyal and Brown, 2011). Thus, the advantages of understanding 
whether a certain group of people are predisposed to higher SCD activity or if certain 
dietary habits can adjust it, needs to be addressed in future studies. 
Fatty acid metabolism concerning the FTO gene is worth investigating further within larger 
groups and for longer periods of time. It would be tempting to study subjects that are older 
or have higher BMI, with the AA and TT genotypes, and the effects of both positive 
effectors on SCD expression, such as high-carbohydrate, and negative effectors on SCD 
expression, such as PUFA on fatty acid metabolism.  
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Appendix A 
Preload Breakfast FTO-study 
For the Offline session, the participants will be given a preload breakfast. The breakfast will contain the 
following: 
One jar of “Kvarg” Arla 1% fett (fat). 
One piece of bread “Fruktkusar” served with three slices (20 gram each) of cheese. The cheese should be of 
the brand “Lerdammer Original”.  
“Kvarg” Arla 1% fat, Nutrition per 100g: 
Energy    310 kJ/75 kcal 
Total fat     1g 

Saturated fat  0.7g 
Total carbohydrates   3.9g 

Sugars   3.9g 
Protein    12g 
Salt     0.1g 
 
Fruktkusar, Nutrition per 100g: 
Energy    1200 kJ/280 kcal 
Total fat    5.5g 

Saturated fat  1g 
Total carbohydrates   46g 

Dietary fiber  5.3g 
Sugars   4.5g 

Salt     2g 
Lerdammer Original, Nutrition per 100g: 
Energy    1460 kJ/352 kcal 
Total fat    27.5g 
 Saturated fat   18.5g 
Total Carbohydrates   <0.1g 
 Sugars    <0.1g 
Salt     1.5g 
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Appendix B 
Table IB  Comparison of fatty acids and SCD activity indices  
in plasma phospholipids between AA and TT subjects.  

 

P -value 95% CI

16:0 0.9622  -2.6594 - 2.7872
16:1n-7 0.3283  -0.2075 - 0.0716
18:0 0.6393  -0.8792 - 1.4114
18:1n-9 0.2253  -0.3038 - 1.2439
SCD-16 0.1973  -0.0074 - 0.0016
SCD-18 0.5831  -0.0576 - 0.1007

16:0 0.2250  -3.4046 - 0.8312
16:1n-7 0.0368  -0.3552 - 0.0122
18:0 0.7452  -1.4718 - 1.0635
18:1n-9 0.2396  -0.3280 - 1.2665
SCD-16 0.0346  -0.0123 - 0.0005
SCD-18 0.3183  -0.0468 - 0.1396

Fasted

Sated

  
CI, Confidence interval; SCD-16 = (16:1n-7/16:0);  
SCD-18 = (18:1n-9/18:0). Welch‘s two sample t-test. 
 


