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ABSTRACT 
Obesity and obesity-related metabolic diseases are associated with a low-grade 
inflammation, including slightly increased serum levels of the acute phase protein 
serum amyloid A (A-SAA). A-SAA is one amongst several adipose tissue (AT) 
produced proteins suggested to influence development of metabolic diseases. The A-
SAA protein may have pro-atherogenic functions, and release of A-SAA from the AT 
may contribute to the development of cardiovascular disease. Furthermore, A-SAA is 
functionally linked to insulin resistance via one of its receptors, selenoprotein S 
(SELS). The tenomodulin (TNMD) gene is expressed in adipose tissue, but its role in 
obesity is unclear. The overall aim of this thesis was to increase our understanding of 
how TNMD, A-SAA and SELS relate to obesity and obesity-associated metabolic 
diseases. An additional aim was to establish a mouse model mirroring the human 
A-SAA production in AT. 
 
To achieve these goals, we (1) investigated TNMD gene expression in human AT by 
DNA microarray and real-time PCR analysis; (2) analyzed serum levels of A-SAA in a 
cohort with a wide range in body mass index and metabolic parameters; (3) analyzed 
SELS gene expression and genotyped three SELS polymorphisms, previously 
associated with serum levels of inflammatory markers, in a case-control study of 
coronary heart disease and (4) generated a mouse model with transgenic over-
expression of the human SAA1 (hSAA) gene in AT.  
 
The TNMD gene was highly expressed in human AT, with a higher expression in 
obese compared to lean subjects. Furthermore, TNMD gene expression was down-
regulated during diet-induced weight loss. These data suggest that TNMD plays a role 
in the adipose tissue. 
Inflammatory markers and measures of glycemic control were strongly associated with 
serum levels of A-SAA. The strongest associations were found in women, and serum 
levels of A-SAA were associated with adipocyte size in women only. These data 
suggest that sex-specific factors have to be considered when analyzing serum levels of 
A-SAA in relation to metabolic disease. 
Gene expression of SELS in AT was associated with measures of obesity. Furthermore, 
genetic variants in the SELS gene were associated with serum levels of glucose, 
measures of insulin resistance and blood pressure. These findings suggest that SELS 
plays a role in the development of metabolic disease. 
In the hSAA mouse model, hSAA was specifically expressed in AT and plasma levels 
of hSAA were increased in obese mice. The hSAA protein was found to be 
co-localized to high-density lipoprotein containing fractions of plasma.  
 
In conclusion, the results of this thesis suggest that TNMD, A-SAA and SELS have 
metabolic effects that should be further explored. The established hSAA transgenic 
mouse model opens the possibility to further explore the effects of AT-derived A-SAA 
on cardiovascular disease. 
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1 INTRODUCTION 

1.1 Obesity 
Obesity is defined by excess accumulation of body fat and is associated with adverse 
health effects. Estimated normal percentages of body fat are within the ranges of 15 to 
20 percent in men and 25 to 30 percent in women 1. When energy intake exceeds the 
energy expenditure the surplus energy is stored as fat in the body. In obesity, total 
body fat may increase to 50 percent of the total bodyweight due to long periods of 
excess fat accumulation. A convenient measure of relative weight commonly used to 
estimate obesity is the body mass index (BMI), calculated as weight divided by 
squared height (unit kg/m2). According to the BMI classification from the World 
Health Organisation (WHO; Table 1) a BMI value of 30 kg/m2 defines the lower limit 
of obesity 2.  
 
Table 1. BMI ranges of weight classifications in adults 2. 

Classification BMI (kg/m2) 
Underweight < 18.5 

Normal weight 18.5 – 24.9 
Overweight 25 – 29.9 

Obesity class I 30 – 34.9 
Obesity class II 35 – 39.9 
Obesity class III ≥ 40 

 
During the past decades, the incidence of obesity has increased globally 2. According 
to the WHO estimate in 2005, there were approximately 400 million of obese adults 
(age 15+) and an additional 1.6 billion overweight adults, and the estimated number 
for 2015 is 700 million obese adults globally 3. In the Swedish population it was 
recently estimated that 12 percent of women and 13 percent of men are obese, and that 
27 percent of women and 41 percent of men are overweight 4. 
 
Obesity is associated with increased mortality, and comorbidities such as type 
2 diabetes mellitus (T2D), cardiovascular disease and some types of cancer 5, 6. It is 
also well accepted that obesity is associated with a low grade inflammation with 
elevated levels of inflammatory and acute phase markers in the circulation 7.  
 
A popular hypothesis of why humans are prone to obesity was published by Neel in 
the year of 1962. According to “the Thrifty Genotype Hypothesis” there has been an 
evolutionary positive selection of genetic variants that promote efficiency of energy 
intake and storage, due to a survival advantage during periods of famine when energy 
resources are sparse 8. Although appealing and well cited, this theory was recently 
criticized, and alternative hypotheses of “Drifty Genes” were proposed, suggesting that 
as obesity-related genetic variants never have been under evolutionary pressure, 
increased frequencies of mutations that are harmful in the obese state, are the result of 
random genetic drift 9. However, as evolutionary forces are slow in progress it is 
widely accepted that the increased obesity incidence during the last decades can not be 
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explained by genetics. Rather, the increase in obesity at a population level is more 
likely due to the increased welfare, which is associated with reduced physical activity 
in combination with altered eating behaviour and excess energy intake. 
 
Although obesity at a population level may not be explained by evolution, for an 
individual the genetic heritage influences susceptibility to develop obesity in response 
to an unhealthy environment. This is evident from the fact that genetic factors 
contribute to inter-individual variation in obesity susceptibility 10-12. Obesity is 
classified as a complex disease, influenced by several environmental and genetic 
factors. Accordingly, genes with common obesity risk variants, associated with modest 
increase in bodyweight, have been identified 11, 13, 14. However, there are also rare 
monogenetic variants of morbid obesity 11. Furthermore, large chromosomal deletions 
were recently shown to be associated with highly penetrant inheritable obesity 15, 16. 
 
Management of the obesity epidemic involves both prevention and treatment strategies 
and a multi-approached strategy is required to reintroduce physical activity in daily life 
in concert with healthy eating 2, 17. However, for treatment of severe obesity, lifestyle 
modifications have so far not been successful. Bariatric surgery is the only treatment 
that results in large long-term weight losses and reduced mortality and morbidity 18-20. 
As it is not an option to treat all obese subjects with bariatric surgery, there is a strong 
demand for novel treatment strategies to improve health and reduce mortality in obese 
patients. New drug targets and improved treatment strategies will hopefully arise from 
increased understanding of how obesity develops and how it influences the associated 
comorbidities. 

1.2 Insulin Resistance  
Obesity is associated with the development of insulin resistance 21. Insulin is a 
circulating anabolic hormone that is released from the pancreas in response to 
increased blood glucose levels. The primary target tissues of insulin are the liver, the 
adipose tissue and the muscle, and its main function is to promote glucose uptake. 
Insulin also promotes glycogen storage in the liver and in the muscles. In addition, it 
inhibits glucose production in the liver, and lipolysis (resulting in release of free fatty 
acids and glycerol) in the adipose tissue. 
 
In peripheral tissues, an inadequate response to normal amounts of insulin is termed 
insulin resistance. Insulin resistance is defined as the lowest quartile of insulin 
sensitivity or the highest quartile of insulin resistance or fasting insulin levels in a 
population 22. Environmental and genetic risk factors contribute to the development of 
insulin resistance. Furthermore, molecules released from the adipose tissue may 
influence disease progression. Although the pancreas may for some time be able to 
increase the insulin production to compensate for the insulin resistance, the β-cells 
may eventually become dysfunctional, and insulin resistance develops into T2D with 
hyperglycemia 23. 
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1.3 The Metabolic Syndrome 
Insulin resistance is often present in a cluster of metabolic disturbances, including T2D, 
obesity, hypertension and dyslipidemia. This cluster of phenotypes is referred to as the 
metabolic syndrome (MetS), although several other names and classifications have 
been suggested. The MetS is associated with increased risk of developing 
cardiovascular disease 24. However, the usefulness of establishing MetS diagnosis has 
recently been criticized, due to ambiguous criteria and varying thresholds 25. 

1.4 Atherosclerosis 
Atherosclerosis is the main cause of cardiovascular disease and is characterized by 
lipid accumulation in the vessel wall of the larger arteries. Atherosclerotic risk factors 
are included in the MetS and additional risk factors include age, smoking, sex and 
genetic susceptibility. Hyperlipidemia is included in the definition of the MetS and 
conventionally assessed from low-density lipoprotein (LDL; the “bad” cholesterol) 
and high-density lipoprotein (HDL; the “good” cholesterol) levels. The HDL has a 
central role in reverse cholesterol transport, in which cholesterol is transported from 
peripheral tissues to the liver. Recently, the ratio between serum levels of 
apolipoprotein ApoB, the primary LDL associated apolipoprotein, and ApoA-I, a HDL 
associated apolipoprotein, was reported as a stronger predictor of acute myocardial 
infarction than serum levels of cholesterol 26, 27.  
 
The atherosclerotic lesions develop over a long period of time and are influenced by 
both genetic and environmental factors. Atherosclerosis is regarded as an 
inflammatory disease 28, but the initial triggers are poorly understood. According to the 
“response to retention” hypothesis it is believed that LDL lipoproteins are retained 
behind the endothelial layer, through binding to proteoglycans 29, 30. Retained LDL 
particles are susceptible to oxidization, and once oxidized they may become 
proatherogenic, thereby contributing to production of adhesion molecules by 
endothelial cells and recruitment of inflammatory cells, primarily monocytes. Lipid 
accumulation in the vessel wall leads to formation of fatty streaks, that mainly consist 
of lipid-loaded macrophages. An advanced plaque contains a lipid core with 
cholesterol crystals and necrotic cells, and can be covered by a fibrous cap.  
 
Although some plaques never cause any complications, a plaque rupture can have 
severe consequences and may lead to occlusive thrombus formation. Interruption of 
blood flow in the coronary arteries can rapidly damage the heart muscle leading to 
myocardial infarction. Also, non-ruptured plaques can cause obstruction of blood flow 
in coronary arteries and this may result in angina pectoris characterized by chest pain 
due to insufficient supply of blood and oxygen to the heart muscle. 

1.5 Adipose Tissue 
Adipose tissue is predominantly composed of adipocytes, cells with the main function 
of storing and releasing energy. Mature adipocytes are characterized by a single lipid 
droplet, in which energy is stored mainly as triglycerides. The adipocytes are 
differentiated from preadipocytes within the adipose tissue and it is estimated that 
10 percent of the adipocytes are renewed yearly in adults independent of age and 
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obesity 31. Fully differentiated adipocytes can become hypertrophic (i.e. increased in 
size) and adipocyte diameter may increase 20-fold. Enlarged adipocytes are regarded 
as more metabolically unfavourable than smaller adipocytes 32. In addition to 
adipocytes, the adipose tissue contains endothelial cells, fibroblasts and interspersed 
immune cells including macrophages 33, 34 and T cells 35-37. 
 
Apart from energy storing/releasing functions, the subcutaneous adipose tissue that 
accounts for approximately 80 percent of total body fat, also serves as a thermal 
insulator. The regional distribution of body fat differs between men and women. In 
general, women store more fat in the subcutaneous depot, especially as lower body 
obesity (a gynoid distribution), whereas men tend to store more fat in the central or 
visceral region 38. The central, visceral obesity is strongly related to obesity associated 
comorbidities 39, 40. As the visceral adipose tissue is drained by the portal vein, visceral 
adipose tissue-derived free fatty acids and cytokines are delivered to the liver and may 
thereby contribute to impaired liver metabolism 41. In the WHO definition of MetS 22, 
central obesity is defined as a waist-to-hip ratio (WHR) over 0.90 in men and 0.85 in 
women. 
 
In adult obesity, the adipose tissue expands primarily through an increase in adipocyte 
size, rather than through an increased number of adipocytes 42. Recently, it was 
described that the total number of adipocytes may be determined at an early age 31, 
which could provide an explanation for limits in adipose tissue depot expansion 43. 
Inability to store surplus energy within the adipose tissue may cause ectopic fat 
accumulation in muscle and liver, thereby further promoting the development of 
insulin resistance 44, 45. Furthermore, impaired angiogenesis during adipose tissue 
expansion has been suggested to cause adipose tissue hypoxia, which may further 
promote inflammation and insulin resistance 46, 47. In addition, immune regulating 
functions of adipose tissue T-cells were recently found to be impaired by obesity 35-37. 
Adiposity is also known to correlate with the amount of adipose tissue macrophages 33, 

34, further contributing to both the local and systemic inflammation that is associated 
with obesity.  

1.5.1 Adipokines  
Although the adipose tissue was earlier regarded as a location for passive energy 
storage, it is today well recognized as being an active endocrine organ. The adipose 
tissue is known to release both cytokines and hormones, referred to as adipokines, 
thereby providing signals both within the adipose tissue and to other parts of the body. 
Initial discoveries of adipokines were made in mid 1990s, with the discovery that 
proinflammatory tumor necrosis factor-alpha (TNF-α) gene expression was high in 
adipose tissue from obese rodents and that the release of TNF-α was higher from 
adipose tissue explants from obese compared with lean mice 48. As neutralization of 
circulating TNF-α improved insulin sensitivity, the adipose tissue release of TNF-α 
was suggested to be a link between obesity and insulin resistance 48. Another early 
discovered adipokine was leptin. The leptin gene is mutated in the obese (ob/ob) 
mouse model, a mutation that arose spontaneously in the 1950s. The gene was cloned 
in 1994, and in contrast to wild type mice, the adipose tissue of the ob/ob mice were 
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shown to produce a non-functional leptin due to a premature stop codon in the ob-gene 
49. Later it was discovered that leptin regulates food intake in an endocrine manner by 
affecting appetite, explaining why absence of either leptin or the leptin receptor (db/db 
mice) is associated with obesity. 
 
Today, many adipokines have been described and they constitute signals from the 
adipose tissue to other tissues, in order to modulate several different processes. These 
include energy regulation, lipid metabolism, glucose homeostasis, angiogenesis and 
inflammation. Several adipokines are known to be dysregulated in obesity and obesity-
associated comorbidities. Although obesity results in increased synthesis of most 
adipokines, this is not true for adiponectin. Adiponectin is an anti-inflammatory 
adipokine and circulating adiponectin levels are negatively correlated with BMI 50. 
Furthermore, adipokine release from adipose tissue is known to be dependent on 
additional factors including sex, depot/adipose tissue location, adipocyte size and 
genetic variations. This can be exemplified by leptin which displays increased 
circulating levels in women and enhanced expression in enlarged adipocytes 51, 52. 
Most adipokines are produced by cells in the stromal vascular fraction (i.e. non 
adipocyte cells). For example, adipose tissue macrophages produce the majority of 
proinflammatory TNF-α, and a substantial proportion of interleukin (IL)-6 and IL-1 34. 
The TNF-α can locally stimulate preadipocytes to synthesize monocyte 
chemoattractant protein-1 (MCP-1), thereby possibly recruiting more macrophages 33. 
Within the adipose tissue, TNF-α and IL-1 can induce adipocyte production of serum 
amyloid A (SAA) 53, suggested as a proinflammatory adipokine 53, 54. Furthermore, 
when released into the circulation, TNF-α and IL-6 are able to induce hepatic and 
endothelial expression of acute-phase proteins, including C-reactive protein (CRP) and 
SAA 55, thereby further contributing to systemic obesity-associated low grade 
inflammation 56. 
 
The identification of novel adipokines may reveal new information regarding how the 
adipose tissue contributes to the development of obesity-related metabolic diseases. 
Previously, our group has combined gene expression profiles from multiple tissues and 
cell types to identify genes predominantly expressed in the adipocytes or in the 
adipose tissue. The rationale behind this is that genes specifically expressed in a 
certain cell type may be involved in yet unknown functions that are specific for the 
cell type of interest. When using this strategy, the SAA gene was unexpectedly 
identified as having a predominant gene expression in the adipose tissue in the non 
acute phase 57. Recently, the tenomodulin (TNMD) gene was identified as highly 
expressed in adipose tissue in a separate search for adipocyte-specific genes. Although 
its role in adipose tissue has not been investigated, TNMD contains a putative cleaving 
motif suggesting that its C-terminal peptide may be released from adipose tissue. 
TNMD will be further discussed in section 4.1.  
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1.6 Serum amyloid A (SAA) 

1.6.1 Early studies of the SAA protein 
Amyloidosis is defined by deposits of fibrillar protein aggregates that may disrupt 
tissue structure and function. In year 1971, Benditt and Eriksen reported that there 
were different classes of amyloidosis, and that the “amyloid A class” was associated 
with the presence of an inflammatory condition 58. The year after, amino acid 
sequences of the amyloid A component of secondary or familial amyloid fibrils were 
reported 59-62. At that time, the consensus sequence of the 76 amino acids comprising 
the amyloid A protein was unique to all known human proteins 63. Antisera raised 
against the amyloid A protein reacted towards sera from seven percent of normal 
subjects and 50 to 80 percent of subjects with diseases associated with amyloidosis 63. 
Furthermore, the protein was suggested to be a normal serum constituent that, in 
situations of considerably increased levels, would act as an amyloid fibril precursor 64. 
The protein was named SAA, short for serum amyloid A-related component by 
Rosenthal and Franklin in the year 1975 65. They used a more sensitive 
radioimmunoassay and detected SAA in sera from all subjects analysed. The study 
demonstrated that serum levels of SAA increased with age and that certain groups of 
patients had elevated serum levels, especially subjects with acute infections. SAA was 
suggested to be released into the circulation as an acute phase reactant 65 and the 
human SAA protein was later detected in the same fractions as HDL3, ApoA-I and 
ApoA-II 66. Acute-phase SAA in mice was shown to be an apolipoprotein associated 
with HDL 67. The liver, and more specifically the hepatocytes, were demonstrated as a 
location for inducible SAA production in 1980 68.  

1.6.2 The SAA gene family 
The human acute phase SAA protein (A-SAA) is transcribed from the SAA1 and the 
SAA2 genes, and the corresponding proteins share more than 90 percent sequence 
homology 69, 70. The human SAA gene family also includes SAA3, which is a 
pseudogene as it contains a premature stop codon 71, and the SAA4 gene is regarded as 
a constitutively expressed gene 72. They are all located in a cluster at chromosome 
11p15.1. The SAA gene family is phylogenetically conserved and, apart from in 
mammals, the SAA proteins have been found in echinoderm and fish 73, 74. In mice, the 
A-SAA protein is coded by the SAA1 and the SAA2 genes, and two additional 
functional SAA proteins exists, the SAA3 and the SAA4 protein 75. 

1.6.3 SAA levels in the circulation 
SAA is part of the acute phase response, which serves as a primary response towards 
inflammation, infection or tissue damage. The acute phase response involves an 
altered hepatic production of several plasma proteins and a modified lipid metabolism 
with decreased circulating HDL levels 76, 77. In the acute phase response, A-SAA is 
synthesized and released from the liver and serum levels can rise substantially (from a 
few µg/mL to mg/mL). Similar to CRP, a more well known acute phase reactant, the 
SAA response time after acute phase stimulation is eight hours and serum levels peak 
after two days 78. A-SAA has a short plasma half-life; in mice the half life is reported 
to be 75-80 min 79. Thus, to maintain high levels in the circulation, the synthesis of 
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SAA in the liver during the acute phase is substantial, and in mice, A-SAA synthesis 
during the acute phase response comprises 2.5 percent of total hepatic protein 
synthesis 80. The hepatic synthesis of SAA is induced by the cytokines IL-1β, IL-6 and 
TNF-α. 
 
In line with being an acute phase protein, A-SAA levels are elevated in a number of 
infectious diseases, as well as postoperatively and after trauma 65, 81. Furthermore, 
markedly raised SAA levels are found in several chronic inflammatory conditions that 
can be complicated by secondary amyloid A (AA) amyloidosis, including rheumatoid 
arthritis and familial Mediterranean fever 82. The AA amyloid fibrils are formed from 
N-terminal A-SAA fragments 83. A post mortem examination of subjects suffering 
from rheumatoid arthritis revealed secondary amyloidosis in 30 percent of the samples 
84, and AA amyloidosis has been estimated to be the underlying cause of death in five 
to 17 percent of the subjects with rheumatoid arthritis 85. Furthermore, in rheumatoid 
arthritis subjects the risk of cardiovascular disease mortality is increased 86. Modestly 
elevated serum levels of SAA are present in conditions associated with a low level of 
inflammation, including obesity, insulin resistance and T2D 54, 56, 65, conditions that are 
also associated with increased risk of cardiovascular disease. Both SAA and CRP 
levels are reported to predict future cardiovascular events 87, 88, and in some studies 
SAA is suggested to be a better predictor than CRP 87. After a myocardial infarction 
serum levels of A-SAA increase, and peak within a few days 65, 89. A-SAA levels are 
also increased at the site of plaque rupture compared to levels in the systemic 
circulation, suggesting a local A-SAA production 90. 

1.6.4 SAA expression in adipose tissue and association with circulating 
SAA levels 
Although the liver is the main source of SAA during the acute phase reaction, 
widespread extrahepatic expression has been reported in humans 91. However, during 
the non-acute phase, adipocytes are major producers of A-SAA in obese subjects, as 
shown by our research group and others 57, 92. In both studies, A-SAA serum levels and 
expression in adipose tissue were reduced in response to weight loss, suggesting that 
adipose tissue derived A-SAA contributes to circulating A-SAA levels 57, 92. 
Furthermore, A-SAA expression was higher in subcutaneous compared to omental 
adipose tissue, women displayed higher A-SAA expression compared to men 57, and 
A-SAA expression and serum levels were higher in obese compared to normal weight 
subjects 54, 92. In vitro experiments have shown a positive correlation between BMI and 
amounts of A-SAA released into media from adipose tissue fragments 54, 92. Thus, it is 
likely that in human obesity both increased fat mass and increased expression in 
adipose tissue contributes to elevated A-SAA levels in the circulation. However, in 
vivo release of A-SAA from adipose tissue has not been reported in the literature. 
 

1.6.5 Suggested roles of A-SAA 
The A-SAA protein has been studied in various contexts. Even though there is a well 
established role of A-SAA within the innate immune system, as an acute phase 
reactant, the function of A-SAA remains incompletely understood after more than 
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30 years of research. For instance, both pro and anti-atherogenic roles of A-SAA have 
been suggested (further discussed in section 4.4). In the circulation, A-SAA is mainly 
associated with HDL, thereby altering the HDL composition, which may affect reverse 
cholesterol transport. A-SAA has been suggested to mediate recycling of cholesterol 
from phagocytosed cell membranes 78, and recombinant A-SAA can also bind free 
cholesterol 93. Several receptors have been shown to mediate cholesterol efflux to 
recombinant A-SAA (Table 2). Various effects of recombinant A-SAA have been 
demonstrated, including stimulation of inflammatory cytokine production 54, 94, 
lipolysis 54 and chemotaxia of neutrophils and monocytes via the formyl peptide 
receptor 2 (FPR2) receptor (Table 2). Furthermore, recombinant A-SAA mediates 
functional signalling from several immune system related receptors (e.g. toll like 
receptors; Table 2), and opsonization of bacterial components was recently added to 
the list of putative A-SAA functions within the innate immune system 95. Several 
receptors mediating the above mentioned effects have been identified (Table 2). 
However, the majority of the information has been obtained in in vitro experiments 
and it is unknown how this information translates to the in vivo situation. In obesity, 
the elevated levels of A-SAA in the circulation may originate from both hepatic 
production and from the adipose tissue. In addition, the role of adipose tissue produced 
A-SAA in vivo has previously not been studied. 
 
Table 2. Suggested SAA receptors and binding molecules 
Receptor / 
Binding protein1 Process References Recombinant 

A-SAA3 
SELS Glucose homeostasis, ER stress  96 no 

ABCA1 Cholesterol efflux  97 98 99 100 yes 
ABCA7 Cholesterol efflux  97 yes 

SCARB1 Cholesterol efflux / RCT  101 102 99 yes 
CD36 Inflammatory signalling  103 yes 
TLR2 Inflammatory signalling  104 105 yes 
TLR4 Inflammatory signalling  106 yes 
CST3 Inflammatory signalling  107 yes 
FPR2 Chemotaxis, immune cell activation  108 109 110 111 112 yes 
AGER  Amyloidosis  113 yes 
OmpA2 Opsonization  95 yes 

SELS, Selenoprotein S; ABCA1, ATP-binding cassette, sub-family A (ABC1), member 1; 
ABCA7, ATP-binding cassette, sub-family A (ABC1), member 7, SCARB1, scavenger 
receptor class B, member 1; CD36, CD36 molecule (thrombospondin receptor); TLR2, toll-
like receptor 2; TLR4, toll-like receptor 4, CST3, cystatin C; FPR2; formyl peptide receptor 2; 
AGER, advanced glycosylation end product-specific receptor; OmpA, outer membrane 
protein A; RCT, reverse cholesterol transport; ER, endoplasmatic reticulum; 1represented by 

human homologue; 2OmpA is located to bacterial membranes; 3recombinant human SAA has 
been used in the study, discussed further in section 4.5.  

1.6.6 The putative SAA receptor selenoprotein S (SELS) 
A yest-2-hybrid screening for Tanis interacting proteins identified A-SAA as the only 
interacting ligand 96. Tanis was identified as a dysregulated gene in the liver of a 
T2D/MetS rodent model 96. The human homologue of Tanis, called selenoprotein S 
(SELS), is a member of the selenoprotein family 114. Selenoproteins are characterized 
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by the presence of a selenocystein amino acid (Figure 1). Selenocystein is the 21st 
amino acid encoded by the genetic code. When the UGA codon, normally encoding a 
stop signal, is associated with the specific SECIS (selenocystein inserting sequence) 
mRNA stem loop structure, a selenocystein can be delivered from a specific tRNA and 
incorporated into the synthesized protein. In total, 25 selenoproteins are defined in the 
human genome and the selenocystein residue is suggested to be essential for protein 
activity 114. Whereas some selenoproteins are involved in redox and antioxidative 
regulation, SELS has been suggested to play a role in endoplasmatic reticulum (ER) 
stress regulation 115. An association between SELS genetic variants and levels of 
circulating proinflammatory markers 116 suggests that SELS may be involved in the 
development of obesity-associated comorbidities.  
 

 
Figure 1. Selenocystein, the 21st amino acid encoded by the genetic code. 
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2 AIMS 
 
The overall aim of this thesis was to increase our understanding of how factors related 
to adipose tissue contribute to obesity-associated metabolic disease. 
  
The specific aims were: 
 

• To investigate expression of the TNMD gene in human adipose tissue in 
relation to obesity (Paper I). 

 
• To explore the associations of serum levels of A-SAA with adipocyte size, 

serum levels of inflammatory markers and measures of glycemic control 
(Paper II). 

 
• To investigate if SELS gene expression in human adipose tissue, and SELS 

genetic variants are associated with metabolic risk factors (Paper III).  
 

• To develop a mouse model with production of human A-SAA in adipocytes that 
can be used to investigate metabolic effects of adipose tissue-derived A-SAA 
(Paper IV). 
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3 STUDY COHORTS AND METHODOLOGICAL 
CONSIDERATIONS 
 
This section provides an overview of the cohorts analyzed and the purpose is to 
discuss some of the methods used for analysis. Detailed descriptions of the cohorts and 
methods used are available in the papers and manuscripts. 

3.1 Subjects 
This thesis includes participants from the Depot Study, the Very Low Calorie Diet 
Study I and II, the Swedish Obese Subjects (SOS) Sib Pair Study, the “Umeå cohort” 
and the INTERGENE Study. Study protocols were approved by Regional Ethics 
Committees in Göteborg, in South Birmingham and at Umeå University. 

3.1.1 The Depot Study 
Paired abdominal subcutaneous and abdominal omental adipose tissue biopsies were 
collected from women undergoing elective surgery. Subjects were divided into a lean 
(BMI, 23.0±1.2 kg/m2; n=5) and an obese (BMI, 33.2±3.1 kg/m2; n=5) group. 

3.1.2 The Very Low Calorie Diet Study (VLCD) I and II 
The VLCD studies were designed to investigate the effects of diet-induced weight loss. 
Two separate VLCD studies were used:  
 
VLCD-I. This study was designed to identify gene expression changes during diet-
induced weight loss. Obese subjects (BMI, > 30 kg/m2) were recruited and divided 
into subgroups with and without the metabolic syndrome (MetS+ and MetS-, 
respectively). The metabolic syndrome was diagnosed according to WHO criteria 22, 
except for that albuminuria and insulin resistance were not included. MetS- subjects 
were matched by BMI, sex and age. In total, 40 subjects were treated with a very low 
calorie diet (450 kcal/day) for 16 weeks, followed by two weeks when regular food 
was reintroduced. The mean weight loss after 18 weeks of VLCD was 24 percent. 
During the two weeks of refeeding the average body weight was unchanged. 
Anthropometrical measurements, fasting blood samples and abdominal subcutaneous 
adipose tissue biopsies were taken at baseline, and at 8, 16 and 18 weeks after the start 
of the VLCD treatment. DNA microarray expression data from subjects in the VLCD-I 
study, where data from all 4 time points were available (n=24) are included in Paper I.  
 
VLCD-II. The VLCD-II study comprises 20 female and 8 male obese subjects (BMI, 
>30 kg/m2) that were treated with VLCD (450 kcal/day) for 12 weeks. The mean 
weight loss after 12 weeks of VLCD was 19 percent. Anthropometrical measurements, 
fasting blood samples and abdominal subcutaneous adipose tissue biopsies were taken 
at baseline, and after 2 and 12 weeks of treatment. Adipose tissue gene expression in 
VLCD-II samples is included in Paper I. 
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3.1.3 The Swedish Obese Subjects (SOS) Sib Pair Study 
The SOS Sib Pair Study was designed to study the genetics of obesity. The cohort 
consists of 154 families with BMI discordant sib pairs (BMI difference > 10kg/m2), 
resulting in a total of 732 subjects, including parents and siblings. Families were 
recruited from all over Sweden and were examined in Gothenburg. Characterization 
included anthropometrical measurements, blood pressure measurements, blood 
chemistry, measurements of body composition and sampling of abdominal 
subcutaneous adipose tissue. In this study, when comparisons between lean and obese 
siblings were made, only the most extreme BMI discordant sib pairs in each family 
were used and sex discordant siblings were excluded. In Paper I and Paper III, gene 
expression in abdominal subcutaneous adipose tissue from the extreme sib pairs is 
presented in relation to clinical parameters. 

3.1.4 The “Umeå cohort”  
This cohort, which has previously been described by Lundgren et al. 117, and was 
designed to investigate how fat cell size relates to insulin sensitivity and adipokine 
levels. The subjects in the cohort displayed a wide range of age (19-88 years) and BMI 
(16-49 kg/m2). Characterization of subjects included anthropometrical measurements, 
blood chemistry, abdominal subcutaneous adipose tissue samples, omental adipose 
tissue samples (a subset) and insulin sensitivity assessed by 2 h-euglycemic-
hyperinsulinemic clamp (a subset). In Paper II, subjects from the original cohort was 
included if serum samples were available for analysis. As a consequence, the analyzed 
population consisted of 167 subjects (87 women and 80 men), including 53 subjects 
with T2D. 

3.1.5 The INTERGENE Study 
The INTERGENE study is a population based research programme assessing the 
INTERplay between GENEtic susceptibility and environmental factors for the risk of 
chronic diseases in western Sweden. The study population consists of 3610 subjects 
randomly selected from all inhabitants aged 25-75 years living in the region of Västra 
Götaland, Sweden. Samples were obtained between April 2001 and December of 2004. 
Survivors suffering from acute coronary heart disease (CHD) (myocardial infarction 
and unstable angina pectoris) from the same source population were sampled 
separately during the above time period and 617 were included in a case-control study. 
Control subjects (n=617) were matched for age and sex and selected from the 3610 
randomly selected subjects. Characteristics of the case and control cohorts are 
described in Table 3. The study procedure is further detailed in previous articles 118, 119 
and at www.sahlgrenska.gu.se/intergene/. 
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3.2 Ribonucleic acid (RNA) extraction 
Obtaining high quality RNA is important for gene expression analyses. Since RNA 
molecules can rapidly be degraded by stable ribonuclease enzymes (RNases), cells and 
tissues to be used in RNA preparations should be rapidly stabilized (e.g. immediately 
frozen in liquid nitrogen) and stored in -80 °C. RNA extractions should be performed 
in an RNase free environment. Today, the most commonly used RNA extraction 
protocols are based on the protocol published by Chomczynski and Sacchi year 1987, 
a protocol which has also been developed into commercial kits 120, 121. RNA 
extractions were performed in Paper I, Paper III and Paper IV.  

3.3 Gene expression analysis 
Gene expression can be measured using different techniques. Gene expression of a 
limited number of genes can for instance be analysed using Northern blot, in situ 
hybridization, competitive reverse transcription polymerase chain reaction (PCR) 
analysis or real-time PCR. Gene expression profiling of a larger number of genes can 
be performed using microarray analysis, expressed sequence tag (EST)-sequencing or 
serial analysis of gene expression (SAGE) analysis. This thesis includes gene 
expression analysis of in-house generated DNA microarray datasets (Paper I and 
Paper III), a publicly available microarray dataset (Paper I) and analysis by real-time 
PCR (Paper I, Paper III and Paper IV). 

3.3.1 Real-time PCR analysis using TaqMan chemistry 
Briefly, the real-time PCR analysis is performed using a cDNA template from reversed 
transcribed total RNA. The TaqMan expression analysis is based on a PCR 
amplification that is monitored in real-time, accomplished by use of sequence specific 
probe and primers. The probe contains a 5´ fluorophore reporter dye (e.g. FAM) and 3´ 

Table 3. Characteristics of CHD cases and controls in the INTERGENE 
study 
 
Characteristics 

CHD Cases  
(n=618) 

Controls 
(n=618) 

Men/Women (n) 453/165 453/165 
T2D (n) 150 60 
Age (year) 61.8 ± 8.4 61.9 ± 8.3 
BMI (kg/m2) 27.9 ± 4.2 26.7 ± 3.5 
WHR 1.0 ± 0.1 0.9 ± 0.1 
Systolic BP (mmHg) 134.1 ± 21.0 143.1 ± 21.7 
Diastolic BP (mmHg) 81.6 ± 11.3 85.1 ± 10.4 
Triglyceride (mmol/L) 1.7 ± 1.3 1.5 ± 0.8 
Total cholesterol (mmol/L) 4.6 ± 1.1 5.8 ± 1.0 
HDL cholesterol (mmol/L) 1.4 ± 0.4 1.6 ± 0.4 
LDL cholesterol (mmol/L) 2.5 ± 0.8 3.5 ± 0.9 
Glucose (mmol/L) 6.1 ± 2.4 5.5 ± 1.3 
Insulin (mU/L) 14.5 ± 16.7 8.4 ± 6.6 
Hs-CRP (mg/L) 5.1 ± 11.2 2.3 ± 3.9 
BP, blood pressure; Hs, Highly sensitive. Values are mean ± SD. 
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quencher molecule (NFQ). The quencher suppresses the fluorescent signal from the 
reporter molecule as long as they are in close proximity. In each PCR extension step, 
the 5´-3´ exonuclease activity of the polymerase causes release of the quencher from 
the probe and an increase in fluorescent signal in the sample. As the probe is displaced 
from the template a full length amplicon is produced. The fluorescent signal is 
monitored in each temperature cycle step in the thermal cycler (e.g. Applied 
Biosystems 7900HT Sequence Detection System). The PCR cycle number in which 
the fluorescent signal reaches a specified threshold cycle (CT) is directly related to 
amount of starting material. In Paper I, Paper III and Paper IV gene expression was 
analyzed using TaqMan chemistry using the relative standard curve method. All 
samples were related to a standard curve and to the expression of a reference gene to 
be able to normalize for variations in amount and quality of starting template in each 
reaction. The relative gene expression is presented as a ratio between the gene of 
interest and the reference gene. Ideally, the reference gene should be the perfect 
housekeeping gene with an equal expression in all cells, and should be chosen 
carefully 122. 
 
In TaqMan analysis, the efficiency of both the preceding reverse transcription reaction 
and PCR amplification may vary between different transcripts. Furthermore, 
specificity and efficiency of primers and probes may influence the amplification. Thus, 
annealing of primers and probes is sensitive to genetic sequence variation. The 
amplified region is preferably located over an exon junction to minimize influence of 
possible contamination by genomic DNA. However, it is estimated that as many as 
95 percent of multiexon genes may undergo alternative splicing 123. As a consequence, 
the strength of exon junction-based quantifications is that different splice forms can be 
quantified separately, and the drawback is that only an unknown proportion of the 
transcripts from a gene are quantified. Although such a putative amplification bias is 
not inferred in techniques without amplifications (e.g. Northern blot), real-time PCR 
analysis has a major advantage in that it allows for small amounts of starting material. 

3.3.2 Gene expression analysis using GeneChip technology 
Microarray analysis of gene expression is based on hybridization of the analyzed 
sample to a microarray consisting of densely spaced oligonucleotides attached to a 
solid surface. The GeneChip technology, commercialized by the Affymetrix Company, 
uses a light-directed technique where oligonucleotides are synthesized, nucleotide by 
nucleotide, at specific positions on the array. The oligonucleotide probes synthesized 
on the microarrays are designed to include as many transcripts as possible. Since the 
technique is dependent on sequence information available at the time of design, only 
transcripts described in databases are included on microarrays. The oligonucleotide 
probes are densely spaced on the microarrays. The Human Genome U133A Plus 2.0 
GeneChip contains 47,000 oligonucleotide probe sets, covering most of the human 
genes. 
  
Briefly, RNA is reversed transcribed to cDNA and the cDNA is then reverse 
transcribed to biotinylated cRNA. Fragmented biotinylated cRNA is allowed to 
hybridize to the microarray. The biotin molecule is a high affinity ligand for the 
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streptavidin molecule. This is utilized in the detection step as streptavidin molecules, 
each linked to fluorescent phycoerythrin, are allowed to bind to the biotin molecules. 
The fluorescence is measured with a confocal laser scanner at each position of the 
microarray. The amount of hybridized cRNA for each oligonucleotide species is 
calculated from the fluorescent signal. 
 
Obtaining the most reliable expression information from DNA microarray data 
analysis has been, and still is, challenging to the biostatistical discipline. In 2003 
Irizarry et al. published a technique called robust multi-chip average (RMA) that 
provided a robust way of preprocessing signal data 124. The RMA software was 
released as a freely available R package and is the most commonly used preprocessing 
algorithm for Affymetrix analysis today 125. The RMA algorithm was used for 
microarray data analysis in the Depot Study (Paper I), the VLCD-I Study (Paper I) 
and the SOS Sib Pair Study (Paper I and Paper III). 

3.4 Genetic variation in the human genome 
The human genome consists of DNA that is built from about 6 billion nucleotides 
organized in 23 pairs of chromosomes. In 1990 the Human Genome Project was 
initiated. It was aimed at sequencing the human genome, and when planned, the 
project was controversial due to limitations in sequencing capacity and lack of data 
analysis software 126. However, improved nucleotide sequencing techniques and data 
processing made it possible to sequence the whole human genome before the set time 
frame of 15 years. It was revealed that the haploid (unpaired) human genome codes for 
approximately 20,000 genes, corresponding to only a few percent of the whole genome 
127-129. The remaining part of the genome consists of regulatory sequences, introns, 
repeated elements, transposons and non-coding RNA species. The DNA with unknown 
function is classified as junk DNA. 
 
Genetic variation can arise spontaneously by mutations, but can only be passed on to 
the next generation if germ line cells are mutated. There are different classes of genetic 
variation. The most frequent form of variation is when only one nucleotide varies. 
When this variation in a population is larger than can be explained by spontaneous 
mutation, with a frequency of the rarest variant above one percent, the position is 
classified as polymorphic. This genetic variant type is denoted a single nucleotide 
polymorphism (SNP). The human genome is estimated to have one SNP per 300 base 
pairs, adding up to a total of 10 millions of SNPs 130.  
 
One way to search for genetic variations that result in disease is to compare allele 
frequencies between affected cases and healthy controls. In a case-control study, the 
healthy controls are matched against the cases. A difficult confounder in such genetic 
association studies is if the study cohort has a mixed genetic background. A difference 
in SNP frequencies and disease prevalence in merged subpopulations can mask a true 
association or provide a false positive result 131. Genetic variants can also associate 
with other nearby variants due to low frequency of recombination events between 
them. A region of DNA with genetic variants that are likely to be inherited together is 
called a haploblock. An array with the linear order of associated alleles in a haploblock 
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is called a haplotype. The HapMap project (www.hapmap.org) was initiated year 2002 
with the aim of providing a HAPLOtype MAP of the human genome. The strategy of 
the project has been to genotype a large number of SNPs in a small number of subjects 
within populations of different genetic background. As a result of publicly available 
datasets, SNP information is easily accessible and genotyping technologies have 
improved. 
 
Several different techniques are available for genotyping analysis. Although the 
genotyping technology is evolving rapidly with reduced cost per analyzed genotype in 
high throughput systems, the analysis of choice is of course depending on the variation 
to be analyzed, number of loci, amount of starting material, and budget. One way of 
genotyping SNP variations is to use the TaqMan SNP genotyping technique. 

3.4.1 Genotyping using TaqMan SNP technology 
The TaqMan SNP genotyping technique is similar to that of the TaqMan gene 
expression chemistry. The method is PCR-based with specific primers and two probes. 
Both probes are designed to span the location of the SNP of interest and specifically 
hybridizes to one of the allelic variants. The probes are labelled with a 5´ flourescent 
reporter (VIC or FAM) and a 3´ NFQ. A genotype specific signal is obtained by 
comparison of the amount of fluorescent signals from the FAM and VIC reporters, 
seen after the exonuclease release of quencher molecules. From a heterozygous subject, 
both VIC and FAM signals are generated. TaqMan SNP genotyping provides a robust 
way of genotyping SNP variations using only a small amount of template. The method 
is fast and reliable since, in general, prevalidated assays work well, and when 
combined with pipetting robots (e.g. Beckmann Biomek FX robot) and 384 well 
format analysis, the risk of pipetting errors is reduced. However, due to the necessary 
binding specificity, probes can not be designed if there are other SNPs located close to 
the SNP of interest. In Paper III, three SNPs were chosen to be analyzed by TaqMan 
SNP genotyping in the SELS gene, based on the reported association with circulating 
levels of inflammatory markers 116. 

3.5. Animal Experiments 

3.5.1 The use of transgenic mice  
The most commonly used laboratory mouse strain is the C57BL that can be back 
tracked to 1921 to a mate between female 57 and male 52 from Miss Abbie Lathrop’s 
animals 132. The former school teacher Miss Abbie Lathrop started to breed mice for 
sale as pets, at a similar time as researchers were unravelling inheritance of mice coat 
color. As the academic interest in genetic research increased, she also began to supply 
universities with mice, and many of the inbred strains used in research today are 
derived from her mouse farm 133.  
 
During in vivo experiments both environmental and genetic factors contribute to 
experimental variation. Environmental variability can be reduced by standardized 
housing conditions. By using inbred mice the genetic variance is minimized, thereby 
also reducing the experimental variation further. Mice have several advantages as 
model animals, such as a short generation time with relatively large litter sizes, they 
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are relatively inexpensive, easy to handle and easy to house. Since mice have been 
used in experiments for decades their physiology has been extensively studied and 
standardized experimental protocols are available. Furthermore, the mouse genome 
has been sequenced as part of the human genome project. As it is possible to modify 
the mouse genome by introducing foreign DNA 134, 135, and create gene specific 
alterations (e.g. mutations or deletions) by homologous recombination, new gene 
specific mouse strains have been developed (www.jax.org). However, although 
laboratory mice serve as well controlled model systems they have a different 
physiology compared to humans and one has to be careful when extending findings 
from mouse experiments to human physiology. Furthermore, one has to be aware that 
different mutations and variations have been fixed in the genome in the inbred strains, 
thereby causing strain specific phenotypes. 
 
Using animals that are able to sense both pain and stress in research provides an 
ethical dilemma. Therefore, each experiment has to be evaluated and approved by the 
local Animal Ethics Committee. The rule of thumb in all animal experiments is to 
follow the three R´s: refine the experimental set up, reduce number of animals in 
experiments and replace animal experiments if possible. 

3.5.2 Transgenic mice over-expressing human SAA in adipose tissue 
We hypothesized that adipose tissue-produced A-SAA has metabolic effects both 
locally and systemically. As complex interplays between different tissues can not be 
studied in vitro, we developed an animal model in which the effects of adipose tissue-
derived human A-SAA can be studied.  
 
The promoter/enhancer of the adipocyte fatty acid binding protein (Fabp4 or aP2) gene 
generates adipose tissue-specific gene expression 136. We constructed an artificial gene 
with the aP2 promoter/enhancer (kindly donated by Professor B. Spiegelman) to obtain 
adipose tissue-specific expression of human SAA1 (hSAA; Figure 2). The C57BL/6 
mouse strain was selected as a background since these animals tend to develop obesity 
over time, and because there are atherosclerosis prone mouse strains on C57BL6 
background that we wanted to cross our strain with. The artificial gene was injected 
into fertilized C57BL/6 eggs using pronuclei injection, and injected eggs were inserted 
into pseudopregnant foster mothers. In pronuclei injection, the DNA is integrated at a 
random position in the genome. Transgenic mice were identified using a PCR assay 
optimized to detect transgenic insert when at least one copy of construct was inserted 
per genome. Since the integration is done after initial cell division, the offspring is 
partially transgenic and not all transgenic offspring may be transgenic in germ lines. 
The founder animals in the first generation of transgenic animals were identified by 
the ability to produce transgenic offspring. Founders were bred against wild type 
C57BL/6 mice purchased from Charles River (Sulzfeld, Germany), thus all transgenic 
animals were heterozygous. Animals from the F2 or later generations were used in 
experiments in Paper IV. 
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Figure 2. A schematic representation of the aP2 promoter-hSAA fusion gene. 
Human SAA1 cDNA was ligated to the aP2 promoter/enhancer as described in 
Paper IV. The aP2 promoter/enhancer (dotted box), the rabbit β-globin intron 
(striped box) and the polyadenylation signal (grey box) are included in the figure. 
Restriction enzyme digestion with XhoI and SacII enzymes generated fragments of 
7.2 kilobases (kbp) that were used in pronuclei injections to generate hSAA 
transgenic mice. Locations of genotyping primers are indicated with arrows. 

 
Mice were maintained with a 12 h dark/light cycle with ad libitum food and water. In 
the experimental setup, wild type and hSAA transgenic (hSAA) animals were housed 
3-6 animals per cage and fed a normal chow (NC) diet or a high fat (HF; 60 kcal% fat, 
D12492, Research Diets, New Brunswick, NJ) diet. Body composition was measured 
on Isofluran (Baxter, Kista, Sweden) anesthetised animals using dual energy X-ray 
analysis (DEXA) in a Lunar PIXImus II (GE Healthcare, Waukesha, WI). The mice 
were sacrificed under Isofluran anesthesia. Blood and tissues were sampled as 
described in Paper IV. hSAA-induced phenotypes were evaluated by comparing the 
transgenic animals with wild type littermates as described in Paper IV. The tissue 
localization of hSAA expression was investigated in transgenic mice. Characterization 
of the animals included blood chemistry, body weight and adipose tissue depots 
weight measurements. A more detailed description of the characterization of the 
transgenic mice is available in Paper IV. 
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4 RESULTS AND DISCUSSION 

4.1 Paper I 
Tenomodulin is highly expressed in adipose tissue, increased in obesity, and down-
regulated during diet-induced weight loss. 
 
During a scan for genes specifically expressed in human adipose tissue we found that 
the TNMD gene was highly expressed in adipose tissue compared to other tissues. The 
TNMD gene was initially identified because it displayed a high sequence homology to 
the chondromodulin-I gene (ChM-I, also denoted LECT1) 137-139. The ChM-I gene 
plays a role in chondrocyte differentiation and inhibition of angiogenesis. 
 
We analyzed the human tissue distribution of TNMD gene expression in both a 
publicly available DNA microarray dataset (Geo database: GSE3526), and by real-
time PCR analysis in RNA samples from different tissues. Subcutaneous adipose 
tissue was a major site of TNMD gene expression in both tissue panels. Although 
TNMD gene expression has previously been reported in human adipose tissue, earlier 
reports have not compared the TNMD gene expression in adipose tissue to other 
tissues 140, 141. In a more recent publication, the tissue distribution of TNMD was 
evaluated in a human tissue panel including both tendons and adipose tissue and the 
expression was found to be approximately four times higher in human tendons 
compared to adipose tissue 142. In mice, the Tnmd gene is highly expressed in 
hypovascular tissue such as tendons and cartilage 137-139, 143. However, neither tendons 
nor cartilage were available for our tissue panel analysis. Available mouse tissue 
expression panels in SymAtlas/BioGPS suggest that the Tnmd gene is not expressed in 
mouse adipose tissue 144. Absence of Tnmd gene expression has also recently been 
shown for rat adipose tissue 142. Tnmd-deficient mice display no changes in body size 
or weight compared to normal mice, further suggesting that Tnmd does not play an 
important role in mouse adipose tissue.  
 
In the analysis of DNA microarray data from the SOS Sib Pair Study, the TNMD gene 
expression was higher in obese subjects compared to lean subjects in both men and 
women. The TNMD gene expression was also increased in obese women compared to 
obese men. This verifies the previous results showing an association between TNMD 
gene expression with fat mass, and an increased TNMD gene expression in women 
compared to men 140. Analysis of subcutaneous adipose tissue obtained during diet-
induced weight loss in the VLCD-I and the VLCD-II studies showed that TNMD gene 
expression was reduced during treatment with a hypocaloric diet. These data verify the 
previously reported down-regulation of TNMD gene expression in human adipose 
tissue in response of weight loss 140, 141. These earlier studies show a reduction in 
TNMD gene expression after 10 weeks or 8 months of life style changes, respectively. 
In the present study, the TNMD expression remained low between week 16 and 18 in 
the VLCD-I study. During that period, ordinary food was reintroduced and body 
weight remained stable, although there was a threefold increase in caloric intake. Our 
data therefore extend the previous findings 140, 141 by demonstrating that during diet-
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induced weight loss the TNMD gene expression is not regulated by caloric intake but 
rather in response to changes in body weight. This is also further strengthened by the 
fact that BMI was an independent predictor of TNMD gene expression in the SOS Sib 
Pair Study. 
 
The TNMD gene is located on chromosome Xq22 and its inheritance pattern is 
therefore different from genes positioned on autosomal chromosomes. Polymorphisms 
in the TNMD gene have been studied in relation to metabolic risk factors 145-147. 
TNMD SNPs were initially found to be associated with diabetes risk and obesity but 
these findings could not be replicated in a larger cohort 145, 146. Association between 
TNMD SNPs and serum concentrations of inflammatory markers, including CRP and 
SAA, were also found in a smaller population 147. One TNMD SNP was associated 
with LDL and total cholesterol levels in the higher BMI ranges 146. However, the 
mechanisms behind these associations remain unknown. Even though TNMD 
expression is higher in human tendons compared to adipose tissue 142, tendons are not 
as metabolically active and abundant as adipose tissue. Accordingly, it is more likely 
that genetic associations with the TNMD gene are related to its expression in adipose 
tissue than to TNMD expression in tendons. 
 
The functional role of TNMD in adipose tissue is unknown. Anti-angiogenic effects 
have been suggested based on sequence homology with ChM-I. Angiogenesis is 
known to be regulated by many factors that are expressed in adipose tissue 148, and 
angiogenesis has been shown to be spatially co-localized with adipogenesis 47. Induced 
destruction of adipose tissue vasculature has been demonstrated to reduce body weight 
by resorption of adipose tissue 149. These studies suggest that angiogenesis and adipose 
tissue growth are functionally related. Increased expression of an anti-angiogenesis 
factor in obesity may contribute to metabolic disease in different ways. It can be 
hypothesized that a reduction in expanding capacity of the adipose tissue may lead to 
ectopic fat storage. It can also be hypothesized that reduced angiogenesis may cause 
insufficient blood flow and lead to hypoxia that promotes both inflammation and 
macrophage recruitment. However, while ChM-I has an established function as 
angiogenesis inhibitor mediated by a cleaved off C-terminal region, less is known 
about TNMD. Both proteins are transmembrane proteins 137 and a high sequence 
homology in the C-terminal region extends to conserved spatial distribution of eight 
cystein residues, known to be functionally important in ChM-I 137. However, compared 
to ChM-I, an alternative putative cleavage motif is present in TNMD 137. A C-terminal 
TNMD fragment has been found in mice tendons 143. The C-terminal fragment 
mediated an anti-angiogenesis signal in vitro 150. Despite this, impaired angiogenesis 
was not reported as a phenotype in a Tnmd-deficient mice 143. Instead, reduced 
tenocyte density and increased collagen fibril diameter were reported 143. It is 
unfortunate that the Tnmd-deficient mice were not metabolically characterized as other 
phenotypes might have been revealed if animals had been challenged with a 
westernized diet. So far, C-terminal TNMD cleavage has not been reported in human 
samples and consequently more extensive functional studies are needed to characterize 
the role of TNMD in human adipose tissue. 
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In summary, we report that TNMD gene expression is affected by obesity, and 
expression is reduced during diet-induced weight loss, suggesting that TNMD has a 
specific role in the adipose tissue. 
 

4.2 Paper II 
Association of serum amyloid A levels with adipocyte size and serum levels of 
adipokines: differences between men and women. 
 
Nutritional overload has been suggested to contribute to metabolic disease in different 
ways. One proposed explanation is that the increase in fat mass causes both local and 
systemic inflammation 56. Another explanation is that insulin resistance is promoted by 
ectopic fat storage, caused by insufficient storage capacity of the adipocytes 44. 
Adipocytes are able to expand over thousand fold in volume and a low generation rate 
of new adipocytes was recently shown to be associated with hypertrophic adipocytes 
151. Hypertrophic adipocytes have been reported not only to be associated with insulin 
resistance but also to predict T2D 32, and to be associated with increased expression 
and secretion of adipokines 52, 152. 
 
Our group has previously reported that gene expression of A-SAA is higher in large 
compared to small adipocytes 52. Previous data also suggest that A-SAA is released 
from adipose tissue in humans (discussed in section 1.6.4). In this study we wanted to 
explore the association between adipocyte size and serum levels of A-SAA. 
Furthermore, associations between serum levels of A-SAA and measures of glycemic 
control and circulating levels of adipokines and inflammatory markers were 
investigated. Two studies have previously investigated correlations between adipocyte 
size and serum levels of A-SAA in small cohorts. Poitou et al. studied morbidly obese 
subjects (50 women and 10 men) and found that serum levels of A-SAA were 
associated both with adipocyte volume and A-SAA gene expression in subcutaneous 
adipose tissue 153. However, no association was found between adipocyte size and 
serum levels of A-SAA in a study of 37 obese men and 38 obese women 154. 
 
We found that serum levels of A-SAA were increased in obese compared to lean 
subjects, higher in women compared to men, and levels were positively correlated with 
BMI and percent body fat, as previously reported by others 54, 153, 155. Increased serum 
levels of A-SAA in women are in line with our previously published results showing 
an increased A-SAA gene expression in subcutaneous adipose tissue in women 52, 
together with the fact that women have larger subcutaneous adipose tissue depots than 
men. The mechanisms behind this sex related difference is unknown but may be due to 
hormonal status since estrogen replacement in postmenopausal women has been 
reported to increase A-SAA, CRP and IL-6 levels 156. In women, we found a positive 
association with IL-6, possibly due to the fact that IL-6, in synergy with IL-1β or 
TNF-α, is able to induce A-SAA in hepatocytes 157. Furthermore, an association 
between serum levels of A-SAA and leptin was found in women. There are several 
similarities between leptin and A-SAA, but the link behind these similarities is not 
entirely clear. However, the expression of both genes is increased in large compared to 
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small adipocytes 52, and in subcutaneous compared to omental adipose tissue 57, 158. In 
addition, serum levels of both A-SAA and leptin are increased in women compared to 
men and also in obese compared to lean subjects 51.  
 
A correlation between serum levels of A-SAA and adipocyte size was found in women 
only. Also, BMI and percent body fat were correlated with serum levels of A-SAA in 
women but not in men. When subjects were divided into BMI classes, adipocyte size 
and serum levels of A-SAA correlated in lean women only, whereas a borderline 
significance was found in overweight women. No association between adipocyte size 
and serum levels of A-SAA was found in obese women or in any of the BMI classes in 
men.  
 
It has previously been reported that poor glycemic control in T2D subjects is 
associated with insulin resistance and with increased levels of CRP and TNF-α 159. In 
our study, we found an association between serum levels of A-SAA with serum levels 
of CRP and with homeostasis model assessment of insulin resistance (HOMA-IR). 
When diabetics and non-diabetics were analyzed separately, serum levels of A-SAA 
were associated with insulin and HOMA-IR in non-diabetics but not in diabetics, 
suggesting that, in pre-diabetic subjects, a low level of inflammation is positively 
associated with the degree of insulin resistance. In a recent publication, TNF-α was 
investigated in subcutaneous adipose tissue 160. In that study, in vitro secretion of 
TNF-α from adipose tissue was correlated with adipocyte hypertrophy, BMI and total 
body fat in lean women but not in obese women 160. Equivalent associations were 
absent for IL-6, adiponectin and leptin in lean women and for TNF-α in obese women 
160. TNF-α was suggested to affect homeostasis by determining total fat mass and 
adipose tissue volume in lean women 160. A-SAA was not included in that study, 
which is unfortunate since we found that serum levels of A-SAA correlated with 
adipocyte size in lean women. In our study, no association between serum levels of 
TNF-α and A-SAA was found, in line with what has also been reported by others 153. 
This lack of association may be caused by disturbed regulation of adipokine release as 
a consequence of metabolic disease.  
  
In conclusion, we found that adipocyte size was associated with serum levels of 
A-SAA in lean women only. The serum levels of A-SAA were associated with 
inflammatory markers as well as with measures of glycemic control. In this study, a 
majority of the correlations with serum levels of A-SAA were found in women. 
Accordingly, our results show that there are sex differences in associations with 
A-SAA levels and that sex-specific factors should be considered when analyzing 
A-SAA serum levels in relation to metabolic disease. 
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4.3 Paper III 
Expression of the selenoprotein S (SELS) gene in subcutaneous adipose tissue and 
SELS genotype are associated with metabolic risk factors. 
 
The SELS protein is one out of two predicted membrane spanning selenoproteins in 
the human proteome 114. The SELS gene is located on chromosome 15q26.3, in a 
region subjected to copy number variation in a minority (five percent) of European 
descents 161. However, the proportion of copy number variation in the Swedish 
population is unknown and it is unknown if copy number variation of SELS affects its 
gene expression levels. The SELS gene is known to be expressed in different cell types, 
including tissues important for glycemic control such as liver, muscle and adipose 
tissue 96, 162, 163. The SELS protein is located both in the endoplasmatic reticulum (ER) 
and in the plasma membrane 164. The ER plays a role in protein and lipid synthesis and, 
within the ER lumen, correct folding of newly synthesized polypeptides is assisted by 
chaperone proteins. Correctly folded proteins are transported to the Golgi organelle for 
further modifications or transport to their final destination. Cellular stress impairs the 
ER function, resulting in an accumulation of unfolded or misfolded proteins in the ER 
lumen. The cellular response that tries to resolve ER stress is called the unfolded 
protein response (sometimes denoted UPR). This response can be induced by factors 
that induce cellular stress; e.g. toxins, glucose deprivation, increased protein synthesis, 
imbalanced calcium levels and by presence of mutated or misfolded proteins 165. 
Several of these factors are present in obesity, and obesity-induced ER-stress may be 
able to promote peripheral insulin resistance 166. The unfolded protein response works 
through several mechanisms to restore proper ER function, including chaperone 
synthesis and increased ER-associated degradation of proteins. If ER function can not 
be restored, the unfolded protein response will eventually induce apoptosis. 
 
It has previously been shown that the SELS protein is part of a membrane complex 
that mediates retro-translocation of misfolded proteins from the ER lumen to the 
cytosol, where the misfolded proteins are degraded 115. Over-expression of SELS in 
macrophages provided protection against pharmacological ER stress agents and 
increased survival of macrophages in vitro 163. SELS expression is induced by 
pharmacological ER stress agents, by proinflammatory cytokines in HepG2 and 
intestinal epithelial cells 167, 168 and by glucose deprivation in HepG2 cells 169.  
 
SELS gene expression analysis 
In Paper III we wanted to test the hypothesis that SELS is involved in the 
development of obesity-associated comorbidities. SELS gene expression was analyzed 
in subcutaneous adipose tissue in lean and obese siblings from the SOS Sib Pair Study. 
The obese subjects had slightly higher SELS expression levels than lean subjects, 
although signal values were not strong in either group. The SELS gene expression 
correlated with measures of obesity in both lean and obese subjects. A previous study 
indicates that T2D affects SELS gene expression in subcutaneous adipose tissue 162. In 
the SOS Sib Pair Study only very few subjects are diagnosed with T2D, therefore we 
could not directly assess this association. However, in obese subjects, SELS gene 
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expression correlated positively with levels of insulin and with HOMA-IR. An 
interaction between SELS and A-SAA has been proposed to be a mechanistic link 
between T2D, inflammation and cardiovascular disease but it remains unknown if 
A-SAA interacts with SELS located in the plasma membrane or in the ER. A recent 
study shows that gene expression of both SELS and SAA1 is increased in the liver of 
diabetic rats compared to non-diabetic rats, and that SAA1 and SELS gene expression 
in the liver are positively correlated 170. Furthermore, both SELS and A-SAA adipose 
tissue gene expression have been reported to correlate with A-SAA serum levels 57, 162, 
However, in our study, we found no correlation between SELS and A-SAA gene 
expression in adipose tissue, after adjusting for age and sex. To further investigate 
SELS in relation to glycemic control, SELS gene expression was analyzed after in 
vitro insulin stimulation of human subcutaneous adipocytes. We found that SELS gene 
expression increased after insulin stimulation. 
 
Genotyping of SELS SNPs in the INTERGENE cohort 
To test the hypothesis that genetic variants of SELS play a role in the development of 
cardiovascular disease, we investigated genetic variants in the SELS gene in the 
INTERGENE case-control cohort. Three SNPs (Table 4) previously shown to be 
associated with plasma levels of the proinflammatory cytokines IL-1β, IL-6 and 
TNF-α 116 were selected for genotyping. 
 

 
 
 
 
 
 
 
 

 
The 5227GG genotype was overrepresented among CHD cases with a Mantel-
Haenszel Odds Ratio of 1.28 (95% confidence interval: 1.01-1.64), however C-105T 
and C3705T displayed no difference between cases and controls. Associations 
between SELS genotype and cardiovascular disease (CHD or stroke) have been 
reported by Alanne et al. 171. In that study, they found strong associations in women 
with SNPs rs8025174 and rs7178239. However, when our study was initiated, the 
study by Alanne et al. had not been published. Therefore, these two SNPs were not 
included in our study. As the INTERGENE study contains few women we were not 
able to test if the associations were stronger in women than in men. 
 
We next analyzed SELS genotypes in the full cohort in relation with metabolic 
parameters. Using multiple linear regression analysis, adjusting for diabetes status, sex 
and age, we found associations between the C3705T and measures of glycemic control 
(HOMA-IR and glucose levels), and between the A5227G genotype and levels of 
insulin and diastolic blood pressure. However, no associations were found for the 
C-105T SNP. When effects of dominant inheritance of the minor allele in A5227G 

Table 4. SELS SNPs reported to be associated with levels of the 
proinflammatory cytokines IL-1β, IL-6 and TNF-α 116 
SNP ID dbSNP ID Location in SELS gene 
C-105T rs28665122 5’ UTR 
C3705T rs4965814 Intron 5 
A5227G rs4965373 3’ UTR 
db, database; UTR, untranslated region;  
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were analyzed (genotype AA+AG vs GG), associations were found to diastolic blood 
pressure, insulin and HOMA-IR. Analysis of the recessive effects of the minor allele 
(genotype GG+AG vs AA), revealed an association with only diastolic blood pressure.  
 
In conclusion, SELS gene expression in human adipose tissue and SELS genotypes 
were associated with measures of glucose homeostasis. In addition, SELS gene 
expression was upregulated by insulin stimulation in isolated human adipocytes. Our 
results further support a role for SELS in metabolic disease. 
 

4.4 Paper IV 
Establishment of a transgenic mouse model specifically expressing human serum 
amyloid A in adipose tissue. 
 
Several studies indicate that A-SAA may have metabolic functions, however the role 
of A-SAA in metabolism is unclear. Based on the assumption that, in humans, adipose 
tissue produced A-SAA enters the circulation (see section 1.6.4), we hypothesised that 
adipose tissue-derived A-SAA may influence the development of obesity-associated 
comorbidities, especially the development of atherosclerosis. To investigate this, we 
have generated a transgenic mouse model that mirrors the situation in human obesity 
with over-expression of hSAA in adipose tissue (see section 3.5.2). 
 
Several findings indicate that A-SAA influences the development of atherosclerosis. 
The A-SAA protein may contribute to local and systemic inflammation as recombinant 
SAA1 has been shown to promote proinflammatory cytokine production 54. In mouse 
adipose tissue, the SAA3 protein has been reported to interact with hyaluronan in the 
extracellular matrix 172. Hyaluronan-SAA3 complexes are chemotactic towards 
monocytes, a property that is dependent on the SAA3 content in the complex 172. 
Recombinant A-SAA has also been reported to induce chemotaxis of inflammatory 
cells (see Table 2 for references), thereby possibly recruiting monocytes to 
atherosclerotic lesions. In the circulation, the majority of A-SAA is found associated 
with HDL 66. The SAA-HDL displays increased affinity for macrophages and reduced 
affinity for hepatocytes 173. Accordingly, A-SAA has been suggested to impair reverse 
cholesterol transport. 
 
Recently, adenoviral induction of mouse SAA production, in absence of systemic 
inflammation, was reported to be associated with reduced reverse cholesterol transport 
174. However, the mouse SAA2 protein has been reported to stimulate cholesterol 
efflux from macrophages, suggesting an antiatherogenic role as well. The effect was 
demonstrated to involve the intracellular balance between transportable de-esterified 
cholesterol and stored esterified cholesterol. The SAA2 protein interacts with two 
enzymes regulating this balance, thereby shifting the balance in favour of transportable 
cholesterol 175. The functionally active domains in the SAA2 protein have been 
identified 175, and liposomal administration of the active SAA2 peptides to mice 
prevented and reversed atherosclerotic lesions 176. Since the mechanisms were specific 
for peptides of the SAA2 isoform 175, it is unclear if this is a major effect of A-SAA in 
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vivo. Despite this, the effect is interesting, especially since administration of SAA2 
peptides may translate into clinical use. 
 
A-SAA contains proteoglycan binding domains 177 which may contribute to lipid and 
lipoprotein retention in atherosclerotic lesions 178. In vitro, the ability of SAA-HDL to 
bind to proteoglycans has been demonstrated to correlate with the A-SAA content of 
HDL particles 179. Retained HDL particles increase the lipid content in the vessel wall, 
and may also be more susceptible to oxidation, especially if the HDL has reduced anti-
oxidative properties as is the case of HDL produced during the acute phase reaction 180. 
A recent study showed that recombinant A-SAA may even directly promote synthesis 
of the vascular proteoglycan biglycan in a pro-atherogenic manner, and that a short-
term adenoviral induced hSAA production was sufficient to obtain pro-atherogenic 
proteoglycan synthesis in vivo 181.  
 
Circulating levels of A-SAA are increased in diet-induced obesity in mice 182, 183 
similar to the situation in obese humans. Recently, A-SAA was investigated in relation 
to atherosclerosis in atherosclerosis-prone ApoE-deficient mice (ApoE-/-). The HF fed 
ApoE-/- animals gained weight, had elevated plasma A-SAA levels and the A-SAA 
protein was found to be colocalized with ApoB in the atherosclerotic lesions 184. 
However, gene expression of SAA gene family members differ in mice compared to 
humans. In the adipose tissue of obese mice, A-SAA expression is low and the SAA3 
protein is the predominantly produced isoform 182, 183. Absence of SAA3 in the serum 
of obese mice was recently demonstrated 183, indicating that in obese mice, circulating 
SAA is of hepatic origin. As a consequence, diet induced obesity in mice is not an 
optimal model for studies of the functional role of adipose tissue-derived A-SAA. One 
approach that has been used to analyze the effects of human A-SAA in mice without 
inducing an acute phase response is to use adenoviral-induced expression. However, 
the time span of adenoviral-induced expression is short and the production is localized 
to the liver. Accordingly, this technique can not accurately reflect the long term 
increase of A-SAA that is present in human obesity. 
 
In Paper IV we describe the initial characterization of our hSAA transgenic mouse 
model. A tissue distribution analysis of hSAA expression confirmed that the hSAA 
was predominantly expressed in adipose tissue. The hSAA mice displayed no visible 
phenotype compared to wild type mice. Although hSAA mice had a slightly lower 
body weight at 11 weeks of age, compared to wild type mice, the growth rate during 
the 18 subsequent weeks of NC and HF diet did not differ between hSAA and wild 
type mice. The total amount of body fat was similar in hSAA and wild type mice, as 
determined by DEXA analysis after 17 weeks of HF or NC diet.  
 
Plasma samples were analyzed for presence of hSAA protein using an enzyme-linked 
immunosorbent assay (ELISA) specific for human SAA. The hSAA was detectable in 
plasma, demonstrating that adipose tissue produced A-SAA is released into the 
circulation. The HF hSAA mice had increased plasma levels of hSAA compared to NC 
fed hSAA mice (Figure 3). The hSAA plasma levels in HF and NC fed animals were 
in the same range as in obese and lean human subjects 153, 185, respectively. In humans, 
the serum levels of A-SAA are correlated with measures of adiposity 57, 92. Similarly, 
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in transgenic mice, plasma hSAA levels were strongly correlated with total fat mass in 
the HF fed animals. Furthermore, in humans and mice, A-SAA in the circulation is 
associated with HDL 66, 67. To test if this was true also in the transgenic animals, 
pooled plasma samples were subjected to fast protein liquid chromatography (FPLC) 
separation. Analysis of the hSAA content in FPLC fractions using ELISA revealed 
that hSAA was found in the HDL containing fractions. Initial analysis of plasma 
samples showed that the hSAA association induced no size- or cholesterol-content 
changes in the lipoproteins. This is in line with previous studies of adenoviral 
transgenic expression of hSAA in mice 181, 186. 
 
In vitro studies have suggested that A-SAA is able to displace ApoA-I from HDL 
particles in a ratio dependent way 76. However, it is unclear to what extent this 
displacement occurs in vivo 187. Although not yet investigated, our model opens up for 
the possibility to investigate if ApoA-I on the HDL particles is displaced by A-SAA 
during non acute phase situations. 
 
In conclusion, the established mouse model has an adipose tissue-specific expression 
of hSAA under the control of the aP2 promoter/enhancer region. The adipose tissue 
derived hSAA is released into the circulation and, in plasma, the hSAA concentration 
was highest in the HDL containing fractions. Furthermore, plasma levels of hSAA in 
NC and HF fed animals were in the same range as in lean and obese humans, 
respectively. In contrast with previous studies with short term effects of adenoviral-
induced liver-produced hSAA, our model enables the study of long term hSAA effects, 
especially when investigated in atherosclerotic prone mice strains. Taken together, this 
model displays all the important characteristics needed to study direct metabolic and 
vascular effects of adipose tissue-derived hSAA.  
 

 
Figure 3. hSAA plasma levels in hSAA transgenic animals. Plasma levels of hSAA 
were measured in normal chow (NC) (n=7) and high fat (HF) fed (n=10) animals. Values are 
given as mean ± SEM. 
 

4.5 A final note regarding SAA 
In a recent study, it was suggested by Björkman et al. that the commercial recombinant 
human A-SAA protein does not have the same functional properties as the endogenous 
purified A-SAA protein 110. Instead, endogenous A-SAA was shown to lack 
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proinflammatory effects, whereas recombinant A-SAA was proinflammatory 110. The 
recombinant A-SAA molecule used was synthesized as a consensus molecule of SAA1 
and SAA2. The rationale behind using a consensus molecule is that the more than 
90 percent sequence homology between the SAA1 and SAA2 proteins, suggests 
similar functions of the isoforms. The recombinant A-SAA is based on the SAA1 
sequence but has a N-terminal methionine and substitution of aspargine for aspartic 
acid at position 60 and arginine for histidine at position 71. This means that the 
C-terminal is homologous to the SAA2 protein. As a result, this peptide sequence does 
not correspond to the endogenous peptide sequence. Consequently, conclusions drawn 
from previously published in vitro experiments using the recombinant A-SAA may 
have to be reevaluated. 
 
The recombinant A-SAA protein has not been used in the experiments that are 
presented in this thesis. Despite this, we have formed our hypothesis and drawn our 
conclusions based on previously published data. If the proposed discrepancy between 
the effects of the endogenous and recombinant molecules is true, it is unfortunate for 
this field of research that this molecule has been used extensively during the past 
15 years (see Table 2). However, not all previous studies of A-SAA have used this 
recombinant protein, and in several studies in vitro data are complemented with in vivo 
data. It will be interesting to see if the findings by Björkman et al. 110 can be replicated 
by others, and also to see how far the suggested discrepancy extends. 
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5 SUMMARY 
 
• The TNMD gene was highly expressed in subcutaneous adipose tissue and 

expression was equally high in adipocyte and stromal vascular fractions. TNMD 
gene expression was increased in obesity and reduced in response to weight loss. 
These findings suggest that TNMD plays a role in human adipose tissue. 

 
• In a cohort with a wide BMI range, a correlation between serum levels of A-SAA 

and adipocyte size was found in women, and this correlation was most apparent in 
lean women,. The majority of associations between serum A-SAA and adiposity or 
serum markers were also found in women, demonstrating that serum levels of A-
SAA may be influenced by sex specific factors.  

 
• Gene expression of SELS correlated with serum levels of insulin and HOMA-IR in 

obese subjects. The SELS 5227GG genetic variant was slightly overrepresented in 
cases with coronary artery disease. SELS genotypes were also associated with 
measures of glycemic control. These data indicate that SELS may be involved in 
the development of obesity-associated comorbidities. 

 
• A transgenic mouse model expressing hSAA in adipose tissue was established. 

Initial characterization indicates that necessary characteristics are present. The 
model will be used to study metabolic and vascular effects of adipose tissue-
derived A-SAA. 



 36 

6 ACKNOWLEDGEMENTS 
 
Tack!! 
 
Under min forskarutbildning har jag haft förmånen att arbeta bland kollegor som jag 
känner stor respekt och stort förtroende för. Jag vill tacka alla som hjälpt mig under 
min tid som doktorand, speciellt: 
 
Min huvudhandledare Kajsa Sjöholm. Tack för att jag fick vara hos dig som 
doktorand. Tack för att du generöst delat med dig av din kunskap, för att du är en klok 
och trygg chef med stort engagemang och för att du alltid försöker ta dig tid. Det har 
varit en mycket lärorik, stimulerande och rolig tid - tack!! 
 
Min biträdande handledare Per-Arne Svensson. Tack för intensiv handledning i 
slutfasen, för handledning före jag kände Kajsa och för att du alltid har så nära till 
skratt. 
 
Min biträdande handledare Johan Björkegren. Tack för ett öppet välkomnande till 
din grupp.  
 
Min tidigare biträdande handledare Mats Rudemo. Tack för att du fortsatte vara min 
handledare under en tid och för trevliga möten under tidigare handledning. 
 
Min professor Lena Carlsson. Tack för en kreativ forskarmiljö, för ditt engagemang 
och för konstruktiv kritik. 
 
Ett stort tack till alla tidigare och nuvarande kollegor/vänner för trevlig samvaro under 
och efter arbetstid: Sofie Ahlin, Johanna Andersson, Åsa Anveden, Marie Arding, 
Gerd Bergmark, Alicia Bergsten, Björn Carlsson, Santosh Dahgam, Britt 
Gabrielsson, Wai Giang Kok, Camilla Glad, Lena Gripeteg, Anders Gummesson, 
Susanne Hering, Rahil Hezaveh, Jenny Hoffmann, Joel Holmqvist, Daniel Hägg, 
Peter Jacobson, Margareta Jernås, Ted Lystig, Malin Lönn, Björn Magnusson, 
Kristina Narbro, Louise Olofsson, Bob Olsson, Jenny Palming, Vilborg Pálsdóttir, 
Atsuhito Saiki, Erik Schéle, Lars Sjöström och Magdalena Taube. Tack för alla 
lärorika och roliga diskussioner på lab och i SOS-baracken! Ett särskilt tack till 
Camilla och Daniel för skratt och bus! Ett dubbel-tack till alla som hjälpt till vid 
avslut på möss! 
 
Ett stort tack till alla medförfattare för givande samarbeten. 
 
Tack till Stiftelsen för Kunskaps och Kompetensutveckling som delfinansierat min 
tid som forskarstuderade genom Forskarskolan i Medicinsk Bioinformatik, initierad 
från Näringslivssamverkan (tidigare Medicinska Innnovationer) vid Karoliska 
Institutet. Ett särskilt tack till kontaktpersonerna Lena Lewin och Per-Erik Jansson 
för att ni har organiserat bra kurser samt för trevliga mail och telefonsamtal. 
 



 37

Jag är tacksam för förmånen och förtroendet av att ha fått analysera material och data 
insamlat i studier där rekrytering, insamling, tidigare analyseringar och 
sammanställning av materialen krävt stora arbetsinsatser. Jag vill även särskilt tacka 
alla patienterna som deltagit i studierna. 
 
Jag vill tacka för förmånen av att arbeta i en stimulerande miljö både inom 
Wallenberg-laboratoriet och inom Sahlgrenska Center for Cardiovascular and 
Metabolic Research. 
 
Tack Anna-Lena Dahlgren, Lisbeth Eriksson, Charlotta Johansson, Christina 
Torefalk och Björn Henning för hjälp med administration och datorer.  
 
Jag vill även tacka tidigare kollegor för en lärorik tid. Speciellt tack till Sofi och 
Christina, fantastiska vänner att ha när tillvaron kärvar. Tack även till Forskarskolan 
i Genomik och Bioinformatik, som jag tidigare var ansluten till, för intressanta kurser 
och seminariedagar. 
 
Tack till vänner och släkt som sätter guldkant på min tillvaro. 
 
Speciellt tack till Karro, Petra och Marketa (inte i alfabetisk ordning…), vänner i 
vått och torrt sedan länge. Tack för att ni alltid vet när ni ska ringa och alltid lyssnar 
när jag behöver terapiprata. Jag ser fram emot att träffas! 
 
Mina föräldrar Maggan och Arne. Tack för allt ni lärt mig och för att ni alltid tror på 
mig! Tack bror Mårten med familj Sara, Vera och Tove samt bror Oskar för alla 
diskussioner vi har haft.  
 
Jag vill inte minst tacka min fantastiska familj: Mikael och Hanna - världens bästa!!   
 



 38 

7 REFERENCES 
 
1. Seidell JC, Flegal KM. Assessing obesity: classification and epidemiology. Br Med 

Bull. 1997;53(2):238-52. 
2. Obesity: preventing and managing the global epidemic. Report of a WHO consultation. 

World Health Organ Tech Rep Ser. 2000;894:i-xii, 1-253. 
3. World Health Organization (WHO) http://www.who.int/topics/obesity/en/ Accessed: 

25 March 2010. 
4. Statens Folkhälsoinstitut, http://www.fhi.se/sv/Statistik-uppfoljning/Nationella-

folkhalsoenkaten/Levnadsvanor/Overvikt-och-fetma/ Accessed: 15 April 2010. 
5. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW. Body-Mass Index and 

Mortality in a Prospective Cohort of U.S. Adults. N Eng J Med. 1999;341(15):1097-
105. 

6. Prospective Studies C. Body-mass index and cause-specific mortality in 900 000 
adults: collaborative analyses of 57 prospective studies. The Lancet. 
2009;373(9669):1083-96. 

7. Wellen KE, Hotamisligil GS. Inflammation, stress, and diabetes. J Clin Invest. 
2005;115(5):1111-9. 

8. Neel JV. Diabetes mellitus: a "thrifty" genotype rendered detrimental by "progress"? 
Am J Hum Genet. 1962;14:353-62. 

9. Speakman JR. Thrifty genes for obesity, an attractive but flawed idea, and an 
alternative perspective: the 'drifty gene' hypothesis. Int J Obes (Lond). 
2008;32(11):1611-7. 

10. Wardle J, Carnell S, Haworth CMA, Plomin R. Evidence for a strong genetic 
influence on childhood adiposity despite the force of the obesogenic environment. Am 
J of Clin Nutr. 2008;87(2):398-404. 

11. Perusse L, Rankinen T, Zuberi A, Chagnon YC, Weisnagel SJ, Argyropoulos G, et al. 
The human obesity gene map: the 2004 update. Obes Res. 2005;13(3):381-490. 

12. Maes HH, Neale MC, Eaves LJ. Genetic and environmental factors in relative body 
weight and human adiposity. Behav Genet. 1997;27(4):325-51. 

13. Frayling TM, Timpson NJ, Weedon MN, Zeggini E, Freathy RM, Lindgren CM, et al. 
A common variant in the FTO gene is associated with body mass index and 
predisposes to childhood and adult obesity. Science. 2007;316(5826):889-94. 

14. Willer CJ, Speliotes EK, Loos RJ, Li S, Lindgren CM, Heid IM, et al. Six new loci 
associated with body mass index highlight a neuronal influence on body weight 
regulation. Nat Genet. 2009;41(1):25-34. 

15. Bochukova EG, Huang N, Keogh J, Henning E, Purmann C, Blaszczyk K, et al. Large, 
rare chromosomal deletions associated with severe early-onset obesity. Nature. 
2010;463(7281):666-70. 

16. Walters RG, Jacquemont S, Valsesia A, de Smith AJ, Martinet D, Andersson J, et al. 
A new highly penetrant form of obesity due to deletions on chromosome 16p11.2. 
Nature. 2010;463(7281):671-5. 

17. James WP. The epidemiology of obesity: the size of the problem. J Intern Med. 
2008;263(4):336-52. 

18. Sjöström L, Lindroos AK, Peltonen M, Torgerson J, Bouchard C, Carlsson B, et al. 
Lifestyle, diabetes, and cardiovascular risk factors 10 years after bariatric surgery. N 
Engl J Med. 2004;351(26):2683-93. 



 39

19. Sjöström L, Narbro K, Sjöström CD, Karason K, Larsson B, Wedel H, et al. Effects of 
bariatric surgery on mortality in Swedish obese subjects. N Engl J Med. 
2007;357(8):741-52. 

20. Sjöström L, Gummesson A, Sjöström CD, Narbro K, Peltonen M, Wedel H, et al. 
Effects of bariatric surgery on cancer incidence in obese patients in Sweden (Swedish 
Obese Subjects Study): a prospective, controlled intervention trial. Lancet Oncol. 
2009;10(7):653-62. 

21. Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity to insulin 
resistance and type 2 diabetes. Nature. 2006;444(7121):840-6. 

22. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus 
and its complications. Part 1: diagnosis and classification of diabetes mellitus 
provisional report of a WHO consultation. Diabet Med. 1998;15(7):539-53. 

23. Goldstein BJ. Insulin resistance as the core defect in type 2 diabetes mellitus. Am J 
Cardiol. 2002;90(5A):3G-10G. 

24. Isomaa B, Almgren P, Tuomi T, Forsén B, Lahti K, Nissén M, et al. Cardiovascular 
Morbidity and Mortality Associated With the Metabolic Syndrome. Diabetes Care. 
2001;24(4):683-9. 

25. Kahn R. Metabolic syndrome--what is the clinical usefulness? The Lancet. 
2008;371(9628):1892-3. 

26. Walldius G, Jungner I, Holme I, Aastveit AH, Kolar W, Steiner E. High 
apolipoprotein B, low apolipoprotein A-I, and improvement in the prediction of fatal 
myocardial infarction (AMORIS study): a prospective study. The Lancet. 
2001;358(9298):2026-33. 

27. McQueen MJ, Hawken S, Wang X, Ounpuu S, Sniderman A, Probstfield J, et al. 
Lipids, lipoproteins, and apolipoproteins as risk markers of myocardial infarction in 52 
countries (the INTERHEART study): a case-control study. The Lancet. 
2008;372(9634):224-33. 

28. Ross R. Atherosclerosis--an inflammatory disease. N Engl J Med. 1999;340(2):115-26. 
29. Skålén K, Gustafsson M, Rydberg EK, Mattsson Hultén L, Wiklund O, Innerarity TL, 

et al. Subendothelial retention of atherogenic lipoproteins in early atherosclerosis. 
Nature. 2002;417(6890):750-4. 

30. Williams KJ, Tabas I. The response-to-retention hypothesis of early atherogenesis. 
Arterioscler Thromb Vasc Biol. 1995;15(5):551-61. 

31. Spalding KL, Arner E, Westermark PO, Bernard S, Buchholz BA, Bergmann O, et al. 
Dynamics of fat cell turnover in humans. Nature. 2008;453(7196):783-7. 

32. Weyer C, Foley JE, Bogardus C, Tataranni PA, Pratley RE. Enlarged subcutaneous 
abdominal adipocyte size, but not obesity itself, predicts type II diabetes independent 
of insulin resistance. Diabetologia. 2000;43(12):1498-506. 

33. Xu H, Barnes GT, Yang Q, Tan G, Yang D, Chou CJ, et al. Chronic inflammation in 
fat plays a crucial role in the development of obesity-related insulin resistance. J Clin 
Invest. 2003;112(12):1821-30. 

34. Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante AW, Jr. 
Obesity is associated with macrophage accumulation in adipose tissue. J Clin Invest. 
2003;112(12):1796-808. 

35. Feuerer M, Herrero L, Cipolletta D, Naaz A, Wong J, Nayer A, et al. Lean, but not 
obese, fat is enriched for a unique population of regulatory T cells that affect 
metabolic parameters. Nat Med. 2009;15(8):930-9. 

36. Nishimura S, Manabe I, Nagasaki M, Eto K, Yamashita H, Ohsugi M, et al. CD8+ 
effector T cells contribute to macrophage recruitment and adipose tissue inflammation 
in obesity. Nat Med. 2009;15(8):914-20. 



 40 

37. Winer S, Chan Y, Paltser G, Truong D, Tsui H, Bahrami J, et al. Normalization of 
obesity-associated insulin resistance through immunotherapy. Nat Med. 
2009;15(8):921-9. 

38. Blaak E. Gender differences in fat metabolism. Curr Opin Clin Nutr Metab Care. 
2001;4(6):499-502. 

39. Montague CT, O'Rahilly S. The perils of portliness: causes and consequences of 
visceral adiposity. Diabetes. 2000;49(6):883-8. 

40. Despres J-P, Lemieux I. Abdominal obesity and metabolic syndrome. Nature. 
2006;444(7121):881-7. 

41. Björntorp P. "Portal" adipose tissue as a generator of risk factors for cardiovascular 
disease and diabetes. Arteriosclerosis. 1990;10(4):493-6. 

42. Bjorntorp P. Effects of age, sex, and clinical conditions on adipose tissue cellularity in 
man. Metabolism. 1974;23(11):1091-102. 

43. McLaughlin T, Sherman A, Tsao P, Gonzalez O, Yee G, Lamendola C, et al. 
Enhanced proportion of small adipose cells in insulin-resistant vs insulin-sensitive 
obese individuals implicates impaired adipogenesis. Diabetologia. 2007;50(8):1707-15. 

44. Lelliott C, Vidal-Puig AJ. Lipotoxicity, an imbalance between lipogenesis de novo 
and fatty acid oxidation. Int J Obes Relat Metab Disord. 2004;28 Suppl 4:S22-8. 

45. Sethi JK, Vidal-Puig AJ. Thematic review series: adipocyte biology. Adipose tissue 
function and plasticity orchestrate nutritional adaptation. J Lipid Res. 
2007;48(6):1253-62. 

46. Ye J. Emerging role of adipose tissue hypoxia in obesity and insulin resistance. Int J 
Obes (Lond). 2009;33(1):54-66. 

47. Nishimura S, Manabe I, Nagasaki M, Hosoya Y, Yamashita H, Fujita H, et al. 
Adipogenesis in obesity requires close interplay between differentiating adipocytes, 
stromal cells, and blood vessels. Diabetes. 2007;56(6):1517-26. 

48. Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expression of tumor necrosis 
factor-alpha: direct role in obesity-linked insulin resistance. Science. 
1993;259(5091):87-91. 

49. Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM. Positional 
cloning of the mouse obese gene and its human homologue. Nature. 
1994;372(6505):425-32. 

50. Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, Miyagawa J, et al. Paradoxical 
decrease of an adipose-specific protein, adiponectin, in obesity. Biochem Biophys Res 
Commun. 1999;257(1):79-83. 

51. Hickey MS, Israel RG, Gardiner SN, Considine RV, McCammon MR, Tyndall GL, et 
al. Gender differences in serum leptin levels in humans. Biochem Mol Med. 
1996;59(1):1-6. 

52. Jernås M, Palming J, Sjöholm K, Jennische E, Svensson PA, Gabrielsson BG, et al. 
Separation of human adipocytes by size: hypertrophic fat cells display distinct gene 
expression. FASEB J. 2006;20(9):1540-2. 

53. Poitou C, Divoux A, Faty A, Tordjman J, Hugol D, Aissat A, et al. Role of serum 
amyloid a in adipocyte-macrophage cross talk and adipocyte cholesterol efflux. J Clin 
Endocrinol Metab. 2009;94(5):1810-7. 

54. Yang RZ, Lee MJ, Hu H, Pollin TI, Ryan AS, Nicklas BJ, et al. Acute-phase serum 
amyloid A: an inflammatory adipokine and potential link between obesity and its 
metabolic complications. PLoS Med. 2006;3(6):e287. 

55. Thorn CF, Lu ZY, Whitehead AS. Regulation of the human acute phase serum 
amyloid A genes by tumour necrosis factor-alpha, interleukin-6 and glucocorticoids in 
hepatic and epithelial cell lines. Scand J Immunol. 2004;59(2):152-8. 



 41

56. Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW. C-reactive protein in healthy 
subjects: associations with obesity, insulin resistance, and endothelial dysfunction: a 
potential role for cytokines originating from adipose tissue? Arterioscler Thromb Vasc 
Biol. 1999;19(4):972-8. 

57. Sjöholm K, Palming J, Olofsson LE, Gummesson A, Svensson PA, Lystig TC, et al. A 
microarray search for genes predominantly expressed in human omental adipocytes: 
adipose tissue as a major production site of serum amyloid A. J Clin Endocrinol Metab. 
2005;90(4):2233-9. 

58. Benditt EP, Eriksen N. Chemical classes of amyloid substance. Am J Pathol. 
1971;65(1):231-52. 

59. Pras M, Reshef T. The acid-soluble fraction of amyloid--a fibril forming protein. 
Biochim Biophys Acta. 1972;271(1):193-203. 

60. Franklin EC, Pras M, Levin M, Frangione B. The partial amino acid sequence of the 
major low molecular weight component of two human amyloid fibrils. FEBS Lett. 
1972;22(1):121-3. 

61. Levin M, Franklin EC, Frangione B, Pras M. The amino acid sequence of a major 
nonimmunoglobulin component of some amyloid fibrils. J Clin Invest. 
1972;51(10):2773-6. 

62. Ein D, Kimura S, Terry WD, Magnotta J, Glenner GG. Amino acid sequence of an 
amyloid fibril protein of unknown origin. J Biol Chem. 1972;247(17):5653-5. 

63. Levin M, Pras M, Franklin EC. Immunologic studies of the major nonimmunoglobulin 
protein of amyloid. I. Identification and partial characterization of a related serum 
component. J Exp Med. 1973;138(2):373-80. 

64. Husby G, Natvig JB. A serum component related to nonimmunoglobulin amyloid 
protein AS, a possible precursor of the fibrils. J Clin Invest. 1974;53(4):1054-61. 

65. Rosenthal CJ, Franklin EC. Variation with age and disease of an amyloid A protein-
related serum component. J Clin Invest. 1975;55(4):746-53. 

66. Benditt EP, Eriksen N. Amyloid protein SAA is associated with high density 
lipoprotein from human serum. Proc Natl Acad Sci U S A. 1977;74(9):4025-8. 

67. Benditt EP, Eriksen N, Hanson RH. Amyloid protein SAA is an apoprotein of mouse 
plasma high density lipoprotein. Proc Natl Acad Sci U S A. 1979;76(8):4092-6. 

68. Selinger MJ, McAdam KP, Kaplan MM, Sipe JD, Vogel SN, Rosenstreich DL. 
Monokine-induced synthesis of serum amyloid A protein by hepatocytes. Nature. 
1980;285(5765):498-500. 

69. Uhlar CM, Burgess CJ, Sharp PM, Whitehead AS. Evolution of the serum amyloid A 
(SAA) protein superfamily. Genomics. 1994;19(2):228-35. 

70. Woo P, Sipe J, Dinarello CA, Colten HR. Structure of a human serum amyloid A gene 
and modulation of its expression in transfected L cells. J Biol Chem. 
1987;262(32):15790-5. 

71. Kluve-Beckerman B, Drumm ML, Benson MD. Nonexpression of the human serum 
amyloid A three (SAA3) gene. DNA Cell Biol. 1991;10(9):651-61. 

72. Steel DM, Sellar GC, Uhlar CM, Simon S, DeBeer FC, Whitehead AS. A 
constitutively expressed serum amyloid A protein gene (SAA4) is closely linked to, 
and shares structural similarities with, an acute-phase serum amyloid A protein gene 
(SAA2). Genomics. 1993;16(2):447-54. 

73. Santiago P, Roig-Lopez JL, Santiago C, Garcia-Arraras JE. Serum amyloid A protein 
in an echinoderm: its primary structure and expression during intestinal regeneration 
in the sea cucumber Holothuria glaberrima. J Exp Zool. 2000;288(4):335-44. 



 42 

74. Jensen LE, Hiney MP, Shields DC, Uhlar CM, Lindsay AJ, Whitehead AS. Acute 
phase proteins in salmonids: evolutionary analyses and acute phase response. J 
Immunol. 1997;158(1):384-92. 

75. Steel DM, Whitehead AS. The major acute phase reactants: C-reactive protein, serum 
amyloid P component and serum amyloid A protein. Immunol Today. 1994;15(2):81-8. 

76. Coetzee GA, Strachan AF, van der Westhuyzen DR, Hoppe HC, Jeenah MS, de Beer 
FC. Serum amyloid A-containing human high density lipoprotein 3. Density, size, and 
apolipoprotein composition. J Biol Chem. 1986;261(21):9644-51. 

77. Gabay C, Kushner I. Acute-phase proteins and other systemic responses to 
inflammation. N Engl J Med. 1999;340(6):448-54. 

78. Manley PN, Ancsin JB, Kisilevsky R. Rapid recycling of cholesterol: the joint 
biologic role of C-reactive protein and serum amyloid A. Med Hypotheses. 
2006;66(4):784-92. 

79. Hoffman JS, Benditt EP. Plasma clearance kinetics of the amyloid-related high density 
lipoprotein apoprotein, serum amyloid protein (apoSAA), in the mouse. Evidence for 
rapid apoSAA clearance. J Clin Invest. 1983;71(4):926-34. 

80. Morrow JF, Stearman RS, Peltzman CG, Potter DA. Induction of hepatic synthesis of 
serum amyloid A protein and actin. Proc Natl Acad Sci U S A. 1981;78(8):4718-22. 

81. Mozes G, Friedman N, Shainkin-Kestenbaum R. Serum amyloid A: an extremely 
sensitive marker for intensity of tissue damage in trauma patients and indicator of 
acute response in various diseases. J Trauma. 1989;29(1):71-4. 

82. Gillmore JD, Lovat LB, Persey MR, Pepys MB, Hawkins PN. Amyloid load and 
clinical outcome in AA amyloidosis in relation to circulating concentration of serum 
amyloid A protein. The Lancet. 2001;358(9275):24-9. 

83. Uhlar CM, Whitehead AS. Serum amyloid A, the major vertebrate acute-phase 
reactant. Eur J Biochem. 1999;265(2):501-23. 

84. Koivuniemi R, Paimela L, Suomalainen R, Tornroth T, Leirisalo-Repo M. 
Amyloidosis is frequently undetected in patients with rheumatoid arthritis. Amyloid. 
2008;15(4):262-8. 

85. Koivuniemi R, Paimela L, Suomalainen R, Leirisalo-Repo M. Amyloidosis as a cause 
of death in patients with rheumatoid arthritis. Clin Exp Rheumatol. 2008;26(3):408-13. 

86. Aviña-Zubieta JA, Choi HK, Sadatsafavi M, Etminan M, Esdaile JM, Lacaille D. Risk 
of cardiovascular mortality in patients with rheumatoid arthritis: A meta-analysis of 
observational studies. Arthritis Care & Research. 2008;59(12):1690-7. 

87. Johnson BD, Kip KE, Marroquin OC, Ridker PM, Kelsey SF, Shaw LJ, et al. Serum 
amyloid A as a predictor of coronary artery disease and cardiovascular outcome in 
women: the National Heart, Lung, and Blood Institute-Sponsored Women's Ischemia 
Syndrome Evaluation (WISE). Circulation. 2004;109(6):726-32. 

88. Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers 
of inflammation in the prediction of cardiovascular disease in women. N Engl J Med. 
2000;342(12):836-43. 

89. Bausserman LL, Sadaniantz A, Saritelli AL, Martin VL, Nugent AM, Sady SP, et al. 
Time course of serum amyloid A response in myocardial infarction. Clinica Chimica 
Acta. 1989;184(3):297-305. 

90. Maier W, Altwegg LA, Corti R, Gay S, Hersberger M, Maly FE, et al. Inflammatory 
markers at the site of ruptured plaque in acute myocardial infarction: locally increased 
interleukin-6 and serum amyloid A but decreased C-reactive protein. Circulation. 
2005;111(11):1355-61. 



 43

91. Urieli-Shoval S, Cohen P, Eisenberg S, Matzner Y. Widespread expression of serum 
amyloid A in histologically normal human tissues. Predominant localization to the 
epithelium. J Histochem Cytochem. 1998;46(12):1377-84. 

92. Poitou C, Viguerie N, Cancello R, De Matteis R, Cinti S, Stich V, et al. Serum 
amyloid A: production by human white adipocyte and regulation by obesity and 
nutrition. Diabetologia. 2005;48(3):519-28. 

93. Liang JS, Sipe JD. Recombinant human serum amyloid A (apoSAAp) binds 
cholesterol and modulates cholesterol flux. J of Lipid Res. 1995;36(1):37-46. 

94. Hatanaka E, Monteagudo PT, Marrocos MS, Campa A. Interaction between serum 
amyloid A and leukocytes - a possible role in the progression of vascular 
complications in diabetes. Immunol Lett. 2007;108(2):160-6. 

95. Shah C, Hari-Dass R, Raynes JG. Serum amyloid A is an innate immune opsonin for 
Gram-negative bacteria. Blood. 2006;108(5):1751-7. 

96. Walder K, Kantham L, McMillan JS, Trevaskis J, Kerr L, De Silva A, et al. Tanis: a 
link between type 2 diabetes and inflammation? Diabetes. 2002;51(6):1859-66. 

97. Abe-Dohmae S, Kato KH, Kumon Y, Hu W, Ishigami H, Iwamoto N, et al. Serum 
amyloid A generates high density lipoprotein with cellular lipid in an ABCA1- or 
ABCA7-dependent manner. J Lipid Res. 2006;47(7):1542-50. 

98. Stonik JA, Remaley AT, Demosky SJ, Neufeld EB, Bocharov A, Brewer HB. Serum 
Amyloid a promotes ABCA1-dependent and ABCA1-independent lipid efflux from 
cells. Biochem Biophys Res Commun. 2004;321(4):936-41. 

99. van der Westhuyzen DR, Cai L, de Beer MC, de Beer FC. Serum Amyloid A 
Promotes Cholesterol Efflux Mediated by Scavenger Receptor B-I. J Biol Chem. 
2005;280(43):35890-5. 

100. Hu W, Abe-Dohmae S, Tsujita M, Iwamoto N, Ogikubo O, Otsuka T, et al. 
Biogenesis of HDL by SAA is dependent on ABCA1 in the liver in vivo. J Lipid Res. 
2008;49(2):386-93. 

101. Baranova IN, Vishnyakova TG, Bocharov AV, Kurlander R, Chen Z, Kimelman ML, 
et al. Serum amyloid A binding to CLA-1 (CD36 and LIMPII analogous-1) mediates 
serum amyloid A protein-induced activation of ERK1/2 and p38 mitogen-activated 
protein kinases. J Biol Chem. 2005;280(9):8031-40. 

102. Cai L, de Beer MC, de Beer FC, van der Westhuyzen DR. Serum amyloid A is a 
ligand for scavenger receptor class B type I and inhibits high density lipoprotein 
binding and selective lipid uptake. J Biol Chem. 2005;280(4):2954-61. 

103. Baranova IN, Bocharov AV, Vishnyakova TG, Kurlander R, Chen Z, Fu D, et al. 
CD36 is a novel serum amyloid A (SAA) receptor mediating SAA binding and SAA-
induced signaling in human and rodent cells. J Biol Chem. 2010;285(11):8492-506. 

104. Cheng N, He R, Tian J, Ye PP, Ye RD. Cutting edge: TLR2 is a functional receptor 
for acute-phase serum amyloid A. J Immunol. 2008;181(1):22-6. 

105. He RL, Zhou J, Hanson CZ, Chen J, Cheng N, Ye RD. Serum amyloid A induces G-
CSF expression and neutrophilia via Toll-like receptor 2. Blood. 2009;113(2):429-37. 

106. Sandri S, Rodriguez D, Gomes E, Monteiro HP, Russo M, Campa A. Is serum 
amyloid A an endogenous TLR4 agonist? J Leukoc Biol. 2008;83(5):1174-80. 

107. Bokarewa M, Abrahamson M, Levshin N, Egesten A, Grubb A, Dahlberg L, et al. 
Cystatin C binds serum amyloid A, downregulating its cytokine-generating properties. 
J Rheumatol. 2007;34(6):1293-301. 

108. Su SB, Gong W, Gao JL, Shen W, Murphy PM, Oppenheim JJ, et al. A seven-
transmembrane, G protein-coupled receptor, FPRL1, mediates the chemotactic activity 
of serum amyloid A for human phagocytic cells. J Exp Med. 1999;189(2):395-402. 



 44 

109. Lee HY, Kim MK, Park KS, Bae YH, Yun J, Park JI, et al. Serum amyloid A 
stimulates matrix-metalloproteinase-9 upregulation via formyl peptide receptor like-1-
mediated signaling in human monocytic cells. Biochem Biophys Res Commun. 
2005;330(3):989-98. 

110. Björkman L, Karlsson J, Karlsson A, Rabiet MJ, Boulay F, Fu H, et al. Serum amyloid 
A mediates human neutrophil production of reactive oxygen species through a 
receptor independent of formyl peptide receptor like-1. J Leukoc Biol. 
2008;83(2):245-53. 

111. Dufton N, Hannon R, Brancaleone V, Dalli J, Patel HB, Gray M, et al. Anti-
Inflammatory Role of the Murine Formyl-Peptide Receptor 2: Ligand-Specific Effects 
on Leukocyte Responses and Experimental Inflammation. J Immunol. 
2010;184(5):2611-9. 

112. Lee HY, Kim SD, Shim JW, Lee SY, Lee H, Cho KH, et al. Serum amyloid A induces 
CCL2 production via formyl peptide receptor-like 1-mediated signaling in human 
monocytes. J Immunol. 2008;181(6):4332-9. 

113. Yan SD, Zhu H, Zhu A, Golabek A, Du H, Roher A, et al. Receptor-dependent cell 
stress and amyloid accumulation in systemic amyloidosis. Nat Med. 2000;6(6):643-51. 

114. Kryukov GV, Castellano S, Novoselov SV, Lobanov AV, Zehtab O, Guigo R, et al. 
Characterization of mammalian selenoproteomes. Science. 2003;300(5624):1439-43. 

115. Ye Y, Shibata Y, Yun C, Ron D, Rapoport TA. A membrane protein complex 
mediates retro-translocation from the ER lumen into the cytosol. Nature. 
2004;429(6994):841-7. 

116. Curran JE, Jowett JB, Elliott KS, Gao Y, Gluschenko K, Wang J, et al. Genetic 
variation in selenoprotein S influences inflammatory response. Nat Genet. 
2005;37(11):1234-41. 

117. Lundgren M, Svensson M, Lindmark S, Renstrom F, Ruge T, Eriksson JW. Fat cell 
enlargement is an independent marker of insulin resistance and 'hyperleptinaemia'. 
Diabetologia. 2007;50(3):625-33. 

118. Strandhagen E, Berg C, Lissner L, Nunez L, Rosengren A, Toren K, et al. Selection 
bias in a population survey with registry linkage: potential effect on socioeconomic 
gradient in cardiovascular risk. Eur J Epidemiol. 2010. 

119. Berg CM, Lappas G, Strandhagen E, Wolk A, Toren K, Rosengren A, et al. Food 
patterns and cardiovascular disease risk factors: the Swedish INTERGENE research 
program. Am J Clin Nutr. 2008;88(2):289-97. 

120. Chomczynski P, Sacchi N. Single-step method of RNA isolation by acid guanidinium 
thiocyanate-phenol-chloroform extraction. Anal Biochem. 1987;162(1):156-9. 

121. Chomczynski P, Sacchi N. The single-step method of RNA isolation by acid 
guanidinium thiocyanate-phenol-chloroform extraction: twenty-something years on. 
Nat Protoc. 2006;1(2):581-5. 

122. Gabrielsson BG, Olofsson LE, Sjogren A, Jernas M, Elander A, Lonn M, et al. 
Evaluation of reference genes for studies of gene expression in human adipose tissue. 
Obes Res. 2005;13(4):649-52. 

123. Pan Q, Shai O, Lee LJ, Frey BJ, Blencowe BJ. Deep surveying of alternative splicing 
complexity in the human transcriptome by high-throughput sequencing. Nat Genet. 
2008;40(12):1413-5. 

124. Irizarry RA, Bolstad BM, Collin F, Cope LM, Hobbs B, Speed TP. Summaries of 
Affymetrix GeneChip probe level data. Nucleic Acids Res. 2003;31(4):e15. 

125. McCall MN, Bolstad BM, Irizarry RA. Frozen robust multiarray analysis (fRMA). 
Biostatistics. 2010. 

126. Roberts L. Controversial From The Start. Science. 2001;291(5507):1182a-8. 



 45

127. Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC, Baldwin J, et al. Initial 
sequencing and analysis of the human genome. Nature. 2001;409(6822):860-921. 

128. Venter JC, Adams MD, Myers EW, Li PW, Mural RJ, Sutton GG, et al. The sequence 
of the human genome. Science. 2001;291(5507):1304-51. 

129. Human Genome Sequencing C. Finishing the euchromatic sequence of the human 
genome. Nature. 2004;431(7011):931-45. 

130. Kruglyak L, Nickerson DA. Variation is the spice of life. Nat Genet. 2001;27(3):234-6. 
131. Marchini J, Cardon LR, Phillips MS, Donnelly P. The effects of human population 

structure on large genetic association studies. Nat Genet. 2004;36(5):512-7. 
132. www.informatics.jax.org/external/festing/mouse/docs/C57BL.shtml; Accessed: 7 

April 2010. 
133. Morse HC. Origins of inbred mice; http://informatics.jax.org/morsebook/ Accessed: 7 

April 2010. 1978. 
134. Gordon JW, Ruddle FH. Integration and stable germ line transmission of genes 

injected into mouse pronuclei. Science. 1981;214(4526):1244-6. 
135. Harbers K, Jahner D, Jaenisch R. Microinjection of cloned retroviral genomes into 

mouse zygotes: integration and expression in the animal. Nature. 1981;293(5833):540-
2. 

136. Ross SR, Graves RA, Greenstein A, Platt KA, Shyu HL, Mellovitz B, et al. A fat-
specific enhancer is the primary determinant of gene expression for adipocyte P2 in 
vivo. Proc Natl Acad Sci U S A. 1990;87(24):9590-4. 

137. Brandau O, Meindl A, Fassler R, Aszodi A. A novel gene, tendin, is strongly 
expressed in tendons and ligaments and shows high homology with chondromodulin-I. 
Dev Dyn. 2001;221(1):72-80. 

138. Shukunami C, Oshima Y, Hiraki Y. Molecular cloning of tenomodulin, a novel 
chondromodulin-I related gene. Biochem Biophys Res Commun. 2001;280(5):1323-7. 

139. Yamana K, Wada H, Takahashi Y, Sato H, Kasahara Y, Kiyoki M. Molecular cloning 
and characterization of CHM1L, a novel membrane molecule similar to 
chondromodulin-I. Biochem Biophys Res Commun. 2001;280(4):1101-6. 

140. Kolehmainen M, Salopuro T, Schwab US, Kekalainen J, Kallio P, Laaksonen DE, et al. 
Weight reduction modulates expression of genes involved in extracellular matrix and 
cell death: the GENOBIN study. Int J Obes (Lond). 2008;32(2):292-303. 

141. Dahlman I, Linder K, Arvidsson Nordstrom E, Andersson I, Liden J, Verdich C, et al. 
Changes in adipose tissue gene expression with energy-restricted diets in obese 
women. Am J Clin Nutr. 2005;81(6):1275-85. 

142. Jelinsky SA, Archambault J, Li L, Seeherman H. Tendon-selective genes identified 
from rat and human musculoskeletal tissues. Journal of Orthopaedic Research. 
2010;28(3):289-97. 

143. Docheva D, Hunziker EB, Fassler R, Brandau O. Tenomodulin is necessary for 
tenocyte proliferation and tendon maturation. Mol Cell Biol. 2005;25(2):699-705. 

144. BioGPS http://biogps.gnf.org/#goto=genereport&id=64102 Accessed: 15 April 2010. 
145. Tolppanen AM, Pulkkinen L, Kolehmainen M, Schwab U, Lindstrom J, Tuomilehto J, 

et al. Tenomodulin is associated with obesity and diabetes risk: the Finnish diabetes 
prevention study. Obesity (Silver Spring). 2007;15(5):1082-8. 

146. Tolppanen AM, Pulkkinen L, Kuulasmaa T, Kolehmainen M, Schwab U, Lindstrom J, 
et al. The genetic variation in the tenomodulin gene is associated with serum total and 
LDL cholesterol in a body size-dependent manner. Int J Obes (Lond). 
2008;32(12):1868-72. 

147. Tolppanen AM, Pulkkinen L, Herder C, Koenig W, Kolehmainen M, Lindstrom J, et 
al. The genetic variation of the tenomodulin gene (TNMD) is associated with serum 



 46 

levels of systemic immune mediators--the Finnish Diabetes Prevention Study. Genet 
Med. 2008;10(7):536-44. 

148. Voros G, Maquoi E, Demeulemeester D, Clerx N, Collen D, Lijnen HR. Modulation 
of angiogenesis during adipose tissue development in murine models of obesity. 
Endocrinology. 2005;146(10):4545-54. 

149. Kolonin MG, Saha PK, Chan L, Pasqualini R, Arap W. Reversal of obesity by targeted 
ablation of adipose tissue. Nat Med. 2004;10(6):625-32. 

150. Oshima Y, Sato K, Tashiro F, Miyazaki J, Nishida K, Hiraki Y, et al. Anti-angiogenic 
action of the C-terminal domain of tenomodulin that shares homology with 
chondromodulin-I. J Cell Sci. 2004;117(Pt 13):2731-44. 

151. Arner E, Westermark PO, Spalding KL, Britton T, Ryden M, Frisen J, et al. Adipocyte 
turnover: relevance to human adipose tissue morphology. Diabetes. 2010;59(1):105-9. 

152. Skurk T, Alberti-Huber C, Herder C, Hauner H. Relationship between Adipocyte Size 
and Adipokine Expression and Secretion. J Clin Endocrinol Metab. 2007;92(3):1023-
33. 

153. Poitou C, Coussieu C, Rouault C, Coupaye M, Cancello R, Bedel JF, et al. Serum 
amyloid A: a marker of adiposity-induced low-grade inflammation but not of 
metabolic status. Obesity (Silver Spring). 2006;14(2):309-18. 

154. Lappalainen T, Kolehmainen M, Schwab U, Pulkkinen L, Laaksonen DE, Rauramaa R, 
et al. Serum concentrations and expressions of serum amyloid A and leptin in adipose 
tissue are interrelated: the Genobin Study. Eur J Endocrinol. 2008;158(3):333-41. 

155. van Dielen FM, van't Veer C, Schols AM, Soeters PB, Buurman WA, Greve JW. 
Increased leptin concentrations correlate with increased concentrations of 
inflammatory markers in morbidly obese individuals. Int J Obes Relat Metab Disord. 
2001;25(12):1759-66. 

156. Wakatsuki A, Ikenoue N, Shinohara K, Watanabe K, Fukaya T. Effect of lower 
dosage of oral conjugated equine estrogen on inflammatory markers and endothelial 
function in healthy postmenopausal women. Arterioscler Thromb Vasc Biol. 
2004;24(3):571-6. 

157. Hagihara K, Nishikawa T, Isobe T, Song J, Sugamata Y, Yoshizaki K. IL-6 plays a 
critical role in the synergistic induction of human serum amyloid A (SAA) gene when 
stimulated with proinflammatory cytokines as analyzed with an SAA isoform real-
time quantitative RT-PCR assay system. Biochem Biophys Res Commun. 
2004;314(2):363-9. 

158. Montague CT, Prins JB, Sanders L, Digby JE, O'Rahilly S. Depot- and sex-specific 
differences in human leptin mRNA expression: implications for the control of regional 
fat distribution. Diabetes. 1997;46(3):342-7. 

159. Lindmark S, Buren J, Eriksson JW. Insulin resistance, endocrine function and 
adipokines in type 2 diabetes patients at different glycaemic levels: potential impact 
for glucotoxicity in vivo. Clin Endocrinol (Oxf). 2006;65(3):301-9. 

160. Arner E, Ryden M, Arner P. Tumor necrosis factor alpha and regulation of adipose 
tissue. N Engl J Med. 2010;362(12):1151-3. 

161. Redon R, Ishikawa S, Fitch KR, Feuk L, Perry GH, Andrews TD, et al. Global 
variation in copy number in the human genome. Nature. 2006;444(7118):444-54. 

162. Karlsson HK, Tsuchida H, Lake S, Koistinen HA, Krook A. Relationship between 
serum amyloid A level and Tanis/SelS mRNA expression in skeletal muscle and 
adipose tissue from healthy and type 2 diabetic subjects. Diabetes. 2004;53(6):1424-8. 

163. Kim KH, Gao Y, Walder K, Collier GR, Skelton J, Kissebah AH. SEPS1 protects 
RAW264.7 cells from pharmacological ER stress agent-induced apoptosis. Biochem 
Biophys Res Commun. 2007;354(1):127-32. 



 47

164. Gao Y, Walder K, Sunderland T, Kantham L, Feng HC, Quick M, et al. Elevation in 
Tanis expression alters glucose metabolism and insulin sensitivity in H4IIE cells. 
Diabetes. 2003;52(4):929-34. 

165. Gregor MG, Hotamisligil GS. Adipocyte stress: The endoplasmic reticulum and 
metabolic disease. J Lipid Res. 2007. 

166. Özcan U, Cao Q, Yilmaz E, Lee A-H, Iwakoshi NN, Özdelen E, et al. Endoplasmic 
Reticulum Stress Links Obesity, Insulin Action, and Type 2 Diabetes. Science. 
2004;306(5695):457-61. 

167. Seiderer J, Dambacher J, Kuhnlein B, Pfennig S, Konrad A, Torok HP, et al. The role 
of the selenoprotein S (SELS) gene -105G>A promoter polymorphism in 
inflammatory bowel disease and regulation of SELS gene expression in intestinal 
inflammation. Tissue Antigens. 2007;70(3):238-46. 

168. Gao Y, Hannan NR, Wanyonyi S, Konstantopolous N, Pagnon J, Feng HC, et al. 
Activation of the selenoprotein SEPS1 gene expression by pro-inflammatory cytokines 
in HepG2 cells. Cytokine. 2006;33(5):246-51. 

169. Gao Y, Feng HC, Walder K, Bolton K, Sunderland T, Bishara N, et al. Regulation of 
the selenoprotein SelS by glucose deprivation and endoplasmic reticulum stress - SelS 
is a novel glucose-regulated protein. FEBS Lett. 2004;563(1-3):185-90. 

170. Liu J, Tang H, Niu L, Xu Y. Upregulation of Tanis mRNA expression in the liver is 
associated with insulin resistance in rats. Tohoku J Exp Med. 2009;219(4):307-10. 

171. Alanne M, Kristiansson K, Auro K, Silander K, Kuulasmaa K, Peltonen L, et al. 
Variation in the selenoprotein S gene locus is associated with coronary heart disease 
and ischemic stroke in two independent Finnish cohorts. Hum Genet. 2007;122(3-
4):355-65. 

172. Han CY, Subramanian S, Chan CK, Omer M, Chiba T, Wight TN, et al. Adipocyte-
derived serum amyloid A3 and hyaluronan play a role in monocyte recruitment and 
adhesion. Diabetes. 2007;56(9):2260-73. 

173. Kisilevsky R, Subrahmanyan L. Serum amyloid A changes high density lipoprotein's 
cellular affinity. A clue to serum amyloid A's principal function. Lab Invest. 
1992;66(6):778-85. 

174. Annema W, Nijstad N, Tolle M, de Boer JF, Buijs RV, Heeringa P, et al. 
Myeloperoxidase and serum amyloid A contribute to impaired in vivo reverse 
cholesterol transport during the acute phase response, but not group IIA secretory 
phospholipase A2. J Lipid Res. 2010. 

175. Kisilevsky R, Tam SP. Macrophage cholesterol efflux and the active domains of 
serum amyloid A 2.1. J Lipid Res. 2003;44(12):2257-69. 

176. Tam SP, Ancsin JB, Tan R, Kisilevsky R. Peptides derived from serum amyloid A 
prevent, and reverse, aortic lipid lesions in apoE-/- mice. J Lipid Res. 
2005;46(10):2091-101. 

177. Ancsin JB, Kisilevsky R. The heparin/heparan sulfate-binding site on apo-serum 
amyloid A. Implications for the therapeutic intervention of amyloidosis. J Biol Chem. 
1999;274(11):7172-81. 

178. O'Brien KD, McDonald TO, Kunjathoor V, Eng K, Knopp EA, Lewis K, et al. Serum 
amyloid A and lipoprotein retention in murine models of atherosclerosis. Arterioscler 
Thromb Vasc Biol. 2005;25(4):785-90. 

179. Lewis KE, Kirk EA, McDonald TO, Wang S, Wight TN, O'Brien KD, et al. Increase 
in serum amyloid a evoked by dietary cholesterol is associated with increased 
atherosclerosis in mice. Circulation. 2004;110(5):540-5. 



 48 

180. Khovidhunkit W, Kim MS, Memon RA, Shigenaga JK, Moser AH, Feingold KR, et al. 
Effects of infection and inflammation on lipid and lipoprotein metabolism: 
mechanisms and consequences to the host. J Lipid Res. 2004;45(7):1169-96. 

181. Wilson PG, Thompson JC, Webb NR, de Beer FC, King VL, Tannock LR. Serum 
amyloid A, but not C-reactive protein, stimulates vascular proteoglycan synthesis in a 
pro-atherogenic manner. Am J Pathol. 2008;173(6):1902-10. 

182. Scheja L, Heese B, Zitzer H, Michael MD, Siesky AM, Pospisil H, et al. Acute-phase 
serum amyloid A as a marker of insulin resistance in mice. Exp Diabetes Res. 
2008;2008:230837. 

183. Chiba T, Han CY, Vaisar T, Shimokado K, Kargi A, Chen MH, et al. Serum amyloid 
A3 does not contribute to circulating SAA levels. J Lipid Res. 2009;50(7):1353-62. 

184. King VL, Hatch NW, Chan HW, de Beer MC, de Beer FC, Tannock LR. A murine 
model of obesity with accelerated atherosclerosis. Obesity (Silver Spring). 
2010;18(1):35-41. 

185. Sjöholm K, Lundgren M, Olsson M, Eriksson JW. Association of serum amyloid A 
levels with adipocyte size and serum levels of adipokines: differences between men 
and women. Cytokine. 2009;48(3):260-6. 

186. Hosoai H, Webb NR, Glick JM, Tietge UJ, Purdom MS, de Beer FC, et al. Expression 
of serum amyloid A protein in the absence of the acute phase response does not reduce 
HDL cholesterol or apoA-I levels in human apoA-I transgenic mice. J Lipid Res. 
1999;40(4):648-53. 

187. van der Westhuyzen DR, de Beer FC, Webb NR. HDL cholesterol transport during 
inflammation. Curr Opin Lipidol. 2007;18(2):147-51. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


