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ABSTRACT

Adipose tissue is recognized as an active endocrine organ, influencing metabolism,
inflammation and immunity in mammals. The size of the visceral adipose tissue in farmed
Atlantic salmon has increased due to the exposure to lipid-rich formulated diets and immune
functions in adipose tissue in Atlantic salmon have been studied with different exposure like
lipopolysaccharide (LPS), omega-3 and 9 fatty acids (FAs). However, this thesis has focused
on gene expression responses of Atlantic salmon adipocytes to inflammatory inducer
peptidoglycan (PGN), different doses of omega-3 polyunsaturated fatty acids and vitamin E.
We used primary cell culture of the differentiating adipocytes that harbours the precursors of
the white adipocytes to study the gene expression responses of Atlantic salmon adipocytes to
different doses of polyunsaturated fatty acids, vitamin E and inflammatory inducer

peptidoglycan at Nofima.

Maturing adipocytes isolated from Atlantic salmon were incubated at 13°C until achieving the
confluence stage. Cells were treated with with the different doses of omega-3 FAs (0.30 and
0.05 mM) and in addition with either vitamin E (0.1 mM), PGN (10 mM) or vitamin E+PGN
20 days.

Quantitative real time PCR was the preferred approach in this project. We examined the
expression level of adipogenic (C/EBPa), fatty acid and energy metabolism (FAS, HSD17B4,
PGC-1a, UGT), intracellular antioxidant (GPx-2), immune; pro-inflammatory (TNF-a,
STATI1, LECT2, IL-15, IL-1p, IL.13a2, ALOXS5 and ALOX5AP), anti-inflammatory (RTEL1,
IL-1RA, IL-10 and TGF-B), related genes to understand the effects of different mentioned

treatments.

Adipogenesis was observed from low omega-3 FAs treatments and vitamin E which turned
on synthesis of fat-specific, uptake and storage of long chain fatty acids. Immunostimulant
was prone to lower the level of C/EBPa. Moreover, high doses of omega-3 FAs induced
lipogenic enzyme (FAS) which influenced to increase with combined treatments of vitamin E

and PGN. 17B-HSD4 was induced for inactivation of steroids and B-oxidation by vitamin E



with high doses of omega-3 FAs. In addition, PGC-la is a transcriptional coactivator for
conditional energy metabolism was down-regulated with high doses of omega-3 FAs
treatments. UGT which involves in glucuronidation, was induced more with low doses of
omega-3 FAs treatments which play role in synergistic effect with low doses of vitamin E.
Nonetheless, immunostimulant (PGN) with high doses of omega-3 FAs suppressed induction

of FAS, 17p-HSD4, PGC-10 and UGT.

There was no difference between expression level of vitamin E (intracellular anti-oxidant)
induction from low and high doses of omega-3 FAs. But significant effect of vitamin E was
observed from high+vitamin E treatments which could balance the synthesis of fatty acids.
However, vitamin E and PGN showed the opposite effect on adipose cells. The average
counter inductions of pro-and anti-inflammatory genes were observed with all treatments.
Interestingly, the high expression levels of pro-inflammatory genes were observed in the
high+PGN+vitamin E group which was affected by the equally up-regulated expression of
anti-inflammatory genes. PGN and high doses of omega-3 showed the highest levels of
inflammatory genes expression. However, low doses of omega-3 FAs influenced to suppress
induction of pro-inflammatory genes and showed effects on expression of anti-inflammatory

genes on average.

In conclusion, low doses of omega-3 FAs with vitamin E have positive effects on
adipogenesis. But, vitamin E for inhibition of oxidative damage was more prominent with
combined treatments of high doses of omega-3 FAs and vitamin E which was affected by
PGN under low omega-3 FAs treatments. All pro-inflammatory genes were down-regualted
with low doses of omega-3 FAs treatments and vitamin E helped to induce them. However,
high doese of omega-3 FAs induced higher level of anti-inflammatory adipokines which may
prevent inflammation from fatty acids syntheis. Importantly, immunostimulant (PGN) was
invloed to induce all pro-inflammatory genes except 1L-13Ra2 with low+PGN treatments
which was counteracted by IL-10, TGF-p and 1L-6 simultaneous induction. The significance

difference from control was set at p<0.05 (t-test).
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CHAPTER 1
INTRODUCTION

Adipose tissue is considered to be an inert organ for energy storage. It has pivotal role
in metabolic and immunological process. Endocrine role of adipose tissue is
accomplished through the production and release of a large variety of bioactive
proteins. Adipose tissue is made of a variety of different cells which play important
roles in regulation of its function. However, fat depots in salmonids have increased
due to the feeding with formulated diets enriched with lipids. Salmonids are very
commercially important species in aquaculture. Adipose tissue is very susceptible
with oxidative stress and apoptosis. The doses of omega-3 fatty acids (FAs) have
significant role to adjust oxidative damage and balance immune functions. But there is
very few omega-3 FAs dose dependent experiment has been done yet on salmonids
adipocytes. Todorcevic et al., (2008a) demonstrated that eicosapentaenoic acid (20:5n-
3, EPA) and docosahexaenoic acid (22:6n-3, DHA) lowered the triacylglycerol (TAG)
accumulation in mature salmon adipocytes compared to oleic acid (18:1n-9, OA).
Omega-3 FAs are able to change genes expression levels through modulating various

transcription factors.

Vitamin E has been accepted as an antioxidant but non-antioxidant property is also
reported. Vitamin E is modulator for stress related immunesupression. Vitamin E has
preventive measure to inflammatory responses. However, immunostimulant
(lipopolysaccharide, LPS and monophosphoryl lipid A, MPL) can induce expression
inflammatory genes including TNF-alpha (TNF-a), interleukin IL-1 beta (IL-1 B), type
2 TNF receptor (TNFR-2), and IL.-10, D3, D8, and D2 genes (Henricson et al., 1993).
Moreover, LPS can increase T lymphocytes and expression of immunomodulatory
cytokine, IL-10 in atopic children (Tulic et al.,, 2010) and induces expression of
immune genes, chemokines and receptors, NFkappa-B related genes, matrix
metalloproteinases and genes involved in eicosanoid metabolism in Atlantic salmon
(Skugor et al., 2010). Immunostimulant is a potent inducer of immune responses and
is widely used in experiments to initiate the inflammatory response. Inflammation is

often studied in the LPS-model in mammals (Antonicelli et al., 2004) and a number of

1



recent findings confirmed that immunostimulant (LPS) is able to trigger strong
immune responses in lower vertebrate model (Berczi et al., 1966) as well as in frog

(Morera and MacKenzie, 2011) and in fish (Iliev et al., 2005).

Due to the significant effects of fat deposition, fish health, disease and growth are
related with adipose biology, our experiment was focused on how different factors

influenced gene expression from salmon maturing adipocytes.

Hence, the analytical methods and techniques are explained briefly. Primary cell
culture of maturing adipocytes cells was used to isolate total RNA to make cDNA.
Total RNA quality and quantity was examined using bioanalyzer and NanoDrop 1000
Spectrophotometer respectively. cDNA was taken for real-time qPCR to measure
expression levels of different genes related with adipogenesis, lipogeneis, immunity

and energy metabolism.

The main goal of this in vitro study was focused on-

1. To examine the gene expression effects of different doses of omega-3 fatty
acids, vitamin E and immunostimulant (peptidoglycan) on molecular makers of
adipogenesis, lipogensis and energy storage in Atlantic salmon maturing
adipocytes.

2. To observe the gene expression effect of omega-3 fatty acids, vitamin E and
immunostimulant (peptidoglycan) to pro-and anti-inflammatory responses.

3. To understand defence mechanism of adipose tissue to intra-cellular oxidation.



CHAPTER I
REVIEW OF LITERATURE

2.1. Adipose tissue

Adipose tissue or body fat or fat depot is specialized loose connective tissue. Adipose
tissue is conglomerated with connective and nerve tissue, stromovascular cells,
macrophages, CD4 (cluster of differentiation 4), CD8 T cells, fibroblasts, endothelial
cells, multipotent mesenchymal cells, and immune cells (Ferranate, 2007;
Hotamisligil, 1993). It also contains many small blood vessels. The adipose tissue is
important to the body in maintaining proper energy balance, storing calories in the
form of lipids, mobilizing energy sources in response to hormonal stimulation, and
commanding changes by signal secretions. Adipose tissue characteristics often differ
between species, between depots within an individual and even between cells in
different parts of a depot (Frayn et al., 2003). In mammals, two types of adipose tissue
are found, white adipose tissue (WAT) and brown adipose tissue (BAT). Adipose
tissue is located under the skin (subcutaneous adipose tissue), between the muscles
(intermuscular adipose tissue, IMAT), and around the internal organs (both white and
brown adipose tissue). Gregoire et al., (1998) stated, WAT in higher eukaryotes
storing triacylglycerol to develop new and effective strategies in controlling periods of

energy excess and its mobilization during energy deprivation are its primary purposes.

Liver, muscle and mesenteric fat are considered as lipid storage organs (eg. liver in
cod and visceral adipose tissue in salmon) of fish (Sheridan, 1988). Muscle and,
especially, the liver are usually proposed as energy storage organs for reproduction
(Jonsson et al., 1997) or over-wintering (Morley et al., 2007). According to Fernandez
et al.,, (2009) muscle, liver, testis and ovary serves as energy storage organs in
different fish species like Paranototheni magellanica, P. cornucola, P. sima, P.

tessellate, Champsocephalus esox, C. gobio, Eleginops maclovinus, and Odontesthes

sp.



The perception of the role of adipose tissue has changed from a lipid and energy
storage organ, as a protector against heat loss, and to serve as a building-block or
space-keeper in several organs to an endocrine, metabolic, and immunologically
active organ. Adipose tissue play a pivotal role in secretion of a wide variety of
hormones and proteins, control in appetite and energy balance, immunity, insulin
sensitivity, angiogenesis, blood pressure regulation, lipid metabolism and maintain
whole body homeostasis (Zhang et al., 1994) with the invention of leptin in Atlantic
salmon and mammals (Vegusdal et al., 2003) and rainbow trout (Murashita et al.,

2008) connecting nearly all organs and cell types.

Large amounts of visceral fat in salmon leads to production losses during processing
and can significantly influence the health of the fish. Todorcevic et al., (2010b) has
shown that the recruitment of new fat cells from unspecialised stem cells and fat cell
maturation are controlled by a complex network very similar to the development of
human’s adipose tissue. The author stated that the composition and functions of the
adipose tissue are very important for the health of the fish. It has been known that
adipose tissues in salmon secrete hormone-like substances which are important in
regulating both energy utilisation and inflammatory reactions (Todorcevic et al.,
2010b). In addition to this an increasing degree of lipid accumulation in fat cells leads
to increased expression of genes involved in endoplasmic reticulum stress, oxidative

stress and inflammation.

Figure 1: Adipose cells (Moschen, 2006)



2.2. Lipid metabolism of adipocytes

Organisms store energy for later use during times of nutrient scarcity. When energy is
required, the stored triacylglycerol is hydrolyzed via activation of lipolytic pathways
(Nicole and Perry, 2008). The ability to synthesize sterol esters or triacylglycerols and
package these neutral lipids into cytosolic lipid droplets is a universal property of fish

and other eukaryotes from yeast to humans.

Triacylglycerols are stored as cytoplasmic 'lipid droplets' (also termed ‘fat globules’,
‘oil bodies’, ‘lipid particles’, ‘adiposomes’, etc) enclosed by a monolayer of
phospholipids and hydrophobic proteins, such as the perilipins in adipose tissue

(Williams, 1991).

The primary mechanism by which surplus fuel is made available from adipocytes is
through stimulated lipolysis. During lipolysis triglycerides are hydrolysed into free
fatty acids (FFA) and glycerol. According to William and Jaswinder (2008) the
process liberates FFA and glycerol is physiologically activated by hormones such as
catecholamines that stimulate cyclic adenosine monophosphate (cAMP) production
and protein kinase A (PKA) dependent phosphorylation of hormone-sensitive lipase
(HSL) and perilipins conditions. Perilipins normally inhibit lipolysis by preventing
access of lipases to the lipid droplets. In times of energy deficit, perilipin is
phosphorylated by PKA and facilitates maximal lipolysis by HSL and adipose
triglyceride lipase (ATGL).

Adipose cells lack the enzyme glycerol kinase, some glucose catabolism must occur
for triacylglycerol synthesis to take place specifically, the formation of
dihydroxyacetone phosphate, for reduction to glycerol 3-phosphate. Glucose acts as a
sensor in adipose tissue metabolism; when glucose levels are adequate, continuing
production of dihydroxyacetone phosphate generates enough glycerol 3-phosphate for
resynthesis of triacylgylcerols from the released fatty acids. When intracellular

glucose levels fall, the concentration of glycerol 3-phosphate falls also, and fatty acids



are released from the adipocyte for export as the albumin complex to other tissues

(Michael, 2011).

Adipocytes take up glucose, glycerol and FFA from serum and convert these to
triglycerides via numerous biochemical pathways. Tumor necrosis factor-alpha (TNF-
o) modulates the expression of many of the enzymes and other proteins that regulate
these pathways, thereby compromising adipocyte triglyceride storage. TNF-a
stimulates lipolysis via a glucose-dependent mechanism that likely involves
transcriptional effects. Despite the fact that the major biochemical and metabolic
pathways have been identified in fish (Cowey and Walton, 1989), the causal
quantitative relationships between dietary energy sources and lipogenesis or muscle
fat content are still poorly understood. Available information is limited to a small
number of teleost species, but the studies show that in a broad sense, fish are
comparable to land animals in terms of lipogenic processes. Fat-rich diets are found to
depress activities of several lipogenic enzymes in coho salmon and Atlantic salmon
(Lin et al., 1977; Arnesen et al., 1993). High-carbohydrate diets stimulate enzymes
involved in fatty acid synthesis in channel catfish and white sturgeon (Likimani and

Wilson, 1982; Fynn-Aikins et al., 1992).

2.3. Adipose tissue as a novel endocrine gland

Adipose tissue was a while ago considered as simple, static, lipid-storage tissue.
Nowadays, adipose tissue is regarded to be an active and novel endrocrine, paracrine
and autocrine organ (Bernardo, 2000). Adipose tissue was first conjectured to have
endocrine functions by Siiteri (1987), who pointed to the tissue’s ability to
interconvert steroid hormones. Adipose tissue is capable of secreting many
proinflammatory, anti-inflammatory and immunomodulating biologically active
molecules (cytokines, chemokines, and complement factors), immunomodulating
adipokines, C1q/TNF-related protein family members, growth factors (Schaeffler et
al., 2009; Hotamisligil et al., 1993; Tilg and Moschen, 2006).



Recently interest has moved to adipose tissue production and secretion of a wide
range of proteins. Many of these are classical cytokines and others, including leptin,
are structurally related to cytokines. In 1994, the discovery of leptin has revealed a
new dimension to the understanding of adipose tissue function in mammals (Trayhurn
and Wood, 2004). This has led to the introduction of the term adipocytokines to
describe this wide range of proteins produced by adipose tissue. In addition,
adipocytokine production may differ between adipocytes at different stages of their
development, for example, preadipocytes producing less tumour necrosis factor (TNF)

than mature cells (Frayn et al., 2003).
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Figure 2.1: Adipose derived peptides

Recent microarray study reveals gene expression profiles (lipid metabolism,
adipogenic, carbohydrate metabolism, cell cycle, immune related, protein folding and
translation, calcium regulated, endoplasmic reticulum stress and antioxidant system)

in Atlantic salmon during the differentiation of its preadipocytes in vitro (Todorcevic

et al., 2010a).

Recent studies suggest that adipose tissue inflammation is due in large part to the pro-
inflammatory actions of bone marrow-derived WAT macrophages. Macrophages are

monocytic phagocytes that function in innate immunity and wound-healing by



sequestering and clearing pathogens, dead cells and cell debris in an activation-
dependent manner (Duffield, 2003). Macrophage numbers and/or macrophage
inflammatory gene expression in WAT are positively correlated with adipocyte size
and body mass index (BMI) in mice and negatively correlated with weight loss in
obese humans (Clement et al., 2004; Weisberg et al., 2003; Cancello, 2005). While in
case of fish relation between quantity and inflammatory genes expression of
macrophage is not studied much yet. Macrophages are the predominant source of
TNF-o (Todorcevic et al., 2010a), and a significant source of interleukin-6 (IL-6) in
WAT of obese (0b/ob, db/db) mice and humans (Xu, 2003; Fried et al., 1998 and Fain
et al, 2004). Intimate relationship between metabolic regulation and immune
responses in WA (White Adipocytes) are found in Salmon a cold-blodded vertebrate
(Todorcevic et al., 2010a).

2.4. Fate of excessive lipid storage in adipose tissue

Excess lipid accumulation in adipose tissue can lead to load lipids in non-adipose
tissues eg. heart, skeletal muscle, pancreas, liver, and kidney may arise in the setting
of high plasma free fatty acids or triglycerides. Surplus lipids may eventually turn into
the pathogenesis of heart failure, obesity, impair normal cell signaling, causing
cellular dysfunction and induce apoptotic cell death. The process, termed as
lipotoxicity, can account for many manifestations of the 'metabolic syndrome'.
Moreover, abdominal obesity, atherogenic dyslipidemia, elevated blood pressure,
insulin resistance or glucose intolerance, prothrombotic state and proinflammatory
state are considered as metabolic risk factors for human (Scott et al., 2004).
Nonetheless, the evidence and effects of metabolic syndrome in case of fish is still
undisclosed. Mitochondrial damage may be caused by oxidative damage, which is
closely related with lipid accumulation (Schaffer, 2003). However, little has been
gained about causing factors explaining excess fat accumulation and their proximate
diseases in Salmoinds. Steatohepatitis (Thomsen et al., 1994), cardiomyapathy and
eventual heart failure (Herpen et al., 2008) in mammals is prominent due to abnormal

fat synthesis where in case of fish is unrevealed.



However, coronary arteriosclerosis in salmonids develops in immature fish, well
before maturation, and progresses with age and reveals that coronary arteriosclerosis
is possible factor of heart disease in fish (Farrell, 2002). Dietary factors, especially
polyunsaturated FAs (and their metabolites), can significantly stimulate vascular
smooth muscle proliferation in the salmon coronary artery. However, coronary lesions

and blood flow to the salmon heart has not been properly studied (Farrell, 2002).

The functions of lipogenesis and lipolysis can be regulated by numerous extracellular
stimuli, such as insulin, cortisol, catecholamines, growth hormone, testosterone, FFA
and cytokines. TNF-a action on adipocytes can directly alter lipid metabolism through
inhibition of FFA uptake and lipogenesis and stimulation of FFA release via lipolysis.
In this way, adipose tissue-derived TNF-a can contribute to the development of
dyslipidaemia and resultant metabolic complications. In obesity or excess adipose
tissue in mammals reveals low-grade inflammatory stresses (Cancello and Clement,
2006 and Maachi et al., 2004) which play vital role with production of pro-
inflammatory (Toll like receptor; TLR1-TLRY, IL-6 receptor, TNF receptor), anti-
inflammatory (Taniguchi and Yamamoto, 2005), and immunomodulating biologically
active molecules, accompanied with metabolic syndrome (Mehta and Reilly, 2004)

where fish is still subject of research interest.

2.5. Effects of omega-3 fatty acids on Atlantic salmon adipocytes

Effects of omega-3 FAs on Atlantic salmon adipocytes have been started to know
mostly from Marijana PhD experiments in 2008 (Todorcevic et al., 2008a). Marijana
Todorcevic who started the first work on development and functions of adipose tissue
in Atlantic salmon (Todorcevic et al.,, 2008a). Highly unsaturated FAs (HUFAs),
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) prevent the
- development of obesity in mammals by reducing the growth of visceral adipose tissue
(Ruzickova et al.,, 2004). Omega-3 FAs inhibit the late phase of adipocyte
differentiation through the suppression of peroxisome proliferator-activated receptor o
and CCAAT/enhancer binding protein y (PPARy and C/EBPa) two major genes that

regulate terminal differentiation (Madsen et al., 2005). Other proposed mechanisms



are that HUFAs suppress FA synthesis and /or induce mitochondrial FA B-oxidation,
leading to the utilization of stored lipids and a reduction in adipocyte size (Flachs et
al., 2005). However, it has recently been suggested that the loss of adipose tissue may
also be caused by a decrease in adipocyte number, and that this occurs by, for
example, apoptosis (Kim et al., 2006) induced by oxidative stress. Adipocytes
cultivated in omega-3 FAs enriched medium has lower TAG levels than cells
cultivated in a medium supplemented with oleic acid (OA) (Todorcevic et al., 2008a).
Todorcevic et al., (2008a) demonstrated that HUFAs affect FA utilization, fat storage
and oxidative stress (OS) in Atlantic salmon (Salmo salar) WAT. However, increased
levels of omega-3 FAs resulted in lower fat percentage in WAT in salmon
(Todorcevic et al., 2010b). With the increasing dietary levels of these omega-3 FAs,
the levels of DHA and EPA in phospholipids (PLs) from WAT and mitochondrial
membranes increased and generally mitochondrial membrane PLs are characterised by
lower levels of omega-3 FAs and higher levels of linoleic acid (LA; 18:2 n-6) than
WAT membrane PLs. The higher level of LA relative to omega-3 FAs in
mitochondrial membrane PLs may help to protect these PLs from peroxidation. The
increase activity of superoxide dismutase (SOD) in the DHA and EPA groups results
in OS in fish fed with high dietary dose of DHA and EPA whereas the increased
activity of caspase-3 in the high omega-3 FAs groups indicates the induction of

apoptosis and increased incidence of cell death in WAT.

It is known that EPA and DHA act as a mitochondrial proliferators and increase
mitochondrial B-oxidation activity in fish muscle and liver cells (Kjaer et al., 2008).
Increasing levels (11-58% of dietary total FAs of HUFAs has an effect on muscle and
mitochondrial membrane lipids and their susceptibility to oxidative stress of Atlantic
salmon (@stbye et al., 2009). According to @stbye et al., (2009) EPA and DHA
groups contain lower percentages of sphingomyelin and cardiolipin in total muscle
than the intermediate omega-3 FAs group and this cardiolipin and sphingomyelin are
particularly susceptible to peroxidation. A lower percentage of these high lipids
indicate oxidative damage of mitochondrial membranes whereas the intermediate n-3

HUFA group has the highest level of mitochondrial integrity and tendencies of lower
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level of thiobarbituric acid reactive substances (TBARS). A higher degree of
myofibre-myofibre detachment is found in fish fed the high omega-3 FAs diets than
in fish fed the intermediate omega-3 FAs diet. It is found that intermediate levels of
omega-3 FAs in salmon diets are best for protection against oxidative damage of

mitochondrial membranes and muscle structure.

Hong et al., (2006) determined the effects of omega-3 FAs in grass carp
(Ctenopharyngodon idellus) and stated that weight gain, specific growth rate, feed
efficiency and protein efficiency increased by increasing the dietary HUFAs content
from 0% to 0.52%, and declined thereafter. However, excess HUFAs fortification may

exert adverse effects, which might be due to oxidative stress.

Ling et al., (2006) showed that female swordtail (Xiphophorus helleri) benefits from
inclusion of dietary HUFA during reproductive stages, despite possessing the ability
to increase transcription of desaturase and elongase during low dietary HUFA
provision. However, excessive dietary HUFA could result in imbalanced ratios of

HUFA, which could impair reproductive processes.

Preadipocytes represent a wide variety of cells that have the potential to either
proliferate or differentiate into lipid-assimilating cells found within fat tissue
(Hausman et al., 2001; Kokta et al., 2004; Novakofski, 2004; Fernyhough et al.,
2007). Omega-3 FAs or their metabolites (Duplus et al., 2000, 2001) have effects on
proliferation and differentiation of these cells (Amri et al., 1994). Gene expression is
affected by omega-3 FAs through working with transcription factors such as PPARs.
However, an alternatively spliced form of PPARy has been discovered in Atlantic
salmon adipocytes (PPARy short) (Todorcevic et al., 2008a). Stimulation of PPARy
by fatty acids or specific ligands such as the fibrates, results in increased fatty acid
oxidation (Kliewer et al., 1997; Wolfrum et al., 2001). PPARY2 is highly expressed in
WAT and its stimulation by omega-3 FAs (Tontonoz et al., 1994; Gregoire et al.,
1998; Thuilier et al., 1998). In porcine preadipocyte cultures, omega-3 FAs is evolved
with gene expression of both transcription factors and markers of adipocyte

differentiation (Ding et al., 2001a,b). However, a clear relationship of fatty acids and
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transcription factor expression in relation to adiposity in vivo has not been established

(Ding et al., 2003).

Polyunsaturated fatty acids (PUFAs) are known to suppress lipogenic gene
transcription by downregulating the expression of the sterol regulatory element-
binding proteins (SREBPs) (Worgall et al., 1998; Xu et al., 1999) and they may
function as activators/ligands for the PPARs (Barak et al., 1999; Forman et al., 1997
and Etgen et al., 1997).

It is well documented that diets enriched in n-3 PUFAs decrease adipose growth in
rodents (Shimomura et al., 1990; Wang et al., 2002; Minami et al., 2002 and Cha et
al., 2001). However, high level of TIUFAs in the diet decreases the amount of
accumulated fat in adipose tissue. In addition, the amount of stored fat is decreased
when adipocytes are treated with HUFAs in vitro (Todorcevic et al., 2008b).
Moreover, omega-3 FAs limit the development of visceral adipose tissue by
suppressing the late phase of adipocyte differentiation through modifications of
PPARy (Ide et al., 1994). Nevertheless, EPA, and not DHA, lowers plasma
triacylglycerol by increasing mitochondrial fatty acid oxidation and decreased
availability of fatty acids for triacylglycerol synthesis (Madsen et al., 2005). However,
energy balance and body fat content can be influenced by changing the dietary omega-

3 FAs level (Couet et al., 1997 and Pan et al., 1995).

Todorcevic et al., (2008a) demonstrated that EPA and DHA lower the triacylglycerol
(TAG) accumulation in mature salmon adipocytes compared to oleic acid (18:1n-9,
OA). This finding indicates that a reduced level of HUFAs in fish diets, when the
traditional marine oil is exchanged for n-9 FAs rich vegetable oils (VOs), may
influence visceral fat deposition in salmonids. Moreover, major differences in the
metabolism of EPA, DHA and OA at different stages during differentiation of
adipocytes occur. Most of the EPA and DHA are oxidized in preadipocytes, while
they are mainly stored in TAGs in mature adipocytes in contrast to OA which is

primarily stored in TAGs at all stages of differentiation. However, due to fish oil (FO)
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shortage, we decided to test the effects of two different concentrations of omega-3

FAs and their effects on adipocytes.

2.6. Effects of vitamin E (a-tocopherol) on adipocytes

Vitamin E (a-tocopherol), the most important lipid-soluble antioxidant, and thus it
must be provided by foods and supplements (Burton, 1998), is discovered at the
University of California at Berkeley in 1922. The eight isomers of vitamin E are
widely distributed in nature. Vitamin E has been detected in varying compositions
(4+160 mg/g fresh weight) in all plants having been examined so far (Threlfall, 1971).
The significance of vitarlnin E is subsequently proven as a radical chain breaking
antioxidant that can protect the integrity of tissues and play an important role in life
processes (Traber, 1990). Since its discovery, studies of the constituent tocopherols
and tocotrienols have focused mainly on their antioxidant properties. More recently a.-
tocopherol is found to possess functions that are independent of its antioxidant/radical

scavenging ability.

Vitamin E is one commonly used antioxidant supplement in fish diets, but the
mechanisms of its action in fish are not fully understood (Mourente et al., 2002).
Vitamin E is proven to prevent OS to a certain extent, but it has antioxidant effects
that are independent of glutathione (Todorcevic et al., 2010b). Vitamin E seems to be
a potent pro-adipogenic vitamin, as it was associated with the up-regulation of the
central transcription factors that are essential for the terminal differentiation of
adipocyte in Atlantic salmon (Todorcevic et al., 2010b). However, vitamin E has
effects on weight gain, feed efficiency and other nutritional indices in rohu fry (Sau et

al., 2004).

Vitamin E helps to reduce production of prostaglandins such as thromboxane, that
cause platelet clumping. Thromboxane is formed from arachidonic acid, which is high
in western diets (Packer, 1991). Vitamin E also acts as a cell membrane stabilizer,
which is postulated by some researchers to be the primary mechanism for its

prevention of muscle damage (Meydani et al., 1996; Tiidus and Houston, 1995).
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Figure 2.2; Antioxidant system (Bendich, 1984)

In 1991 Angelo Azzi's group (Boscoboinik et al. 1991) first described non-antioxidant
cell signalling functions for a-tocopherol, demonstrating that vitamin E regulates
protein kinase C activity in smooth muscle cells. Absorption in the body is o-
tocopherol selective and other tocopherols are not absorbed or are absorbed to a lesser
extent. Furthermore, pro-oxidant effects are attributed to tocopherols as well as an
anti-nitrating action (Azzi and Stocker, 2000). Activation events are found on the
protein phosphatase PP2A and on the expression of other genes (a-tropomyosin and
connective tissue growth factor) (Azzi and Stocker, 2000). In cultured cells it has been
demonstrated that vitamin E inhibits inflammation, cell adhesion, platelet aggregation
and smooth muscle cell proliferation. Recent advances in molecular biology and
genomic techniques have led to the discovery of novel vitamin E-sensitive genes and

signal transduction pathways.

It is well known that high fat diets (HFDs) increase in proinflammatory adipokines.
IL-6 is considered the major inflammatory mediator in excess fat mass. IL-6 protein

levels and the IL-6/I1.-10 ratio are decreased in epididymal white adipose tissue by
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receiving vitamins E supplementation. Vitamin E can significantly reduce the IL-6
levels in mice and in 3T3-L1 adipocytes stimulated with LPS without affecting IL-10
levels (Fabio et al., 2011). However, adipokines stimulation in response with with
either vitamin E or along with immune-stimulant is still unexplored in case of fish.
Vitamin E intakes reduce plasma C-reactive protein (CRP) and IL-6 concentrations in

diabetic subjects (Upritchard et al., 2000).

The effect of a-tocotrienol can able to decrease the insulin-induced PPARy mRNA
expression by 55% compare with insulin, whereas a-tocopherol increase the mRNA
expression (Uto-Kondo et al., 2009). Supplementation of vitamin E restores the
concentrations of adipocyte determination and differentiation-dependent factor 1

(ADD1) and FAS mRNA, which is decreased by DHA treatment (Liu et al., 2005).

Vitamin E has independent positive antioxidant effects on adiponectin mRNA and
protein secretion in 3T3-L1 adipocyte cells (Landrier et al., 2009). Vitamin E up-
regulates adiponectin expression via a mechanism that implicates PPARy together
with its endogenous ligand 15-deoxy-Delta 12, 14-prostaglandin J2 (Landrier et al.,
2009). Besides being a very important natural antioxidant, o -tocopherol also acts as a
significant nonantioxidant. Furthermore, the nonantioxidant action of a-tocopherol
appears to be of particular relevance at the cellular level (Chatelain et al., 1993;

Boscoboinik et al., 1991).

The increasing susceptibility of highly unsaturated membrane phospholipids to free
radical initiated oxidation, vitamin E and selenium play the significant role in
preventing initiation and propagation of the lipid peroxidation (Valk and Hornstra,

2000).
Cellular and molecular studies provide a possible mechanism whereby by vitamin E

may exert its action, namely by scavenging peroxy-radicals and thereby acting as a

chain-breaking antioxidant (Burton and Ingold, 1981; Serbinova and Packer, 1994 and
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Witting et al., 2000). However, vitamin E protects PUFAs and protein thiol groups

against oxidation (Ferre et al., 2001 and Scaccini et al., 1992).

The content of PUFAs in adipose tissue negatively correlates with vitamin E content
in that tissue. However, plasma vitamin E levels decrease upon long term fish oil
supplementation and that this effect is alleviated by higher dietary vitamin E intake

(Cho and Choi, 1994; Javonhey-Donzel et al., 1993 and Pallozza and Krinky, 1992).

The vitamin E requirement in farmed Atlantic salmon (Salmo salar) varies
extensively with different experimental conditions. The diet contained 17% lipid and
5.6% PUFA, which corresponds well with lipid and PUFA levels currently used in

practical diets for salmon fry.

An increase in vitamin E requirement caused by increased dietary PUFA has been

confirmed in fish farming (Watanabe, 1982) and in mammals (Witting and Horwitt,

1964).

The level of dietary PUFA is increased due to an increase in vitamin E requirements
and the enrichment of tissues with a-tocopherol leads to less oxidation of fatty acids in
tissues subjected to activated oxidation, even if these tissues contain rather high levels

of n-3 PUFA (Leibowitz et al., 1980).

However, in mammals, the protection of PUFA from peroxidation depends on the
tissue (Leibowitz et al., 1980; Monahan et al., 1992). In fish, high levels of PUFA
induce higher a-tocopherol requirements (Watanabe et al., 1981; Cowey, 1993).

A dietary a-tocopherol supplement partly inhibits the oxidative processes responsible
for muscle lipid darkening during cold storage of freshwater fish such as channel
catfish (0° Keefe and Noble, 1978; Gatlin et al., 1992), rainbow trout (Boggio et al.,
1985; Frigg et al., 1990) and also in a marine fish, the sea bass (Stephan and Lamour,

1993). Dietary a-tocopherol in broiler diets has long been accepted as a feasible means
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of delaying lipid oxidation and prolonging shelf life (Combs and Regenstein, 1980;
Bartov and Bornstein, 1981). The vitamin E requirement of certain terrestrial animals
and of certain species of fish is affected by the quantity of PUFA in the diet and by

their degree of unsaturation.

Belo et al., (2005) suggests that vitamin E may contribute to the efficiency of the fish's
inflammatory response by increasing macrophage recruitment and giant cell formation
in the foreign body granulomatous reaction. Vitamin E appears to act on the stress

response of pacus fish by preventing a stress-related immunosuppression.

Amlashi et al., (2011) indicates that vitamin E had no significantly effect on muscle
proximate analysis, hematological and immunological parameters of sub-yearling
beluga (Huso huso) but has a direct effect on growth performance of beluga sturgeon

and this vitamin is an essential nutrient required for normal growth in this species.

Vitamin E could modulate adiponectin expression in adipocytes, which could
constitute an additive mechanistic explanation for the effect of vitamin E on
adipocytes. This vitamin is synthesized by plants, and has eight different isoforms
(vitamers) divided into two classes of four vitamers each. Vitamin E is integral part of
cellular membranes whose main role is to protect the cell against oxidation. Within
cells and organelles (e.g. mitochondria) vitamin E is the first line of defence against
lipid peroxidation. Vitamin E also plays a very important function in lending red

blood cells (RBC) flexibility as they make their way through the arterial network.

Concentrations of vitamin E cover a wide range in body tissues. The actual
mechanisms regarding vitamin E release from the tissue is unknown till now. While it
seems likely that vitamin E is released during lipolysis associated with exercise this
may not be true and even during times of weight reduction vitamin E is not released

from the adipose cells (Traber, 1999). Therefore, the factors that regulate

bioavliability of vitamin E from adipose tissue are not known.
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Vitamin E is excreted mainly via bile, urine, feces, and the skin. It is oxidized and
forms hydroquinone and then is conjugated to form glucuronate. Once formed the
glucuronate can be excreted into bile or further degraded in the kidneys and excreted

in the urine.

2.7. An immunostimulant

Immunostimulants are chemical compounds that instigate white blood cells and affirm
animals to infections by viruses, bacteria, fungi and parasites. In the presence of
chemical signals the immune system respond as if challenged by a pathogenic
microbe. Hence, administration of an immunostimulant prior to an infection may
elevate the defence batriers of the animal and thus provide protection against severe or
lethal infection.
Bacteria cell wall (e.g. lipopolysaccharides (LPSs), lipopeptides, peptidoglycans
(PGN) and muramy] peptides) are very potent immunostimulants.
Immunostimulants may act in synergy with antibiotics and thus strengthen the effect
of curative medication. However, immunostimulants are primarily prophylactic agents
which should be used to-

e Elevate the general defense barrier of the organism and hence to reduce the risk

of disease, not as a curative medicine.

2.8. Role of immunostimulant

Immunostimulants are being used today both within the aqua-culture sector and in
traditional animal husbandry to reduce mortality due to infections and to improve
general performance of animals including fish and shrimp in aquaculture. LPS and
PGN helps to activate innate immune cells such as macrophages and adaptive immune
B cells (Li and Qin. 2005). The interaction between adipocytes and macrophages
results in marked upregulation of pro-inflammatory adipocytokines and significant

downregulation of anti-inflammatory adipocytokines (Schenk et al., 2008).
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Immunostimulants may provide particular benefits when used in order to (Jan R,
2000):
# Prevent virus diseases
4% Enhance disease resistance of farmed shrimp
#+ Reduce mortality of juvenile fish
# Enhance the efficacy of anti-microbial substances
4 Enhance the efficacy of vaccines
# Enhance the resistance to pathogenic micro-organisms, parasites and reduce
mortality due to opportunistic pathogens e.g. spring and autumn blooms in the
marine environment, high stocking density (Jan R, 2000).
4+ Develop general performance in stress and impaired of animals e.g. handling,
change of temperature and environment, weaning of larvae to artificial feeds
(Jan R, 2000).
4 Enhance developmental phases when animals are particularly susceptible to
infectious agents e.g. the larvae phase of shrimp and marine fish, smoltification

in salmon, sexual maturation (Jan R, 2000).

Improvements in the health status of fish can certainly be achieved by balancing the
diets with regard to nutritional factors, in particular lipids and antioxidative vitamins,
but this is primarily a result of an input of substrates and cofactors in a complex
metabolic system. This is unlike immune-stimulants, which interact directly with the

cells of the immune system and make them more active.

Eicosanoid metabolism influences expression of immune genes, including TNFa and
TNF-dependent genes, chemokines and receptors exposure to LPS in Atlantic salmon
(Skugor et al, 2010). Immunostimulants is able to accelerate a number of
transcriptional events during the adipogenic differentiation and decrease expression of
adipocyte markers and genes involved in lipid metabolism of preadipocytes (Skugor et

al., 2010).
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Immunostimulants treatment of isolated primary cells, (Ajuwon et al., 2004) and
established mouse 3T3-L.1 (Rodriguez-Calvo et al., 2008) cell cultures containing
adipocytes at different stages increases production and release of proinflammatory
cytokines (TNFa and IL-6) and chemokines and expression immune genes stimulate
NFkappaB down-regulation and ligand induced activation of PPARy (Qiao et al.,
2008). Immunostimulants (LPS) decreases expression of adipogenic markers (eg.
PPARy, C/EBPa, C/EBPS) and proteins of lipid metabolism and activates lipolysis
(Skugor et al., 2010). Metabolic responses of fish adipocytes can be influenced by
LPS (Albalat et al., 2005).

Immunostimulants is able to decrease activity of extracellular superoxide dismutase
SOD (Adachi et al., 2005). SOD, is an important scavenger of reactive oxygen species
(ROS). ROS is an anti-adipogenic in mammals (Carriere et al., 2004) and Skugor et
al., (2010) confirms the negative role of ROS in lipogenic pathways in Atlantic
salmon. LPS has down-regulation influence of PPARY, a key regulator of adipogenic
development and lipogenic pathways, consistent with the down-regulation of
lipogenic markers (eg. microsomal triglyceride transfer protein, MTP and ATP-
binding cassette transporter 2, ABCA13) (Skugor et al., 2010). Immunostimulants

can enhance lipolysis in large murine adipose depots (Berkowitz et al., 1998).

2.9. Cell Culture Systems

The use of in vitro cell cultures has provided a great deal of information closely
mimicking the in vivo state. The cell culture systems have provided tools to study
biochemistry and molecular biology. Like mammalian cells, fish cells can be
maintained in vitro in two ways: cell lines and primary cultures. Most of biological
experiments are performed with immortalized cell lines since they are readily
available and can be expanded without limitation. Established cell lines present a
homogenous cell population and can be carried in culture indefinitely. Cell that are
cultured directly from animal tissue are known as primary cells. Primary cultures can
keep the differentiated state for a short period and have limited life span. Primary cell

culture offers a more relevant system for the study of cell function, disease states.
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Primary cell cultures have the advantage in comparison to cell lines, that
environmental conditions can be precisely controlled. However, working with primary
cell in culture presents numerous challenges, including the requirements for unique

cell supplements and growth conditions.

An important advantage of primary cells, in comparison to cell lines, is that they more
closely resemble the in vivo situation, since they represent heterogeneous population
of cells. However, in vitro systems share the characteristics that they exclude the

influence of other organs and of the circulatory and immune system.
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Figure 2.3: Cell Culture Plates
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CHAPTER I1I
Materials and Methods

A study was carried out from 01 November 2010 to August 2011 to analyze the gene
expression responses of Atlantic salmon adipocytes to inflammatory inducer peptidoglycan
(PGN), different doses of omega-3 polyunsaturated fatty acids (FAs) and vitamin E. The

details materials and methods for the experiment are presented in this chapter.

3.1. Materials

Atlantic salmon (salmo salar) were obtained from NOFIMA’s Research Station, Tramso,
Norway. Fetal bovine serum (FBS), antibiotics (combination of penicillin, streptomycin and
amphotericin B), 4-(2-hydroxyethyl)-1-piperazineethane-sulfonic acid (HEPES), lipid
mixture, laminin, Thermanox cover slips, phosphate buffered saline solution (PBS),
Leibowitz-15 (L-15) were used as materials. Metacin (MS-222) was obtained from Nosk
Medisinaldepot (Oslo, Norway). Cell wall components from bacterium (PGN-EB;
Peptidoglycan from E. coli 0111:B4) was bought from InvivoGen. Collagenase (type I,
220U/mg) was obtained from Worthington (Lakewood, NJ, USA). RNeasy Mini Kit,
QIAshredder columns and RNase-free DNase I were purchased from Qiagen (Vaencia, CA,
USA). TagMan RT-PCR Kit was bought from Applied Biosystems (Foster City, CA, USA).
NanoDrop 1000 Sectrophotometer (Thermo Fisher Scientific Inc.), Agilant 2100 Bioanalyzer
(Sr. No. DE72901876) and Light Cycler 480 (Roche Diagnostics, Mannheim, Germany) were

used.

3.2. Isolation and culture of adipocytes

Atlantic salmon (Salmo salar) were fed commercial diet prior to sampling. Fish were
anesthetized with metacain (MS-222). The arch bows of gills were cut and after bleeding for
1-2 minutes, the fish were killed by a blow to the head. The abdomen was cut and opened to
expose the visceral adipose depot. Intestinal fat was removed carefully to avoid cross-
contamination with intestinal contents. In addition, the fat was rinsed in petri dishes with L-

15 until there was no visible of blood.

The fat tissue was transferred into 50 ml tubes containing L-15 and kept on ice until all fish
were dissected. The weights of tubes were taken before putting the fat into them to keep

control of the amount of collected fat. Then the fat tissue was cut into small pieces and
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washed twice with L-15. The tissue was centrifuged at 280g for 5 minutes prior to
transferring it with a spoon into new tubes with L-15. The buffer was decanted off and the
tissue was resuspended in new buffer and transferred again into new tubes with L-15. Tissue
was then centrifuged at 1250 rpm for 5 minutes and transferred into 0.1% collagenase (Type
1) solution (1 g tissue per 5 ml L-15). Collagenase digestion was executed by gentle shaking
using electric stirrers for 1 hour at 13°C. The digested tissue was filtered through 250 and 100
um nylon filters into 50 ml tubes to remove large particulate material and rinsed through the
filter with L-15. The filtered was then centrifuged at 700g for 10 minutes. Then the cells were
precipitated to the bottom of tubes and the digestion buffer was decanted off. The precipitated
cells were washed twice in L-15 medium and then centrifuged at 700g for 5 minutes where L-
15 was decanted off again. The cells were resuspended in growth medium containing 440 ml
L-15, 5 mM HEPES, antibiotics and 10% fetal bovine serum (FBS) and then finally
centrifuged at 700g rpm for 10 minutes prior to decanting off the medium and plated the
cells. Prior to plating the cells, each well was coated with 15 pl laminin and dried for about 5
hours. The cells were incubated at 13°C. Cells were washed every three with L-15 medium
until achieving the confluence stage. Cells were treated with different treatments for 6 days.
The cells first got treatments with FAs and vitamin E. Then second treatments were given

after three days with (including FAs and vitamin E) PGN.

Table 3.1. Concentration of different treatments of Eicosapentaenoic acids (EPA),
Docosahexaenoic acid (DHA), Vitamin E (o-TOC) and Peptidoglycan

(PGN).
Well Final Final Final Final Rename
number  conc.(mM)  conc.(mM) conc.(mM) conc.(mM)
EPA DHA Vitamin E PGN
1-6 0.3 0.3 - - high Omega

7-12 0.3 0.3 0.1 - high omega +
vitamin B

13-18 0.3 0.3 - 10 high omega + PGN

19-24 0.3 0.3 0.1 10 high omega +
vitamin E + PGN

25-30 0.05 0.05 0.1 - low omega +
vitamin E

31-36 0.05 0.05 - 10 low omega + PGN

37-42 0.05 0.05 0.1 10 low omega +
vitamin E + PGN

43-54 0.05 0.05 - - low Omega
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3.3. RNA extraction

Adipocytes were washed two times with PBS. RNA isolation was carried out by using an
RNeasy Mini Kit. RLT buffer (lysis buffer for disrupting and denaturing cell) was mixed
with 1% B-mercaptoethanol which helps to inhibit RNase. 300 pl of RLT buffer was added to
each cell well. Further, cells were scraped off and cell suspension was transferred to QIA-
shredder columns and centrifuged at 15700 x g for 2 minutes. The lysate, which load onto the
upper part of the columns, was thrown away. Then, 1 x volume (300 pl) of 70% EtOH (70%
ethanol) was added to the suspension in the bottom of the tube, mixed and transferred to

RNeasy columns. After that, the columns were centrifuged at 15700 x g for 15 seconds.

350 pl of RWI buffer (washing buffer) was added and spin at 15700 x g for 15 seconds.
Further, DNase mix was prepared by mixing 10 pl of DNase I stock solution and 70 pl of
RDD buffer per sample. It was mixed through inverting. 80 pl of DNase incubation mix was
added to each colon and then incubated for 15 minutes at room temperature. After that, 350

pl of RWI buffer was added again and centrifuged at 15700 x g for 15 seconds.

500 pl of RPE buffer with ethanol (washing buffer) was added and centrifuged on 15700 x g
for 2 minutes. Again it was added 500 pl of RPE buffer and centrifuged on 15700 x g for 2
minutes. Then the colons were transferred to a new tubes and spin at 15700 x g for 1 minute,
Finally the colons were moved to 1.5 ml eppendorf tube and eluted with 40 pl RNase-free
water. Samples were centrifuged at 15700 x g for 1 minute. The same elution processes was
done again by transferring the content onto colon once more and spin again at 15700 x g for |

minute.

3.4. RNA quality assay

Concentrations of each sample were assessed with the NanoDrop 1000 Sectrophotometer.
While the quality of RNA was determined by using bioanalyzer which is widely used for
determing the quality of RNA before running microarray or real time quantitative PCR
experiments. Agilant 2100 bioanalyzer (Sr. No. DE72901876) was used for total RNA or
mRNA quality analysis. 550 pl of RNA 6000 Nano gel matrix (Red marked) was pipetted
into a spin filter prior to centrifuge at 1500g for 10 minutes at 22°C. Moreover, 65 pl of
filtered gel was aliquoted into 0.5 ml RNase-free microfuge tubes. Then, RNA 600 nano dye
concentrate (blue maked) was equilibrated at 22°C for 30 minutes prior to vortex for 10

seconds. For preparing the gel-dye mix, tube was taken for spinning at 13000g for 10
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minutes at 22°C. To load the gel-dye mix, a new RNA 6000 Nano chip was put on the chip
priming station for preparing the gel-dye mix prior to pipette 9.0 pl of gel-dye mix in the
well-marked G where the plunger was positioned at 1 ml and then closed the chip priming
station. Plunger was pressed until it was held by the clip and after 30 seconds clip was
released prior to pull back plunger to 1 ml position after 5 seconds. Then, chip priming
station was opened and pipetted 9.0 pl of gel-dye mix in the wells marked G. The leftover
was discarded. 5ul of RNA 6000 nanomarker (green marked) was pipetted in all 12 sample
wells as well as in the well-marked ladder to load the nano marker. Ladder and samples were
denatured for 2 minutes at 70°C to get primary structure as it runs well in gel. Moreover, 1ul
of prepared ladder was pipetted in well maked with ladder before pipetting 1 pl of sample in
each of the 12 sample wells. Then the chip was put horizontally in the adapter of the IKA
MS3 Vortexes for 1 minute at 1200g prior to run the chip in the Agilent 2100 bioanalyzer.
After getting data, the chip was discarded and electrode was clean by using 350ml of
Diethylpyrocarbonate (DEPC) and RNase away water to avoid further contamination.
Precaution was taken to avoid light exposure in gel-dye by covering aluminum foil paper and

ice-flakes were used to maintain the temperature in all steps.

3.5. Comparison of TagMan and Affinity Script kit

Reverse transcription is a process by which single-stranded RNA is reverse transcribed into
complementary DNA (cDNA) by using a reverse transcriptase enzyme (RT), a primer,
dNTPs and an RNAase inhibitor. TagMan and Affinity Super Script kits were compared for
selecting better kit for cDNA synthesis. In addition, two different RNA amount (200ng RNA

and 470ng RNA) were also compared using two kits separately.

All steps of the procedure were performed at room temperature. During the procedure, is
necessary to work quikly. All centrifugation steps were performed at 20-25°C in a standard

microcentrifuge with proper caution that the centrifuge does not cool below 20°C.

TaqMan kit

The TagMan Gold RT-PCR Kit was designed for the reverse transcription (RT) and
polymerase chain reaction (PCR) amplification of a specific target RNA from either total
RNA or mRNA. The reagent in this kit was used for one-step or two-step RT-PCR with ABI
PRISM® Sequence Detection Systems.
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Oligo-dT primer was used in the synthesis of cDNA with the TagMan Gold RT-PCR kit and
five reactions with two different samples were prepared according to the recipe in Table 3.2.

Table 3.2. TagMan RT-PCR protocol

Reagent Volume (ug) Reaction times Total volume (pg)
10xRT buffer 2.5 5 12.5
25mM MgCl2 5.5 5 27.5
2.5Mm dNTp mixture 5 5 25.0
Oligo dT 1,25 5 6.25
MultiScribe RT enzyme 1,56 5 7.8
RNase Inhibitor 0.5 5 2.5

RNase free water mixture was used to fill up the RNA solution to 8.7 pl

Affinity Script _
The kit combines the high-performance of Affinity Script RT with Herculase II fusion

technology, strand master mix and oligo-dT and five reactions with two different samples for

following protocol.

Table 3.3. Affinity Script RT-PCR protocol

Reagent Volume (ug) Reaction times Total volume (ug)
Strand Master Mix (2X) 10.0 5 50
Oligo dT 3 5 15
Affinity Script (RT) RNA block 1.00 5 5

RNase free water mixture was used to fill up the RNA solution to 6.00 pl

The PCR programme was

25°C for 10 minutes (primer incubation)
45°C for 60 minutes (RT step)

95°C for 5 minutes (RT inactivation)
4°C for infinite

Al RT products (¢cDNAs) were stored at -20°C
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3.6. cDNA synthesis protocols
¢DNA synthesis protocol B was followed from two different protocols (Protocol A and B).

Protocol A without RT and B without RT were used to assess genomic DNA contamination.

Protocol B & No RT
Concentration of total RNA 210.91 ng/pL

Table 3.4. PCR protocol B

Reagent Volume (ul) Reaction times Total volume ( pl)
Strand Master Mix (2X) 10.0 33 530
Oligo dT 1.7 53 90.1
Affinity Script (RT) RNA block 1.00 53 53
Random Hexamers/primers 0.3 53 15.9
Total 13

Volume of 700 ng RNA sample was 3.32 pL (700/210.91).
RNase free water mixture was:

RNA volume 3.32+2.68 (H,0) = 6.0

No RT sample with 3. 68 Hy0

The mixture was kept on ice
The PCR programme was

25°C for 5 minutes (primer incubation)
42°C for 45 minutes (RT step)
95°C for 5 minutes (RT inactivation)

4°C for infinite

Protocol A & no RT

Oligo dT + RH & high RNA input and high Temperature

Table 3.5. PCR protocol A

Reagent Volume (pul) Reaction times Total volume ( pl)
Strand Master Mix (2X) 10.0 53 530
Oligo dT 3 53 159
Affinity Script (RT) RNA block 1.00 53 53
Total 14
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Volume of 1400ng RNA sample was 6.64 pl. (1400/210.91)
RNase free water mixture was:

RNA volume 6.64+0.36 (H,0) =7.0

No RT tube: 1.36 Hy0

The mixture was kept on ice.
The PCR programme was

25°C for 5 minutes (primer incubation)

42°C for 5 minutes (RT step)

55°C for 15 minutes (RT step)

95°C for 5 minutes (RT inactivation)

4°C for infinite

The RT products (¢cDNAs) were stored at -20°C

3.7. Real-time qPCR

Expressions of 19 genes are analyzed by real-time qPCR. The PCR primers (Table 6) are

designed using the Vector NTI (Invitrogen, Carlsbad, CA, USA) and synthesized by

Invitrogen. Efficiency is checked from tenfold serial dilutions of cDNA for each primer pair.

Syber® Green (6.0 ul), primer (F/R: 1/1 pl) and the cDNA (4.0 ul) template are mixed in 12

ul volumes for real-time qPCR. PCR is performed in duplicates in 96-well optical plates on

Light Cycler 480. The specificity of PCR amplification is confirmed by melting curve

analysis. Relative expression of mRNAIis calculated using the -AACt method. Elongation

factor 1A (EF1A) is chosen as reference gene which was tested by Todorcevic et al., (2010a)

using the BestKeeper and GeNorm software. Differences between control and treatments are

assessed with Student’s t-test (p < 0.05).
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Table 3.6. Real-time qPCR primers

TARGETS: gene names and symbols

PRIMERS: forward and reverse (5'-3)

GenBank
accessions

CCAAT/enhancer-binding protein
alpha (C/EBPa)
Fatty acid synthase (FAS)

17B-hydroxysteroid dehydrogenase
type IV (HSD17B4)

Peroxisome proliferator activated
receptor-y coactivator-1 alpha
(PGC-1a),
UDP-glucuronosyltransferase (UGT)

Glutathione peroxidase-2 (GPx-2)
Tumor necrosis factor-alpha (TNF-a)

Signal transducers and activators of
transcription 1(STAT1)

Leukocyte cell-derived chemotaxin 2
(LECT2)

Interleukin 15 (IL-15)

Interleukin-1 beta (JL-1B)

Interleukin-13 receptor subunit
alpha-2 (IL-13Ra2)
Arachidonate 5-lipoxygenase
(ALOXS5)

Arachidonate 5-lipoxygenase-
activating protein (ALOX5AP)
TNF decoy receptor (RTEL1)

Interleukin-1 receptor antagonist 1
(IL-IRA)

Transforming growth factor beta
(TGF-B)

Interleukin-6 (IL-6)

F: ATGGAGCAACCAAATCTCTATG
R: CTGGCAGTTGGCCATGGG

F: TGCCTCAGCACCCTACT

R: GCTTTACAACCTCAGGA

F: GGATCGTTCCTTTGGCAGAAC
R: TGGTTCCAGGCAGCTCTAGTGAC

F:GTCAATATGGCAACGAGGCTTC
R:TCGAATGAAGGCAATCCGTC

F: GGTGGCGATGTCCACTATTT

R: GTCCAGGAGGCCATCTATCA

F: GTACCTCAAGGAGAAGCTGCCGT
R: ATTAAGGCCATGGGATCGTCGC

F: GCTTGTCTCTTGTTGCCACCA

R: TGTGTGGGATGAGGATTTGGTT

F:GAACATGGAGGAGTCCAATGGAAGC

R: GGACCCTCATTTGATCTGTTGCCT

F: CTGTGTTGTCAGAGTGCGAGATGGT

R: TACACACAATGTCCAGGCCCTGA

F: TTGGTTTTTGCCCTAACTGC
R: CAGGTCCATCGCACTCTTTT
F: GTATCCCATCACCCCATCAC
R: TTGAGCAGGTCCTTGTCCTT
F: TCCCTGTGGTCCTCAACTTC
R: GCCTGGATCTCCTCATCATC

F: TCTGAGTCATGCTGTCCGTAGTGGT

R: CCTCCCTCTCTACCTTCGTTGCAAA

F: TCTGAGTCATGCTGTCCGTAGTGGT

R: CCTCCCTCTCTACCTTCGTTGCAAA
F: TCTCCTGGTATTTGCGCTCTGTGGT

R:TATAAGTCGGTGTGTGAGCGCCTGA

F: TCTCTGAGCCGCTCAACCTGTCAT
R: CGTTCCACGACAGCTTTATACGGA

F: AATCGGAGAGTTGCTGTGTGCGA

R: GGGTTGTGGTGCTTATACAGAGCCA

F: ATGCTCGTCCACGAGGTAACC
R: TACCTCAGCAACCTTCATCTGG

EU668995

BT048827

CA370123

FI710605

CA342060
CF753103
AF321836

CA343225

EXO0B2GO01

535506545
CA377361
CA048395

CA387866

CA369467

CA351440
CA348044

EU082211

CA377360
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CHPTER 1V
RESULTS

The ¢cDNA from Atlantic salmon differentiating adipocytes are analysed with qPCR. All
treatment groups are cultivated in the same media, with two different concentrations of
omega-3 fatty acids (FAs) (0.3 and .05 mM) and in addition with either vitamin E (0.1 mM),
PGN (10 mM) or vitamin E+PGN. qPCR is a method of choice for more detailed
investigation on individual aspect of expression levels. We examined the expression level of
adipogenic (C/EBPa), fatty acid and energy metabolism (FAS, HSD17B4, PGC-lo, UGT),
intracellular antioxidant (GPx-2), immune; pro-inflammatory (TNF-a, STATI, LECT2, IL-
15, IL-1pB, TL13a2, ALOX5 and ALOX5AP), anti-inflammatory (RTEL1, IL-1RA, IL-10 and
TGF-p) related markers to understand the effect of different does of omega-3 FAs.

4.1. Effects of different doses of omega-3 FAs, vitamin E and immunostimulant
(peptidoglycan) on Adipogenesis
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Figure 4.1: Adipogenic transcription factor analysed with qPCR in maturing adipocytes
under eight treatment groups. Data are presented as ~AACt +SE (n=5). The significance level
has been set at p<0.05. Significance difference from control is indicated with a star (¥).
Control= all pooled treatment groups.

CCAAT/enhancer-binding protein alpha (C/EBPa) regulates Adipogenesis by turning on fat-
specific genes that are necessary for the synthesis, uptake and storage of long chain fatty

acids (Dalen et al.,, 2004). This transcription factor is expressed realtively late during
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adipogenesis. However, the opposite effects of vitamin E and PGN were seen from above

figure; while vitamin E increases the expression of C/EBPo, PGN lowers it. Moreover, under

the high omega-3 FAs doses changes were not as dramatic.

4.2. Effects of different doses of omega-3 FAs, vitamin £ and immunostimulant
(peptidoglycan) on lipogenesis and energy storage
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Figure 4.2: Fatty acid and energy metabolism related marker analysed with qPCR in
maturing adipocytes under eight treatment groups. Data are presented as -AACt +£SE (n=5).
The significance level has been set at p<0.05. Control= all pooled treatment groups.

Fatty acid synthase (FAS) is a major lipogenic enzyme catalyzing the synthesis of long-chain

saturated fatty acids (Wakil, 1989). Expression of FAS is linked with storage of energy in

liver and in adipose tissue. Decrease activities and gene expression of lipogenic enzymes, are

evidenced by the decrease in FAS mRNA expression (Huang et al., 2007).

The treatment with high omega-3 FAs influences FAS induction and PGN stimulates down

regualtion in both low and high omega-3 FAs treatment. However, inductions of FAS with

low and high omega-3 FAs are negatively influenced by vitamin E.
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Figure 4.3 : Fatty acid and energy metabolism related marker analysed with qPCR in
maturing adipocytes under eight treatment groups. Data are presented as -AACt £SE (n=5).
The significance level has been set at p<0.05. Control= all pooled treatment groups.

17B-hydroxysteroid dehydrogenase type 4 (HSD17B4) that involve in catalysis of the steroid
molecules in androgen and estrogen biosynthesis thereby modulating the biological function
of the steroid hormones. 17B-HSD4 is involved in the inactivation of steroids. In addition,
HSD17B4 has involvement in B-oxidation of very long chain fatty acids (Suzuki et al., 1997).
The most important biological functions of 178-HSD4 in vivo are in the metabolism of fatty
acids and sterols (Breitling et al., 2001). 17B-HSD4 is induced with high omega-3 FAs
treatment where low level of omega-3 FAs shows negative induction. However, under high
omega-3 FAs does’ vitamin E shows increased level of induction with higher variability.
Moreover, PGN influences to decrease in same treatment. Moreover, vitamin E with low
omega-3 FAs treatment promotes expression of 178-HSD4 but in combination with PGN

appears to decrease level of induction.
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Figure 4.4: Fatty acid and encrgy metabolism related marker analysed with qPCR in
maturing adipocytes under eight treatment groups. Data are presented as -AACt £SE (n=5).
The significance level has been set at p<0.05. Significance difference from control is
indicated with a star (*). Control= all pooled treatment groups.

Peroxisome proliferator activated receptor-y coactivator-1 alpha  (PGC-la), is a
transcriptional coactivator that regulates the genes involved in energy metabolism that
activates mitochondrial biogenesis, oxidative metabolism and fatty acid f-oxidation with the
final aim of providing a more efficient pathway for aerobic energy production. This protein
interacts with the nuclear receptor PPAR-y, which permits the interaction of this protein with
multiple transcription factors. PGC-la is mainly expressed in tissues with high energy
oxidative capacity adipose tissue, and is robustly induced in conditions that require energy,
such as cold, fasting and exercise (Puigserver et al., 1998). However, under high omega-3
FAs treatments show significant induction of PGC-la. In addition, PGN reveals down
regulating tendency with high omega-3 FAs ftreatments. Moreover, level of PGC-la
expression is promoted with Low-+vitamin E treatments. Nonetheless, Low+PGN+Vitamin E

treatments reveal the significant highest induction.
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UDP-glucuronosyltransferase

2,5
2
1,5
1

5 05 I +
3 o

i I
-0,5 |
-1,5
-2
Low High Low +vit High+vit Low+ High + Low + High +
E E PGN PGN PGN + vit PGN + vit
E E

Figure 4.5: Fatty acid and energy metabolism related marker analysed with qPCR in
maturing adipocytes under eight treatment groups. Data are presented as -AACt £SE (n=5).
The significance level has been set at p<0.05. Control= all pooled treatment groups.

UDP-glucuronosyltransferase  (UGT) enzyme is key proteins that catalyze the
glucuronidation reaction on a wide range of structurally diverse endogenous and exogenous
chemicals. Glucuronidation is one of the major phase II drug-metabolizing reactions that
contribute to drug biotransformation. This biochemical process is also involved in the

homeostasis of numerous endogenous molecules.

UGT is more positively influenced with low omega-3 FAs than high omega-3 FAs
treatments. However, in combination with vitamin E and low omega-3 FAs shows reduced
expression with high variability. The effect of vitamin E is almost unchanged with high
omega-3 FAs treatments. On the contrary, PGN shows more negative effects with high

omega-3 FAs treatments than with low omega-3 FAs doses.
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4.3, Intracellular antioxidant marker
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Figure 4.6: Lipogenic transcription factor analysed with qPCR in maturing adipocytes under
eight treatment groups. Data are presented as ~AACt £SE (n=5). The significance level has
been set at p<0.05. Significance difference from control is indicated with a star (*). Control=
all pooled treatment groups.

Glutathione peroxidase -2 (GPx-2) is responsible for protecting cells from damage due to free
radicals like hydrogen and lipid peroxides. Triacylglyceride (TAG) deposition requires the
inhibition of reactive oxygen species (ROS). Vitamin E shows both antioxidant (Burton et al.,
1998) and non-antioxidant (Boscoboinik et al., 1991) properties in expression of GPx-2 in
high (up-regualtion) and low (down-regualtion) omega-3 FAs treatments respectively.
However, vitamin E and PGN shows the opposite effect on adipose cells; GPx-2 was up-

regulated in high+vitamin E while its expression significantly dropped in low+PGN group.

35



4.4. Immune related marker

4.4.1. Effect of omega-3 FAs, vitamin E and immunostimulant (peptidoglycan) to pro-
inflammatory responses
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Figure 4.7: Pro-inflamatory marker analysed with qPCR in maturing adipocytes under eight
treatment groups. Data are presented as -AACHSE (n=5). The significance level has been set
at p<0.05. Significance difference from control is indicated with a star (*). Control= all
pooled treatment groups.

Tumor necrosis factor-alpha (TNF-u), is a pleiotropic inflammatory cytokine involved in
systemic inflammation and is a member of a group of cytokines that participates in both
inflammatory disorders of inflammatory and non-inflammatory origin. This cytokine
possesses both growth stimulating properties and growth inhibitory processes, and it appears
to have self regulatory properties as well. TNF-u increases vascular permeability, thereby
recruiting macrophage and neutrophils to a site of infection. Lipopolysaccharide from from

bacteria cell walls is an especially potent stimulus for TNF-a synthesis.

TNF- o is induced significantly less with low treatment of omega-3 FAs than high does.
While low+vitamin E helps to come down the level of TNF- a. However, high+vitamin E
does not show any remarkable changes in context with high omega-3 FAs treatment. In

addition, PGN significantly influences to induce TNF- a in adipocytes.
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Figure 4.8: Pro-inflamatory marker analysed with qPCR in maturing adipocytes under eight
treatment groups. Data are presented as ~AACt £SE (n=5). The significance level has been set
at p<0.05. Significance difference from control is indicated with a star (*). Control= all

pooled treatment groups.

STATI (signal transducers and activators of transcription 1) protein encoded by the gene is a

member of the STAT protein family. In response to cytokines and growth factors, STAT 1 is

phosphorylated by the receptor associated kinases, and act as transcription activators.

STATI is significantly down regulated with low omega-3 FAs treatments. The effect of

vitamin E is appeared in both treatments of low and high omega-3 FAs by induction.
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Figure 4.9: Pro-inflamatory marker analysed with qPCR in maturing adipocytes under eight
treatment groups. Data are presented as -AACt +SE (n=5). The significance level has been set
at p<0.05. Significance difference from control is indicated with a star (*). Control= all
pooled treatment groups.

Leukocyte cell-derived chemotaxin 2 (LECT?2), that acts as a multifunctional protein that
involved in cell growth, differentiation and autoimmunity. LECT2 is a cytokine which is
sensitive to bacterial infections (Lin et al., 2007) and LPS treatment in fish (Djordjevic, 2009)
in immune tissue. Dose response effects have been seen transparently from low and high
treatments in LECT2 expression. However, high omega-3 FAs show LECT2 expression
which is come down by vitamin E. Under low omega-3 FAs, vitamin E influences to
increase the induction levels. However, PGN influences to increase and decrease the level of

expression in low and high omega-3 FAs treatments respectively.
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Figure 4.10 : Pro-inflamatory marker analysed with qPCR in maturing adipocytes under eight
treatment groups. Data are presented as -AACt £SE (n=5). The significance level has been set
at p<0.05. Control= all pooled treatment groups. -

Interleukin 15 (IL-15) is a pro-inflammatory cytokine that plays role in T and natural killer

(NK) cell activation and proliferation. This cytokine is also implicated in NK cell

development.

TL-15 to normal rats caused significant reductions in white adipose tissue WAT mass via both
a decreased rate of tissue lipogenesis and a reduction in lipoprotein lipase (LPL) activity,
without concomitant reductions in food intake (Belén et al., 2011). Inappropriate expression
of IL-15 has also been linked with a number of immune and inflammatory mediated diseases
(Waldman and Hubbard, 2006). However, high range of standard error reveals high
variability in between samples. There is no significant difference seen from above figure.
Under low omega-3 FAs treatment vitamin E appears to decrease IL-15 expression, and PGN
shows tendency to up-regulate the level of induction. The effect of high omega-3 FAs by
induction of IL-15 is affected by PGN.
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Figure 4.11: Pro-inflamatory marker analysed with qPCR in maturing adipocytes under eight
treatment groups. Data are presented as ~AACt £SE (n=5). The significance level has been set
at p<0.05. Significance difference from control is indicated with a star (¥). Control= all
pooled treatment groups.

Interleukin-1 beta (IL-1p) also known as pro-inflammatory cytokine produced by activated
macrophages as a proprotein which plays a key role in the induction of the complex immune
response. IL-1p also exerted negative effects on cellular insulin content and DHA (Aarnes et
al., 2002). In mammals, IL-1f is produced in response to many stimuli which include
bacterial LPS, numerous microbial products, cytokines (Stylianou, 1992). IL-1 B was down-
regulated in Low and Low-+vitamin E groups while PGN had a effect under the combination
with High+PGN+Vitamin E (highest up-regulation). The effect of omega-3 FAs in context of
expression is positive by high omega-3 FAs treatments. However, vitamin E help to up-
regulate the expression of IL-1B. Nonetheless, low omega-3 FAs does influences to decrease
expression of IL-1b. The effects of omega-3 FAs with PGN treatments are crystal enough

where IL-1p is induced comparatively higher by low omega-3 FAs.
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Figure 4.12: Pro-inflamatory marker analysed with qPCR in maturing adipocytes under
eight treatment groups. Data are presented as ~AACt +SE (n=5). The significance level has
been set at p<0.05. Control= all pooled treatment groups.

Interleukin-13 receptor subunit alpha-2 (IL-13Ra2) which is closely related to IL-13Ral, a
subuint of the interleukin-13 receptor complex. It is, however able to regulate the effects of

both I1L.-13 and TL-4.

IL-13Ra2 is significantly down regulated by vitamin E treatment with WAT of Salmon
(Todorcevic et al., 2010a) but presented graph shows induction of IL-13Ra2 in combination
of low omega-3 FAs and vitamin E treatment. Low and high omega-3 FAs doses show an
opposite induction trend. However, vitamin E helps to increase the level of expression with
both low and high omega-3 FAs treatments. Moreover, IL-13Ra2 expression is positively
influenced by low omega-3 FAs. Nonetheless, PGN shows inhibition of IL-13Ra2

expression.
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Figure 4.13 : Pro-inflamatory marker analysed with qPCR in maturing adipocytes under eight
treatment groups. Data are presented as -AACt £SE (n=5). The significance level has been set
at p<0.05. Significance difference from control is indicated with a star (*). Control= all
pooled treatment groups.

ALOXS5 encodes arachidonate 5-lipoxygenase, a cystolic enzyme that catalyzes the two-step
conversion of arachidonic acid to leukotriene. Leukotrines promote inflammation by
attracting neurtophils and increasing vascular permeability. Low does of omega-3 FAs show
negative regulation while vitamin E helps to increase the level of induction. On the contrary,
an opposite figure is seen from high omega-3 FAs and high +vitamin E treatments. Besides,

high variability is seen from high+PGN+vitamin E treatments.
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Figure 4.14: Pro-inflamatory marker analysed with qPCR in maturing adipocytes under eight
treatment groups. Data are presented as ~AACt £SE (n=5). The significance level has been set
at p<0.05. Control= all pooled treatment groups.

ALOXS5AP/FLAP (Arachidonate 5-lipoxygenase-activating protein), is required for
leukoritene synthesis. ALOXS5AP inhibit of its function impede translocation of 5-
lipoxygenase from the cytoplasm to the cell membrane and inhibit 5-lipoxygenase activation.
ALOXSAP is expressed with high does of omega-3 FAs and in combination with vitamin E
which is affected (down-regulation) by PGN. On the contrary, a reciprocal figure is seen for

all low omega-3 FAs treatments.
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4.4.2. Effect of omega-3 FAs, vitamin E and immunostimulant (peptidoglycan) to anti-
inflammatory responses
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Figure 4.15: Anti-inflammatory marker analysed with qPCR in maturing adipocytes under
eight treatment groups. Data are presented as -AACt +SE (n=5). The significance level has
been set at p<0.05. Significance difference from control is indicated with a star (*). Control=
all pooled treatment groups.

TNF decoy receptor plays a vital role to inhibit apoptosis mediated by pro-apoptotic TNF
family of cytokines which shows in some teleost fishes. It also reveals crucial roles in both
innate and adaptive immunity, such as regulation of cell proliferation, differentiation, cell
survival, cell death, cytokine production, and lymphocyte co-stimulation. RTELI, decoy
receptor antagonist of TNF-q that prevents damage from excessive activity of cytokine. The
significant differences are seen from low omega-3 FAs and Low +vitamin E treatments.
However, high omega-3 fatty acids’ dose with all treatments shows induction of TNF decoy

receptor.
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Figure 4.16: Anti-inflammatory marker analysed with qPCR in maturing adipocytes under
eight treatment groups. Data are presented as ~AACt £SE (n=5). The significance level has
been set at p<0.05. Control= all pooled treatment groups.

The interleukin-1 receptor antagonist 1 (IL-1RA) is a cytokine family protein that inhibits the
activities of IL-1 related immune and inflammatory responses. Immune cells (Roux-Lombard
et al., 1989) and adipocytes (Juge-Aubry et al., 2003) cells are known to secrete IL-1RA.
Low doses of omega-3 FAs influence down-regulation of IL-1RA. However, under high
omega-3 FAs treatments, IL-1RAis induced. In addition, the level of induction with high
omega-3 FAs is affected by vitamin E. Vitamin E shows increased levels of expression in
both low and high omega-3 FAs with PGN treatments. Besides, high variability of expression

level is seen from Low+PGN treatments.
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Figure 4.17: Anti-inflammatory marker analysed with qPCR in maturing adipocytes under
eight treatment groups. Data are presented as -AACt +SE (n=5). The significance level has

been set at p<0.05. Control= all pooled treatment groups.

Interleukin-10 (IL-10) is an anti-inflammatory cytokine produced by a range of cell types

including macrophages, monocytes, T and B lymphocytes, keratinocytes and tumor cells

(Goldman and Velu, 1995). 1L-10 is more negatively influenced with low omega-3 FAs than

high omega-3 FAs treatments. In combination with vitamin E and high omega-3 FAs, shows

high variable induction. However, vitamin E helps to increase level of induction in

combination with low omega-3 FAs.
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Figure 4.18: Anti-inflammatory marker analysed with qPCR in maturing adipocytes under
eight treatment groups. Data are presented as -AACt £SE (n=5). The significance level has
been set at p<0.05. Control= all pooled treatment groups.

Transforming growth factor beta (TGF-f) is believed to be important in regulation of the
immune system. TGF-B inhibits adipocyte differentiation by repressing C/EBP
transactivation function (Choy and Derynck, 1998). TGF-f is induced under the treatment of
high omega-3 FAs. However, vitamin E influences induction of TGF-p in Low-+vitamin E
treatment. On the contrary, high variability is showed from High+vitamin E treatments.

However, low omega-3 FAs with PGN shows reciprocal induction in comparison with

High+PGN treatment.
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4.5. Pro/anti-inflammatory marker
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Figure 4.19: Pro/anti-inflammatory marker analysed with gPCR in maturing adipocytes
under eight treatment groups. Data are presented as -AACt £SE (n=5). The significance level
has been set at p<0.05. Control= all pooled treatment groups.

Interleukin-6 is considered the major inflammatory mediator in obesity. It implicates in the
release of triglycerides and free fatty acids, down regulated lipoprotein lipase, increased
production of ROS (Eder et al., 2009). Vitamin E indicates inhibitory role to up-regulate 11.-6
where PGN stimulates induction. The comparative level of IL-6 expression appears to higher
with low omega-3 FAs than high omega-3 FAs. However, vitamin E in combination with low
omega-3 FAs shows comparatively higher negative regulation than High+vitamin E. In
addition, PGN reveals more positive regulatory flows with low omega-3 FAs treatments.
However, under combined effects of Low+PGN+vitamin E shows the highest level of

induction.
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4.6. Comparative genes expression (pro-/pro-, anti-/anti- and pro-and anti-
inflammatory genes)

Comparative gene expression profiles have been analyzed to figure out an overview of

combined effects of different pro-and anti-inflammatory genes. Anti-/anti- (TGF-f: IL-10),

pro-/anti- (IL-1B:IL-1RAand TNFa:RTELI) and pro-/pro-inflammatory (ALOXS:

ALOXS5AP) genes are presented to achieve better interpretation of results.
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Figure 4.20: Comparision between anti-inflammatory cytokines analysed with qPCR in
maturing adipocytes under eight treatment groups. Data are presented as -AACt £8E (n=5).
The significance level has been set at p<0.05. Significance difference from control is
indicated with a star (*). Control= all pooled treatment groups.

TGF-B and 1L-10 are both anti-inflammatory cytokines. PGN is the strongest inducer of IL-
10 under low omega-3 FAs treatment. IL-10 is needed to counteract the PGN-induced
inflammation in developing adipocytes. Low expression of anti-inflammatory cytokines
TGF- B and IL-10 under PGN stimulation at high omega-3 FAs treatment is most probably
the consequence of the lower induction of inflammation in cells exposed to higher doses of
EPA and DHA > (Fig. 17&18) High+ PGN in other analysed immune-related genes, gene

pairs above and a summary of pro-inflammatory genes in the figure below.
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Figure 4.21. Comparision between pro-inflammatory cytokine and its antagonist, analysed
with qPCR in maturing adipocytes under eight treatment groups. Data are presented as -AACt
4+SE (n=5). The significance level has been set at p=<0.05. Significance difference from

contro] is indicated with a star (*). Control= all pooled treatment groups.

IL-1B is a pro-inflammatory cytokine implied in inflammatory responses but also, as recently
shown, in the regulation of energy metabolism. IL-1ra is the antagonist of IL-1f. Difference
between Low+PGN and High+PGN is important: the magnitude of difference between IL-1[3
and IL-1RAis noteworthy in Low+PGN where IL-1p acts as antagonist of IL-1ra.

Anti-inflammatory effect of vitamin E is also remarkable, especially under the combined low

omega-3 FAs and PGN treatment where it manages to substantially increase the expression of

anti-inflammatory IL-1ra (roughly 4 fold in comparison to the Low+PGN group).
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Figure 4.22 : Comparision between eicosanoid markers, analysed with gqPCR in maturing
adipocytes under eight treatment groups. Data are presented as -AACt £SE (n=5). The
significance level has been set at p<0.05. Significance difference from control is indicated
with a star (*). Control= all pooled treatment groups.

ALOX5 and ALOX5AP are genes involved in the eicosanoid metabolism. We analysed
ALOXS5-1 where ALOXS reveals two isoforms were shown to respond differently to LPS in
preadipocytes (Skugor et al., 2010).

Of note is that ALOXSAP showed more prominent response that ALOX5 and that is was
higher on average in the groups under high omega-3 FAs treatment with highest expression in
the group High. Response to PGN differed under low omega-3 FAs treatment (up-regulated)

and high omega-3 FAs treatment (down-regulated) compared to the equalised control.
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Figure 4.23: Comparision between pro-inflammatory cytokine and its receptor analysed with
gPCR in maturing adipocytes under eight treatment groups. Data are presented as -AACt £SE
(n=5). The significance level has been set at p<0.05. Significance difference from control is
indicated with a star (*). Control= all pooled treatment groups.

TNFa, is a pro-inflammatory cytokine and RTELI is a TNFa decoy receptor; thus, it reduces
the effects of TNFa. The expression of both genes was lowest under the low omega-3 FAs
and low omega-3 FAs and vitamin E treatments compared to all other groups. Higher omega-
3 FAs dose positively affects the expression of TNFa but on average, an anti-inflammatory

status seems to be maintained by an even higher induction of RTELI.

Of note is the effect of omega-3 FAs dose on the TNFa and RTEL1 pair under PGN
stimulation: high omega-3 FAs treatment appears to have the anti-inflammatory effect as the
TNFa/RTELI ratio decreases. An important observation: vitamin E does not change the ratio
of the two opposing genes but equally enhances the expression of both; this is a good
illustration of how important it is to include more genes that are involved in the regulation of
the same pathway; if TNFa was the only biomarker used to assess inflammation, it would

appear that vitamin E increases the pro-inflammatory status in cells.
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4.7. Combined/average effects of pro-and anti-inflammatory effects

When adipose cells are exposed with omega-3 FAs, vitamin E and immunostimulants,
conjugated effects are supposed to happen. However, inductions of many pro-inflammatory
responses are counted by anti-inflammatory mediator simultaneously. Therefore, to consider

genes in combinations is one of the helpful approaches.

m Average of 8 pro-inflammatory genes (IL-15, STATL, LECT2, IL13a2, IL1b, TNFa, ALOX5 and ALOX5AP)
M Average of 4 anti-inflammatory genes (RTELL, IL1RA, TGFb and IL-10)
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Figure 4.24: Comparision between pro and anti-inflammatory cytokines analysed with qPCR
in maturing adipocytes under eight treatment groups. Data are presented as -AACt £SE (n=5).
The significance level has been set at p<0.05. Control= all pooled treatment groups.

Under low omega-3 FAs treatment, analysed pro-inflammatory genes show lowest

expression; they are, as expected, induced by the PGN treatment.

Interestingly, a comparable level of induction is observed in the High group. This could be
related to newly assigned roles in energy-metabolism that many (if not all) immune-related
genes are shown to possess. Omega-3 FAs negatively regulate lipid deposition and increase
burning of fat (catabolism); most likely, in fish, as in mammals, genes traditionally
considered to have functions exclusively in immune processes might also be involved in

energy metabolism. Our previous work also points in this direction.

However, under high omega-3 fatty acids’ dose, vitamin E appears to increase the level of
expression of pro-and anti-inflammatory genes in comparison to low. This could be due to

increased loading of adipocytes with fat and in this case, enhancement of processes involved
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in lipid deposition probably needs to be balanced out by the opposite action of products

encoded by immune-related genes.

However, an ability of vitamin E to affect the change in expression in opposite directions
under low and high omega-3 FAs settings implies a “balancing” role for this vitamin at times

when energy levels fluctuate.

As discussed in the text above (Fig 4.7) high expression level of pro-inflammatory genes
observed in the High+PGN+vitamin E group is counteracted by the equally up-regulated

expression of anti-inflammatory genes.

Pro-inflammatory effect of PGN appears to have Low+PGN which in turns decreased by
expression of anti-inflammatory geneé. Both pro- and anti-inflammatory genes are
comparatively shown to have higher expression in combination with PGN and vitamin E
under high omega-3 FAs treatment. However, anti-inflammatory effects of vitamin E appear
in high +vitamin E where Low-vitamin E influences down-regulation. However, high and
low omega-3 FAs and in combination of PGN affects the expression of pro- and anti-

inflammatory genes by opposite directions.
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CHAPTER YV
DISCUSSION

Very limited research has been performed on how different doses of omega-3 FAs effect fish
adipose biology. It is known however that adipocytes play a key role in immune system and
energy metabolism. Omega-3 FAs, especially EPA and DHA, prevent the development of
obesity in mammals by reducing the growth of visceral adipose tissue (Ruzickova et al.,
2004; Parrish et al., 1990). The exact mechanism behind the adipose tissue lowering effect of
omega-3 FAs is not yet known, but there are likely to be several processes involved in this
phenomenon. One mechanism may be that the omega-3 FAs inhibit the late phase of
adipocyte differentiation through the suppression of some genes, such as PPARy and C/EBPa
that regulate terminal differentiation (Madsen et al., 2005). Other proposed mechanisms are
that HUFAs suppress FA synthesis and/or induce mitochondrial FA B-oxidation, leading to
the utilization of stored lipids and a reduction in adipocyte size (Flachs et al., 2005; Baillie et
al., 1999). However, it has recently been suggested that the loss of adipose tissue may also be
caused by a decrease in adipocyte number, and that this occurs by, for example, apoptosis
(Kim et al., 2006) induced by oxidative stress. In this thesis I have tested the hypothesis that
EPA and DHA exert an important role in the biology of differentiating adipocytes in Atlantic
salmon. Furthemore, the effects of vitamin E and PGN, alone and in combination with
different doses of HUFAs were studied in relation to how they affect the process of
adipogenesis. Cultured adipocytes were exposed to different doses of omega-3 FAs and their

combinations with either vitamin E, PGN or vitamin E+PGN together.

5.1. Effects of different doses of omega-3 FAs, vitamin E and immunostimulant
(peptidoglycan) on Adipogenesis

C/EBPa expression was arrested with high doses of omega-3 FAs while low doses up-
regulated C/EBPa. Cells treated with vitamin E are characterized by the highest deposition of
TAG and a marked expression of the master adipogenic regulator C/EBPa. (Todorcevic et al.,
2010a). Up-regulation of C/EBPo. revealed that vitamin E acts as a potent pro-adipogenic
vitamin under the low omega-3 FAs treatment. Immunostimulant PGN, which was used in
this study decreased expression of C/EBPa and genes involved in lipid metabolism (FAS), in

agreement with previous findings where LPS was used as immunostimulant (Skugor et al.,

2010).
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5.2. Effects of different doses of omega-3 FAs, vitamin E and immunostimulant
(peptidoglycan) on lipogenesis and energy storage
Lipid peroxidation can be minimized by vitamin E; PUFAs are known for their suppressive
effect on lipogenic enzyme FAS (Hyekyeong et al., 2002). In rodent hepatocytes, the
expression of FAS is downregulated by the generation of PUFA peroxidation products
(Foretz et al., 1999) and eicosanoid metabolites (Mater et al., 1999). However, FAS is
significantly up-regulated in liver of mice injected with LPS (Chen et al., 2011). In our study,
when cells were incubated with vitamin E and PGN together, high dose of omega-3 FAs

mediated an increase in FAS expression while low doses exerted a suppressive effect.

HSD17B4 and plasma proteins regulate the availability of steroids by controlling the amount
of active steroids accessible to receptors and available for metabolism (Maren et al., 2008).
The highest levels of HSD17B4 mRNA transcription and specific activity are found in liver
and kidney followed by ovary and testes in human (Launoit and Adamski, 1999). Our results
suggest that HSD17B4 expression increases with higher doses of omega-3 FAs, and with

vitamin E. The effects of all treatments on HSD17B4were generally weak (in the range of -

0.2 to 0.2 log ER).

Tissue distribution and physiological studies of PGC-1a suggest that its principal in vivo roles
are to promote cold-induced thermogenesis, mitochondrial biogenesis, hepatic
gluconeogenesis, and fatty acid beta-oxidation. PGC-1a is expressed in the white adipose
tissue of both humans and rodents. In rodents, it has been suggested that PGC-la partly
mediates leptin-induced conversion of white adipocytes from fat storing to fat oxidizing cells
(Semple et al., 2004). Increases in PGC-1a levels, can be induced by physiological stimuli,
alter the intramuscular lipids and improve fatty acid oxidation, insulin signaling and insulin-
stimulated glucose transport, albeit to different extents in lean and insulin resistant muscle
(Benton et al., 2010). It is very interesting that PGC-1a overexpression increases fatty acid
and fatty acid incorporation into triacylglycerol in primary human skeletal muscle cells
(Leslie et al., 2010). Our results suggest that high omega-3 FAs doses decrease fatty acid
oxidation. Down-regulation of gene was also observed in combination of high omega-3 FAs

with the PGN treatment,

UGT prevents the accumulation of potentially toxic compounds and/or their subsequent

bioactivation to more toxic intermediates. Higher activity of UGT is likely to be found in
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microsomes from rat fed with high n-3 fatty acids (Janko et al., 2003). Our result suggested
that low level of omega-3 FAs doses may be more involved in detoxification of eicosanoids
‘by expressing UGT from Atlantic salmon adipose tissues. Vitamin E altered the expression
the UGT level of expression where high doses of omega-3 FAs treatments and while
incorporation of vitamin was almost same effects. Significant decreases in hepatic UGT
activities are reported after LPS administration in rats (Chen et al., 1992) and our result was

in agreement with it.

5.3. Defense mechanisms of adipose tissue to intracellular oxidation

In order to understand more about how oxidative process are involved in the regulation of
adipose tissue in fish, we followed up studies of how GPx-2 gene code for as intracellular
antioxidant. It is known that high doses of EPA and DHA have been documented in oxidative
stress (OS) in Atlantic salmon (Todorcevic et al., 2008a). Our results from the in vitro trials
of adipocytes are compatible with this, and showed that EPA and DHA induces GPx-2 in
salmon adipose tissue and may thus be one factor influencing lipid storage in salmon adipose
tissue. For deposition of TAG, inhibition of ROS is required. Our result (fig. 4.6) revealed
high doses of EPA+DHA with vitamin E induces significant level of GPx-2 which may help
to protect adipose cell from ROS. However, moderate levels of EPA and DHA in fish diets
reduce lipid accumulation by increasing the FA B-oxidation capacity in adipose tissue, the
very high dietary EPA and DHA levels damage mitochondrial membranes so that they fail to
function due to oxidative damage, leading to the induction of apoptosis (Todorcevic et al.,
2008b). Moreover, it may say from figure 4.6, vitamin E shows antioxidant properties with
high doses of omega-3 FAs treatments (Burton, 1998) and non-antioxidant properties with
low (down-regualtion of GPx-2) omega-3 FAs ftreatments (Boscoboinik et al., 1991).
However, there is limited knowledge about the proper balance between antioxidants and
other ingredients in fish feed. In addition, it was found that increased levels of dietary
HUFASs require increasing dietary supplementation with antioxidants in order to prevent

oxidative damage (Stephan et al., 1995).
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5.4. Effect of omega-3 FAs, vitamin E and immunostimulant (peptidoglycan) to pro
inflammatory responses

TNF-a. mRNA is identified and characterized in rainbow trout (Oncorhynchusmykiss) (Laing

et al., 2001), brook trout (Salvelimr.s_*fontfmlrlis) (Bobe& Goetz 2001), carp (Cyprinuscarpio)

(Saeji et al.,. 2003) and sea bream (Sparusaurata) (Garcia- Castillo et al., 2002).

The effects of TNF-o. on lipid metabolism include stimulation of lipolysis in human
adipocytes (Zhang et al., 2002), inhibition of the expression of enzymes involve in
lipogenesis such as acetyl-CoA carboxylase and fatty acid synthase, and inhibition of
lipoprotein lipase (LPL) activity (Semb et al., 1987, Grunfeld et al., 1989).

Furthermore, TNF-like activity has been found in supernatants of rainbow trout macrophages
stimulated with LPS. These supernatants are able to enhance neutrophil migration and

macrophage respiratory burst activity (Qin et al., 2001).

TNF-a action on adipocytes can directly alter lipid metabolism through inhibition of FFA
uptake and lipogenesis and stimulation of FFA release via lipolysis (William and Jaswinder,
2007). In this way, adipose tissue-derived TNF-a can contribute to the development of
dyslipidaemia and resultant metabolic complication (William and Jaswinder, 2007).
Moreover, TNF-o, can regulate the production of other pro-inflammatory cytokines (eg. 1L-6
and 1L-1) and thereby further and/or amplify its effects on peripheral organs. Skugor et al.,
(2010) showed, TNF-a and a suite of TNF-dependent genes are up-regulated with
immunostimulant (LPS) and our result also agreed with PGN as immunostimulant in Atlantic
salmon. Omega-3 FAs decrease TNF-o, secretion by RAW 264.7 macrophages n vitro and
the effects of omega-3 FAs on lipopolysaccharide induced TNF-0 by murine primary resident
and elicited peritoneal macrophages and by RAW 264.7 macrophages which supports our
findings. Furthermore, lipoprotein lipase (LPL) activity in adipose tissue of LPS injected fish
is lower which suggests TNF- a plays an important role in the control of lipid metabolism in
rainbow trout by stimulating lipolysis in vitro and in vivo and by down-regulating LPL
activity of adipose tissue in vivo (Albalat et al., 2005).In addition, dietary fish oil increases
TNF-a secretion by murine splenocytes after stimulation with LPS (Albers et al.,, 2002;
Barber et al., 2005).

STATI mediates gene expression in response to cytokines and growth factors. Activation of

STATI is achieved through its tyrosine phosphorylation, a process that involves Jak tyrosine
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kinases (Mowen and David, 2000). However, nitration of unsaturated fatty acid suppresses
the activation of proinflammatory STAT signaling induced by LPS in RAW264.7
macrophages (Tomonaga et al., 2008). But, our finding showed the trend of induction of
STATI by immunostimulant, PGN in combination with omega-3 FAs in Atlantic salmon
maturing adipocytes. STATI was significantly decreased with low doses of omega-3 FAs

which could be effect of omega-3 FAs on tyrosine phosphorylation.

LECT2 is a potent neutrophil chemoattractant, which has effect on development of
chondrocytes and osteoblasts (Hiraki et al., 1996; Mori et al., 1997). LECT2 mRNA is
predominately expressed in liver and spleen, showing lower expression in kidney, intestine,
heart and brain in Trout (Kokkinos et al., 2005). LECT2 was significantly induced with high
doses of omega-3 FAs. LECT-2, is extremely high sensitivity to bacterial infections in fish
(Lin et al., 2007). High omega-3 FAs may influence to induce pro-inflammatory gene like
LECT2. In case of low omega-3 FAs doses, immunostimulant helped to induce LECT2

which shows pro-inflammatory response.

IL-15 is a T-cell growth factor and revealed a decrease of intestinal IL-15 expression in rat
intestinal intraepithelial lymphocytes (IELs) with fish oil treatments, enriched with EPA and
DHA (Wang et al., 2007). On the other hand, our result was agreed with low doses of omega-
3 FAs treatments in Atlantic salmon maturing adipocytes. In agreement with Ulaganathan et

al., (2009), IL-15 level was decreased with vitamin E treatments.

Omega-3 FAs have strong anti-inflammatory effects; suppress IL-1p, TNFo and IL-6
(Artemis, 2008). Our result was resembled with those findings except IL-1 was upregulated

with with high doses of omega-3 FAs.

Decoy receptor IL-13Ra2 was down-regulated by vitamin E treatment in mature adipocytes
from Atlantic salmon (Todorcevic et al., 2010a). But our results revealed vitamin E more
non-antioxidant actions with high doses of omega-3 FAs than low omega-3 FAs (Fig. 4.8).
High doses of omega-3 FAs showed anti-inflammatory actions could include signaling via
IL4 and IL13 cascade, which was likely promoted by the down-regulation of the decoy
receptor IL-13Ra. However, low doses of omega-3 FAs treatments revealed insignificant
inflammatory response. T-cell stimulant phytohaemagglutinin increased the expression of IL-

4Ral and IL-4Ra2 in rainbow trout (Wang et al., 2011).
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But PGN as immune stimulant showed down-regulation of IL-13Ra2 in Atlantic salmon
maturing adipocytes with high and low doses of omega-3 FAs treatments. Upregulation of
ALOX5 and/or FLAP activity enhances production of leukotriene and membrane
lipoperoxides (Maccarrone et al., 2001; Dixon et al., 1990). In the presence of 5-
lipoxygenase-activating protein, 5-lipoxygenase converts arachidonic acid to leukotrienes,
which is inflammatory mediators in diseases such as asthma, cardiovascular diseases, and
many other chronic inflammatory conditions (Rubin and Mollison, 2007). mRNA levels for
the ALOXS5 are significantly increased in human atherosclerotic plaque (Mehrabian et al.,
2008) where very few has been known on fish. Omega-3 FAs may interfere with the
arachidonic acid cascade by inhibiting ALOX5 (Taccone-Gallucci et al., 2006). Expression
and activity of ALOXS5 is downregulated in tumor xenograft fed curcumin combined with
fish oil diet when compared to individual diets (Swamy et al., 2008). Low doses of omega-3
FAs treatment were in agreement with authors. Up-regulation of ALOX5 may also be related
to the increased mitochondrial damage and apoptosis of peripheral blood mononuclear cells
(PBMCs) observed in end-stage renal discase (ESRD) patients (Taccone-Gallucci et al.,
2006). PUFAs are transformed into leukotrines by ALOXS5 from Atlantic salmon
preadipocytes and immune stimulant (LPS) induced expression of genes, involved in
eicosanoid metabolism (Skugor et al., 2010). ALOXS5 activity and related oxidative stress are
significantly (although not completely) suppressed by vitamin E in peripheral blood
mononuclear cells (PBMCs) of hemodialysis patients (Maccarrone et al., 2003), in potato
tubers (Pallu et al., 2001), in rat polymorphonuclear leukocytes (Chan et al., 1989), in human
monocytes (Devaraj and Jialal, 1999). But our result only was supported with high+vitamin E

treatments.

5.5. Effect of omega-3 FAs, vitamin E and immunostimulant (peptidoglycan) to anti-
inflammatory responses

RTELI, decoy receptor antagonist of TNF-o is commonly co-regulated with TNF-a to
prevent damage from excessive activity of this cytokine. RTEL1 expression is increased 5.4
folds in Atlantic salmon preadipocytes (Skugor et al., 2010) compare with studies found
1000-fold induction or greater. RTEL is likely to act as an important immune-regulating
factor in inhibiting the apoptosis-inducing effect of TNF in the skin of conger eel (Shigeyuki
et al., 2008).
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The elevated level of IL-1RAis found with PUFAs treatments in neonatal cardiomyocytes
and hearts of adult rats (Kaplinskyi et al., 2009). Our result was supported with high omega-3
FAs treatments. IL-IR Aexpression was found to be increased by low-+vitamin E treatments
where IL-1 is found to be decreased by vitamin E (Azzi et al., 2004). However, Lin et al,
2002 also shows vitamin E as immune modulatory by increasing gene expressions of 1L-1
receptor antagonist. Immune stimulant (LPS) is found to be increased level of IL-1RA

(Cartmell et al., 2001) which is supported with Low+PGN treatments.

Increased TGF-B and decreased oncogene expression by omega-3 FAs in the spleen delays
onset of autoimmune disease in mice. TGF-p is found to be increased by omega-3 FAs in rat
(Fermandes et al., 1994), hey cell lines (Sharma et al., 2005), epithelial ovarian cancer

(Sharma et al., 2005). Our result was found to be agreed with high doses of omega-3 FAs

treatments.

Vitamin E dietary supplementation inhibits TGF-B1 gene expression in the rat liver (Parola et
al., 1992; Kuemmerle et al., 1997). However, treatment with vitamin C or E prevented the
increase in glomerular TGF-B immunoreactivity (Craven et al., 1997) and diabetes-induced
over expression of TGF-B1 mRNA (Cojocel et al., 2005). Vitamin E inhibits TGF-f release
in mesangial cells (José-Antonio et al., 2004). We found opposite effects of vitamin E with
omega-3 FAs treatments. Activation of monocytes with immunostimulant (LPS) stimulates
the secretion of TGF-B; however, the production of TGF-B by neutrophils is not altered by
treatment with immune stimulant (LPS) (Gary et al., 2005). Low doses of omega-3 FAs with
PGN was found to be showed stimulation of TGF-f.

In agreement with our result omega-3 FAs have strong anti-inflammatory effects, suppress
IL-6 (Artemis, 2001; Barbosa et al., 2010). Vitamin E administration attenuates IL-6
responses in skeletal and cardiac muscle to an inflammatory challenge induced by systemic

LPS (Huey et al., 2008).

Omega-3 FAs does not affect IL-10 secretion by the cells but decrease the number of cells
secreting 1L-10 ex vivo, possibly by affecting cell recruitment, maturation or proliferation by
RAW 264.7 macrophages (Skuladottir et al., 2007).An increase in 1L-10 levels is observed in
mice fed the omega-3 FAs diet and suggests that omega-3 FAs down-regulate the

inflammatory response by enhancing IL-10 expression (Sierra et al., 2004).
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In vitro Lactobacillus salivarius PGN induces TL-10-producing dendritic cells (Fernandez et
al., 2011) and indicates the anti-inflammatory actions when induced by LPS (Deirdre et al.,
2006). Skeletal and cardiac IL-6 mRNA and protein is significantly elevated by LPS, but
responses are significantly lower in vitamin E compared with placebo-treated mice (Huey et
al., 2008). Our result also showed PGN was likely to help elevate IL-6 expression and

vitamin E effects with low doses of omega-3 FAs.

5.6. Gene expression effects of omega-3 FAs, vitamin E and immunostimulant
(peptidoglycan)
Omega-3 FAs have anti-inflammatory effects, suppress IL-1f, TNF-0 and IL-6 (Simopoulos,
2006). The fish oil diet lowers the level of cytokines (IL-6, IL-10 and TNF-0) and lipid
mediators in mice. Adding 500 IU of vitamin E to the fish oil diet further lowers the levels of
IL-6, 11.-10 and TNF-o. which suggest the beneficial effects of fish oil can be enhanced by the
addition of 500 IU of vitamin E in the diet (Venkatraman and Chu, 1999). Our result was in
agreement with authors except IL-6 with Low-+vitamin E treatments. However, IL-10 inhibits
TNF-a. production and neutrophil activity in LPS induced acute lung injury in mouse a model
(Gen, 2000). IL-10 probably helped to reduce the level of TNF-o, with low+ a PGN treatment
which is in line with Gen, 2000. Vitamin E has immunomodulatory effects by lowering the
levels of IL-10 in mice (Subir et al., 2009). The significantly increases of TNF-o, and IL-10
concentration suggest that vitamin E supplementation represents an important factor in the
defences against oxidative stress and muscle damage by eccentric exercise (EE) in humans
(Luciano et al., 2009) and our results also in agreement with maturing adipocytes from
Atlantic salmon. Dietary fish oil increases the number of splenocytes secreting TNF-o and
IL-10, following stimulation with immunostimulant (LPS) (Dagbjort and Ingibjorg, 2007)
which is agreed with our result except High+PGN treatments. PGN are potent inducers of 11
I1beta and IL-6 gene expression (MacKenzie et al., 2010). However, PGN- treated in human
pulp-derived fibroblasts and permanent teeth induces IL-1p and IL-1p mRNA levels
(Yasuhiro et al., 2002). Nonetheless, PGN stimulated C/EBP3 protein and mRNA expression
in mouse macrophages RAW 264.7 cells (Huang et al.,, 2007). Moreover, vitamin E has
multidimensional functional profile to regulate uptake and degradation of tocopherols, lipid
uptake and atherosclerosis, modulate extracellular proteins and inflammation and implicate in

cell signalling & regulation (Azzi et al., 2004).
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CHAPTER VI

CONCLUSION

Different doses of omega-3 FAs, vitamin E and PGN affected a great number of studied

genes with roles in adipogenesis, energy metabolism, oxidative stress and immunity.

Atlantic salmon possesses numerous mechanisms to protect itself from adverse effects of
excessive lipid storage. Different doses of omega-3 FAs showed pivotal role in lipid

accumulation and intracellular antioxidant capacity.

Vitamin E appears to act as an antioxidant. Vitamin E has important role in controlling

immunity and adipogenesis.

PGN, as expected, induced expression of several immune genes. Interestingly, PGN and high

doses of omega-3 FAs had almost same level of immune genes induction.

Inflammation is a key factor underlying inflammatory mediator’s responses. Nonetheless,
high expression level of pro-inflammatory genes was counteracted by the equal up-regulated
expression of anti-inflammatory genes. Immunostimulant was involved to express almost all

respective pro-inflammatory genes with low omega-3 FAs doses.

Combinations of treatments produced some unexpected results. This suggests to conduct
further research is necessary to study them together in the future as their single effects can be

very different from the situation when they act together.
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