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THESIS ABSTRACT
Ser312 FETUIN-A PHOSPHORYLATION AND ITS ASSOCIATION
WITH LIPID LEVEL IN METABOLIC SYNDROME
Shalini Kaushik

Master of Sciences, August 9, 2008
(M.Sc., Nagpur University, 2000)

128 Typed Pages

Directed by Suresh T. Mathews

Fetuin-A (also known as alpha 2-HS-glycoproteimgreted by the liver into
circulation, interacts with the insulin receptondas a physiological inhibitor of insulin
receptor tyrosine kinase activity vitro, in intact cells andn vivo in animals. Serum
fetuin-A levels have been shown to be associated imsulin resistance, obesity, and
metabolic syndrome in animals and humans. Fetumih mice demonstrate improved
insulin sensitivity and resistance to diet-induoéesity. Phosphorylation status of fetuin-
A has been shown to be critical for its inhibitagtivity on insulin action. However,
there are no reports on fetuin-A phosphorylati@iust in insulin resistant conditions or
on the molecular characterization of two phospladigh sites (Ser120 and Ser312). This
study examines serum total fetuin-A and Ser312+efu phosphorylation status in
individuals with metabolic syndrome, both beforel aafter treatment with the lipid-

lowering drug, Niaspan, and correlates these witinges in serum lipids and markers of
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insulin sensitivity and inflammation. Additionallyysing mutation analysis, we have
examined the role of phosphorylation on Ser312ifiefu on insulin action. Fifteen
sedentary, male participants, who met the NCEP IT&®iteria for metabolic syndrome,
were treated with extended-release niacin (Niasfmar weeks. Serum concentrations of
phosphorylated (Ser312) fetuin-A were positivelyretated with triglycerides in MetS.
Serum total fetuin-A and phosphofetuin-A concemtreg decreased significantly
following Niaspan treatment. Changes in fetuin-A@entrations were correlated with
changes in triglyceride concentrations after Niasppaatment. Additionally, the change
in high density lipoprotein cholesterol followingid$pan intervention was negatively
correlated with the change in serum fetuin-A andogporylated fetuin-A
concentrations. Interestingly, serum cortisol lewekre significantly elevated following
Niaspan intervention. The change in cortisol wasificantly correlated with the change
in serum non-esterified fatty acids (NEFA), sugmesthat increased cortisol and NEFA
concentrations may contribute to the mild hypergiyia and insulin resistance observed
in niacin-treated individuals. Molecular characation using Ser312Ala-fetuin-A
mutant, which was devoid of phosphorylation, sutggethat phosphorylation on Ser312-
fetuin-A is critical for fetuin-A’s inhibition ofmsulin signaling through MAPK and Akt.
This is the first report demonstrating that seromalt and phosphorylated Ser312-fetuin-
A levels are amenable to intervention by Niaspaatment and are correlated with
changes in serum lipids. We demonstrate that wtiesphorylation on Ser312 site of
fetuin-A is critical, phosphorylation on Serl20 mbg required for fetuin-A’s full

inhibitory activity.
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CHAPTER 1: INTRODUCTION

Western lifestyle has led to a substantial in@daghe incidence of obesity and
its associated metabolic complications. “Obesifédfically refers to an excess amount
of body fat with a BMI of 30 or higher. Health riskinked to obesity include type 2

diabetes, heart disease, high blood pressure teoicks

Obesity and type 2 diabetes represent a serioesattho the health of the
population of almost every country in the world.eTWorld Health Organization projects
that globally approximately 400 million adults wersbese in 2005 (1). Nearly 385,000
deaths each year may be attributed to obesityeekldisorders (2). According to the
World Health Organization and United Nations, themere approximately 171 million
people with type 2 diabetes mellitus in 2005, amnd humber is predicted to increase to
366 million by 2030 (3). This escalation is duepart to increasing rates of childhood
obesity. Until recently, type 2 diabetes was aaBsethat afflicted only adults. Now, a

growing number of children are being diagnosed wiibsity-related type 2 diabetes.

Diabetes mellitus is a group of metabolic diseasdwaracterized by

hyperglycemia resulting from defects in insulin re¢ion, insulin action, or both (4)



Type 2 diabetes is sometimes defined as a formatetes that develops when the body
does not respond properly to insulin, a conditieiemed to as insulin resistance. At first,
the pancreas keeps up with the added demand by@nod more insulin. In time,

however, it loses the ability to secrete enoughulinsin response to meals. In type 1

diabetes, the pancreaficcells produce little or no insulin.

Parallel to the rise in obesity is the increasimgidence of 'metabolic
syndrome' (MetS), also known as syndrome X, thalimgesistance syndrome, and the
deadly quartet (5-7). MetS is a complex conditibattis characterized by a cluster of
closely related clinical features linked to obesitycluding insulin resistance,
dyslipidaemia and hypertension. Using data from MNHES 1V, the age-adjusted
prevalence of metabolic syndrome in Americans % 2(B). Metabolic syndrome is
associated with an increased risk of cardiovascul@ease, which is ultimately
responsible for a considerable proportion of di@betortality. The most accepted and
unifying hypothesis to describe the pathophysiolofjthe metabolic syndrome is insulin
resistance. Various physiological regulators oulmsaction, including tumar necrosis
factor-alpha (TNFa) (9) leptin (10), resistin (11), adiponectin (1fge fatty acids (13,
14, 15), and protein tyrosine phosphatase 1B (Iphave been identified. Alterations in
serum concentrations of these humoral factors baea shown to influence whole body
insulin sensitivity and insulin action, suggestagotential role for these molecules in the

development of insulin resistance and diabetes.



Fetuin-A, a liver secreted glycoprotein, is a riowvemoral factor that has been
implicated in the modulation of insulin sensitivit¥8-20). Fetuin-A has been shown to
influence a wide variety of biological processex;luding insulin and growth factor
signaling (21-24), lipid transport (25, 26), opsaation (27, 28), and tissue mineralization
(23, 31-35).The distribution and expression of fetuin-A hasrbskown to have a wide-
spread intracellular presence in many developiagu@s including the central nervous
system. It has been studied in the developing imeramd hemopoietic organs of fetal
and adult sheep (29). In adults, fetuin-A is expeesand secreted predominantly by the

liver.

Among the earliest described biological effect etuin-A was the inhibition of
insulin receptor tyrosine kinase activity (IR-TK&1, 22, 36-41). Fetuin-A’s inhibition
of the proximal steps of insulin signal transductidR autophosphorylation and TK
activity) leads to inhibition of Ras-Raf-MAPK arnfi the insulin signaling pathway (39).
Additionally, data from several recent publicatiomscluding data from fetuin-A null
mice (20, 40), and recent data generated from ahoratory indicate that fetuin-A may
regulate glucose uptake and glycogen synthesikefetal muscle and adipose tissue.
Additionally, several recent findings indicate ths#rum fetuin-A concentrations are
strongly associated with insulin resistance. Useuglycemic-hyperinsulinemic clamp
studies, Stefamet al demonstrated that serum fetuin-A levels are cateel with whole-
body insulin resistance and liver fat (18). StudigsMori et al and the landmark Heart
and Soul study indicate that fetuin-A is associateth insulin resistance, metabolic

syndrome, and an atherogenic lipid profile (23)cétely, Hagluncet al (41) have shown
3



that circulating human plasma fetuin is ~20% phosyghted, implying that the effects of
phosphorylated fetuin-A glycoprotein on insulinrsad transduction seen in different cell
systems could be relevant to its physiological fiomcin vivo. These authors have
demonstrated that human fetuin-A is phosphorylatederine120 located in the A-chain
and on serine31bcated in the connecting peptide. These phospatoyl sites are
conserved in rats, sheep, pig and mouse bovinesfafretuin-A (36, 45-49). Studies
from several investigators show that phosphorytatb fetuin-A is required for it to be
physiologically active, because the dephosphorglatetuin-A was devoid of any
inhibitory effects on insulin receptor tyrosine &ge activity (41-44). However, there are
no studies examining fetuin-A phosphorylation saitu insulin resistant conditions or

characterizing the role of specific phosphorylatsties on fetuin-A.

The overall goal of this research was to examihe tole of fetuin-A
phosphorylation on insulin action using a combmatof clinical, cellular and molecular
analysis. Our first objective was to examine thesoamtion of serum fetuin-A and
phosphorylated fetuin-A levels with serum lipidsankers of inflammation, and insulin
sensitivity, in individuals with metabolic syndrom®ur second goal was to analyze
whether fetuin-A and phosphorylated fetuin-A corica&ions were amenable to
therapeutic intervention by extended-duration macne of the most effective agents
currently available for clinical use for decreassgyum triglyceride and increasing levels
of HDL-cholesterol. Finally, using mutational ansd, we sought to evaluate the role of

Ser312 phosphorylation on fetuin-A’s regulationnsulin action.



CHAPTER 2: REVIEW OF LITERATURE

“As the food so the mind, as the mind so the man”

- Bhagvad Geeta

Everyone loves to eat and doing so we may begatinselves into the twin-
epidemics of obesity and diabetes. Western lifestyds considerably increased the
occurrence of obesity and its related metabolibl@ms, including insulin resistance and
diabetes. Obesity and type 2 diabetes signify eersethreat to the health of the
population of almost every country in the world.cAoding to the International Diabetes
Federation (IDF), diabetes is expected to causarl®n deaths worldwide in 2007,
roughly 6% of total world mortality. Today, thereeaalmost 246 million people with
diabetes worldwide. Within 20 years, this numbegxpected to rise to 380 million (50).
Data from surveys conducted by National Health &hdrition Examination Survey
(NHANES) in the year 2003-2004 show the increaséhé prevalence of obesity from

15.0% to 32.9% among adults aged 20-74 years (51).

2.1 Obesity

Obesity is the most common and important risk fatdo the development of

type 2 diabetes mellitus (T2DM). According to thenters for Disease Control (CDC),



obesity is the increase in body weight due to iaseel accumulation of adipose tissue
(body fat) relative to body mass (52). A body miastex (BMI) of 31results in a 40-fold
increase in the risk of T2DM, whereas a BMI gre#tian 35 leads to a 90-fold increase
in the risk for T2DM in contrast with a BMif 22 (53). When chronic energy intake
exceeds energy expenditure, the mass of the wiip@se tissue, that represents the vast
majority of adipose tissue, expands, which is thegry cause for obesity (54). Obesity
leads to the reduction in the sensitivity to theoldgical actions of insulin, a
pathophysiological state known as insulin resigta(®). According to the NHANES
data, obesity is the most significant risk factor the development of insulin resistance
among children (56, 57). Moreover, obesity is namshmonly associated with low-grade
systemic inflammation, characterized by elevatedkle of inflammatory markers in
blood, including C-reactive protein (CRP), inteiihé (IL-6), and tumor necrosis factor
alpha (TNFe) (58-61). The degree of adiposity and BMI alsomsily affects the serum
level of many adipokines, which indicates that #ynthesis and secretion of these
signaling molecules is dynamic and modifiable. T$ugjgests that the risk for diseases
such as type 2 diabetes and cardiovascular dige#ise obese is increased by the altered
secretion of adipokines, and in particular those #ifect systemic insulin sensitivity and
inflammation (61-65). Primarily, as a consequent¢he dysfunction of adipose tissue
that develops with obesity, imbalances occur in gkeretion of proinflammatory/pro-
diabetic and anti-inflammatory/anti-diabetic adipws that change systemic energy
homeostasis and vascular function, which may leadhe development of insulin

resistance, type 2 diabetes and cardiovasculaaghse



2.2 Diabetes:

Diabetes mellitus is a group of metabolic diseasdsracterized by
hyperglycemia resulting from defects in insulinregion, insulin action, or both (4). The
chronic hyperglycemia of diabetes is associated {eng-term damage, dysfunction, and
failure of various organs, especially the eyesn&is, nerves, heart, and blood vessels.
Patients with type 2 diabetes have normal or el@raged levels of insulin in their blood,
and normal insulin receptors, but due to faultydmg of insulin to their cell receptors,
impaired transduction of the intracellular signglin and/or an altered
adipokine/inflammatory marker profile, they are bileato regulate normal glucose
homeostasis (66). Type 1 diabetes, usually diaghosehildhood, is a disorder of the
endocrine system that is characterized by absdadle of insulin productiordue to
autoimmune destruction of the pancreatic 3 €gatures of both type 1 and type 2 are
also seen in some patients and thus their disealiagnosed as type 1.5 diabetes mellitus

(67).

Gestational diabetes mellitus (GDM) is detectedirgurpregnancy and is
characterized by glucose intolerance of variousreksy There is strong evidence to
support the fact that persons exposed to matdralaétesn utero have an increased risk
of obesity as well as abnormal glucose toleranoe naetabolic syndrome as children and

youngadults (68).



2.3 Insaulin Resistance:

Insulin resistance plays a critical role in theszelepment of type 2 diabetes
(69). Insulin resistance is a decrease in thetglafiinsulin to metabolize glucose, and it
is characterized by glucose intolerance and hypeeghia followed by an increase in
plasma concentrations of insulin, dyslipidemia ated levels of triglycerides and
diminished HDL cholesterol), elevation of blood gsere, abdominal obesity, and

elevated tendency for thrombosis (70, 71)

Obesity, which is usually polygenetic and environtakin origin, is the most
important factor associated with insulin resista(é® 73). In insulin resistance there is
excessive release of free fatty acids (FFA), dumdceased resistance of adipose tissue
to the antilipolytic effect of insulin. This is aigger in the progress towards insulin

resistance.

Additionally, various hormones and cytokines frondip@se tissues
(adipokines), genetic factors and environmentatofgcsuch as food intake, reduced
physical activity, aging, smoking or administrationdrugs, including thiazide diuretics,
beta-adrenergic antagonists, and glucocorticoias,atso contribute to insulin resistance
(72). On the contrary, restricted calorie intakejght reduction, and increased physical

activity has been shown to improve insulin sensti¢72, 74, 75).



2.4 Insulin action and signal transduction

Insulin elicits a diverse role in biological resges such as maintaining glucose
homeostasis and regulating carbohydrate, protenh lgnd metabolism. Circulating
glucose levels are tightly regulated by mechanigmslving a sophisticated and
coordinated role of insulin in reducing hepaticaglse production and stimulating glucse
transport into muscle and fat (76, 77). Recent ewe points to the role of the
hypothalamus and brain in the regulation of blohdtgse (78-80). Several studies have
demonstrated alterations of receptor synthesigiadagon, and function through certain
mutations in the insulin receptor gene in patievith severe insulin resistance (81). The
insulin receptor is a heterotetrameric protein,taming two trans-membrarfesubunits
and twoa-subunits, which are extracellular. Insulin actieegins with the binding of
insulin to thea-subunit of its receptor which (Fig.1). This bingistimulates the tyrosine

kinase activity which is intrinsic to tiesubunit of the receptor.

The first step of insulin receptor activation ig wutophosphorylation of tyrosine
residues which is permitted by the joint participatof two a-subunits in the insulin
binding domain and by kinase domains in the t@«subunits situated at the
juxtamembrane position (82-83). Insulin bindingules in autophosphorylation of the
tyrosine residues, and the kinase domain underg@esmformational change, which acts
as an origin for activation of the kinase and iattion of downstream molecule that
participates in the insulin signaling cascade. Tdusophosphorylation is followed by

phosphorylation of the insulin-receptor substrgi&sS) (84-85). IRS contain an NH2



terminal phosphotyrosine-binding domain, a COOHnriaal domain with tyrosine
residues involved in Src homology 2 (SH2) proteimding sites, a Src homology 3
(SH3) domain that bind proline-rich ligands andrsethreonine-rich regions that then
bind to other proteins. Insulin receptor trans-gpmsylates several substrates on Tyr
residues including IRS1-4, Shc, and Gabl, Cbl, A48, p60dok. Each of these provide
specific docking sites for other signaling protegmtaining SH2 domains (86). These
events lead to the activation of downstream siggafnolecules, orchestrated through
three main pathways: the IRS/phosphatidylinositol @I3) kinase pathway;
(RAS)/mitogen-activated protein kinase (MAPK) pa#iyw and the Cbl-associated
protein (CAP)/Cbl pathway. The PI3 kinase is a toeteneric enzyme containing the
p85 regulatory subunit and pll0 catalytic subuniositol phosphate [I(3)P],
phosphatidylinositol bisphosphaf@l1(3,4,5)P2] and phosphatidylinositol-trisphosgghat
(PIP3) are produced by phosphorylated Pl substrdtgs activated PI3Kinase
(phosphoinositide 3-kinases). These phospholipities second messengers and employ
the PI3K- dependent serine/threonine kinases (Pt Akt (protein-serine/threonine
kinase) which translocates from the cytoplasm te fllasma membrane. Akt is
phosphorylated on Thr 308 and Ser 473 by PDK-1, awmdnformational change takes
place in Akt through the lipid binding and membran&nslocation (39, 87-88). The
activated Akt then regulates and phosphorylatespom@nts of the glucose transporter 4
(GLUT4) complexes, protein kinase C (PKC) isoforngdycogen synthase kinase
(GSK3) and p70S6kinase (87-91). Thus activatiorthef PI3K-Akt pathway plays a
critical role in glycogen synthesis by mediating ihsulin induced phosphorylation and

inhibition of glycogen synthase kinase 3(GSK-3),(92). In muscle and adipose tissue,
10



glucose uptake is facilitated by insulin throughe tetimulation of GLUT4 from
intracellular sites to the plasma membrane (FigMiJd hyperglycemia, cardiac and
adipose abnormalities and short lifespan have ldeemnstrated in whole body GLUT4
homozygous knockout mice (94). Moreover, disruptdriGLUT4, in muscle, leads to
glucose intolerance and insulin resistance whidhicate that glucose transport mediated
by GLUTA4 is essential in maintaining muscle glucbhseneostasis (95). Also disruption
of GLUT4 in adipose tissue of mice results in s&@wg insulin resistance and impaired
glucose tolerance, indicating that alteration ipression of GLUT 4 could lead to the
insulin resistance and diabetes (96). RecentlwaXtd-kDa Akt substrate called AS160
has been identified in 3T3-L1 adipocytes that conRab GTP-activating protein (GAP)
domain, which is linked to glucose transport (96).

The second pathway, signaling through Grb2/Sos/Ras/Raf/MAPK, leadsinsulin’s
mitogenic effects including DNA synthesis, cell gth, and gene expression (97). In the
liver, insulin represses the transcription of glueogenic genes phosphoenol pyruvate

carboxykinase (PEPCK) (98) and glucose 6-phospbdé@G6&Pase) (99-101).

In metabolically responsive cells, c-Cbl undergbogesine phosphorylation by
insulin, which constitutes théhird signaling pathway. C-Cbl makes a complex with
insulin receptor through an adaptor protein calle@bl-associated protein (CAP) (102).
When Cbl is phosphorylated, the Cbl/CAP complerglacates to the plasma membrane

domain enriched in lipid rafts (103,104,105).

11



Expression of dominanhegative CAP completely blocks insulin stimulated
glucose uptake and GLUT4 translocation (106). Bhiggests that Cbl/CAP complex and
PI3 kinase/Akt pathway are two compartmentalizedalpsd pathways that lead to

GLUT4 translocation.

12



INSULIN SIGNAL TRANSDUCTION

Glucose
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e (o
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Glycogen
Synthesis

Fig. 1: Metabolic and mitogenic responses to insulin. The binding of insulin to the a-
subunit of insulin receptor (IR) concentrates insulin at its site of action and induces
conformational changes in the receptor, which in turn stimulates the tyrosine activity
intrinsic to the S~subunit of the IR and triggers the signaling cascades. Fetuin-A is shown
here inhibiting the IR autophosphorylation and tyrosine kinase activity, thus repressing
insulin-mediated events. 1, 2 and 3 refers to first, second and third signal pathways as
described.
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2.5 Negative regulators of insulin signaling cascade:

Negative regulatory roles are played by certain énainfactors, metabolites,
protein phosphatases, and other signaling protesidting in the mitigation of insulin’s
signal. These regulators, under pathological cantit can impair insulin signaling
leading to insulin resistance. Interleukin 1 (IL-1)-6 and TNFe are pro-inflammatory
cytokines implicated in the progression of obesity insulin resistance (107). TNF-
impairs insulin-stimulated tyrosine phosphorylatioh IRS molecules and decreases
insulin signaling through phosphorylation of IRS#&r307 and the stimulation of SOCS

(suppressor of cytokine signaling) proteins (108).

Plasma free fatty acids (FFA) levels are elevatedath obesity and type 2
diabetes. Free fatty acids affect insulin actiothatperipheral target tissues. FFA impairs
glucose uptake into muscle, phosphorylation of gbec by glucose-6-phosphate and
glycogen synthesis (109-110). It has also beenqgs@gh that the reduction in plasma free
fatty acids levels observed with thiazolidinediotneatment (TZDs), a class of anti-
diabetic drugs that are ligands for the nucleaeptar, peroxisome proliferator-activated
receptor-gamma (PPAR may contribute to the improvement in insulin géwnity (111,

112).

Protein tyrosine phosphatase-1B (PTP1B), whichbigjuitously expressed, has
been shown to function as a negative regulatordphdsphorylating the insulin receptor
bothin vitro and also in intact cells and regulates both mitagand metabolic actions of

insulin (113, 114). Additionally, elevated levelsdaactivity of PTP1B in tissue culture
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models has been shown to be associated with insegistance, stimulated by exposure
to high glucose levels (17). Furthermore, a nundbestudies have revealed that SHP-2, a
cytosolic PTPase, participates as a positive medizt mitogenic action of insulin and

other growth factors in Ras and mitogen activatestgin kinase-dependent pathways

(115, 116)

Fetuin-A, a liver-secreted humoral factor, has belemtified as a physiological
inhibitor of the insulin receptor autophosphoryatiand tyrosine kinase activity (21, 22,
36-38). This proximal inhibition results in decredsnsulin-stimulated activation of the
Ras-Raf-MAPK pathway (38) and the PI3K-Akt-GSK3 Ipady resulting in impaired
DNA synthesis, glucose uptake, and glycogen syrgh@?). Altered serum fetuin-A
concentrations have been reported in obesity, imsasistance, and metabolic syndrome

(18-19).

2.6 Fetuin-A

Fetuin-A, also calleth2-Heremans-Schmid glycoprotein (AHSG) from the
fetuin family of proteins, was first described sitaneously by Joseph Heremans and
Karl Schmid. Fetuin A is a 49-kDa plasma proteiat tbriginates mainly in liver (36) and
which is abundant in plasma and mineralized borevefal functions have been
described, including bone mineralization (23, 3)-&%d osteogenesis (27-28), regulation
of the insulin and hepatocyte growth factor recept(21-24) and the response to

inflammation (18, 19).
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Fetuin-A in human plasma is one of the few negateste-phase proteins.
During an inflammatory response its level decreasastically (117). Its concentration is
also decreased in certain malignancies and Padisease (118). Phosphorylation has
been shown to be critical for fetuin-A to inhibiRITK activity. Only 20% of the
circulating fetuin-A pool is phosphorylated on S#land Ser312 and considered
biologically active. The rest (80%) is present iepdosphorylated form (41-44). In
humans, the fetuin-A gene is localized on 3927 sThbcus has been described as a a
susceptibility locus for metabolic syndrome andetypdiabetes mellitus by Kissebeh
al (119) and Vionnekt al (120). Enhanced plasma level of fetuin-A has dlsen
demonstrated clinically in pregnant women with iimsuesistance and in gestational
diabetes (121). Fetuin-A null mice demonstrate mupd insulin sensitivity and
resistance to weight gain. Additionally, these mdammonstrate improved basal and
insulin stimulated phosphorylation of the insulieceptor and downstream signaling

molecules in skeletal muscle and liver (20, 40).

2.6.1 Structur e of fetuin-A

Human fetuin-A, secreted by the liver into cirdida, is a glycoprotein
consisting of two subunits, an A chain or heavyirchehich is comprised of 282 amino
acids and a B chain or light chain made up of 2iharacids (Fig. 2). The A and B chain
are connected via a 40 amino acid single interctdisulphide bridge called the
‘connecting peptide’. The polypeptide moiety of Ba consists of 27 amino acid
residues. Neutral and charged amino acid residreesliatributed unequally (122-123).
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The first 20 residues are uncharged; on the othemdh the carboxyl-terminal
heptapeptide includes all charged residues. Theobgdrate units consist of sialic acid,
galactose, and N-acetylgalactosamine O-glycosigidalked to the 6th serine residue.
The B chain polypeptide has tveturns. The seconfl-turn containing cystine residue
links the B-chain to the A-chain. The B-chain lagksonformation but possesses a short
a-helical region (124). The fetuin-A inserts in cDNAones extend approximately 1.5
kilo base pairs and include the entire fetuin-Aingdsequence for the A and B chains,
indicating that both the chains are encoded byglsimRNA transcript (122). In a post
translation step before mature fetuin-A is releasgd the circulation, the connecting

sequence is cleaved by limited proteolysis (124}125

Mammalian fetuins are characterized by a triparSteucture: two similar
sequences of cystatin-like structures (‘cystatimdms’) comprising 116-118 amino
acids that are positioned at the amino terminut@fproteins (Domains A and B, Fig.2).
These are followed by a unique sequence of 110r&4idues, containing a proline-rich
(Pro) region (126). Native fetuin-A undergoes aeseof post-translational modifications
including proteolytic processing, phosphorylatianultiple N-glycosylations and O-
glycosylations, and sulfation of the carbohydratk £hains (127). At positions 81, 138
and 158 Asn-Xaa-Ser/Thr types of three potentigly¢osylation sites have been shown
to be present in the mature sheep and pig fetuiecules. Asparagine residues in bovine
fetuin at these positions have been assignedessfsit N-glycosylation (49). The first of
these (AS81) is absent in human a2-HS glycoproféne other two sites; AS138 and

AS158 are conserved in all the fetuin and are knéovibe N-glycosylated in human
17



fetuin-A (123). Twelve half-cystine residues aregant on fetuin-A, and 11 of them are
positioned in the heavy chain and a single onéhénlight chain of the molecule; they
form six disulfide bridges. The first and the lastf-cystine residues of the amino acid
sequence of fetuin-A are engaged in the formatioa lmop spanning the extreme NH2
and COOH-terminal portions of the molecule, therebynecting the heavy and light
chains . The other half-cystine residues are link@alsecutively in the heavy chain and
form five loops which span 4-19 amino acid resid(#&8). Comparison of the deduced
amino acid sequences of sheep and pig fetuin sh@ameedxtensive sequence identity
between them (75%) and with other proteins of tlenmalian fetuin family, i. e. human

fetuin-A, and bovine and rat fetuin. Twelve cystiresidues were found at invariant
positions in all fetuin sequences, suggesting gtsothat the arrangement of disulphide

bridges identified in human fetuin-A is common k& tmembers of the family (Fig. 3).
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STRUCTURE OF HUMAN FETUIN-A

Domain C

( - Conserved in all mammalian Fetuin

Fig.2: Fetuin-A structure. Fetuin-A is comprised of two tandem cystatin-like
domains A and B, and a small B-chain connected through a disulfide bond The A-
chain, comprising the signal peptide (SP), domains A and B, a proline rich
segment (Pro) and 39 of the 40 amino acids of the connecting peptide (CP), is
linked to the B-chain (light chain) by a single disulfide bond (S-S). The conserved
N- and O-linked glycosylation and phosphorylation sites are represented by N, O,
and P, respectively.
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CONSERVED PHOSPHORYLATION SITESON FETUIN-A

Ser120

l

Sheep  VEGDCDI HVLKQDGQFSVLFTKCDSSPDS

Pig VEGDCDFHVL KQDGQFSVL FAKCDSSPDS
Human VEGDCDFQL L KL DGKFSVVYAKCDSSPDS
Rat VEGDCDFHI L KQDGQFRVLHAQCHSTPDS

Ser312

l

Sheep SWAVPLP- LHRAHYDL RHTFSGVASVESASGEAFHVGKTP

Pig - - - PPG PPVHRSHYDL RHSFSGVASVESASGEAFHVGKTP
Human LAAPPGHQ LHRAHYDL RHTFMGVVSL GSPSCGEVSHPRKTR
Rat Fe======-= DHRTHHDL RHAFSPVASVESASCGEVL HSPKV-

Fig. 3: Conserved serine residues. Haglund et al (41) have identified that human fetuin-
A is phosphorylated on Ser120 and Ser312. The sequence alignment of sheep, pig, human
and rat are shown. Conserved Ser120 and Ser312 residues are indicated in blue and by
arrows.
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2.6.2 Fetuin-A: An inhibitor of insulin receptor tyrosine kinase activity

Human fetuin-A is reported to be a natural inlubiof the insulin-stimulated
insulin receptor tyrosine kinase (21, 22, 36-3&tuih-A does not require the proximal
576 amino acids of the alpha subunit of IR and prily interacts with the activated IR,
and inhibits IR autophophorylation and IR tyroskiease activity (21). Fetuin-A also
inhibits the association of IRS-1 with the p85 suibof phosphatidylinositol-3 kinase in
H-35 hepatoma cells. Fetuin-A does not affect imssfimulated induction of the
metabolic enzyme tyrosine amino transferase butinhibits insulin-dependent
mitogenesis (21). Srinivast al have shown complete inhibition of insulin receptor
autophosphorylation, its tyrosine kinase activipwards an exogenous substrate
Glu80Tyr20, tyrosine phosphorylation of IRS1, ShpdZ kDa), and insulin-induced
association of tyrosine phosphorylated IRS-1 witRB2, with the 1QM of human
fetuin. They also showed the complete inhibitionirgulin stimulated MEK activity
when cells were preincubated with 10uM of humauaifeA. In CHO cells, fetuin-A has
also been shown to inhibit the activation of insulhduced Ras-GTPase (22). Several
earlier studies indicate that fetuin-A (even at liigh concentration such as 10 uM) does
not inhibit insulin-induced metabolic effects suah glycogen synthesis, glucose uptake,
glycogen synthase activity. Recombinant fetuin algbnot affect insulin incorporation
of [14C] glucose into glycogen into two differerdtrcells muscle preparation (22).
Similar findings have been shown by Aubergenl using rat fetuin-A (36). However,
several human studies, data from fetuin-A null nacd recent studies in our laboratory

using L6-GLUT4myc skeletal muscle cells and primayman skeletal muscle cells
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indicate that fetuin-A inhibits insulin-stimulateducose uptake and glycogen synthesis
(20,40). The mechanism of action of fetuin-A is faatnd to be consistent among various
cells types. Fetuin-A inhibits the insulin rectgrosine kinase in hepatic cells but does
not affect the same in adipose cells. On the dtlaed it inhibits mitogenesis in adipose
cells (21). Le canet al have shown that only phosphorylated form of pp&8ih is
active and inhibits tyrosine kinase inhibition grattially phosphorylated form is 10-fold
less active (128). That this protein should be phosylated to be physiologically active
and that the nonphosphorylated form is ineffechigs been confirmed by several studies
(36, 42-44). Haglundt al identified two phosphorylation sites; serine 186alted in the

A chain and on serine 312 located in the connegiggide (41). The average degree of

phosphorylation in plasma was at least 0.2 molhafsphate/mol of fetuin-A (41).

2.6.3 Fetuin-A in animal models of obesity and diabetes

Acute injection of recombinant fetuin-A has beermwsh to inhibit the insulin
stimulated tyrosine phosphorylation of insulin ngtoe and insulin receptor substrate-1 in
rat liver and skeletal muscle (36). In a model mt-thduced obesity, which generally
exhibits fatty liver, fetuin-A mRNA expression wagreased (129). Fetuin-A null mice
displays dramatically improved insulin sensitivapd are resistant to weight gain on a
high fat diet (129). These mice also demonstrafgaved glucose clearance in liver and
muscle with lower levels of fasting plasma triglsides. Increased downstream signaling
molecules Akt and mitogen activated protein king®APK) have also been

demonstrated in liver and skeletal muscle of fetkmockout mice (40). Additionally
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Papizan and Mathews (130) have shown increasedanaldstuin-A phosphorylation
(**2Ser) in insulin resistant, leptin-signaling impaitucker diabetic fatty (ZDF) rats and
in leptin-deficientob/ob mice, compared to lean controls, suggesting rae&eptin and

insulin in the regulation of*Ser-fetuin-A phosphorylation.

2.6.4 Fetuin-A and insulin resistance in humans

Sequencing of the fetuin-A gene promoter regiod awmons indicated the
presence of nine common single nucleotide polymemé (SNPs). Siddigt al carried
out a detailed genetic association study of therimrion of these common fetuin-A
SNPs to genetic susceptibility of type 2 diabete&rench Caucasians. The major allele
of a synonymous coding SNP in exon 7 (rs107159@%gmted significant evidence for
association with type 2 diabetes. Two other SNiPstriong linkage disequilibrium with
rs1071592 showed evidence approaching significéh8#). In another study done by
Osawaet al to identify the origin of two common alleles, fettA*1 and *2, six single
nucleotide differences were identified in companisath the original sequence. Among
the samples exhibiting phenotype 2-1 or 2, the enide substitutions of C to T at
amino acid position 230 and C to G at position 2&8e very common (132). Genomic
DNA of 68 individuals was studied, since these sitigons might give rise to a Nlalll
site and a Sacl site, respectively, for the podériétuin-A*2. The results indicated that
fetuin-A*1 was characterized by ACG (Thr) at pa=iti230 in exon 6 and ACC (Thr) at
position 238, on exon 7 and that fetuin-A*2 wasrelterized by ATG (Met) at position
230 and AGC (Ser) at position 238 (132). Lavebenttl evaluated the association of

rs4917 (Thr230Met) variation in the fetuin-A genghafat cell function by investigating
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subcutaneous fat cell lipolysis in 93 healthy obasd nonobese male subjects (133).
They conclude that a common variation (Thr230Methie fetuin-A gene was associated
with a marked increase ipR2-adrenoceptor sensitivity in subcutaneous fatscetlhich
may be of importance in body weight regulation. ®tarer, an association has been
reported between a common SNP located in the 3omegf the fetuin-A gene
(rs2077119) and insulin mediated regulation dbliypis in the adipose tissue from obese
and nonobese women (134). A consequence of inatdasty fat is the development of
resistance to insulin-stimulated glucose uptakdeéua, previous studies have implicated
a pathophysiologic role of fetuin-A in regulatingsulin sensitivity. Serum levels of
fetuin-A have been found to be increased in woméh gestational diabetes mellitus
and to correlate with maternal insulin resistanammeters (122). High fetuin-A plasma
measures at baseline were found to be coupledl@sthincrease in insulin sensitivity in
the subjects who undergo a lifestyle interventiongpam with diet and increase in
physical activity (18). Stefaat al have shown by cross sectional analysis, thatrfeiui
plasma concentrations were elevated in subjecte wigh liver fat. In longitudinal
analysis, with weight loss, relatively large meatrgases were observed in liver fat and
in fetuin-A plasma levels, which suggest that tharnge in liver fat was associated with
the change in fetuin-A plasma levels (18). Thi®asggests that fat accumulation in the
liver may result in increased secretion of fetuinkennigeet al have demonstrated that
fetuin-A induces low-grade inflammation and repesssadiponectin production in
animals and in humans. These data suggest an mmpordle of fetuin-A in the

pathophysiology of insulin resistant conditions§)L3
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2.6.5 Fetuin A and serum lipids

Kumbla et al have shown a strong association of fetuin-A wigiety of lipids
such as cholesterol, cholesteryl ester and withredsed amounts of phospholipids,
triglycerides, and free fatty acids (26). AdditiimaKumbla et al have shown that in
comparison with albumin, fetuin-A is 50-fold mor#fegtive in incorporating exogenous
fatty acid into cultured cells (25). They have destoated the capability of fetuin-A in
inducing cholesterol efflux from both human fet&insfibroblasts and HepG2 cells as
effectively as HDL (26). These results suggest tbtatin-A might play a multifunctional
role in lipid transport during development. Fetéinalso showed concentration
dependent significant increase in the incorporatibfi-“C] oleic acid into triglycerides

(26).

2.6.6 Regulation of fetuin-A expression

Synthesis of fetuin-A was found to be downregulaibsdrecombinant human
interleukin-1, interleukin-6, and tumor necrosistéa-o. and partial hepatectomy. On the
other hand, treatment of hepatocellular carcinomlés avith thyroid hormones (136),
over-expression of signal transducer and activatdranscription-3 (137), or treatment
with glucocorticoids or dexamethasone has been showupregulate the mRNA and

protein expression of fetuin-A (138).
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2.7 Metabolic Syndrome (M etS):
2.7.1 Definition and Prevalence

The definitions of metabolic syndrome (MetS) induthose proposed by the
World Health Organization (WHO) (139), the Européamup for the Study of Insulin
Reistance (EGIR) (140), the US National CholestBdlication Program (ATPIII) (141)

and International Diabetes Federation (IDF) (14&)ngmarized in Table 1).

The National Cholesterol Education Program Adukalment Panel 11l (NCEP
ATP 1ll) released a report identifying a state ehtral obesity in association with risk
factors for CHD as the metabolic syndrome (143)mien, a waist circumference >40
inches and in women, a waist circumference >35dadhl defined as central obesity by
this panel. Other risk factors of the MetS incluieslipidemia [high triglycerides, low
high-density lipoprotein-cholesterol (HDL-C) and aimlow-density lipoprotein (LDL)
particles], elevated fasting blood glucose (withwathout glucose intolerance) and blood
pressure (144). In addition MetS may be associatéd pro-thrombotic and pro-

inflammatory states.

A recent analysis of data from 8,814 men and woimethe Third NHANES
study (1988 to 1994) that used the ATP Il defomntiof MetS indicates that the
unadjusted and age-adjusted prevalence of the @ymdrare 21.8% and 23.7%,
respectively, in the US population agel0 years (145). This finding indicates that on
the basis of 2000 census data, approximately 4ifomipeople in the United States have

MetS. The presence of MetS is estimated to incrdesesk of coronary heart disease by
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1.6- to 3.0-fold (146). The prevalence of highifagtglucose in men and women with the
metabolic syndrome is 15.6% and 10%, respectivedy'). Interestingly, a vast number
of studies have shown that lifestyle modificatitogether with weight reduction, reduces
risk of development of type 2 diabetes. For examible Diabetes Prevention Program
has shown that the metformin-treated group had % 8dduction in the incidence of

diabetes compared with placebo whereas lifestyleryention condensed the incidence

of diabetes by 58% (148).
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Table 1. Current definition of Metabolic Syndrome (MetS)

WHO (1999)

EGIR (1999)

(NCEP ATPIII) 2001

IDF) 2005

Diabetes/impaired glucose tolerance
/insulin resistance + two or more of the
following:

Insulin resistance /hyperinsulinemia +
two or more of the following:

Three or more of following:

Obesity: BMI >30kg/m’ or waist: Hip>0.9
(M), >0.85 (F)

Central obesity: Waist Circumference >
94 cm (M), 280 cm (F)

Central obesity: Waist
Circumference 2102 cm (M), 288
cm (F)

Central obesity + any two of the
following:

Dyslipidemia: TG21.7 mmol/L, HDL-C
<0.9 mmol/L

Dyslipidemia: TG 22.0 mmol/L, HDL-C
<1.0 mmol/L

Hypertriglyceridemia: TG 22.0
mmol/L

Raised triglyceride 21.7 mmol/L or
Specific treatment

Hypertension: Blood Pressure 2140/90
mmHg or medication

Hypertension: Blood Pressure 2140/90
mmHg or medication

Low HDL: HDL-C <1.03 mmol/L
(M), 1.29 mmol/L (F)

Reduced HDL <1.03 mmol/L (M),
<1.29 mmol/L (F), or Specific
treatment

Microalbuminuria: Albumin excretion 2
2.5 mg/mmol (M), 23.5 mg/mmol (F)

Fasting plasma glucose: 26.1 mmol/L

Hypertension: Blood Pressure
2130/85 mmHg or medication

Hypertension: Blood Pressure
2135/80 mmHg or medication

Fasting plasma glucose: 26.1
mmol/L

Fasting plasma glucose: 25.6
mmol/L or previously diagnosed

type 2 diabetes

WHO, World Health Organization (139); EGIR, the European Group for the Study of Insulin Resistance (140); ATPIII, National Cholesterol
Education Program Expert Panel on Detection Evaluation , and Treatment of High blood Cholesterol in Adults(Adult Treatment Panel Ill) (141):
IDF, Internation Diabetes federation (142); F, female; and M, male



2.7.2 MetS and inflammation

Both experimental data in human and animals andeemblogical studies have
shown convincing evidence linking inflammation tesulin resistance. It is well known
that the prevalence of diabetes, obesity, and MdtSncrease with age. In a cross-
sectional study of 70 healthy individuals aged 924-years, increase in age was found to
be negatively correlated with whole-body glucosspdsal and positively associated
with plasma concentrations of tumor necrosis faatpha (TNFe). Additionally, a
significant negative correlation was noted betwedrole-body glucose disposal and
plasma TNFe. In 439 non-diabetic women followed in the Womemhigalth Study,
fasting insulin was strongly associated with plastoacentrations of the acute-phase
reactant C-reactive protein (CRP) and the pro4mftatory cytokine like interleukin-6
(IL-6) (149). Furthermore, a linear rise in CRPdvwas noted with increasing numbers
of MetS components, dyslipidemia, abdominal obesitysulin resistance, and
hypertension). Using the ATP-III definition of MetSimilar results were reported among
14,719 non-diabetic women enrolled in the Women'salth Study; median CRP
concentrations increased from 0.68 mg/L in wometih wb characteristics of MetS, to

5.75 mg/L in those with five characteristics (150).

2.7.3 Obesity, atherogenic dydlipidemia and MetS

High serum cholesterol has been acknowledgediag bBanajor risk factor for
coronary heart disease (CHD). As much of the serhotesterol is transported by LDL,
most people with high serum cholesterol also halevaged LDL. The National

Cholesterol Education Program (NCEP) specificallygéted LDL cholesterol as the
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chief goal of cholesterol-lowering therapy (15Btatin (HMG CoA reductase inhibitors)
therapy has produced marked reductions in new eoyogvents; these reductions almost
definitely were connected to decreases in LDL ley@b52-154). Strong evidence also
indicates that high LDL concentrations initiateeatigenesis and promote atherosclerosis
(152). A strong link between increased abdomin&cgral) fat and hyperinsulinemia,
insulin resistance, elevated plasma free fatty a(fidFA) levels, hypertension,
predisposition to thrombosis, hypertriglyceridemsmall, dense LDL particles, and
reduced HDL has been established (146). Theresasealidence that increased abdominal
adipose tissue is associated with physical indgfivincreased plasma cortisol, and
intrauterine environment (155). The changes irdlipetabolism seen with abdominal fat
accumulation have been well characterized and declaypertriglyceridemia, reduced
HDL cholesterol, and increased numbers of smakhsdd_DL particles. Elevated LDL
cholesterol is not a feature of the dyslipidemiansevith abdominal obesity. Other
features of the dyslipidemia of abdominal adipositylude elevated very low density
lipoproteins (VLDL), and reduced HDL2, which arestlarge buoyant antiatherogenic
subspecies of total HDL. In some individuals, aple®Is may be elevated, reflecting an

increase in the number of small, dense lipoprgteiicles (VLDL and LDL) (146).

2.8 Niacin, a lipid-lowering drug

Niacin (Nicotinic acid, Vitamin B3) is a water-sdlle vitamin. The major
metabolic role of niacin is that it serves as acprsor for two essential coenzymes,
nicotinamide adenine dinucleotide (NAD) and nicatmde adenine dinucleotide

phosphate (NADP). Both NAD and NADP can be redutedNADH and NADPH,
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respectively, and these coenzymes participate idation-reduction reactions catalyzed
by dehydrogenase and oxidoreductase enzymes. THAS¥NADP linked enzyme
systems are involved in virtually every aspect atabolic processes. Clinically, niacin

deficiency causes pellagra characterized by detisyatiarrhea and dementia. (156, 157).

NIACIN: CHEMICAL STRUCTURE

H—C Sc” So—H
b é! ! %
~ \ 4 Nicotinic Acid

Fig.4. Chemical structure of niacin. Nicotinic acid, a 3-pyridine carboxylic

acid, widely known as niacin, has a molecular formula C¢HsNO, and a
molecular weight of 123.

In 1955 Altshulm Hoffer and Stephen reported imiags a pharmacologic
agent (158), and currently it is a widely used ageihe treatment of dyslipidemia (159-
160). Niacin reduces concentrations of total plasshalesterol (TC), apolipoprotein
(apo) B, triglyceride, VLDL, LDL, and lipoprotein(@Lp (a)], and increases HDL levels
in pharmacologic doses of 1-3 g/day (reviewed ih)16everal clinical trials (secondary
prevention and angiographic studies) indicate tihattreatment with niacin considerably
reduces coronary events, retards the progressidniratuces regression of coronary

atherosclerosis and reduces total mortality. Alfothe use of niacin in the past has
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been associated with adverse effects like flusland hepatic toxicity, recent studies
utilizing novel formulations of niacin have showecdeased flushing with almost no

hepatic toxicity with similar effects on plasmaidiprofile (161).

Although the exact mechanism is not understood pbet@ly, the probable
primary action of niacin is to restrain recruitmeoft free fatty acids from peripheral
adipose tissue to the liver. This results in a cedusynthesis of VLDL and triglycerides
from liver. Further, as less VLDL is accessibleaasubstrate, LDL-cholesterol (LDL-C)
levels decrease (162). Niacin is believed to ire@eserum HDL-C levels by blocking
hepatic uptake of apolipoprotein A-lI, a major comgat of HDL-C (162). Niacin also
increases a cardioprotective subfraction of HDL,jolwhimproves reverse cholesterol
transport (163). Niacin decreases levels of LDLyG#o to 25%, triglycerides by 20% to
50%, Lp (a) by 34%, (164) and the TC/HDL-C ratio ®¥% (165); niacin increases
levels of HDL-C by 15% to 35% (166). Niaspan isralpnged release (PR) preparation
of niacin with absorption rates between immediatease (IR) and sustained release (SR)
preparation. It has been used in clinical trial&JBA since the 1990s. In a dose—response,
placebo-controlled study with a daily dose of Nespf 1000 and 2000 mg, a clear dose-
dependent effect was observed on lipid/lipoprotéevels (23). HDL-cholesterol
increased by 17 and 23%, while plasma triglyceridesreased by 21 and 29%,
respectively, with the two doses of Niaspan. BobLicholesterol and Lp(a) were also

reduced in a dose-dependent manner (164).
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2.9 Study Objectives

Fetuin-A has been shown to influence a wide varadtbiological processes,
including insulin and growth factor signaling, bpitransport, opsonization fetal
development and tissue mineralization. Among thréesa described biological effect of
fetuin-A was the inhibition of the insulin receptyrosine kinase. Activation of the
insulin receptor tyrosine kinase, one of the maekimal events in insulin signaling, is
thought to be required for most, if not all of thielogical actions of insulin. It has also
been shown that the serl20 and ser312 are theatrsites for the phosphorylation of
fetuin A and that this protein is biological actigrly when it is phosphorylated. Fetuin-
A has been shown to be strongly associated withlimsesistance, metabolic syndrome
and an atherogenic lipid profile. However, theree ano reports of fetuin-A
phosphorylation status and its association witlulinsresistance in humans. Also, there
are no reports on the molecular characterizatiothefSer312 phosphorylation site of
fetuin-A. Therefore, the goal of the present stwhs to examine alterations in serum
total fetuin-A and phosphorylated (Ser312) fetuire@ncentrations in individuals with
metabolic syndrome treated with Niaspan, a lip\dddng drug, and correlate these with
changes in serum lipids, and markers of insulinsieity and inflammation.
Additionally, to characterize the significance bétfetuin-A-Ser312 phosphorylation site,
we have examined the effects of both wild-type andtant Ser312Ala-fetuin-A
(defective in phosphorylation on Ser312) in theibitton of insulin signaling and

glucose uptake into skeletal muscle cells.
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2.10 Hypothesis
Since phosphorylation of fetuin-A has been showrbéocritical for its IR-TK

inhibitory activity, and given that serum fetuin48 associated with obesity, insulin
resistance, and MetS, it is our hypothesis thata¢ézl levels of the phosphorylated form
fetuin-A (Ser312) in MetS are associated with selipd metabolism, insulin resistance,
and inflammatory markers. It is anticipated thagréipeutic intervention with Niaspan
may lower serum fetuin-A levels and be correlatdith @ decrease in serum triglycerides.
Since the majority of phosphorylation of fetuin-8 on Ser312, we hypothesize that

phosphorylation on Ser312 is critical for fetuinsAdhysiological effects.
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CHAPTER 3: MATERIALSAND METHODS

3.1 Recruitment of Subjects

The study was approved by the Auburn Universistitational Review Board
(IRB) for the Protection of Human Subjects in Recka Fifteen males, who were
sedentary, obese (body mass ing88 kg/m2, waist girth >88 cm), hypertriglyceridemic
(triglycerides150 mg/dL), and nonsmokers, between the ages @n8065 years were
recruited from the local community and surroundargas by Dr. Peter W. Grandjean,
Associate Professor, Exercise Technology LaboratDgpartment of Health, Human
Performance and Kinesiology, Auburn University, Ahdividuals with known history of
active gout, peptic ulcer disease, diabetes, livezase, or, who were on medications for
any of the diseases mentioned above were not iedludthe study. Selected volunteers
were called to the laboratory and preliminary sciegs were done and were asked to
complete an institutionally approved informed camnsé/enous blood samples were
collected from each individual and were sent to @enters for Disease Control and
Prevention-certified laboratory to assay blood gi&; serum insulin, and circulating
levels of liver enzymes. Before the clearance fdaramce in the study, participants were

fully examined by an attending physician of the i€ise Technology Laboratory.
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3.2 Niaspan intervention and blood sampling

Three days before starting the niacin interventialh physical activity and
daily food consumption was recorded by the paréictp. To estimate baseline fetuin-A,
glucose and insulin concentrations, fasting bloachges were collected and evaluated
from each participant. All the participants wererthprovided with extended-release
niacin (Niaspan, Abbott Laboratories, Abbott Park, IL) as presedbby the attending
physician. Niaspan was taken by each participané @xday in the evening along with a
low-fat snack before bedtime at a dose of 500 mydiaing the first week, 1000 mg/day
during the second week and 1500 mg/day during w&ettsough 6. Additionally, to
minimize the flushing induced by the intake of Naapeach participant was asked to take
an enteric-coated aspirin (300 mg) 30 to 60 minbtfsere the evening dose of Niaspan.
Blood samples from each participant was obtainetbviing the 6-week Niaspan
intervention, after an 8-12 hours overnight fagiMeen 8:00 and 9:00 a.m. Serum was
separated from the collected blood samples by ibegitng whole blood for 20 minutes at

1500g, aliquoted and stored at °80

3.3 Analytical Procedures

Anthropometric measurements, body fat analysis Oual-energy X-ray
absorptiometryDEXA), blood glucose, serum levels of insulin, tatholesterol, LDL-
cholesterol, HDL-cholesterol, triglycerides, freatty acids, and adiponectin were
previously assayed by Dr. Grandjean and colleagimethis study, we have analyzed

serum concentrations of fetuin-A by a sandwich EL[8ioVendor LLC, Candler, NC),
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according to the manufacturer’s recommended protdandetermine serum C-reactive
protein concentrations, serum samples were dilined:100 dilutions and estimated
using a sandwich ELISA (United Biotech Inc., Mount®&iew, CA). The antibodies
were highly specific for the human C reactive pimt&erum TNFa (assay sensitivity:
0.5-5.5 pg/ml) and IL-6 (less than 0.70 pg/ml) camcations were analyzed by sandwich
ELISA (R&D systems, Inc., Minneapolis, MN) accordinto the manufacturer’s

recommendations.

3.4 Human fetuin-A full-length cDNA construction

Full-length human fetuin-A cDNA, cloned into pCM\¥d-4 vector and driven
by a CMV promoter, was purchased from Origene IRogkville, MD (NCBI Reference
Sequence ID # NM _001622.2). Next, a 3x FLAG® pp{[22 amino acids) affinity tag
(Sigma Chemical Company, St. Louis, MO) was clom#d the C-terminus end of
fetuin-A cDNA with the goal of producing recombindfLAG-tagged human fetuin-A.
The C-terminus site was specifically chosen for Fh&\G-tag, since the N-terminus of
fetuin-A encodes a signal peptide, which is crititar its processing as a secreted

protein.

3.4.1 Plasmid DNA isolation
The FLAG-tagged fetuin-A cDNA clone was transformatb OneShot Topl10
competent cells (Invitrogen Corporation, Carlsb@d,). Plasmid DNA was prepared by

inoculating a single colony of transformed bactarito 5 mL LB/Amp (50 pg/mL)
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culture. After 8 hours, 4 mL of this culture wasedso inoculate a 500 mL LB/Amp
culture. The remaining 1 ml culture was saved gsegbl stock for future use. Plasmid
DNA was isolated using QIlAfilter Plasmid Maxi kiR{agen Sciences, Maryland, USA)

according to the manufacturer’s recommendations.

3.4.2 Restriction analysis and DNA sequencing

Purified plasmid DNA (1ug) was incubated with Natstriction enzyme and
REact 3 buffer (Invitrogen Corporation, Carlsbady)Cat 37°C for 6 hours. Next, 20ul
of the undigested and digested DNA was mixed wjih & DNA loading dye (0.25%
Bromophenol blue, 0.25% Xylene cyanole FF, 40% aserin water; Sigma Chemical
Company, St. Louis, MO) and electrophoresed at\id@. The gel was stained in 1%
ethidium bromide solution, and visualized using ¥ trans-illuminator (UVP LLC,
Upland, CA). The full-length fetuin-A cDNA was semced using a custom-designed
“primer-walking” approach (GenScript Corp., Piseeg, NJ). Briefly, a primer that
matched the beginning of the fetuin-A cDNA insextjsence was used to synthesize an
oligonucleotide strand adjacent to the unknown erqe, starting with the primer. This
new, short DNA strand was sequenced by standard Bé¢fiencing methodology (167).
Next, the end of the sequenced strand was useg@er for the next part of the DNA
sequence. This was continued until the entire cDiNgert was sequenced. These
fragments of DNA sequences were then compiled tirco the full-length fetuin-A

cDNA sequence.
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3.5 Generation of Ser312Ala Fetuin-A: Site-directed mutagenesis

To understand the significance of phosphorylatinrSer312 residue of fetuin-
A, this site (Ser312) was mutated to alanine usingistom-designed PCR-based site-
directed mutagenesis approach (GenScript Corpcaiway, NJ). The location of the
Ser312 residue (S in bold letter) and amino-acitjgcent to this site are shown below:

Location Position Amino acid sequence

Connecting Peptide 300-319 HTFMGVVSLGH04)GEVSHPR
Briefly, oligonucleotide primers with the Ser312Al mutation and

complementary to the opposite strands of the vetas extended using Pfu Turbo DNA
polymerase. The product was then treated with Dgmdbnuclease, which is specific for
methylated and hemi-methylated DNA and digests gaeental DNA template. Since
DNA isolated from allE.coli strains is methylated and therefore susceptibl®gao |
endonuclease, this allows the selection of mutatmmtaining synthesized DNA. The
nicked vector DNA containing the Ser312Ala mutatimas transformed into super
component cells. DNA sequencing was performed éatifly and confirm the Ser312Ala

mutation.

3.6 Functional Studies: Transfection of COS-7 and HIRc B cells

African green monkey kidney cells (COS-7), and fdiroblast cells
overexpressing human insulin receptors (HIRcB) weréured in complete Dulbecco’s
Modified Eagle Medium, (DMEM) (Invitrogen, Grand ldsd, NY, USA) media
containing 10% FBS and penicillin-streptomycin astitaotics. After reaching

confluence, cells were washed with phosphate bedfesaline (PBS) (Invitrogen
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Corporation, Carlsbad, CA) and transfected with 4figeither wild type fetuin-A or
Ser312Ala fetuin-A plasmid DNA, diluted in opti-MERedia and 10ul of lipofectamine
and were incubated at 3C. Media was changed to complete DMEM after 6 hairs
incubation followed by the overnight incubation.eThext day, media was changed to
serum-free DMEM media (Invitrogen Corporation, Ghdd, CA) containing 0.1% BSA.
Twenty-four hours later, the media was assayeth®presence of secreted fetuin-A and

phosphorylated fetuin-A (wild-type and Ser312Alg)Western blotting analysis.

3.6.1 Transfection efficiency: p-Galactosidase staining

Transfection efficiency was determined by transfectthe cDNA for (-
galactosidase using lipofectamine, as describedealfsgalactosidase was visualized
with the In Situp-Galactosidase Staining kit (Stratagene, CederkCie€). Briefly, cells
were washed three times in ice-cold PBS followedidation using 1x fixing solution for
10 minutes. Next, the cells were stained with X-g#lited in staining solution. Cells
expressingp-galactosidase appeared blue, which was visualaet captured using a

Canon PowerShot S31S-attached Nikon TS100-F irdienieroscope.

3.6.2 Transfection assays. Activation of MAPK and Akt

HIRCcB cells were transfected with 4pg wild typéufa-A or Ser312Ala fetuin-
A DNA as described above. Following transfectidrg imedia was changed to serum-free
DMEM containing 0.1% BSA and incubated afG7overnight in a C@incubator. The

next day, cells were stimulated with 100nM of imsdbr 10 minutes. The cells were then
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washed with ice-cold PBS three times and lysedgueell lysis buffer (50mM HEPES,
100 mM sodium pyrophosphate, 100 mM NaF, 10mM EDPAnNM PMSF, 2 mM
sodium orthovanadate, 1% Triton X-100), sonicatedohe minute (Sonics and Material
Inc., Newtown, CT, USA) and centrifuged for 30 ntiesi at 14,000 rpm at°@. An
aliquot of the supernatant, normalized for proteuas separated by SDS-PAGE on 4-
20% Tris-glycine gel (NuSep Inc., Lawrenceville, \5&els were then transferred to
nitrocellulose membrane (BioRad Laboratories, HesuCA, USA) by using semi-dry
transfer method using 10% transfer buffer madefugbanM Tris, 192 mM glycine and
20% methanol. Proteins were blocked in either 5% fiad dry milk (Bio-Rad, Hercules,

CA, USA) or 5% BSA (Fisher Scientific, Fairlawn, NJSA).

Fetuin-A, secreted into the media, was detectedgugpbat anti-human fetuin-
Alalpha2-HS glycoprotein antibody (IncStar, Stilterg MN). Since the cDNA construct
was engineered to produce recombinant FLAG-taggeasin fetuin-A, FLAG antibodies
(Sigma Chemical Company, St. Louis, MO) were alseduto detect fetuin-A, in
conjunction with the anti-fetuin-A antibody. Phospylated Ser312-fetuin-A was
analyzed using a custom-generated affinity-purifetibody (Affinity BioReagents,
Golden, CO) against the phosphorylated Ser312rf6dui  epitope
“HTFMGVVSLGSPS(PO,)GEVSHPR”. This antibody specifically recognized

phosphorylation of**Ser-fetuin-A.

Western blotting for intracellular signaling moléesi was performed using

antibodies specific for ERK2 (BD Transduction Ladtories, Lexington, KY, USA),
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phospho-p44/42 MAPK, phospho-Akt (Ser473), and phosGSK3 (Cell Signaling
Technology, Danvers, MA) and Akt (Upstate biotedbgy, Lake Placid, NY). Western
blotting for GAPDH (AbCam PLC, Cambridge, MA) wagrformed to assess equal
loading of proteins. The membranes were developgdgueither SuperSignal West
Femto Maximum Sensitivity substrate (Thermo ScfentRockford, IL) or SuperSignal
West Pico chemiluminescence substrate (Thermo ®aenRockford, IL), and
chemiluminescence was captured and analyzed usWig Bioimaging System and
Labworks Software package (UVP, Upland, CA). Aremngities of the bands were

analyzed using the Un-Scan-It software packag& Rilentific, Orem, UT, USA).

3.7 Recombinant human fetuin-A: Production and purification
3.7.1 CHO-Scdll culture

Chinese Hamster Ovary cells adapted to susperaitinre (CHO-S) were
thawed from liquid nitrogen and transferred int® 12l polycarbonate, disposable, sterile
Erlenmeyer spinner flask (Invitrogen Corporatiomyi€bad, CA) containing 60ml of pre-
warmed FreeStyld CHO Expression medium (Invitrogen Corporation, I§kzad, CA)
supplemented with 8mM L-glutamine. Cells were iratigll in a 37°C incubator

containing a humidified atmosphere of 8% CO2, oormtal shaker at 125 rpm.

3.7.2 Transfection of CHO-S cells
One day before transfection, CHO-S cells weresesaded in 60 ml of fresh
FreeStylé¥ CHO Expression medium without serum and antibsot®HO-S cells were

transfected when cells reach a density of £xddlls/ml. 75pg of plasmid DNA (wild
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type or Ser312Ala-fetuin-A) was diluted into OpttP8F Media (Invitrogen Corporation,
Carlsbad, CA) in a total volume of 0.6 ml and mixeid a total volume of 0.6 ml of 75ul
of FreeStyle MAX transfection reagent diluted int®po serum-free media to obtain a
total volume of 1.2 ml. This mixture was incubafed 10 minutes at room temperature
and added slowly to the flask containing cells whg8lowly swirling the flask.
Transfected cells were incubated at’87 8% CO2 on an orbital shaker platform rotating

at 135 rpm.

3.7.3 Recombinant human fetuin-A purification

Five days after transfection of CHO-S cells, theda was collected and stored
at -80°C until further purification. The media was purifien an agarose-bound jacalin
column (Vector Laboratories, Burlingame, CA, USAxt has been shown to specifically
bind human fetuin-A. Wild-type fetuin-A and Ser31aAetuin-A bound to the jacalin
column were eluted using 0.1M melibiose in six eliéint fractions. Purified fetuin-A
fractions were diluted 1:50 ratio with Bio-Rad pmiot assay reagent (Bio-Rad, Hercules,
CA) and protein concentration was analyzed using\Vaspectrophotometer (Beckman
Coulter, Fullerton, CA). Purity was determined gsBDS-PAGE and Western blotting

techniques.

3.8 Glucose uptake assay
Rat L6-GLUT4 skeletal muscle cells were culturedctmfluence in complete
DMEM (high glucose media) (Invitrogen, Grand Islahty¥, USA) containing 10% FBS.

Cells were then washed with PBS and starved fa ligurs in 1 ml serum free DMEM
43



(low glucose) media (Invitrogen, Grand Island, NDSA). Cells were again washed with
PBS and incubated for 30 minutes in 500 pl of ghectree KRH buffer (50mM HEPES,
pH 7.4, 136mM NaCL, 4.7mM KCL, 1.25mM Mg301.25mM CaCl, 0.1% BSA).
Cells were then treated with various concentratioinwild type fetuin-A or Ser312Ala
fetuin-A for 20 min and incubated at &7 Finally, the cells were treated with 100 nM
insulin for 30 min. 10X START buffer (100uM 2-deagtycose, 0.5uCi/ml3H]-2-
deoxyglucose) was added to each well and incubfatedO min at room temperature.
Next, the cells were gently washed three times withcold PBS and solubilized in 0.2N
NaOH. PH]-2-deoxyglucose taken up by the cells were cadiitea liquid scintillation

counter for 2 minutes (Packard Instrument CompBawyyners Grove, IL).

3.9 Statistical Analysis

Data are presented as meansS.D. All variables were normally distributed;
therefore, a paired Studentest was performed. Relationships between theabkms of
interest were determined using Pearson product-mbougrelation coefficients. All data
were analyzed using the Statistical Analysis Syqt8AS for Windows, version 9.1; SAS
Institute, Cary, NC). The level of significance waken as p<0.05. Quantification of data
from Western blots was done using UN-SCAN-IT Gelgibzing System. (Silk

Scientific, Orem, UT, USA).
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CHAPTER 4: RESULTS

4.1 Anthropometric measurements in MetS: Association with fetuin-A and
phosphorylated fetuin-A

Individuals who met the NCEP ATP IlI criteria ford¥s had an average BMI of
34.0 + 3.15 with a waist circumference of 107.9.267cm (Table 1). DEXA analyses
indicated that individuals with MetS had a percbaty fat of 35.13 £ 4.79, with an
android percent fat distribution of 46.83 + 4.98r8n total fetuin-A and phosphorylated
fetuin-A did not show an association with the aboweasurements. Fetuin-A levels
demonstrated a negative correlatign= 0.05) with systolic blood pressure (Table 1).
However, phosphorylated fetuin-A did not demonstiaat association with systolic blood

pressure.

4.2 Serum fetuin-A and phosphorylated fetuin-A concentrations in Niaspan-treated
individualswith MetS

Serum fetuin-A levels, assayed by a sandwich ELis&thod, demonstrated a detection
limit of 3.5 ng/ml. Taking the dilution of the safep into consideration, this translated
into an assay sensitivity of 3.5 pg/ml (3.5 ng/mLG00 = 3.5ug/ml) (Fig. 5). Serum
fetuin-A concentrations ranged from 118.9 pug/mi3@8.6 pug/ml in individuals with

MetS and the data showed a normal distribution .GRAY Serum levels of
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phosphorylated fetuin-A in MetS individuals weresalormally distributed (Fig.6B).
Additionally, serum phosphorylated fetuin-A levelere tightly correlatedr(= 0.84, p <
0.0001) with serum fetuin-A levels (Fig.6C). MetS indiudls treated with Niaspan for a
period of six weeks demonstrated a 20% decrepse (.001) in serum fetuin-A
concentrations (208.25 + 57.3 pug/ml) compared telte before treatment (259.82 +
66.62 pg/ml) (Fig.7). Interestingly, Niaspan treahh decreased serum fetuin-A
concentrations in 13 of the 15 participants, sutyggshat Niaspan-treatment effectively

decreases serum fetuin-A levels in individuals WitS.

Since phosphorylation has been shown to be crifmalseveral of fetuin-A’s
functions, and considering that Niaspan treatmeatrehses fetuin-A levels, we
postulated that Niaspan might decrease phosphedyldetuin-A levels as well.
Therefore, serum levels of phosphorylated fetuinéye assayed by Western blotting in
MetS individuals before and after treatment witragfian. While the results were not
significant @ = 0.08), 12 of the 15 participants demonstrated a loveeriof

phosphorylated fetuin-A following the six weeks span treatment (Fig.8).

4.3 Association of serum fetuin-A and phosphorylated fetuin-A concentrations with
serum triglycerides levels

An elevated serum triglyceride concentration @iterion for the diagnosis of
MetS. Currently, Niaspan is the most effective @ipeutic agent in lowering serum
triglycerides. In this study, as was expected, paastreatment significantly decreased (

< 0.01) triglyceride levels by 36.8% in individuals wiMetS from 292.9 + 142.9 mg/dI
46



to 185.1 + 66.2 mg/dl (Fig.9 and Table 3). Seruigiytceride levels were not associated
with serum fetuin-A levels in individuals with Met&fore Niaspan treatment#£ 0.43,

p = 0.12). However, fetuin-A concentrations were signifitgrcorrelated with serum
triglyceride concentrations after Niaspan treatmént= 0.59, p < 0.05) (Fig.10).
Additionally, the changes in fetuin-A concentrasomwith Niaspan treatment were
significantly correlated with the changes in setuglycerides with Niaspan treatment (

= 0.62, p = 0.01).

In individuals with MetS, phosphorylated fetuin-Aonzentrations were
significantly correlated with serum triglycerides< 0.69, p = 0.005) before Niaspan
treatment (Fig.11). However, phosphorylated fetitevels were not correlated with
serum triglycerides after Niaspan treatment. Addgily, the changes in phosphorylated
fetuin-A concentrations with Niaspan treatment wads® not correlated with the changes

in serum triglycerides with Niaspan treatmert (38, p = 0.15).

4.4 Association of serum fetuin-A and phosphorylated fetuin-A concentrations with
serum high density lipoprotein (HDL) and non-esterified fatty acid (NEFA) levels

In this study, we observed that 6-weeks Niaspaatrirent induced a significant
increase in HDL-cholesterop(= 0.02) in individuals with MetS (Table 3). Though
fetuin-A or phosphorylated fetuin-A levels were nassociated with serum HDL-
cholesterol concentrations, either before or diterspan treatment, the percent change
with Niaspan treatment of serum fetuin-A was sigaifitly correlated with the percent

change in HDL-cholesterot € -0.57, p = 0.03) (Table 3). Similarly, the percent change
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with Niaspan treatment of phosphorylated fetuin-Asvsignificantly correlated with the

percent change in HDL-cholesterolH -0.58, p = 0.02) (Table 3).

Niaspan treatment significantly lowered serum Isved total cholesterolp(=
0.01), without a significant change in serum LDL-choégel or NEFA concentrations
Table 2). However, percent changes with Niaspamtrtrent in fetuin-A or
phosphorylated fetuin-A concentrations were noteissed with percent changes of
serum total cholesterol and LDL-cholesterol. Ins&rgly, the percent change in serum
NEFA levels were significantly correlated with tpercent change in serum fetuin-A

concentrations with Niaspan treatmant(0.52, p = 0.05) (Table 3).

4.5 Association of serum fetuin-A and phosphorylated fetuin-A concentrations with
markersof insulin sensitivity

Niaspan treatment stimulated a significant incraasgerum insulin levelsp(=
0.05), without a concomitant increase in blood gluctesels (Table 4). HOMA values
tended to increase but was not statistically siggnitt @ = 0.09, Table 4). Serum
concentrations of total adiponectin, high moleculaeight adiponectin, and low
molecular weight adiponectin were significantlyvated with Niaspan treatment (Table
4). However, serum total fetuin-A or phosphorylatégtuin-A did not show an

association with these measurements.
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4.6 Association of serum fetuin-A and phosphorylated fetuin-A concentrations with
serum cortisol levels

Niaspan treatment induced a significant increasseirum cortisol levelsp(=
0.049) in individuals with MetS (Table 4, Fig 12). Serwwortisol levels were found to be
significantly correlated with phosphorylated fetdinafter Niaspan treatment € 0.55,
p< 0.05) (Fig 13). Additionally, the percent change inwarcortisol levels with Niaspan
treatment were tightly correlated with the percetttange in serum fetuin-A
concentrationsr(= 0.78, p = 0.001) and phosphorylated fetuin-A& € 0.72, p = 0.004)
(Table 4). Another important finding was that trergent change with Niaspan treatment
in cortisol levels were significantly correlatedtiwithe percent change in serum NEFA
concentrationsr(= 0.83, p = 0.0003). Additionally, the percent change in serum coitis
levels with Niaspan treatment was negatively catesl with the percent change in serum

HDL levels ¢ = 0.78, p = 0.001).

4.7 Association of serum fetuin-A and phosphorylated fetuin-A concentrations with
inflammatory markers

Niaspan treatment demonstrated a significant dseren serum concentrations
of C-reactive proteinp(= 0.007) and IL-6 = 0.0004) (Table 5) in individuals with
MetS. Moreover, all the 15 participants demonsttatecreased levels of C-reactive
protein following Niaspan treatment (Fig.14). Serdetuin-A concentrations were
negatively correlated with C-reactive protein in tBleindividuals before Niaspan
treatment (= -0.57, p = 0.025) (Fig 15). Conversely, the percent change in sdrimin-

A with Niaspan treatment was positively associat@t the percent change in C-reactive
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protein ¢ = 0.58, p = 0.03). Niaspan treatment decreased IL-6 levels in 13nhef15
subjects with MetS (Fig.16). Serum concentratioh$NF-a demonstrated a increasing
trend with Niaspan treatment (p = 0.095, Fig.17erugh total fetuin-A and
phosphorylated fetuin-A were not associated witturselL-6 or TNF& concentrations

(Table 4).

4.8 Full-length human fetuin-A cDNA construction, restriction analysis, and DNA
sequencing

To characterize the role of fetuin-A and its pHuasplation status at the
molecular level, several studies were conductedesailed below. A 3X-FLAG-tag was
cloned into the C-terminal end of a full-length hanrfetuin-A cDNA clone, purchased
from Origene Inc., Rockville, MD. The C-terminudesivas specifically chosen for the
3X-FLAG-tag, since the N-terminus of fetuin-A enesda signal peptide sequence,
which is critical for the processing of fetuin-A asecreted protein (Fig.18). To confirm
the size of the fetuin-A-3X-FLAG insert, a restioect analysis was performed willot |,
which produced an insert size of 1.2 kb (Fig.19nfoming the presence of theNbt |
sites on the fetuin-A-3X-FLAG cDNA construct. DNAeguencing of the cDNA
construct was performed first with the T7 and MIBner sets. However, this approach
was not successful because of the long poly(A) feilerefore, a custom-designed
“primer-walking” approach was used for sequencelysig The fragments of DNA

sequences were compiled to confirm the full-lerfgtiin-A-3X-FLAG cDNA sequence
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(Fig.20). The full-length human fetuin-A cDNA sequéng data was identical to the

sequence in the NCBI database (NCBI Reference Sequb # NM_001622.2).

4.9 Generation of Ser312Ala-Fetuin-A mutant: Site-directed mutagenesis

To understand the significance of phosphorylabonthe Ser312 residue of
fetuin-A, a site-directed mutagenesis approach teken to mutate Ser312 to Ala.
Oligonucleotide primers with the Ser312Ala mutatsord complementary to the opposite
strands of the vector, were extended, treated \ldgn |, and transformed into
ultracompetent cells. DNA sequencing was performddch confirmed that the Ser312

codon was changed to Ala.

4.10 Ser312Ala-fetuin-A: Functional studiesin COSY7 cdlls

Transformed African Green Monkey kidney fibroblastlls (COS-7 cells),
designed to achieve high transfection efficiencgremransiently transfected with 4pg of
either wild type fetuin-A, Ser312Ala fetuin-A DNA rop-galactosidase cDNA.
Transfection efficiency was estimated and confirmeg B-galactosidase staining
procedure. Cells that took up the blue stain intdiddhatB-galactosidase was expressed.
The resulting transfection efficiency, basedpegalactosidase staining was 50-70% (Fig
21). COS-7 cells, transfected with wild type or B&¥Ala-fetuin-A were changed to
serum-free media. The next day, the media was atetleand analyzed for fetuin-A

secretion into the media.
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Our data demonstrated that both the wild type am@®R2Ala-fetuin-A-FLAG tag
cDNA construct effectively synthesized and secrde&tdin-A into the media. This was
confirmed by immunoblotting with FLAG and fetuin-Antibodies. Phosphorylation
status of fetuin-A was assayed using antibodiesiBpefor Ser312-phosphorylated
fetuin-A. As expected, wild type fetuin-A was phbspylated, while no phosphorylation
was detected on Ser312Ala-fetuin-A (Fig 22). Si@@S-7 cells lack insulin receptors
and do not respond well to insulin stimulationywas of interest to examine the role of

Ser312 phosphorylation in other cell lines.

4.11 Ser312Ala-fetuin-A: Functional studiesin HIRcB cells

Ratl fibroblasts overexpressing human insulin rexep(HIRcB cells) were
transiently transfected with 4ug of wild type fetA or Ser312Ala fetuin-A DNA.
Transfection efficiency was estimated and confirrbgdtransfecting HIRcB cells with
the cDNA for B-galactosidase. Transfection efficiency observethis cell line ranged

from 20-30% (Fig 23).

Following transfection, the media was collected studed in -88C. An aliquot of
the media was separated on SDS-PAGE. FLAG-taggktitype and Ser312Ala-fetuin-
A was synthesized and secreted by the transfediRd Bl cells, as detected by the FLAG
antibody. Transfection with the pCMV6-XL4 vectomaed as control. While wild type
fetuin-A was phosphorylated on Ser312, the mutaat3BAla-fetuin-A was not

phosphorylated (Fig 24).
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To analyze the significance of Ser312 phosphoatiransiently transfected
HIRc B cells were serum-starved for 24 hours follmywvhich the cells were stimulated
with insulin, but without a change of media. Thissvdone such that wild type or
Ser312Ala-fetuin-A secreted into the media wouldaveailable to act in a ‘paracrine’
manner. We demonstrate that insulin-stimulated phaos/lation of MAPK (pMAPK) in
the presence of wild type fetuin-A was noticeabihibited compared to the vector-
transfected or Ser312Ala-fetuin-A-transfected bedates (Fig 24). A similar pattern was
observed on the effect of fetuin-A on activation Alt. Unlike vector-transfected or
Ser312Ala-fetuin-A-transfected cell lysates, wilgpé fetuin-A inhibited insulin-

stimulated phosphorylation of Akt (pAkt) (Fig 24).

4.12 Recombinant human fetuin-A: Production and purification

To address our goal of characterizing the signifteaof Ser312 phosphorylation,
we produced recombinant wild type human fetuin-Ad éer312Ala-fetuin-A using
transiently-transfected Chinese Hamster Ovary-Shspe (CHO-S) cell culture. CHO-S
cells, grown in suspension culture in spinner fkaskere transfected with either wild
type fetuin-A or Ser312Ala fetuin-A. Five days afteansfection, the media was
collected and purified using agarose-bound jacatitumn. Purified recombinant wild
type and Ser312Ala-fetuin-A fractions were analyZed protein concentrations. We
observed the highest protein concentrations irtibmét3 for both wild type (Fig 25) and
Ser312Ala-fetuin-A (Fig 26). No phosphorylation wadicated on Ser312Ala, whereas
wild type fetuin-A demonstrated the presence of3$2rphosphorylation. Also, highest

phosphorylation was confirmed on the fraction #8hefwild type fetuin-A (Fig 27).
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4.13 Functional studiesusing recombinant wild type and Ser312Ala-fetuin-A

HIRc B cells were preincubated with purified wilgpe or Ser312Ala-fetuin-A for
20 min, followed by insulin-treatment (100 nM) fd® min. Cells were lysed in buffer
containing protease and phosphatase inhibitors, Igsates were immunoblotted for
PMAPK, ERK-2, pAkt, Akt, and GAPDH. Wild-type fetiA, at the highest dose (3.2
1M) inhibited insulin-stimulated phosphorylation APK compared to no inhibition by
Ser312Ala-fetuin-A at the same dose (Fig.28). Sirhyl unlike Ser312Ala-fetuin-A,

wild type fetuin-A marked inhibited insulin-stimiéad phosphorylation of Akt (Fig 29).

Next, we examined the effects of wild type and3%2Ala-fetuin-A on insulin-
stimulated glucose uptake. Surprisingly, both vi§ide and Ser312Ala-fetuin-A induced
a dose-dependent inhibition of insulin-stimulatédcgse uptake in the L6-GLUT4myc
skeletal muscle cells (Fig 30). However, the magtet of inhibition was greater with

wild type fetuin-A compared to Ser312Ala-fetuin-A.

54



CHAPTER 5: DISCUSS|I ON

Fetuin-A has been shown to have an inhibitory affen insulin action by
interacting with the activated insulin receptor amdhibiting insulin receptor
autophosphorylation and IR-TK activitg vitro, in intact cells, and in peripheral tissues
in animals (21, 22, 36-38). Only the phosphoryldtath of fetuin-A has been shown to
be active as an IR-TK inhibitor. Hagluetal have shown that serum fetuin-A was partly
phosphorylated with the majority (80%) of the clating fetuin-A being non-
phosphorylated (41). Further, Hagluecal (41) identified that human fetuin-A was
phosphorylated on two sites - Serl20 and Ser312.th€se two sites, Ser312 was
identified as the major phosphorylation site (nedi% as determined from relative peak
heights in the mass spectrum) (41). In humansfdtugn-A gene has been localized on
3927, which was recently been shown to be linkedh&tabolic syndrome (9). Serum
fetuin-A levels have been found to be strongly elated to metabolic syndrome. In
particular, a strongssociation of human fetuin-A with an atherogeipad! profile has
been reported (10). Additionally, fetuin-A levelsave been shown to be positively
correlated to insulin resistance and the accunmuadf liver fat (18). However, there are
no reports on the phosphorylation status of feAliand its association with insulin
resistance in humans. Accordingly, in the presardyswe have examined alterations in

serum fetuin-A and phosphorylated (Ser312) fetuinelcentrations in Niaspan-treated
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individuals with metabolic syndrome and have cated these with changes in serum
lipids, insulin sensitivity and inflammatory markeNiacin, which has been used to treat
dyslipidemia for >40 years, improves all serumdipind lipoprotein subfractions (162).
Niaspan, the extended-release niacin formulatienbgen shown to retain the traditional
efficacy of immediate-release niacin on serum Bpaehd lipoproteins, while minimizing
coetaneous flushing and avoiding the hepatotoxiaggociated with other long-acting
(sustained-release) niacins. Several clinicaldrieve identified Niaspan as a treatment
option for dyslipidemia either as a stand-alon@®icombined niacin-statin regimens in
patients with dyslipidemia and also with type 2bdiges (167, 168). Niacin has been
shown to decrease triglyceride synthesis and hep#terogenic lipoprotein secretion by
inhibiting diacylglycerol acyltransferase 1 (DGAY-lhe last committed enzyme for
triglyceride synthesis (169). These earlier findimed us to hypothesize that fetuin-A and
phosphorylated fetuin-A (Ser312) concentrations ni@y amenable to therapeutic
intervention with extended-release niacin formolat{Niaspan), the most effective agent
currently available for clinical use for decreassggum triglyceride and increasing levels

of HDL-cholesterol.

We provide evidence for the first time that six w®eof Niaspan treatment
significantly decreases total fetuin-A levels in t8e Additionally, we report a novel
association of phosphorylated fetuin-A with serupidl levels and inflammatory markers
in individuals with MetS treated with Niaspan. Angothe components of MetS, we

found a particularly strong positive associatiorpbbsphorylated fetuin-A (Ser312) with
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serum triglyceride levels in individuals with MetBgefore treatment with Niaspan.
Niaspan treatment significantly decreased seruglyterides and serum fetuin-A in
individuals with MetS. Additionally, the changes serum triglyceride concentrations
were significantly correlated with the changesenus fetuin-A levels. Recent findings
by Stefanet al (18) demonstrate that elevated plasma levelstairf& in humans were

associated with increased fat accumulation initrex nd whole-body insulin resistance.
Additionally, these authors show that when C57Blgemwere fed a high-fat diet, the
mice became obese, insulin-resistant, and showadased accumulation of fat in the
liver. This was accompanied by an increase infiefugene expression. Liver fat content
has been shown to be significantly increased irnbwic syndrome (170-172) Our data
demonstrating that the changes in serum triglyesrigvith Niaspan treatment are
associated with the changes in serum fetuin-Acarssistent with Niaspan’s mechanism
of action, and further lend strength to the hypsiti¢hat decreased fetuin-A levels with

Niaspan treatment are associated with decreaserfi

We observed that the changes in fetuin-A and phogtdted fetuin-A with
Niaspan treatment were strongly associated withbéreficial changes in HDL. Low
HDL cholesterol has been shown to be an independntactor for CAD and premature
atherosclerosis, independent of serum LDL or toghde levels (173). The primary
mechanism by which HDL exerts its atheroprotectefecacy is reverse cholesterol
transport, a process by which cholesterol is et¢chrom macrophages, foam cells, and

atherosclerotic plaque, and delivered back to ither lfor elimination as bile salts or
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biliary cholesterol. However, several other anflammatory, antithrombotic, and
antiproliferative functions for HDL have also bddentified (174). Hypertriglyceridemia
may lead to decreased high density lipoprotein,aroimng HDL clearance from the
circulation and in turn leading to atherogenicdigrofile (175). It is possible that the
decrease in serum triglyceride concentrations &ftaspan treatment may be associated
with a decrease in hepatic fetuin-A gene synthasdan increase in serum HDL levels.
Kuvin et al have shown that extended-release niacin treatraentts in an improvement
in the size distribution of HDL and LDL particleadinflammatory markers in patients
with coronary artery disease (176). One major ko of our study is the small sample
size of our study group. This limits our ability édfectively address the association of

fetuin-A with total cholesterol, LDL and other coonents of MetS.

Increased levels of frefatty acids are known to occur in patients withetyp
diabetes or insulimesistance, because of the reduced ability of imstd suppress
lipolysis (177). Our leading hypothesis is thatufetA may directly or indirectly mediate
these changes through its inhibitory effects onitisalin receptor tyrosine kinase. In the
adipose tissue, increased fetuin-A concentratioay nesult in the impaired ability of
insulin to suppress lipolysis, resulting in incredidree fatty acids (178). Preliminary
findings from our lab indicate that in primary humadipocytes, fetuin-A impairs
insulin’s ability to inhibit lipolysis (personal ocmmunication). Resistance to the
suppressive effect of insulom the production of VLDL in the liver is anothevgtulated

defect in insulin-resistant states (179). This radgtitionally lead to increased production
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of apolipoprotein B-containing very low density djprotein (VLDL), IDL and LDL in
MetS and insulin resistance. Gamgi al suggest that by inhibiting DGAT, niacin
decreases triglyceride synthesis resulting in meed apoB degradation and subsequent
decreased secretion of VLDL/LDL particles (169).tédkeset al on the other hand have
shown niacin inhibited adenylate cyclase activity adipocytes resulting in reduced
concentrations of c-AMP, which in turn regulates #ctivation of hormone sensitive

lipase; an enzyme that controls the adipose tikgokysis (180).

Adipose tissue, in addition to being a fat storaggan, secretes mumber of
hormones and proteins collectively termed adipakinecluding adiponectin, leptin,
interleukin-6 (IL-6), C-reactive protein (CRP), ahbF-a. Thoelet al have demonstrated
an anti-atherogenic effect of extended-releaseimigcMetS by improving endothelial
function and decreasing vascular inflammation. Tihaye suggested that extended-
release niacin therapy affects a regression oftidaiatimal medial thickness and
improvement in metabolic parameters (increased D4 reduced triglycerides) (181).
Though the mechanisms by which niacin is able fecafthis change are not entirely
understood, Benjet al (182) suggests that, extended release niacin tegditrasults in
improvements in flow-mediated dilatation. Metial havefoundthat fetuin-A levels are

positively correlated with arterial stiffnesshealthy subjects (183).
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The plasma concentrations of C-reactive prottrt sising within a few hours
of onset of pain continuing to rise over 1-3 dayhwa magnitude related to the degree of
tissue injury and begin to fall 4-6 days after acatyocardial infraction (AMI) (184).
The plasma concentrations af;-acid glycoprotein rise after AMI, with peak
concentrations occurring 8-10 days after Ml (18@athewset al have shown that in
patients with AMI, fetuin-al,-HSglycoprotein concentrations fall with the onsépain
and are significantly increased in matched-paiiepatsample in the recovery phase
(186). In this study we have demonstrated a significeatrease in CRP levels followed
by the Niaspan treatment. We also saw a negatirelation of CRP serum fetuin-A in
individuals with MetS before Niaspan treatment.uiefA has been identified as a
negative acute phase protein (120). Previously, haee shown that with acute
myocardial infarction, serum concentrations of i@t are significantly decreased.
Additionally, the kinetics of fetuin-A are in coast to those observed for positive acute

phase reactants, such as C-reactive protein ahd®lgcid glycoprotein.

Our study also shows an increase in adiponectieldeftotal, LMW and HMW),
an atheroprotective substance after extended-eelédaspan. Similar results were
observed by Westphat al, who report that short-term treatment with extehosease
niacin causes a pronounced increase in adiponleatifails to improve atheroprotective
functions attributed to adiponectin, such as ims@ensitivity, anti-inflammation and
endothelial function (187). However, our studiedi¢ate an increase in high molecular

weight adiponectin (HMW). This suggests that atsiepart of the cardioprotective
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benefits of niacin may be attributed to a shifttie HMW/LMW adiponectin ratio in

obese men with the metabolic syndrome (188)

In our study, we observed a significant decreasseirum IL-6 with Niaspan
treatment in individuals with MetS. A recent confpasive review thabok account of a
range ofin vitro, in vivo, and genetic studiemgether with studies on diverse tissues such
as liver, muscleadipose tissue, and pancreas, concluded that clatynelevatedL-6
may indeed contribute to development of type 2 eiebvia mechanisms including
altered insulin signaling in hepatocytes/adipocyrd effects on the central nervous
system to impair energy regulation (182). Additibnehigh IL-6 may also drive hepatic
fatty acid synthesiand cause endothelial dysfunction (182). In thesgumé study, TNFe
concentrations were not significantly alter@d=(0.095) with Niaspan treatment. This is
consistent with studies by Mullet al who demonstrate that impaired glucose tolerance
was associated with increased serum concentratbmsterleukin 6 and co-regulated
acute-phase proteins but not with TNFr its receptors (189). Our findings that Niaspan
treatment improves inflammatory markers are in i@sttto the findings of Westphetlal
(187), who show that 6 weeks Niaspan treatmentndidalter CRP, IL-6, or TNk
Conversely, the decrease in inflammatory markeseded in this study may partly be
due to administration of aspirin, an anti-inflanrgtalrug, 30 minutes to 1 hour before
Niaspan treatment, to reduce flushing (190). Howeetuin-A or phosphorylated fetuin-
A levels were not correlated these inflammatory kees either before or after Niaspan

treatment.
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In our study, we observed that Niaspan treatmagttifssantly increased serum
insulin concentrations. HOMA values, though notndigantly different, tended to
increase with Niaspan treatmerg £ 0.09). These findings confirm several earlier
findings that show a decrease in insulin sensytiahd an increase in glucose levels
(191,-193) The increase in insulin concentrationg@ymbe explained by the
pharmacokinetics of extended-release niacin. Famgie, extended-release niacin has
been shown to reduce adipose tissue lipolysis tfdeast 4 hours after administration.
This is followed by a 3-fold rebound in lipolysisrfup to 5 hours as niacin levels
diminish in the blood. It is possible that the ma&se in serum insulin concentrations may
be attributed to the increase in serum NEFAs asimieoncentrations diminish in the
blood because serum NEFAs would be expected teaser hepatic glucose production
and reduce hepatic and skeletal muscle glucosatiard Though NEFA levels are not
altered with Niaspan treatment in our studies, ipbsdecause of the kinetics of the
NEFA rebound, we observed a novel and strong pesitiorrelation of the percent
change in serum NEFA concentrations with the péradrange in serum fetuin-A
following Niaspan treatment. Additionally, in thssudy, we show that Niaspan treatment
significantly increases serum cortisol levels. 8Sietevated cortisol, and low sex-steroid
and growth hormone secretions, probably directagrfat to visceral depots, these
hormonal abnormalities most likely at least conttéto the creation of insulin resistance
with additional effects of elevated fatty acidsnr@entral fat depots, which are sensitive
to lipid mobilization agents. Interestingly, we leavbserved that the percent change in
serum cortisol levels with Niaspan treatment weghtly correlated with the percent

change in serum fetuin-A and phosphorylated fefueencentrations. This is consistent
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with the data from our laboratory and previous Esid(152) showing that both
dexamethasone and endogenous glucocorticoids Uptedatuin-A gene expression and
serum concentrations of fetuin-A and phosphorylatetin-A. Further, the percent
change with Niaspan treatment in cortisol levelsengignificantly correlated with the
percent change in serum NEFA concentratibmsitro studies have shown the regulation
of desnutrin gene expression by dexamethasonegstigg that glucocorticoids could
mediate the increase in desnutrin mMRNA during fastVillenaet al (194) have shown
that ectopic overexpression of desnutrin acts lgaae in adipose tissue and increases
triglyceride hydrolysis in the cell, which may iart lead to increased efflux of free fatty
acids from adipose tissue and again give an evalehmcreased insulin resistance after
Niaspan intervention. These data suggest that treeming of insulin sensitivity may be
associated with multiple mechanisms, including &led cortisol levels, fetuin-A and the

NEFA rebound.

Our study has several limitations. The first ist e sample size is of this study
group is rather small. BMI, waist circumference,istdo hip ratio, percent body-fat,
android, and gynoid fat distribution, etc., were associated with fetuin-A. It is possible
that this is because of the small sample size.i®usly, the Heart and Soul study,
examining 711 individuals with MetS, demonstrategnicant association with the
components of MetS in the higher quartiles (195)other limitation of this study is the
absence of a placebo-control group. Also, thisystwduld have benefited if subjects

with normal BMI were included as lean controls. rtRar studies are therefore required

63



to elucidate the significance and role of phorplaigd fetuin-A with these markers of
obesity and atherogenic lipid profile in MetS. Amgothe earliest described biological
effect of fetuin-A is the inhibition of the insulireceptor tyrosine kinase activity (IR-
TKA) (21, 22, 36, 44). The importance of phosphatigih was suggested by Kalabaty

al (43). They demonstrated that recombinant fetuiptAduced in insect cells was
phosphorylated and to possess the connecting pebpétiveen the A and the B chains.
Additionally, the authors show that the phosphdeda fetuin-A inhibits insulin-

stimulated IR autophosphorylation and IR-TK, whflguin-A purified from normal

human plasma was not phosphorylated and unabtehibit IR autophosphorylation and
TK activity. Further, the connecting peptide wagpmed, suggesting that biological
activity of this protein may be associated with stagle chain form together with its

phosphorylation.

Recently, Haglundat al (41) demonstrated that circulating human plasnhairfe
A was phosphorylated (approximately 20%), implythgt the effects of phosphorylated
fetuin-A glycoprotein on insulin signal transductieeen in different cell systems could
be relevant to its physiological functiomvivo. They have also shown that human fetuin-
A is phosphorylated on serine120 located in thehAht and on serine31@cated in the
connecting peptide. We have therefore charactettzeeffect of wild type and phospho-
defective Ser312Ala fetuin-A in the inhibition afsulin action. By using site-directed
mutagenesis, the 312 serine residue was mutai@dnme (Ser312Ala-fetuin-A) and the

functionality of the construct was tested by trasthg wild type and Ser312Ala-fetuin
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A into COS7 kidney cells. While the wild type feted cDNA construct synthesized and
secreted phosphorylated (Ser312) fetuin-A, the B2k mutant which was synthesized
and secreted fetuin-A which was devoid of phosplatgn. Srinivaset al have
suggested that recombinant fetuin-A produced frasedt cells using the baculovirus
system was 100 times more potent than serum fétusuggesting that phosphorylation
is critical for insulin's mitogenic effects (22)in8larly we treated HIRcB cells with
recombinant wild type fetuin-A and Ser312Ala-fetuin-A produced from CHO
purification. The wild type fetuin-A was found to be phosphorgthtwhile no
phosphorylation was detected on Ser312Ala-fetuinAso in parallel to the results
shown by Srinivas et al, only wild type fetuin-A Vea been found to inhibit the
phosphorylation of MAPK considerably at 3.2 (uMurfher in contrast with the results
presented by Srinivast al 3.2 (LM) concentrations we have also demonstréted
considerable inhibition of Akt and glucose uptakellb-GLUT4myc cells. While at the
same concentration Ser312Ala-fetuin-A could onlytiply inhibit the MAPK and Akt

phosphorylation.

In summary, this study provides evidence for thst fime that serum total- and
phosphorylated fetuin-A (Ser312) levels are amendbl intervention by extended-
release niacin treatment and are correlated widm@bs in serum triglycerides. Results
from mutational analyses indicate that phosphagtabn Ser312 site of fetuin-A is only
partially required for its inhibitory activity, sggsting that phosphorylation on Ser120

may be important. These findings are consistertt wérlier findings that fetuin-A may
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be involved in lipid metabolism and modulation oflammatory pathways. The increase
in serum cortisol following niacin treatment maysalprovide further insight into
potential mechanisms by which niacin reduces inssgnsitivity. Additionally, these
observations offer insights into potential mecharsisand targets for the prevention and

treatment of MetS particularly dyslipidemia.
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CHAPTER 6: CONCLUSION

A substantial increase in the incidence of obesityl its related metabolic
disorders has been observed, primarily due to ereased consumption of a diet rich in
saturated fats and refined sugar, coupled withdergary lifestyle. Obesity and type 2
diabetes represent a serious threat to the hefallie gpopulation of almost every country
in the world. According to World Health Organizatioand United Nations,
approximately 171 million people were afflicted lwitype 2 diabetes mellitus in 2005
and this is predicted to increase to 366 million20B0. Alabama leads the nation with
over 440,000 cases of diabetes, resulting in amatdd $3 billion dollars annually in
health care costs in Alabama alone. Metabolic syméris associated with an increased
risk of cardiovascular disease, which is ultimategsponsible for a considerable
proportion of diabetic mortality. Various novel @glogical regulators of insulin action,
including TNF-alpha, leptin, resistin adiponectiinee fatty acids, protein tyrosine
phosphataselB have been shown to influence whalg insulin sensitivity and insulin
action, suggesting a potential role of these mdéscin the development of insulin

resistance and diabetes.

Fetuin-A, a liver secreted glycoprotein, is a huahofactor that has been

implicated in the modulation of insulin sensitivifhosphorylation status of fetuin-A has
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been shown to be critical for its inhibitory actwi Human data demonstrate that
circulating levels of total fetuin-A positively a@late with BMI, insulin resistance, fatty
liver, and an atherogenic blood profile. Furthereydhe gene for fetuin-A is localized on
chromosome 327, a locus that has been shown tasbeciated with metabolic

syndrome and the development of type 2 diabetemanuetuin-A is phosphorylated on
serinel20 located in the A-chain and on serindBdtdted in the connecting peptide.
While previous human studies have investigatedagsociations of fetuin-A in disease
conditions, there are no reports on the phosphioplastatus of fetuin-A and its

association with insulin resistance, alteratiopgdliprofile and markers of inflammation
in MetS in humans. Also, there are no reports anriolecular characterization of the

Ser312 phosphorylation site of fetuin-A.

Therefore, the goal of the present study was tongx& alterations in serum total
fetuin-A and phosphorylated (Ser312) fetuin-A corications in individuals with
metabolic syndrome treated with Niaspan, a lip\dddng drug, and correlate these with
changes in lipid metabolism, insulin sensitivitydamflammation. Additionally, to
characterize the significance of the fetuin-A-S@3ihosphorylation site, we have
examined the effects of both wild-type and mutaet3%2Ala-fetuin-A (defective in
phosphorylation on Ser312) in the inhibition ofuhs signaling, and in the uptake of

glucose into skeletal muscle cells.

Our findings suggest the involvement of fetuin-A time regulation of lipid

metabolism and inflammatory pathways. We demorestifar the first time, that serum
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total and phosphorylated fetuin-A concentratioressaanenable to therapeutic intervention
by Niaspan. While, phosphorylation on fetuin-A Hasen shown to be critical, our
studies on the molecular characterization, inditaé phosphorylation on Ser312 is only
partially required for fetuin-A’s physiological efts, suggesting that Ser120 may also be
critical. These observations offer critical insighmto potential mechanisms of fetuin-A
action and suggest strategies for lowering fetuiar® phosphorylated fetuin-A, which
are associated with dyslipidemia in MetS. Additibnahis opens new avenues for future
research as several other intervention studies Blao@n that liver fat can be decreased

by weight loss, PPARgamma agonists, and insulirathe
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Table 2: Association of anthropometric measurements with fetuin-A and phosphofetuin-A in MetS subjects before
(baseline) and after treatment with Niaspan

Fetuin-A Phosphofetuin-A
Variables Mets . .
(n=15) MetS Niaspan MetS Niaspan
(r value) (r value) (r value) (r value)
+
Age (years) 45.5£7.5 -0.37 -0.06 -0.14 0.06
+
BMI (kg/m?) 34.0£3.15 -0.06 0.21 -0.28 -0.13
+
Waist circumference (cm) 107.9£7.96 0.06 0.05 -0.09 -0.05
+
WHR 0.55+ 0.04 0.05 -0.03 -0.03 -0.01
+
Systolic BP (mm Hg) 128.9413.7 -0.52* -0.30 -0.32 -0.25
+
Diastolic BP (mm Hg) 827+ 83 -0.18 -0.31 -0.20 -0.30

Data expressed as mean + SD; BMI — Body mass index, WHR-Waist hip ratio, BP- Blood pressure; ‘r value’ represents Pearson
product-moment correlation coefficient; * P < 0.05.
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Table 3: Association of serum lipid concentrations with fetuin-A and phosphofetuin-A in MetS subjects before (baseline) and
after-treatment with Niaspan

Fetuin-A Phosphofetuin-A Fetuin-A Phosphofetuin-A
% Change % Change from
Variables MetS Niaspan , . from ’ g .
MetS Niaspan MetS Niaspan X baseline
(r value) (r value) (r value) (r value) baseline (r value)
(r value)
*
Total cholesterol 226.1+31.6 209.4 +35.4 -0.35 0.34 -0.03 0.34 0.15 0.25
(mg/di) (n=15) (n=15)
LDL cholesterol 135.2+33.2 126.4 +28.7 -0.59* 0.23 -0.48 0.28 -0.15 0.06
(mg/dl) (n=13) (n=13)
*
HDL cholesterol 39.9+8.01 46.3+8.9 -0.41 -0.37 0.26 -0.11 -0.57* -0.58*
(mg/dl) (n=15) (n=15)
) . 292.9+142.9 185.1 + 66** N . .
Triglyceride (mg/dl) (n=15) (n=15) 0.42 0.59 0.69 0.35 0.62 0.39
0.53+0.125 0.46 +0.1 "
NEFA (mM) (n=15) (n=15) 0.06 0.13 0.12 0.107 0.52 0.42

Data are expressed as mean * SD; LDL — Low density lipoprotein, HDL- High density lipoprotein, NEFA- Non esterified fatty acids;‘r value’

represents Pearson product-moment correlation coefficient; * P < 0.05, ** P < 0.01.
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Table 4: Association of markers of insulin sensitivity with fetuin-A and phosphofetuin-A in MetS subjects treated with Niaspan

Fetuin-A Phosphofetuin-A Fetuin-A Phosphofetuin-A
% Change % Change from
Variables Mets Niaspan . . from ? ge
MetS Niaspan MetS Niaspan A baseline
(r value) (r value) (r value) (r value) baseline (r value)
(r value)
. 15.6+ 11.9 18.9 + 10.8*
Insulin (uU/ml) (n-15) (n=15) -0.43 0.32 -0.29 0.05 -0.23 -0.39
102.9 + 25.7 103.6 +17
Glucose (mg/dl) (n=15) (n=15) 0.24 -0.14 0.11 -0.01 0.01 -0.25
3.9+2.85 4.57+2.7
HOMA (n=14) (n=14) -0.39 0.19 -0.25 -0.04 -0.25 -0.43
. 14.06 £ 7.7 21.5£9.2* 0.61* r .
Cortisol (ug/dl) (n=15) (n=15) 0.28 0.27 0.42 0.78 0.72
i i + + Ak
Adiponectin (HMW) 2.40 * 0.88 3.87*1.3 0.44 0.10 0.12 0.11 -0.15 0.17
(ug/ml) (n=15) (n=15)
Adiponectin 3.37+0.92 4.48+ 1.5%*
(LMW) s e 0.42 0.08 0.16 0.20 -0.21 -0.39
(n=13) (n=13)
(ng/mi)
. . + + 9 FREk
Adiponectin (Total) 5.73%5.29 84%27 0.44 0.09 0.14 0.16 -0.16 -0.29
(ng/mi) (n=14) (n=14)

Data are expressed as mean * SD; ‘r value’ represents Pearson product-moment correlation coefficient; HMW — High molecular weight
Adiponectin, LMW- Low molecular weight Adiponectin; * P < 0.05, ** P<0.01, *** P < 0.005.
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treatment with Niaspan

Table 5: Association of inflammatory markers with fetuin-A and phosphofetuin-A in MetS subjects before (baseline) and after

Fetuin-A

in- in- Phosphofetuin-A
Fetuin-A Phosphofetuin-A % Change o /-,,)a,-, fe pe
Variables MetS Niaspan . . from v g .
Mets Niaspan MetS Niaspan baseline baseline
(r value) (r value) (r value) (r value) (r value)
(r value)
- H ii + + *k
C-Reactive Protein | 45.46%32.4 18.71%20.9 0.57* 0.30 0.06 0.08 0.58* 0.45
(mg/l) (n=14) (n=14)
44.8%30.0 69.9%52,4 0.27
TNF-o (pg/ml) (n-12) (n-12) 0.16 -0.29 -0.36 -0.17 -0.42
151.61*67.8 58.65 * 29.3**
IL-6 (pg/ml) (n=15) (n=15) 0.10 0.14 0.16 -0.19 0.04 0.11

Data are expressed as mean * SD; TNF-a — Tumor necrosis factor,
correlation coefficient; * P < 0.05, ** P< 0.01.

IL-6- Interleukin-6; ‘r value’ represents Pearson

product-moment
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Fig.5. Fetuin-A standard curve. Serum fetuin-A levels were assayed by a sandwich
ELISA method (BioVendor LLC, Candler, NCyhe antibodies were highly specific for
the humarfetuin-A protein. The assay had a detection linfiBd ng/ml and an assay
sensitivity of 3.5 pg/ml.
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Fig.6. Serum fetuin-A and phosphorylated fetuin-A levels in individuals with
metabolic syndrome (M etS). Blood samples were obtained from fifteen individuaho
met the NCEP ATP Il criteria for MetS. Serum fetA levels were assayed by a
sandwich ELISA (enzyme-linked immunosorbent assam@thod (BioVendor LLC,
Candler, NC). Fetuin-A phosphorylation status (pfetvas assayed by Western blot
analysis. Serum fetuin-A (A) and phosphorylatedifefA concentrations (B) in MetS are
depicted as scatter diagrams. Mean values areaiedidy a horizontal line. Correlation
of phosphorylated fetuin-A with fetuin-A was detened using Pearson product-moment
correlation coefficient (C).
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Fig.7. Serum fetuin-A concentrations in individuals with metabolic syndrome
(MetS) before and after Niaspan treatment. Fifteen individuals who met the NCEP
ATP Il criteria for MetS were treated with Niasp#or a period of six week$?lasma
samples were analyzed for fetuin A concentratiousipng sandwich ELISA (BioVendor
LLC, Candler, NC). Values shown are fetuin-A (ug/fok each group (n=15).
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Fig.8: Serum phosphorylated fetuin-A (pFet-A) levels in individuals with metabolic
syndrome (MetS) before and after Niaspan treatment. Fifteen individuals who met the
NCEP ATP Il criteria for MetS were treated withadpan for a period of six weeks.
Plasma samples diluted 1:100 in saline were segghmat 4-20% SDS-PAGE, transferred
to nitrocellulose membrane, and immunoblotted witilstom-generated and affinity-
purified antibodies specific for human 312Ser-Hei (Affinity BioReagents, Golden,
CO). Data shown are densitometric scan units ohgés in phosphorylated fetuin-A
with Niaspan treatment for each participaap(panel), based on Western blot analysis
data bpottom panel-Representative blot) (n=15, for each group). B=Before Niaspan
treatment, A=After Niaspan treatment
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Fig.9: Serum triglyceride levels in individuals with metabolic syndrome (MetS)
before and after treatment. Fifteen individuals who met the NCEP ATP Il crieefor
MetS were treated with Niaspan for a period ofwgeeks Data shows changes in serum
triglyceride concentrations with Niaspan treatmi@nteach participant (n = 15, for each

group).
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Fig.10: Correlation of fetuin-A with triglyceride levels in metabolic syndrome
(MetS) individuals after six weeks of Niaspan treatment. Fifteen individuals who met
the NCEP ATP llI criteria for MetS were treated lwiNliaspan for a period of six weeks.
Data show the correlation of serum fetuin-A concaigns with serum triglycerides in
individuals with MetS following Niaspan treatme@orrelation was determined using
Pearson product-moment correlation coefficient &=ar each group)
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Fig.11: Correlation of phosphorylated fetuin-A with serum triglyceride levels in
metabolic syndrome (MetS) individuals before Niaspan treatment. Blood samples
were obtained from fifteen individuals who met tNEEP ATP Il criteria for MetS.
Data show the correlation of phosphorylated fetlirconcentrations with serum
triglycerides in individuals with MetS before Niasp treatment. Correlation was
determined using Pearson product-moment correlatefficient (n=15, for each group)
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Fig.12: Serum cortisol levels in individuals with metabolic syndrome (MetS) before
and after Niaspan treatment. Fifteen individuals who met the NCEP ATP Il criter
for MetS were treated with Niaspan for a periodsof weeks.Serum samples were
analyzed for cortisol concentration by a sandwichlSA (Diagnostic Systems
Laboratories, Inc., TX). Data shows changes in reerortisol concentrations with
Niaspan treatment for each participant (n=15, &mhegroup).
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Fig.13: Correlation of phosphorylated fetuin-A with serum cortisol levels in
metabolic syndrome (MetS) individuals after Niaspan treatment. Fifteen individuals
who met the NCEP ATP lll criteria for MetS wereated with Niaspan for a period of
six weeks. Data shows the correlation of phosphteyl fetuin-A concentrations with
serum cortisol in individuals with MetS after Niasp treatment. Correlation was
determined using Pearson product-moment correlatefficient (=14, for each group)

82



(p < 0.005)

10- A
—~ 8-
Es))
£ e
o
o 4
2-
0

MetS Niaspan

Fig.14: Serum C-reactive protein levels in individuals with metabolic syndrome
(MetS) before and after Niaspan treatment. Fifteen individuals who met the NCEP
ATP Il criteria for MetS were treated with Niasp#or a period of six weeksSamples
were diluted in 1:100 dilution ratio in saline amsgérum C-reactive protein (CRP)
concentrations were determined using sandwich EL{8Aited Biotech Inc, Mountain
View, CA). Data shows changes in serum CRP conagors with Niaspan treatment for
each participant (n=15, for each group).
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Fig.15: Correlation of serum C-reactive protein levels with serum fetuin-A
concentrations in metabolic syndrome (MetS) individuals before Niaspan treatment.
Blood samples were obtained from fifteen individuatho met the NCEP ATP lli
criteria for MetS. Data shows the correlation afuse C-reactive protein (CRP) levels
with serum fetuin-A in individuals with MetS befoMiaspan treatment. Correlation was
determined using Pearson product-moment correlabefficient (n=14, for each group)
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Fig.16: Serum IL-6 levelsin individuals with metabolic syndrome (M etS) before and
after Niaspan treatment. Fifteen individuals who met the NCEP ATP Il criterfor
MetS were treated with Niaspan for a period ofweeeks.Samples were diluted 1:8 in
saline andserum IL-6 concentrations were determined usinglwarm ELISA (R&D
Systems, Inc., MN). Data shows changes in serur toncentrations with Niaspan
treatment for each participant (n=15, for each gjou

85



TNF-a (pg/ml)
|_\
g

MetS Niaspan)

Fig.17: Serum TNF-a levels in individuals with metabolic syndrome (MetS) before
and after Niaspan treatment. Fifteen individuals who met the NCEP ATP Il criter
for MetS were treated with Niaspan for a periocsiaf weeks.Samples were diluted in
1:8 dilution ratio in saline anderum TNFe concentrations were determined using
sandwich ELISA (R&D Systems, Inc., MN). Data showalsanges in serum TNé-
concentrations with Niaspan treatment for eachigpant (n=15, for each group). No
significant alterations were observed.
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Fig.18: Sequence analysis. Human Fetuin-A cDNA sequence showing the stagtsiop
codons in red, the signal peptide in gray, and Zeehd Ser312 highlighted in yellow
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Fig.19: Restriction Analysis. Purified plasmid DNA was incubated withotl
restriction enzyme and REact 3 buffer (Invitrogeorf@ration, Carlsbad, CA) at 37
for 6 hours. Undigested DNA (lane 1) and digestddAD(lane 3) were mixed with
DNA loading dye and electrophoresed at 100 Voltise Gel was stained with 1%
ethidium bromide and visualized under UV transilioator (UVP LLC, Upland, CA).
The 4.7kb DNA band represents the empty vector, Y6ML4 and the 1.2kb Not |
fragment represents fetuin-A-3X FLAG cDNA insert.
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Fig.20: Human Fetuin-A cDNA Construction. Full length human fetuin-A cDNA,
cloned in a pCMV6-XL4 vector, was purchased fromg@mne Inc., Rockville, MD. A
3X-FLAG-tag (FLAG-octapeptide/polypeptide proteiag} was cloned into the C-
terminal end of a full-length human fetuin-A cDNAore. The C-terminus site was
specifically chosen for the 3X-FLAG-tag, since tReerminus of fetuin-A encodes a
signal peptide sequence, which is critical for pgrecessing of fetuin-A as a secreted
protein. Restriction digestion with Not | generate&.2kb insert of fetuin-A -3X FLAG
cDNA
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Fig.21: Transfection efficiency in African green monkey kidney cells (COS-7) cells.
COS-7cells were transiently transfected with 2pgpedalactosidase cDNA. Cells were
stained with In-sity3-galactosidase staining kit. Cells taking up theeldtain expres$-
galactosidase, which is used as an measure ofdcio efficiency.
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Fig.22: Functional studies. Transfection of COS-7 cells. 4ug of wild type (WT) or
Ser312Ala-fetuin-A plasmid DNA was transfected gslipofectamine into COS-7 cells.
Twenty four hours after transfection, the media whanged to complete DMEM. Next
day, the media was again changed to serum-free DMHEM following day, the media
was collected and stored at °80 An aliquot of the media was separated on 4-20%%-S
PAGE, transferred to nitrocellulose membrane, aedetbped with antibodies against
human Ser312-fetuin-A, fetuin-A and FLAG-tag (FLASGtapeptide/polypeptide protein
tag). Western blot analysis indicated that whilédviype fetuin-A was phosphorylated,
the Ser312Ala fetuin-A was devoid of any phospletrgh.
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Fig. 23. Transfection efficiency in rat fibroblast (HIRcB) cells. HIRc cells were
transiently transfected with 4pg pfgalactosidase cDNA. Cells were stained with lo-sit
-galactosidase staining kit. Cells taking up theebdtain expreg$-galactosidase, which
is used as an measure of transfection efficiency.
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Fig.24: Significance of Ser312Ala-fetuin-A on insulin-stimulated phosphorylation of
MAPK and Akt. 4ug of wild type (WT) or Ser312Ala-fetuin-A plasinDNA was
transfected using lipofectamine into rat 1 fibrablaells overexpressing human insulin
receptor (HIRcB). Twenty four hours after transiect the media was changed to
complete DMEM. Next day, the media was again chdrtgeserum-free DMEM. The
following day, the media was collected and storedB&C. An aliquot of the media was
separated on 4-20% SDS-PAGE, transferred to nittdese membrane, and developed
with antibodies against human Ser312-Fetuin-A, ifeAl and FLAG-tag (FLAG-
octapeptide/polypeptide protein tag), phosphordat®APK and phosphorylated-Akt.
ERK-2 and Akt was loaded as a loading control usipgcific antibody against ERK-2
and Akt. Western blot analysis indicated that whild type fetuin-A was
phosphorylated, the Ser312Ala mutant secreted nftuiwas devoid of any
phosphorylation. Wild type fetuin-A inhibits insmistimulated phosphorylation of
MAPK and Akt, while Ser312Ala-fetuin-A failed to hibit the phosphorylation of
MAPK and Akt.
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Fig.25: Recombinant human fetuin-A Wild type (WT) purification from CHO-cells.
CHO cells were transfected with wild type fetuin@dNA using FreeStyle MAX
transfection reagent diluted in OptiPro serum-fr@edia (Invitrogen Corporation,
Carsbad, CA) and cultured in a spinner-flask. Flags after transfection, the media was
collected and purified usingagarose bound jacalin column (Vector Laboratories,
Burlingame, CA). Fetuin-A was eluted with 0.1 M ib&se in six fractionsProtein
concentrations were analyzed using Bio-Rad proteissay reagent (Bio-Rad
Laboratories, Hercules, CA). Fraction #3, whichowld the highest protein
concentration, was used for further analyses.
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Fig. 26. Recombinant human Ser 312Ala-fetuin-A purification from CHO-célls.

CHO cells were transfected with Ser312Ala-fetuineBNA using FreeStyle MAX
transfection reagent diluted in OptiPro serum-freedia (Invitrogen Corporation,
Carsbad, CA) and cultured in a spinner-flask. Fiags after transfection, the media was
collected and purified usinggarose bound Jacalin Column (Vector Laboratories,
Burlingame, CA). Fetuin-A was eluted with 0.1 M rbese in six fractionsProtein
concentrations were analyzed using Bio-Rad protassay reagent (Bio-Rad
Laboratories, Hercules, CA). Fraction #3, whichowld the highest protein
concentration, was used for further analyses.
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Fig.27: Phosphorylation status of purified recombinant human wild type (WT) and
Ser312Ala-Fetuin-A. CHO cells grown in suspension culture in a spirftesk, were
transfected with either wild type or Ser312Ala-fetd. Five days after transfection,
media was collected and fetuin-A was purified onaaarose-bound Jacalin column.
Eluted fractions from Jacalin column were assaygdWestern blotting for Ser312-
phosphorylated fetuin-A (pFet-A), fetuin-A (Fet-And FLAG. Western blot analysis
indicated that fraction #3 of WT fetuin-A had théghest phosphorylation status.
Ser312Ala was devoid of phosphorylation. A représtére blot from 2 individual
experiments is shown.
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Fig.28: Significance of Ser312Ala-fetuin-A on insulin-stimulated phosphorylation of
MAPK. Rat 1 fibroblast cells overexpressing human insuvkceptor (HIRcB) were
treated with recombinantumanwild type fetuin-A and Ser312Ala-Fetuin-A for 20
minutes followed by insulin (100 nM) stimulationrfd0 min. Western blot analysis
indicated that unlike Ser312Ala-fetuin-A, wild tyfpetuin-A inhibited insulin-stimulated
phosphorylation of MAPK. ERK2 blotting was includas loading control.
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Fig.29: Significance of Ser312Ala-fetuin-A on insulin-stimulated phosphorylation of
Akt. Rat 1 fibroblast cells overexpressing human imstéiceptor (HIRcB) were treated
with recombinanthumanwild type fetuin-A and Ser312Ala-Fetuin-A for 20 minutes
followed by insulin (100 nM) stimulation for 10 mikVestern blot analysis indicated that
unlike Ser312Ala-fetuin-A, wild type fetuin-A inhiled insulin-stimulated
phosphorylation of Akt. Akt blotting was included ading control.
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Fig.30: Significance of Ser312Ala-fetuin-A on insulin-stimulated glucose uptake by
L6-GLUT4myc cels. Rat L6-GLUT-4Myc skeletal muscle cells were grovm
confluence, serum-starved for five hours and taeateduplication with 0.1uM, 1.0uM,
and 2.0uM of either recombinawild type fetuin-A or Ser312Ala-fetuin-A followed by
the incubation for 20 minutes and insulin stimaat(100 nM) for 30 minutes. Further,
cells were treated and incubated for 10 minutet \dX START buffer (100 puM 2-
deoxyglucose, 0.5 pCi/miHi]-2—deoxyglucose).’H]-2—deoxyglucose taken up by the
cells were counted in liquid scintillation counfer 2 minutes. Values shown are fold
change from basal. * < 0.005, p < 0.05 compared to insulin.
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