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Abstract

Diabetes mellitus is a complex metabolic disorder, characterized by hyperglycemia, resulting due
to the defects in insulin secretion or action or both. Diabetes has different types owing to the
underlying sukclinical and molecular etiologyand type 2 diabetes (T2D) is the predominant form

of diabeteg~90% of all diabetics). T2D generally developshee age of 40 years and is strongly

linked to obesity due to unhealthy food intake and/or physical inactivity. Prior to the appearance of
clinical symptoms, T2D starts to develop through an asymptomatic phaselGfy@ars as
prediabetes, which remainsxdiagnosed clinically. At clinical stage, it is diagnosed by blood
glucose, which is a late marker, and substantial damagealieesly been caused to different
tissues/organs at the molecular levels. In the uncontrolled diabetes, patients develop severe
complications (e.g. blindness, stroke, heart attack, kidney failure, lower limb amputations etc).

Hence, there is a need to discover/identify and validate new biomarkers for T2D or its main
precursor obesity, before the development of clinically irreviersipmptoms. These biomarkers
could be used either as early indicators to monitor the progress of pathological process or as novel
drug targets to arrest the disease at early time points durirgisiglal stages. Therefore, in this
study, we aimed to ideify and/or validate protein and analyte (metabolite/metal) based
biomarkers for T2D or its major precursor obesity.

In this regard, we collected blood and urine samples fromdredvetic (ND) controls and T2D
patients. In the protein based biomarker gt@dphal antitrypsin (ALAT) which is an acute phase
protein (secreted by the liver during inflammation) was validated in human serum samples. A1AT
was selected because it was the strongly linked biomarker from a proteomic study in a mouse
model pb/ob mouse model, leptin deficient) of obesity and T2D. Hence, levels of A1AT were
measured in obese diabetics and controls by ELISA and quantitative Western Blot (QWB) analysis,
and it was found to decrease linearly with obesity in controls but not in diakdicsover,

A1AT relationship with leptin was investigated in human sesamplesand in the liver (HepG2)

cell lines in a functional genomics approach by gene expression (JPCR and qWB) analysis of
A1AT. It was found, that A1AT is regulated by leptin stiatin, and thus leptin plays a role in

the JAK-STAT signaling pathway, which is activated to control inflammation, and in obesity there
is also a longrade inflammation.

Urine samples weranalyzedusing a metabolomics approaloy proton NMR spectrometgnd it

was found that thergvere significant differences in some of the metabolite resonances, which
differentiatal diabetics from the controBimilarly, these samplewere alsocanalyed to see the
changes in metallevels thiabetes. In tis sudy, severbmetals (e.g. Zn, Mn, Mg, Fe, Cu, Cr, Ni,

Pb) were analyzed using atomic absorption spectrophotometry. Significant differences were found
for some of the metals associated with diabetes.

In conclusion, this study resulted in some new information abouiithaegy of ALAT in obesity

and its regulation by leptin, as well as differences of some metals and metabolites in diabetes. This
knowledge would help in future to early diagnose, manage or treat obesity or type 2 diabetes more
effectively, thus reducindie associated morbidity/mortality.
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CHAPTER 1 GENERAL INTRODUCTION

1.1. Diabetes mellitus (DM)

Diabetes Mellitus (DM) is a complex multifactorial metabolic disordewhich is
characterized byhe defects in insulin secretion / actiar both These defects leath
hyperglycemiathat subsequenthyjinfluences various types of molecular and biochemical
processemcludingalterationdn the proteins expressigheahy 2005 Sundsteret al.2009

and metabolite§Griffin et al.2008. The clinical sign of diabetes abnormallyhigh fasting
blood serum/plasma glucose level; the range betse&&mmol/l to 6.9 mmol/l, represents
impaired glucose tolerae state whereas level above this range is an indexliwfically
developed diabetes (Wen et al. 20095. Certain clinical symptoms such as polyuria,
polydipsia and polyphagia appear during the course of persistent increase of blood glucose
level (Novo 201Q. Many genetic and environmental factors trigger and contribute in the
development of diabetéKleivi 2006).

1.2. Classification of diabetes

American Diabetes Asociation (ADA)introduced foudiabetessubgroupsi.e. type 1
(T1D), type 2(T2D), other specific types of diabetes suchadurity-onset diabetes of the
young (MODY)and gestational diabetes, ¢&cD.A. 2004). In case of T1D, d&ruction of
pancr eat i c-cellseoccars due o husoimunitidsebye and Anderson, 2010
Wher eas, T2D is a dual di sease whi c-bellsmay
dysfunctionit is further discussed under the type 2 diabetes pathogésessectionT2D).
MODY is referred as monogenic form of diabetes caused by mutation in autosomal

dominant geng Gestational diabetes develops during pregngfEyA. 2004).

1.3. Prevalence of Diabetes

For the last two decadaBabetesaccelerated exponentially and 246 million victims were
estimated till 2007. This number is expected to increase up to 380 niilltbe next twenty

years (Siegel 2008 This silent killer cripples 9.5% of the adult population worldwide
(Danaeiet al. 2011).The diabetes prevalence and its adverse health consequences are quite

similar in South Asian regions as in other parts of the w@lthffaret al. 2004). According
1
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to an estimatethe pevalence of diabetes along with giabetes is about 225% in
Pakistan (Basit et al. 2008. Physical inactivity, imbalanced diet and obesity are the
important factors contributing inhé increasing prevalence of diabdt@sllivan et al.
2005.0nce diabetes is developed it is hard to manage due to its chronic nature and severity
of complications, which require high healthcare cost. Globally healthcare cost fotediabe
was estimatedt about 232 billion US dollars in 2007 which will exceed to 302.5 billion US
dollars by 2028Maris et al.2008.

1.4. Complications of diabetes

The severity and complications ofathetesdepend on its uncontrolled duration which
subsequently appears in the form of micemd macrevascular complications. Micro
vascular complications include nephropathy, neatiop and retinopathgtc(A.D.A. 2005).
Whereas macrwascular complications compridef cardiovascular problems, stroke and
peripheral vascular diseases such as gangrene, ulcersveerdliimbs amputationd=owler
2008.

1.5. Type 2 diabetes (T2D)

Type 2 diabets (T2D) has a complex etiology with defects tire insulin secretion,
increased production of hepatic glucose and impaired insulin actithe itargetcells such

as muscles and adipose tissue, all of which contritnitiee development of hyperglycemia
(Butler et al. 2003. The average onset of T2D is around 40 geaut it also appears in
obeseyoungsersunder the age of 19 yeaiZeill et al.2004). The incidence of this disease

Is continuously increasing due to change in life style patterns, physical inactivity and hig
dietary fats intake. Besides these factgenetics and epigenetics are also involved in the
pathobiology of T20(Hu et al.2003; Kleivi 2006).

1.5.1. Etiology of type 2 diabetes

T2D represents more than 90% of all cases obetia individuals and itgnain clinical
symptom isabnormallyelevated level of glucose in blood plas(&teinbergeet al.2003.

The establishment of liver, pancreas, skeletal muscles and adipose tissues roles in the

regulation and pathogenesis of diabetesre key phases idiabetes research. Lives
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involved in the storage of excess glucose in the form of glycogen, whereaseganc
produces insulinwhich opensup the channels in the membrane of adipose tissue and
skeletal muscle cells for glucose uptgeindsteret al. 2009. Glucose uptake by muscles

and adipose cells is dependent upon translocatigiucbse transporter type GLUT4) by

the action of insulin. Insulin increases glucose trartspoladipose and muscle cells by
stimulating the translocation of GLUT4 from intracellular compartmental stores to the
surface of plasma membrafEhonget al.2005. Seventy five percent of insuttependent
glucose disposal occuiis muscleswhereas adipose tissue accounts for a small fragtion

the uptakeof blood glucog&altiel et al. 2001). TheGLUT4 activation ceaseduring the

course of insulin resistance when the cellular response to insulin is diminished. In spite of
the elevated level of blood glucose, skeletal muscle cells cannot sense its presence in the
blood (RosenblativVelin et al. 2004). Further mor e, i n the abse
signalling, hepatic gluconeogenesis and glycogenolysis processes are stimulated which
become the source of surplus glucose in type 2 diabetic(Gatdhermeet al. 2008. The
pathophysiology of insulin resistancevolves complex interplay of signaling pathways
which are attenuated and regulated by several hormones in type 2 digdsteset al.

2006).

1.5.2. Contribution of various factors in type 2 diabetes pathogenesis

Various genetic physiological and environmental factors have been identified which
contribute in the pathobiology of T2D. Among numerous environmental components,
obesity is one of the major factors that predisposes for insulin resigi@ndbermeet al.
2008. Insulin resistance (IR) acts centrally in the pathogenesis of (&dananiet al.
2007. IR is common in obety and it has beerestablishedthat visceral/central fat
deposition is an important factéor IR than peripheral/subcutaneous (&hulman 2004

Zhuanget al.2009), see more details under obesity section 1.6.

1.5.3. Insulin and its receptors
Insulin is dipeptide hormone, linked by disulphide bonds containing 51 amino acids residues
and its sequence was identified in 1952. Zinc and calcium (Ca) enriched environment favors

the packaging of insulin as ZZgontaining proinsulin hexamers which isbsequently
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converted to insoluble Zoontaining hexamer by enzymes acting outside the Golgi
apparatus. Whereas Ca facilitates the secretion of insulin hexamers from the secretory
vesiclegqWilcox 2005.

Insulin activatescellular response by binding with its transmembrane receptors which
consist of multiple glycoprotein subunits and hold tyrosine kinase activity. The expression
of insulin receptors is variable among various tissues types.higimest level of insulin
receptors expression takes place in cells whichrai@ly responsive to insulin for glucose,
lipid and protein metabolisitDeFronzo 2004 For example; skeletal muscles are main site
for glucose metabolism than other tissues such as adipose tissues ariddredore mude

cells have relatively high contents of insulieceptors(Saltiel et al. 2001, Fritscheet al.
2008.During the course of adipocytes and masells differentiation, insulimeceptors are
up-regulated in order to acquire insulin sensitivity. In case of type 2 disitet number of
insulin receptors is reduced due to mutationghi@ receptor gendFritscheet al. 2008
Kazemiet al.2009.

1.5.3.1. Insulin signaling pathways

On insulin binding with itgeceptorsthe autophosphorylation of insulin receptor substrates

i's initiated. The insulin recept-amd d&rwe the
subunits which behave as all ost er isdbunisnzy me
which lead t o t he d e-subynit a&csviyi falowedobly thé conformational
changes and autophosphorylatitBaltiel et al. 2002. At least nine insuliantracellular
substrates have been identified, four of which belong to insulin receptor substrates and
abbreviated as IR8l-4). Other substrates include growth factor receptarnd 2 (GRB2)
associatiorbinding protein 1(Gafi), cannabinoid receptor type 1(Cbl), adaptor protein

with Pleckstrin Homology and SH2 (Src Homology 2) domains (APS), p60 protein and Shc
isoforms. The tyrosine phosphorylation of these substrates createskmg site for the
signaling molecules containing SHmain. The mutual interaction of IRS and these
signaling proteins through their SHbmain leading to a diversified series of signaling
pathways(Saltiel et al. 2001). Subsequentlyit allows activation of phosphoinositiei

kinase (Pi3K), after several subsequent steps Akt serine kinase is activated. |ktirn
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triggers glycogersynthesis by the activation of glycogen synthase. Thesd€1R$are also
coupled to many additional protein kinase signaling system and activate phosphoinositide
(3,4,5}triphosphate (Ptdins(3,4,%%) dependent protein kinasédjtogen-activated protein
kinases (MAPK) cascade and catabolite activator protein (CAP)/Cblactivattoese
pathways in coordinated fashion regulate protein synthesis, enzyme activity, gene
expression and vesicle traffickif@hianget al. 2001). Moreover, Akt also contributes in
GLUT4 translocation from their intreellular pool to the surface of cell membrgii@ong

et al.2005 Zhouet al.2010.

1.5.3.2. Janus kinase/signal transducers and activators of transcription (JAK/STAT)

pathway
Another signaling pathway, called JAK/STAT pathway is the principal signal transducing
mechanism for a wide array of cytokines and growth hormaofiReswlingset al. 2004). The
activation of JAK/STAT stimulates cell differentiation, migration, proliferation and
apoptosis. These processes are crucial for different physiological functions such as
immunity, hematopoiesis, mammary glands development, lactation and sexual growth, etc
(Murray 2007. STATs are transcriptional factors that are phosphorylated by JAK in
response to cytokines activation. Then STATs dimerize and move into the nucleus in order

to activate transcription of cytokimesponsive gen@.evy et al.2002).

1.5.3.3. JAK/STAT pathway and adipocytokines

There are at least three JAKs and six STATs which are mediated by different cytokines
(Murray 20073. For example STARB is activated by growth hormes (GH), and IL6

family cytokines(Horvath 2004. Other than JAK kinases, mTOR (mammalian target of
rapamycin) and MAPK also participate in STAT3 activation and signaling. Abnormal
activity of certain STATS, particularly STAT3 is associated with wide variety of human
malignancies e.g. leukamias, ovariamd breast cancers, ef.family of protein known as
suppressor of cytokine signaling (SOCS) suppresses JAK/STAT pathway and may be
involved in mediating cytokinenduced insulin resistancéRawlingset al. 2004). Adiposity
signals such as increased foodake and decreased energy expenditure lead to increase
accumulation of SOCS3 which negatively affects JAK/STAT3 pathiiFaghleet al.2008).
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High deposits of visceral famduce IR in peripheral tissues such as cieisells, adipocytes.
Obesityassociated IR is the major risk factor for T2D and other maascular
complications. Various inflammatory and other intrinsic metabolic pathways are perturbed
in obese state and their mutual interaction mighiniy@icatedin the pathophysiology of IR
(Qatanani et al. 2007). Furthemore, it is well established that among numerous
adipocytokines, leptin dysfunction provides a link between these two metabolic syndromes
I.e. obesity and IRMartin et al.2008).

1.6. Obesity

Obesity is chacterized by an excessive accumulation of fat in adipose tissue, which leads
to produce adverse health consequeriZasnboniet al. 2005. The physical inactivity and
imbalancel diet with Westernized life style are the basic contributing factors in the
development of obesity phenotygeu 2011). Furthermore, animal studies indicate that
defective leptin or its receptors in obese cause hyperphagia, insulin resistant and infertility
(Gao et al. 2004. Moreover, severe obesity limits lungs expansion and leads to
hypoventilation(Salomeet al. 2010. There are some data which suggest that leptin may be
contributing to the increased asthma and pulmonary dysfunctions observed in obese patients
(Ledereret al. 2011). In global scenario, obesity has acquired epidemic proportions in
developed and developing countri€&hhatwalet al.2004). Rapid increase of obesity and its
related complications throughb the world badly affect the economy due to its high

treatment cost compared to other types of medical condifiiithrow et al.2011).

1.6.1. Mechanisms of obesity onset

The onset of obesity proceeds when the genetic and environmental factors disrupt the
homeostatic balance between energy expenditure and food iS@keral studies associate
genetic factors with obesitfl. oos et al. 2003. The presence of severe obesity in youngs
with familial history strongly supports the link between genetic disorders with obesity
complicationgMalnick et al. 2006. Through genomsvide scans it has been identified that
numerous chromosomal loci hold obese susceptibility géressg et al. 2007). Monogenic

basis of obesity havalso been described in many studies, but polygenic form is more

prevalent than monogenic obes{tyarooqiet al. 2009. Further rapid increase of obesity
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prevalence is due to obesogenic environment, means interaction of genes with environment
contributing to acquiring weight (Caballero 2007 Barreset al. 2011). Recent studies
described a genetic defect in leptin gene which is the main regulator of appatideqiet

al. 2006

1.6.2. Distribution of body fat and insulin sensitivity

Body Mass Index BMI) is an anthropometric parameter which is useuversally to
establish whether an individual is lean, overweight or olj€sglhermeet al. 2008. The
distribution of body fat is a critical detainant of insulin sensitivity. Even the significant
variation in insulin sensitivity was found among lean subjects because of body mass
distribution. Lean individuals who have high peripheral/subcutaneous distribution of fat are
insulin sensitive relativéo lean subjects with central/visceral fat distribution such d@ken
abdomen and chest arefBhomaset al. 2012. One explanation is that central obesity
cannot store fat in adipose cells effectively and excess fat dispersed into liveruscle

cells where it causes insulin resistance in these tisGweserselyin case of obese subjects
with gynoid fat distributionwhich means the accumulation of fat around hips, adipocytes
absorb fat more effectively and keep fat depots away freer land muscular tissues.
Visceral fat depots increases with BMI and adipocytes located in them release free fatty
acids (FFAs) excessively and oppose atypolytic and lepogenic response of insulin
hormone(Racetteet al. 2006. As Shulman described that FFAs compete with glucose for
substrate oxidation which is responsible for insulin resistance in ol{&ityman 2004

The increase of adipocytes number during obesity causes ectopic lipid, means the deposition
of fat in skeletal muscles and liver which normally do not store lipiisstaldelli 2008

This hypertrophic obesity is strongly associated with insulgistance in skeletal muscles
including liver (Guilhermeet al. 2008 Koskaet al.2008. It was also reported that not all

obese individuals are insulin resistance and are prone to digRegen 200H

1.6.3. Adipose tissue and obesity
White adipose tissue (WAT) has been recognized agréhailingfat storage site in animals
and humans as triglycerides (TG8yaynet al. 2003. These adipostissues consisting of

mainly adipocytes and other cell types such as mast cells and macropBadbsrmeet
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al.2008. The WAT is distributed among subcutaneous and visceral parts of the body. In
adipose tissue, adipocytes have a tendency to produce and storerin@satigsorptive state,

as well as to hydrolyze and release TGs as free fatty acids (FFAs) and glycerol during post
absorptive state. In peabsorptive state, a dynamic equilibrium exists between the release
of FFAs into the circulation and their uptakedauntilization by the peripheral tissues,
particularly in the skeletal musclékalderonet al. 200Q Rosenet al. 2006. It has been
reported that an increased accumulation of these adipose cells in obesity causesaittera
WAT metabolism. For example, TNB a nd mo n o-attiadtamt poteid(MOP-1)
modulate an inflammatory response in adipose tigSagtipy et al. 2003 Wellen et al.
2003.Now WAT is also recognized as muditinctional organ besides lipid storage.
Adipocytes and macrophage cells in adipose tissue produce and secrete several hormones
such as leptin, tumour necrosis faetbr ( TUN F i n-6 ¢llr-d) and lothen protein
factors, etc. These are collectively termed as adipocytokines/adipoKineghurn et al.

2009. These adipokines show a great impact on the levels of plasma protein sydtiresize
liver (Marraet al.2009).

1.7. Acute phase proteins (APPS)

The proteins synthesized in liver are called acute phase proteins (APPs); sohmehaddre
up-regulated and some dowagulated in response to inflammatory stimuli such as
infections, autoimmunity, tissue damage, (@cuyset al.2005. Plasma levels of these liver
proteins are increased and/or decreased damngcutgphase responséormers are termed
as positive APPswhereas latteonesarenegative APPs. Plasma/serum level<eafeactive
protein (CRP), haptoglobin, alpfaa nt i t r y p s i racid(gkcbpkdte)n, etc,Uate
increased whereas albumin, tramys#tin, etc,are decreaskduring inflammatior(Gabay
2002, Ceciliani et al. 2007). The rate of differential expression for each APP varies, e.g.
CRP and SAA increase 1000 folds in case of severe infe¢Wdterson et al. 2004).
Concentrations of alpka acid protein, haptoglobin, fibrinogen and A1AT increase up-to 2
5 fold in an inflammatory stimulus. APPs are subdivided into several groups on the basis of

their physiological functiongGruyset al.2005).
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1.7.1. Cytokines and acute phase proteins (APPS)

Numerous inflammatory cytokines including-IL, IL-6, and TNFU , et c, i mpl i ca
regulation of APPs genes expression in hepatocfbasarathy 2008 Among various
cytokines IL-6 is the major inducer of APPs expressjganget al.2005. Moreover, it was
proposed that the genes of APPs can be ddviohto groups: group 1 genes and group 2
genegGabay 2001 Former gene group respond talland IL-6 cytokines simultaneously,

while latter group mainly respond to & like cytokines such as {6 and OSM(Gabay

2001).

1.7.2. Obesity and inflammatory dysregulation

The obese statis characterized by chronic legrade systemic inflammation in which
inflammatory markers such as-8, TNFU , l epti n, et c, are incr ¢
compared with lean subjedRontiet al. 2006. Thischronic inflammation in adipose tissue
triggers insulin resistance in skeletal mus@Maachi et al. 2004 Bastardet al. 2006
Dasarathy 2008Guilhermeet al. 2008. Some researchers defined this chronic-igrade
systemic inflammation as metaflamation, meaning metabolically triggered inflammation
(Hornget al.2011). One plausible reason is that in lean state, small adipocytes have greater
tendency to esterify fatty acids which can be used to produce enerthe iform of
adinosine5 6t r i p h os p h a t-axidatioA ih Bitochenidrea dubing fasting and under
these conditions insulin performs normally in order to uptake glucose by muscular cells. In
case of prolonged caloric overload or in obesity, an inflammatondition is developed in
adipose tissue; as a result adipocytokines productiderisgulatedrom the adipocytes and
macrophages in adipose tiss{f@orcoranet al. 2007). The perturbation in adipocytokines
production in adipose tissue causes an increased FFAs levels in blood circulation which
subsequently become a source of insulin resistanceriphgeal tissues such as skeletal
muscles, liver, et¢Guilhermeet al. 2008. It has been reported th#te levels of CRP,
haptoglobinetc are regulated by adipokines and increase with BMI and significantly higher
in obese than neobese subjectéAronsonet al. 2004 Maachiet al. 2004). It is reported

that A1AT is reduced in high BMI men as compared to low BMI nEngstromet al.

2004). Briefly, several proteinmarkers of inflammation with and without obesity ,exist

in this thesis ALAT will benvestigated
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1.8. Alpha-1l-antitrypsin (A1AT)

Alpha-1-antitrypsin (A1AT)is a52 kDa glycoprotein consisting of 394 amino acids and is
also calledJl-antitrypsin or alphel proteinase inhibitor (A1PIjCarrell 1986 Russoet al.

2009. Hepatic liver cells are the major site for ALAT production and secretion in to the
blood streamAlthough it is synthesized and secreted in smaller amount by other cells such
as respiratory epithelial cellgastrointestinal tissuestdTraviset al. 1983.As a member of

the serpinAlgenefamily, A1AT inhibits neutrophil elastase (NE), proteingsecathepsin

G, thrombin, trypsin, and other proteinases and as a consequence protects tissues from
damageScottet al. 1986). Neutrophil elastase is one of the major targets for ATAdvis

et al.1983.

It has been previously studied that over expression of ALAT using recombinant adeno
associated virus markedly reducedsdlitis (an inflammation of pancreatic islet of
Langerhans) and prevented the blood glucose elevation holmese diabetic mouse models
(Songet al. 2004 Lu et al. 2006. Another study has shown that administration of clinical
grade human AL1AT (hA1AT) increases the survival of pancreatic islet allqgeafis et al.

2005. Furthermore, recently it has been manifested that ALAT inhibits ca3pacévity

and protects betaells apoptosigZhanget al. 2007). In vivo andin vitro studies indicate
about the potential of ALAT to prevent diabetes development anecbltadeath. Hence it
was hypothesized that deficiency of A1AT (A1ATD) may be associated with the
development of diabetes. Regarding this, it was reported that T1Dgatied significant
decrease of serum A1AT level than pdiabetic (ND) control subjec(Sandleret al.1988.

So far there is no substantive evidence available which showstimectiorof blood serum
A1AT level with type 2 diabetes. Recently a human population based cohort study reported
nonsignificant difference of serum A1AT levels between ND control stubjead T2D
patientg Engstromet al.2005.

1.9. Leptin structure and fu nction
Leptin was identified in 1994 in obese (ob/ob) mouse model. It islkD&6 nonglycated
protein, consisting of 167 amino acids and is primarily expressed in adipose (idsaeg

et al. 2000. It is encoded by obese ger@b(gene), located on chromosome number 7 in

10
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humans and is responsilfler theregulaton of thebalance between food intake and energy
expenditure (Friedman 201 Due to structural and functional similarities with pro
inflammatory cytokines such as-R, leptin is also termed as ©Kine / adipocytokine/
adipokine(Ahima et al. 2006. The blood level of this adipocytokine correlates with white
adipose tissue mass. Moreover, the circulating level of plasma/serum leptin reflects the

status of body energy reseriBateset al.2003.

1.9.1. Leptin and its receptors

Leptin is a potent mean of bilateral communication between adipocytes and the central
nervous system (CNS). Leptin receptor mRNA was primarily found in hypothalamic arcuate
nucla, whichisinvolved in appetite contr@Ahima et al. 2006). Defects in Ob gene and its
receptors as inb/ob, and db/db micedversely affect satiety characteristics of lef8ader

et al. 2003. Leptin interacts with CNS in order to restrain food intake and stimulate energy
expenditure via leptin receptors located in hypothalamus as a negative feedback mechanism
(Trayhurnet al. 2006). Basically leptin receptors (GRs) ae categorizednto three groups

i.e. long, short and secreted ®s, first one shows close resemblance to the class 1
cytokine receptor family(Soneet al. 2001). Two major types of membrane bound-@b

are expressed in humans and rodents, one bfpObRs having a shorter intracellular
domain of about 40 amino acid residue®{Rg,-Rc, -Rd, -Re) and a family of OIR with a
longer intracellular domains of 302 amino acids residues termed#&bOThese various
Ob-R isoforms are the products ahgle OBR gene which aregenerated by alternative
MRNA splicingGuerraet al. 2007). Ob-Rb isoform is expressed in hypothalamus and
crucial site for leptin action in order to balance body energy consumption and utilization
(Schwartz 200Bwhereas the short isoforms are distributed among various body tissues
(Morrison 2009. However, it issupposed that a transport system is available through which
leptin accesses its target in the brain, a short isoforrAR®lparticipates in leptin
transportation across blood brain barrier (BEBpuret 2008. A third type of soluble leptin
receptors (SO#Rs) are high in the blood of lean human subjects and may be the potential
reservoir of bioactive leptifLammertet al. 2001). This receptor in two dimeric isoforms
makes complex with leptin in 1:1 ratio in order to prevent leptin degradation and ckearanc

results in increased serum leptin K (Zastrowet al. 2003. On the other hand, s@®
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decreasing level is inversely correlated with obesity and could result in increased
unconjugated leptin. In all, sGRs are inversely correlated with obesity and this may
involve in normal leptin functioning in lean compared to obese subj@gjier et al.20032).
Bioavailability and bioactivity of leptin is regulated by s@B depending upon certain body
metabolic state§Zastrowet al. 2003.The leptin receptors are found athervarious body

tissue types such as endothelial cells, lungs, kidney, stomach, etc, by alternative splicing of
RNA transcript of theDb-Rb gengVaisseet al. 1996 Jaffeet al. 2008. Furthemore,the
detection of letin receptors in liver indicasthe regulation of peripheral gene expression by
leptin (Chen et al. 2007). It is studied that obesity dowmegulates leptin receptors in

hypothalamus and livétLiu et al.2007).

1.9.2. Physiology of leptin

During starvation, leptin level go down which increase appetite and decrease energy
consumption. On the other hand, with sufficient energy stores, leptin inhibits appetite and
permits the utilization of energy stor@ates et al. 2003. Leptin regulates energy
expenditre and food intake by communicating with central nervous system (CNS) via its
receptor, called leptin receptor (&Rb) which are located in the certain nuctdiarcuate
(ARC) in hypothalamu@iarvey et al. 2003. The hypothalamuss the key site for leptin
detection which contains two types of neurons; type 1 expresses appefifgessing
peptides derived from propiomelanocortin (POMC) precursor, whereas second type
produces appetite stimulating peptides such as Aseptde Y (NPY) and agoutelated
peptide (AdRP). Leptin suppresses appetite by counteracting NPY and AgRP, whereas
leptin activates POMC mRNA expression which enhances the release of a potent-appetite
suppressing peptide, alphaalanocytes t i mu | at i n-yISH) @mriaticenaé 20Q06U
Patelet al.2006, mechanisms arexemplifiedin Figure 1.1 and 1.2
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Leptir/ Leptin Receptoy Brain
(Ob/ObRb) complex

S TSN

. Energy
Food intake expenditure *

Normal
insulin

Healthy state action

Figure 1.1: Regulation of food and energy by leptin action on brain

The general assumption is that leptin resistance in obesity especially in central/visceral
adiposity links with insulin resistanceeptinresistance is the true factofoeating behavior

in obese subjects with central obe@itglra 2008. In this situation, it has been reported that
2030 fold Il eptin concentration was require:t
This evidence indicating that leptin appetsigopressing effect is markedly impaired in
hyperphagic obegétanleyet al. 2005. Substantive studigd/ark et al. 2004, Palmeret al.

2006 showed that obese (ob/ob) mice are leptin deficient and diabetic (db/db) mice have
mutated leptin receptors contributing in leptin dysfunction. In obese humans leptin

deficiency/dysfunction is due to mutation in leptin gene which is a rare genetic diaodle
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can be treated with exogenous administration of lep@reviously published studies
reportedthat twelve Pakistani, five Turkish, one Austrian, two Egyptian obese subjects as

leptin deficients because of mutations in leptin g@éreezFilho et al.2010.

Leptir/ Leptin Receptof Brain

(Ob/ObRb) complex

Leptindysfunction / resistan¢e——y pr

\1, . AgR
° OoMC

o.°.
Adiposity
signals t”er_gyw
expenditu

AFood intake
Obesity

\ Insulin resistance
T2D, CVD,
Hypertension, Asthm

Figure 1.2: Consequences of the impairment of leptin signaling

Normal insulin action

1.9.3. Various factors adversely affect leptin function

Numerous studies revealed elevation and positive correlation of circulating serum leptin
levels with BMI and significantly higher in human obese compared to lean indivitdals

et al. 200]). Regardless of increased blood serum levels, leptin fails to retain its own
appetite suppressing effect to reduce weight ieselsubjects. The failure of leptin function

in severely obese subjects may be due to extracellular circulating factors, as it has been
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identified that direct physical interaction between blood circulating serum leptin interacting
proteins (SLIPs) and leppt contribute in leptin dysfunctioChenet al.2006). Other factors

like leptin-signaling via signal transducers and activators of transcripBo(STAT3)
inducedintracellular cellular suppressof cytokine signaling8 (SOCS3) accumulation in
obesity which subsequently binds to Tyr985 within-RtYJAK2 complex and mediates
leptin signaling in anegative feedback mechanigiMartin et al. 2008. Similarly, genetic
mutations, e.g. defect in Gdene, ObRs mutations, polygenic inheritance and limited
transport of leptin across the blood brain barrier (BBB) dui@deasing triglyceride level
adversely affect leptin functioBankset al. 2003 Loos et al. 2003 Arya et al. 2004
Faroogiet al.2006). The leptin production by adipose lsels also significantly regulated by
pro-inflammatory and classical cytokin€srayhurnet al. 2004). Furthemore, steroids and
sex hormones also show great impact on the expression level of(Mptitzoros 1999

In addition to leptin control of energy homeostasis by stimulating receptor located in
hypothalamusa substantive evidencgHosuiet al. 2008 suggests JAK/STAT signaling is
essetial and crucial in peripheral tissues, especially in liver in order to affect differential
expression of the target genes of acute phase proteins (R&R8). is derived from
adipocytes and structurally identical to the granulocyte coektimulating fator (GCSF).
GCSF is the member of & cytokine family which includes H6 and OSM adipocytokines.
Furthermore, leptin is also increased in the serum of male obeseasisttwmpared to non
obese asthatic patients which indicating thatigh leptin level is the key link between
obesity and asthm@&hore 201D

Extracellular circulating
factors, e.g. CRP

Leptininduced
negative feedback

Limited transport of
leptin across BBB

Leptin dysfunction

Genetic mutations such as
Ob, Ob Rb polygenic, etc

Figure 1.3: Various possible factors which contribute to leptin dysfunction resistance
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So far several studies hateen carried out in order to exponew protein and metabolite
basedmarkers in various biofluidsicluding blood serum and urired T2D patientéScottet

al. 2005 Griffin et al. 2006. This has been further reviewed in given sections 1.10 and
1.11.

1.10. Proteomics

Proteomics is thetudy of proteome, which intends to cover entire set of expressed proteins
in the various tissues of an organigdnderson 200k Every protein is a product of a
specific gene, there is no strict linear relationship between genes and protein complement of
an organism because of post translational modifications, involvement of thenefig
factors alter proteins conformations which ultimately leads to perturb proteins structures and
physiological functiongOrdovaset al.2004 Kleivi 2006). Therefore only deoxyribonucleic

acid (DNA) sequence is not enough to determine proteins structures and functions in body
tissues. Similarly, protein expression levels may or may not correlate with messenger
ribonucleic acid (MRNA) levels. As described(Bowanet al.2008) that 42 differentially
expressed proteins correlate to only 19 genes in pancreatic cancer patients. Since the
alteration of pragin structure, function and interaction is the underlying mechanism of
obesity related disorders including diabetg&cott et al. 2005 Poirier et al. 2006).
Regarding this proteomic offers to study the vasi@spects of protein expression, post
translational modifications, their interactions and functions at global é&aleersoldet al.

2003, whereas these modifications cannot be detected at genome or transcriptome levels.
Thereforea disease can be better explained through proteomic approach relative to genomic
or transcriptomic studies. The ultimate goal of proteomics is the understanding of
pathobiology which leads towards diagnostics and therd@mesbaecket al. 2009. In
expression proteomics; proteins that show variations and modifications in obese and T2D
patients relative teheir counterparts, could become the predictors of disease pathogenesis
and helpful to design drug and itsligery to destined targdtAhn et al. 2007). Thereforeit

is true to say that new protein based biomarkers discovery could have potential to create
numerous oppaunities for the treatment of obesity and its related complications such as
diabetes(Dudley et al. 2009. Proteomic study can be divided into three major phases;

disease biomarkers discovery, validation and invention of novel interventional drug
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therapieqPisitkunet al. 2006. However, biomarker discevy and validation is a complex

which depends on several variables for the maintenance of sample integrity which is
determined by sample collection, storing, handling and processing. Thus, to ensure
consistent, reliable and reproducible biomarker(s) rgswlptimized conditions for blood
samplesd coll ecti on, -requisitd foi tmeglownstreah pretdomic i n g
analysefRaiet al.2006).

1.10.1. Tools and technologies for proteomic studies

Many researchersiave used different approaches in order to discover new protein based
biomarkers in various biofluids under differerdtipophysiological statg$Scottet al. 2005

Zhou 2009. It is also true to say thairotein based biomarkersudy is a coupling of
biological systems with a variety of analytical techniques such as enzyme linked immune
sorbent assay (ELISA), immunowestern blot (iWB), two dimensional gel
electrophoresis/mass spectrometry (2DGE/MS), Liquid chromatography/ masosypstry
(LC/MS), LC/MS with isotope coded affinity tag (ICAT) / isotope tags for relative and
absolute quantification (iTRAQ), capillary electrophoresigss spectrometry (GHS),
matrix assisted laser desorption ionizattone of flight- mass spectrongy (MALDI -ToF

MS), surface enhanced laser desorption ionizailme of flightt mass spectrometry
(SELDI-ToF-MS), etc(Scottet al.2005. These techniques differ with each other regarding
their design, sample size, throughput, complexity, reproducibility, reliability and cost
expenditures required while analyzing proteins in a given sample or (Bsuneanet al.

2005.

1.10.2. Recent diabetes related findings using protein based approaches

A few recent reports have described the association of protein biomarkersypéti?
diabetes using a single markeéhoet al. 2006 Choiet al.2008 Ix et al.2008 Erikstrupet

al. 2009. However, in some further studies diabetes risk has been evaluated using multiple
biomarker approaches rather than conventional risk assesdmemne study termed as
Inter99, four serum proteins, adiponectin, CRP, ferritin and interle2ikimceptor agonist
(IL-2RA) were determined in addition to glucose and insulin. By using various types of

statistical approaches, a diabetes risk model wasldeed, which incorporated these six
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markers. This study explored that rather than single biomarker,-maitier approach using

both protein and noeprotein based biomarkers are more useful to predict the development

of diabetes. In this way a diabeteskriwas identified, which can predict a five year risk of

modulation in type 2 diabetes. The results of four proteins excluding glucose and insulin in

the percen{%) fold differences calculated are showrTiable 11 (Kolberget al.2009.

Table 1.1: A summary of differentially expressed proteins in human type 2 diabetes

Sample type | Subjects & numbers Differential expression of proteins (% fold | Approach/method| Paper reference
change irdisease relative to controls)
Blood serum | Among 3046 subjects; Necon Adi ponectin (Z12. 16 Immunoassays (Kolberget al.
verters* =472 vs converters** =160, ( y 44 . 2RA,( y2L 53) 2009
Blood serum | 2 cohort studies: FINRISK97 & Adi ponectin (Z), -CR Immunoassays (Salomaeet al.
Health 2000 study consisted of 417 1 RA (¥ ) 2010
& 179 incidental diabetes
Blood serum | Participants=3189, [NFG vs IFG & NFG vs T2D] Immunoassays (Wu et al.2011])
NFG(n=1897) versus IFG (n=858) | Adi ponectin (Z16. 8
& T2D (n=434) 5.3y), PA1 (9y43.38
& 90.38), CRP ($@¥1
& 923.8), Ferritilpz
0.61 & 721.22)
Blood serum | Control (n=21) versus T2D (n=29) | [C vs T2D & C vs T2D+complications] Nephlometry (Memisogullariet
& T2D with complications (n=21) CRP (9y69.81 & 9y85. 5 al. 2009
y39.81), transferri
Blood serum | NGT (N=3) versus 3 T2D (n=3) Apo-C3 (9), TTR (9), SELDITOF-MS, | (Sundsteret al.
& Protein Chip 2006
Blood serum | NGT(n=20) vs I & T2D (n=20 Apo-C3 (9), Alb (Z2), SELDITOF-MS (Sundsteret al.
each) history of diabetes 2008
Blood serum | NGT(n=10) vs T2D+ high EIR; U & b chains of Hb | SELDFTOF-MS | (Sundsteret al.
NGT vs T2D +T2D+low EIR (n=10)| highEIR;ApcHZ i n T2D+ | ( 2008
(EIR: early insulin response) (EIR: early insulin response)
Blood NGT(n=50) & T2D (n=150) Apo-E (9 802()9, 84 2)p,t i ®R| MALDI-TOF-MS | (Riazet al.2010
plasma Apo-A-1 (Z26. 4)
Non-diabetic lean control versus 15 proteins are differentially expressed GE & MS/MS (Hwanget al. 2010
nondiabetic obese & T2D subjects| including; HSP90 C&_haperoneCDC37
Muscle (n=8 in each group) (9Desminac¢yd)ni W1 (§3F)
biopsies Myosinl5 (9¢), I s 0ome
Culinhomologs (¢ ), et c.
Blood serum | Non-diabetics (n=5) vs T2D (n=50)| ficolin-3 ( y A1 Apyo) , -H1 1| LC-MS/MS with (Li et al.2008
(9)111C (9), -Paf A x a| LSPAD approach
Saliva IGT (n=30) vs T2D (n=10) A1LAT (y324), CysC (| 2D-LC-MS/MS (Raoet al.2009
TTR (924035%5) RBPABR 2
ComplemenC 6 ( § €arfopicanhydrase
(9 36lchgerp hosphoryl as
Urine NGT (n=9) vs Diabetic Nephropathf VDBP (Y19l @xopy bt ei| 2D-DIGE & LC- (Raoet al.2007)
(n=33) A1LAT (9y2ATI)L, (#R60) ,| MS
(7225689 nt iAdhy motryps
Compl ement factAbr B
(Z253pr,edCprsor (7263
Urine Controls (n=50) vs T2D (n=100) Hp-pr ecursor (Z81. 45| 2D-HPLC & (Riazet al.2010
(Z55.25), RBP4 ( 9@®0 MALDI-TOF-MS
gl ycoprote-tadhbg?R3)n?2
Almi croglobulin (Z5

Symbols andabbreviations:y = -rugpgul ati emguZadadowm,

n=number

T=

al pha,

b=bet a, C

glucose tolerance, IFG=impaired fasting glucose,-blmmerters* are individuals who did not change as diabetics and convereesttfose who
developed type 2 diabetes during the five years of felppCRP=Creactive protein, Il2RA=interleukin2-receptor agonist, HLRA= interleukinl-

receptor agonist, RBP=retinol binding protein, PA1= plasma angiot¢ndin6 =interleuking, TNF-U=1t u mo r
y, TTR=transt hyretin,
C, A 2 h&crogldbulin, FABP=fatty acid binding proteMDBP =v i t a mi n

Apo-= apolipoprotein,

Al b=al bumi n,
D bi

ne-dr, o Cips

fc®@actud o

TRA=1t r a n aiftieypsinj CasC=cystdtin =
n dli, AMBP =paipt@l-neidroglobulip /bikuain

precursor, Hp=heptoglobulin, Zn=zinc, PRBP=plastid RbiAding protein, TCRL=T-complex proteirl, Hb=hemoglobin, EIR=early insulin response.
GE=gel electrophoresi$This table is reproduced fronfKhanet al. 2012, with editor permission (Bpendix I), which we published.
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Similarly, Salomaa and colleagues conducted two independent human population based
follow-up cohort studies; in the FINRISK97 study, 31 biomarkers were evaluated, and 10
from these considered in the Health 200@ follow-up study; in order to validate the
execution of the biomarker score. The studies confirmed adiponectin, apolipojBotein
(apoB), CRP, interleukil receptor agonist (HRA) and ferritin as strongest predictors of
incidental type 2 diabetéSalomaeet al.2010. Wu 6 s g r wvaugqus imnunoassayh

and biomarker risk scores successfully demonstrated that out of eight, four proteins:
adiponectin, plasma angiotensin(PA-1), IL-6 and ferritin were strongly associated with
type 2 diabetdg®Vu et al.2011).

The percent foldlifferences of proteins were calculated from previously published literature

as biomarkerdor diabetes and added fable 11. Hwangdés group condu
assess mitochondrial and cytoplasmic patterns of protein sets in skeletal muscles biopsies of
lean nondiabetic controls, obese nallabetic subjects and T2D patients (n=8 in each
group). They successfully demonstrated differential expression of fifteen proteins such as
desmin and alphactinin significantly decreased, conversely, chaperonin subunit{)CP

and proteosomes subunits markedly increased in T2D patients and obese, tthjguased

to the lean nowiabetic control group. From these results, they found that these proteins
have differential expression, which are the signals for different pathways implicated in
insulin resistance developm@dtvang et al. 2010. In another study, three proteins:
ceruloplasmin (Cp), transferrin (Trf) andr€active protein (CRP) expression was studied in
blood serum of human healthgrdrols (n = 21), T2D patients without complications (group

I: n = 29) and T2D with complications (Group Il: n =21). Cp and CRP significantly
increased in T2D patients with and without complications relative to healthy controls.
Conversely, transferrin (T decreased in two disease groups than the control
subject§éMemisogullariet al. 2004. The calculated percent foldfi@grence is shown in

Table 11.

Although protein analysis by conventional techniques improve the understanding regarding
T2D pathogenesis, but due to concerns about specificity and sensitivity, proteomics is
rapidly moving towards MS based biomarker discoveiherefore, we have also

summarized findingsfrom published reports about proteomics applications in diabetes,
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which were conducted using advanced MS based techfuessteret al. 2006. As in a
proteomic study conducted on 125 T2D patients and 50dradretic healthy agenatched

control subjects using ELISA, rews phase HPLC and MALBIOF revealed that
Apolipoprotein A1 was 6.4% deeased in T2D patients, wheregsolpoprotein E, leptin

and CRP raised 802, 842 and 872 percent respectively, in blood serum of diabetics relative
to the control subjecfRiazet al.2010).

Another study was conducted on blood serum samples of three T2D patients and three
normal glucose tolerantsubjects, using Protein Chip arrays and surface enhanced laser
desorptioAonization time of flight(SELDI-TOF/MS). The analysis of mass spectra of
fifteen proteins showed that five of them decreased; whereas, five protein levels were
increased. Subsequently, using peptide mass finger printing (PMF), four differentially
expressed proteins were identifielmong these, applipprotei@3, and transthyretin were
up-regulated, whereas albumin and transferrin were degnlated in T2D
patient¢Sundstenet al. 200§. These researchers also analyzed serum samples from 60
subjects for another proteomic sty8yndsteret al. 2008. Among them 20 were NGT and

20 had IGT and 20 were T2D patients. In this study, 13 proteins showed di#erenti
expressions in T2D relative to NGT subjects. Alterations occurred in the levels of three
proteins: Apolipoprotein€3, albumin and transthyretin in serum of T2D patients.
Perturbations in the expression levels of former two proteins were due to geffetis,

whereas the latter one altered without the influence of genetic history.

Il n another s t u d-MS/NbSytechnigu@ svas gused, which idéhtified 1377
proteins in five type 2 diabetic patients relative to five-ag#ched nostiabetic subjes
Furthermore, these were analyzed by using a localized statistics of protein abundance
distribution (LSPAD) approach and manifested that out of 1377 proteins, 147 were related
to metabolic pathways. By further selection of these proteins, they cleadgled that
Apolipoproteins Al, All, G11 and G111 (apeAl, All, G11 and G111) were
significantly increased, whereas six proteins including, regulatory factor paraoxaaase

required in lipid metabolism, and was significantly decreased in typeliztiasubjects.

20



General introdution Chapter 1

They have also validated that complement activating protein fiolgactivated and up
regulated in serum of diabetes, compared tadiabetic control individualéLi et al.2008).

In search for finding noivasive biomarkers for diabetes, a human study was conducted on
saliva of 40 individuals; from these, ten subjects had T2D and 30 were |Giigretic
subjects. In this study, it was reported that alpfantitrypsin (ALAT), cygtin C (Cys C),
alpha2-macroglobulin  (A2MG), transthyretin (TTR), retinol binding protein (RBP),
complemen#6, carbonic anhydrase and glycogen phosphorylase weregufated 324, 222,

223, 240, 215, 475, 384 and 347 percent folds, respectively. Whéaéigisacid binding

protein (FABP) was downegulated: 255% in saliva of type 2 diabetes compared to pre
diabetic subjectéRaoet al. 2009. An earlier study by the Ra
patients having nephropathy analyzed urine samples of 33 diaodijiects and 9 healthy
controls. In this case differential in gel electrophoresis (DIGE) was used, which identified
that seven proteins wereupgulated and four proteins showed deregulation in urine of

diabetic nephropathy patients relative to +tbabetic control subject@Raoet al. 2007). A
summary of protein differential expression for this study is givehainle 11.

Likewise, a urinary proteomic study was conducted on a Pakistani population consisting of
50 healthy nofdiabetics and 100 T2D patients. In this study, it was shown that transthyretin

( T T RY-micrdglobulin and heptoglobulin precursor concentrations daereased by

30.8%, 55.2%, and 81.45% respectively in T2D patients compared tdialogtic healthy
control s. On the ot her -glgcapnotkin, arad|Eadhenin were R B P -
elevated in diabetes relative to healthy control suljecsg et al. 2010. Subsequently,

Riaz, et al demonstrated thiamine therapeutic effect on the levels of these urinary proteins.
The results indicated that albumin decreased significantly up to 34%, whereas TTRL-alpha
microglobul n/ bi kuni n precur sor ( AMBP) , hapt ogl
glycoprotein, and Eadherin decreased nsignificantly in urine of T2D patientéRiaz et

al. 2011).

Goldfine, et al summarized various therapeutic strategies for type 2 diabetes
regulatior{Goldfine et al. 2011). Moreover, in ddition to regular physical activity and
particular meal patterns, various adiabetic drugs, such as sulphonylureas, metformin,

rosiglitazone, acarbose, insulin modalities, etc, are prescribed to treat diabetic
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patient¢Moller 2001). Furthermore, new treatments in the form of incretins, liraglutide,
exendin4 and its derivatives, etc, are also proposed for glucose regultiermanet al.
2003 Madsbadkt al. 2004 Inzucchiet al.2008.

The comparative differential expression of proteins/amious biofluids and/or tissues of

type 2 diabetic human subjects have also been enlistédhle 11. An analytical look on

the summary of aforementioned data show that multiple protein biomarker profiles depend
on various parameters, such as genetiilfahistory, age, obesity, gender, etc. In other
words, analyses of the results frdmable 11 lead the idea of individualized therapies. As it

is well established that type 2 diabetes is heterogeneous anebngaltis disorder and it is

not necessary thall T2D patients respond to given treatments at equal éktal@ndrino

et al.2011). Therefore, the concept of personalized medicine seems to be useful to prescribe
and design therapies for a particular diabetic gr@dionoff 2008. In addition to this,
cumulative published results as revieweder here provide rationale for assessing
proteomics as predictivand preventiveapproachfor type 2 diabetes. The approach of
biomarker discovery may lead towards the exploration of many new pathways which are
involved in the disease pathogenesis. Research based onprotdin differential
expressions can be a usefesource for potential biomarkers, which subsequently paves the
way for the development of protein based biomarker discovery have the potential to create
novel opportunities for the early detection of diabetes, its complications and disease
therapeutic tayetgKlonoff 2008 Herderet al.2011).

1.11. General introduction of metabolomics

The metabolomics is synonymous with the term metabonomics/metabolic profiling. These
terms are used interchangeably, however, in metabolomics all the small metahodite
characterize@dnd quantifiedn a complex biological system, whereas metabonomics intends
to measure metabolic perturbations in a living system in a specific health state or
pathophysiological conditigilicholson 2008 Briefly metabolomics/metabonomics tise

study d metabolome which intends to cover the entire set of synthesimetiabolitesin
varioustypes oftissues of an organism, which are the end products of numerous cellular

processg®unnet al.2005. Metabolites are the end results of the interaction between genes
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and other virile elements such\awious environmental factors, health sfggharmaceutical
interventions etdiehn 2001 Dunnet al. 2005. Thus, it is believed that metabolites levels
in various tissues and biofluids refledhe real state of underlying metabolic
pathwayg§Oresic et al. 2006. Changes of metabolites profiles iratpological state as
compared to the normal physiology are a potential source of biomarkers digGriféiry et

al. 2006).

1.11.1. Techniques used in metabolites based studies

The approaches used in metabolomic study, enable to identify disturbances in metabolic
homeostasis, thereby offer promising access to several markers of various metabolic
pathways that are affected by the disease pathology and use of interventionaksherapi
These metabolites based markers could help clinicians and physicians to diagnose at high
risk individuals for a particular type of disorderthereby designating personalized
interventional therapies specific to a patient or particular group, whichdwiogll more
effective rather generalizing treatment for the whole population of complex disorders like
diabetes.

The two high throughput techniques namelguclear magnetic resonance (NMR)
spectroscopy and mass spectrometry (M& widely used analytical ppaches The
comprehensive metabolic profilesith wide range of tissues and biofluideve been
accomplishedusing these said advanced high throughput technol¢Biesn et al. 2005
Hollywood et al.2006 Lenzet al.2007).

1.11.2. Diabetes related literature findings

As metabolomics is novel functional genomics tool applied to several diseases including
diabetes. It has been argued that in the study ofbpskd diseases that the composition and
abundance of lipids in biofluids clilbe studied using metabolomics technig(8sffin et

al. 2006. The application of metabolomics for diabetes research has been strongly
advocated byts expert§Griffin et al. 2008. A metabolomics study of diabetes in rodents
and humans revealed an increase in the-lnpdiaoxybuterate in diabetic mice as a marker of
decreased insulin prodtion; whereas, the human urine metabolites i.e. alanine, tryptophan,

ornithine, histidine, acetate, hydroxybuterate were different in diabetic patients as compared
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to healthy subject¢Salek et al. 2007). In an NMR study of diabetic mta total of 17
metabolites were correlated with the disease. The levels of glucose, alanine, lactate, ethanol,
acetate and fumarate were found to be significantly higher in the diabetic rats compared with
controls (Zhanget al. 2008. Furthermore, a systemic analysis of 800 metabolites using
bioinformatics based approach revealed that phosphatidylcholine levels were found to be
higher in diabetics mice as compareéd controls (Altmaier et al. 2008. Similar
investigations were carried out by applying different NMR and MS techniques and it was
examined that in the aqueous samples and intact tissues glucose, alanine and glutamine
decreased iall tissue types, while lactate was increased in PPAR gamma null mutant mouse
(Athertonet al. 2006. In humans, a proton NMR study revealed that hippurate, aromatic
amino acids and branched chain amino acids decreased in healthy voluatstveg
rosiglitazone; whereas, alanine, glutamine and glutamate increased in T2D pataents
Doornet al.2007).

1.12. Metal analysis

Metals are the inorganic elementghich are essential for the survival of life and overall
well being. In view of the analytical chemistry, metallic elements could be divided into two
groups; the concentration of an element in a sample less than 100ppm termed as micro
nutrient/trace eleents and on the other hand, an element has an average concentration
above 100ppm, called maenutrient(Soetanet al. 2010. Thoughmetals yield no energy,

they are the parts of many proteins, enzymes and play many important functions in the
living body (Avenell et al.2007). The most important role of metals is that they participate

in the maintenance of aclthse balance, in gaseous transport and regulation of body fluids
homeostasigRahmanet al. 2012. As red blood dés (RBCs) are not be able to perform
without ferrous (F&) ion incorporation into the heme group of hemoglobin, which is the
molecular oxygen (&) transporting pigment in RBCs. Fe is also a key activator of various
cytochromes that participates in electron transport chain (ETC) of cellular respiration.
Several studies demonstrated metabolic pathways and processes, which are dependent on

desired ess#ial metallic elemental concentratioffampaet al. 2009.
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1.12.1. Impact of metals o n health

The metals such as Mg, Fe, Cu, Zn, Mn, etc are generally regarded as essential cofactors of
certain enzymes which are indispensable in several metabolic pathways.ndgdisdfor
enzymekinases activities which are involved in carbohydrates noéitab and muscle
contraction(de Baaijet al. 2012. Cu is an important conoments of superoxide dismutase
(SOD), which is involved in the removal of ROS and create a reactive oxygen species
balance in body tissuéarinola 2008 Ungvariet al.2011). Zn is also reported as a cofactor

of many enzymes, and plays several importanttions in body tissues including insulin
synthesis, storage and secretion. Zn deficiency may aggravate the insulin sensitivity in
diabetes type PWilcox 2005.

Cr plays important role in carbohydrate and fat metabolism by increasing body cells
respase to insulin. It has been reported @raincreases insulin receptoreunton plasma
membrane of the peripheral tissues, especially in muscle cells in order to enhance cellular
response to insulin(Cefalu et al. 2004 Diwan et al. 2006. Anderson et
alsuggestedpotenciesf Zn and Crsupplemergfor T2D patients, which maynderstateghe
deleterious effects of oxidative stress in diabetic patigsgersonet al.2001).

Manganese superoxide dismutase {$MD) is a mitochondrial enzyme that is involved in

the protection of power house of the cell, called mitochondria from oxidative stress. Over
expression of MFSOD and cytosolic enzyme, Cu/B0OD prevented the ROS induced
damage i n pancreatic 1 sl et. Whelsrdgsturstionanes ul i 1
the hallmarkof type 2 diabete@Chenet al.2009. Alterations in MRSOD and Zn/Cu SOD
concentations in various pathological states have also been rep@fee et al. 2008
Changet al.2017% Li et al.201% Li et al.2011).

Previous studies reported that levels of essential elements alter in those subjects, who are
frequently exposed to toxic metals either in their working or living environmnéitsli et

al. 201Q Afridi et al.2011). The most common toxic metal fauman is Pb, it enhances the

ROS production by replacing essential trace elements divalent cations such as Zn, Mn, Cu,
etc from enzymes, thereliyterveningnormal metabolic processes in various types of body
cells(Ercalet al.2001).
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High accumulation of toxic metals such as Pb in body tissues, above certain threshold limits
may play role in various pathologies including diabd&sidi et al. 2010 Padillaet al.
2010. The poisoning effects of Pb is its conversion to stable divalent ioti) (Rbd then
concomitantcombination with bianolecules including proteins and enzynBsodkin et al.
2007). Pb may replace essential metals such as Zn, Mn, Mg, etc and occupy the vacated

space in the prosthetic part of various enzymes.

1.12.2. Metals and Type 2 diabetes

The regulation of these vital elements is essential for sustainable life and any disturbance in
their levels in various biofluids and tissues at any stage of life might lead to various types of
pathophysiological conditions. Previous studies reported associations betileed
metabolism of essential trace elements including Mg, Cu, Zn, Mn, etergoaired glucose

tolerance and insulin resistalikazi et al. 2008).

Recentstudiesalso demonstrated the alterations of various essential trace elementallevels in
various biofluids and tissues of the adult Pakisthabetc patient§Kazi 2008 Tanejaet al.

2008. Some of these chemical species cause damage tizshes particularly to the beta
cells due to their involvement in the production of reactive oxygen species (ROS) as a
response to hyperglycemia and hyperlipidemia. In addition to several other factors to
produce ROS, severdbxic metals have been impliead for their involvement in this
proces@Afridi et al. 2008. The environmental Pb exposure may have role to developing
micro-vascular complications in diabetes type 2 pati€hts et al. 2006. Previous studies

also reported the increase urinary excretion of essential trace elements such as Zn, Mn, etc in
T2D patients relative to their ND control counterpaitssonwu et al. 2006 Kazi et al.

2008.

On the basis of above mentioned facts, levels of various essential elements such as Mg, Zn,
Cu, Mn, Fe and Cr and toxic metals including Wére studied in urine samples of ND

control and T2D patients in the present study.
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1.13. Study design

The mainaim of ths present studyvas to identify/validate protein and metabdlitealyte
based biomarker(s) for type 2 diabetes in Pakistani adult population. For this pagrops
were arrangeat various locations1 and around the city of Faisalabad, Pakistaarder to
collect blood and urine samples fromell characterized type 2 diafic patientsand non
diabetic control subjectsf both gender#ll individuals were informed to attend blood
collection sites on a specific daarlierin the morning between 8:600:00 am after 1-:24h
overnight fast however, they were allowed to drinkam water. Prior to blood and urine
sample collection, information regarding demographic and s@@onomic statuswvas
obtainedusing apre-designed questionnaiferm (see appendix).The study was approved
by the ethics committee of the NIBGE, FaisaldbRakistan and all participants signed a

written informed consent form prior to blood samples collection.

Venous blood ofall participantswascollected in gel containing vacutainenshich was
immediately centrifuged to separate skeoam blood cells The serum sample of each subject
was divided intothree parts; one part was spéed for biochemicalcharacterization and

remaining twaoparts in duplicatewere retainddr protein based biomarker study.

Urine samples of the study subjects were also collected in sterilized contaiddinsg 23
drops of sodium azidél% w/v) to prevent bacterial/fungal growth. Each sample was
divided into two portions: one for inorganic metal analysis and second for metadbotiie
These samples were stored-20°C for downstream studies at thdealth Biotehnology
Division (HBD), National Institute for Biotechnology and Genetic Enginee(NUdBGE),

Faisalabad, Pakistawhich is the primary site for this PhD thesis work.

Fasting blood serum glucose, cholesterol and triglyceridets, were determined by
colorimetridphotometric methodssing commercial k& (DiaSys Holzheim, Germany) on a
semiautomatic clinical chemistry analyzeMicrolab-300, Merck) at theDiabetes and
Cardio-Metabolic Disorder§D&C-MD) Laboratory HBD, NIBGE, Faisalabad. Similarly
inorganic metals and trace elements analysis in the urine samples was carried out on Atomic
Absorption Spectrophotometer in Industrial Biotechnology Division (IBD), NIBGE.

Tedhnical details of these experiments are givien chapter 4 (section 4.4.3. and
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4.4.4 Moreover, preliminary work for urinary metabolomics was conducted at HBD,
NIBGE, which were subsequently analyzed/processed by proton NMR spectroscopy in Dr
JulesGriffin Laboratory, Department of Biochemistry, University of Cambridge, UK. This
work was carried out by Dr Fazli Rabbi Awan (Supervisor of this PhD study) during his

postdoctoral fellowship in Dr Griffinbds | at

For prdein work, preliminary analysis of protein profiling was conducted in NIBGE by
sodium dodecyl sulphatepolyacrylamide gel electrophoresis (SIPAGE). Efforts were
made to optimize/conduct two dimensional gel electrophoresis (2DGE) proteomics study at
NIBGE, which proved difficult due to lack of technical and financial resources. Therefore,
further protein work was pursued at the Diabetes and Obesity Research Center,
Sanford/Burnham Medical research Institute (SBMRI) at Lake Nona, Orlando, Florida,
USA. Thiswork was carried out in Dr. Zhen Y. Jiang laboratory under the International
Research Support Initiative Program (IRSIP) sponsored by Higher Education Commission
(HEC), Pakistan. Dr. Jiang group has excellent infrastructure for quantitative proteomics and

expertise in diabetes and obesity proteomics and molecular biology.

As, this group has already discovered some proteins as candidate biomarkers in an obesity
mouse model. Hence, for this thesis, we pursued to validate those biomarkers in our human
diabetc and obese blood samples using various protein based approaches (e.g. ELISA and
guantitative Western Blots). In this respect one of these proteins, Alpha 1 Antitrypsin
(A1AT, which is a serine protease inhibitor), was selected for detailed analysis of it
molecular biology along with interaction with leptin (a known marker of obesity) using
functional genomics approachesé sections 2.1.5.1., 2.1.5.13. and 2.1.5.34 described

in this chapter.

1.14. Objectives of the study

Type 2 diabetes (T2D) is becomiagmajor public health concern worldwideis a multi

organs disease, in which various body tissues/organs are involvearligsliagnosis and
treatment are the top priags Prevailing diagnostic tests such asMb, OGTT, FBG, etc,

are relatively ate stage markers where the disease has already progressed to cause
substantial damage to the human bddigwever, it is speculated that disease phenotype can

be reversed bydentifying the signatures of diabetes at its asymptomatic phase. Regarding
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this, proteomic and metabolomitased approaches are begggplied in order to uncover

factors involved in the development of diabefés alteration of protein(s) and/or other

metabolite(s) levels in various biofluids including serum and urine is considepedeadial

markers of diabetes progression. Ultimately protein and/or metabolite based markers could

become potential physiological and pathological factors valuable for diagnosis and treatment

of diseasand associated complications

More specifically tle study aims to achieve the following goals:

T

To establish a relationship betwesgrumalphal-antitrypsir{A1AT) andbody mass

index BMI), which is a measurement dbesity in humans

To establish a relationship betwe@AT and leptinusing serum samples non
diabetic (including obese and nobese subjects) and type 2 diabetic patients.

To demonstrate that leptin stimulation increases gene expression of A1AT at both
MRNA and protein levels in HepG2 liver cells.

To investigaeé urinary metabolites froNMR spectra bymultivariate satistical {.e.
OPLSDA) analysis.

To estimate and compare the levels of various metals such as Zn, Mg, Fe, Cr, Cu,
Mn, Pb,and Niin urine samples of T2D patients relative Non Diabetic control

subjects.
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CHAPTER 2 PROTEINS IN TYPE 2 DIABETES AND OBESITY

2. The role of proteins in diabetes pathogenesis

About 0.1 million proteins have been attributed to different cell types, biofluids and organs
in the body, which areesponsible to perform various types of physiological func{\dasg

et al.2006). Fluctuations in their concentrations reflect the health status of an individual. For
example, an acute phase protein, callede&xrtive protein (CRP), is a marker of
inflammation which rises dumg the course of inflammatory events in the body and an
elevated level of leptin is a welhown and established marker of obed@@ghceciet al.

2005 Martin et al. 2008. Biomarker(s) can be studied by detecting differences in the
patterns of proteins expressed in healthy subjects relative to disease ones. As each tissue is
related to a specific function, analysis of th&stiespecific protein expression is important

to get insight into the human health and disEasett et al. 2005. Type 2 diabetes is a
multi-organ disease, so it is important to identify circulating proteins involved in
communication between various types of body tissues/organs, such as the pancreas, liver,
muscle, fat, heart and brghterderet al.2011). It is also speculated that the concentrations

of seum proteins may be more useful source in order to detect type 2 diabetes earlier, before
the appearance of clinical symptdizisang et al. 2010. Identification of differentially
expressed serum proteins could be potentially important for the preventidreatmdent of

T2D by pharmacological intervention of the molecular targets, which trigger the disease

onset even before its progression to clinical symp{@uolagiuriet al.2009.

A few recent reports have described the association of protein biomarkers with type 2
diabetes using a single markgho et al. 2006 Choi et al. 2008 Ix et al. 2008. In
expression proteomicgroteins that show variations and modifications in T2D patients
relative to nordiabetic controls could become the predictors of disease pathogenesis and be
helpful to design specific dru@shn et al. 2007 Wanget al. 2009. For example, previous
studies demonstrated that two blood serum proteins, vascular cell adhesion mblecule
(VCAM-1) and resistin are biomarkers of vascular endothelial dysfunction intbypre

T2D patient_ozanoNuevoet al. 2011). Smilarly, another study showed increased blood
serum level of fetuirA protein in incidental older diabetic individuals. Fet#ins secreted

by liver and inhibits insulin action by binding with insuliaceptordx et al. 2008.
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Rossing,et al found that collagelerived peptide was consistently decreasing in diabetic

individuals, who also had nephropatRyssinget al.2008.

Obesity is regarded as the precursor and a symptomatic phase of chronic complications
including T2D, pulmoney dysfunction etc(Malnick et al.2006 Shore2006 Powers 2008
Therefore by identifying proteins in this latent period will become helpful in order to
understand pathways whichontibute to various complications and subsequently in
designing of interventional therapies to prevent tH€ulagiui et al. 2009 Gregoret al.

2011). In this context, recently in mouse model study, it was reported that a protein called
A1AT, (see details under section 1.7. in chap)as Hownregulated in obese mi¢€hoi et

al. 2012. On the other hand, another study shows an increased level of neutlaptake

in obese mice, which is a major target of antiprote®EAT (Fregoneseet al. 2008
Talukdaret al.2012. Neutrophils also attenuate insulin signal{@pugh 2012 As already
discussed that leptin is the established marker of obesity and its level is also increased in the
blood serum of the obese astitim relative to the nombese asthaic patients(Delgadoet

al. 2008 Matrtin et al. 2008, Yukselet al. 2012. Taken together, it is true indicateover

here that byinvestigatingtwo proteinsi.e. ALAT and leptin in obesity will be helpful to

understand the etiology behind leptin and -gntitease processes.
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2.1. Materials and methods

2.1.1. Human Blood Sample Collection

2.1.1.1.Subjects characteristics

In all (N=181) nondiabetic healthy control (N= 96) and well characterized type 2 diabetic
(N=85) subjects, including both males and females were considered in the presenEgstudy.
blood sample collection camps were organized at various places in and around ttteodlistri
Faisalabad, Pakistan. All subjects were informed to attend blood collection sites on a
specific day in the morning after 424h overnight fast. Prior to blood samples collection,
information regarding demographic and seeemnomic status was alsotalmed through a
pre-designed questionnaire. Systolic and diastolic blood pressures (BP) were measured after
10 minutes rest with sphygmomanometer to ascertain the BP of each participant. Waist to
hip ratio (WHR) was calculated by dividing waist circumfese (in cm) to hip
circumference (in cm). After measuring height and weight, BMI was computed as body
weight (kg/mete). BM| 02 3, -2BfMlan2d3 BMI 027 were speci fi e
and obese subjects respectively. Moreover, except T2D, none of the subjects suffered from
any type of chronic disease. Informed consent was also obtained from each subject on the

occasion.

2.1.1.2.Serum collection and storage

A total of 10m venous blood sample was taken in gel containing vacutainer without
anticoagulant from each subject between 8:00 AM to 10:00 AM, after an overnight fast. The
blood of each person was allowed to clot at roomptenatture for about 30 minutes and then
was centrifuged and divided into tvparts in two separate eppendorf tub@ge part of the

serum was used for biochemical tests such as fasting glucose, cholesterol, triglycerides.

Whereas the second part of seruns\wapt at20°Cfor proteinstudy.

2.1.1.3.Measurement of biochemical parameters
Fasting serum glucose, cholesterol and triglycerides were determined by colorimetric
methods using commercial kits (DiaSys Holzheim Germany), senaautomatic analyzer

(Microlab-300, Merck, Germany). Serum A1AT and leptin were measured by sandwich
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based ELISA, using kits from Immunology Consultants Laboratory, Inc, and Millipore
Company, USA respectively. Moreover, serum AL1AT protein band intensities were also
quantified with quatitative western blottingising chemidoc instrument arghantity 1

software.

2.1.1.4. Delipidation of human sera

Sandwich ELISAs for measurement of hA1AT and leptin in blood serum samples were
performed at different days. Prior to analyze A1AT and leptin using A&IRI western blot
techniques, serum samples were delipidated a@0D0rpm for 10 minutes atx@. To
minimize the possible interference of lipids, p0@f delipidated serum was taken between
floated upper layer of lipids and insoluble pellet on the Inotitato the new eppendorf tubes

to centrifuge at the same conditions. Finally lipid free serum samples were transferred into
the new tubes for downstream proteins analyses as well as measurement of the enzyme
activity, using ELISA and quantitative westeriottechniques. The ELISA andestern blot
procedures followed during ALAT and leptin analyaes describeth sections 2.1.1.5. and
2.1.1.6.

2.1.1.5. Human serum A1AT measurement

SandwichELISA of A1AT was carried ouin duplicateon blood serumsamples of non
diabetic healthy control and type 2 diabetic subjects randomly at different days and matched
across the various groups, using humaklAT ELISA kit (Immunology Consultants
Laboratories, Inc, USA)The reagents were prepared and dilutedrprostart of serum
hA1AT assay, by following the instructions given in protoc6even hA1AT calibrator
standards were used in the experiments. Before preparing hA1AT standards, the calibrator
was dissolved in water in order to get its 2@#8nl concentrdon. Then standards were
made immediately by following the company protocol procedure. Prior to hALAT
guantification, il of each serum samples was diluted ,000 times in 1x diluentdn pre-
designated 96 wells, 100ul of each of the standards anddlibié®d serum samples were
added appropriately and left for one hour at room temperature during incubation. Following
incubation contents from the wells were aspirated. The contents in plate wells were washed

three times thoroughly by manual shaking. Fioahtents were removed from the wells by

33



Protein biomarker study of type 2 diabetes and obesity Chapte 2

striking the plate on absorbent papers. Diluted enzgnidbody conjugate (100ul) was
added to each well. Plate was covered with aluminum foil and incubation was allowed at
room temperature for thirty minutes. Agaitme plate was washed three times thoroughly
with wash solution. Changes in human A1AT concentrations were visualized by the
addition of 100ul TMB solution with short incubation for 10 minutes at room temperature
and then reaction stopped with 100ul @b solution to each wellA four parametric
logistic standard curve was generated and the concentration of hALAT in each diluted serum
sample vas estimated at 450 nom SPECTRAmax M5 reader. The concentration of ALAT

in one milliliter was calculated by nitiplying with the dilution factor in milligrams.

2.1.1.6. Human serum leptin determination

Serum samples were assayed in dupficabng with two quality controls, using sandwich
enzymelinked immunosorbent assay (human leptin ELISA kit Millipore, USA). The
volume of sample taken was |@5and the range of this assay was 0.5 to 100ng/ml. The
leptin in each serum sample was calculated in ng/ml unit on ELISA reader from standard

curve using five parametric logistic equation

2.1.1.7. Statistical analyses

For statisticalevaluation, ANOYA was used (Graph Pad prism 5software). Unpairesbst

was employed to assess grewp se di fferences of vari ous
different groups and subgroups of these control human male serum samples. Correlation
coefficients(r) were determined by the Pearson test by assuming data were sampled from
Gaussian populations. All results were presented as meant SEM. Threshold for two-tailed p

value significance was set abR05.

2.1.2. Quantitative western blotting

For western blot serursamples from gual number of lean and obese healthy control adult
male subjects were diluted 100 times, by dissolvingl @ serum sample in 10Q0 of (4-
(2-hydroxyethyl}1-piprazineethanesulfonic aclEPES buffer (see details in Table 4.5 in
appendix I) . To resolve proteins in diluted serum samplegi 89 each was loaded in each
well along with %l marker and running was allowed at 200 volts for 45 minutes. The

resolved serum proteins were transferred to nitrocellulose membrane in transfer buffer at
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100 volts for 2 hours at’@. The membrane was blocked with 5% fat free milKBST (see

details in Table 4.5 in Appendix Ifpr 2 hours at room temperature to stop 1specific
binding and incubated with 1:2000 diluted primak{ AT -antibody (Bethyl Laloratories

Inc. USA) for 1 hour. After three times 10 minutes washes with TBST, membrane was
washed and visualized with the super signal west pico chemiluminescent substrate. The
protein bands were scanned omay film by using machine in dark room. Thednsities of

these scanned protein images were quantified uguntity 1 software orchemidoc

machine.

2.1.3. Measurement of elastase activity

A study was performed using molecufaobe EnZhek elastase assay kit-{2056)for the
asseswment of comparative Bzymatic activity between human male obese and lean
individuals. Before performing assay, altagentghat were used in the study brought

room temperature (2R5°C) and equired test wells were determined in order to measure the
elastase enzymatictivity. As 10 | ean (BMI 023) and 10 obe
were considered to assess elastase activity in their blood serum sangeso startof

assay for elastase activity measurement, dilutions of the reagergsarried out, whiclare

de<ribed as below:

2.1.3.1.Preparation of DQ elastin stock solution
In order to prepare 1mg/ml stock solution of the DQ elastin substrate, 1ml of deionized
water was directly added to one vial containing lyophilized DQ elastin solution by thorough

mixing.

2.1.3.1.1. Preparation of 1x reaction buffer

1x reaction buffer(see details in Table 4.5 in Appendix Was prepared by dissolving 1ml
of 10x reaction buffer into 9ml of deionized water.

2.1.3.1.2. Preparation of working DQ elastin substrate solution

Working DQ elastin subsite solution of 100ug/ml concentration warepared by diluting
DQ stock solutionZ.2.9.7), 10 fold (5/50v/v) in 1xeaction buffer
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2.1.3.1.3. Preparation of elastase stock solution

A stock solution of 100U/ml of porcine pancreatic elastavas prepared, by addibgOul
dH20 in to a vial containing porcine pancreatic elastase.

2.1.3.1.4. Preparation of el astase inhibitor stock solution

To prepare 4x inhibitor working solution, 50ul of DMSO wadded to the vial containing
elastase inhibitor.

2.1.3.1.5. Human blood serum sample dilution

In order to get serum proteins appropriate concentrationsl, @0 serum samplevas

dissolvednto 80 ul of 1x reaction buffer

2.1.4. Assays for elastase activity

In case of negative control 100 ml of each of the 1x reaction buffer and DQ elastin substrate
were added in one well. Five standards of enzyme with different concentratons
0.01mM, 0.001mM, 0.0005mM, 0.00025mM and 0.000125mM were prepared from elastas
stock solution (see in sectidh2.3.1.3 Then 100ul of each standard was added in five
separate microplate wells already containing 100ul of working DQ substrate solution (see in
section2.2.3.1.2. A 0.1mM inhibitor solution was made by adding 2ul ¢bck (see in
section2.2.3.1.4 into 98pul of 1x reaction buffer. Another 0.01 mM inhibitor solution was
prepared by dissolving 10ul of 0.1mM inhibitor solution into 90ul of 1x reaction buffer and
subsequently added 50pul of each into two separate wellsioomg 50ul of DQ substrate.

Then 100pul 00.001L mM enzymedilution was added into the wells preloaded with substrate
and inhibitor.

Then 100ul of each diluted serum sample of lean and obese male human subjects was
transferred to appropriate microplatedeawells, which already contained 100ul of the 1x
reaction buffer. The samples were allowed to incubate for 30 minutes at room temperature
avoiding contamination with adhesive covering slip. The fluorescence intensities were
measured at 405nm absorbanagng endpoint method on ELISA readeRECTRAmMax

M5). The background fluorescence was corrected for each time point by subtracting no
enzyme control fluorescence value. Finally, the ELISA results were exported to MS Excel
2010® software to calculate the nmeaf optical densities in serum of obese individuals
versus lean subjects. The change of OD is directly proportional to the rate of elastin

substrate cleavage; therefore, change of OD represents a change in enzymatic activity.
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2.1.5. Cell culturing

2.1.5.1. HepG2 cells clturing and stimulation

The human hepatocellular carcinoma cell line, hepG2 was used in the cell culturing
experiments. These cells were obtained from the American Type Culture
Collection(Manassas, VA). With these cells three separate experimentsavehected in
parallel. In start, hepG2 cells in two cryogenic vials were removed from storage under liquid
nitrogen and placed at %7 in water bath with shacking until thawed. Then 1.5 ml of this
thawed cell suspension were added into 11 ml of high gfuBdMEM supplemented with

10% (w/v) fetal bovine serum(FBS), 100 U/mall penicillin, and 100ug/ml streptomycin(MP
Bio medicals, France) in 75¢&tissue culture dish (Cell star). These cells were incubated at
373 ,in a 5% CQand 95% airovernight. Next day 12of new growth medium was added

by aspirating old medium. After five days from the medium changing, again second time
medium was aspirated and cells were washed twice with 10rdoidePBS to remove
medium traces. Then these cells were trypsinized byngd®iml of trypsin at 39C for 5
minutes.Later, nonadherent cells were 1®ispended in 7ml growth medium, transferred
into a 15misterile falcon tube (BD Company) and centrifuged at 1000rpm for 5 minutes at
25xC. Supernatant was aspirated by leaving intact pell¢he bottom. This pellet was-re
dissolved in low volume (5Q0) of growth medium by passing through pipette tip 10 times.
Then 3ml of dissolved cells from the falcon tube were transferred into tlengeculture
dishes separately, each already containing 9.5 ml growth medium. After two days, medium

was changedagain.

2.1.5.2. Splitting of cells into six wells plates

After 8 days cells cultured in tissue culture dishes vegnaroximately80% confluent. The
cells onfluency and contamination were inspected by ubgid contrast microscopefter

the aspiration of old medium, trypsinization andas#ivation of trypsin by adding 7ml new
growth medium(see details in Table 4.5 in Appendix,Ihonadherent cells fnrm three
tissue culture dishes were collected into one falcon tube. Fleenonadherent cells were
centrifuged at 1000rpm for 5 minutes aP@5The supernatant was aspirated and pellet was
re-dissolved in low volume (5Q0) of new growth medium byassing 10 times through
micropipette tip. Then volume was made up to L@gnadding a further 9.5ml of the new

growth medium.
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2.1.5.3. Cellcounting

To determine the number of cells, rdituted cell suspension from falcon tube was diluted

10 times by dissolvingQul aliquotof the cells into 901 of new complete growth medium,

in an expender tubelhen 1Qul of the diluted cells were loaded into well A and same
volume of nordiluted cells suspension into well B of the cell counting chamber slideand
number ofcells wre counted using countess automated cell counter (Invitrogen) as follows
In well A cells counts=1x 0or 1000 cells/ml. By multiplying with dilution factor 10, the

cell number was 1Q000 cells/ml. In well B cells counts= 2.2>8¢€ells/ml or 2200000
cells/ml. Required cell number was 350000 cells/ml or 12600,000 cells/36ral.cell
number,2.2x1® cells/mlwas chosen to determine the volume of cell suspension required to
seed hepG2 cells into sixell tissue culture plateskinally, calculated 6ml of cells
suspension from falcon tube A was transferred into 30ml new growth medium in falcon tube
B. Then 1ml from falcon tube B was placed in each well of the six wells plates that already
having 2ml of complete growth medium. These gdatvere placed at 3Z in an incubator

overnight.

2.1.5.4. Starvation and stimulation

After an overnight incubation, old medium waspirated and cells rinsed with psarmed
DMEM alone. These cells were starved in serum DMEM (see details in Table 4.5 in
Appendix II) containing 1% BSAw/v) for about 18h. In each six wells plate, three wells
were specified for leptin stimulation and three for PBS treatment in a-dépendent
manner. After starvation, cells were treated witmil(70ng/ml) recombinant human leptin
(sigma) and 1 ml PBS alone ford8 hours periods, which were also termed as time course
points. One experiment was proceeded by harvesting RNA from two wells (one stimulated
with leptin and one just treated with PBStwo separate tubes) and protein extraction from
four wells (two wells were leptin stimulated and in two PBS added, collected in two separate
eppendorfs from each six wells plate, using p0drizol reagent (Invitrogen) and one ml
lysis buffer respectiy. Simultaneously, another experiment was performed with leptin
zero time point as control instead of PBS. Funmtiame in order to check the effect

ofmedium 70 ng/ml leptin and PBS were prepared in DMEM alone without serum.
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2.1.5.5. RNA and protein extraction

Prior to RNA and protein extrdon, aspiration ofDMEM (see details in Table 4.5 in
appendix llivas done and subsequently each well was washed twice witlc@oold PBS

(see details in Table 4.5 in appendix Wdded 50@l of Trizol (Invitrogen Carlsbad, CA) in

each well,PBS treatednd leptin stimulated from 3 hour time course point cell culture dish.
Then cells were detached by repetitive pipetting and collected into two separate tubes and
marked as 3#PBS and 3Heptin. The proteins of the same time point were extracted using
lysis buffer with scraper and collected into twdml eppendorf tubes. Similarly, on the
appropriate time and days RNA and proteins were extracted for other time course points
such as 8h, 12h, 24ind 48h, and stored &0°C for further use.

2.1.5.6. RNA purification

RNA samples treated with Trizol were -tteezed by leaving for 5 minutes at room
temperature. Then 0.1ml of chloroform was added into each tube and samples shake
vigorously for 15 seconds, then left them for 5 minutes at room temperature. Then these

samples were centrifuged at 12000xg%t fbr 15 minutes.

2.1.5.7. RNA precipitation

The upper aqueous phases transferredo the fresh RNasdree tubes. Then added 200u
isopropanol:mixed and stored aR(°C overnight. After thissamples were thawed at room
temperature for 5 minutes and their centrifugation was carried out at 12008%Xgfat 15

minutes.

2.15.8. RNA Washing
Discarded the supernatant and pellet was washed2@M@hl 75% ethanol, then centrifuged

at 12000xg at9C for 15 minutes.

2.1.5.9. Redissolving of RNA
The supernatant was removed and air dried for 5 minutes. Pellet was dissolvad in 20

RNase free water and incubated for 10 minutes @ 55

2.1.5.10. Determination of RNA int egrity
To check the degradation of RNA whether it got degraded or not during its extraction in

Trizol reagent, 1@l of total RNA sample was loaded and run on an ethidmomide
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stained 1%w/v) agarose gel with 1XAE buffer (see details in Table 4.5 in Appendix,ll)
at 120 volts for 10 minutes. Prior to thigdi12ul concentrated RNA samples were prepared
in RNasefree water and RNA loading dy&sel was then subjected to Ahlphnotech
machine and photographed whitefultraviolet transilluminator (UVP, CA, USA). These

RNA samples were used for cDNA synthesis.

2.15.11. Determination of RNA concentration and purity

After confirming the integrity of the RNA by agarose gel electrophoresis, purity and
concentration of RNA was measuresing a ND1000 spectrophotometer (Nankip
Technologies, NC, and USA).

2.1.5.12. cDNA synthesis

Total RNA from treated cultured cells HepG2 liver was obtained using Trizol Reagent
(Invitrogen, Carlsbad, CA).Total RNA (1ug) was revetrsnscribed in a 20plreaction
containing random primers and ProtoScript cDNA synthesis kit(NEB, CA). Three hour PBS
was used as negative control without enzyme. In labelled PCR tubes a tqigIlRNA was
reverse transcribed in a @0reaction mix. In one set of PCR tubespul@acton mix, ul

oligo dT, Jul random primers and2 of enzyme mix were added and poured into another
set of PCR tubes, each containingl éotal RNA. In case of control 2 water was added
instead of enzymes. The contents in PCR tubes were centrifuged mtordemogenize
them. Then incubated the 20ul cDNA reaction &CAfor one hour. Prior to incubation at
42xC an incubation step at €5 for five minutes was carried out. Similarly another set of
1IPCR r eacti ons -adirsusedasndrmdlisgEne prbtBcSl s as follows:

In order to get uniform concentrationud/6ul) of each control and leptin stimulated RNA
sample, variable calculated amounts of RNA samples for different time points were added in
RNase free water in 11 PCR tubes separately.

Then in another separate set of 11 PCR tubdsaWolg components were nmax aslOpl M-

MuLV reaction mix 1pl Oligo dT, 1pul Random primerand2ul M-MuLV enzyme mix was
added in 10 PCR tubes and mixed well.

Then transferred the above mixture intpl@otal RNA PCR tubes. Ithe control instead of
enzyme, Pl RNase free water as added. The contentstime PCR tubes were centrifuged

briefly, just to ensure their homogenization. Then incubated théd 2DNA synthesis
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reaction at 4Z for one hour. Prior to 42 incubation, an incubation step at°@5for 5
minutes was performed.his cDNA was stored aR0°C for downstream analysis of gPCR

gene amplification.

2.1.5.13. Real-Time Quantitative RT -PCR (RTgPCR)

Realtime PCR was performed with iCyclerReahe detection system (Eppendorf) using
brilliant gPCR master mix (Stratagéne). 4HFPCR was used in order to amplify
exponentially thegene of interest by using gene specific primers. A housekeeping gene, 18S
was used as a normaliser to generate final results. The primers used for the amplificationof
the humarmA1lAT serpirAl geneand18S were listed ihable 2.2.

Table 2.1: Concentrationsof different componentsused in RTqPCR reaction.

Ingredient Final concentration or
No. of ulin 20ul reaction in per well

Nuclease free water 6ul

100eM Forward hA1AT pri|10l 10&M (working PCR s

100eM Rever s e(sthcholatibn)pr i| 1 Ol 10eM (working PCR s

2X SYBR Green JumpStart Taq Ready Mix 10ul 2X SYBR Green for PCR

cDNA template 2¢el for PCR amplificati

All samples were runin triplicates. The relative fold increase of specific RNA wascalculated
by the comparative cycle of threshold detection methodand values were normalized to 18S.
Final results, expressedasfaid differences of mMRNA between differentinsulation
relativeto the 18S, were calculated with the following formulathat is based on three
replications in each cycle: n = fold =efficieffcy) Target gene/efficiendy’ ¥ 18S mRNA,; ¢
representscycléhreshold fortarget gene or 18S gene detectionin controls; t represents Ct for

target gene or 18S mRNA gene detection in treated samples.

2.1.5.13.1. Primers designing
The serpi1 (Homo sapiens) coding gene sequence was selected in pubmed (accession no.

NM. 0002954). Then primerwere designed using primer3 softwareand commercially got
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synthesized from IDT (Integrated DNA Technologies). A stock gitd®f each primer
was prepared as mentioned in a reference paleo et al. 2003and newly self designed
primers. Then 10M of working forward and reversed primers mix was made which used in

gene amplification.

2.1.5.13.2. PCR Amplification reaction

Prior to investigating the relative hA1AT (human A1AT) gene expression, usingAHTR

at different time points, primers optimization of the target as well as the reference gene was
carried out. Firstly, p fadtim@imess ¢ ¢ fo fc ikactiod n cby
pri mers pair available in Jiangbés | ab) was
stimulated hepG2 mRNA wells. In this case melting curve was negative; reason may be
primers inefficiency due to prolonged storage and degradalfiben a different set of
primers for another housekeeping gene 18S,was kindly obtained froMaigala
Soundarapandiam Dr.Bjorn Tyrberglab at SBMRI, Orlando, FL, USA. Reseatt in
positive G values were obtained with 18S and yet there was no positive melting curve with
target gene hA1AT, using a pair of primers taken from reference (pdiper et al. 2003.

Pure nordiluted cDNA samples were used, in order to check the proper functioning of the
both sets of newly purchased reference and self designed primeralu€s were arrived at

cycle number56 only with self designed primers whereas with reference primers not
amplified efficiently Then three serial dilutions (10 times, 100 time and 1000 times) of pure
nondiluted cDNA samples were madie calculateamplification efficiency, and the slope

of the dilution curve calculated by linear regression. Amplification efficiency in percentage
wa s cal cul at-ePICRusS$Sthgnd@akR ™ Curve Sl ope t o
(Stratagene® 2008). The slope for the refieeeand newly self designed primers wad

and -3.39 respectively The newly self designed primers showhdyh amplification
efficiency within 90105% rangeand the efficiency of primers taken from reference paper
were too low. Moreover, to ensure thegification of hALAT gene with exponential range,
different number of cycles (385) was run. Finally @/alue was set at 40 cycles of RT
gPCR for further experiments. In RJPCR experiments 100 times diluted samples were
selected and run with their corresmling primers. In order to check the genomic DNA
contamination two negative controls with no cDNA template and enzyme were used with

each assay. The RGPCR reaction ingredients, concentrations and amounts used are
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enlisted inTable 2.1

Table2.2: primers used in RT-gPCR experiments

Gene Forward Primer Reverse Primer

hA1AT * 5@AG GGC CTG AAT TTC AACCTE3 g * 5@CA GGA ACT TGG TGA TGA TAA3 6

* * FBAGTTCGC CTTCAGCCTATB 6| * * BGAAGC CTT CATGGA TCTGA3 6

18S # -6TA ACC CGT TGA ACC CCATT-3 6 | 5 &CA TCC AAT CGG TAG TAG CG3 &

T *hALAT pair of primers taken from reference paper

*Newly self designed hALATpair of primers

1 # 18S selected and finalized as normalizer to correct the amounts of hA1AT gene expression
while doing gPCR analyses.

=

RT-gPCR running duration was 2 hours. Programmed amplification process consisted of
following PCR conditions: 10 minutes at®@; 15 seconds at 95 followed by 40 cycles of

30 seconds at 96, 15 seconds at the annealing temperature @ 88d 30 seconds 72C

for extension. The annealing temperature was adjusted for getting optimal annealing
conditions for the primers. Different temperatures°G460°C) were tried for the gene
amplification. Finally, 58C was chosen as annealing temperature to gsfysagi amount of

PCR product by minimizing undesirable PCR products.

On the othehandfor protein analysis, cells were washed twice ircéo Dulbeccés PBS,
then lysed in lysis buffer, harvested, measured for protein concentration and st@@q at

until further analysis.

2.1.5.14. Quantitative western blot

2.1.5.14.1. Protein measurement by Bicichoninic Acid (BCA) method

In start 50, 100, 200, 400 and 800 times serial dilutions of BSA stqukr{®) were made

by dissolving 1.25, 2.5, 5, 10 and #BSA from stock in a tal volume of 5@l in lysis

buffer (see details in Table 4.5 in Appendix,lih separate newly labelled test tubes. The
proteins extracted in lysis buffer, incubated at room temperature for defrosting. These were
homogenised by passing 10 times throunginrow syringe. Then centrifuged at high speed

0f13,000 rpmfor 10 minutes. The supernatant was transferred into newly labelled tubes.
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Furthermore 10x proteins dilutions were made by mixipgd protein solution with 4§l

of lysis buffer in other newlyabelled test tubes. Then added 1ml working reagent to each
tube, mixed and incubated at°@7for 30 minutes. Working reagent was made by mixing
reagent A and B in a falcon tube with 50:1 ratio. After incubationjuP@0 each diluted

proteins samples alongith five standards and blank were poured in triplicates in 96 wells
plate. Then absorbance of each blank, standard and sample was measured at 562nm, using
proteinQuant_BCA on SPECTRAmax M5 reader.

2.1.5.14.2. Preparation of 9% SDS-PAGE

The formulations for 9% SD8AGE separating and 4% stacking gels were performed
according toLaemmli recommendatior{Schagger 2006 Bio-Rad Mini gel apparatus was
used with 1.5mm spacer thickness. The desired monomer solution (9% separating & 4%
stacking gels) was prepared by combining all the reagents; 30% aitgldnsacrylamide

stock, deionized water, TrsH = 8.8, 10% SDS, and 10% APS except TEMED. TEMED
was added just prior to casting the gels. In order to fill the gel sandwich, a total of 10 ml
volume of the 9% separating gel was poured from the top dhttez plate. The amount of

the 4% stacking gel was adjusted according to the height of the separating gel.

2.1.5.14.3. Blotting of protein from gel to nitrocellulose membrane

The calculations were performed in order to get 0.5mg/b@6ncentration of proteins in

eah sample by adding appropriate volumes of sample buffer and lysis buffer with 10x
cocktail of protease inhibitof¥acksonret al)(Jacksonet al). These samples were mixed

well and put on 100 for 5 minutes. Then 30y{Lpg/ml) reduced protein samples for each
time point was loaded on 9% SBBAGE in 1x running buffer after a very short
centrifugation at ®00 rpm at 4C and 6pl of protein ladder was also loaded. Then these
cellular proteins wre resolved by supplying current of 80lts for 1 h The resolved
proteins were transferred to nitro cellular membrane, using 1x transfer buffer at 100 volts for
2h at #C.Then stained the membrane with 1x Ponceau stain (AMRESCO) to make sure that

whether proteins were transferred to membrane orseeEigure 2.1
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L Lep3 Lep8 Ilepl2 lep24 PBS3 PBS8PBS12PBS24

Figure 2.1: Transfer of proteins from SDSPAGE to nitrocellulose membrane

Staining of membrane with Ponceau dye in order to ensure the transfer of proteins from gel to membrane.
L=ladder, lep= leptin, PBS= phosphate buffered salienbers: 3, 8, 12 & 24 represent time course points in

hours.

In order to block nosspecificproteins, the membrane was treated with 5%-fadmiry milk

(5ml) in 1XTBST(see details in Table 4.5 in Appendix dihd allowed for shaking for 1hour

at room temperature. Then the membrane was cut into two pieces. One part of the
membrane probed with HAT specified primary antibody (Bethyl laboratories Inc, USA)
and left on gentle shaking overnight &C4 Primary A1AT -antibody was diluted 1/2000
times by dissolving 78 of the antibody in 15 ml 3% BSA solution in 1x TBST before use.
Whereas the secorghrt of the membrane was treated with diluted (1/1000 times) primary
rabbitSTAT3 antibody (Santa Cruz Biotechnology) (STAT3 used as an internal control)
followed by goat antrabbit secondary antibody conjugated with horseradish peroxidase.
Then both pas of the membrane were rinsed 3 times with 1x TBST, 10 minutes were used
for each wash. Super signal West pico substrate components were mixed by 1:1 ratio (v/v)
and this solution was spread over the whole membrane by gentle hand shaking. The
membrane wataken out from the substrate mix and subsequently excess reagent drained on

tissue paper and blot was covered and tightly fixed in clean and transparent plastic wrap
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beneath xay film, then exposed to red light in dark room. After this protein bands were
developed on xay film using Kodak MINR x-ray machine. These bands were scanned
using Flourochem Q scanning software on Ahkbmaotech machine and protein intensity

was calculated by Quantity 1 software, using chemidoc instrument.
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2.2. Results

2.2.1. Study popul ation

The studypopulation is comprised df81 Pakistanihuman adults including 96 healthy ron
diabetic(ND) control subjectsand 85 well characterized type 2 diabgi@D) patientsl'he

ND andT2D age was 46.8+0.@neartstandard error mean, SEMgars and3.6+1.1 years
respectively, with the age range of-36 yearsTable 2.3 shows the descriptive statistic and
selected biochemical parameters of the study grodgditional parameters are given in
appendix |. Statistical analysis revealed thablood serum fasting glucosge
cholesteratriglycerides, body mass index (BMI) and waist to hip ratio (WHR) were higher

in T2D patients relative to the ND control subjects.

Table 2.3: Description of study population

Human subjects ND subjects T2D Patients p-value
Number ( male / female) 96(62/349 85(45/40

BMI (Kg/m?) 26.2+0.4 28.34+0.6 0.004
WHR 0.93+0.006 0.98+0.01 <0.0001
Glucose (mg/dl) 88.3+1.3 210+8.9 <0.0001
Cholesterol (mg/dl) 167.47+5.8 193.73+6.4 0.003
Triglycerides (mg/dI) 156.4+7.7 185.27+9.9 0.02
A1AT (mg/ml) 4.14+0.15 4.0+0.15 NS

NS= nonsignificant, ND= nordiabetics and T2D= type 2 diabetics

As the present work is an extension of serum protein biomarker discovery research program
devel oped in Dr. Jiangods | abktaldiscoveredyALAT 8B MR
a biomarker of obesity in animal modéMansuyAubert et al. 2013, see more details in

study design sectioh.13. In continuationfo Ji angds bi omar ker di scc
work was extrapolated on above mentioned |
order to validate A1AT as a marker of obesity and its related metabolic syndrome such as
type 2 diabetes. Therefore ELISAdsal ALAT protein measurements were carried out in
serum of ND control subjects and T2D patieiitse comparative levels of serum ALAT was

not significant (p: 0.49) betweem2D patientsand their nondiabetic counterpartssee

Figure 2.2A.
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2.2.2. Association of various factors with serum A1AT

Thesestudy subjectsvere further divided intosarious subgroups in order to evaluate the
impact of sex, age,disease duratipD), smokingand BMlon serum A1AT level. The
relationships of serum A1AT level with these paraanetare given irFigure 2.2B, 2.2C,
2.2D, 2.2E, 2.2F and22A respectively

s A Health B Gender s Age
4 49 = 4 4 . - 2 =
35 4 35 1 35 1
3 3 3
— 2.5 1 E 254 —= 25
E = =
= 2 9 g 29 = 2
s 15 4 =15
1 1 19 19
0.5 1 0.5 4 0.5 1
0 v 0 - y 0 -
controls(96) T2D(85) Males(107) Females(74) Age<50(91) Age>50(90)
P: 0.4929 (NS) P: 0.9015 (NS) P: 0.4051 (NS)
g : . F
. D Disease duration i E Smoking , BMI (F cmalcs)
45 1
49 1 - '
35
34 4 9
T 25 1 ==
229 ERl E
.S e é‘
LS o 22 4
1 1 il
0.5 9 0.5 «
0 v » O
DD<5years (81=35) DD>5years (n=44) Non- smoken(lfu) Smokers(17) BMI<27(43) BMI>27(33)
P: 0.8510 (NS) P: 0.5190(NS) P:0.7134

Figure 2.2 Association of various parameters with serum AL1AT levels in the study
subjectsdéd groups

A: Comparative serum A1AT level between ND control subjects and T2D pati&n@omparative serum

A1AT levels between males and females (ND subjects and T2D patients together), C: Serum A1AT levels in
nondiabetics and diabetics together by age, D: Serum A1AT levels on the basis of disease duration, E:
Comparative A1AT levels betwa smokers and nesmokers, F: Comparative serum A1AT levels between
nonobese and obese females (including-di@betics and diabetics)

Thisanalysisrevealed that serum A1AT level wast significantly affected by age€ 0.4),
sex p= 0. 9, smoking p= 0.5) anddisease duratiorpgE 0.8). Similarly in case of females
(comprising of ND subjects and T2D patientsg BMIwas notrelated(p= 0.71) to this

AlAT protein see Figure2.2F. Furthermore, the A1AT differences were also fion
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significant in BMI basedub-groups offemale adultshetween diabetic neobese (3.9+0.4
mg/ml) and obese (3.8+0.2 mg/ml) female patients as well as between ND obese 4.2+0.3

mg/ml) and norobese (4.18+0.3 mg/ml) female subjects.

However, in case of male group (consisting of ND subjects and T2D patients) the BMI
strongly associated (p= 0.01) with serum ALAT level. So, in order to know whether BMI of
both diabetic and nediabetic males show collective impact on serum A1AT levehroy

one of them?'he malegroup was furthedivided intotwo BMI sub-groups; one included
diabeticobese and neaobesepatientswhereas second comprised of dli@se and neobese

male subjectsin case ofND male group BMI was strongly associated p O 00Q) wibh
serum A1AT level seeFigure 2.3B. Whereas in case of diabetics the same parameters BMI
was nonsignificantly (p= 0.701) related to serum A1AT level, showkigure 2.3C.
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o O
=ANRW AR RS

)
reg/ml
g
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BNMI-27(58) BNMI=27(49)
P: 0.0145 (8)

Non diabetic males

-

Diabetic males

-

o

ngml

© = N W & ©n o
mzml
N

M= ANALDAENN

" e Bk F . _y -
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BNI-27(34) BNI-27(28) BMI=27(24) BNMI=27(21)
P: 0.0002 (S5) P:0.701 (NS)

Figure 2.3: The impact of BMI on serum ALAT levels in male groups

A: Serum ALAT level in male groups (including diabetics as well asdpetic subjects) by BMI, B:
Comparative serum A1AT levels between raloese and obese diabetic males, C: Comparative serum A1AT

levels between ND neabese and obese males, D: Comjpegeelastase activity between ND lean and obese
male subjects.

Statistical analysishowedthat on an average blood serum A1AT was decreas#dr2RID
obese grou4.7+0.3mg/ml) compared taND non-obese(3.4+0.2mg/ml) male group. ©

check the hypothé&s if the decrease in A1AT IND obese human males is related to leptin
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resistance62 ND male subjects were selected in order to measgieserum leptin levehs

well for this correlation studyThese NDsubjects were compared for ALAT changes along

with other biochemical and anthropometric variables e.g. BMI, WHR, Blood glucose, leptin,

cholesterol,triglycerides based on their status of obesity. These were divided into two

groups in the multivariate statistical model RPD3. using BMI cutoff values asGroup 1

(BMI<27) and Group 2 (BMD 2)Both groups were clearly separated from each other with

a Q2 of 59% in the PL-®A score plot Figure 2.4A) and the changes responsible for this

separatiorasshown in the loading ploFgure 2.4B) were decreased levels sfrumA1AT

and increased levels skrum leptin and BMI in thebese groufd.he comparative lists of

these variables between these two groups arealsonarized i able 24.

12
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Model=PL$A, R2X(cum)=0.46,
R2Y (cum)=0.70, Q2(cum)= 0.59

0.3 0.4 0.5

Figure 2.4: Multivariate statistical model PLS-DA at BMI cut off point 27

A: Score plotrepresents separation of robese(filled squaresind obese subjectslled circles)
B: Loading plot shows variablagsponsible for these w o

leptin levels and lower A1AT level in ND obese subjects.

g separgtieede higher BMI and

50



Protein biomarker study of type 2 diabetes and obesity Chapte 2

Table 2.4 Characteristics of nonobese and obesdD human male sibjects

Parameters Non-obese subjects Obese subjects P-value
(n=34) (n=28)

Agemean+SEM,years) 48.21+1.6 45.57+1.3

BMI(Kg/m 2) 23.2+0.4 29.30.3 00.0001

WHR 0.93+0.01 0.97+0.01 0.08

Glucose(mg/dl) 87.21+2.3 93.21+2.3 0.08

Cholesterol(mg/dl) 187.9+7 198.9+8.7 0.32

Triglycerides(mg/dl) 163.2+10.6 186+14.8 0.21

Leptin (ng/ml) 4.36+0.5 13.89+1.2 00.0001

A1AT (mg /ml) 4.7+0.3 3.4+0.2 00.0002

Pval ue calculated with unpaired t test with We

Among anthropometric parameters BMI showed significant differeqige : 00. 000
whereas WHR differenssvasnotsignificant. In case of biochemical variables as expected
that obese had increas@B.21+2.3mg/mlmean fasting blood glucose level thaom-obese
males(87.21+2.3mg/ml)but difference was not significarfp= 0.08) Similarly in both

groups cholesterol antriglycerideswere higher in obese group, these were not statistically
different from the norobese groupOn the other hand, two biochemical paramet@isAT

and leptin showed significant differenckstween obese and nobese ND male groups

Serum Igtin level was significantly highe¢ p O 0 .in0obe3ekybjects(13.89 ng/ml)
compared to nolwbeseND male subjectg4.36 ng/ml) Conversely, mean serum A1AT
concentration was significantly lowdr p O 0 .inOtlkeG&@me obesgroup at 3.4+0.2

mg/ml, in omparison to the nenbese group which wals7+0.3 ng/ml.

2.2.3. Interrelationship between A1AT, leptin, BMI and other parameters
The correlations between A1AT, leptin, BMI and other variables were calculated using

Pearson correlation coefficients (r) and uniate regression analysisgd able 2.5). The

analysis showed that serum A1AT was significantly and inversely correlated to two
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parameters; leptin (F8.3293, p< 0.05) and BMI (r9.4231,p< 0.05). Whereas serilaptin
strongly associated with three parameiagsWHR (r=0.332, g 0.05) AL1AT (r= -0.3293,
p= 0.009)and BMI f = O. 6 9 5 4. Pearsdd codreladidhelsa revealed that in
addition to A1AT and leptin, BMI was positively correlated to WrHR0.3797)andglucose
(r= 0.2647and was significant (p< 0.05) in both caséhis interrelationship between
A1AT, leptin and BMI was also shown iRigure 2.5A, 2.5B and 2.5C. For thefasting
blood glucose; it was significantlyp€ 0.09 correlated toBMI and WHR, correlation
coefficients were= 0. 3707 and= 0.2647 respectively\Cholesterol and triglycerides were
also stronglycorrelated(r= 0.55 and p< 0.05yith each other. Theemaining correlations
were nonrcontributory. Briefly as mentioned above amongg of the variables; two

parameters BMI and leptin were strongly correlated with serum A1AT level in ND male

group.

Table 2.5: Pearson correlation coefficients (r)Jamong various parameters ofND male
subjects

A1AT Age BMI WHR Glucose Cholesterol  Triglycerides Leptin
A1lAT -0.1851 -0.4231* -0.2463 -0.0769 -0.2254 -0.09761 -0.3293*
Age -0.211 0.0812 -0.1949  0.0053 -0.211 -0.0727
BMI 0.3797* 0.2647* 0.1187 0.195 0.6953*
WHR 0.3707*  -0.1219 0.0239 0.332*
Glucose -0.135 0.079 0.1057
Cholesterol 0.55* -0.002
Triglycerides 0.12
Leptin

*Shows the significanceorrelations with praluesO0 . 0 5
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Figure 2.5 The mutual relationships between serum A1lAT, leptin and BMI in ND

male subjects

A: Shows the reciprocal significant correlation between serum ALAT and leptin, B: shows the strong inverse
relationship between ALAT and BMI, C: Shows the significant linear relationship between leptin and BMI

2.2.4. Investigations of A1AT and leptin associatio n to BMI

Sixty two ND male subjects wertarther divided into four BMI subkgroupson the basis of

BMI variable i.e.lean (n=15), overweight (n=19ildly obese (n=20) and severely obese
(n=08) groups, se€able 2.6. The pattern recognition method of RD&\ analysis of these
subjects indicated a gradual separation from lgaoup towards severely obesgoup as
apparent in the score plot of PIDBA analysis Figure 2.6A) with overall & of 23%. Main
contributory factors for this separation were ALAT, Leptin and BMI as shown in the loading

plot of PLSDA (Figure 2.6B).
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Figure 2.6. Separation of four BMI sub-groups of ND male subjects

A: PLS-DA score plot shows the gradual separati@nfriean to severely obese subjects, 1. Lean as black
rectangles, 2. Overweight as diamond shapes, 3. mildly obese as blue circles and 4. Severely obese as green
circles B: PLSDA loading plot shows Main contributory factors for these four BMIgudups sparation. In

obese ALAT decreases, both leptin and BMI increase relative to the N&bese groups.

Further glitting up of thisND malegroupinto aforementioned four BMI sufroups also
revealed that serum leptin level was linearly increased with BMI were significahy
differentin each groupwise comparisonwith maximum differencé pQ001)was shown
between overweight and mildly obese groapBMI cut off point 27 The leptin differences
were also significant between other consecutive grodpe leptin differences were

significant in three groupise. overweight, mildly obese and severely obese compared to the
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ND lean groups. Similarly the overweight group showed significant leptin difference with
respect to mildly obese (p= 0.001) and selyerbese (p= 0.0001) groups. The leptin
difference was also found significant (p= 0.03) between mildly obese and severely obese
groupssed-igure2.7B. The increase of serum leptin in overweight, mildly obese and
severely obese groups were 14.3%, 115.6% 26f®12% respectivelyrelative to the lean
subjects.On the other hand, serum A1AT was decreased with increased in BMI value.
Comparative to the ND lean male group 13.7%, 31.3% and 39.2% serum AL1AT mean
values were decreased in overweight, mildly obese amerelg obese male groups
respectively. Furthemithis case serum AlASignificantdifference(p= 0.04)was obtained

at BMI 27 cut off point between overweight and mildly obese adult groups. Whereas the
differences wer@ot significantwith respect tothe successivd8MI cut off points,p-value

was nonsignificant between lean and overweight groups (p= 0.26) as well as between
mildly obese and severely obese groups (p= 0.31). The ALAT was significantly decreased in
mildly obese (p= 0.04) and severely obépe 0.01) groups relative to the overweight
group. The A1AT difference was significantly (p= 0.002) different between ND lean and
mildly obese groups. Comparative to the other gratige comparison the A1AT difference

was very large (p= 0.001) between NI[Ran and severely obese grogh®wn
inFigure2.7A. Therefore the BMI cut off point 2Wasusedto differentiate norobese and
obese individualsn the present studywhich fulfilled the BMI criteria defined by Jafaret

alfor Pakistani adult populatio@afaret al. 2006. The serum leptin an@d1AT levels of

these four ND male sutproups are given imable 2.6.

Table 2.6: Comparative blood serum A1AT and leptin mean concentrations in various
BMI groups of ND male subjects.

Protein Lean Overweight Mildly obese Severely obese
BMI 023 BMI(23-27) BMI(27-30) BMI O30
(n=20)
(n=15) (n=19) (n=08)
A1AT (mg/ml) 5.1+0.4 4.4+0.6 3.5£0.2 3.1+0.3
Leptin (ng/ml) 2.9+0.5 5.5+0.9 12.3+1.2 17.8+2.5
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Figure 2.7: The relationship of ALAT and leptin with BMI in ND male group

A: Bar graphs show the decrease of serum ALAT with increase in BMI, B: Bar graphs show the linear increase
of serum leptin with four BMI subgroups of ND male controlsiaRies are given for groupise comparison

on the top of each graph with horizontalds.

In addition to ELISA based measurementsfor ALAT, blood serum samples of 12 ND lean

subjects and 12 ND obese subjects were analyzed by quantitative western blot assay. This

antibody based approach also showed significant (p= 0.02) decrease of Al&jese

individuals relative to lean subjects, giverFigure 2.8A and 2.8B. Conversely, brightness

ratio for ALAT bands was 1: 1.2 for lean and obese subjects respectively. The decrease of

A1AT was found 16 percent in ND obese male group, relative tblEhéean group.

A

1.2
1 9
0.8 9

0.6 9

Relative intensity

0.4 1

Lean(12)
P: 0,02

Obese(12)

Figure 2.8: Western blot analysis othuman serum A1AT

A: The decrease of relative serum ALAT intensity in ND obese relative to ND lean males, B: The comparative
selected A1AT bands intensities of the same subjectsrap fdm
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2.2.5. Assessment of elastase activity

The A1AT is one of the major protective proteins in blood circulation, which is secreted by

the liver. The ALAT inhibits protease activity including neutrophil elastase and as a
consequence protects tissue damage in lungs. Several studies indicateé& thetviieen

obesity and asthma. Further the A1AT deficiency was associated with pulmonary disorders,
especially emphysema. Therefore it was hypothesized that obese individuals should have
increased elastase activity compared to lean subjects. In ordeess &dss relative elastase
activity, 10 lean (BMI 023) and 10 obese (E
relative optical densities difference was not significant (P= 0.69) between these two groups,
seeFigure 2.9D.

1.4 - Elastase activity

Lean (n=10) Obese (10)

P: 0.6981 (NS)

Figure 2.9: Elastase activityof ND lean and obese male subjects.

2.2.6. Mechanistic studies for ALAT functional biology using liver HepG2 cell culture
2.2.6.1. Interaction of leptin with A1AT gene

2.2.6.1.1. Leptin stimulation and A1AT gene expression
In order toget an insight into the biological basis for the decrease of ALAT in obese male

individuals relative to the lean subjects, human hepG2 cell culture was established to assess
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the leptin effect on human ALAT (hAL1AT) gene expression. As in gene expressigristu
integrity and purity of RNA is preequisite for g°PCR analysis. Therefore the present
study, the mtegrity of the extracted RNA from G2 cellswas determined by ethidium
bromide fluorescence in the form of a cleaBS, 18S and 5%andsbefore downstream
analysessee inFigure 2.10. Regarding qualityRNA samples gave a 280/260 wavelength
ratio between 1.9 2.03. Further €values were not appear®dth negative controlsyhich

was the sign of the absence of DNA contamination

28S
18S

Figure 2.10 Agarose gel represents the integrity of RNA extracted from human

hepatic HepG2 cells

2.2.6.1.2. Optimization of cDNA concentration for g°PCR amplification

The self designed hAL1AT pair of primers was selected and used for gPCR amplification and
analyses see imable 22. The AIAT gPCRCr cur ves wer e arrived a
threshold with pure nodiluted cDNA templat&Subsequent to this three 10 folds serial
dilutions (10 times, 100 times and 1000 times)pafe nordiluted cDNA templatevere

made in order to ge€rval ues at 17 to 18 <cycleds num
dilutionsi.e. 10 times, 100 times and 1000 times g&vevaluesl4.29 17.29and1.0&ycle

numbers Theseself designechA1AT pair of primers gave evenly spaceé €irveswith
requiredamplification efficiency (E= 97.24%}¥ee inFigure 11. Finally, among these three
HepG2 cDNA serial dilutions; 100 times dilution was selected for gPCR amplificatien. T
hA1AT Cr values were compared with that of 188ormalizerto correct the amounts of

mMRNA for downstream qPCR analyses of ALAT gene expressiortultured leptin

stimulated hepatic cells in a tirdependent manner.
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Figure 2.11: This shows @ curves ofcDNA serial dilution s

2.2.6.1.3. Melt curve analysis

Melt curve analyseswere also performed at the end of 40 cycles ingestigate

contamination.Melt curve analysikigure 2.12) of the hALATgPCR product with newly
self designed primers indicated that the primers were specifiélfAl geneand there was
no curve representing genomic DNA and prirdanersThereforeon the basis of efficiency
value within desired range9@-105%) and melting curve analysis, newly sdisigned

hA1AT primers were selected for g°PCR experiments.

Tenpecmre 'C|

Figure 2.12: Melt curves to check contaminationother than target DNA amplification.
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2.2.6.1.4. Leptin stimulation induced A1AT expression in hepatic cell lines

Leptin-stimulated timecourse dependent analyses were performed in order to gain an insight
into the regulation oA1AT mMRNA expression pattertdror this,human liverHepG2 cells

were incubated with 70ng/ml of recombinant human leptin fd88 incubation periods

with PBS controls inthreeseparaténdependent experimentgach in triplicate A fold
change in A1AT gene exgssion was calculated at each treatment time point using

c omp ar at methed(seeCdetails in materials and methasksctions 2.1.5.13. and
2.1.5.14.) The relative quantification for ALAT gene was expressed as fold change over
control gene expression. @dn G valuesof ALAT gene expression obtained from three
different independent qPCR experiments were expressed as meantSEM and statistical
calculations were performed using graph pad stat and Microsoft excel software. Overall data
obtained through gPCR p&riments showed that leptin treatment resulted in a significant
increase (p 0.0077) in hALAT mRNA expression after 24h of stimulatiovith human
recombinant leptifFigure 2.13) in a time dependent mannéturthermore, hA1AT fold
increase was found maxum (3.2 folds) after24hoursof leptin treatment, relative to 3

h o ur s éourseipame
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Figure 2.13: An effect of leptin stimulation on hA1AT mRNA expression in HepG2

hepatic cell line in a time dependent manner

The HepG2 cells were incubated with 70mg/ml of recombinant human leptin for 3h, 8h, 12h, 24h and 48h time
course points. A maximum mRNA increase (3.2 folds) was observed after 24h incubation. All data are
presented as meanSEM of three independent exp#sreach in triplicate with 18S normalizer. P<0.05 was

set as significant.

Quantitative mRNA analysis showedrigure 2.13) that AIAT mRNA was increased
maximally after 24h leptin stimulation. In addition to this, it was tested whether ALAT
protein accumlation increased in hepatocytes. The leptin and PBS treated hA1AT was
harvested for each time course point, as showsigare 2.14B, from liver Hef52 cells and

then subjected to @stern blot assaysde details in materials methods sectiiis5.1. and
2.1.5.14.). The level of hA1AT was assessed with human Agpgdcific antibody. A house
keeping gene STAT3 which expresses equally in all tissue types was used as normalizer to
ensure the correct loading of sample in each gel well. Then leptin and PB%atanu
hA1AT: STAT3 density ratio was calculated for each time course peirgéh, 8h, 12h and

24h in a time dependemanner,seeFigure 2.14B. Finally, in order to evaluate 70mg/ml
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recombinant human leptin stimulation effect on hA1lAT level, a ratitepfin and PBS
treated hAL1AT protein density was calculatedfor each time course point. Each bar graph
showing Figure 2.14A) leptin stimulated hA1AT: PBS treated hALAT density ratio band
pictures shown irFigure 2.14B. Quantitativewestern blotshowed tha hA1AT level was
increased in a time dependent manner and it was confirmed that hA1AT protein level was

maximally (1.32 times) increased after 24h of leptin incubation.
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h

Figure 2.14: A1AT W estern Bots Analysis inHepG2 Cells

A: shows ALAT western blotegarding leptin time course, B: shows the A1AT western blot bands of leptin
and PBS treated HepG2 cells at different time points. The STAT3 used as normalizer to correct ALAT amount.

Briefly, RT-gPCR and gantitative immunewestern blotresults revealedhat hA1AT

expression was increased by leptin stimulation in cultured hdpap&2 cells as a positive

acute phase protein
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2.3. Discussion

Diabetes Mellitus (DM) is a complex of disease which affects various body tissues and
organs. DM prevalence is incr@ag and becoming an alarming threat for human life at
global scaleThe diabetes healthcare cost adversely affects global ecof®isgel 2003

Among the various types of diabetes; type 2 diabetes (T2D) accounts for more than ninety
percent of the total diabetic cases. T2D develops slowly and its uncontrolled progression
leads to chronic microand macrevascular complications which affect majoody organs

such as eyes, nervous system, and kidriégsvler 2008. It is thought that obesity and
diabetes are twin metabolic disorders. However, the metabolic profile of obese without
metabolic syndromes (M®) is different from that of obese with MetS. But it is an
established fact that obesity is a key player in insulin resistance (IR) and T2D development
(Shankar 2008 Imbalanced diet intake and physical inactivity are the basic factors
contributing to the development of obesityhish associated with low grade inflammation
(Shen 2012 Now it is well reported thaobesity besides T2D is the precursor of
hypertension, cardiovascular disorders, lungs related problems and various types of cancers.
In other words, it is true to say that obesity (especially the visceral adiposity) is the latent
phase which predispostesvarious metabolic disorders including IR and T@ilhermeet

al. 2008. Therefore, there is a huge need to identify molecular biomarkers and pathways
which are responsible for converting silent phases of IR and T2D pathogenesis before the

appearance of clinical obesifylorenoNavarrete 201)1

Presently, the established tools such as fasting bloodbsgulevel, glycated hemoglobin,
plasma insulin measurement etc, are used in the screening /diagnosisdatbetee and
diabetic patients from normal population. These tools/assays are the late markers where
diabetes has already progressed and becomieathn difficult to reverse(Okadaet al.

2010.

Scientists are using different tools and approaches such as genpnutymics and
metabolomics in order to explore the mystery of T2D. Yet not any marker has been
established which could be used as valid diagnostic marker in the clinical laboréBooés

et al.2005.
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Neverthelessit is well studied that rather than gene, its expression products such as proteins
and metabolites represent the true phenotype of the obesity and T2D e(dkspyest al.

2006 Cowanet al.2008. Therefore, the biomedical sctests are paying profound attention

to discover biomarkers of obesity and its related metabolic syndrome, e.g. d{@betBsjk

et al.2010.

Ji ango0s dgooweredsonmepretein biomarkers in Ob/Ob mice, which are models for
obesity and type 2 diabetes. The strongest one was A1AT, which was identified as a marker
of obesity (data under revision), see more in study design section 1.13. Therefore we were

fasagnatedto know if A1AT is a marker of obesity in humgNansuyAubertet al.2013.

Since A1AT is a positive acute phase proteins (APPs) aadgene expression in liver
increases B folds during inflammatiofBallenaveet al. 1997, Morganet al. 2002.A1AT
deficiency was firsttime described in the late 1960s in patients with severe pulmonary
emphysem@regoneseet al. 2008. Deficiency of ALAT also increases the risk of

developing liver, lung and gastrointestinal dis¢3sdleret al. 2005).

In present study no significant difference was found in serum A1AT levels between ND
control subjects and type 2 diabetic patients. Thus these results are comparable with results
of Engstromet al results(Engstromet al. 2005. In sypport of this, it has recently been
reported that uncontrolled type 2 diabetic patients have decreased trypsin inhibitory capacity
of AL1AT relative to their ND control subjeci{#ashemiet al. 2007). T2D pathobiology

causes the modification and glycation of serum pnstewhich is a nomnzymatic
unregulated process accelerated in hyperglycemic condition leads to the alterations of
proteinsd structure and functions. The dec!
due to glycation of A1AT protei(Hayden 200k

Moreover, the possible impact of gender, age, disease duration, smoking and BMI on serum
A1AT level was evaluated in sera of above mentiostedy subjects. Age, disease duration

and smoking did not correlate with serum A1AT levii a previous studies no association

was also reported between serum A1AT level and smokBwmnayajuluet al. 1996).
Similarly duration of diabetes and age were also not related with serum A1AT level.

Hashemiet al have shown that serum trypsin inhdosiy capacity of A1AT is reduced with
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aging and disease duration in T2D patients compared to ND control subjects, which might

be due to norenzymatic glycation of ALAT proteifHashemiet al.2007).

For BMI impact on serum ALAT concentrations, in the present studyssuocetion was
foundbetween BMI and serum A1AT levels in both subgroups of female aichglisding
diabetic norobese and obese female patients as well as between ND obese artzbs®n
female subjects. Whereas the previous studies reported that usel @bwoir@ceptives,
menstruation periods, gestation and its phases affect blood serum AL1AT levels in women
(Shaaban 1994 Gleichmanret al. 1973. In pregnancy ability of A1AT to inhibit proteases
such as frpsin decreases in spite of the higher level of A1AT in diabetic condition relative
to the healthy state. Furtlmeore, serum A1AT level fluctuates during the consecutive
phases of normal and diabetic pregnaftégramet al. 1983 Espaneetal. 1991 Yaghmaei

et al.2009. It is also reported that the levels of serum proteins including ALAT significantly
perturbed in menstruations, as A1AT deased after menopause and increased by estrogen
treatment(Hashimotoet al. 1991). The pregnancy and use of contraceptives were not
considered in this studyhese might be the facts no realistic reswlere found in female
groups.This study also indicates sapecific interface between serum ALAT and igade
inflammation in ND obese female subject&s a paststudy reports thesexspecific
differential expression of an acute phase pre@RP betwen men and wome(Ukkola
2007).

In male diabetic group; mean serum A1AT levels were not different between obese diabetic
and nonrobese diabetic patients. Present study is the first one to perform serum A1AT levels
in T2D male patients on the basis of their body mass indices. Thoudts igroup BMI is

not associated to serum A1AT levels. While designing this study T2D nephropathic patients
were excluded, whereas other types of complications such as retinopathy, neuropathy and
cardiovascular related disorders were not sorted out. T2Bsisciated with various types of
macrae and micrevascular complications and the pathophysiology of diabetes with micro
vascular complication is different from that of masascular complicatiogAhmed 2010

Junget al. 2011). Serum proteins show differepattern of association with regard to the
specific type of complication. For examp{@-peptide show association in T2D patients with

macravascular complications but not with mievascular complicationgSariet al. 2005).
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In this male diabetic group; T2D patients with complications mighte variable ALAT

levels.

On the other hand, in healthy ND male control group BMI was significantly related to the
level of serum A1AT protein. In the initial ELISA based findings of this study, it was
identified that 27% serum A1AT reduced in ND obesbjetts relative to the neabese
subjects. Whereas the quantitative immuvestern blot (QWB) revealed 16% decrease of
A1AT in obese subjects.AL1AT significant difference was obtained at BMI 27 cut off point
between obese and nobese group. While the AlAdifferences were not significant at
other BMI cut off values.e. 23, 25, 30. Therefore in this study the BMI 27 was used to
distinguishobese from notbese individuals, which fulfilled the BMI criteria defined by
Jafaret al for Pakistani adult populatn (Jafaret al. 2006). As far as differaces in ELISA

and qWB based AL1AT results; it might be due to certain technique limitations, as former is

more sensitive than latter approdttieiseet al.2001).

In addition to this, searal studies demonstrated that obesity is frequently associated with
high plasma/serum leptin concentrations and leptin resis(@harin et al. 2008;(Valle et

al. 2003. In the present study significant differences in serum leptin concentrations were
obtained among ND male subjects with different BMIs, and level of leptin was maximum in
severely obese. This indicates that obese individuals in this ND male group are leptin
resistance. Since it is an already established fact that leptin levels arecaighifhigher in
obese than in neobese subjects. There are several possible explanations for the leptin
resistance in obesity. This might be due to increasing circulating leptin interacting factors,
e.g. CRP, receptors/post receptors defects, which prabe transmission of the leptin
signal or the inability of leptin to transport across the blood brain barrier (BBB) which is due
to the increase accumulation of triglycerides in brain or other body ti¢Meetin et al.

2008.

Furthermore, in this study inverse relationships were found between serum A1AT level and
two other parameters such as BMI and leptin in ND male control groups. Whereas
remaining parameters are noantributory with regard tthe serun A1AT level. Engstrom
et al identified the deceadeevel of A1AT in high BMI men relative to the low BMI

subjectéEngstromet al. 2004). Whereas for the first time an inverse significant correlation
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between ALAT and leptin was established in the present study, which shows the reciprocal
gradual A1AT decrease and leptin increase in various subgroups of human ND control
malesi.e. lean, overweight, mildly obese and severely obese groups. Furthermore, this

indicates a link, existing between obesity/leptin resistance and antiprotease process.

2.3.1. Al1AT and neutrophil elastase activity

It is well reported that A1AT counterbalances the aistiof neutrophil elastase (NE),
without the protection of ALAT, NE can easily break down elastin which contributes to the
elasticity of lung tissue, whichsubsequentlydevelopsespiratory complications in
humangStolleret al.2005. An increasing number of studies suggest an association between
obesity and chronic respiratory diseases such as emphysema and chronic obstructive
pulmonary disease (COPO¥uerraet al. 2002. Although the causality relating obesity

with asthma has not been established very well, however, it is reported that ALAT protein
plays an important role in the development of chronic lungs diso(#&ishekeret al.

1987. Similarly, another study shows the inverse relationship between BMI and serum
A1AT level in COPD patient@Higashimoto 2011J i angdés group for the
that A1AT proten was decreased and on the other hand elastase activity was inéreased

obese mice relative to the lean mouse m@tdssuyAubertet al.2013.

In the present human study elastase activity was not significantly different between ND lean
and obese male subjects. The activity of protein is very unstablpazethto protein itself.
Therefore it might be possible that prolonged serum samples storage and transportation

adversely affect elastase activity and reqifsi et al.2006).

2.3.2. Regulation of acute phase proteins (APPs) in inflammation associated with

obesity
The inflammatory stress in obese state induces the release of adipocytokines sucHhs TNF
IL-1, IL-6, leptin, etc, from adipose tissues and provokes synthesis of APPs (e.g. CRP) in
liver (Maachiet al. 2004 Rasouliet al. 2008 Ouchi et al. 2011). Of the various factors
which are involved in the initiation and maintenancé inflammatory response,
adipocytokines specifically regulate the differential expression of APPs in various tissues
(Maachiet al.2004);(Li 2006).
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It is reported that 16 like cytokines such as #6 and oncostatin M (OSM) stimulate the
expression of ALAT in various peripheral tissues including HepG2 liver cells via
JAK/STAT3 pathway(Murakamiet al. 1993 Nakashimaet al. 1998, details are givernn
section 1.7.1, in chapter 1. Leptin is also included 16 ltype cytokines; see section 1.9. in

chapter 1.

Therefore in the present study, it was demonstrated that in human hepatic HepG2 cell line,
using RT-qPCR and quantitativeresern blot techniques th&1AT mRNA expression and
protein level increased by leptin stimulation in a time dependent manner which was
maximally sustained after 24h of stimulation. The decrease of mRNA after 48h of
incubation might be due to the prolongectubation time. The prolonged incubation
decreases viability of HepG2 ce(Risset al.2004).

Furthermore, in this in vitro study protein quantity in HepG2 cells was less than mRNA
expression level. The mRNA levels partly correlate with the corresponding proteins
concentrations due to numerous pinanslatimmal modifications and epigenetic effects,
which might be the fact that protein accumulation is less in comparison to its corresponding
MRNA level(Kleivi 2006; Brockmannet al.2007).

2.3.3.  Animpact of leptin and other cytokines signaling on A1AT gene expression

The genes of APPs are divided into two groups on the basis of their response to
adipocytokines; the type 1 genes which are regulated {dydhd IL-6 cytokines, and type 2
genes, respond mainly to the-6Llike cytokines such as {6, OSM, etc(Baumannet al.

1994 Moshage 199)/Using a wide range of techniques, it has been shown QIS
induces a functional response at 24 h via STAT3 binding to the STAT se@Mengan et

al. 2002. Moreover, different reports identified using gel shift and luciferase assaw that
perfect consensus FALAT edhdnber region was eapable of mindihgh e
the transcription factor STATBIorgan et al. 1997). In case of other cell types such as
monocytes and macrophages, Hpalysaccharides (LPS) tegulatesA1ATand this protein

gene s also stimulated in lungs epithelial tissues in response to (BakbeyMorel et al.

1987 Sallenaveet al. 1997). In HepG2 cells, theA1lAT gene regulation occurs at the

transcriptional stage and this mediated primarily via hepatocytes promoter containing the
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STAT3 sequenddlorganet al. 2002. The A1AT was stimulated up to three folds bytwo
cytokines IL-6 and OSM in HepG2 cell lin(Sallenaveet al.1999.Dat a r egar di ng

effect on ALAT in liver cells are not reported yet.

However, it was manifested that the short and long leptin receptors isoforms were expressed
in HepG2 hepatic cells whicsupporting the hypothesis that like OSM cytok{sallenave

et al.1997), leptin might act to regulate few gene target in hepato¢yiiesu et al.2008). In

a study it was investigated that physiological concentration of leptin was capable to
stimulate the expression of an acute phase protein in human primary hepafGtest

al. 2006. Recently Jiang and his cavorkers(MansuyAubertet al. 2013demonstratedn

mouse models that expression ALAT gene was leptin dependant alegtin stimulation
increaseghe level of A1AT protein viaJAK/STAT3 pathway in cultured hepatidepl-6

cell lines.

The OBRb is the only leptin receptor type which activates SIgyFtem(Martin et al.

2008. A specific tyrosine residue, Tyt138 in the intracellular domain of the GRb
mediates the activation of STATSanget al.2007). Ob-Rb helps in signaling via PI3K and
MAP kinase, nitric oxide pathways in peripheral tissues. The best characterized pathway in
leptin signaling is the JAK/STAT pathwdyaisseet al. 1996). The binding of leptidigand
causes OIRb to undergo homaligomerization and subsequently binds to JAK2
(Nakashimaet al. 1997). Only ObRb possesses the STAlNnding site(Bjorbaeket al.

1997. In vivo studiesdemonstrated that STAT3 is the major transcriptional factor in
signaling. Binding of OHRb with JAK2 leads to the JAK2 autophosphorylation and the
phosphorylation of Tyr985, tyrl077 and Tyr 1138 on-Rib receptor. The phosphorylation

of Tyr1138 recruits SAT3 protein to the ORb-JAK2 complex. Tyrosine phosphorylated
STAT3 molecules which dimerize and translocate in to the nucleus in order to activate
transcription of target genes. Resulting in leptin or othe Ilike cytokines via
JAK/STATS3 signaling mdiates the induction of APPs including ALAT mRNA expression

in peripheral tissues such as vascular endothelial, HepG2 liver cell§Salienaveet al.

1997 Singhet al. 2007). The STATS3 transcription of suppressor of cytokine signaling
(SOCS3) inhibits leptin signaling through a negative feedback mecharBamks et
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al.2000; (Bateset al. 2004, an induction ofA1AT expression by leptin (cytokine) is
illustrated inFigure 2.15

Cytokine Cytokine receptor
Liver cell
/ \/ (Hepatocyte}

P Tr?nscription
»

Figure 2.15 A1AT mRNA stimulation by leptin-JAK/STAT3 pathway in peripheral

tissues

The cumulative results ahe present study revealed that thR&AT expression is leptin
dependent and the decrease of A1AT in-d@betic obese human male subjects is probably

due to leptin resistance on its targets in the liver cells.
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2.4.

T

Conclusions

In this study an association was established between AL1AT deficiency (A1ATD) and
obesity.

This is the first study which reports a significant inverse correlation between serums
A1AT and an adipocytokine leptin in human obese male subjects.

A new inversecorrelationwas also found between serum A1AT level and BMI.

From tis studyit is proposed that leptin induces ALAT at both mRNA and protein
levels in human hepatocytes as an acute phase ptioteughJAK/STAT3 pathway.

By assembling data from human blood samples and cell culture studies, a link
between obesity and asdrotease process was alsdicated

Thus taken together, these findings lead to the conclusion siératm A1AT
concentration in various stdroups of huran male subjects is regulated by leptin.
The obese subjects belong to this group are leptin resigtach may beoneof the

causs of leptin inability to stimulatéA1ATexpression.

2.5. Future prospects

Metabolic disorders like obesity, type 2 diabetes assoeiated conditions like insulin
resistance, hyperlipidemia, hypertension, cardiovasditorders, pulmonary problenesc
are theundesirableconsequencesf the modern technology er&win disordersof obesity

and type 2 diabetesrereacling the epidemidevelsin various human populations including

Pakistanis. A lot of efforts are being made in the field of biomedical research in order to

understand the underlying mechanisms of metabolic disorders associated with both obesity

and type 2diabetesmn the hope to discover novel therapeutic interventions to control these

metabolic syndromes. These studies have ranged from cell culture and animal models of

human diseases to human population studies using genomic and proteomic approaches to

identify and/ or validate protein based biomarkers, which could lead to novel interventional

drug development.

In the present study, obesity related ALAT biomarker was validated in humans which

actually downregulated in obese individuals. For the first tjidecreasd level of serum

A1AT levels was reported in 1960s in asttim patients.The increased elastase activity was
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also described in astlaiic patients, which causes tissue elastin degradation especially in
lungs. So in this study decreased of ALAT indicatéslkabetween obesity and lung related

complications in obese subjects.

In addition to this, in the present study it was also demonstrated that leptin stinrAd#{€d

gene expression in liver cells, but obese subjects are leptin rgsistach might be one
cause of leptin failure to indud®LAT expression in hepatic cells. As liver is the main site

for ALAT synthesis and segtion. It is well known that leptin is satiety factor to control
food intake or appetite via its receptors sitdate hypothalamus of brain. It has also been
well studied that leptin receptors are also expressed on liver cells but leptin action and
function in this organ is not clearly understood. This study for the first time indicates that
like IL-6 like cytokines,leptin induces acute phase proteins expression, one of them is
A1AT in liver cells. Therefore findings obtained in this study might be helpful to understand
leptin biology in peripheral tissues such as in liveurthemorepy exploring and
confirming abait antiprotease processes through large population based human prospective
studies, exogenous leptin therapy might become one option to prevent pulmonary problems

in susceptible obese subjects.
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CHAPTER 3 METABOLOMIC STUDY OF TYPE 2 DIABETES

3. General Introduction

Diabetes mellitus is a complex metabolic disorder with a clinical phenotype of high levels of
glucose in the blood. Albeit, this common phenotype the underlying etiology is very
different for various types of diabetes (e.g. type 1 diabetes, type 2 dia®teBhis reflects

the involvement of various metabolic networks for normal homeostasis, which if get
disturbed and result in hyperglycemia that leads to the development of diabetes.

Apart from genetics and protein/enzyme based molecular basis for diabetes development
there has been lot of data showing metabolite based changes in diabetes. These differences
either appear in the type or levels of particular metabolite(s) at the sslletor organism

levels.

Hence, in the post genomic gagreat intereshas been generat¢al identify the metabolite

based differences for various diseases including diabetes. In the classical biochemistry,
identification of a few metabolites was pogsilby simple techniques; however, new or
advance tools, technologies and data processing softwares as well as bioinformatics tools
along with dedicated databasa® required for large scale analysis of metabolites. These
developments give birth to the liiteof metabolomics, also termed as metabonomics which is

a new tool in the functional biology toolkit.

3.1. A brief overview of metabolomics/metabonomics

Metabolomics could be defined as applying higloughput analytical techniques to
comprehensivelyidentify and quantify maximum number of metabolites in a given
biological matrix (cells or tissue extracts, biofluids e.g. blood, serum, urine, sweat, tears etc)
followed by advance data analysis using muhiai® statisticgGriffin et al. 2008 Dunnet

al. 2011).

Analytical techniques which are generally applied for metabolomics research include one or
more of the followingalone or generallyin combination. Most common platforms are
proton NMR (NucleaMagnetic Resonance) spectroscopy, mass spectrometry (MS) coupled
to gas chromatography (GK&S), liquid-chromatography (LEMS), capillary

electrophoresis (CBS). All these techniques have their advantages and disadvantages for
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example, NMR spectroscopy nordestructive method for sample analysis which requares
minimal sample preparation time; however, it requires more sample volume and is less
sensitive as it can identify a limited number of metabolites in the range®d 3tetabolites
dependingon th sample type. Mass spectrometry (coupled with
chromatography/electrophoresis) based methods are generally very sensitive as they can
detect hundreds of metabolites and require less sample size; however, they require relatively
lengthy sample preparatiomidvatization time and are destructive (i.e. sample is all used

during analysis).

Analytical data once acquired throughichhigh-throughput platforms (NMR, G®S, LC-

MS etc) is then analyzed by advance statistical methods using multivariate tests. ®mmon
used multivariate tests are Principal Component Analysis (PCA), Partial Least Squares
Discriminant Analysis (PL®A) and Orthogonal PL®A (OPLSDA), Orthogonal Signal
CorrectionPartial Least Squares (OSELS). These tests calculate the overall contrdm

of large number of metabolites in a given biological matrix to show how this matrix is

different from the control ones based on the contribution of various metabolites.

Using this combination of various analytical and statistical tests on a rangelagical
samples, thousands of metabolomics/metabonomics studies have been reported in the
literature. These studies have been carried out to understand the biological systems from
single cell to the organism levels, developmental biology, disease pat®yg, processes

for drug development and monitoring of drug effects as well drug toxicity and
environmental effects on organisms to mention a few of the aedbe context of this
thesis,some of the metabolomitsetabonomicstudies conducted fatiabetes research are

reviewed here.

3.1.1. Applications of metabolomics/metabonomics for diabetes

research
Use of metabolomics for diabetes research has been strongly advocated by Griffin and
coworkers (Griffin et al. 2006 Griffin et al. 2008 Ament et al. 2012 and other
researchefBain et al. 2009 Dunn et al. 2011 Friedrich 2012 Maher et alsuggested

NMR-based metabonomics for diabetes resetratit will increase knowledge of the causes
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and progression of diabetes, and provide opporamfbr the treatment of diabeti@8laher

et al.2009. Hence, an account of some recent metabolomic studies is provided here.

In a collective proton NMR and L®IS based metabolomic analysis of plasma samples of
diabetics, high levels of lactate, acetate, allantoin, ketomex® foundduring insulin
deprivation. Furthermore, mass spectrometry based analysis of these samples showed
changes in levels of plasma amino acids and amino acid metabolites during insulin
deprivation. Overall, changes in metabolite levels showed involvement of several known
metabolic pathways that are perturbed diabetes e.g. protein synthesis and breakdown,
gluconeogenesis, ketogenesis, amino acid oxidation, mitochondrial bioenergetics, and
oxidative stresgLanzaet al. 2010. In a study byGipsonet alusing a multiplatform

(Proton NMR, LCGMS, and microarray) based investigatioha leptin receptor defective
murine model of type 2 diabetesnetabolic disturbances revealed several urinary
metabolites to be associated with diabetes or its progression. Important changestiere in
trimethylaminen-oxide (TMAO), creatine, carnitingnd phenylalanine metaboli{€pson

etal. 2008.

Due to versatility of metabolomics applications, recently there has been a great interest in
applying metabolomics to evaluate traditional/alternative medicine. In this contexndsu
colleaguesconducted a metabolomic study on the effaxt¢raditional Chinese medicine
berberine on type 2 diabetes. In this stuthgy showed the potential mechanisms of
berberine action in the treatment of patients with type 2 diabetes and dyslipidemia. For this
analysis, serum samples of 60 patients betond after treatment with berberine were
analyzed by ultrgperformance liquid chromatography and quadrupole-bfright tandem

mass spectrometry (UPLC-TOF MS). Results showed théte levels of 13 fatty acids
decreasedue to berberine effg&u et al.2010. In related study of Chinese medicine, Wu

and coworkers performed GKIS based analysis on diabetic patients to identify potential
biomarkers(Wu et al. 2012 and Xuet al analyzed plasma fatty acids of type 2 diabetics
(Xu et al.2012.

A seminal proton NMR baseghetabolomic studyby Salek and colleagues for diabietes

mouse, rate and human urine samples hawe/s changes in similar metabolite profiles for
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these three species. These metabolites changes were in the citric acid cycle, methylamine
metabolism, nucleotide metabolism and general systemic stress. Important changes were in
the N-methylnicotinamide antil-methyt2-pyridone5-carboxamideFrom these findingst i

was suggested that these changes may act as useful biomarkers for type 2 diabetes or its
progressiofSalek et al. 2007. In a type 2 diabetesstudy by van Doorn and
colleaguesanalyzenhetabolite profiles of urine and blodd evaluatethemas biomarkers

for the therapeutic effects dfiozolidinediones using NMR spectroscopy. They found that
diabeticpatients showed a relative increase in urinary concentrations of several amino acids,
citrate, phospho (enol) pyruvate and hippurate. And drug treatcaeiseda rapid relative
reductionin theurinary hippurate and aromatic amino acids as well as an increase in plasma
branched chain amino acids and alanine, glutamine and glutamatedialle¢ics Putative
diabetegelated changes ithe plasma were largely attributable tiwe increasedipids (van

Doornet al.2007).

In another drug efficacy studytype 2 diabets were nvestigatedby GC-MS for
metabonomic variationfollowing drug(repaglinide, metformin or rosiglitane)treatment.

There werancreasedevels ofvaline, maltose, glutamate, urate, butanoate and-¢hag

fatty acid (C16:0, C18:1, C18:0, octadecanoate and arachidonate), and decreased
glucuronolactone, lysine and lactate in diabetics. All these daagntents reduced the high

level of glutamate to a lower level in serumdébetics but rosiglitazone treatment was

able to reverse more abnormal levels of metabolites, such as valine, lysine,
glucuronolactone, C16:0, C18:1, urate, and octadecarfaat®, this study it was concluded

that rosiglitazone is more efficient to alter the metabolismiabeticpatients than the other

two drugs(Bao et al. 2009.Similarly, Huoet al reported Proton NMR and L-®1S based
metabonomic based biochemical changes in the serum of type 2 diabetics after the treatment
of metformin hydrochloride. NMR analysis reveal@ttreased trimethylaminB-oxide
(TMAO), 3-hydroxybutyrate (3HB) and decreaskglucose, Nacetyl glycoprotein (NAC),
lipoprotein, lactate, acetoacetate and unsaturated lipids in sefumetformin treated
patients compared to untreated ones:ME detected increased tryptophan and decreased
lysophosphatidylcholines (C16:0 LPC, Ca&PC and C18:2 LPC) as well as phenylalanine

in thetreated grougHuo et al.2009.
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Using GC-MS based metabonomics for biomarker discovery for diabetet abanalyzed
plasma samples in human subjects. They found five potential biomarkers associated with
diabetes including glucose,-t®droxyisobutyric acid, linoleic acid, palmitic acid and
phosphate. Researchersoncluded that elevated free fatty acids as essential
pathophysiological factors in the development of diabdteset al. 2009. In another study

by Zhang and coworkersused an LEMS based metabonomics approach for diabetic
nephropathy and type 2 diabetes mellitus. Using serum profiles in 8 diabetic nephropathy
(DN) patients, 33 type 2 diabetes mellitus (T2DM) patients and 25 healthy volunteers, they
found significant chnges in the serum level of leucine, dihydrosphingosine and
phytosphingosine, indicating the perturbations of amino acid metabolism and phospholipids

metabolism in diabetic diseasghanget al.2009.

Applying metabolomics toepidemiological studies of clinical importance, Suhre and
colleagues explored etabolic footmark of diabetesusinga multiplatform metabolomics.
About 420 unique smalinetabolitesvereidentifiedin fasting blood of diabeticgsingNMR

and MS approachesKnown biomarkers of diabeteshich were found includedsugar
metabolites (1,5nhydroglucoitol), ketone bodies-(8droxybutyrate), and branched chain
amino acidsAuthors concluded thahetabolomicshas the potential fadiabetes researdb
identify a series of known and novel, deregulated metabolgscific for diabetes.
Important changes they found were in thetabolic pathways linked to kidneysfunction
(3-indoxyl sulfate), lipid metabolism (glycerophospholipids, free fatty acids), and interaction
with the gut microflora (bile acids).his study suggestthat subclinical metabolic features
could be identified by metabolomics for diabetic origk diabetic populatiofsuhreet al.
2010.In anotherlarge scaleand importantLC-MS based metabolomicusty for future
diabetes development, Wang andweorkers analyzed amino acids, amines and other polar
metabolites in baseline samples and monitored them in those who developed diabetes after
several years. Five branchebain and aromatic amino acids sigganty associatd with
future diabetesere isoleucine, leucine, valine, tyrosine and phenylalanine. A combination
of three amino acidsvas found enough teredict future diabetes. These investigators
emphasizé on the potential role of amino acid metébm early in the pathogenesis of
diabetes and suggest that amino acid profiles cbeldin diabetes risk assessméWang
etal.201)).
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Using LGMS, Zhuet al carried out phospholipidomic identification of potential plasma
biomarkers associated with type 2 diabetes (T2D) and diabetic nephropathy. Overall, 18
compounds were found as potential biomarkers for T2D or diabetic nephrdgatingt al.

201)). Similarly, Floegel and coworkers used mass spectrometry to identify serum
metabolites associated with risk 2D in a tageted metabolomic approach. Fh®und
metabolic alterations in sugar metabolites, amino acids, and cluaimaining
phospholipids as associated in the early phases to develop T2Dnldife(Floegelet al.

2012. Another mass spectrometry baseetabolomic profilingstudy was performedby
Mihalik et al forblood fatty acid and amino acid metabolism in youth with obesity B2i0

for their involvement irerhanced mitochondrial oxidatiqiMihalik et al.2012).

Similarly, Ng et al carried out GEMS and LCGMS based metabolomic study on urine
samples for low estimated GFR (glomerular filtration rate) in-piarteinuricT2D. Eleven
metabolites from GE@VIS analysis were strongly associated with low eGFR, while 19
metabolites from LEMS were found significantly correlated. These researchers concluded
that their study has yielded new insight into low eGFR and provided a collection of potential
urinary biomarkers for its detectidiNg et al. 2012). Like-wise, rovel biomarkers for pre
diabetesare reported in a separate paper, which will be helpful to prevent T2D before its

clinical symptomgWangSattleret al.2012).

In the light of above mentioned metabolomic studies for diabetes research, the present study
was designed to see the metabolite based differences in Pakistani diabetics using Proton

NMR spectroscopy on urine samples.

3.2. Aims of present study

The main aim of this study was to identify and quantify metabolic differences of Pakistani

Punjabi type 2 diabetics using Proton NMR spectroscopy based metabolomics.
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3.3. Materials and methods

3.3.1. Study Subjects

The study population was based on 98 Pakishuman adults including 49 naliabetic

(ND) control subjects and 49 well characterized type 2 diabetic (T2D) patients. The ND and
T2D age was 45.2+1.3 (meanzstandard error mean, SEM) years and 53.5+1.5 years
respectively, with an age range of-86 yeas. A well defined questionnaire was used to
obtain information regarding occupation, physical activity, life style patterns and dietary
habits, and their past and current illness and medication status. Their anthropometric
measurements of body height, gfei, waist and hip circumference were measured. Type 2
diabetic patients with neuropathy and malignancy were not included in the present study.
After measuring height and weight, BMI was calculated by dividing welg§g} {o height in

meter square. An infomed consent was obtained from all subjects for their participation in
this study. For urine and blood samples collection, camps were organized at various places
in Faisalabad, Pakistan. All subjects were informed to attend blood and urine collection sites
on a specific day in the morning after-12h overnight fast. During fasting period subjects

were only allowed to drink water.

3.3.2. Biological samples (Blood and Urine)

A venous blood sample was taken in gel containing vacutainer without anticoagulant
betweer8-10 am, after an overnight fast. The blood taken in vacutainers was allowed to clot
and subsequently centrifuged for 10 minutes at 900 rpm to separate the serum, which was
stored at-20°C prior to analysis. Sera samples were analyzed for biochemical(¢egts
fasting glucosas described inhapter 4, section 4.4.2

The urine samples of the same ND control subjects and T2D patients were also collected in
urine containers for the analysis of various minemscribed inchapter 4, sections 4.4.3

and 4.4.4)and small molecule based metabolites by proton NMR spectroscopy as described

in this chapter. Different aliquots were stored241°C until carrying out these analyses.

3.3.3. Urine sampling and storage
The 20ml of urine from each aforementioned subjeas \wollected in sterile plastic urine

containers between-B0 am, and stored a20°C with addition of 23 drops of 1% sodium
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azide (w/v) to avoid bacterial/fungal pathogen, without any centrifugation. Urine color in
some samples was light yellow, darklgel with turbid appearance, while in most of them it

was transparent; which may be due to excess intake of water as the subjects were instructed
to fast overnight until sample collection, however, they were allowed to drink plain water.
Prior to downstrean analysis for metabolomics study by proton NMR, each urine sample

was defrosted at room temperature.

3.3.4. Analysis of urine by proton NMR spectroscopy

Initially 400ul urine samples were made up to A0@ith phosphate buffer (0.2 M, pH 7.4)

and centrifugedd remove any precipitated residues. Then a total ofibS@ernatant was
along with 10Qu of sodium 3trimethylsilyl-(2,2,3,32H4)-1-propionate (TSP)/D20/Sodium
Azide solution (0.05% w/v TSP in D20 and 1%w/v sodium azide) was transferreohto 5
NMR tubesand proton NMRspectrum of each sample was acquia¢ 00 MHz Bruker

NMR spectrometer. However, due to dilution of urine samples (as subjects were fasting
from all other food and drinks except water), proton NMR signals were not of good quality

to resultinto meaningful analysis of results.

Therefore, another protocol was optimized for this work. In this case, 1ml urine sample of
each subject was dried down under N2 stream overnight by evaporating water content. This
resulted in yellowish pellet, whictvas reconstituted in 5p0 of 50mM Phosphate buffer

(pH 7.4 with 1% NaN3 and 0.05% TSP in D20) by vigorous vortex mixing main. It

was followed by sonication in an ultrasonic water bath for 3 min and spwn.d
Transferred around 545pkf each supeiatant by leaving any precipitate to thenin NMR

tubes. Each sample was run on 500 MHz Bruker NMR.

The resultant spectra were of very good quality due to high concentration of all metabolites
with exception of urea peak, which is a characteristic pe#tkeproton NMR of urine. The
absence of this peak was attributed to drying of samples, which meey rbaultedits
evaporation along with water molecules due to its small molecule size/low molecular
weight. This was reconfirmed by analyzing fresh urine @amvithout drying and drying
using the same procedufgata not shown)This study was conducted in Dr Jules Griffin

Lab, Department of Biochemistry, University of Cambridge, UK. Sample collection and
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initial preparation was done by me (Abdul Rehman Khanpg subsequent sample
preparation and NMR experiments were carried out by my supervisor (Dr Fazli Rabbi

Awan) and Dr Reza Salek (postdoc fellow) i

3.3.5. Urine NMR Data Analysis
Proton NMR spectral processing was carried out irer@mx NMR Processor. Each

spectrum was divided into several bins for the resonances using intelligent bucket feature of
the software. All the resonance values from the bins were integrated and then exported to
MS Excel 2010 software and then exported todthms SIMCAP+12.0.1 software for
multivariate statistical analyses. These analyses included PCA (Principal Component
Analysis), PLSDA (Partial Least Squard3iscriminant Analysis), Orthogonal PLSA
(OPLSDA), which were used to identify/separate diadsetfrom control based on the
metabolite resonances (as divided into various bins for calculation of their concentration as
integrals). These analysis generated score plofdotS and loading plots. Score plots
showed the subjects/patients while loadpigts represented the resonance integrals which
were used to make clusters in the score plots. These datasets were graphically represented in

the results section.
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3.4. Results

3.4.1. Urine NMR analysis results
Proton NMR spectrum of each human subject (contrdype 2 diabetes patient) was of

good quality to perform data analysis for measuring the urinary metabolites/resonances. A
typical proton NMR spectrum for one control subject is showrFigure 3.1 In this
spectrum, metabolite peaks/resonances were ggrean 0 to 10 ppm. Water peak was
suppressed to make other peaks more visible for further analysis. Every spectrum showed
resonances for about 35 metabolites, which were further processed and analyzed by

multivariate statistics as described in the follogvisections.
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Figure 3.1: A representative proton NMR spectrum of urine from a control study

subject.
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3.4.2. Results of PCA Model of Urinary Metabolites
Metabolites (as NMR spectral resonances) of the urine samples from all subjects (controls

and type 2 diabetics) were analyzed for unsupervised multivariate statistics using PCA
model and its results are shownRigure 3.2 In the score plot of this PCA alysis there

were some samples making them as two different clusters in addition to the control or
diabetic group. The multiple comparison of NMR spectra for these two clusters showed the
basis of their clustering was high levels of glucose and glucoms@nances in these

samples, which were removed in the subsequent data processing to improve analysis.

‘HighGluconate

| ]
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Figure 3.2: PCA model based on urinary metabolites of type 2 diabetics and controls.
[A]: Shows score plot of the PCA modelsfbjects (red=controls, ggn=1D). There is no clear grouping
due to huge contribution of glucose [C] and gluconate [D] concentsati@ome subjects. [B]: It is the
loading plot of PCA model, which shows the basis of separation/clygtiés originate from the Proton NMR
resoranceshatwere used as variables for this analysis.
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3.4.3. PLSDA model of urinary metabolites after exclusion of samples/
subjects with high glucose and gluconate levels
This model was generateBligure 3.3 after removal of samples/subjects with high content

of glucose and gluconate as shown in Figure 3.2. After this refinement, the subjects made
two clear clusters as shown in the score plot [A] and their basis of separation, the NMR
spectral resonances ashown in the loading plot [B]. This PLBA model was also

validated to show the reliability of the model which is of good quality.

[Validation Model,
Green R2=(0.0, 0.209),
Blue Q2=(0.0-0.189)]

Figure 3.3: PLSDA model based on urinary metabolites oftype 2 diabetics and

controls.

Red=T2D, Black=controls, [A]: Sconglot, [B]: Loading plot.This model was calculated after the removal of
samples/subjects with high glucose and gluconate content which are shown in Figure 3.2.
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3.4.4. Investigation of gender based differences on urinary NMR profile
In this analysissamePLS-DA model(from Figure 3.3with removed glucosandgluconate

sampley was generated to see, if the males and females can be separated based on the
contribution of urinary metabolite resonances in the study samples. However, this analysis
did not resultinto any clusters based on gender as depicted in the score pliguo¢ 3.4

below.

2 -0 45 164 4210 8 5 4 2 0 2 & B 3 1@ 12 14 16 18 ¥ N H
1

JZE[] = 0221043 ED[Z] = §.137257
Illipse: Hotelling TZ [0.S5|

SMCAF: 11£.1- 111837 08 35:0¢ (UTCH)

Figure 3.4: PLS-DA model for gender distribution based on human urine NMR

spectra.

Red=Females, Green=Males, No separation for gender.
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3.4.5. OPLSDA model for urinary metabolites based on NMR spectra of

all subjects
In this model Figure 3.5) urinary NMR profiles of all control and type 2 diabetic subjects

were used. This model provided a good separation for diabetics from the control ones in the
score [A] plotand their resonances are shown in thad [B], in spite of the fact that there

were a couple of outliers as shown in the score plot [A].
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Figure 3.5: OPLS DA model for urinary metabolites based on NMR spectra for type 2

diabetics and control subjects.

Red=Control, Green=Diabetics, [A]=score, [Blpht
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3.4.6. PLSDA model of urine NMR spectral resonances/metabolites of all

study subjects

In this analysis, PL®A model was constructed which separated two groups, one for
diabetics and one for controlsigure 3.6). This model also reflected two outliers; however,

their contribution was not substantial as this model showed a good validation result.
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Validation Model
Green: R2(0.0, 0.243),
Blue: Q2(0.0,-0.212)

Figure 3.6: PLSDA modelof urine NMR based spectral resonances/metabolites for

type 2 diabetics and control subjects.

Red=Diabetics, Black=Controls, [A]=score,[£5-plot, [C]=Validation Model
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3.4.7. OPLSDA model based on NMR spectral resonances/metabolites of

controls and diabetics
In this analysis, OPL®A model was constructedrigure 3.7) for subjects after removing

resonances/spectra with high glucose, gluconate and other sugars, which were skewing the
data. The final analysis included both diabetics and control d8bjeus analysis showed a
clear clustering for diabetics and control subjects in the score plot [A] with basis provided as

resonances in the-®@ot [B]. This model showed very good correlation values for R2Y and

Q2[C].

(R2Y (cun=Green,
Q2(cum)=(Blue)

Figure 3.7: OPLSDA model of urine NMR spectra profiles of subjects after removal of

glucose, gluconate and other sugars

Red=Diabetics, Black=ContrglfA]=score[B]=S-plot, [C]=(R2Y(cum)=Green, Q2(cum)=(Blue)
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The statistical measurements and significance values which were usg@tatsealiabetics

from controls represented in tikggure 3.7 are provided as data table below showing (p =

2.57 €0.11).

M7(Untiled)  SS DF MS F p SD
Totalcorr. 88 88 1 1
Regression 51.2137 10 5.12137 10.8591 2.56815e011 2.26304
Residual 36.7863 78 0.47162 0.686746

Based on resonances shown iwpl&t [B] of Figure 3.7 which were separating control
subjects from diabetic patients, putative metabolites were provisionally identified.
Metabolites which were dowregulated in the urine samples of diabetics as compared to
control subjects werenyo-inositol and threonate those which were upegulated were
dimethylamine isocitrate proline, cysteineand tydroxylysine Further confirmation of this

analysis/assignment of metabolites is being carried out.
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3.5. Discussion
Diabetes mellitus in general and type 2 diabetes (T2D) iticp&ar is a multifactorial
disorder. The complex etiology of this disorder involves defects in the major and minor

biomolecules ranging from DNA, proteins, lipids, carbohydrates to other small metabolites.

For the last several decades intensive resezffolts were made to understand the complex
basis of diabetes at the levels of genetics (genomics, transcriptomics) and proteins
(proteomics) levels. These investigations have hugely increased our understanding about the
T2D biology including insulin gendts structure, its protein and synthesis/secretion along
with recombinant insulin production. Also, by now, we understand more about insulin

receptors and signal transduction pathways for glucose utilization at the cellular levels.

However, as our undstanding is enhancing about diabetes biology more questions are
arising to be tackled like insulin resistance biology, predisposition of some people for
diabetes, development of diabetes in some people relatively earlier on. Moesalved
question in dabetes are: why some people develop diabetic complications more severely
than others (e.g. diabetic nephropathy, retinopathy etc), why some diabetics have difficulty
in managing glucose levels by available drugs as well side effects of these drugs3ell the
and many related questions are difficult to answer with one or few research approaches like
genetics or proteomics and require the involvement of new tools and technologies. One such
tool of functional genomics is the metabolomics or metabonomics, wiashthe focus of

this study.

Metabolomics leverages on the powerful highoughput analytical like NMR spectroscopy
and Mass Spectrometry (e.g. @45, LC-MS, and CEMS) along with sophisticated
multivariate data analysis tests (e.g. PCA, B04& OPLSDA), (see Chapter Jections 3.1

and 3.1.1). This tool has the capability to capture the metabolite/analyte information of cell,
tissue, organism or biofluid and put them into the metabolome context to seek the biological
guestions for understanding diseaseabnormal phenomena as well normal physiology or

developmental process.

Hence, in this study, metabolomics was applied to the urine samples from Pakistani type 2

diabetic subjects as well as their control counterparts to see if there were any changes
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speific to disease. If, so these would be helpful in the design of rational drugs unique to this
population. Also, such metabolites will be helpful to act as unique/novel biomarkers for
disease predication, or monitoring its progress or therapeutic effioacfPakistani

population.

As Pakistani population is not only different from European, American, African, and
Chinese but even there are differences from the other South Asians like Indians. This fact
makes differences in the genetics as well in the livilgod choice, habits and
environmental conditions) which are the modulators of metabolome. And
metabolome/metabolic signatures are the key to understand complex disease like diabetes.
Hence, this and similar studies in future are important for undersgndreventing and

treating/curing these diseases based on scientific rationale.

In this preliminary study, we found some of the metabolites as differentiating diabetics from
controls subjects. Metabolites which were denggulated in the urine samplesd&betics

as compared to control subjects wengo-inositol and treonate those which were up
regulated were ithethylamine isocitrate proline, cysteine and tydroxylysine Further
confirmation of this analysis/assignment of metabolites is being camedHowever, some
published metabolomic studies have reported some of these metabolites to be involved in
diabetes pathogenegiSaleket al.2007 van Doornet al.2007 Yuanet al.2007, Gipsonet

al. 2008 Huo et al. 2009 Hwanget al. 2010 Nissenet al. 2011, Pattersoret al. 2011,
Brugnaraet al.2012 Galaziset al.2012 Hinderet al.2012).

In conclusion, it is emphasized that metabolomic studies of diabetes are important for every
population for understanding their disease biology, as well developing novel drug targets
and biomarkers. In return, these would be helpful in the long ruediace the burden of this

and similar diseases by proper management and intervention.
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CHAPTER 4 METALS AND TYPE 2 DIABETES

4. Introduction
4.1. Metals and type 2 diabetes (T2D)

Metals are naturally occurring inorganic elements wtaoh present in very small amounts in
the living tissuedut areimportant for the vital processes of ([Kazi et al. 2008. Some metals
(e.g. magnesiupare known as macrmetals and found in high amount tine body tissues,
therefore they are also called maecndrientgSimseket al. 2007). At least100 mg ofeach
macrcenutrient is required in the daily diéBoetanet al. 2010. In contrast, some metals e.g.
copper(Cu), zinc (Zn), iron (Fe) and manganese (Mn), chromium ,(Etyare needed ithe

body in very small amounts, less than 100 parts per million (ppamcethese are called trace
elements or micramutrientgGrivetti 2000. Metalsare involved in a range of physiological
processes such as prosthetic groups of many proteins, water balance, cofactors of mar
enzymes e(fraga 200h Several metals function as part of proteins enzymes as
metalloproteins/metalknzyme@McCall et al. 2000. These proteins without metal containing
prosthetic groups lose their biological actiyliy et al. 2009. The regulation of various
metallic contents in the body is prequisite for their proper functionifigutsenkoet al. 2007).
Metals enable the muscles to contractelax and also transmit impulses through the nerves.
Most metalsare availablen the soluble salforms, whichregulate the composition of biofluids.
The proper meitbolic functioning of the trace elements depends on their normal levels in
various body tissué&uidotti et al. 2010. Due tothe diversified metabolic characteristics and
functions metals e.g. Mg, Zn, Cr, Fe, Mn and Cuaresidereds essential for normal human
healti{Kazi et al.2008).

Several studies have revealed thatithkbalanceof some essential metals might adversely affect
pancreatic islet andausedevelopment of diabet@Shen 2009%. It is alsomanifested that some
reactive oxygen speagROS) produced during diabetéise to imbalance of essential metals.
This oxidative stress might decrease the insulin gene promoter activity and mRNA expressior
in pancreatic islet cells due to hyperglycemic cond{tgalhardiet al. 2004 Jianget al. 2004

Valko et al.2005 Khanet al.2014).
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On contrary to essential metafgme toxic metals hav@sobeen identified whiclaccumulate

in various biological samples of T2D patients. Uncontrolled pollution and industrialization
might bea potential cause to expose hunpapulationagainst toxic metals like lead (Pl§ome

of thetoxic metalsare implicated tdisruptthe glucose uptake andtal the related molecular

mechanism in glucose regulat{&@zi et al.2009 Serdaret al.2009.

4.2. Essential metals and their physiological roles

4.2.1. lron (Fe)

Iron (Fe) is themost common metakhich forms a part ofmportantproteirs (e.g. hemoglobin

and myoglobin) involved in the transfer of molecular oxyg&anzet al. 2006. It is also
involved in the elastin production along with Zn and vitaminGanz et al. 2006, and it
participates in healingnd formation of collagéBtechmiller 201 Chronic high blood level of

Fe leads tohemochromatosis, a disorder of Fe metabolism characterized by its increasec
absorption, saturation of Fe binding proteins and depositibemisiderinn the live(McClain

et al. 2000. Iron is a transition metal which acts as potential catalyst in several cellular
reactions contributing to increasexidative stress and tissue damageresent in excess
thereby increasing the risk tfpe 2 diabetdRajpattak et al. 2006. Studies also demonstrated

an association between body iron stores and various body parameters such as elevated level
glucose, dyslipidemia and obegPapanikolaowet al. 2005).

4.2.2. Magnesium (Mg)

Mg isthemost abundant macnautrient which is essential for the maintenanceroperhealth.

It is required for the activity of more than 300 enzymes, which serve several important
physiological functions ithe human bodflL opezRidauraet al.2004). Mg containing enzymes

are involved in the glucose homeostasis, nerve transmission, DNA and RNA

productiorfSwaminathan 2003

In prospective cohort studiegnassociatiorwasinvestigatedbetween Mg consumption through

diet and the risk of type 2 diabetes. Furthere,it was demonstrated that Mg deficiency might
lead toa decreasen insulin mediated glucoseuptak®pezRidauraet al. 2004 Afridi et al.

2008. On the other hand, Mg supplementation prevents insulin resistance and also reduces tf

development of diabetes in animal modklsorenet al.2011). Somestudies reported low level
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of Mg in theblood serum and an increased urinary excretion of Mjabetes relative to their
healthy control subjectafridi et al.2008.

4.2.3. Manganese (Mn)

Mn acts as a cofactor in many enzyme systems including those involved in bone marrow
production and metabolism of carbohydrates, proteins and (@rbeaet al. 2002. It is
essential for the proper utilization of choline, thiamine, biotin, vitamin CvaachinE. Mn as a
cofactor of enzymes is aldgavolved in mitochondrial glycoproteins synthe®rdaret al.

2009.

Impaired activity ofthese enzymes, due to Mn deficiency leads to abnormal cartilage
productiorfRico et al. 2000. Mn is also a cofactor of pyruvate carboxylag@ch plays a role
in the conversion of various nararbohydrate compounds into glucose via gluconeogenesis for
their subsequent uskn short, Mn is alsorequired for normal insulin synthesiss secretion and

an alteration in its metabolism implicated in diabetes develogiezitet al.2008).

4.2.4. Copper (Cu)

Cu is another essential mineral, which is needed for several biological functig=sedquired

for the catalytic activity of superoxide dismutase (SOD) that participates in the protection of
cells from superoxide radicgBlivareset al. 2000. Cu imbalancés implicated incholesterol
elevation by disrupting normal high density lipoproteins (HDL) and low density lipoproteins
(LDL) balancéJackson 2010 Cu also activatescytochrome oxidase whicis involved in the
electron transport chain of the mitochondKako et al. 2004). In case of copper deficiency,
cytochrome oxidaseeducests activity which might lead to the distortion of mitochondria in
metabolically active tissuesich as pan@atic acinar cells, hepatocytet: (Quilliot 2001 Lin

et al.2006).

Published data showhat Cu deficiency is onef the reasonfor the development of
cardiovascular diseagé&devay 2000. It is studied that Cu is also beneficial to prevent arthritis
associated inflammation and epilefSiwiej et al. 2008. More recently,it has been reported

that disturbances in copperlevels in various biofluids and tissues are associated witt

abnormalities implicating in metabolic pathways difbetes and its complicatiqiEaton et
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al.2002 Kazi et al.2008.Copper as well as zinc metgifay rolesin order to protecoxidative
damage of body tissu@henget al.2006 Johnet al.2010.

4.2.5. Zinc (Zn)

Zinc (Zn) is an essential trace element which is required for normal cell processing e.g. cell
division and apoptosisZn participates in multiple biochemical thavays such as in
transcriptiontranslation and cell divisiofikaramouziset al. 2002. More than300 enzymes
need Zn for their catalytic activitiesOn the other had, removal of Zn from catalytic site leads

to the loss of enzymatic activigyanseret al.2009.

About 70% of the Zn is bounid albumin and any pathological alteration of albumin aftut
serum Zn level®roge 2002. Zn malabsorption results in various types of disorders including

the dermal, gastrointestinal, neurological and immunological abnorm@iitagmir 2000.

Some studies show that type 2 diabgiasentshave suboptimal Zn staturs blood dueto its
decreasg absorption and increased urinary excrefiari et al. 2008. As a result
hypozincemia and hyperzincurgae developeth diabetics (Wapnir 2000 Kazi et al.2008. Zn
plays a key role in the storage and secretion of insulimch subsequentiycreass theuptake
of glucoséKazi et al.2008 Rungby 2010 The decreased plasrn®vel of Zn adversely affects
the ability of islet cells to produce and secrete in¢Blianderet al. 2010 Rungby 201

It is well established that Zn transporter (ZnT8gikey protein for the regulation of insulin
secretion f r o mcells. RecentlyaanutaomtZnT8 tramsporterhas been
associated with T2Q@Vijesekaraet al. 2010. Briefly all these evidenceshowthe importance
of Zn in the maintenance and integration of insulin hexaarat its role in the metabolic

regulation(Rungby 201{.

4.2.6. Chromium (Cr)

The biological activity of Crdependson its valence state and chemical complexes it
formqGuidotti et al. 2008 Guidotti et al. 2010 Tudanet al. 2011). Trivalent form of Cr has
high biological activity which is required fahe optimal glucose uptake by cel(Belinda S.

O6 Conn e TudarRed @l.12017). Cr regulatesinsulin and blood glucose levels by
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stimulating insulin signaling pathway and metabwiby upregulating glucose transporter
(GLUT4) translocation in muscle cell®iaoet al.2009.

Cr deficiencyresults in theelevation of blood glucose leweland if it is persisted for a
prolongedperiod, it maylead to the development of diabdi&sernspergeet al. 2010. Some
reportsshow that Cr supplements decreases the blood sugar level in diabeétsal. 2006).
Prolongechyperglycemia increases Cr urinary excrefi<azi et al. 2008).

Briefly,cumulative evidences indicathe essentialnature of metalsfor the maintenance of
human normal physiologyand their imbalanceredisposego glucose intolerance which

subsequently converte tliabeteselated complicatior{&azi et al. 2008).

4.3. Toxic metals and health

Toxic metals e.glead Pb), nickel (Ni) deposit in tissues and are not degradabézice they
remainin thetissues for a long periodnd it isoftendifficult to eliminatemetatbased problem.

Body tissues can tolerate a certain level of metals, and beyond these permissible limits tissue
get damaged due to mettxicityin tissues.Some of thetoxic metalsincluding Ni are
manifested as carcinogd@diu et al.2004 Valko et al.2005 Yabeet al.2011).

The mechanism ofmetal inducedcarcinogenesis is elusive, which might be due to complex
nature of interactionsf metals in biological systerfdalko et al.2005. Furthermore, essential
metalsalso havecarcinogenic effectdf present in excess amounts than they are required.
example Cr3*is essentialhile Cr**behaves as carcinogenic ad@ttiu et al.2004). Similarly,
hemochromatosis increases the risk of hepatocarcifitomadley 2004. Preponderanceof
these toxic metalin the environment is potentiallglarming and harmful for human health
(Schwarzenbacht al. 2010. They arecommonin the nature and present in air, water and saill,

which increases the probability of human expoEsieedaret al. 2009.

Toxic metals react with many different proteins in the body that may modify their functions and
kinetics. Moreover,when diet is low in essential metals, the body absorbs and makes use of
more toxic metalsln the current environmental conditions sevenaiman populationsare
exposed tdiigh levelsof toxic metals including Pb and Yiabeet al.2011). An abundance of

a toxic methcompetes with essential mefal enzymes activity and various body physiological
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