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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 sub-clinical and molecular etiology; and type 2 diabetes (T2D) is the predominant form
of diabetes (~90% of all diabetics). T2D generally develops at the 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 phase of 7-10 years as
prediabetes, which remains undiagnosed clinically. At clinical stage, it is diagnosed by blood
glucose, which is a late marker, and substantial damage has already 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 irreversible symptoms. 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 during sub-clinical stages. Therefore, in this
study, we aimed to identify 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 from non-diabetic (ND) controls and T2D
patients. In the protein based biomarker study, alpha-1 antitrypsin (A1AT) 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 (ob/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 diabetics. Moreover,
A1AT relationship with leptin was investigated in human serum samples and in the liver (HepG2)
cell lines in a functional genomics approach by gene expression (qPCR and qWB) analysis of
A1AT. It was found, that A1AT is regulated by leptin stimulation, 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 low-grade inflammation.
Urine samples were analyzed using a metabolomics approach by proton NMR spectrometry and it
was found that there were significant differences in some of the metabolite resonances, which
differentiated diabetics from the controls.Similarly, these samples were also analyzed to see the
changes in metallevels in diabetes. In this study, several metals (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 about the biology of A1AT 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 reducing the associated morbidity/mortality.
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Chapter 1

GENERAL INTRODUCTION

Diabetes mellitus (DM)

Diabetes Mellitus (DM) is a complex multifactorial metabolic disorder, which is
characterized by the defects in insulin secretion / action or both. These defects lead to
hyperglycemia that subsequently influences various types of molecular and biochemical
processes including alterations in the proteins expression (Leahy 2005; Sundsten et al. 2009)
and metabolites (Griffin et al. 2008). The clinical sign of diabetes is abnormally high fasting
blood serum/plasma glucose level; the range between 5.6 mmol/l to 6.9 mmol/l, represents
impaired glucose tolerance state, whereas level above this range is an index of clinically
developed diabetes (Wen et al. 2005). Certain clinical symptoms such as polyuria,
polydipsia and polyphagia appear during the course of persistent increase of blood glucose
level (Novo 2010). Many genetic and environmental factors trigger and contribute in the
development of diabetes (Kleivi 2006).

1.2. Classification of diabetes
American Diabetes Association (ADA)introduced four diabetes sub-groups i.e. type 1
(T1D), type 2 (T2D), other specific types of diabetes such as maturity-onset diabetes of the
young (MODY) and gestational diabetes, etc,(A.D.A. 2004). In case of T1D, destruction of
pancreatic beta cells (β-cells) occurs due to autoimmunity (Husebye and Anderson, 2010).
Whereas, T2D is a dual disease which may result from insulin resistance (IR) and β-cells
dysfunction,it is further discussed under the type 2 diabetes pathogenesis (see section T2D).
MODY is referred as monogenic form of diabetes caused by mutation in autosomal
dominant genes. Gestational diabetes develops during pregnancy(A.D.A. 2004).

1.3.

Prevalence of Diabetes

For the last two decades diabetes accelerated exponentially and 246 million victims were
estimated till 2007. This number is expected to increase up to 380 million in the next twenty
years (Siegel 2008). This silent killer cripples 9.5% of the adult population worldwide
(Danaei et al. 2011).The diabetes prevalence and its adverse health consequences are quite
similar in South Asian regions as in other parts of the world (Ghaffar et al. 2004). According
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to an estimate, the prevalence of diabetes along with pre-diabetes is about 22-25% in
Pakistan (Basit et al. 2008). Physical inactivity, imbalanced diet and obesity are the
important factors contributing in the increasing prevalence of diabetes(Sullivan et al.
2005).Once 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 for diabetes
was estimated at about 232 billion US dollars in 2007 which will exceed to 302.5 billion US
dollars by 2025(Maris et al. 2008).

1.4.

Complications of diabetes

The severity and complications of diabetes depend on its uncontrolled duration which
subsequently appears in the form of micro- and macro-vascular complications. Microvascular complications include nephropathy, neuropathy and retinopathy etc.(A.D.A. 2005).
Whereas macro-vascular complications comprisedof cardiovascular problems, stroke and
peripheral vascular diseases such as gangrene, ulcers and lower limbs amputations (Fowler
2008).

1.5.

Type 2 diabetes (T2D)

Type 2 diabetes (T2D) has a complex etiology with defects in the insulin secretion,
increased production of hepatic glucose and impaired insulin action in the target cells such
as muscles and adipose tissue, all of which contribute to the development of hyperglycemia
(Butler et al. 2003). The average onset of T2D is around 40 years; but it also appears in
obese youngsters under the age of 19 years (Weill et al. 2004). The incidence of this disease
is continuously increasing due to change in life style patterns, physical inactivity and high
dietary fats intake. Besides these factors, genetics and epigenetics are also involved in the
pathobiology of T2D (Hu et al. 2001; Kleivi 2006).
1.5.1. Etiology of type 2 diabetes

T2D represents more than 90% of all cases of diabetic individuals and its main clinical
symptom is abnormally elevated level of glucose in blood plasma (Steinberger et al. 2003).
The establishment of liver, pancreas, skeletal muscles and adipose tissues roles in the
regulation and pathogenesis of diabetes were key phases in diabetes research. Liver is
2
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involved in the storage of excess glucose in the form of glycogen, whereas pancreas
produces insulin, which opens up the channels in the membrane of adipose tissue and
skeletal muscle cells for glucose uptake (Sundsten et al. 2009). Glucose uptake by muscles
and adipose cells is dependent upon translocation of glucose transporter type 4 (GLUT4) by
the action of insulin. Insulin increases glucose transport in adipose and muscle cells by
stimulating the translocation of GLUT4 from intracellular compartmental stores to the
surface of plasma membrane (Thong et al. 2005). Seventy five percent of insulin-dependent
glucose disposal occurs in muscles, whereas adipose tissue accounts for a small fraction in
the uptakeof blood glucose (Saltiel et al. 2001). The GLUT4 activation ceases during 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 (Rosenblatt-Velin et al. 2004). Furthermore, in the absence of insulin’s counter
signalling, hepatic gluconeogenesis and glycogenolysis processes are stimulated which
become the source of surplus glucose in type 2 diabetic state (Guilherme et al. 2008). The
pathophysiology of insulin resistance involves complex interplay of signaling pathways
which are attenuated and regulated by several hormones in type 2 diabetes (Kahn et 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 resistance (Guilherme et al.
2008). Insulin resistance (IR) acts centrally in the pathogenesis of T2D (Qatanani et al.
2007). IR is common in obesity and it has been established that visceral/central fat
deposition is an important factor for IR than peripheral/subcutaneous fat (Shulman 2004;
Zhuang et 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 Zn-containing proinsulin hexamers which is subsequently
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converted to insoluble Zn-containing hexamer by enzymes acting outside the Golgi
apparatus. Whereas Ca facilitates the secretion of insulin hexamers from the secretory
vesicles (Wilcox 2005).
Insulin activates cellular 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. The highest level of insulin
receptors expression takes place in cells which are mainly responsive to insulin for glucose,
lipid and protein metabolism (DeFronzo 2004). For example; skeletal muscles are main site
for glucose metabolism than other tissues such as adipose tissues and liver; therefore muscle
cells have relatively high contents of insulin receptors (Saltiel et al. 2001; Fritsche et al.
2008).During the course of adipocytes and muscle cells differentiation, insulin receptors are
up-regulated in order to acquire insulin sensitivity. In case of type 2 diabetesthe number of
insulin receptors is reduced due to mutations in the receptor gene (Fritsche et al. 2008;
Kazemi et al. 2009).

1.5.3.1. Insulin signaling pathways

On insulin binding with its receptors, the autophosphorylation of insulin receptor substrates
is initiated. The insulin receptors are tetrameric proteins consisting of two α- and two βsubunits which behave as allosteric enzymes. In the start, insulin binds with α-subunits
which leads to the derepression of β-subunit activity followed by the conformational
changes and autophosphorylation (Saltiel et al. 2002). At least nine insulin-intracellular
substrates have been identified, four of which belong to insulin receptor substrates and
abbreviated as IRS-(1-4). Other substrates include growth factor receptor-bound 2 (GRB2)association-binding protein 1(Gab-1), cannabinoid receptor type 1(Cb1), adaptor protein
with Pleckstrin Homology and SH2 (Src Homology 2) domains (APS), p60 protein and Shc
isoforms. The tyrosine phosphorylation of these substrates creates a docking site for the
signaling molecules containing SH2-domain. The mutual interaction of IRS and these
signaling proteins through their SH2-domain leading to a diversified series of signaling
pathways (Saltiel et al. 2001). Subsequently, it allows activation of phosphoinositide-3kinase (PI-3K), after several subsequent steps Akt serine kinase is activated. In turn, Akt
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triggers glycogen synthesis by the activation of glycogen synthase. These IRS-(1-4) are also
coupled to many additional protein kinase signaling system and activate phosphoinositide(3,4,5)-triphosphate (PtdIns(3,4,5)-P3) dependent protein kinases, Mitogen-activated protein
kinases (MAPK) cascade and catabolite activator protein (CAP)/Cb1activation. These
pathways in coordinated fashion regulate protein synthesis, enzyme activity, gene
expression and vesicle trafficking (Chiang et al. 2001). Moreover, Akt also contributes in
GLUT4 translocation from their intra-cellular pool to the surface of cell membrane (Thong
et al. 2005; Zhou et 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 hormones (Rawlings et 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 cytokine-responsive gene (Levy 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 2007). For example STAT-3 is activated by growth hormones (GH), and IL-6
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, ovarian and breast cancers, etc. A family of protein known as
suppressor of cytokine signaling (SOCS) suppresses JAK/STAT pathway and may be
involved in mediating cytokine-induced insulin resistance, (Rawlings et al. 2004). Adiposity
signals such as increased food intake and decreased energy expenditure lead to increased
accumulation of SOCS3 which negatively affects JAK/STAT3 pathway (Riehle et al. 2008).
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High deposits of visceral fat induce IR in peripheral tissues such as muscle cells, adipocytes.
Obesity-associated IR is the major risk factor for T2D and other macro-vascular
complications. Various inflammatory and other intrinsic metabolic pathways are perturbed
in obese state and their mutual interaction might be implicated in the pathophysiology of IR
(Qatanani et al. 2007). Furthermore, it is well established that among numerous
adipocytokines, leptin dysfunction provides a link between these two metabolic syndromes
i.e. obesity and IR (Martin et al. 2008).

1.6.

Obesity

Obesity is characterized by an excessive accumulation of fat in adipose tissue, which leads
to produce adverse health consequences (Zamboni et al. 2005). The physical inactivity and
imbalanced diet with Westernized life style are the basic contributing factors in the
development of obesity phenotype (Hu 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 (Salome et al. 2010). There are some data which suggest that leptin may be
contributing to the increased asthma and pulmonary dysfunctions observed in obese patients
(Lederer et al. 2011). In global scenario, obesity has acquired epidemic proportions in
developed and developing countries (Chhatwal et al. 2004). Rapid increase of obesity and its
related complications throughout the world badly affect the economy due to its high
treatment cost compared to other types of medical conditions (Withrow 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 intake. Several studies associate
genetic factors with obesity (Loos et al. 2003). The presence of severe obesity in youngs
with familial history strongly supports the link between genetic disorders with obesity
complications (Malnick et al. 2006). Through genome-wide scans it has been identified that
numerous chromosomal loci hold obese susceptibility genes (Yang et al. 2007). Monogenic
basis of obesity have also been described in many studies, but polygenic form is more
prevalent than monogenic obesity (Farooqi et al. 2006). Further rapid increase of obesity
6
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prevalence is due to obesogenic environment, means interaction of genes with environment
contributing to acquiring weight (Caballero 2007; Barres et al. 2011). Recent studies
described a genetic defect in leptin gene which is the main regulator of appetite (Farooqi et
al. 2006).
1.6.2. Distribution of body fat and insulin sensitivity

Body Mass Index (BMI) is an anthropometric parameter which is used universally to
establish whether an individual is lean, overweight or obese (Guilherme et al. 2008). The
distribution of body fat is a critical determinant 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 relative to lean subjects with central/visceral fat distribution such as in the
abdomen and chest areas (Thomas et al. 2012). One explanation is that central obesity
cannot store fat in adipose cells effectively and excess fat dispersed into liver and muscle
cells where it causes insulin resistance in these tissues. Conversely, in case of obese subjects
with gynoid fat distribution, which means the accumulation of fat around hips, adipocytes
absorb fat more effectively and keep fat depots away from liver and muscular tissues.
Visceral fat depots increases with BMI and adipocytes located in them release free fatty
acids (FFAs) excessively and oppose anti-lypolytic and lepogenic response of insulin
hormone (Racette et al. 2006). As Shulman described that FFAs compete with glucose for
substrate oxidation which is responsible for insulin resistance in obesity (Shulman 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 lipids (Gastaldelli 2008).
This hypertrophic obesity is strongly associated with insulin resistance in skeletal muscles
including liver (Guilherme et al. 2008; Koska et al. 2008). It was also reported that not all
obese individuals are insulin resistance and are prone to diabetes (Reaven 2005).
1.6.3. Adipose tissue and obesity

White adipose tissue (WAT) has been recognized as the prevailing fat storage site in animals
and humans as triglycerides (TGs) (Frayn et al. 2003). These adipose tissues consisting of
mainly adipocytes and other cell types such as mast cells and macrophages (Guilherme et
7
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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 store TGs during absorptive state,
as well as to hydrolyze and release TGs as free fatty acids (FFAs) and glycerol during post absorptive state. In post-absorptive state, a dynamic equilibrium exists between the release
of FFAs into the circulation and their uptake and utilization by the peripheral tissues,
particularly in the skeletal muscles (Kalderon et al. 2000; Rosen et al. 2006). It has been
reported that an increased accumulation of these adipose cells in obesity causes alteration in
WAT metabolism. For example, TNF-α and monocyte chemo-attractant protein-1(MCP-1)
modulate an inflammatory response in adipose tissue (Sartipy et al. 2003; Wellen et al.
2003).Now WAT is also recognized as multi-functional organ besides lipid storage.
Adipocytes and macrophage cells in adipose tissue produce and secrete several hormones
such as leptin, tumour necrosis factor-α (TNF-α), interleukin-6 (IL-6) and other protein
factors, etc. These are collectively termed as adipocytokines/adipokines (Trayhurn et al.
2005). These adipokines show a great impact on the levels of plasma protein synthesized in
liver (Marra et al. 2009).

1.7.

Acute phase proteins (APPs)

The proteins synthesized in liver are called acute phase proteins (APPs); some of which are
up-regulated and some down-regulated in response to inflammatory stimuli such as
infections, autoimmunity, tissue damage, etc (Gruys et al. 2005). Plasma levels of these liver
proteins are increased and/or decreased during an acute-phase response. Formers are termed
as positive APPs; whereas latter onesare negative APPs. Plasma/serum levels of C-reactive
protein (CRP), haptoglobin, alpha-1-antitrypsin (A1AT), α1-acid glycoprotein, etc, are
increased whereas albumin, transthyretin, etc, are decreased during inflammation(Gabay
2001; 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 infection (Willerson et al. 2004).
Concentrations of alpha-1 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 functions (Gruys et al. 2005).
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1.7.1. Cytokines and acute phase proteins (APPs)

Numerous inflammatory cytokines including IL-1, IL-6, and TNF-α, etc, implicated in the
regulation of APPs genes expression in hepatocytes (Dasarathy 2008). Among various
cytokines IL-6 is the major inducer of APPs expression (Yang et al. 2005). Moreover, it was
proposed that the genes of APPs can be divided into groups: group 1 genes and group 2
genes (Gabay 2001). Former gene group respond to IL-1 and IL-6 cytokines simultaneously,
while latter group mainly respond to IL-6 like cytokines such as IL-6 and OSM (Gabay
2001).

1.7.2. Obesity and inflammatory dysregulation

The obese state is characterized by chronic low-grade systemic inflammation in which
inflammatory markers such as IL-6, TNF-α, leptin, etc, are increased in obese individuals
compared with lean subjects (Ronti et al. 2006). This chronic inflammation in adipose tissue
triggers insulin resistance in skeletal muscle (Maachi et al. 2004; Bastard et al. 2006;
Dasarathy 2008; Guilherme et al. 2008). Some researchers defined this chronic low-grade
systemic inflammation as metaflamation, meaning metabolically triggered inflammation
(Horng et 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 energy in the form of
adinosine-5’- triphosphate (ATP) via β-oxidation in mitochondria during 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 inflammatory condition is developed in
adipose tissue; as a result adipocytokines production is deregulated from the adipocytes and
macrophages in adipose tissue (Corcoran et 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 resistance in peripheral tissues such as skeletal
muscles, liver, etc (Guilherme et al. 2008). It has been reported that the levels of CRP,
haptoglobin etc. are regulated by adipokines and increase with BMI and significantly higher
in obese than non-obese subjects (Aronson et al. 2004; Maachi et al. 2004). It is reported
that A1AT is reduced in high BMI men as compared to low BMI men (Engstrom et al.
2004). Briefly, several proteinmarkers of inflammation with and without obesity exist, and
in this thesis A1AT will be investigated.
9
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Alpha-1-antitrypsin (A1AT)

Alpha-1-antitrypsin (A1AT) is a 52 kDa glycoprotein consisting of 394 amino acids and is
also called α1-antitrypsin or alpha-1 proteinase inhibitor (A1PI) (Carrell 1986; Russo et al.
2009). Hepatic liver cells are the major site for A1AT production and secretion in to the
blood stream. Although it is synthesized and secreted in smaller amount by other cells such
as respiratory epithelial cells, gastrointestinal tissues, etc(Travis et al. 1983).As a member of
the serpinA1 gene family, A1AT inhibits neutrophil elastase (NE), proteinase-3, cathepsin
G, thrombin, trypsin, and other proteinases and as a consequence protects tissues from
damages(Scott et al. 1986). Neutrophil elastase is one of the major targets for A1AT(Travis
et al. 1983).
It has been previously studied that over expression of A1AT using recombinant adenoassociated virus markedly reduced insulitis (an inflammation of pancreatic islet of
Langerhans) and prevented the blood glucose elevation in non-obese diabetic mouse models
(Song et al. 2004; Lu et al. 2006). Another study has shown that administration of clinical
grade human A1AT (hA1AT) increases the survival of pancreatic islet allograft (Lewis et al.
2005). Furthermore, recently it has been manifested that A1AT inhibits caspase-3 activity
and protects beta-cells apoptosis (Zhang et al. 2007). In vivo and in vitro studies indicate
about the potential of A1AT to prevent diabetes development and beta-cells death. Hence it
was hypothesized that deficiency of A1AT (A1ATD) may be associated with the
development of diabetes. Regarding this, it was reported that T1D patients had significant
decrease of serum A1AT level than non-diabetic (ND) control subjects (Sandler et al. 1988).
So far there is no substantive evidence available which shows the connection of blood serum
A1AT level with type 2 diabetes. Recently a human population based cohort study reported
non-significant difference of serum A1AT levels between ND control subjects and T2D
patients (Engstrom et al. 2005).

1.9.

Leptin structure and function

Leptin was identified in 1994 in obese (ob/ob) mouse model. It is a 16-KDa non-glycated
protein, consisting of 167 amino acids and is primarily expressed in adipose tissues (Huang
et al. 2000). It is encoded by obese gene (Ob gene), located on chromosome number 7 in
10
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humans and is responsible for the regulation of the balance between food intake and energy
expenditure (Friedman 2010). Due to structural and functional similarities with proinflammatory cytokines such as IL-6, leptin is also termed as cytokine / 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 reserve (Bates et 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
nuclei, which is involved in appetite control (Ahima et al. 2006). Defects in Ob gene and its
receptors as in ob/ob, and db/db mice, adversely affect satiety characteristics of leptin (Sader
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
(Trayhurn et al. 2006). Basically leptin receptors (Ob-Rs) are categorized into three groups
i.e. long, short and secreted Ob-Rs, first one

shows close resemblance to the class 1

cytokine receptor family (Sone et al. 2001). Two major types of membrane bound Ob-Rs
are expressed in humans and rodents, one type of Ob-Rs having a shorter intracellular
domain of about 40 amino acid residues (Ob-Ra, -Rc, -Rd, -Re) and a family of Ob-R with a
longer intracellular domains of 302 amino acids residues termed as Ob-Rb. These various
Ob-R isoforms are the products of single Ob-R gene, which are generated by alternative
mRNA splicing(Guerra et 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 2006),whereas the short isoforms are distributed among various body tissues
(Morrison 2009). However, it is supposed that a transport system is available through which
leptin accesses its target in the brain, a short isoform Ob-Ra participates in leptin
transportation across blood brain barrier (BBB) (Bouret 2008). A third type of soluble leptin
receptors (sOb-Rs) are high in the blood of lean human subjects and may be the potential
reservoir of bioactive leptin (Lammert et al. 2001). This receptor in two dimeric isoforms
makes complex with leptin in 1:1 ratio in order to prevent leptin degradation and clearance,
results in increased serum leptin half-life (Zastrow et al. 2003). On the other hand, sOb-R
11
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decreasing level is inversely correlated with obesity and could result in increased
unconjugated leptin. In all, sOb-Rs are inversely correlated with obesity and this may
involve in normal leptin functioning in lean compared to obese subjects (Ogier et al. 2002).
Bioavailability and bioactivity of leptin is regulated by sOb-Rs depending upon certain body
metabolic states (Zastrow et al. 2003).The leptin receptors are found in other various body
tissue types such as endothelial cells, lungs, kidney, stomach, etc, by alternative splicing of
RNA transcript of the Ob-Rb gene (Vaisse et al. 1996; Jaffe et al. 2008). Furthermore, the
detection of leptin receptors in liver indicatesthe regulation of peripheral gene expression by
leptin (Chen et al. 2007). It is studied that obesity down-regulates leptin receptors in
hypothalamus and liver (Liu et al. 2007).
1.9.2. Physiology of leptin

During starvation, leptin levels 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 store (Bates et al. 2003).

Leptin regulates energy

expenditure and food intake by communicating with central nervous system (CNS) via its
receptor, called leptin receptor (Ob-Rb) which are located in the certain nuclei of arcuate
(ARC) in hypothalamus(Harvey et al. 2003). The hypothalamus is the key site for leptin
detection which contains two types of neurons; type 1 expresses appetite-suppressing
peptides derived from pro-opiomelanocortin (POMC) precursor, whereas second type
produces appetite stimulating peptides such as neuro-peptide Y (NPY) and agouti-related
peptide (AgRP). Leptin suppresses appetite by counteracting NPY and AgRP, whereas
leptin activates POMC mRNA expression which enhances the release of a potent appetitesuppressing peptide, alpha-malanocyte-stimulating hormone (α-MSH) (Enriori et al. 2006;
Patel et al. 2006), mechanisms are exemplified in Figure 1.1 and 1.2.
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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 resistance. Leptin resistance is the true factofovereating behavior
in obese subjects with central obesity(Kalra 2008). In this situation, it has been reported that
20-30 fold leptin concentration was required for the reduction of obese subjects’ weight.
This evidence indicating that leptin appetite-suppressing effect is markedly impaired in
hyperphagic obese (Stanley et al. 2005). Substantive studies (Mark et al. 2004; Palmer et 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 disorder and
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can be treated with exogenous administration of leptin. Previously published studies
reported that twelve Pakistani, five Turkish, one Austrian, two Egyptian obese subjects as
leptin deficients because of mutations in leptin gene (Paz-Filho et al. 2010).

Leptin/ Leptin Receptor
((Ob/Ob-Rb) complex

Brain

Leptin dysfunction / resistance

NPY
AgRP
POMC

(fat cell)

Adiposity
signals

Food intake

Energy
expenditure

Normal insulin action

Obesity

Insulin resistance

T2D, CVD,
Hypertension, Asthma,
Figure 1.2: Consequences of the impairment of leptin signaling.

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 individuals (Hu
et al. 2001). Regardless of increased blood serum levels, leptin fails to retain its own
appetite suppressing effect to reduce weight in obese subjects. 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 leptin contribute in leptin dysfunction (Chen et al. 2006). Other factors
like leptin-signaling via signal transducers and activators of transcription-3 (STAT3)
induced intracellular cellular suppressor of cytokine signaling-3 (SOCS3) accumulation in
obesity which subsequently binds to Tyr985 within Ob-Rb/JAK2 complex and mediates
leptin signaling in a negative feedback mechanism (Martin et al. 2008). Similarly, genetic
mutations, e.g. defect in Ob-gene, Ob-Rs mutations, polygenic inheritance and limited
transport of leptin across the blood brain barrier (BBB) due to increasing triglyceride level
adversely affect leptin function (Banks et al. 2003; Loos et al. 2003; Arya et al. 2004;
Farooqi et al. 2006). The leptin production by adipose cells is also significantly regulated by
pro-inflammatory and classical cytokines (Trayhurn et al. 2004). Furthermore, steroids and
sex hormones also show great impact on the expression level of leptin (Mantzoros 1999).
In addition to leptin control of energy homeostasis by stimulating receptor located in
hypothalamus, a substantive evidence (Hosui et al. 2008) suggests JAK/STAT signaling is
essential and crucial in peripheral tissues, especially in liver in order to affect differential
expression of the target genes of acute phase proteins (APPs).Leptin is derived from
adipocytes and structurally identical to the granulocyte colony-stimulating factor (GCSF).
GCSF is the member of IL-6 cytokine family which includes IL-6 and OSM adipocytokines.
Furthermore, leptin is also increased in the serum of male obese asthmatic compared to nonobese asthmatic patients which indicating that high leptin level is the key link between
obesity and asthma (Shore 2010).
Extra-cellular circulating
factors, e.g. CRP

Leptin induced
negative feedback

Leptin dysfunction

Limited transport of
leptin across BBB

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 have been carried out in order to explore new protein and metabolite
based markers in various biofluids including blood serum and urine of T2D patients(Scott et
al. 2005; Griffin et al. 2006). This has been further reviewed in given sections 1.10 and
1.11.

1.10. Proteomics
Proteomics is the study of proteome, which intends to cover entire set of expressed proteins
in the various tissues of an organism (Anderson 2005). 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 the epigenetic
factors alter proteins conformations which ultimately leads to perturb proteins structures and
physiological functions (Ordovas et 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 by (Cowan et al. 2008) that 42 differentially
expressed proteins correlate to only 19 genes in pancreatic cancer patients. Since the
alteration of protein structure, function and interaction is the underlying mechanism of
obesity related disorders including diabetes (Scott et al. 2005; Poirier et al. 2006).
Regarding this proteomic offers to study the various aspects of protein expression, posttranslational modifications, their interactions and functions at global scale (Aebersold et al.
2003), whereas these modifications cannot be detected at genome or transcriptome levels.
Therefore, a 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 therapies(Borrebaeck et al. 2009). In
expression proteomics; proteins that show variations and modifications in obese and T2D
patients relative to their counterparts, could become the predictors of disease pathogenesis
and helpful to design drug and its delivery to destined target (Ahn et al. 2007). Therefore, it
is true to say that new protein based biomarkers discovery could have potential to create
numerous opportunities 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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therapies (Pisitkun et al. 2006). However, biomarker discovery 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) results, optimized conditions for blood
samples’ collection, handling, and storing are pre-requisite for the downstream proteomic
analyses(Rai et al. 2006).
1.10.1.

Tools and technologies for proteomic studies

Many researchers have used different approaches in order to discover new protein based
biomarkers in various biofluids under different pathophysiological states (Scott et al. 2005;
Zhou 2005). It is also true to say that protein based biomarkers study 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/ mass spectrometry
(LC/MS), LC/MS with isotope coded affinity tag (ICAT) / isotope tags for relative and
absolute quantification (iTRAQ), capillary electrophoresis-mass spectrometry (CE-MS),
matrix assisted laser desorption ionization-time of flight- mass spectrometry (MALDI-ToFMS), surface enhanced laser desorption ionization-time of flight- mass spectrometry
(SELDI-ToF-MS), etc (Scott et 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 tissue (Duncan et al.
2005).
1.10.2.

Recent diabetes related findings using protein based approaches

A few recent reports have described the association of protein biomarkers with type 2
diabetes using a single marker(Cho et al. 2006; Choi et al. 2008; Ix et al. 2008; Erikstrup et
al. 2009). However, in some further studies diabetes risk has been evaluated using multiple
biomarker approaches rather than conventional risk assessment. In one study termed as
Inter99, four serum proteins, adiponectin, CRP, ferritin and interleukin-2 receptor agonist
(IL-2RA) were determined in addition to glucose and insulin. By using various types of
statistical approaches, a diabetes risk model was developed, which incorporated these six
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markers. This study explored that rather than single biomarker, multi-marker approach using
both protein and non-protein based biomarkers are more useful to predict the development
of diabetes. In this way a diabetes risk was 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 percent (%) fold differences calculated are shown in Table 1.1 (Kolberg et al. 2009).
Table 1.1: A summary of differentially expressed proteins in human type 2 diabetes
Sample type

Subjects & numbers

Blood serum

Among 3046 subjects; Non-converters* =472 vs converters** =160
2 cohort studies: FINRISK97 &
Health 2000 study consisted of 417
& 179 incidental diabetes
Participants=3189,
NFG(n=1897) versus IFG (n=858)
& T2D (n=434)

Blood serum

Blood serum

Blood serum

Control (n=21) versus T2D (n=29)
& T2D with complications (n=21)

Blood serum

NGT (N=3) versus 3 T2D (n=3)

Differential expression of proteins (% fold
change in disease relative to controls)
Adiponectin (↓12.16), CRP(↑37.5), ferritin
(↑44.92), IL-2RA(↑2.53)
Adiponectin (↓), CRP (↑), ferritin (↑), IL1RA (↑)

Approach/method

Paper reference

Immunoassays

(Kolberg et al.
2009)
(Salomaa et al.
2010)

[NFG vs IFG & NFG vs T2D]
Adiponectin (↓16.8 & ↓32.2), RBP4 (↑5.3&
5.3↑), PA1 (↑43.38 & ↑49.77), Resistin (↑0
& ↑0.38), CRP (↑27.8 & ↑41.23), IL-6 (↑16
& ↑23.8), Ferritin (↑20 &↑33.33), TNF-α (↓
0.61 & ↓1.22)
[C vs T2D & C vs T2D+complications]
CRP (↑69.81 & ↑85.58), Cp (↑26.8 &
↑39.81), transferrin (↓11.24 & ↓8.58)
Apo-C3 (↑), TTR (↑), Alb (↓), TRA(↓)

Immunoassays

(Wu et al. 2011)

Nephlometry

(Memisogullari et
al. 2004)

SELDI-TOF-MS,
& Protein Chip
SELDI-TOF-MS

(Sundsten et al.
2006)
(Sundsten et al.
2008)
(Sundsten et al.
2008)

Immunoassays

Apo-C3 (↑), Alb (↓), TTR (↓) in family
history of diabetes
Blood serum
α & β chains of Hb (↓), TTR (↓) in T2D +
SELDI-TOF-MS
high EIR; Apo-H↓ in T2D+ low EIR
(EIR: early insulin response)
Blood
Apo-E (↑802), leptin (↑842), CRP (↑872),
MALDI-TOF-MS (Riaz et al. 2010)
plasma
Apo-A-1 (↓6.4).
Non-diabetic lean control versus
15 proteins are differentially expressed
GE & MS/MS
(Hwang et al. 2010)
non-diabetic obese & T2D subjects
including; HSP90 Co-Chaperone-CDC37
Muscle
(n=8 in each group)
(↑), Desmin (↑), α-actinin (↑), TCP-1 (↓),
biopsies
Myosin15 (↑), Isomerase A3 precursor (↑),
Cullin homolog-5(↑), etc.
Blood serum
Non-diabetics (n=5) vs T2D (n=50)
ficolin-3 (↑), Apo-A1 (↑), A11 (↑), C-11
LC-MS/MS with
(Li et al. 2008)
(↑), C-111 (↑), Paraoxanase-1 (↓)
LSPAD approach
Saliva
IGT (n=30) vs T2D (n=10)
A1AT (↑324), CysC (↑222), A2MG (↑223),
2D-LC-MS/MS
(Rao et al. 2009)
TTR (↑240), RBP (↑215), FABP (↓255),
Complement-C6(↑475),Carbonic-anhydrase
(↑384),Glycogen-phosphorylase (↑347)
Urine
NGT (n=9) vs Diabetic Nephropathy
VDBP (↑1110), Α1-glycoprotein 1 (↑597),
2D-DIGE & LC(Rao et al. 2007)
(n=33)
A1AT (↑217), Apo-A11 (↑200), PRBP
MS
(↓256), A1-antichymotrypsin (↑514),
Complement factor B (↑227), Apo-A1
(↓253), Cp-precursor (↓637)
Urine
Controls (n=50) vs T2D (n=100)
Hp-precursor (↓81.45), alb (↑486.5), AMPB 2D-HPLC &
(Riaz et al. 2010)
(↓55.25), RBP4 (↑100), TTR (↓30.8), Zn α2
MALDI-TOF-MS
glycoprotein (↑29.23),E-cadherin (↑693),
A1-microglobulin (↓55.2)
Symbols and abbreviations:↑= up-regulation, ↓=down-regulation, n=number, α= alpha, β=beta, C=controls, T2D= type 2 diabetes, NGT=normal
glucose tolerance, IFG=impaired fasting glucose, Non-converters* are individuals who did not change as diabetics and converters** are those who
developed type 2 diabetes during the five years of follow-up, CRP=C-reactive protein, IL-2RA=interleukin-2-receptor agonist, IL-1RA= interleukin-1receptor agonist, RBP=retinol binding protein, PA1= plasma angiotensin-1, IL-6 =interleukin-6, TNF-α=tumor necrosis factor- α, Cp= ceruloplasmin,
Apo-= apolipoprotein-, TTR=transthyretin, Alb=albumin, TRA=transferrin, FHD= symbol of genetic back history, A1AT= α1-antitrypsin, CysC=cystatinC, A2MG=α2-macroglobulin, FABP=fatty acid binding protein, VDBP=vitamin D binding protein, Α1=alpha-1, AMBP= alpha-1-microglobulin /bikunin
precursor, Hp=heptoglobulin, Zn=zinc, PRBP=plastid RNA-binding protein, TCP-1=T-complex protein-1, Hb=hemoglobin, EIR=early insulin response.
GE=gel electrophoresis. [This table is reproduced from (Khan et al. 2012), with editor permission (Appendix II), which we published.
Blood serum

NGT(n=20) vs IGT & T2D (n=20
each)
NGT(n=10) vs T2D+ high EIR;
NGT vs T2D +T2D+low EIR (n=10)
(EIR: early insulin response)
NGT(n=50) & T2D (n=150)
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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 2000 – a follow-up study; in order to validate the
execution of the biomarker score. The studies confirmed adiponectin, apolipoprotein-B
(apoB), CRP, interleukin-1 receptor agonist (IL-RA) and ferritin as strongest predictors of
incidental type 2 diabetes(Salomaa et al. 2010). Wu’s group through various immunoassays
and biomarker risk scores successfully demonstrated that out of eight, four proteins:
adiponectin, plasma angiotensin-1 (PA-1), IL-6 and ferritin were strongly associated with
type 2 diabetes(Wu et al. 2011).
The percent fold differences of proteins were calculated from previously published literature
as biomarkers for diabetes and added in Table 1.1. Hwang’s group conducted a study to
assess mitochondrial and cytoplasmic patterns of protein sets in skeletal muscles biopsies of
lean non-diabetic controls, obese non-diabetic subjects and T2D patients (n=8 in each
group). They successfully demonstrated differential expression of fifteen proteins such as
desmin and alpha-actinin significantly decreased, conversely, chaperonin subunit (TCP-1),
and proteosomes subunits markedly increased in T2D patients and obese subjects, compared
to the lean non-diabetic control group. From these results, they found that these proteins
have differential expression, which are the signals for different pathways implicated in
insulin resistance development(Hwang et al. 2010). In another study, three proteins:
ceruloplasmin (Cp), transferrin (Trf) and C-reactive protein (CRP) expression was studied in
blood serum of human healthy controls (n = 21), T2D patients without complications (group
I: n = 29) and T2D with complications (Group II: n =21). Cp and CRP significantly
increased in T2D patients with and without complications relative to healthy controls.
Conversely, transferrin (Trf) decreased in two disease groups than the control
subjects(Memisogullari et al. 2004). The calculated percent fold difference is shown in
Table 1.1.
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 discovery. Therefore, we have also
summarized findings from published reports about proteomics applications in diabetes,
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which were conducted using advanced MS based techniques(Sundsten et al. 2006). As in a
proteomic study conducted on 125 T2D patients and 50 non-diabetic healthy age-matched
control subjects using ELISA, reverse phase HPLC and MALDI-TOF revealed that
Apolipoprotein A1 was 6.4% decreased in T2D patients, whereas apolipoprotein E, leptin
and CRP raised 802, 842 and 872 percent respectively, in blood serum of diabetics relative
to the control subjects(Riaz et 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
desorption-ionization 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 identified. Among these, applipprotein-C3, and transthyretin were
up-regulated,

whereas

albumin

and

transferrin

were

down-regulated

in

T2D

patients(Sundsten et al. 2006). These researchers also analyzed serum samples from 60
subjects for another proteomic study(Sundsten et al. 2008). Among them 20 were NGT and
20 had IGT and 20 were T2D patients. In this study, 13 proteins showed differential
expressions in T2D relative to NGT subjects. Alterations occurred in the levels of three
proteins: Apolipoproteins-C3, albumin and transthyretin in serum of T2D patients.
Perturbations in the expression levels of former two proteins were due to genetic effects,
whereas the latter one altered without the influence of genetic history.
In another study by Li’s group LC-MS/MS technique was used, which identified 1377
proteins in five type 2 diabetic patients relative to five age-matched non-diabetic subjects.
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 clearly revealed that
Apolipoproteins- A1, A11, C-11 and C-111 (apo-A1, A11, C-11 and C-111) were
significantly increased, whereas six proteins including, regulatory factor paraoxanase-1 are
required in lipid metabolism, and was significantly decreased in type 2 diabetic subjects.
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They have also validated that complement activating protein ficolin-3 is activated and upregulated in serum of diabetes, compared to non-diabetic control individuals (Li et al. 2008).
In search for finding non-invasive biomarkers for diabetes, a human study was conducted on
saliva of 40 individuals; from these, ten subjects had T2D and 30 were IGT/pre-diabetic
subjects. In this study, it was reported that alpha-1-antitrypsin (A1AT), cystatin C (Cys C),
alpha-2-macroglobulin (A2MG), transthyretin (TTR), retinol binding protein (RBP),
complement-6, carbonic anhydrase and glycogen phosphorylase were up-regulated 324, 222,
223, 240, 215, 475, 384 and 347 percent folds, respectively. Whereas, fatty acid binding
protein (FABP) was down-regulated: 255% in saliva of type 2 diabetes compared to prediabetic subjects (Rao et al. 2009). An earlier study by the Rao’s group on type 2 diabetic
patients having nephropathy analyzed urine samples of 33 diabetic subjects and 9 healthy
controls. In this case differential in gel electrophoresis (DIGE) was used, which identified
that seven proteins were up-regulated and four proteins showed down-regulation in urine of
diabetic nephropathy patients relative to non-diabetic control subjects (Rao et al. 2007). A
summary of protein differential expression for this study is given in Table 1.1.
Likewise, a urinary proteomic study was conducted on a Pakistani population consisting of
50 healthy non-diabetics and 100 T2D patients. In this study, it was shown that transthyretin
(TTR), α-1-microglobulin and heptoglobulin precursor concentrations are decreased by
30.8%, 55.2%, and 81.45% respectively in T2D patients compared to non-diabetic healthy
controls. On the other hand, albumin, RBP4, zinc α2-glycoprotein, and E-cadherin were
elevated in diabetes relative to healthy control subjects(Riaz 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 TTR, alpha -1microglobulin/bikunin precursor (AMBP), haptoglobin precursor, RBP4, zinc α2glycoprotein, and E-cadherin decreased non-significantly in urine of T2D patients (Riaz et
al. 2011).

Goldfine, et al summarized various therapeutic strategies for type 2 diabetes
regulation(Goldfine et al. 2011). Moreover, in addition to regular physical activity and
particular meal patterns, various anti-diabetic drugs, such as sulphonylureas, metformin,
rosiglitazone, acarbose, insulin modalities, etc, are prescribed to treat diabetic
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patients(Moller 2001). Furthermore, new treatments in the form of incretins, liraglutide,
exendin-4 and its derivatives, etc, are also proposed for glucose regulation (Kolterman et al.
2003; Madsbad et al. 2004; Inzucchi et al. 2008).

The comparative differential expression of proteins in various biofluids and/or tissues of
type 2 diabetic human subjects have also been enlisted in Table 1.1. An analytical look on
the summary of aforementioned data show that multiple protein biomarker profiles depend
on various parameters, such as genetic family history, age, obesity, gender, etc. In other
words, analyses of the results from Table 1.1 lead the idea of individualized therapies. As it
is well established that type 2 diabetes is heterogeneous and multi-organs disorder and it is
not necessary that all T2D patients respond to given treatments at equal extent(Malandrino
et al. 2011). Therefore, the concept of personalized medicine seems to be useful to prescribe
and design therapies for a particular diabetic group (Klonoff 2008). In addition to this,
cumulative published results as reviewed over here provide rationale for assessing
proteomics as predictive and preventive approach for 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 on multi-protein differential
expressions can be a useful resource 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 targets(Klonoff 2008; Herder et 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 metabolites are
characterized and quantified in a complex biological system, whereas metabonomics intends
to measure metabolic perturbations in a living system in a specific health state or
pathophysiological condition(Nicholson 2008). Briefly metabolomics/metabonomics is the
study of metabolome, which intends to cover the entire set of synthesized metabolites in
various types of tissues of an organism, which are the end products of numerous cellular
processes(Dunn et al. 2005). Metabolites are the end results of the interaction between genes
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and other virile elements such as various environmental factors, health state, pharmaceutical
interventions etc(Fiehn 2001; Dunn et al. 2005). Thus, it is believed that metabolites levels
in various tissues and biofluids reflect the real state of underlying metabolic
pathways(Oresic et al. 2006). Changes of metabolites profiles in pathological state as
compared to the normal physiology are a potential source of biomarkers discovery(Griffin 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 interventional therapies.
These metabolites based markers could help clinicians and physicians to diagnose at high
risk individuals for a particular type of disorder, thereby designating personalized
interventional therapies specific to a patient or particular group, which would be more
effective rather generalizing treatment for the whole population of complex disorders like
diabetes.
The two high throughput techniques namely; nuclear magnetic resonance (NMR)
spectroscopy and mass spectrometry (MS) are widely used analytical approaches. The
comprehensive metabolic profiles with wide range of tissues and biofluids have been
accomplished using these said advanced high throughput technologies (Dunn et al. 2005;
Hollywood et al. 2006; Lenz et 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 of lipid-based diseases that the composition and
abundance of lipids in biofluids could be studied using metabolomics techniques (Griffin et
al. 2006). The application of metabolomics for diabetes research has been strongly
advocated by its experts(Griffin et al. 2008). A metabolomics study of diabetes in rodents
and humans revealed an increase in the beta-hydroxybuterate in diabetic mice as a marker of
decreased insulin production; 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 subjects (Salek et al. 2007). In an NMR study of diabetic rats a 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 (Zhang et 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 compared to 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 in all tissue types, while lactate was increased in PPAR gamma null mutant mouse
(Atherton et al. 2006). In humans, a proton NMR study revealed that hippurate, aromatic
amino acids and branched chain amino acids decreased in healthy volunteers receiving
rosiglitazone; whereas, alanine, glutamine and glutamate increased in T2D patients (van
Doorn et al. 2007).

1.12. Metal analysis
Metals are the inorganic elements, which 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 micronutrient/trace elements and on the other hand, an element has an average concentration
above 100ppm, called macro-nutrient (Soetan et al. 2010). Though metals 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 acid-base balance, in gaseous transport and regulation of body fluids
homeostasis (Rahman et al. 2012). As red blood cells (RBCs) are not be able to perform
without ferrous (Fe2+) ion incorporation into the heme group of hemoglobin, which is the
molecular oxygen (O2) 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 essential metallic elemental concentrations (Kampa et al. 2008).
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Impact of metals on 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. Mg is needed for
enzyme-kinases activities which are involved in carbohydrates metabolism and muscle
contraction (de Baaij et al. 2012). Cu is an important components of superoxide dismutase
(SOD), which is involved in the removal of ROS and create a reactive oxygen species
balance in body tissues (Arinola 2008; Ungvari et al. 2011). Zn is also reported as a cofactor
of many enzymes, and plays several important functions in body tissues including insulin
synthesis, storage and secretion. Zn deficiency may aggravate the insulin sensitivity in
diabetes type 2 (Wilcox 2005).

Cr plays important role in carbohydrate and fat metabolism by increasing body cells
response to insulin. It has been reported thatCr increases insulin receptors count on 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
alsuggestedpotencies of Zn and Cr supplementsfor T2D patients, which may understate the
deleterious effects of oxidative stress in diabetic patients (Anderson et al. 2001).
Manganese superoxide dismutase (Mn-SOD) is a mitochondrial enzyme that is involved in
the protection of power house of the cell, called mitochondria from oxidative stress. Over expression of Mn-SOD and cytosolic enzyme, Cu/Zn-SOD prevented the ROS induced
damage in pancreatic islet. Whereas insulin resistance and pancreatic β-cells dysfunction are
the hallmark of type 2 diabetes (Chen et al. 2009). Alterations in Mn-SOD and Zn/Cu SOD
concentrations in various pathological states have also been reported (Kazi et al. 2008;
Chang et al. 2011; Li et al. 2011; 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 environments (Afridi et
al. 2010; Afridi et al. 2011). The most common toxic metal for human is Pb, it enhances the
ROS production by replacing essential trace elements divalent cations such as Zn, Mn, Cu,
etc from enzymes, thereby intervening normal metabolic processes in various types of body
cells (Ercal et 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 diabetes (Afridi et al. 2010; Padilla et al.
2010). The poisoning effects of Pb is its conversion to stable divalent ion (Pb 2+) and then
concomitant combination with biomolecules including proteins and enzymes (Brodkin 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 between altered
metabolism of essential trace elements including Mg, Cu, Zn, Mn, etc and impaired glucose
tolerance and insulin resistance(Kazi et al. 2008).

Recent studies also demonstrated the alterations of various essential trace elementallevels in
various biofluids and tissues of the adult Pakistani diabetic patients(Kazi 2008; Taneja et al.
2008). Some of these chemical species cause damage to the tissues 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, several toxic metals have been implicated for their involvement in this
process(Afridi et al. 2008). The environmental Pb exposure may have role to developing
micro-vascular complications in diabetes type 2 patients (Lin 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 counterparts (Nsonwu 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 Pb were studied in urine samples of ND
control and T2D patients in the present study.
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1.13. Study design
The main aim of this present study was to identify/validate protein and metabolite/analyte
based biomarker(s) for type 2 diabetes in Pakistani adult population. For this purpose, camps
were arranged at various locations in and around the city of Faisalabad, Pakistan in order to
collect blood and urine samples from well characterized type 2 diabetic patients and nondiabetic control subjects of both genders.All individuals were informed to attend blood
collection sites on a specific day earlier in the morning between 8:00-10:00 am after 12-14h
overnight fast, however, they were allowed to drink plain water. Prior to blood and urine
sample collection, information regarding demographic and socio-economic status was
obtained using a pre-designed questionnaire form (see appendix I).The study was approved
by the ethics committee of the NIBGE, Faisalabad, Pakistan and all participants signed a
written informed consent form prior to blood samples collection.
Venous blood of all participantswas collected in gel containing vacutainers, which was
immediately centrifuged to separate sera from blood cells. The serum sample of each subject
was divided into three parts; one part was specified for biochemical characterization and
remaining two parts in duplicatewere retained for protein based biomarker study.
Urine samples of the study subjects were also collected in sterilized containers, adding 2-3
drops of sodium azide (1% w/v) to prevent bacterial/fungal growth. Each sample was
divided into two portions: one for inorganic metal analysis and second for metabolite study.
These samples were stored at -20oC for down-stream studies at the Health Biotechnology
Division (HBD), National Institute for Biotechnology and Genetic Engineering (NIBGE),
Faisalabad, Pakistan, which is the primary site for this PhD thesis work.

Fasting blood serum glucose, cholesterol and triglycerides etc, were determined by
colorimetric/photometric methods using commercial kits (DiaSys Holzheim, Germany) on a
semi-automatic clinical chemistry analyzer (Microlab-300, Merck) at the Diabetes and
Cardio-Metabolic Disorders (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.
Technical details of these experiments are given in chapter 4 (section 4.4.3. and
27

General introduction

Chapter 1

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
Jules Griffin 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 Griffin’s lab in collaboration with Dr Reza Salek.
For protein work, preliminary analysis of protein profiling was conducted in NIBGE by
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). 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. This work 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
diabetic and obese blood samples using various protein based approaches (e.g. ELISA and
quantitative 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 its
molecular biology along with interaction with leptin (a known marker of obesity) using
functional genomics approaches (see sections 2.1.5.1., 2.1.5.13. and 2.1.5.14.) as described
in this chapter.

1.14. Objectives of the study
Type 2 diabetes (T2D) is becoming a major public health concern worldwide. It is a multiorgans disease, in which various body tissues/organs are involved. Its early diagnosis and
treatment are the top priorities. Prevailing diagnostic tests such as HbA1c, OGTT, FBG, etc,
are relatively late stage markers where the disease has already progressed to cause
substantial damage to the human body. However, it is speculated that disease phenotype can
be reversed by identifying the signatures of diabetes at its asymptomatic phase. Regarding
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this, proteomic and metabolomic based approaches are being applied in order to uncover
factors involved in the development of diabetes.The alteration of protein(s) and/or other
metabolite(s) levels in various biofluids including serum and urine is considered as potential
markers of diabetes progression. Ultimately protein and/or metabolite based markers could
become potential physiological and pathological factors valuable for diagnosis and treatment
of disease and associated complications.

More specifically the study aims to achieve the following goals:


To establish a relationship between serum alpha-1-antitrypsin(A1AT) and body mass
index (BMI), which is a measurement of obesity in humans



To establish a relationship between A1AT and leptin using serum samples of nondiabetic (including obese and non-obese 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 investigate urinary metabolites from NMR spectra by multivariate statistical (i.e.
OPLS-DA) analysis.



To estimate and compare the levels of various metals such as Zn, Mg, Fe, Cr, Cu,
Mn, Pb, and Ni in urine samples of T2D patients relative to Non Diabetic control
subjects.
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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 are responsible to perform various types of physiological functions(Wang
et al. 2006). Fluctuations in their concentrations reflect the health status of an individual. For
example, an acute phase protein, called C-reactive protein (CRP), is a marker of
inflammation which rises during the course of inflammatory events in the body and an
elevated level of leptin is a well-known and established marker of obesity(Bahceci et 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 the tissue-specific protein expression is important
to get insight into the human health and disease(Scott 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 brain(Herder et al. 2011). It is also speculated that the concentrations
of serum proteins may be more useful source in order to detect type 2 diabetes earlier, before
the appearance of clinical symptoms(Zhang et al. 2010). Identification of differentially
expressed serum proteins could be potentially important for the prevention and treatment of
T2D by pharmacological intervention of the molecular targets, which trigger the disease
onset even before its progression to clinical symptoms(Colagiuri et al. 2009).

A few recent reports have described the association of protein biomarkers with type 2
diabetes using a single marker(Cho et al. 2006; Choi et al. 2008; Ix et al. 2008). In
expression proteomics, proteins that show variations and modifications in T2D patients
relative to non-diabetic controls could become the predictors of disease pathogenesis and be
helpful to design specific drugs(Ahn et al. 2007; Wang et al. 2009). For example, previous
studies demonstrated that two blood serum proteins, vascular cell adhesion molecule-1
(VCAM-1) and resistin are biomarkers of vascular endothelial dysfunction in hypertensive
T2D patients(Lozano-Nuevo et al. 2011). Similarly, another study showed increased blood
serum level of fetuin-A protein in incidental older diabetic individuals. Fetuin-A is secreted
by liver and inhibits insulin action by binding with insulin-receptors(Ix et al. 2008).
30

Protein biomarker study of type 2 diabetes and obesity

Chapter 2

Rossing, et al found that collagen-derived peptide was consistently decreasing in diabetic
individuals, who also had nephropathy(Rossing et al. 2008).

Obesity is regarded as the precursor and a symptomatic phase of chronic complications
including T2D, pulmonary dysfunction etc. (Malnick et al. 2006; Shore 2006; Powers 2008).
Therefore by identifying proteins in this latent period will become helpful in order to
understand pathways which contribute to various complications and subsequently in
designing of interventional therapies to prevent them (Colagiuri et al. 2009; Gregor et 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 chapter 1) is down-regulated in obese mice (Choi et
al. 2012). On the other hand, another study shows an increased level of neutrophil elastase
in obese mice, which is a major target of antiprotease-A1AT (Fregonese et al. 2008;
Talukdar et al. 2012). Neutrophils also attenuate insulin signaling (Gough 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 asthmatic relative to the non-obese asthmatic patients (Delgado et
al. 2008; Martin et al. 2008; Yuksel et al. 2012). Taken together, it is true to indicate over
here that by investigating two proteins i.e. A1AT and leptin in obesity will be helpful to
understand the etiology behind leptin and anti-protease processes.
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Materials and methods

2.1.1. Human Blood Sample Collection
2.1.1.1. Subjects characteristics

In all (N=181) non-diabetic healthy control (N= 96) and well characterized type 2 diabetic
(N=85) subjects, including both males and females were considered in the present study. For
blood sample collection camps were organized at various places in and around the district of
Faisalabad, Pakistan. All subjects were informed to attend blood collection sites on a
specific day in the morning after 12-14h overnight fast. Prior to blood samples collection,
information regarding demographic and socio-economic status was also obtained 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 circumference (in cm) to hip
circumference (in cm). After measuring height and weight, BMI was computed as body
weight (kg/meter2). BMI≤23, BMI 23-27 and BMI≥27 were specified for lean, over weight
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 10ml 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 room temperature for about 30 minutes and then
was centrifuged and divided into two parts in two separate eppendorf tubes. One part of the
serum was used for biochemical tests such as fasting glucose, cholesterol, triglycerides.
Whereas the second part of serum was kept at -20ºCfor protein study.
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), on a semi-automatic 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 A1AT protein band intensities were also
quantified with quantitative western blotting using chemidoc instrument and quantity 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 ELISA and western blot
techniques, serum samples were delipidated on 10,000 rpm for 10 minutes at 4⁰C. To
minimize the possible interference of lipids, 200µl of delipidated serum was taken between
floated upper layer of lipids and insoluble pellet on the bottom into 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 western blot techniques. The ELISA and western blot
procedures followed during A1AT and leptin analyses are described in sections 2.1.1.5. and
2.1.1.6.
2.1.1.5. Human serum A1AT measurement

Sandwich-ELISA of A1AT was carried out in duplicate on blood serum samples of nondiabetic healthy control and type 2 diabetic subjects randomly at different days and matched
across the various groups, using human hA1AT ELISA kit (Immunology Consultants
Laboratories, Inc, USA). The reagents were prepared and diluted prior to start of serum
hA1AT assay, by following the instructions given in protocol. Seven hA1AT calibrator
standards were used in the experiments. Before preparing hA1AT standards, the calibrator
was dissolved in water in order to get its 29.8µg/ml concentration. Then standards were
made immediately by following the company protocol procedure. Prior to hA1AT
quantification, 2µl of each serum samples was diluted 100,000 times in 1x diluents. In predesignated 96 wells, 100µl of each of the standards and diluted blood 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. Final contents were removed from the wells by
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striking the plate on absorbent papers. Diluted enzyme-antibody conjugate (100µl) was
added to each well. Plate was covered with aluminum foil and incubation was allowed at
room temperature for thirty minutes. Again, the plate was washed three times thoroughly
with wash solution.

Changes in human A1AT concentrations were visualized by the

addition of 100µl TMB solution with short incubation for 10 minutes at room temperature
and then reaction stopped with 100µl of stop solution to each well. A four parametric
logistic standard curve was generated and the concentration of hA1AT in each diluted serum
sample was estimated at 450 nm on SPECTRAmax M5 reader. The concentration of A1AT
in one milliliter was calculated by multiplying with the dilution factor in milligrams.
2.1.1.6.

Human serum leptin determination

Serum samples were assayed in duplicate along with two quality controls, using sandwich
enzyme-linked immunosorbent assay (human leptin ELISA kit Millipore, USA). The
volume of sample taken was 25µl and 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 statistical evaluation, ANOVA was used (Graph Pad prism 5software). Unpaired t-test
was employed to assess group-wise differences of various parameters’ mean values in
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 mean± SEM. Threshold for two tailed pvalue significance was set at P≤0.05.
2.1.2.

Quantitative western blotting

For western blot serum samples from equal number of lean and obese healthy control adult
male subjects were diluted 100 times, by dissolving 10µl of serum sample in 1000µl of (4(2-hydroxyethyl)-1-piprazineethanesulfonic acid(HEPES) buffer (see details in Table 4.5 in
appendix II) . To resolve proteins in diluted serum samples, 30µl of each was loaded in each
well along with 5µl 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 4ºC. The membrane was blocked with 5% fat free milk in TBST (see
details in Table 4.5 in Appendix II) for 2 hours at room temperature to stop non-specific
binding and incubated with 1:2000 diluted primary A1AT-antibody (Bethyl Laboratories
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 on x-ray film by using machine in dark room. The intensities of
these scanned protein images were quantified using quantity 1 software on chemidoc
machine.
2.1.3.

Measurement of elastase activity

A study was performed using molecular probe EnzChek elastase assay kit (E-12056) for the
assessment of comparative enzymatic activity between human male obese and lean
individuals. Before performing assay, all reagents that were used in the study brought to
room temperature (20-25ºC) and required test wells were determined in order to measure the
elastase enzymatic activity.As 10 lean (BMI≤23) and 10 obese (BMI≥27) human subjects
were considered to assess elastase activity in their blood serum samples. Prior to start of
assay for elastase activity measurement, dilutions of the reagents were carried out, which are
described 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 II) 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 substrate solution of 100µg/ml concentration was prepared by diluting
DQ stock solution (2.2.9.1), 10 fold (5/50v/v) in 1x reaction buffer.
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Preparation of elastase stock solution

A stock solution of 100U/ml of porcine pancreatic elastase was prepared, by adding 500ul
dH2O in to a vial containing porcine pancreatic elastase.
2.1.3.1.4.

Preparation of elastase inhibitor stock solution

To prepare 4x inhibitor working solution, 50µl of DMSO was added to the vial containing
elastase inhibitor.
2.1.3.1.5.

Human blood serum sample dilution

In order to get serum proteins appropriate concentrations; 20µl of serum sample was
dissolved into 80 µl 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 concentrations i.e.
0.01mM, 0.001mM, 0.0005mM, 0.00025mM and 0.000125mM were prepared from elastase
stock solution (see in section 2.2.3.1.3) Then 100µl of each standard was added in five
separate microplate wells already containing 100µl of working DQ substrate solution (see in
section 2.2.3.1.2). A 0.1mM inhibitor solution was made by adding 2µl of stock (see in
section 2.2.3.1.4) into 98µl of 1x reaction buffer. Another 0.01 mM inhibitor solution was
prepared by dissolving 10µl of 0.1mM inhibitor solution into 90µl of 1x reaction buffer and
subsequently added 50µl of each into two separate wells containing 50µl of DQ substrate.
Then 100µl of 0.001 mM enzyme dilution was added into the wells preloaded with substrate
and inhibitor.
Then 100µl of each diluted serum sample of lean and obese male human subjects was
transferred to appropriate microplate reader wells, which already contained 100µl 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 absorbance using endpoint method on ELISA reader(SPECTRAmax
M5). The background fluorescence was corrected for each time point by subtracting noenzyme control fluorescence value. Finally, the ELISA results were exported to MS Excel
2010® software to calculate the mean of 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 culturing 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 experiments were conducted in
parallel. In start, hepG2 cells in two cryogenic vials were removed from storage under liquid
nitrogen and placed at 37ºC in water bath with shacking until thawed. Then 1.5 ml of this
thawed cell suspension were added into 11 ml of high glucose DMEM supplemented with
10% (w/v) fetal bovine serum(FBS), 100 U/mall penicillin, and 100µg/ml streptomycin(MP
Bio medicals, France) in 75cm 2 tissue culture dish (Cell star). These cells were incubated at
37℃,in a 5% CO2 and 95% airovernight. Next day 12ml of 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 10ml ice-cold PBS to remove
medium traces. Then these cells were trypsinized by adding 3ml of trypsin at 37ºC for 5
minutes. Later, non-adherent cells were re-suspended in 7ml growth medium, transferred
into a 15mlsterile falcon tube (BD Company) and centrifuged at 1000rpm for 5 minutes at
25⁰C. Supernatant was aspirated by leaving intact pellet in the bottom. This pellet was redissolved in low volume (500µl) of growth medium by passing through pipette tip 10 times.
Then 3ml of dissolved cells from the falcon tube were transferred into three new culture
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 were approximately 80% confluent. The
cells confluency and contamination were inspected by using light contrast microscope. After
the aspiration of old medium, trypsinization and de-activation of trypsin by adding 7ml new
growth medium (see details in Table 4.5 in Appendix II), non-adherent cells from three
tissue culture dishes were collected into one falcon tube. Then the non-adherent cells were
centrifuged at 1000rpm for 5 minutes at 25 oC. The supernatant was aspirated and pellet was
re-dissolved in low volume (500µl) of new growth medium by passing 10 times through
micropipette tip. Then volume was made up to 10ml by adding a further 9.5ml of the new
growth medium.
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Cellcounting

To determine the number of cells, non-diluted cell suspension from falcon tube was diluted
10 times by dissolving 10µl aliquot of the cells into 90µl of new complete growth medium,
in an expender tube. Then 10µl of the diluted cells were loaded into well A and same
volume of non-diluted cells suspension into well B of the cell counting chamber slideand
number ofcells were counted using countess automated cell counter (Invitrogen) as follows:
In well A cells counts=1× 10 4 or 1000 cells/ml. By multiplying with dilution factor 10, the
cell number was 100,000 cells/ml. In well B cells counts= 2.2×10 6 cells/ml or 2200000
cells/ml. Required cell number was 350000 cells/ml or 12600,000 cells/36ml. The cell
number, 2.2×106 cells/ml was chosen to determine the volume of cell suspension required to
seed hepG2 cells into six-well tissue culture plates. Finally, 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 plates were placed at 37ºC in an incubator
overnight.
2.1.5.4. Starvation and stimulation

After an overnight incubation, old medium was aspirated and cells rinsed with pre-warmed
DMEM alone. These cells were starved in serum free DMEM (see details in Table 4.5 in
Appendix II) containing 1% BSA (w/v) for about 18h. In each six wells plate, three wells
were specified for leptin stimulation and three for PBS treatment in a time-dependent
manner. After starvation, cells were treated with 1 ml (70ng/ml) recombinant human leptin
(sigma) and 1 ml PBS alone for 3-48 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 PBS in two 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 500 µl Trizol reagent (Invitrogen) and one ml
lysis buffer respectively. Simultaneously, another experiment was performed with leptin
zero time point as control instead of PBS. Furthermore, in order to check the effect
ofmedium 70 ng/ml leptin and PBS were prepared in DMEM alone without serum.
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RNA and protein extraction

Prior to RNA and protein extraction, aspiration of DMEM(see details in Table 4.5 in
appendix II)was done and subsequently each well was washed twice with 2ml ice-cold PBS
(see details in Table 4.5 in appendix II). Added 500µl of Trizol (Invitrogen Carlsbad, CA) in
each well, PBS treated and 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 3h-PBS and 3h-leptin. The proteins of the same time point were extracted using
lysis buffer with scraper and collected into two 1.5ml eppendorf tubes. Similarly, on the
appropriate time and days RNA and proteins were extracted for other time course points
such as 8h, 12h, 24h and 48h, and stored at -80oC for further use.
2.1.5.6. RNA purification

RNA samples treated with Trizol were de-freezed by leaving for 5 minutes at room
temperature. Then 0.1ml of chloroform was added into each tube and samples shaken
vigorously for 15 seconds, then left them for 5 minutes at room temperature. Then these
samples were centrifuged at 12000×g at 4ºC for 15 minutes.
2.1.5.7. RNA precipitation

The upper aqueous phase was transferred to the fresh RNase free tubes. Then added 200µl
isopropanol: mixed and stored at -20ºC overnight. After this, samples were thawed at room
temperature for 5 minutes and their centrifugation was carried out at 12000×g at 4ºC for 15
minutes.
2.1.5.8.

RNA Washing

Discarded the supernatant and pellet was washed with 200µl 75% ethanol, then centrifuged
at 12000×g at 4ºC for 15 minutes.
2.1.5.9. Re-dissolving of RNA

The supernatant was removed and air dried for 5 minutes. Pellet was dissolved in 20µl
RNase free water and incubated for 10 minutes at 55ºC.
2.1.5.10.

Determination of RNA integrity

To check the degradation of RNA whether it got degraded or not during its extraction in
Trizol reagent, 12µl of total RNA sample was loaded and run on an ethidium-bromide
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stained 1% (w/v) agarose gel with 1x TAE buffer (see details in Table 4.5 in Appendix II),
at 120 volts for 10 minutes. Prior to this 1µg/12µl concentrated RNA samples were prepared
in RNase free water and RNA loading dye. Gel was then subjected to Alph-Innotech
machine and photographed in white/ultraviolet transilluminator (UVP, CA, USA). These
RNA samples were used for cDNA synthesis.
2.1.5.11.

Determination of RNA concentration and purity

After confirming the integrity of the RNA by agarose gel electrophoresis, purity and
concentration of RNA was measured using a ND-1000 spectrophotometer (NanoDrop
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 (1µg) was reverse-transcribed in a 20µlreaction
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 total of 1µg RNA was
reverse transcribed in a 20µl reaction mix. In one set of PCR tubes; 10µl reaction mix, 1µl
oligo dT, 1µl random primers and 2µl of enzyme mix were added and poured into another
set of PCR tubes, each containing 6µl total RNA. In case of control 2µl water was added
instead of enzymes. The contents in PCR tubes were centrifuged in order to homogenize
them. Then incubated the 20ul cDNA reaction at 42ºC for one hour. Prior to incubation at
42⁰C an incubation step at 25⁰C for five minutes was carried out. Similarly another set of
11PCR reactions was used for 18S/β-actin, used as normaliser.The protocol was as follows:
In order to get uniform concentration (1µg/6µl) 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 tubes following components were mixed as 10µl MMuLV reaction mix, 1µl Oligo dT, 1µl Random primers and 2µl M-MuLV enzyme mix was
added in 10 PCR tubes and mixed well.
Then, transferred the above mixture into 6µl total RNA PCR tubes. In the control, instead of
enzyme, 2µl RNase free water was added. The contents in the PCR tubes were centrifuged
briefly, just to ensure their homogenization. Then incubated the 20µl cDNA synthesis
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reaction at 42ºC for one hour. Prior to 42ºC incubation, an incubation step at 25ºC for 5
minutes was performed. This cDNA was stored at -20ºC for downstream analysis of qPCR
gene amplification.
2.1.5.13.

Real-Time Quantitative RT-PCR (RT-qPCR)

Real-time PCR was performed with iCyclerReal-time detection system (Eppendorf) using
brilliant qPCR master mix (Stratagène).

RT-qPCR was used in order to amplify

exponentially the gene 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 human A1AT serpinA1 gene and18S were listed in Table 2.2.

Table 2.1: Concentrations of different componentsused in RT-qPCR reaction.
Ingredient

Final concentration or
No. of µl in 20µl reaction in per well

Nuclease free water

6µl

100μM Forward hA1AT primer (stock solution)

1µl 10μM (working PCR solution)

100μM Reverse hA1AT primer (stock solution)

1µl 10μM (working PCR solution)

2X SYBR Green JumpStart Taq Ready Mix

10µl 2X SYBR Green for PCR

cDNA template

2μl for PCR amplification

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, expressedas n-fold differences of mRNA between different stimulation
relativeto the 18S, were calculated with the following formulathat is based on three
replications in each cycle: n = fold =efficiency(c – t) Target gene/efficiency(c – t) 18S mRNA; c
representscycle threshold for target 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 serpinA1 (Homo sapiens) coding gene sequence was selected in pubmed (accession no.
NM. 0002954). Then primers were designed using primer3 softwareand commercially got
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synthesized from IDT (Integrated DNA Technologies). A stock of100µM of each primer
was prepared as mentioned in a reference paper(Alino et al. 2003)and newly self designed
primers. Then 10µM 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, using RT -qPCR
at different time points, primers optimization of the target as well as the reference gene was
carried out. Firstly, primers efficiency of housekeeping β-actin primers (stock of β-actin
primers pair available in Jiang’s lab) was checked by using one PBS treated and four leptin
stimulated hepG2 mRNA wells. In this case melting curve was negative; reason may be
primers inefficiency due to prolonged storage and degradation. Then a different set of
primers for another housekeeping gene 18S,was kindly obtained from Dr.Mangala
Soundarapandian in Dr.Bjorn Tyrberg lab at SBMRI, Orlando, FL, USA. Resulted in
positive CT 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 paper(Alino et al. 2003).
Pure non-diluted cDNA samples were used, in order to check the proper functioning of the
both sets of newly purchased reference and self designed primers. C T values were arrived at
cycle number5- 6 only with self designed primers whereas with reference primers were not
amplified efficiently. Then three serial dilutions (10 times, 100 time and 1000 times) of pure
non-diluted cDNA samples were made to calculate amplification efficiency, and the slope
of the dilution curve calculated by linear regression. Amplification efficiency in percentage
was calculated using “RT-qPCR Standard Curve Slope to Efficiency Calculator”
(Stratagene® 2008). The slope for the reference and newly self designed primers was -5.1
and -3.39 respectively. The newly self designed primers showed high amplification
efficiency within 90-105% range and the efficiency of primers taken from reference paper
were too low. Moreover, to ensure the amplification of hA1AT gene with exponential range,
different number of cycles (30-45) was run. Finally CT value was set at 40 cycles of RTqPCR for further experiments. In RT-qPCR experiments 100 times diluted samples were
selected and run with their corresponding primers. In order to check the genomic DNA
contamination two negative controls with no cDNA template and enzyme were used with
each assay. The RT-qPCR reaction ingredients, concentrations and amounts used are
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enlisted in Table 2.1.
Table2.2: primers used in RT-qPCR experiments
Gene

Forward Primer

Reverse Primer

hA1AT

*5’-GAG GGC CTG AAT TTC AAC CTC-3’

*5’-CCA GGA ACT TGG TGA TGA TAA-3’

**5’-TGA GTT CGC CTT CAG CCT AT-3’

**5’-GGA AGC CTT CAT GGA TCT GA-3’

# 5’-GTA ACC CGT TGA ACC CCA TT-3’

5’-CCA TCC AAT CGG TAG TAG CG-3’

18S





*hA1AT pair of primers taken from reference paper
**Newly self designed hA1ATpair of primers
# 18S selected and finalized as normalizer to correct the amounts of hA1AT gene expression
while doing qPCR analyses.

RT-qPCR running duration was 2 hours. Programmed amplification process consisted of
following PCR conditions: 10 minutes at 95ºC, 15 seconds at 95ºC followed by 40 cycles of
30 seconds at 95ºC, 15 seconds at the annealing temperature of 58ºC and 30 seconds at 72ºC
for extension. The annealing temperature was adjusted for getting optimal annealing
conditions for the primers. Different temperatures (45ºC-60ºC) were tried for the gene
amplification. Finally, 58ºC was chosen as annealing temperature to get satisfying amount of
PCR product by minimizing undesirable PCR products.

On the other hand for protein analysis, cells were washed twice in ice-cold Dulbecco’s PBS,
then lysed in lysis buffer, harvested, measured for protein concentration and stored at -80ºC
until further analysis.
2.1.5.14.
2.1.5.14.1.

Quantitative western blot
Protein measurement by Bicichoninic Acid (BCA) method

In start 50, 100, 200, 400 and 800 times serial dilutions of BSA stock (2µg/ml) were made
by dissolving 1.25, 2.5, 5, 10 and 20µl BSA from stock in a total volume of 50µl in lysis
buffer (see details in Table 4.5 in Appendix II), in separate newly labelled test tubes. The
proteins extracted in lysis buffer, incubated at room temperature for defrosting. These were
homogenised by passing 10 times through narrow syringe. Then centrifuged at high speed
of13,000 rpm for 10 minutes. The supernatant was transferred into newly labelled tubes.
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Furthermore 10x proteins dilutions were made by mixing 5µl of protein solution with 45µl
of lysis buffer in other newly labelled test tubes. Then added 1ml working reagent to each
tube, mixed and incubated at 37ºC for 30 minutes. Working reagent was made by mixing
reagent A and B in a falcon tube with 50:1 ratio. After incubation, 200µl of each diluted
proteins samples along with 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% SDS-PAGE separating and 4% stacking gels were performed
according to Laemmli recommendations(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% acrylamide/ bis-acrylamide
stock, deionized water, Tris-pH = 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 of the inner 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/500µl concentration of proteins in
each sample by adding appropriate volumes of sample buffer and lysis buffer with 10x
cocktail of protease inhibitors(Jackson et al.)(Jackson et al.). These samples were mixed
well and put on 100ºC for 5 minutes. Then 30µl (1µg/ml) reduced protein samples for each
time point was loaded on 9% SDS-PAGE in 1x running buffer after a very short
centrifugation at 8,000 rpm at 4ºC and 6 µl of protein ladder was also loaded. Then these
cellular proteins were resolved by supplying current of 80 volts for 1 h. The resolved
proteins were transferred to nitro cellular membrane, using 1x transfer buffer at 100 volts for
2h at 4ºC.Then stained the membrane with 1x Ponceau stain (AMRESCO) to make sure that
whether proteins were transferred to membrane or not, see Figure 2.1.
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Figure 2.1: Transfer of proteins from SDS-PAGE 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 saline, Numbers= 3, 8, 12 & 24 represent time course points in
hours.

In order to block non-specific proteins, the membrane was treated with 5% non-fat dry milk
(5ml) in 1xTBST (see details in Table 4.5 in Appendix II) and allowed for shaking for 1hour
at room temperature.

Then the membrane was cut into two pieces. One part of the

membrane probed with hA1AT specified primary antibody (Bethyl laboratories Inc, USA)
and left on gentle shaking overnight at 4ºC. Primary A1AT-antibody was diluted 1/2000
times by dissolving 7.5µl of the antibody in 15 ml 3% BSA solution in 1x TBST before use.
Whereas the second part of the membrane was treated with diluted (1/1000 times) primary
rabbit-STAT3 antibody (Santa Cruz Biotechnology) (STAT3 used as an internal control)
followed by goat anti-rabbit secondary antibody conjugated with horseradish peroxidase.
Then both parts 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 was taken 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 x-ray film, then exposed to red light in dark room. After this protein bands were
developed on x-ray film using Kodak MIN-R x-ray machine. These bands were scanned
using Flourochem Q scanning software on Alpha-Innotech machine and protein intensity
was calculated by Quantity 1 software, using chemidoc instrument.
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Results

2.2.1. Study population

The study population is comprised of 181 Pakistani human adults including 96 healthy nondiabetic (ND) control subjects and 85 well characterized type 2 diabetic (T2D) patients.The
ND and T2D age was 46.8±0.8 (mean±standard error mean, SEM) years and 53.6±1.1 years
respectively, with the age range of 35-70 years.Table 2.3 shows the descriptive statistic and
selected biochemical parameters of the study groups. Additional parameters are given in
appendix

I.

Statistical

analysis

revealed

that

blood

serum

fasting

glucose,

cholesterol,triglycerides, 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

Number ( male / female)

96(62/34)

85(45/40)

BMI (Kg/m2)

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/dl)

156.4±7.7

185.27±9.9

0.02

A1AT (mg/ml)

4.14±0.15

4.0±0.15

p-value

NS

NS= non-significant, ND= non-diabetics and T2D= type 2 diabetics

As the present work is an extension of serum protein biomarker discovery research program
developed in Dr. Jiang’s laboratory, SBMRI, USA, in which Jiang et al discovered A1AT as
a biomarker of obesity in animal models (Mansuy-Aubert et al. 2013), see more details in
study design section 1.13. In continuation of Jiang’s biomarker discovery study, the present
work was extrapolated on above mentioned human individuals’ blood serum samples in
order to validate A1AT as a marker of obesity and its related metabolic syndrome such as
type 2 diabetes. Therefore ELISA based A1AT protein measurements were carried out in
serum of ND control subjects and T2D patients. The comparative levels of serum A1AT was
not significant (p: 0.49) between T2D patients and their non-diabetic counterparts, see
Figure 2.2A.
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2.2.2. Association of various factors with serum A1AT

These study subjects were further divided into various subgroups in order to evaluate the
impact of sex, age,disease duration (DD), smokingand BMI on serum A1AT level. The
relationships of serum A1AT level with these parameters are given in Figure 2.2B, 2.2C,
2.2D, 2.2E, 2.2F and2.2A respectively.

Figure 2.2: Association of various parameters with serum A1AT levels in the study
subjects’ groups
A: Comparative serum A1AT level between ND control subjects and T2D patients, B: Comparative serum
A1AT levels between males and females (ND subjects and T2D patients together), C: Serum A1AT levels in
non-diabetics and diabetics together by age, D: Serum A1AT levels on the basis of disease duration, E:
Comparative A1AT levels between smokers and non-smokers, F: Comparative serum A1AT levels between
non-obese and obese females (including non-diabetics and diabetics)

This analysis revealed that serum A1AT level was not significantly affected by age (p= 0.4),
sex (p= 0. 9), smoking (p= 0.5) and disease duration (p= 0.8). Similarly in case of females
(comprising of ND subjects and T2D patients) the BMIwas not related (p= 0.71) to this
A1AT protein, see Figure2.2F. Furthermore, the A1AT differences were also non48
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significant in BMI based sub-groups of female adults, between diabetic non-obese (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 non-obese (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 A1AT level. So, in order to know whether BMI of
both diabetic and non-diabetic males show collective impact on serum A1AT level or any
one of them? The male group was further divided into two BMI sub-groups; one included
diabetic obese and non-obese patientswhereas second comprised of ND obese and non-obese
male subjects. In case of ND male group BMI was strongly associated (p≤ 0.0002) with
serum A1AT level, see Figure 2.3B. Whereas in case of diabetics the same parameters BMI
was non-significantly (p= 0.701) related to serum A1AT level, shown in Figure 2.3C.

Figure 2.3: The impact of BMI on serum A1AT levels in male groups
A: Serum A1AT level in male groups (including diabetics as well as non-diabetic subjects) by BMI, B:
Comparative serum A1AT levels between non-obese and obese diabetic males, C: Comparative serum A1AT
levels between ND non-obese and obese males, D: Comparative elastase activity between ND lean and obese
male subjects.

Statistical analysis showed that on an average blood serum A1AT was decreased 27% in ND
obese group (4.7±0.3 mg/ml) compared to ND non-obese (3.4±0.2 mg/ml) male group. To
check the hypothesis, if the decrease in A1AT in ND obese human males is related to leptin
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resistance, 62 ND male subjects were selected in order to measure their serum leptin level as
well for this correlation study. These ND subjects were compared for A1AT 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 PLS-DA using BMI cutoff values as Group 1
(BMI<27) and Group 2 (BMI≥27).Both groups were clearly separated from each other with
a Q2 of 59% in the PLS-DA score plot (Figure 2.4A) and the changes responsible for this
separation as shown in the loading plot (Figure 2.4B) were decreased levels of serum A1AT
and increased levels of serum leptin and BMI in the obese group.The comparative lists of
these variables between these two groups arealso summarized in Table 2.4.
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Figure 2.4: Multivariate statistical model PLS-DA at BMI cut off point 27
A: Score plot represents separation of non-obese (filled squares) and obese subjects (filled circles),
B: Loading plot shows variables responsible for these two groups’ separation are higher BMI and
leptin levels and lower A1AT level in ND obese subjects.
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Table 2.4: Characteristics of non-obese and obese ND human male subjects
Parameters

Non-obese subjects

Obese subjects

P-value

(n=34)

(n=28)

Age(mean±SEM, years)

48.21±1.6

45.57±1.3

BMI(Kg/m2)

23.2±0.4

29.3±0.3

≤0.0001

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

≤0.0001

A1AT (mg /ml)

4.7±0.3

3.4±0.2

≤0.0002

P-value calculated with unpaired t test with Welch correction. p≤0.05 is significant.

Among anthropometric parameters BMI showed significant difference (p: ≤0.0001),
whereas WHR differenceswasnot significant. In case of biochemical variables as expected
that obese had increased (93.21±2.3 mg/ml)mean fasting blood glucose level than non-obese
males (87.21±2.3 mg/ml)but difference was not significant (p= 0.08). Similarly in both
groups cholesterol and triglycerides were higher in obese group, these were not statistically
different from the non-obese group. On the other hand, two biochemical parameters, A1AT
and leptin showed significant differences between obese and non-obese ND male groups.
Serum leptin level was significantly higher (p≤ 0.0001) in obese subjects(13.89 ng/ml)
compared to non-obese ND male subjects (4.36 ng/ml). Conversely, mean serum A1AT
concentration was significantly lower (p≤ 0.0002) in the same obese group at 3.4±0.2
mg/ml, in comparison to the non-obese group which was 4.7±0.3 mg/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 univariate regression analysis (seeTable 2.5). The
analysis showed that serum A1AT was significantly and inversely correlated to two
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parameters; leptin (r=-0.3293, p< 0.05) and BMI (r=-0.4231,p< 0.05). Whereas serum leptin
strongly associated with three parameters i.e. WHR (r=0.332, p< 0.05), A1AT (r= -0.3293,
p= 0.009) and BMI (r= 0. 6954, p≤ 0.0001). Pearson correlations also revealed that in
addition to A1AT and leptin, BMI was positively correlated to WHR(r= 0.3797) and glucose
(r= 0.2647)and was significant (p< 0.05) in both cases. This inter-relationship between
A1AT, leptin and BMI was also shown in Figure 2.5A, 2.5B and 2.5C. For the fasting
blood glucose; it was significantly (p< 0.05) correlated to BMI and WHR, correlation
coefficients were r= 0. 3707 and r= 0.2647 respectively. Cholesterol and triglycerides were
also strongly correlated (r= 0.55 and p< 0.05) with each other. The remaining correlations
were non-contributory. Briefly as mentioned above among rest 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) among various parameters of ND male
subjects
A1AT
A1AT
Age
BMI
WHR

Age

BMI

WHR

Glucose

Cholesterol

Triglycerides

Leptin

-0.1851

-0.4231*

-0.2463

-0.0769

-0.2254

-0.09761

-0.3293*

-0.211

0.0812

-0.1949

0.0053

-0.211

-0.0727

0.3797*

0.2647*

0.1187

0.195

0.6953*

0.3707*

-0.1219

0.0239

0.332*

-0.135

0.079

0.1057

0.55*

-0.002

Glucose
Cholesterol
Triglycerides

0.12

Leptin

*Shows the significance correlations with p-values ≤0.05
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Figure 2.5: The mutual relationships between serum A1AT, leptin and BMI in ND
male subjects
A: Shows the reciprocal significant correlation between serum A1AT and leptin, B: shows the strong inverse
relationship between A1AT and BMI, C: Shows the significant linear relationship between leptin and BMI

2.2.4.

Investigations of A1AT and leptin association to BMI

Sixty two ND male subjects were further divided into four BMI sub-groups on the basis of
BMI variable, i.e. lean (n=15), overweight (n=19), mildly obese (n=20) and severely obese
(n=08) groups, see Table 2.6. The pattern recognition method of PLS-DA analysis of these
subjects indicated a gradual separation from lean group towards severely obese group as
apparent in the score plot of PLS-DA analysis (Figure 2.6A) with overall Q2 of 23%. Main
contributory factors for this separation were A1AT, Leptin and BMI as shown in the loading
plot of PLS-DA (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 separation from lean 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: PLS-DA loading plot shows Main contributory factors for these four BMI sub-groups separation. In
obese A1AT decreases, both leptin and BMI increase relative to the ND non-obese groups.

Further splitting up of this ND male group into aforementioned four BMI sub-groups also
revealed that serum leptin level was linearly increased with BMI and were significantly
different in each group-wise comparison, with maximum difference (p≤ 0.0001) was shown
between overweight and mildly obese groups at BMI cut off point 27. The leptin differences
were also significant between other consecutive groups. The leptin differences were
significant in three groups i.e. 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 severely obese (p= 0.0001) groups. The leptin
difference was also found significant (p= 0.03) between mildly obese and severely obese
groups,seeFigure2.7B. The increase of serum leptin in overweight, mildly obese and
severely obese groups were 14.3%, 115.6% and 265.2% 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 A1AT mean
values were decreased in overweight, mildly obese and severely obese male groups
respectively. Further in this case serum A1AT significant difference (p= 0.04) was obtained
at BMI 27 cut off point between overweight and mildly obese adult groups. Whereas the
differences were not significant with respect to other successive BMI cut off points, p-value
was non-significant between lean and overweight groups (p= 0.26) as well as between
mildly obese and severely obese groups (p= 0.31). The A1AT was significantly decreased in
mildly obese (p= 0.04) and severely obese (p= 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 group-wise comparison the A1AT difference
was very large (p= 0.001) between ND lean and severely obese groups,shown
inFigure2.7A. Therefore the BMI cut off point 27 was used to differentiate non-obese and
obese individuals in the present study, which fulfilled the BMI criteria defined by Jafar et
alfor Pakistani adult population (Jafar et al. 2006). The serum leptin and A1AT levels of
these four ND male sub-groups are given in Table 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≤23

BMI(23-27)

BMI(27-30)

BMI≥30

(n=15)

(n=19)

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

(n=20)
(n=08)
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Figure 2.7: The relationship of A1AT and leptin with BMI in ND male group
A: Bar graphs show the decrease of serum A1AT with increase in BMI, B: Bar graphs show the linear increase
of serum leptin with four BMI subgroups of ND male controls. P-values are given for group-wise comparison
on the top of each graph with horizontal lines.

In addition to ELISA based measurementsfor A1AT, 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 A1AT in obese
individuals relative to lean subjects, given in Figure 2.8A and 2.8B. Conversely, brightness
ratio for A1AT 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 to the ND lean group.

Figure 2.8: Western blot analysis of human serum A1AT
A: The decrease of relative serum A1AT intensity in ND obese relative to ND lean males, B: The comparative
selected A1AT bands intensities of the same subjects on x-ray film
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Assessment of elastase activity

The A1AT is one of the major protective proteins in blood circulation, which is secreted by
the liver. The A1AT inhibits protease activity including neutrophil elastase and as a
consequence protects tissue damage in lungs. Several studies indicated the link between
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 order to assess the relative elastase
activity, 10 lean (BMI≤23) and 10 obese (BMI≥27) ND male subjects were selected. The
relative optical densities difference was not significant (P= 0.69) between these two groups,
see Figure 2.9D.

Figure 2.9: Elastase activity of ND lean and obese male subjects.

2.2.6. Mechanistic studies for A1AT 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 to get an insight into the biological basis for the decrease of A1AT 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 A1AT (hA1AT) gene expression. As in gene expression study the
integrity and purity of RNA is pre-requisite for qPCR analysis. Therefore in the present
study, the integrity of the extracted RNA from HepG2 cells was determined by ethidium
bromide fluorescence in the form of a clear 28S, 18S and 5S bands before downstream
analyses see in Figure 2.10. Regarding quality, RNA samples gave a 280/260 wavelength
ratio between 1.9 - 2.03. Further CT values were not appeared with negative controls, which
was the sign of the absence of DNA contamination.

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 qPCR amplification

The self designed hA1AT pair of primers was selected and used for qPCR amplification and
analyses see in Table 2.2. The A1AT qPCR CT curves were arrived at 5 and 6 cycle’s
threshold with pure non-diluted cDNA template.Subsequent to this three 10 folds serial
dilutions (10 times, 100 times and 1000 times) of pure non-diluted cDNA template were
made in order to get CT values at 17 to 18 cycle’s number. The HepG2 cDNA serial
dilutions i.e. 10 times, 100 times and 1000 times gave CT values 14.29, 17.29 and21.08cycle
numbers. These self designed hA1AT pair of primers gave evenly spaced CT curves with
required amplification efficiency (E= 97.24%), see in Figure 11. Finally, among these three
HepG2 cDNA serial dilutions; 100 times dilution was selected for qPCR amplification. The
hA1AT CT values were compared with that of 18S normalizer to correct the amounts of
mRNA for downstream qPCR analyses of A1AT gene expression in cultured leptin
stimulated hepatic cells in a time-dependent manner.

58

Protein biomarker study of type 2 diabetes and obesity

Chapter 2

10000
9000

Fluorescence (norm)

8000
7000

10

6000

100

5000

1000

4000
3000
2000
1000
0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Cycle

Threshold:

148 (Noiseband)

Baseline settings: automatic, Drift correction OFF

Figure 2.11: This shows CT curves of cDNA serial dilutions
2.2.6.1.3.

Melt curve analysis

Melt curve analyses were also performed at the end of 40 cycles to investigate
contamination.Melt curve analysis (Figure 2.12) of the hA1AT qPCR product with newly
self designed primers indicated that the primers were specific for A1AT gene and there was
no curve representing genomic DNA and primer-dimers.Therefore on the basis of efficiency
value within desired range (90-105%) and melting curve analysis, newly self-designed
hA1AT primers were selected for qPCR experiments.

Figure 2.12: Melt curves to check contaminationother than target DNA amplification.
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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 of A1AT mRNA expression pattern. For this, human liver HepG2 cells
were incubated with 70ng/ml of recombinant human leptin for 3-48h incubation periods
with PBS controls in threeseparate independent experiments, each in triplicate. A fold
change in A1AT gene expression was calculated at each treatment time point using
comparative ΔCT method (see details in materials and methods sections 2.1.5.13. and
2.1.5.14.). The relative quantification for hA1AT gene was expressed as fold change over
control gene expression. Mean CT values of A1AT gene expression obtained from three
different independent qPCR experiments were expressed as mean±SEM and statistical
calculations were performed using graph pad stat and Microsoft excel software. Overall data
obtained through qPCR experiments showed that leptin treatment resulted in a significant
increase (p= 0.0077) in hA1AT mRNA expression after 24h of stimulation with human
recombinant leptin (Figure 2.13) in a time dependent manner. Furthermore, hA1AT fold
increase was found maximum (3.2 folds) after 24hoursof leptin treatment, relative to 3
hours’ time course point.
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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 mean±SEM of three independent experiments, each in triplicate with 18S normalizer. P<0.05 was
set as significant.

Quantitative mRNA analysis showed (Figure 2.13) that A1AT mRNA was increased
maximally after 24h leptin stimulation. In addition to this, it was tested whether A1AT
protein accumulation increased in hepatocytes. The leptin and PBS treated hA1AT was
harvested for each time course point, as shown in Figure 2.14B, from liver HepG2 cells and
then subjected to western blot assays (see details in materials methods sections 2.1.5.1. and
2.1.5.14.). The level of hA1AT was assessed with human A1AT-specific 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 PBS stimulated
hA1AT: STAT3 density ratio was calculated for each time course point i.e. 3h, 8h, 12h and
24h in a time dependent manner, see Figure 2.14B. Finally, in order to evaluate 70mg/ml
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recombinant human leptin stimulation effect on hA1AT level, a ratio of leptin and PBS
treated hA1AT protein density was calculatedfor each time course point. Each bar graph
showing (Figure 2.14A) leptin stimulated hA1AT: PBS treated hA1AT density ratio band
pictures shown in Figure 2.14B. Quantitative western blot showed that 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.

Figure 2.14: A1AT Western Blots Analysis in HepG2 Cells
A: shows A1AT western blot regarding 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 A1AT amount.

Briefly, RT-qPCR and quantitative immuno-western blot results revealed that hA1AT
expression was increased by leptin stimulation in cultured hepatic HepG2 cells as a positive
acute phase protein.
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Discussion

Diabetes Mellitus (DM) is a complex of disease which affects various body tissues and
organs. DM prevalence is increasing and becoming an alarming threat for human life at
global scale. The diabetes healthcare cost adversely affects global economy (Siegel 2008).
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 micro- and macro-vascular complications which affect major body organs
such as eyes, nervous system, and kidneys (Fowler 2008). It is thought that obesity and
diabetes are twin metabolic disorders. However, the metabolic profile of obese without
metabolic syndromes (MetS) 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 2003). Imbalanced diet intake and physical inactivity are the basic factors
contributing to the development of obesity, which associated with low grade inflammation
(Shen 2012). Now it is well reported that obesity 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 predisposes to various metabolic disorders including IR and T2D (Guilherme et
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 obesity (Moreno-Navarrete 2011).
Presently, the established tools such as fasting blood glucose level, glycated hemoglobin,
plasma insulin measurement etc, are used in the screening /diagnosis of pre-diabetic and
diabetic patients from normal population. These tools/assays are the late markers where
diabetes has already progressed and become clinically difficult to reverse (Okada et al.
2010).
Scientists are using different tools and approaches such as genomics, proteomics 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 laboratories (Scott
et al. 2005).
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Nevertheless, it is well studied that rather than gene, its expression products such as proteins
and metabolites represent the true phenotype of the obesity and T2D etiology (Despres et al.
2006; Cowan et al. 2008). Therefore, the biomedical scientists are paying profound attention
to discover biomarkers of obesity and its related metabolic syndrome, e.g. diabetes (van Dijk
et al. 2010).
Jiang’s group has discovered some protein 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
fascinated to know if A1AT is a marker of obesity in humans(Mansuy-Aubert et al. 2013).
Since A1AT is a positive acute phase proteins (APPs) and its gene expression in liver
increases 2-3 folds during inflammation(Sallenave et al. 1997; Morgan et al. 2002).A1AT
deficiency was first time described in the late 1960s in patients with severe pulmonary
emphysema(Fregonese et al. 2008). Deficiency of A1AT also increases the risk of
developing liver, lung and gastrointestinal disease(Stoller et 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 Engstrom et al results (Engstrom et al. 2005). In support of this, it has recently been
reported that uncontrolled type 2 diabetic patients have decreased trypsin inhibitory capacity
of A1AT relative to their ND control subjects (Hashemi et al. 2007). T2D pathobiology
causes the modification and glycation of serum proteins which is a non-enzymatic
unregulated process accelerated in hyperglycemic condition leads to the alterations of
proteins’ structure and functions. The decrease trypsin inhibitory activity of A1AT might be
due to glycation of A1AT protein (Hayden 2005).
Moreover, the possible impact of gender, age, disease duration, smoking and BMI on serum
A1AT level was evaluated in sera of above mentioned study subjects. Age, disease duration
and smoking did not correlate with serum A1AT level. In a previous studies no association
was also reported between serum A1AT level and smoking (Somayajulu et al. 1996).
Similarly duration of diabetes and age were also not related with serum A1AT level.
Hashemi et al have shown that serum trypsin inhibitory 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 non-enzymatic glycation of A1AT protein (Hashemi et al. 2007).
For BMI impact on serum A1AT concentrations, in the present study, no association was
foundbetween BMI and serum A1AT levels in both subgroups of female adults including
diabetic non-obese and obese female patients as well as between ND obese and non-obese
female subjects. Whereas the previous studies reported that use of oral contraceptives,
menstruation periods, gestation and its phases affect blood serum A1AT levels in women
(Shaaban 1982);(Gleichmann et al. 1973). In pregnancy ability of A1AT to inhibit proteases
such as trypsin decreases in spite of the higher level of A1AT in diabetic condition relative
to the healthy state. Furthermore, serum A1AT level fluctuates during the consecutive
phases of normal and diabetic pregnancy (Haram et al. 1983; Espana et al. 1991; Yaghmaei
et al. 2009). It is also reported that the levels of serum proteins including A1AT significantly
perturbed in menstruations, as A1AT decreased after menopause and increased by estrogen
treatment (Hashimoto et al. 1991). The pregnancy and use of contraceptives were not
considered in this study.These might be the facts no realistic results were found in female
groups. This study also indicates sex-specific interface between serum A1AT and low-grade
inflammation in ND obese female subjects. As a past study reports the sex-specific
differential expression of an acute phase protein-CRP between men and women (Ukkola
2007).
In male diabetic group; mean serum A1AT levels were not different between obese diabetic
and non-obese 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. Though, in this group 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. T2D is associated with various types of
macro- and micro-vascular complications and the pathophysiology of diabetes with microvascular complication is different from that of macro-vascular complication (Ahmed 2010;
Jung et al. 2011). Serum proteins show different pattern of association with regard to the
specific type of complication. For example: C-peptide show association in T2D patients with
macro-vascular complications but not with micro-vascular complications (Sari et al. 2005).
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In this male diabetic group; T2D patients with complications might have variable A1AT
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 obese subjects relative to the non-obese
subjects. Whereas the quantitative immuno-western blot (qWB) revealed 16% decrease of
A1AT in obese subjects.A1AT significant difference was obtained at BMI 27 cut off point
between obese and non-obese group. While the A1AT differences were not significant at
other BMI cut off values i.e. 23, 25, 30. Therefore in this study the BMI 27 was used to
distinguish obese from non-obese individuals, which fulfilled the BMI criteria defined by
Jafar et al for Pakistani adult population (Jafar et al. 2006). As far as differences in ELISA
and qWB based A1AT results; it might be due to certain technique limitations, as former is
more sensitive than latter approach (Weise et al. 2001).
In addition to this, several studies demonstrated that obesity is frequently associated with
high plasma/serum leptin concentrations and leptin resistance (Martin 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 are significantly higher in
obese than in non-obese 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 prevent the 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 tissues (Martin 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 non-contributory with regard to the serum A1AT level. Engstrom
et al identified the deceased level of A1AT in high BMI men relative to the low BMI
subjects(Engstrom et al. 2004). Whereas for the first time an inverse significant correlation
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between A1AT 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
males i.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.

A1AT and neutrophil elastase activity

It is well reported that A1AT counterbalances the activity of neutrophil elastase (NE),
without the protection of A1AT, NE can easily break down elastin which contributes to the
elasticity of lung tissue, which subsequentlydevelops respiratory complications in
humans(Stoller et al. 2005). An increasing number of studies suggest an association between
obesity and chronic respiratory diseases such as emphysema and chronic obstructive
pulmonary disease (COPD) (Guerra et al. 2002). Although the causality relating obesity
with asthma has not been established very well, however, it is reported that A1AT protein
plays an important role in the development of chronic lungs disorders (Kalsheker et al.
1987). Similarly, another study shows the inverse relationship between BMI and serum
A1AT level in COPD patients (Higashimoto 2011).Jiang’s group for the first time identified
that A1AT protein was decreased and on the other hand elastase activity was increased in
obese mice relative to the lean mouse models(Mansuy-Aubert et 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 unstable compared to protein itself.
Therefore it might be possible that prolonged serum samples storage and transportation
adversely affect elastase activity and results (Rai 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 such as TNF-α,
IL-1, IL-6, leptin, etc, from adipose tissues and provokes synthesis of APPs (e.g. CRP) in
liver (Maachi et al. 2004; Rasouli et al. 2008; Ouchi et al. 2011). Of the various factors
which are involved in the initiation and maintenance of inflammatory response,
adipocytokines specifically regulate the differential expression of APPs in various tissues
(Maachi et al. 2004);(Li 2006).
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It is reported that IL-6 like cytokines such as IL-6 and oncostatin M (OSM) stimulate the
expression of A1AT in various peripheral tissues including HepG2 liver cells via
JAK/STAT3 pathway (Murakami et al. 1993; Nakashima et al. 1998), details are given in
section 1.7.1, in chapter 1. Leptin is also included in IL-6 type 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 quantitative western blot techniques that A1AT 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 prolonged incubation time. The prolonged incubation
decreases viability of HepG2 cells (Riss et 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 post-translational modifications and epigenetic effects,
which might be the fact that protein accumulation is less in comparison to its corresponding
mRNA level (Kleivi 2006; Brockmann et al. 2007).
2.3.3.

An impact 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 by IL-1 and IL-6 cytokines, and type 2
genes, respond mainly to the IL-6 like cytokines such as IL-6, OSM, etc (Baumann et al.
1994; Moshage 1997).Using a wide range of techniques, it has been shown that OSM
induces a functional response at 24 h via STAT3 binding to the STAT sequence(Morgan et
al. 2002). Moreover, different reports identified using gel shift and luciferase assay that a
perfect consensus for STAT present in the 3’-A1AT enhancer region was capable of binding
the transcription factor STAT3(Morgan et al. 1997). In case of other cell types such as
monocytes and macrophages, lipo-polysaccharides (LPS) up-regulates A1AT and this protein
gene is also stimulated in lungs epithelial tissues in response to OSM (Barbey-Morel et al.
1987; Sallenave et al. 1997). In HepG2 cells, the A1AT gene regulation occurs at the
transcriptional stage and this is mediated primarily via hepatocytes promoter containing the
68

Protein biomarker study of type 2 diabetes and obesity

Chapter 2

STAT3 sequence(Morgan et al. 2002). The A1AT was stimulated up to three folds bytwo
cytokines IL-6 and OSM in HepG2 cell line (Sallenave et al. 1997).Data regarding leptin’s
effect on A1AT 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 which supporting the hypothesis that like OSM cytokine (Sallenave
et al. 1997), leptin might act to regulate few gene target in hepatocytes (Zhou 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 hepatocytes (Chen et
al. 2006). Recently, Jiang and his co-workers (Mansuy-Aubert et al. 2013)demonstrated in
mouse models that expression of A1AT gene was leptin dependant and leptin stimulation
increases the level of A1AT protein via JAK/STAT3 pathway in cultured hepatic Hep1-6
cell lines.
The Ob-Rb is the only leptin receptor type which activates STAT-system (Martin et al.
2008). A specific tyrosine residue, Tyr 1138, in the intracellular domain of the Ob-Rb
mediates the activation of STAT3 (Yang et 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 pathway (Vaisse et al. 1996). The binding of leptin-ligand
causes Ob-Rb to undergo homo-oligomerization and subsequently binds to JAK2
(Nakashima et al. 1997). Only Ob-Rb possesses the STAT-binding site (Bjorbaek et al.
1997). In vivo studies demonstrated that STAT3 is the major transcriptional factor in
signaling. Binding of Ob-Rb with JAK2 leads to the JAK2 autophosphorylation and the
phosphorylation of Tyr985, tyr1077 and Tyr 1138 on Ob-Rb receptor. The phosphorylation
of Tyr1138 recruits STAT3 protein to the Ob-Rb-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 other IL-6 like cytokines via

JAK/STAT3 signaling mediates the induction of APPs including A1AT mRNA expression
in peripheral tissues such as vascular endothelial, HepG2 liver cells, etc, (Sallenave et al.
1997; Singh et al. 2007). The STAT3 transcription of suppressor of cytokine signaling-3
(SOCS-3) inhibits leptin signaling through a negative feedback mechanism (Banks et
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al.2000); (Bates et al. 2004), an induction of A1AT expression by leptin (cytokine) is
illustrated in Figure 2.15.
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Figure 2.15: A1AT mRNA stimulation by leptin-JAK/STAT3 pathway in peripheral
tissues

The cumulative results of the present study revealed that the A1AT expression is leptin
dependent and the decrease of A1AT in non-diabetic obese human male subjects is probably
due to leptin resistance on its targets in the liver cells.
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Conclusions
In this study an association was established between A1AT 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 inverse correlation was also found between serum A1AT level and BMI.



From this study it is proposed that leptin induces A1AT at both mRNA and protein
levels in human hepatocytes as an acute phase protein through JAK/STAT3 pathway.



By assembling data from human blood samples and cell culture studies, a link
between obesity and anti-protease process was also indicated.



Thus taken together, these findings lead to the conclusion that serum A1AT
concentration in various sub-groups of human male subjects is regulated by leptin.
The obese subjects belong to this group are leptin resistant which may be one of the
causes of leptin inability to stimulate A1AT expression.

2.5. Future prospects
Metabolic disorders like obesity, type 2 diabetes and associated conditions like insulin
resistance, hyperlipidemia, hypertension, cardiovascular disorders, pulmonary problems etc
are the undesirable consequences of the modern technology era. Twin disorders of obesity
and type 2 diabetes are reaching the epidemiclevels in 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 2 diabetes in 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 A1AT biomarker was validated in humans which
actually down-regulated in obese individuals. For the first time, decreased level of serum
A1AT levels was reported in 1960s in asthmatic patients. The increased elastase activity was
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also described in asthmatic patients, which causes tissue elastin degradation especially in
lungs. So in this study decreased of A1AT indicates a link between obesity and lung related
complications in obese subjects.

In addition to this, in the present study it was also demonstrated that leptin stimulated A1AT
gene expression in liver cells, but obese subjects are leptin resistant, which might be one
cause of leptin failure to induce A1AT expression in hepatic cells. As liver is the main site
for A1AT synthesis and secretion. It is well known that leptin is satiety factor to control
food intake or appetite via its receptors situated in 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 liver. Furthermore,by exploring and
confirming about 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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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 diabetes etc). This 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 cell, tissue or organism
levels.
Hence, in the post genomic era,a great interest has been generated to identify the metabolite
based differences for various diseases including diabetes. In the classical biochemistry,
identification of a few metabolites was possible by simple techniques; however, new or
advance tools, technologies and data processing softwares as well as bioinformatics tools
along with dedicated databases are required for large scale analysis of metabolites. These
developments give birth to the field of 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 high-throughput analytical techniques to
comprehensively identify 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 multivariate statistics (Griffin et al. 2008; Dunn et
al. 2011).
Analytical techniques which are generally applied for metabolomics research include one or
more of the following alone or generally in combination. Most common platforms are
proton NMR (Nuclear Magnetic Resonance) spectroscopy, mass spectrometry (MS) coupled
to

gas

chromatography

(GC-MS),

liquid-chromatography

(LC-MS),

capillary

electrophoresis (CE-MS). All these techniques have their advantages and disadvantages for
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example, NMR spectroscopy is non-destructive method for sample analysis which requires a
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 of 30-50 metabolites
dependingon

the

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 preparation/derivatization time and are destructive (i.e. sample is all used
during analysis).
Analytical data once acquired through such high-throughput platforms (NMR, GC-MS, LCMS etc) is then analyzed by advance statistical methods using multivariate tests. Commonly
used multivariate tests are Principal Component Analysis (PCA), Partial Least SquaresDiscriminant Analysis (PLS-DA) and Orthogonal PLS-DA (OPLS-DA), Orthogonal Signal
Correction-Partial Least Squares (OSC-PLS). These tests calculate the overall contribution
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 range of biological
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 pathogenesis, processes
for drug development and monitoring of drug effects as well drug toxicity and
environmental effects on organisms to mention a few of the areas. In the context of this
thesis, some of the metabolomics/metabonomics studies conducted for diabetes 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
researchers(Bain et al. 2009; Dunn et al. 2011; Friedrich 2012). Maher et al suggested
NMR-based metabonomics for diabetes research thatit will increase knowledge of the causes
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and progression of diabetes, and provide opportunities for the treatment of diabetics (Maher
et al. 2009). Hence, an account of some recent metabolomic studies is provided here.

In a collective proton NMR and LC-MS based metabolomic analysis of plasma samples of
diabetics, high levels of lactate, acetate, allantoin, ketones were found during 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 stress (Lanza et al. 2010). In a study by Gipson et alusing a multi-platform
(Proton NMR, LC-MS, and microarray) based investigation of a leptin receptor defective
murine model of type 2 diabetes, metabolic disturbances revealed several urinary
metabolites to be associated with diabetes or its progression. Important changes were in the
trimethylamine-n-oxide (TMAO), creatine, carnitine, and phenylalanine metabolites(Gipson
et al. 2008).
Due to versatility of metabolomics applications, recently there has been a great interest in
applying metabolomics to evaluate traditional/alternative medicine. In this context, Gu and
colleagues conducted a metabolomic study on the effects of traditional Chinese medicine
berberine on type 2 diabetes. In this study, they 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 before and after treatment with berberine were
analyzed by ultra-performance liquid chromatography and quadrupole time-of-flight tandem
mass spectrometry (UPLC Q-TOF MS). Results showed that the levels of 13 fatty acids
decreased due to berberine effect(Gu et al. 2010). In related study of Chinese medicine, Wu
and coworkers performed GC-MS based analysis on diabetic patients to identify potential
biomarkers (Wu et al. 2012) and Xu et al analyzed plasma fatty acids of type 2 diabetics
(Xu et al. 2012).
A seminal proton NMR based metabolomic studyby Salek and colleagues for diabetes in
mouse, rate and human urine samples have shown 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 and N-methyl-2-pyridone-5-carboxamide. From these findings, it
was suggested that these changes may act as useful biomarkers for type 2 diabetes or its
progression(Salek et al. 2007). In a type 2 diabetes study by van Doorn and
colleaguesanalyzed metabolite profiles of urine and blood to evaluate them as biomarkers
for the therapeutic effects of thiozolidinediones using NMR spectroscopy. They found that
diabetic patients showed a relative increase in urinary concentrations of several amino acids,
citrate, phospho (enol) pyruvate and hippurate. And drug treatment caused a rapid relative
reduction in the urinary hippurate and aromatic amino acids as well as an increase in plasma
branched chain amino acids and alanine, glutamine and glutamate in the diabetics. Putative
diabetes related changes in the plasma were largely attributable to the increased lipids (van
Doorn et al. 2007).
In another drug efficacy study, type 2 diabetics were investigated by GC-MS for
metabonomic variations following drug (repaglinide, metformin or rosiglitazone) treatment.
There were increased levels of valine, maltose, glutamate, urate, butanoate and long-chain
fatty acid (C16:0, C18:1, C18:0, octadecanoate and arachidonate), and decreased
glucuronolactone, lysine and lactate in diabetics. All these drug treatments reduced the high
level of glutamate to a lower level in serum of diabetics, but rosiglitazone treatment was
able to reverse more abnormal levels of metabolites, such as valine, lysine,
glucuronolactone, C16:0, C18:1, urate, and octadecanoate. From, this study it was concluded
that rosiglitazone is more efficient to alter the metabolism of diabetic patients than the other
two drugs (Bao et al. 2009).Similarly, Huo et al reported Proton NMR and LC-MS based
metabonomic based biochemical changes in the serum of type 2 diabetics after the treatment
of metformin hydrochloride. NMR analysis revealed increased trimethylamine-N-oxide
(TMAO), 3-hydroxybutyrate (3-HB) and decreased glucose, N-acetyl glycoprotein (NAC),
lipoprotein, lactate, acetoacetate and unsaturated lipids in serum of metformin treated
patients compared to untreated ones. LC-MS detected increased tryptophan and decreased
lysophosphatidylcholines (C16:0 LPC, C18:0 LPC and C18:2 LPC) as well as phenylalanine
in the treated group (Huo et al. 2009).
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Using GC-MS based metabonomics for biomarker discovery for diabetes Li et alanalyzed
plasma samples in human subjects. They found five potential biomarkers associated with
diabetes including glucose, 2-hydroxyisobutyric acid, linoleic acid, palmitic acid and
phosphate.

Researchers

concluded

that

elevated

free

fatty

acids

as

essential

pathophysiological factors in the development of diabetes (Li et al. 2009). In another study
by Zhang and coworkers used an LC-MS 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 changes in the serum level of leucine, dihydrosphingosine and
phytosphingosine, indicating the perturbations of amino acid metabolism and phospholipids
metabolism in diabetic diseases (Zhang et al. 2009).
Applying metabolomics to epidemiological studies of clinical importance, Suhre and
colleagues explored metabolic footmark of diabetes using a multiplatform metabolomics.
About 420 unique small metabolites were identified in fasting blood of diabetics using NMR
and MS approaches. Known biomarkers of diabetes which were found included, sugar
metabolites (1,5-anhydroglucoitol), ketone bodies (3-hydroxybutyrate), and branched chain
amino acids. Authors concluded that metabolomics has the potential for diabetes research to
identify a series of known and novel, deregulated metabolites specific for diabetes.
Important changes they found were in the metabolic pathways linked to kidney dysfunction
(3-indoxyl sulfate), lipid metabolism (glycerophospholipids, free fatty acids), and interaction
with the gut microflora (bile acids). This study suggests that sub-clinical metabolic features
could be identified by metabolomics for diabetic or at-risk diabetic population(Suhre et al.
2010).In another large scale and important, LC-MS based metabolomic study for future
diabetes development, Wang and co-workers analyzed amino acids, amines and other polar
metabolites in baseline samples and monitored them in those who developed diabetes after
several years. Five branched-chain and aromatic amino acids significantly associated with
future diabeteswere: isoleucine, leucine, valine, tyrosine and phenylalanine. A combination
of three amino acids was found enough to predict future diabetes. These investigators
emphasized on the potential role of amino acid metabolism early in the pathogenesis of
diabetes and suggest that amino acid profiles could help in diabetes risk assessment (Wang
et al. 2011).
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Using LC-MS, Zhu et 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 nephropathy (Zhu et al.
2011). Similarly, Floegel and coworkers used mass spectrometry to identify serum
metabolites associated with risk of T2D in a targeted metabolomic approach. They found
metabolic alterations in sugar metabolites, amino acids, and choline-containing
phospholipids as associated in the early phases to develop T2D later in life(Floegel et al.
2012). Another mass spectrometry based metabolomic profiling study was performedby
Mihalik et al forblood fatty acid and amino acid metabolism in youth with obesity and T2D
for their involvement in enhanced mitochondrial oxidation (Mihalik et al. 2012).
Similarly, Ng et al carried out GC-MS and LC-MS based metabolomic study on urine
samples for low estimated GFR (glomerular filtration rate) in non-proteinuric T2D. Eleven
metabolites from GC-MS analysis were strongly associated with low eGFR, while 19
metabolites from LC-MS 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 detection (Ng et al. 2012). Like-wise, novel biomarkers for prediabetes are reported in a separate paper, which will be helpful to prevent T2D before its
clinical symptoms (Wang-Sattler et 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 Pakistani human adults including 49 non-diabetic
(ND) control subjects and 49 well characterized type 2 diabetic (T2D) patients. The ND and
T2D age was 45.2±1.3 (mean±standard error mean, SEM) years and 53.5±1.5 years
respectively, with an age range of 35-80 years. 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, weight, 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 weight (Kg) to height in
meter square. An informed 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 12-14h 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
between 8-10 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 -20oC prior to analysis. Sera samples were analyzed for biochemical tests (e.g.
fasting glucose as described in chapter 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 minerals, described in (chapter 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 stored at -20 oC until carrying out these analyses.

3.3.3.

Urine sampling and storage

The 20ml of urine from each aforementioned subject was collected in sterile plastic urine
containers between 8-10 am, and stored at -20oC with addition of 2-3 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, dark yellow 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 down-stream analysis for metabolomics study by proton NMR, each urine sample
was de-frosted at room temperature.

3.3.4.

Analysis of urine by proton NMR spectroscopy

Initially 400µl urine samples were made up to 600µl with phosphate buffer (0.2 M, pH 7.4)
and centrifuged to remove any precipitated residues. Then a total of 500µl supernatant was
along with 100µl of sodium 3-trimethylsilyl-(2,2,3,3-2H4)-1-propionate (TSP)/D2O/Sodium
Azide solution (0.05% w/v TSP in D2O and 1%w/v sodium azide) was transferred to 5-mm
NMR tubes and proton NMR spectrum of each sample was acquired at 500 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 result into 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, which was reconstituted in 550µl of 50mM Phosphate buffer
(pH 7.4 with 1% NaN3 and 0.05% TSP in D2O) by vigorous vortex mixing for 2 -3 min. It
was followed by sonication in an ultrasonic water bath for 3 min and spun down.
Transferred around 545µl of each supernatant by leaving any precipitate to the 5-mm 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 peak in the proton NMR of urine. The
absence of this peak was attributed to drying of samples, which may have resulted its
evaporation along with water molecules due to its small molecule size/low molecular
weight. This was reconfirmed by analyzing fresh urine sample without drying and drying
using the same procedure (data 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 Khan) and subsequent sample
preparation and NMR experiments were carried out by my supervisor (Dr Fazli Rabbi
Awan) and Dr Reza Salek (postdoc fellow) in Dr Jules Griffin’s Laboratory.

3.3.5.

Urine NMR Data Analysis

Proton NMR spectral processing was carried out in Chenomx 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 to Umetrics SIMCA-P+12.0.1 software for
multivariate statistical analyses. These analyses included PCA (Principal Component
Analysis), PLS-DA (Partial Least Squares-Discriminant Analysis), Orthogonal PLS-DA
(OPLS-DA), which were used to identify/separate diabetics from control based on the
metabolite resonances (as divided into various bins for calculation of their concentration as
integrals). These analysis generated score plots, S-plots and loading plots. Score plots
showed the subjects/patients while loading plots 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 (control or type 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 shown in Figure 3.1. In this
spectrum, metabolite peaks/resonances were spread from 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 following sections.
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Figure 3.1: A representative proton NMR spectrum of urine from a control study
subject.
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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 shown in Figure 3.2. In the score plot of this PCA analysis 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 gluconate resonances in these
samples, which were removed in the subsequent data processing to improve analysis.

C
High Glucose

D

A

B

High Gluconate

Figure 3.2: PCA model based on urinary metabolites of type 2 diabetics and controls.
[A]: Shows score plot of the PCA model of subjects (red=controls, green=T2D). There is no clear grouping
due to huge contribution of glucose [C] and gluconate [D] concentrations in some subjects. [B]: It is the
loading plot of PCA model, which shows the basis of separation/clusters,which originate from the Proton NMR
resonances that were used as variables for this analysis.
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PLS-DA model of urinary metabolites after exclusion of samples/
subjects with high glucose and gluconate levels

This model was generated (Figure 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 are shown in the loading plot [B]. This PLS-DA model was also
validated to show the reliability of the model which is of good quality.

C
A

B

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

Figure 3.3: PLS-DA model based on urinary metabolites of type 2 diabetics and
controls.
Red=T2D, Black=controls, [A]: Score plot, [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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Investigation of gender based differences on urinary NMR profile

In this analysis, same PLS-DA model (from Figure 3.3 with removed glucose and gluconate
samples) 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 result into any clusters based on gender as depicted in the score plot of Figure 3.4
below.

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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OPLS-DA 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] plot and their resonances are shown in the S-plot [B], in spite of the fact that there
were a couple of outliers as shown in the score plot [A].

A

B

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, [B]=S-plot
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PLS-DA model of urine NMR spectral resonances/metabolites of all
study subjects

In this analysis, PLS-DA model was constructed which separated two groups, one for
diabetics and one for controls (Figure 3.6). This model also reflected two outliers; however,
their contribution was not substantial as this model showed a good validation result.

A

B

C

Validation Model
Green: R2=(0.0, 0.243),
Blue: Q2=(0.0, -0.212)

Figure 3.6: PLS-DA modelof urine NMR based spectral resonances/metabolites for
type 2 diabetics and control subjects.
Red=Diabetics, Black=Controls, [A]=score,[ B]=S-plot, [C]=Validation Model
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OPLS-DA model based on NMR spectral resonances/metabolites of
controls and diabetics

In this analysis, OPLS-DA model was constructed (Figure 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 subjects. This analysis showed a
clear clustering for diabetics and control subjects in the score plot [A] with basis provided as
resonances in the S-plot [B]. This model showed very good correlation values for R2Y and
Q2[C].

A

C

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

B

Figure 3.7: OPLS-DA model of urine NMR spectra profiles of subjects after removal of
glucose, gluconate and other sugars.
Red=Diabetics, Black=Controls, [A]=score, [B]=S-plot, [C]=(R2Y(cum)=Green, Q2(cum)=(Blue)
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The statistical measurements and significance values which were used to separate diabetics
from controls represented in the Figure 3.7 are provided as data table below showing (p =
2.57 e-0.11).

M7(Untitled)
Total corr.
Regression
Residual

SS
88
51.2137
36.7863

DF
88
10
78

MS
1
5.12137
0.47162

F

p

10.8591

2.56815e-011

SD
1
2.26304
0.686746

Based on resonances shown in S-plot [B] of Figure 3.7 which were separating control
subjects from diabetic patients, putative metabolites were provisionally identified.
Metabolites which were down-regulated in the urine samples of diabetics as compared to
control subjects were myo-inositol and threonate; those which were up-regulated were
dimethylamine, isocitrate, proline, cysteine and hydroxylysine. 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) in particular 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 research efforts 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 gene, its 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 understanding 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. More un-resolved
question in diabetes 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 drugs? All these
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, which was the focus of
this study.
Metabolomics leverages on the powerful high-throughput analytical like NMR spectroscopy
and Mass Spectrometry (e.g. GC-MS, LC-MS, and CE-MS) along with sophisticated
multivariate data analysis tests (e.g. PCA, PLS-DA, OPLS-DA), (see Chapter 3, sections 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
questions for understanding disease or abnormal 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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specific 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 efficacy in Pakistani
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 living (food 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 understanding, preventing 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 down-regulated in the urine samples of diabetics
as compared to control subjects were myo-inositol and threonate; those which were upregulated were dimethylamine, isocitrate, proline, cysteine and hydroxylysine. Further
confirmation of this analysis/assignment of metabolites is being carried out. However, some
published metabolomic studies have reported some of these metabolites to be involved in
diabetes pathogenesis (Salek et al. 2007; van Doorn et al. 2007; Yuan et al. 2007; Gipson et
al. 2008; Huo et al. 2009; Hwang et al. 2010; Nissen et al. 2011; Patterson et al. 2011;
Brugnara et al. 2012; Galazis et al. 2012; Hinder et 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 run to reduce the burden of this
and similar diseases by proper management and intervention.
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METALS AND TYPE 2 DIABETES

4. Introduction
4.1. Metals and type 2 diabetes (T2D)
Metals are naturally occurring inorganic elements which are present in very small amounts in
the living tissues but are important for the vital processes of life(Kazi et al. 2008). Some metals
(e.g. magnesium) are known as macro-metals and found in high amount in the body tissues,
therefore they are also called macro-nutrients(Simsek et al. 2007). At least 100 mg of each
macro-nutrient is required in the daily diet (Soetan et al. 2010). In contrast, some metals e.g.
copper (Cu), zinc (Zn), iron (Fe) and manganese (Mn), chromium (Cr), etc are needed in the
body in very small amounts, less than 100 parts per million (ppm), hence, these are called trace
elements or micro-nutrients(Grivetti 2000). Metals are involved in a range of physiological
processes such as prosthetic groups of many proteins, water balance, cofactors of many
enzymes etc(Fraga 2005). Several metals function as part of proteins / enzymes as
metalloproteins/metalloenzymes(McCall et al. 2000). These proteins without metal containing
prosthetic groups lose their biological activity(Lu et al. 2009). The regulation of various
metallic contents in the body is pre-requisite for their proper functioning(Lutsenko et al. 2007).
Metals enable the muscles to contract or relax and also transmit impulses through the nerves.
Most metals are available in the soluble salt forms, which regulate the composition of biofluids.
The proper metabolic functioning of the trace elements depends on their normal levels in
various body tissues(Guidotti et al. 2010). Due to the diversified metabolic characteristics and
functions metals e.g. Mg, Zn, Cr, Fe, Mn and Cu are considered as essential for normal human
health(Kazi et al. 2008).

Several studies have revealed that the imbalance of some essential metals might adversely affect
pancreatic islet and cause development of diabetes(Chen 2009). It is also manifested that some
reactive oxygen species (ROS) produced during diabetes due to imbalance of essential metals.
This oxidative stress might decrease the insulin gene promoter activity and mRNA expression
in pancreatic islet cells due to hyperglycemic condition(Galhardi et al. 2004; Jiang et al. 2004;
Valko et al. 2005; Khan et al. 2014).
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On contrary to essential metals, some toxic metals have also been identified which accumulate
in various biological samples of T2D patients. Uncontrolled pollution and industrialization
might be a potential cause to expose human population against toxic metals like lead (Pb). Some
of the toxic metalsare implicated to disrupt the glucose uptake and alter the related molecular
mechanism in glucose regulation(Kazi et al. 2009; Serdar et al. 2009).

4.2.

Essential metals and their physiological roles

4.2.1.

Iron (Fe)

Iron (Fe) is the most common metal which forms a part of important proteins (e.g. hemoglobin
and myoglobin) involved in the transfer of molecular oxygen(Ganz et al. 2006). It is also
involved in the elastin production along with Zn and vitamin C(Ganz et al. 2006), and it
participates in healing and formation of collagen(Stechmiller 2010). Chronic high blood level of
Fe leads to hemochromatosis, a disorder of Fe metabolism characterized by its increased
absorption, saturation of Fe binding proteins and deposition of hemosiderin in the liver(McClain
et al. 2006). Iron is a transition metal which acts as potential catalyst in several cellular
reactions contributing to increased oxidative stress and tissue damage if present in excess,
thereby increasing the risk of type 2 diabetes(Rajpathak et al. 2006). Studies also demonstrated
an association between body iron stores and various body parameters such as elevated level of
glucose, dyslipidemia and obesity(Papanikolaou et al. 2005).
4.2.2. Magnesium (Mg)
Mg is the most abundant macro-nutrient which is essential for the maintenance of proper health.
It is required for the activity of more than 300 enzymes, which serve several important
physiological functions in the human body(Lopez-Ridaura et al. 2004). Mg containing enzymes
are

involved

in

the

glucose

homeostasis,

nerve

transmission,

DNA

and

RNA

production(Swaminathan 2003).

In prospective cohort studies, anassociation was investigated between Mg consumption through
diet and the risk of type 2 diabetes. Furthermore, it was demonstrated that Mg deficiency might
lead to a decrease in insulin mediated glucoseuptake(Lopez-Ridaura et al. 2004; Afridi et al.
2008). On the other hand, Mg supplementation prevents insulin resistance and also reduces the
development of diabetes in animal models(Mooren et al. 2011). Some studies reported low level

93

Metals and type 2 diabetes

Chapter 4

of Mg in the blood serum and an increased urinary excretion of Mg in diabetes relative to their
healthy control subjects(Afridi 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 fats (Orbea et al. 2002). It is
essential for the proper utilization of choline, thiamine, biotin, vitamin C and vitamin E. Mn as a
cofactor of enzymes is also involved in mitochondrial glycoproteins synthesis(Serdar et al.
2009).

Impaired activity of these enzymes, due to Mn deficiency leads to abnormal cartilage
production(Rico et al. 2000). Mn is also a cofactor of pyruvate carboxylase,which plays a role
in the conversion of various non-carbohydrate compounds into glucose via gluconeogenesis for
their subsequent use. In short, Mn is also required for normal insulin synthesis, its secretion and
an alteration in its metabolism implicated in diabetes development(Kazi et al. 2008).
4.2.4. Copper (Cu)

Cu is another essential mineral, which is needed for several biological functions. It is required
for the catalytic activity of superoxide dismutase (SOD) that participates in the protection of
cells from superoxide radicals(Olivares et al. 2000). Cu imbalance is implicated in cholesterol
elevation by disrupting normal high density lipoproteins (HDL) and low density lipoproteins
(LDL) balance(Jackson 2010). Cu also activates cytochrome oxidase which is involved in the
electron transport chain of the mitochondria(Kako et al. 2004). In case of copper deficiency,
cytochrome oxidase reduces its activity which might lead to the distortion of mitochondria in
metabolically active tissues such as pancreatic acinar cells, hepatocytes etc. (Quilliot 2001; Lin
et al. 2006).

Published data show that Cu deficiency is one of the reason for the development of
cardiovascular diseases(Klevay 2000). It is studied that Cu is also beneficial to prevent arthritis
associated inflammation and epilepsy(Chwiej et al. 2008). More recently, it has been reported
that disturbances in copperlevels in various biofluids and tissues are associated with
abnormalities implicating in metabolic pathways of diabetes and its complications(Eaton et
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al.2002; Kazi et al. 2008).Copper as well as zinc metals play roles in order to protect oxidative
damage of body tissues(Zheng et al. 2006; John et 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 apoptosis. Zn participates in multiple biochemical pathways such as in
transcription,translation and cell divisions(Karamouzis et al. 2002). More than 300 enzymes
need Zn for their catalytic activities. On the other hand, removal of Zn from catalytic site leads
to the loss of enzymatic activity(Jansen et al. 2009).

About 70% of the Zn is bound to albumin and any pathological alteration of albumin affectsthe
serum Zn levels(Droge 2002). Zn malabsorption results in various types of disorders including
the dermal, gastrointestinal, neurological and immunological abnormalities(Wapnir 2000).
Some studies show that type 2 diabetes patients have suboptimal Zn status in blood due to its
decreased absorption and increased urinary excretion(Kazi et al. 2008). As a result,
hypozincemia and hyperzincuria are developed in diabetics (Wapnir 2000; Kazi et al. 2008). Zn
plays a key role in the storage and secretion of insulin, which subsequently increases the uptake
of glucose(Kazi et al. 2008; Rungby 2010). The decreased plasma level of Zn adversely affects
the ability of islet cells to produce and secrete insulin(Brender et al. 2010; Rungby 2010).
It is well established that Zn transporter (ZnT8) is a key protein for the regulation of insulin
secretion from the pancreatic β-cells. Recently a mutation in ZnT8 transporter has been
associated with T2D(Wijesekara et al. 2010). Briefly all these evidences show the importance
of Zn in the maintenance and integration of insulin hexamer and its role in the metabolic
regulation (Rungby 2010).
4.2.6. Chromium (Cr)

The biological activity of Cr depends on its valence state and chemical complexes it
forms(Guidotti et al. 2008; Guidotti et al. 2010; Tudan et al. 2011). Trivalent form of Cr has
high biological activity which is required for the optimal glucose uptake by cells (Belinda S.
O’Connell 2001; Tudan et al. 2011). Cr regulates insulin and blood glucose levels by
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stimulating insulin signaling pathway and metabolismby up-regulating glucose transporter
(GLUT4) translocation in muscle cells (Qiao et al. 2009).

Cr deficiency results in the elevation of blood glucose levels and if it is persisted for a
prolonged period, it may lead to the development of diabetes(Wiernsperger et al. 2010). Some
reports show that Cr supplements decreases the blood sugar level in diabetes(Lai et al. 2006).
Prolonged hyperglycemia increases Cr urinary excretion(Kazi et al. 2008).
Briefly,cumulative evidences indicatethe essential nature of metals for the maintenance of
human normal physiology, and their imbalance predisposes to glucose intolerance which
subsequently converts to diabetes related complications(Kazi et al. 2008).

4.3.

Toxic metals and health

Toxic metals e.g. lead (Pb), nickel (Ni) deposit in tissues and are not degradable; hence, they
remain in the tissues for a long period, and it is often difficult to eliminate metal-based problem.
Body tissues can tolerate a certain level of metals, and beyond these permissible limits tissues
get damaged due to metal toxicityin tissues. Some of the toxic metals including Ni are
manifested as carcinogens(Chiu et al. 2004; Valko et al. 2005; Yabe et al. 2011).

The mechanism of metal induced carcinogenesis is elusive, which might be due to complex
nature of interactions of metals in biological systems(Valko et al. 2005). Furthermore, essential
metals also have carcinogenic effects if present in excess amounts than they are required. For
example, Cr3+ is essential while Cr4+ behaves as carcinogenic agent(Chiu et al. 2004). Similarly,
hemochromatosis increases the risk of hepatocarcinoma(Kowdley 2004). Preponderance of
these toxic metals in the environment is potentially alarming and harmful for human health
(Schwarzenbach et al. 2010). They are common in the nature and present in air, water and soil,
which increases the probability of human exposure(Serdar et 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 metals. In the current environmental conditions several human populations are
exposed to high levels of toxic metals including Pb and Ni(Yabe et al. 2011). An abundance of
a toxic metal competes with essential metal for enzymes activity and various body physiological
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functions(Flora 2009). For example, Zn is required for the activity of many enzymes. In case of
Zn deficiency and increased exposure to toxic metals such as Pb, body will use Pb instead of Zn
(Duruibe 2007).

Some toxic metals including Pb and Ni are elevated in biological samples of diabetic patients,
which adversely affect health status of an individual by disrupting organ physiology and
functions. Free Pb in blood plasma is rapidly transferred to soft body tissues (Afridi et al. 2010).
It is reported that absorption of Pb is inversely affected by Fe status.
4.3.1. Lead (Pb)

Some toxic metals including Pb were reported in higher concentration in the biological samples
(i.e. blood plasma and urine)of diabetics than the non-diabetics (Afridi et al. 2008). Pb is
dangerous to most of the human body organs and interferes with metabolism and cellular
functions(Martinez-Finley et al. 2012). Previous reportsshoweda linear relationship between
blood Pb level and renal dysfunction in age-related diseases. This may be due to the frequent
exposure to environmental Pb (Yu et al. 2004).

Studies demonstrated that exposure to Pb badly affects the antioxidant pathways(Yabe et al.
2011). Existing evidences indicate that metal induced toxicity may cause disequilibrium of
antioxidant balance in living tissues; as a consequence highly reactive oxygen species (ROS)
are generated. This antioxidant imbalance might lead to the degradation of proteins, nucleic
acids and lipid peroxidation. An oxidative attack of cellular components by ROS is implicated
in the pathogenesis of several human diseases including diabetes (Beyersmann et al. 2008; Kazi
et al. 2009).
4.3.2. Nickel (Ni)

Ni is ferromagnetic element which is mostly used in Ni-Cd batteries. Most of the human
populationsare exposed to Ni through different means such as drinking polluted water, air and
eating nickel contaminated food(Das et al. 2008). It has been observed that kidney is the major
organ for Ni accumulation(Kubrak et al. 2012).
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Briefly, investigators have been analyzed various biofluids such as blood serum/plasma, hair,
urine etc. in order to know the altered metabolism of metals in various disease types including
diabetes. Among these biological samples, urine seems unique since it is readily available and
non-invasively sampled. In some previously published studies researchers have shown urinary
levels of metals which correspond to their blood serum status of this metal (Kazi et al. 2008;
Kazi et al. 2009)).

Aforementioned studies showed the existence of link between the levels of toxic metals and
essential trace metals (Barany et al. 2005). In view of the aforementioned facts, a case-control
study was designed in order to assess the levels of various typesof essential trace, macro- and
toxic metals in urine samples of type 2 diabetic patients.

4.4. Material and methods
4.4.1. Study Subjects

The study population was comprised of 98 Pakistani Punjabi adults including 49 non-diabetic
(ND) control subjects and 49 well characterized type 2 diabetic (T2D) patients. The ND and
T2D age (mean±SD) was 45.2±9.2 years and 53.5±10.4 years respectively, with an age range of
35-80 years. 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 a s well
as medication status. Their anthropometric measurements of body height, weight, waist and hip
circumference were measured. Type 2 diabetic patients with nephropathy and malignancy were
not included in the present study. After measuring height and weight, BMI (Kg/m2)was
calculated by dividing weight (Kg) to height in meter square (m2).An informed 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 12 -14h
overnight fast. During fasting period subjects were only allowed to drink plain water.
4.4.2. Biological samples (Blood and Urine)

A venous blood sample was taken in gel containing vacutainer without anticoagulant between
8-10 AM, after an overnight fast of 12-14 hours duration. The blood taken in vacutainers was
allowed to clot and subsequently centrifuged for 10 minutes at 900 rpm to separate the serum,
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which was stored at -20ºC prior to downstream analysis. Sera were analyzed for biochemical
tests such as fasting glucose, cholesterol, triglycerides, total protein, etc.These biochemical
parameters were estimated by colorimetric/spectrophotometric methods using commercial kits
(DiaSys, Germany) on a semi-automatic clinical chemistry analyzer (Microlab-300, Merck,
Germany).
The urine samples of the same ND control subjects and T2D patients were also collected in
urine containers for the analysis of various metals and small molecule based metabolites.
Different aliquots were stored at -20ºC until carrying out further analyses.
4.4.3. Urinary metals analysis

Varian double beam flame atomic absorption spectrophotometer (FAAS) (AA240 FS,
Australia), with manual background correction was employed for the determination of transition
metals such as Zn, Cr, Cu, Mn, Pb, Ni, Fe and macronutrient such as Mg in urine samples of
type 2 diabetes and control subjects. The analyses were carried out by using hollow cathode
lamp of respective metal under standard instrumental operational conditions. Acetylene gas was
used as fuel.
4.4.4. Analytical procedure

For minerals estimation, 5ml of each urine sample was digested in aqua regia and heated up to
dryness. The residues were dissolved in 10ml conc. HNO3 and heated carefully until the
solutions turned colorless, then transferred them into 25ml flasks and volumes were made up to
the marks by de-ionized water. These sample solutions along with standards were aspirated to
FAAS. For Mg estimation, serum samples were diluted (1ml of urine in 25ml aqueous solution)
with distilled water prior to their aspiration into atomic spectrophotometer for analysis. The
amount of each element in the sample was determined from its respective calibration curve. The
analysis of each sample was made in duplicate and averaged value is reported in results.
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4.5. Results
4.5.1. General physical and biochemical characteristics of study subjects

General characteristics and laboratory findings of the human population studied are given in
Table 4.1. A total of 49 ND control (males = 28 and females =21) subjects and 49 T2D (males
= 20 and females = 28) patients were considered for selected metals analysis such as Cu, Mg,
Cr, Fe, Zn, Ni and Mn using atomic absorption spectrophotometer (AAS). The mean age of the
non-diabetic (ND) control and T2D subjects was 45.1±9.2 years and 53.5±10.4 years
respectively. Mean BMI (28±0.7) of T2D patients was significantly higher (p: 0.005) than the
BMI (25.5±0.34) of ND control group. There was also a significant difference (p: 0.004) in the
mean value of WHR (0.97±0.08) of T2D patients when compared with the WHR (0.92±0.6) of
ND control group. Fasting serum glucose and triglycerides were significantly (p<0.05) higher in
diabetic relative to their non-diabetic control subjects. On the other hand, fasting blood serum
cholesterol, total proteins, creatinine were not significantly (p<0.05) different between T2D and
ND subjects, see Table 4.1.
4.5.2. Urinary metal levels in T2D patients versus non-diabetic (ND) control subjects

In urinary metal analysis, the levels of Mg and Zn were found to be significantly higher
(p<0.05) in urine samples of T2D as compared to the ND control group. The mean values of Mg
and Zn were 17.7±1.6 ppm and 0.46±0.03 ppm for T2D patients, while in case of ND control
group; the levels of Mg and Zn were obtained 11.48±1.3 ppm and 0.33±0.03 ppm respectively.
The statistical analyses show that the levels of these two metals i.e. Mg and Zn were 35 % and
28%higher in urine samples of T2D patients relative to their respective ND control subjects. On
the other hand, in urine samples, the Fe level (1.16 ppm) in T2D group was found to be lower
(p: 0.005) than the value (1.77±0.2 ppm)obtained for Fe in urine samples of ND control human
subjects. The percent fold decrease level of Fe in urine of T2D patients was more than 30% as
compared to ND control subjects. The Pb metal was found to be significantly higher ( p= 0.03)
in urine of diabetics relative to the ND control group. The comparative levels of Pb in T2D
patients and ND control subjects were 0.047±0.003 ppm and 0.036±0.003 ppm respectively.
The calculated percent fold increase of Pb in the urine samples of T2D patients was about 29%
as compared to the ND control subjects. The comparative urinary levels of Cu, Cr, Mn and Ni
were higher in T2D patients than in ND control subjects, but these differences were not
statistically significant, see in Figure 4.1.
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Table 4.1: Anthropometric and biochemical characteristics of ND and T2D subjects

Subjects

Non-diabetic controls (N=49)

T2D patients (N=48)

P-value

BMI (Kg/m2)

25.5±0.34

28±0.7

0.005

WHR

0.92±.06

0.97±0.08

0.004

Glucose(mg/dl)

88.7±1.7

199.4±10.7

<0.0001

Cholesterol(mg/dl)

183.5±6.6

176.3±6.2

NS

Triglycerides(mg/dl)

127.9±9.9

179.3±15.07

0.005

Total proteins(g/dl)

7.7±0.5

7.6±0.13

NS

Creatinine(mg/dl)

0.73±0.05

0.78±0.04

NS

Parameters

BMI=Body Mass Index, WHR=Waist to Hip Ratio, p-value <0.05 was considered significant, values given as means ± SD
0.6
0.5

20

0.01

Urine

18

Urine

16

0.4

14

ND-Controls

0.3

T2D patients

0.2

ppm

ppm

0.003

Non- diabetic
Controls
T2D patients

12

10
8

0.03

0.1

NS

6
NS

NS

NS

4

0.005

2
0
Zn

Pb

Cu
Cr
Trace Metals

Mn

Ni

0

Mg

Fe

Metals

Figure4.1:Comparative urinary metals status of type 2 diabetics and ND control subjects.
Comparative mean values in ppm of Zinc (Zn), Lead (Pb), Copper (Cu),(Borschel et al.)(Borschel et al.)
Chromium (Cr), Manganese (Mn), Nickel (Ni), Magnesium (Mg) and Iron (Fe).
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Figure 4.2:Correlation analysis of Pb with Zn and Mn in the urine samples of T2D
patients.
TheFigure 4.2shows a significant positive correlation of Pb with Zn (r=0.3284, p: 0.02) and Mn
(r=0.3648, p: 0.01) in the urine samples of T2D patients. On the other hand, no correlation was
found between Pb and other studied metals such as Mg, Fe, Cu, Cr, Mn and Ni. Similarly no
mutual relationship was found among Mg, Mn, Zn, Fe, Cu, Cr, Mn and Ni in the same diabetic
urine samples.
ND control subjects and T2D patients were subdivided into ND control males versus ND
control females and T2D males versus T2D females; the comparison analysis of the these
subgroups with respect to urinary levels of various metals such as Cu, Mg, Fe, Zn, Pb, Cr, Mn
and Ni is given in Table 4.2 and 4.3.
4.5.2.1. Urinary metal levels of ND control male versus ND female subjects

The statistical analysis of the respective metal levels failed to reveal any significant difference
in any of the above mentioned metals between ND control male versus ND control female subgroups. However, a close look shows that all metals including Zn, Cu, Mg, Pb, Cr, Mn and Ni
were found to be higher in the urine samples of ND males, except Fe metals which was 10 times
higher in urines of ND females.
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Table 4.2: Comparative urinary metal status of non-diabetic (ND) control sub-groups
Metals

Zn

Cu

Mg

Fe

Pb

Cr

Mn

Ni

ND control males
(n=28)

0.3±0.04

0.049±0.005

13.00±1.9

1.7±0.2

0.038±0.005

0.035±0.004

0.032±0.005

0.052±0.005

ND control females
(n=21)

0.27±0.04

0.046±0.005

9.4±1.6

1.9±0.2

0.033±0.004

0.029±0.003

0.021±0.002

0.042±0.006

p-value

0.08

0.71

0.17

0.67

0.45

0.28

0.08

0.25

Subjects

*p-value ≥0.05 was considered non-significant. Metal concentration is in ppm (parts per million)

4.5.2.2. Urinary metal levels between T2D male and female patients

Similarly, no significant difference was found between T2D male and female patients with
respect to urinary Mg, Pb metals and other trace elements including Cu, Zn, Fe, Cr, Mn and Ni.
In this case, urinary levels of Cu, Fe, Cr and Ni were observed non-significantly higher in T2D
male versus T2D female patients. On the other hand, Zn, Mg, and Mn concentrations were
marginally higher in T2D females while comparing with T2D male patients.
Table 4.3: Comparative urinary metal levels between T2D sub-groups
Metals

Cu

Zn

Pb

Mg

Fe

Cr

Mn

Ni

Diabetic males
(n=20)

0.057±0.006

0.45±0.05

0.047±0.005

16.6±2.3

1.8±0.08

0.037±0.005

0.02±0.003

0.049±0.007

Diabetic
females (n=28)

0.050±0.004

0.46±0.04

0.047±0.004

18.4±2.2

1.7±0.09

0.036±0.004

0.03±0.004

0.048±0.006

p-value

0.37

0.81

0.98

0.57

0.48

0.86

0.08

0.86

Subjects

*p-value≥0.05 was supposed non-significant

4.6. Discussion
It has already been established that hyperglycemia in diabetic patients is linearly linked with
the production of advanced glycation end products (AGEs) of several proteins and highly
reactive oxygen species (ROS) such as H2O2, OH and O2-(Nishikawa et al. 2007; Padilla et al.
2010).Metals are the arcs to retain the enzymatic activity of many proteins on which life is
based (Shenkin 2006). Impairments in the metal (e.g. Zn, Mg, Cu, Mn, Cr, etc) metabolism
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mayhave a role in diabetes progression and pathogenesis (Kazi et al. 2008). Derangements in
the status of essential metals have been reportedas a worseningincidence in the progression of
diabetes (Anderson et al. 2001; Viktorinova et al. 2009).
Several previously published studies manifested the functions of transition and trace elements
Fe, Zn, Mg, Cu, Mn and Cr in insulin action and carbohydrate metabolism. The alterations in
these elements attributed to hyperglycemia and enhanced magnitude of protein glycation in
diabetic state (Opara 2002; Shenkin 2006).A case-control study revealed alterations in the
metabolism of metallic elements such as Zn, Mg, Cu, Mn, Cr, etc in diabetic patients relative to
their non-diabetic (ND) control subjects (Kazi et al. 2008).
In the present study, an increased urinary level of Mg was observed in Type 2 Diabetic (T2D)
patients compared to the ND control subjects. These findings are supported by a previously
published report (Chinyere et al. 2005), in which negative correlation was reported between
blood serum Mg and urinary Mg levels in diabetic patients. This correlation revealed a decrease
of serum Mg with concomitant increase of urinary magnesium level. Renal Mg excretion may
be regulated by insulin. The mechanism of the urinary loss of Mg may result from low net
tubular reabsorption of Mg due to osmotic action of glycosuria (Swaminathan 2003).
Previous studies have also revealed an association between hypomagnesaemia and elevated
glucose level (Song et al. 2011). Besides this, a study correlates Mg deficiency with fat
accumulation in various body tissues which subsequently leads to obesity-related metabolic
disorders (Huerta et al. 2005; Huang et al. 2007). This provides a further explanation to high
presence (loss) of Mg in the urine of T2D patients as more than 60% of them are obese.
Urinary Fe concentration was less in T2D patients than their respective ND control subjects.
This agrees with the previously published results (Kazi et al. 2008), in which concurrent
elevation of serum iron level with decrease of urinary excretion of Fe was observedin diabetic
patients. Several studies manifested possible association between high iron stores and various
metabolic parameters such as blood serum insulin, glucose, dyslipidemia and obesity
(Tuomainen et al. 1997; Ramakrishnan et al. 2002; Rajpathak et al. 2006). Additionally, a link
was reported between high Fe stores in the body and T2D (Jiang et al. 2004; Thomas et al.
2004). Iron is a potential catalyst that produces ROS, which subsequently develop oxidative
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stress and damage healthy tissues; thereby increasing the risk of T2D (Ferna´ndez-Real et al.
2002; Rajpathak et al. 2006).
Copper concentrations in various biofluids including urine have been found to be altered in
diabetic subjects. Higher urinary level of Cu was observed in T2D patients compared to the ND
control subjects in the present study, though the difference was not significant. These results are
consistent with the previously published results (Ito et al. 2001). Cu may be involved in the
etiology of neuropathic related complication in T2D patients by interacting with glycated
proteins (Eaton et al. 2002). It has also been manifested that Cu deficiency is an important cause
of adiposity development (Padilla et al. 2010).
Urine zinc (Zn) level was significantly higher in T2D patients compared to the ND control
subjects. Previous clinical studies(Kazi et al. 2008; Nasli-Esfahani et al. 2011) have reported
excessive loss of Zn through urine with lower values in the blood serum in diabetes as
compared to ND control subjects. The decreased gastrointestinal absorption with increased
urinary excretion of Zn in diabetes may lead to hypozincemia. It has been suggested that
prolonged hyperglycemia may adversely affect the transport of Zn back into the renal tubules
(Ekmekcioglu 2001). In addition to this, mutation in the Znt7 transporter contributes to Zn
deficiency. Zn deficiency in diabetes may be associated with increased oxidative stress and
tissue damaging (Anderson et al. 2001; Kazi et al. 2008). Furthermore, Zn is required for the
synthesis of insulin hexamer which is vital to keep the blood sugar level in normal range
(Lemairea et al. 2009).It has been reported that mutation in Znt8 gene (SLC30A8) is associated
with type 2 diabetes(Xiang et al. 2008).

In the present study, the level of Cr in the urine samples of T2D patients was higher than those
of respective ND control subjects but the difference was not significant. These findings are in
line with the results reported earlier (Song et al. 2011). It has been extensively studied that Cr
takes part in increasing receptors number and binding of insulin to insulin-receptors in target
organ (Cefalu et al. 2004). Trivalent chromium (Cr III)) is effective for glucose uptake by the
cells. Cr urinary excretion is expedited in hyperglycemic condition (Vincent 2000; Cefalu et al.
2004; Diwan 2006). Anderson et alreported antioxidant effect of the combined supplementation
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of Cr and Zn in T2D patients (Anderson et al. 2001). Huang et al reported Cr deficiency might
be a key factor of adiposity (Huang et al. 2007).

Mn urinary level was higher than their respective ND healthy control subjects. There is no data
available in literatures, which show comparative urinary excretion of Mn in T2D patients
relative to their ND control group. Nevertheless, studies report the possible involvement of Mn
deficiency in the pathogenesis of diabetes mellitus (Kazi et al. 2008). However, it has been
reported that oral Mn administration improves the insulin sensitivity in diabetic patients
(Ekmekcioglu et al. 2001).

In this study, mean levels of two toxic metals such as Pb and Ni was studied in T2D patients
versus ND control subjects. The results of the present study revealed that the urinary level of Pb
was significantly higher in T2D patients as compared to the ND control subjects. Pb is heavy
transition metal which is harmful to most of the human tissues and organs, and interferes with
the body’s physiological functions and metabolism (Kazi et al. 2009; Serdar et al. 2009). Sabath
et al reported that Pb plays crucial role in the development of chronic kidney failure. (Sabath et
al. 2012).

The Pb is ubiquitous environmental toxin that is associated with widerange of biochemical and
physiological dysfunctions(Padilla et al. 2010). A recent study revealed that environmental
exposure to Pb is contributing in the development of neuropathy-related complications in T2D
patients (Lin et al. 2006). Several studies have manifested a positive correlation between
environmental Pb exposure and reduction in renal function efficiency, and Pb chelating
therapies may be effective toimprove renal function in ND subjects with chronic kidney
disorders (Yu et al. 2004). Pb also imparts to various metabolic disorders including obesity by
substituting vital trace elements (TE) e.g. Zn, Cr, Cu, etc with sequential depletion of antioxidative potential of blood in individuals who were frequently exposed to toxic heavy metals
including Pb (Wasowicz et al. 2001; Padilla et al. 2010).

In the present study, Pb shows positive associations with two essential TE such as Zn and Mn in
urine specimens of T2D patients. As these both elements (Zn and Mn) act as cofactors of many
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enzymes. This might be due to the existence of specific interlacing relationship between each of
these TE by their instabilities in tissues during insulin resistance state. The increased interactive
urinary excretion of TE such as Zn with toxic Pb metal might adversely affect the levels of
these two essential metals in blood sera of T2D patients. As interactions of toxic metals
including Pb with essential trace elements have been extensively studied (Padilla et al. 2010).
Continuous loss of Zn and Mn over time through urination causes deficiency in TE levels that
may demonstrates the decrease levels of Zn and Mn in diabetes (Bamgbose et al. 2007; Soetan
et al. 2010).

Occupational exposure of Pb is the significant factor for Pb poisoning in adult individuals
(Malekirad et al. 2010). Because Pb is used in various types of industries e.g. ceramics, cable
sheathing, solder, paints, batteries manufacturing (Brodkin et al. 2007). Besides this the
discharges of Pb treated vehicle fuels noticeably contaminate atmospheric environment
(Jennings et al. 2009), which is challenging and appealing to investigate (Lin et al. 2003;
Duruibe 2007).
The urinary Ni level was not different between T2D patients and ND control subjects. There is
scant information available in literature; some human and animal studies indicate that Ni
deprivation lowers blood plasma glucose level which subsequently alters metallic elements (Zn,
Fe, Cu, etc) tissue distribution and metabolism (Serdar et al. 2009). An animal study shows that
Ni induces oxidative stress in body organs particularly in kidney (Kubrak et al. 2012). Recently
it has also been reported that Ni is contributing in oxidative stress development by accelerating
the synthesis of highly reactive oxygen and nitrogen species (Das et al. 2008).

In present study, no association was found between the urinary levels of aforementioned
metallic elements with age, gender, clinical and anthropometric characteristics. Kazi et
alreported sex and age impact on the bioavailability of TE (Kazi et al. 2008). The reason for the
disparity in the findings is not yet cleared and may be attributed to sample size.
Simultaneously, the analysis of metals in various biological specimens including urine has been
conducted in several previous studies. Among them blood plasma and urine may be more
beneficial, since derangements of metals in blood seems to be reflected in urine of diabetic
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patients (Afridi et al. 2008). Moreover, urine can be obtained easily and non-invasively
compared to other biofluids such as blood plasma/serum, lacriminal fluid, synovial fluid, etc
(Chinyere et al. 2005), which was used in this study.

4.7.

Conclusion

Based on the findings obtained in this study, it could be concluded that normal levels of
essential metals are disturbed in T2D patients, which are reflected in their urine samples. The
status of essential TE in various body tissues is influenced by renal excretion. Alteration in the
level of one metal may influence normal levels of other metals. As in the present study,
regression analysis demonstrated a linear relationship between a toxic metal Pb with two
essential TE i.e. Zn and Mn in urine samples of T2D patients. It can also be suggested that toxic
metals such as Pb may have a role to induce renal tubular dysfunction in studied diabetic
population. Subsequently dysfunctional kidneys may become a potential source loss for several
essential TE through urine voiding rather than their retention in blood plasma /serum in order to
retain the homeostasis of blood and other tissues. In consistency with the previous studies, in
present study high level of Zn was observed in urine samples of T2D patients. This high urinary
excretion of Zn results in decrease levels of Zn in blood plasma/serum which is the sign of
disruptions in Zn based anti-oxidant mechanism. However, the levels of essential trace elements
vary in samples studied among individuals. Therefore, it may be worth exploring further
interactions among various types of metals in T2D patients using large number of urine
samples.

Briefly in present study, in addition to the alterations in metal status in urine samples of T2D
patients, regression analysis demonstrates relationships between more than two metallic
elements, which after further large population based prospective studies, may prove to have
scientific as well as practical implications in understanding and controlling diabetes or its
complications.
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GENERAL DISCUSSION

5. General discussion
5.1.

Diabetes mellitus (DM)

The diabetes is a metabolic disorder which is characterized by hyperglycemia in chronic
state(Sundsten et al. 2009). There are several types of diabetes; among them type 1 diabetes
(T1D) and type 2diabetes (T2D) are considered major forms. T1D manifests in childhood
under the age of five years and may result from autoimmune destruction of the beta-cells of
the pancreatic Langerhans (Husebye et al. 2010). T2D is a most widespread metabolic
disease which accounts for more than 90% of all diabetic cases, generally appears around
the age of forty and involves progressive development of insulin resistance leading to overt
hyperglycemia (Butler et al. 2003).
5.1.1.

Insulin and glucose transporter type 4 (GLUT4) translocation

In glucose homeostasis; skeletal muscles and adipose tissue are two major glucose utilizing
tissues in the absorptive state and the glucose uptake by these tissues plays a crucial role in
determining the normal glycemic state (Ross et al. 2004; Kotronen et al. 2008). Any
alteration in insulin-stimulated glucose uptake can lead to derangement in whole body
glucose disposal (Rosen et al. 2006). As a consequence, glucose transporter type 4 (GLUT4)
channels, which participate in the transport of glucose are arrested inside the cells, instead of
their translocation to the surface of cell membrane. Insulin involves in the translocation of
GLUT4 vesicles via interplay of numerous stimulatory pathways (Ross et al. 2004).
5.1.2.

Type 2 diabetes and impairment of insulin action and secretion

T2D is a multi-organ disease and associated with insulin resistance in the target tissues
especially in skeletal muscles and adipose tissues, impaired secretion of insulin from the
beta cells of pancreas and excessive production of glucose from hepatic cells (Ross et al.
2004; Rosen et al. 2006). Several genetic and environmental factors are involved in the
pathogenesis of T2D. Among environmental factors; obesity is one of the major causes,
which significantly contributes and predisposes to insulin resistance that is a hallmark of
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T2D (Bastard et al. 2006; Guilherme et al. 2008). It is well reported that obesity and T2D
are two twin-disorders and 80% of obese are prone to T2D and its related complications
(Reaven 2005). In addition to this, obesity is also regarded as latent phase or precursor for
cardiovascular disorders, hypertension and pulmonary disorders (Wisse 2004; O'Donnell et
al. 2010).
5.1.3. Prevalence and healthcare cost of type 2 diabetes

As a silent killer T2D cripples about 9.5% of the adult population throughout the world
(Danaei et al. 2011). In 2007, 246 million diabetics were recorded and this number is
expected to increase up to 380 million by the year 2025 (Maris et al. 2008). In Pakistan
prevalence of diabetes is also alarming and around 10% of Pakistanis have diabetes. By
including prediabetics, the prevalence is increased to more than 22% in Pakistan (Basit et al.
2008). Management and treatment of diabetes require high healthcare cost. According to an
estimate more than 200 billion USD were spent for the treatment of diabetics, which will be
exceeded to 300 billion dollars by 2025 (Maris et al. 2008).
5.1.4. Diagnosis of diabetes

In routine clinical practices, several tools and diagnostic approaches (e.g. RBGT, FBGT,
OGTT, HbA1c, etc) are used in order to diagnose/screen diabetics among non-diabetic
subjects (Cowie et al. 2006). These diagnostic markers are relatively late stage predictors,
where disease becomes fully blown and hard to reverse the disease phenotype with the use
of available therapies (Maynard et al. 2007; Saudek et al. 2008; Okada et al. 2010).
Therefore, several international research efforts are underway to identify potential
biomarkers for diabetes, which would become helpful for the early diagnosis of the disease
at asymptomatic phase before the appearance of clinical symptoms and for the identification
of novel drug targets (Hanash 2003; Koehn et al. 2010).
5.1.5. Biomarker as biological indicator

Biomarker is a biological indicator, which may be DNA/RNA, protein or metabolite /
analyte that could be helpful to differentiate diseased conditioned from normal one (Scott et
al. 2005; Koehn et al. 2010). These biomarkers can be used for disease diagnosis,
monitoring, assessment of interventional therapies response and identification of drug
targets (Gahagan et al. 2003; Colagiuri et al. 2009). The biomarker discovery study has
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three major phases; disease biomarker identification, validation and development of novel
interventional drug therapies (Hanash 2003).
5.1.5.1. Biomarkers for type 2 diabetes

For example increased blood glucose and HbA1c levels are established makers (which are
relatively late markers) for diabetes (Cowie et al. 2006; Bennett et al. 2007; Bonora et al.
2011). Similarly several potential biomarkers have been identified for type 2 diabetes but
they have not been validated so for (Kolberg et al. 2009; Salomaa et al. 2010; Wu et al.
2011).

5.2.

Purpose of this study

Hence, the aim of the present study was to identify and / or validate potential biomarkers for
type 2 diabetes and / or obesity by using protein and analyte (metabolite/metal) based
approaches.
For this blood sera of 405 adult humans were collected including 235 non-diabetic controls
and 170 T2D patients, their baseline characteristics are given in appendix II. Urine samples
of 98 subjects were also collected, each group contains equal number of controls and T2D
patients.
Asleptin deficientOb/Ob mice, were used as models for obesity and type 2 diabetes and
A1AT was decreased in obese mouse models (Friedman 2010; Choi et al. 2012). So
aforementioned human serum samples were used for the A1AT validation study.Further the
relationship between A1AT and leptin was also investigated.

5.3.

Leptin function and alpha-1-antitrypsin (A1AT)

Leptin is secreted by the fat cells and important in appetite regulation through brain (Martin
et al. 2008). It has already been linked with obesity due to leptin deficiency or resistance
(Martin et al. 2008).
A1AT is a glycoprotein mainly secreted by liver during inflammation and it acts as a major
anti-protease to counterbalance enzymatic activity of proteases, especially neutrophil
elastase (Russo et al. 2009). However, the interaction of leptin with A1AT levels is not
known yet.

111

Overall discussion

5.3.1.

Chapter 5

A1AT as potential biomarker

As A1AT was decreased in Ob/Ob mice which are the models for obesity and type 2
diabetes. Therefore, we were intrigued to know if A1AT is a biomarker for obesity or type 2
diabetes or both in humans and what is the A1AT relationship with leptin?
5.3.2.

Validation study of A1AT in human serum samples

For validation study sandwich ELISA based analysis of 181 human serum samples was
performed including 96 non-diabetic controls and 85 type 2 diabetic patients. In order to
check the effect of body mass indices (BMIs) on serum A1AT level, these stu dy subjects
were divided into two groups i.e. non-obese and obese subjects including both non-diabetic
controls and type 2 diabetic patients. BMI 27 kg/m2 was selected to differentiate non-obese
from obese subjects based on criterion defined by Jafar and colleagues for adult Pakistanis
(Jafar et al. 2006). No significant difference of A1AT was found between aforementioned
obese and non-obese human subjects. These findings are comparable with the previously
published results (Engstrom et al. 2005). Then, this BMI group was further divided into
male and female groups. In case of females no significant difference of A1AT was found
between non-obese and obese subjects. This might be due to pregnancy and use of oral
contraceptives, as pregnancy increases serum A1AT levels (Gleichmann et al. 1973;
Yaghmaei et al. 2009). But in case of male group including diabetics and non-diabetic
controls, serum A1AT level was significantly decreased in obese as compared to the nonobese subjects. Following this, we were curious whether BMIs of both non-diabetic controls
and type 2 diabetics showed collective effect on serum A1AT or any one of them. For this,
male BMI group containing diabetics and non-diabetic subjects was sub-divided into
diabetic and non-diabetic male groups. In diabetic male group non-significant difference of
serum A1AT was found between non-obese and obese diabetic patients. Leans are also
prone to type 2 diabetes, especially those who look thin outside and fat inside (TOFI)
(Guilherme et al. 2008).
5.3.3. Interaction of A1AT with leptin

As discussed previously serum A1AT level was down-regulated in leptin deficient Ob/Ob
male mice and A1AT was also decreased in non-diabetic obese human male subjects. So we
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were curious if there is any correlation between serum A1AT and leptin levels in humans.
Therefore, leptin ELISA was performed and investigated its relationship to A1AT.
In order to check the relationship between A1AT and leptin with BMI non-diabetic male
group was sub-divided into four BMI groups i.e. lean (BMI≤23), overweight (BMI=23-27),
mildly obese (BMI≥27) and severely obese (BMI≥30) groups. Statistical results showed that
A1AT level was decreased as BMI increased from lean to severely obese group. On the
other hand, in the same BMI groups, leptin was increased with BMI and became maximum
in obese subjects which indicate that these subjects are potentially leptin resistant.
Furthermore, statistical analyses showed an inverse correlation of A1AT with both BMI and
leptin. Leptin was positively correlated with BMI as expected according to previously
published reports (Maachi et al. 2004).
5.3.4. Leptin and metabolic diseases

As leptin has main receptors for its action on brain cells, so leptin dysfunction or resistance
(failure to exert its action via receptors located in brain) is linked to obesity (Martin et al.
2008). Besides this, some other tissue types such as liver cells also have receptors for leptin
but their exact cell biology is not clear yet (Chen et al. 2007; Liu et al. 2007).
5.3.5. Regulation of food and energy by leptin action on brain

Leptin is an adipocytokine which is secreted from adipocytes in adipose tissue, is regarded
as a well known and established maker of obesity (Ahima et al. 2006). Generally, leptin is
called satiety factor because of its appetite suppressing effect. It suppresses excess food
intake by interacting with its receptor, called leptin receptors which is abbreviated as ObRbs situated in arcuate of hypothalamus of central nervous system (Martin et al. 2008).
Leptin binds with Ob-Rbs and following this, cascade of events are manifested. The
reactions lead to appetite suppressing molecule such as pro-opiomelanocortin (POMC)
mRNA expression increase with concomitant decrease of appetite enhancing molecules
including neuro-peptide-Y (NPY) and agouti-related peptide (AgRP) (Patel et al. 2006). In
this way, leptin inhibits excess calories intake and creates a balance between food intake and
its utilization by body cells (Bates et al. 2003).
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5.3.6. Leptin dysfunction or resistance

On the other hand, in the absence of leptin or in case of leptin resistance, adiposity signals
are generated and as a consequence NPY and AgRP mRNAs expression increases, whereas
POMC down-regulates, which leads to overeating. Resultant excess calories in the form of
fat are accumulated in body tissues, especially in visceral body parts that leads to central
obesity, which predisposes to insulin resistance (Martin et al. 2008). Insulin resistance is the
major precursor for complex disorders including T2D, heart problems, cancer, lung-related
complications due to neutrophil elastase activity,which promotes various tissue damage by
degrading protein elastin particularly in lungs tissues (Guilherme et al. 2008; Hajer et al.
2008; Choi et al. 2012; Talukdar et al. 2012). Leptin resistance / dysfunction results may be
due to defects in leptin gene or its receptors, or leptin inhibition across blood brain barrier /
formation of complex between leptin and blood serum circulating leptin interacting proteins
(SLIPs) such as C-Reactive Protein (CRP) (Chen et al. 2006; Martin et al. 2008).

5.4.

Leptin Biology in Context to A1AT

As in the present study, A1AT decreased when leptin increased and it is reported that liver is
the main site for A1AT production (Ceciliani et al. 2007). So the question arises, is there
any action of leptin on A1AT production from the liver cells? As in addition to the brain
cells, liver has receptors for leptin but their cell biology is not understood (Liu et al. 2007).
5.4.1. A1AT as an acute phase protein

It has also been reported that expression of acute phase proteins (APPs) is regulated by JAKSTAT pathway (Gruys et al. 2005). Moreover, interluekin-6 (IL-6) and oncostatin M (OSM)
are established activators of APPs gene expression including A1AT via JAK/STAT3
pathway (Morgan et al. 2002; Yang et al. 2005). Leptin belongs to IL-6 like cytokine family
and shows structural resemblance to IL-6 cytokine (Wisse 2004; O'Donnell et al. 2010).
Therefore we speculated that leptin may have a role in A1AT expression via JAK/STAT3
pathway, which we tested in the human liver cell line (HepG2) based in vitro cell culture
system.
For this, HepG2 hepatic cell line was used in order to check the effect of leptin stimulation
on A1AT expression using qPCR and quantitative protein analysis based approaches. The
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results obtained through these approaches indicate that leptin stimulation induces the A1AT
expression, at both mRNA and protein levels in HepG2 liver cell line.
5.4.2. Effect of leptin stimulation on A1AT expression in HepG2 (hepatic) cell line

Control of food intake by leptin via brain is well understood (Martin et al. 2008). However,
other pathways for leptin action in obesity are still unclear, albeit reports of leptin receptors
in other cell types e.g. liver. So in the present study, this aspect was explored in liver cells of
HepG2 cell line. In this experiment it was found that leptin increases the A1AT expression
in a time dependent manner. On the other hand, in human blood serum samples A1AT
decreases with increase in leptin level. So, from the results of this study, it could be
suggested that leptin increases A1AT level via JAK/STAT3 pathway, and decrease of A1AT
in non-diabetic obese subjects is probably due to leptin resistance, which might be due to
defects in leptin receptors in liver cells, or defects in leptin itself or coupling of leptin with
serum leptin interacting proteins (Chen et al. 2006; Liu et al. 2007; Martin et al. 2008),
depicted in Figure 5.1.
Leptin Receptors
(Ob-Rb)

Leptin (Ob)

**
** * *
* Adipose
** * ** *
Leptin

X

Leptin activates JAKSTAT Pathway for APP
(e.g. A1AT secretion)

HepG2
cells

Pathway well understood for food
intake and energy balance

Pathway unclear for
its role in obesity?

Liver

A1AT 

Human samples
Leptin 

A1AT 

?

Figure 5.1: Known and suggested mechanisms for leptin role in obesity

5.5.

Identification of metabolite signatures

In order to identify metabolites signatures, the urine samples of T2D patients and nondiabetic control subjects were processed and analyzed using NMR spectrometer. The
metabolites such as dimethylamine, isocitrate, proline, cystine and hydroxylysine were up115

Overall discussion

Chapter 5

regulated and myo-inositol and threonate were down-regulated in urine samples of diabetic
patients relative to their non-diabetic control subjects.A metabolomics study of diabetes in
rodents and humans revealed an increase in the beta-hydroxybuterate in diabetic mice as a
marker of decreased insulin production; whereas, the human urine metabolites i.e. alanine,
tryptophan, ornithine, histidine, acetate, hydroxybuterate were different in diabetic patients
as compared to healthy subjects (Salek et al. 2007). In future these metabolites might
become potential markers for novel interventional therapeutic discovery to intervene
checkpoints in pathways lead to overt hyperglycemia and diabetes development.

5.6.

Metals and disease

Same urine samples were analyzed to identify changes in metals for diabetes pathogenesis.
Several metals such as Zn, Mg, Fe, Mn, Cu, Cr, Pb and Ni were analyzed using atomic
absorption spectrophotometer and significant differences were found for some of the metals
associated with diabetes. As Zn involves in insulin synthesis and secretion (Wilcox 2005).
Cr increases the rate of insulin receptors in target tissues, especially in muscle cells (Qiao et
al. 2009).

5.7.

Overall summary note

Taken together, the results of the present human study demonstrated that leptin stimulates
A1AT expression in cultured hepatic cells and on the other hand, it is significantly reduced
in obese male subjects due to leptin resistance. Therefore, these findings lead to a new
pathway for A1AT regulation in liver cells and its down-regulation in obesity associated
with low grade inflammation. Further differences of some urinary metabolites and metals
were also obtained which differentiate diabetics from non-diabetic subjects. So the results of
this study would also be helpful in future to diagnose and treat obesity and type 2 diabetes
more effectively.
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Conclusions

Following main conclusions could be drawn from this thesis.


A correlation was found between A1AT and BMI in non-diabetic human males.



A link between obesity and antiprotease process was indicated.



Established a relationship between serum A1AT and leptin



Demonstrated that leptin stimulation increases gene expression of A1AT at both
mRNA and protein levels in liver cells.



Decrease of A1AT is associated with leptin resistance in obese humans and is
regulated by leptin via JAK-STAT Signaling Pathway



Some metabolites were different in type 2 diabetics relative to their non-diabetic
control subjects.



Normal levels of essential metals are perturbed in T2D patients.



Toxic metals (e.g. Pb) may disturb the level of essential metals (e.g. Zn and Mn),
which probably play a role in disease pathogenesis.

5.9.

Future directions

Diabetes is a multifactorial disease and becoming alarming threat for all societies
worldwide. Due to its chronic nature this disease affects almost all body organs and tissues.
Therefore, the diabetes treatment cost is very high, whichseverely affect global economy.
Elevated blood plasma/serum glucose level and HbA1c are the established indicators for the
diabetes development. These are relatively late stage markers asby this time disease
becomes fully blown and have caused damaged to various vital tissues/organs such as eyes,
kidneys, brain, heart etc. Therefore, there is a great need to discover early markers fortype 2
diabetes and its precursor obesity, which would be useful to screen individuals at early
asymptomatic stage prior to the appearance of clinical symptoms and tissue damage.
Biomedical scientists have identified several biomarkers for type 2 diabetes, but these have
not been validated so far. As biomarker discovery consists of three major phases;
identification, validation and development of novel interventional therapies. Scientists use
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various animal and human models to understand underlying mechanisms lead to diabetes
pathogenesis.
In the present study, human biofluids such as blood sera, urine samples and HepG2 liver cell
line were used to identify and/or validate protein and analyte (e.g. metabolites and metals)
based markers for obesity and type 2 diabetes.
In case of protein investigation, an inflammatory protein which also acts as antiprotease,
called α-1-antitrypsin (A1AT) was induced as an acute phase protein by leptin stimulation in
hepatic cell culture. But in sera of our leptin resistance obese subjects, A1AT was downregulated in spite of high level of leptin in their blood sera.
It is well known that leptin control food intake by interacting with its receptors in brain.
Leptin receptors are also present on liver cells, but their cell biology is not fully understood
yet. Present study for the first time manifests in humans that like other cytokine e.g. IL-6;
leptin increases A1AT expression in liver cells. The decrease of A1AT in leptin resistance
obese may be due to defects in leptin / leptin receptors or formation of leptin adduct with
circulating serum leptin interacting protein.
Previous literature indicates that asthmatic patients are A1AT deficient and several obese
individuals are suffering with pulmonary disorders including asthma, but mechanisms which
link obesity with lung problems are not known yet. So findings from this studymay be useful
to understand obesity and antiprotease processes. Consequently, it will lead to design and
develop interventional therapies to prevent pulmonary disorders in obesity. After confirming
these findings through large scale population based cohort studies, exogenous leptin
administration might become one of the treatment options to prevent lung related problems
in susceptible obese population.
Changes in urinary metabolites and metals were also studied in type 2 diabetics versus nondiabetic control subjects. Overall results would be helpful and lead to design therapies to
control two twin metabolic disorders of obesity, type 2 diabetes and their related
complications.
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APPENDIX-1
National Institute for Biotechnology and Genetic Engineering
(NIBGE), Jhang Road, Faisalabad.

Dated: _____________

Title of the research project:
Genomic, proteomic, metabolomic and adipokine studies of diabetic patients
and healthy controls from Pakistani population.
Principal Investigator:
Dr Fazli Rabbi Awan,
Senior Scientist, Health Biotechnology Division, NIBGE, Faisalabad.

Subject: Patient Consent Form
This is to certify that I _____________________________ S/O, D/O, W/O
__________________________ resident of _________________________ CNIC
No.______________________________ am happy to participate in the above mentioned project
and willing to give details about myself and my disease history as well as biofluid samples (blood
and/or urine) as required in the project.
I hereby confirm that the researchers have explained to me that these information and samples will
not be used for any other study except this one and they will not disclose my personal and
biological information to any third party. However, they can publish the results in peer reviewed
journals without mentioning my name for the benefit of researchers/scientists, clinicians and
patients.

Patient Signature
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FORM- A
Name…………………………………. S/O, D/O, W/O …………………………………………………….
Age …………. ……..Gender—Male/Female Marital status---Single/Married

Caste………………..

Address………………………………………………………………………………………...Urban/Rural
Phone/Mobile number………………………Reg No…………………….

1. Anthropometric measurements:
Weight (kg):……….. Height:………. Waist circumference……….. Hip
circumference……………….
2. Education:
PrimaryMiddle MatricFA/FScBA/BScPost graduate
Quran Studies 
3. Occupation:
Govt. servantBusinessman House wifeField workerShopkeeperOffice worker
4. Monthly income:
<50005000 to 10,00010000 to 1500015000 to 2000020000 to 50000> 50000
5. Smoker:
a) No

b) Yes ---Active /Passive

c) Cigarette / Huqa / Cigar / Other

d) Duration (in

yrs)……………..
6. Physical activity:
a) Sedentary

b) Regular walk

c)Exercise / Sports

d) Vigorous

exercise / Gym
7. Daily time to watch TV (hrs):

<1  <2

8. Daily time to work on computer (hrs):<1 

<5

>5

<2

<5>5

9. Dietary habits:
a) Vegetables……………………b)Pulses/fiber based
diet………………………………………………
c) Meat ………Fish ChickenMuttonBeef 

d)Sugar based diet ….ice creamchocolatescakessweets
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e) Fast foods
PizzaBurgerChicken pcs Pakoras Samosas Halwa puriPathuray 
f) Balanced diet………………………. g) Fruit based
diets………………………………………………..
h) Walnuts…………………………….Cloves……………………… Cinnamon (dar
chini)………………....
10. Fats:a) Oil (Olive / Canola / sunflower / mustard / Others)
b) GheeBanaspati / Desi /both
c) Both oil and ghee
11. Daily intake of beverages (1 cup= 250 ml)
a) Tea:

1 cup,

b) Coffee: 1 cup,

2 cups

<5 cups,

5-10 cups,

>10 cups

2 cups

<5 cups,

5-10 cups,

>10 cups

c) Daily carbonated/cola based drinks (250 ml bottle ): 1 
d) Daily fruit juices (per glass): 1
12. Mode of short commute: Walk 
13. Diabetes Non-diabetic
Type 1 diabetes

2

<5

bicycle 

2

<5  > 5

> 5
motorbike 

car

Diabetic
Type 2 diabetes

MODY

Gestational diabetes

Any other type of diabetes……………….
14. Date of diagnosis of diabetes ……………….Duration of diabetes……………………………..
How Diagnosed? Any symptoms……………………… Screening -------------15Medication /Drugs used or in use.
a) Anti Diabetic
InsulinMetforminSulfonylureaMeglitinideTZDsAcarbose
b) Any other drugs
AntibioticsAnti-inflammatory drugsEstrogen replacement
16. Any other disease:

Cardiac

Hepatic

17. Family history No

{ Yes 1st degree

Renal

Parents (Mother / Father) Brother /

Sister
DistantUncleAuntyCousinsGrand parents }
18. Obstetric History
Diabetes…..Yes/No…Onset----Pre gestationalGestational. Postgestational.
Number of children………….Any child with diabetes …..Yes/No……………..
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FORM-B
1. BMI (kg/m2):………………….WHR:……………….Abdominal fat………………………….
2. Blood pressure: Systolic………Diastolic………….
3. Lipid profile:
Cholesterol…………LDL…………HDL…………TG……..VLDL………NEFA…………
Free glycerol……………
4. Cardiovascular system:

Clinical………………………ECG ……………………ETT

……………………………
Thallium ……………………Angio………………...…Echo
…………………………….
5. Kidney:Ultrasound exam………………Urea ……………………………BUN
……………………………………..
Creatinine………………….….Urine C/E
…………………………..…………………………….................
6. Eye examination: Retinopathy …………………. b)Cataract
7. Neuropathy:Hand

FootFine

touch……….Vibration………Reflexes…………………………..
8. Lower limb/Foot
examination:……………………………………………………………………………………….
.
9. Blood glucose (mg/dl):Fasting plasma glucose…………………….Random blood
glucose……………………….
10. Insulin and insulin resistance: Fasting insulin (pmol/L)……..…Clamp-IR….…….HOMAIR………………………..
11. Clinical chemistry profile: a+………K+ ……….Cl- …………HCO3 2………..CRP……………………………...
12. Complete blood
count:Hb………………WBC………..…..RBC……………..MCV……………………………
…..
MCH……….….MCHC………….Platelets……………ESR……..…………………
……..
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13. HbA1c……………………………………………………………………………………………
………………………
14. Creatinine level (mg/dl):

Serum: …………….Urine…………………..

15. Total serum proteins:…………….
16. Albuminuria:NormalMicroMacro

In vitro determination of biochemical parameters in blood serum samples of nondiabetic control and type 2 diabetic human adult subjects using Semi-automated
clinical chemistry analyzer (Microlab-300).
The kits used in all these reactions were from Diasys Company (Germany). The
principlesand procedures as given in Diasys manual (Diasys diagnostic systems GmbH
Germany), were used to determine various blood serum biochemical parameters are given
below:
ESTIMATION OF GLUCOSE:
Principle:
Glucose oxidase (GOD) converts glucose to gluconic acid. Hydrogen peroxide gas is formed
in this reaction in the presence of peroxidase (POD), oxidatively coupled with 4aminoantipyrine and phenol to produce red dye, which is measured calorimetrically at
505nm. The intensity of the colour complex is directly proportional to the concentration of
glucose in the specimen.
β-D-Glucose + H2O

GOD

H2O2+ 4-amino antipyrine + phenol POD

Gluconic acid + H2O2
Red dye + H2O
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Procedure:


To estimate glucose, a Standard solution is aspirated in addition to the serum
samples.



To make the samples / standard solution to be aspirated on Micro-lab 300; 10µl of
the sample / standard solution is added to 1000µl of the reagent in each test tube.



Incubate at 37⁰C for 10 minutes.



First reagent blank is aspirated.



Then standard solution is aspirated to make a straight line graph which is accepted.



Samples are aspirated and values are noted.

ESTIMATION OF CHOLESTEROL:
Principle:
Under the catalytic action of peroxidase quinoneimine is generated from 4 -amino antipyrine
and phenol by hydrogen peroxide.
Cholesterol ester + H 2O
Cholesterol + O2

CHECholesterol + fatty acid
CHO

Cholesterol-3-one + H2 O2

2 H2O2 + 4- Aminoantipyrine + Phenol

POD

Quinoneimine + 4H 2O

Procedure:


Flush the micro-lab 300 with distilled water.



Then run reagent with blank.



Mix 10µl serum with 1000µl working reagent.



Incubate for 10 minutes at 37⁰C.



Aspire serum samples one by one.
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ESTIMATION OF TRIGLYCERIDES:
Principle:
Determination of triglycerides after enzymatic splitting with lipoprotein lipase. Indicator is
quinoneimine which is generated from 4-aminoantipyrine and 4-chlorophenol by hydrogen
peroxide under the catalytic action of peroxidase.
Triglycerides LPLGlycerol + fatty acid
Glycerol + ATPGK

Glycerol-3 phosphate + ADP

Glycerol 3 phosphate + O2 GPO Dihydroxyacetone phosphate + H2O2
2H2O2+ Aminoantipyrine + 4-chlorophenol POD

Quinoneimine + HCL + 4H 2O

Procedure:


Flush the Micro-lab 300 with distilled water.



Then run reagent blank.



Mix 10µl standard with 1000µl working reagent.



For calibration aspire standard solution.



Mix 10µl serum with 1000µl working reagent.



Incubate for 10 minutes at 37⁰C.



Aspire serum sample one by one.

ESTIMATION OF HEMOGLOBIN:
Principle:
The derivates of hemoglobin are in blood and converted to hemoglobin cyanide using a
reaction solution. The dye formed is very stable and can be measured photometrically. The
absorbance measured at 540nm is proportional to the hemoglobin concentration in the
sample.
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Procedure:


For the preparation of working reagent, add 5ml of each reagent R1 and R2 in a 240
ml of re-distilled water and mix well.



This solution is stable for at least 4 months when stored in dark bottle at room
temperature.



First reagent blank is aspirated through the sipper unit of microlab-300.



To 5ml of working reagent 20µl of sample (EDTA treated blood) was added and
mixed well.



It was left for at least 3 minutes at 37 °C and was again mixed well and aspirated
through sipper unit of Microlab-300 and values were recorded as g/dl.

ESTIMATION OF TOTAL PROTEINS
Principle:
Under alkaline conditions protein containing two or more peptide bonds forms a purple
colour complex with copper ions in the reagent. The amount of the colour produced is
directly proportional to the protein content and is measured calorimetrically at 530nm using
Microlab-300.
The method is known as “biuret method” because biuret is formed by heating two
molecules of urea give the colour reaction with copper ions in alkaline medium.
Procedure:


Flush the Microlab-300 with deionized water.



Make working reagent by mixing 800µl R1 and 200µl R2 reagents.



Then run the reagent bank.



Mix 20µl standard with 1000µl working reagent.



For calibration aspire standard solution.



Mix 20µl serum with 1000µl working reagent.



Incubate for 5 minutes at 37⁰C.



Aspire serum sample one by one and value is noted in g/dl.
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ESTIMATION OF ALBUMIN:
Albumin is an important binding and transport protein for various substances in plasma and
the main contributor to the plasma osmotic pressure, its measurement is used for the
diagnosis of the liver diseases, for example liver cirrhosis.
Principle:
Serum albumin in the presence of bromocresol green at a slightly acid pH produces a color
change of the indicator from yellow green to green blue.
Procedure:


First reagent blank was aspirated through instrument.



Then mixed 10µl standard solutions with the 1000µl of reagent and incubated for 5
minutes at 37°C for 10 minutes and then aspirated for calibration.



Then 10µl of each serum sample was mixed with 1000µl of working reagent in
separate test tube and incubated for 10 minutes at 37°C then aspirated one by one and
values were noted in g/dl within 60 minutes.

ESTIMATION OF GLOBULIN
Globulin was estimated from the values of total proteins and albumin calculated in the above
procedure.

Globulin= Total proteins – Albumin

ESTIMATION OF UREA:
Principle:
Urea is hydrolyzed to ammonia and carbon dioxide by urease. The ammonia produced reacts
with α- ketoglutarate to form glutamate in the presence of glutamate dehydrogenase
(GLDH). NADH is oxidized to NAD+ in this reaction, which is measured as a decrease in
absorbance at 340nm and it directly proportional to the urea concentration.
Urea + 2 H2O

2NH4+ + 2HCO3-

Urease

2 oxoglutarate + NH4 + + NADH

GLDH

L-Glutamate + NAD+ + H2O
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Procedure:


First 800µl (4 parts) of reagent 1 was added to 200µl (1part) of reagent 2 in clean
and dried test tubes.



All the test tubes were kept at 37 C for atleast 10 minutes so that all reagents have
the same temperature.



Then distilled water was aspirated through the sipper unit of Microlab for water
blank reading. Then 10µl of standard was added into one of the test tube already
containing R1 and R2 reagents and aspirated at once from the sipper of Microlab (a
graph was accepted which appeared on the screen of Microlab 300 and was a straight
line.).



Then 10µl of each sample was added to each tube containing R 1 and R2 and rapidly it
was aspirated through the sipper unit for reading. The values were noted down in
mg/dl.

ESTIMATION OF SERUM CREATININE:
Creatinine is the waste product excreted by the kidneys mainly by the glomerular filtration.
In healthy individuals the amount of the creatinine remains constant. Therefore the increased
concentration of the serum creatinine always indicates the decreased excretion and thus
impaired kidney function.
Principle:
Creatinine forms an orange red complex in an alkaline picrate solution. The difference in
absorbance at fixed times during conversion is proportional to the concentration of
creatinine in the sample.
Procedure:


First 400µl (4 parts) of reagent 1 was added into 100µl (1 part) of reagent 2 in
washed test tubes.



All the tubes were kept at 37 C for at least 10 minutes so that all the reagents attain
a uniform temperature.
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Water was aspirated through the sipper unit of the Microlab for water blank reading.
Then reagent blank (400µl R1 and 100µl R2 reagent) was aspirated for reading of
reagent blank.



Then 25µl of standard was added into one of the tube containing R 1 and R2 (at 37
°C) and rapidly it was aspirated through the sipper unit of Microlab for standard
reading (Graph was accepted which appeared on Microlab screen and was a straight
line).



Then 25µl of sample was added, mixed and rapidly aspirated through the sipper unit
of Microlab for sample reading. This step was repeated for all samples and readings
were noted down in mg/dl.

ESTIMATION OF BILIRUBIN:
Principles:
Bilirubin in serum reacts with diazotized sulphanilic acid (Ehrlich’s reagent) to give purple
coloured derivative of azobilirubin. Total bilirubin is measured using methanol as a solvent
and direct or conjugated bilirubin is measured with water as solvent. The colour intensity is
measured calorimetrically at 350 nm using Microlab-300.
Direct bilirubin is released by 2,4- dichlorophenyldiazonium (DPD) salt. The direct bilirubin
reacts with 2.4- dichlorophenyldiazonium to give a red azo dye.
Indirect albumin- bound bilirubin is released by detergent. The total bilirubin reacts with
2,4- dicchlorophenyldiazonium (DBP) salt to give a red azo dye.

Procedures:
Estimation of total bilirubin (TBIL)
Total Bilirubin was measured using the diagnostic reagents for quantitative in vitro
determination of total bilirubin in serum or plasma by photometric system on biochemical
analyzer (Microlab 300). The reagents used were purchased from DiaSys Diagnostic system.
20µl of serum was mixed with the 1000µl of reagent and aspirated at once through the
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sipper unit of analyzer and value was noted down. Same procedure was repeated for every
serum sample and values were noted down in mg/dl.
Estimation of direct bilirubin (DBIL)
Direct Bilirubin was measured using the diagnostic reagents for quantitative in vitro
determination of direct bilirubin in serum or plasma by photometric system on biochemical
analyzer (Microlab 300). The reagents used were purchased from DiaSys Diagnostic system.
20µl of serum was mixed with the 1000µl of reagent and kept at 37° C for 10 minutes and
then aspirated through the sipper unit of analyzer and value was noted down in mg/dl. Same
procedure was repeated for every serum sample.
Estimation of indirect bilirubin
The value of indirect bilirubin was calculated from the values of the Total bilirubin and the
Indirect Bilirubin.
Indirect bilirubin = Total bilirubin – Direct bilirubin

LIVER FUNCTION TESTS:
Estimation of alkaline phosphatase (ALP):
Alkaline phosphatase (ALP), belongs to a group of enzymes that catalyze the hydrolysis of a
wide variety of phosphomonoesters at alkaline pH. The enzymes require Mg 2+ ions as
activators. The ALP present in serum is mainly derived from liver and bones. These
enzymes are associated with the lipid transport in intestine and with calcification processes
in bone. An increase of serum ALP is observed during the course of tumorigenesis,
inflammation and hepatitis.
Principle:
Phenol is released by the enzymatic hydrolysis of from phenylphosphate under defined
conditions of time, temperature and pH. The liberated phenol reacts with 4-amino-antipyrine
and potassium ferricyanide to from a red colour complex which measured colourimetrically
using Macrolab-300.
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Procedure:
Alkaline Phosphatase (ALP) was estimated using the diagnostic reagents for quantitative in
vitro determination of ALP in serum or plasma by photometric system. The diagnostic kit
used was from DiaSys Germany.


A 400µl of reagent 1 (4 parts) and 100µl (1part) of reagent 2 were added in
thoroughly washed and completely dried test tubes.



All the tubes were kept at 37°C for at least 10 minutes so that all the reagents had the
same temperature.



Water was aspirated through sipper unit for reading of water blank.



Then 10µl of sample was added to one of the tubes already containing reagent 1 and
reagent 2, was mixed and at once aspirated through sipper unit of Microlab for
reading.



This step was repeated for all samples and values were noted down in U/l.

Estimation of alanine aminotransferase:
Principle:
Alanine amino transaminase (ALT) is also called serum glutamic pyruvate transaminase
(SGPT).
α-ketoglutarate + Alanine

SGPT

Glutamate + Pyruvate

Pyridoxal phosphate is required as a cofactor for SGPT. SGPT has diagnostic significance
and arise from different tissues. For the estimation of ALT/SGPT, α-ketoglutarate and
alanine are used as substrates to form glutamate and pyruvate. The glutamate formed in this
transamination reaction reacts with 2, 4-dintrphenylhydrzine in an alkaline medium to from
a reddish brown coloured complex which measured colourimetrically at 530 nm wavelength.
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Procedure:
ALAT was estimated using the diagnostic reagents for its quantitative in vitro determination
in serum or plasma by photometric system. The diagnostic kit used was from DiaSys.


In clean and dry test tubes 400µl of reagent 1 and 100µl of reagent 2.



Test tubes were placed at 37°C for 10 minutes. After 10 minutes 50µl of serum was
added to test tubes containing reagent, mixed and rapidly aspirated through sipper
unit. Values were noted down in U/l.

Estimation of aspartate amino transferase (AST):
Alanine amino transferase are the most important representative of the group of the enzymes
which catalyses the conversion of the alpha keto acid in to amino acids by the transfer of the
amino group. As a liver specific enzyme ALT is only significantly elevated in hepatobiliary
diseases. Its ratio ≤ 1 indicates the mild liver damage while ratio ≥ 1 are associated with
severe, often chronic liver diseases.
Principle:
L-Aspartate + 2-oxoglutarate

AST

L-glutamate + Oxaloacetate

Oxaloacetate + NADH + H + MDH L-Malate + NAD +
Addition of pyridoxal-5-phosphate (P-5-P) stabilizes the transaminase and avoids the falsely
low value in the samples containing insufficient endogenous P-5-P, e.g. from patients with
myocardial infarction, liver disease and intensive care patients.
Procedure
AST was measured using the diagnostic reagents for quantitative in vitro determination of
AST in serum or plasma by photometric system on biochemical analyzer (Microlab 300).


In clean and dry test tubes 400µl of reagent 1 and 100µl of reagent 2 were added and
placed at water bath at 37°C for 10 minutes.



Then 50µl of serum sample was added to reagent containing tube, mixed and
aspirated at once to Microlab 300. Readings were noted down in U/l.
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Appendix II
Table 4.4: This table shows the additional parameters of the study subjects, whose described in
section in chapter 2

Subjects
Parameters
Total proteins (g/ml)
Albumin (g/ml)
Globulin (g/ml)
ALT (IU/l)
AST (IU/l)
ALP (IU/l)
Bilirubin (mg/dl)
Direct bilirubin (mg/dl)
Indirect Bilirubin (mg/dl)
Creatinine (mg/dl)
Urea (mg/dl)
Hemoglobin (g/ml)

Non-diabetics
(ND)(N=96)
8.5±1.5
4.7±0.7
3.7±1.6
31.4±1.7
31.9±1.6
202±68
3.7±0.1
0.11±0.02
0.38±0.1
0.85±0.02
29.4±9.9
13.9±2.1

T2D
(N=85)
7.7±1.5
5.02±2.9
3.1±2.8
36.1±4.3
32.8±1.9
229±89.9
3.1±0.2
0.15±0.3
0.32±0.1
2.06±1.2
33.5±17.6
14.08±5.9

P-value
0.004
0.2
0.01
0.32
0.7
0.001
0.01
0.2
0.005
0.31
0.008
0.82

Table 4.5: Compositions of various buffers/solutions used in research/experiments
Reagent’s name
Dulbecco’s Modified Eagle Medium
(DMEM)

Dulbecco’s phosphate-buffered saline (PBS)
TAE buffer
TBST
Reaction buffer
HEPES buffer
Sample buffer
Lysis buffer

Ingredients
10% FBS, D-glucose, L-glutamine,
Sodium pyruvate and sodium
bicarbonate, 100U/mall penicillin,
100µg/ml streptomycin
KCl, KH2 PO4, NaCl, 1% triton,
Na2HPO4•7H2O. without Ca and Mg
Trist-acetate, EDTA, pH:8.2-8.4
KCl, NaCl, Tris-base, Tween-20
Tris-HCl, KCl, MgCl2, gelatin
NaCl, CaCl2, MgCl2, K2HPO4,
HEPES, H2O
SDS, β-mercaptoethanol, Tris,
Glycerin
SDS, Tris, NaCl, Proteinase 1
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ACAATGACTCCTTTCGGTAAGTGCAGTGGAAGCTGTACACTGCCCAGGCAAAGCGTCCGGGCAGCGTAGGCGGGCGACT
CAGATCCCAGCCAGTGGACTTAGCCCCTGTTTGCTCCTCCGATAACTGGGGTGACCTTGGTTAATATTCACCAGCAGCCTC
CCCCGTTGCCCCTCTGGATCCACTGCTTAAATACGGACGAGGACAGGGCCCTGTCTCCTCAGCTTCAGGCACCACCACTGA
CCTGGGACAGTGAATCGACAATGCCGTCTTCTGTCTCGTGGGGCATCCTCCTGCTGGCAGGCCTGTGCTGCCTGGTCCCTG
TCTCCCTGGCTGAGGATCCCCAGGGAGATGCTGCCCAGAAGACAGATACATCCCACCATGATCAGGATCACCCAACCTTC
AACAAGATCACCCCCAACCTGGCTGAGTTCGCCTTCAGCCTATACCGCCAGCTGGCACACCAGTCCAACAGCACCAATATC
TTCTTCTCCCCAGTGAGCATCGCTACAGCCTTTGCAATGCTCTCCCTGGGGACCAAGGCTGACACTCACGATGAAATCCTG
GAGGGCCTGAATTTCAACCTCACGGAGATTCCGGAGGCTCAGATCCATGAAGGCTTCCAGGAACTCCTCCGTACCCTCAA
CCAGCCAGACAGCCAGCTCCAGCTGACCACCGGCAATGGCCTGTTCCTCAGCGAGGGCCTGAAGCTAGTGGATAAGTTTT
TGGAGGATGTTAAAAAGTTGTACCACTCAGAAGCCTTCACTGTCAACTTCGGGGACACCGAAGAGGCCAAGAAACAGAT
CAACGATTACGTGGAGAAGGGTACTCAAGGGAAAATTGTGGATTTGGTCAAGGAGCTTGACAGAGACACAGTTTTTGCT
CTGGTGAATTACATCTTCTTTAAAGGCAAATGGGAGAGACCCTTTGAAGTCAAGGACACCGAGGAAGAGGACTTCCACG
TGGACCAGGTGACCACCGTGAAGGTGCCTATGATGAAGCGTTTAGGCATGTTTAACATCCAGCACTGTAAGAAGCTGTC
CAGCTGGGTGCTGCTGATGAAATACCTGGGCAATGCCACCGCCATCTTCTTCCTGCCTGATGAGGGGAAACTACAGCACC
TGGAAAATGAACTCACCCACGATATCATCACCAAGTTCCTGGAAAATGAAGACAGAAGGTCTGCCAGCTTACATTTACCC
AAACTGTCCATTACTGGAACCTATGATCTGAAGAGCGTCCTGGGTCAACTGGGCATCACTAAGGTCTTCAGCAATGGGGC
TGACCTCTCCGGGGTCACAGAGGAGGCACCCCTGAAGCTCTCCAAGGCCGTGCATAAGGCTGTGCTGACCATCGACGAG
AAAGGGACTGAAGCTGCTGGGGCCATGTTTTTAGAGGCCATACCCATGTCTATCCCCCCCGAGGTCAAGTTCAACAAACC
CTTTGTCTTCTTAATGATTGAACAAAATACCAAGTCTCCCCTCTTCATGGGAAAAGTGGTGAATCCCACCCAAAAATAACT
GCCTCTCGCTCCTCAACCCCTCCCCTCCATCCCTGGCCCCCTCCCTGGATGACATTAAAGAAGGGTTGAGCTGGTCCCTGCC
TGCATGTGACTGTAAATCCCTCCCATGTTTTCTCTGAGTCTCCCTTTGCCTGCTGAGGCTGTATGTGGGCTCCAGGTAACA
GTGCTGTCTTCGGGCCCCCTGAACTGTGTTCATGGAGCATCTGGCTGGGTAGGCACATGCTGGGCTTGAATCCAGGGGG
GACTGAATCCTCAGCTTACGGACCTGGGCCCATCTGTTTCTGGAGGGCTCCAGTCTTCCTTGTCCTGTCTTGGAGTCCCCA
AGAAGGAATCACAGGGGAGGAACCAGATACCAGCCATGACCCCAGGCTCCACCAAGCATCTTCATGTCCCCCTGCTCATC
CCCCACTCCCCCCCACCCAGAGTTGCTCATCCTGCCAGGGCTGGCTGTGCCCACCCCAAGGCTGCCCTCCTGGGGGCCCCA
GAACTGCCTGATCGTGCCGTGGCCCAGTTTTGTGGCATCTGCAGCAACACAAGAGAGAGGACAATGTCCTCCTCTTGACC
CGCTGTCACCTAACCAGACTCGGGCCCTGCACCTCTCAGGCACTTCTGGAAAATGACTGAGGCAGATTCTTCCTGAAGCC
CATTCTCCATGGGGCAACAAGGACACCTATTCTGTCCTTGTCCTTCCATCGCTGCCCCAGAAAGCCTCACATATCTCCGTTT
AGAATCAGGTCCCTTCTCCCCAGATGAAGAGGAGGGTCTCTGCTTTGTTTTCTCTATCTCCTCCTCAGACTTGACCAGGCCC
AGCAGGCCCCAGAAGACCATTACCCTATATCCCTTCTCCTCCCTAGTCACATGGCCATAGGCCTGCTGATGGCTCAGGAAG
GCCATTGCAAGGACTCCTCAGCTATGGGAGAGGAAGCACATCACCCATTGACCCCCGCAACCCCTCCCTTTCCTCCTCTGA
GTCCCGACTGGGGCCACATGCAGCCTGACTTCTTTGTGCCTGTTGCTGTCCCTGCAGTCTTCAGAGGGCCACCGCAGCTCC
AGTGCCACGGCAGGAGGCTGTTCCTGAATAGCCCCTGTGGTAAGGGCCAGGAGAGTCCTTCCATCCTCCAAGGCCCTGCT
AAAGGACACAGCAGCCAGGAAGTCCCCTGGGCCCCTAGCTGAAGGACAGCCTGCTCCCTCCGTCTCTACCAGGAATGGC
CTTGTCCTATGGAAGGCACTGCCCCATCCCAAACTAATCTAGGAATCACTGTCTAACCACTCACTGTCATGAATGTGTACT
TAAAGGATGAGGTTGAGTCATACCAAATAGTGATTTCGATAGTTCAAAATGGTGAAATTAGCAATTCTACATGATTCAGT
CTAATCAATGGATACCGACTGTTTCCCACACAAGTCTCCTGTTCTCTTAAGCTTACTCACTGACAGCCTTTCACTCTCCACA
AATACATTAAAGATATGGCCATCACCAAGCCCCCTAGGATGACACCAGACCTGAGAGTCTGAAGACCTGGATCCAAGTT
CTGACTTTTCCCCCTGACAGCTGTGTGACCTTCGTGAAGTCGCCAAACCTCTCTGAGCCCCAGTCATTGCTAGTAAGACCT
GCCTTTGAGTTGGTATGATGTTCAAGTTAGATAACAAAATGTTTATACCCATTAGAACAGAGAATAAATAGAACTACATT
TCTTGCA

5’ UTR
260 bp

ORF
1258 bp

3’ UTR
3220 bp

FigureThe serpinA1 / A1AT (Homo sapiens) coding gene sequence was selected in
pubmed (accession no. NM. 0002954). Then primers were designed using primer3
softwareand

commercially

got

synthesized

from

IDT

(Integrated

DNA

Technologies).
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Siddique T, Awan FR, Amir S, Khan AR, Najam SS, Islam M, Zain M, Baig SM
(2012). Development of a low cost diet induced hyperglycemic mouse model for
preclinical diabetes research in developing countries.(Under review in the,
International Journal of Diabetes in Developing Countries).
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Baig SM. Association of serum adiponectin levels in diabesity in a case-control
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•

Zain M, Awan FR, Najam SS, Khan AR,Islam M, Siddique T, Bilal A, Baig SM.
Association of RAAS Pathway gene polymorphism with diabetes, nephropathy and
hypertension.

Conference Presentations/Abstracts
•

Khan AR (as an invited speaker): presented about “Alpha-1-antitrypsin: a novel
biomarker of obesity in humans” in One Day Awareness & Research Symposium
on “Diabetes and Related Metabolic Disorders” on Thursday 20th November
2014 at National Institute for Biotechnology and Genetic Engineering (NIBGE),
Faisalabad.

•

Khan AR, Awan FR and Ghous T: An abstract has been published and
presented about “Alkaline Phosphatase: a surrogate biomarker of obesity” in 2nd
International Symposium held at Azad Jammu &Kashmir (AJK) Medical
College Muzaffarabad from 23 rd to 25th April 2014.

•

Khan AR and Awan FR: An abstract has been published and presented about
“Validity of A1AT as type 2 diabetes marker” in 1st International Symposium held
at Azad Jammu & Kashmir (AJK) Medical College Muzaffarabad from 17 th 19th April 2013.

•

Khan AR, Awan FR, Khurshid M, Najam SS, Islam M, Siddique T, Zain M,
Baig SM, Bilal A, Qureshi JA. (2009). Biochemical and Proteomic Study on
Serum Samples of Type 2 Diabetics. Talk/Abstract presented at the 5th
International Symposium on Biotechnology held on 4-7 October 2009 at the
Institute of Biotechnology and Genetic Engineering (IBGE), University of
Sindh, Jamshoro.

•

Awan FR, Khurshid M, Najam SS, Islam M, Khan AR, Siddique T, Zain M, Baig
SM, Bilal A, Qureshi JA. (2009). Biochemical and molecular studies of type 2
diabetic patients. Poster/abstract presented at the 19th Annual Meeting of Medical
Research Society of Pakistan on 31st October 2009 at the University of Health
Sciences, Lahore.

•

Islam M, Awan FR, Khurshid M, Najam SS, Khan AR, Siddique T, Zain M, Baig
SM, Bilal A, Qureshi JA. (2009). Anthropometric and Genetic Studies of Type 2
Diabetic Patients. Talk/Abstract presented at the 5th International Symposium on
Biotechnology held on 4-7 October 2009 at the University of Sindh, Jamshoro.

•

Zain M, Awan FR, Khurshid M, Najam SS, Islam M, Khan AR, Siddique T, Baig
SM, Bilal A, Qureshi JA. (2009). Biochemical and Molecular Studies of Diabetic
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Nephropathy. Talk/Abstract presented at the 5th International Symposium on
Biotechnology held on 4-7 October 2009 at the University of Sindh, Jamshoro.
•

Siddique T Awan FR, Khurshid M, Khan AR, Najam SS, Islam M, Zain M, Baig
SM, Bilal A, Qureshi JA. (2009). INGAP-rP: A potential therapeutic for islet
neogenesis. Talk/Abstract presented at the 5th International Symposium on
Biotechnology held on 4-7 October 2009 at the University of Sindh, Jamshoro.

Bold text shows core work from my PhD thesis and non-bold text reflects the work that was my
contribution as team member but not making up core part of this thesis originated from our
research laboratory (D&C-MD Lab, HBD, NIBGE).
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