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SYNOPSIS

Atherosclerosis is a chronic inflammatory disease influenced by
circulating cells, including platelets. Platelet derived inflammatory mediators
play an essential role in the pathogenesis of atherosclerosis, being involved
from the primary phases of plague development through leukocyte
requirement to activate endothelium, to the eventual rupture of vulnerable

atherosclerotic plaque with the formation of thrombus.

It is cléar that platelets synthesize biologically relevant proteins in
response to physiological stimuli that are regulated via gene expression
programs at the translational level. Platelets activation leads to the release of
many proteins, a large population of which are known inflammatory mediators
( eg. CD40L, IL-1B, PF4 and RANTES) and studied extensively, whereas
many of the other proteins released by activated platelets (eg Secretogranin
lll, Cyclophilin A, and Calumenin, have not been given much attention. The
proteins get secreted by platelets can adhere to the vessel wall and promote

atherosclerosis and -thrombosis.

Reports have established that diabetic patients are prone to
atherosclerosis. It is also reported that hyperglycemia and high fibrinogen
levels promotes atherosclerosis. Inflammation at the lesion site is the leading
cause of cardiovascular death in diabetic subjects. Major percentage of
releasate from activated platelets consists of inflammatory mediators and thus

confirming their role in the progression of atherosclerosis.

Many proteins are known to be differently expressed in platelets when
they are activated. It is not known how these factors could influence
atherosclerosis progression. Studies have not been sufficient to identify their
function to use one or more of these proteins as specific marker for platelet
activation and a predictor of atherosclerosis. In order to identify the effects of
such overexpressed proteins, difference between the proteins profiling of

healthy and diabetic subjects may be a fascinating area of study. Proteins that



are not present in normal resting platelets but that exist in diabetic subjects

need to be identified before they can be characterized.

Therefore this study was designed based on the hypothesis that activated
platelets have a role in atherosclerosis and diabetic patients have an activated
platelet proteome. In order to test this hypothesis, specific objectives were

formed which includes:

e Analyze the platelet changes in each group, study their aggregation
and adhesion variation.

e Study the specific markers for platelet activation (P Selectin, Gpllb).

e Check the presence of specific proteins (Secretogranin Il and
Cyclophilin A ) in test subjects which are already been reported in
activated samples.

e Study of platelet proteome of control, positive control and diabetic

groups.

This dissertation is divided into 4 main chapters such as (i) Introduction; (ii)
Materials and Methods (iii) Results and Discussion (iv) Summary &

Conclusions.

Chapter | includes a brief introduction to the research topic and review
of literature with citations. The reviewed literature proposes that a
multitude of molecules released from activated platelets, membrane
associated adhesive proteins and surface proteins present on the
activated platelets etc are known to take part in the inflammatory response
and/or vascular regeneration. Individuals having diabetics and hyper
cholesterol are included in the risk factor groups of atherosclerosis. There
are data which suggest platelets have a very important role in progression
of atherosclerosis in diabetic subjects. However, this area is relatively less
understood and needs further research to prove the involvement of
specific platelets proteins in the onset of atherosclerosis in risk groups

such as diabetics.



Chapter Il gives the details of equipments and reagents used, along
with sufficient descriptions of the procedures used in the study. Whole cell
lysate was prepared by lysing cells in lysis buffer. Washed platelets were
prepared by washing platelets 3-4 times in ACD-tyroids buffer. Platelets
were activated with different concentration of thrombin and relesates were
isolated from resting (control), thrombin activated and test subjects by high
speed (50,000 g for 1h) ultracentrifugation. Platelets aggregation was
studied using ADP and Collagen ‘as a function of percentage
transmittance. Adhesion was studied by SEM analysis. Platelets
suspension was spread on fibrinogen and platelet adhesion and spreading
was analyzed. Specific platelet activation marker CD62 and CD41 were
analyzed by using flowcytometry. Platelet releasates were run on 12%
acryamide gel for the separation of protein band. Western blot analysis
was also done for two specific proteins. Two dimensional gel
electrophoresis was done for the better comparison between control and

test.

In Chapter lll, results are represented with appropriate illustrations/
images and the findings are discussed in the light of current knowledge
obtained from the literature. Results of present study clearly indicate that
high glucose and fibrinogen level is an indication of hyperaggresive
platelets. Response of platelets to agonist ADP and Collagen were
different in study subjects, an indication that platelet functionality depends
on pathological condition, as well as on medication, age and metabolism
of individuals. Activation markers showed a concentration dependent
increase in washed platelets. Thrombin activated platelets at two
concentration (0.81U and 1.0 IU/ml) showed almost same aggregation
response and same percentage of activation marker. Thus 0.81U/ml
thrombin was selected as positive control for the further experiments.
Whole cell lysate showed higher level of protein concentration when

compare to releasates, gel analysis also showed clear difference between
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the protein profile of lysate and releasate. SEM analysis also supports
these results. Platelets from activated and test were spread with a sphere
morphology and pseudopodia. In control adhesion and spreading was very
less. SDS-PAGE from control, activated and test showed clear
demarcation between protein profile. Western blot analysis confirms the
presence of two critical protein in test. Two dimension gel also indicates

the remarkable difference between control and test.

Results of the study suggest, that there are platelet proteins present in
test, which are not previously reported in diabetic subjects. These and
other proteins, which are demarcated in the study, may play a key role in
the progression of atherosclerosis in diabetic subjects. This study is a
preliminary study in this direction of the early search of suitable biomarker

for the cardiovascular disease in the diabetic subjects.



CHAPTER 1

INTRODUCTION



1.1 BACKGROUND

Atherosclerosis is the underlying cause of several clinical manifestations,
such as acute coronary syndromes, cerebrovascular disease and peripheral
artery disease, which together are the leading cause of death worldwide.
Circulating cells are main players in disease development including platelets
which is a key regulator of the process. Inflammation in blood vessels is one
of the main drivers of atherosclerosis. Development of atherosclerosis and
thrombosis is promoted by the proteins which are responsible for the
adhesion of activated platelets to the vessel walls. Platelets contain a number
of preformed, morphologically distinguishable storage granules such as alpha-
granules, dense granules and lysosomes, the contents of which are released
upon platelet activation. The released molecules play an important role in
hemostasis and thrombosis and have recently emerged as key regulators of
inflammation. Platelets also synthesize biologically relevant proteins in
response to physiological stimuli that are regulated via gene expression
programs at the translational level. A small amount of constitutive protein
synthesis (e.g., GPIIb/llla, vVWF) occurs in non-stimulated platelets, synthesis
of specific proteins is remarkably enhanced in response to activation. Many of
these secreted and synthesized proteins are identified as the modulator of
inflammation and present in the pathological conditions. In those who are
diabetic, hypertensive and hyperlipidimic, circulating platelets are in activated
state and are considered to be at the high risk for the development of

atherosclerosis.

Diabetes is a well recognized risk factor for atherosclerotic cardiovascular
disease and in fact most diabetic patients die from vascular complications.
Studies have shown a consistent relationship between hyperglycemia and the
incidence of chronic vascular complications in subjects with diabetes.
Platelets are essential for haemostasis and abnormalities of platelet function

may cause vascular disease in diabetes. Diabetic subjects have hyper



reactive platelets with exaggerated adhesion, aggregation and thrombin
generation. In summary, the entire coagulation cascade is dysfunctional in
diabetes. Hyperglycemia favors inflammation at the atherosclerotic sites and
thus in the disease progression. Studies have revealed alteration in the
platelet proteins in the diabetic subjects. Concentration of platelet proteins like
PF4, B TG are also reported high in the diabetic subjects reflecting enhanced

platelet activity.

Even though platelets lack nuclear DNA, they have a substantial and
diverse transcriptome derived from the progenitor megakaryocytes and
contain rough endoplasmic reticulum and polyribosomes, thereby retaining
the capacity for protein biosynthesis from existing mRNA. While quiescent
platelets exhibit only limited translational activity, platelet activation leads to
signaling-dependent translation of existing mRNA. Studies have revealed
platelets release numerous numbers of proteins which are usually not seen in
normal circulation. Also during activation, they show an increase in amount of
protein expression of normal circulating proteins. The presence of circulating
activated platelets has been found in the circulating blood of patients with
unstable atherosclerosis, stable coronary disease and hypercholesterolemia.
Activated platelets in blood are prone to bind leukocytes, preferentially
monocytes, to form platelet-leukocyte aggregates. Therefore, platelet
activation is one of the major characteristics present throughout the
atherosclerotic process. Platelets are now regarded as a primary source of
inflammatory mediators involved in the original injury to the vascular
endothelium that promotes plaque formation. At the site of vascular lesions,
ECM proteins such as vWF and collagen are exposed to the blood. Platelet
adhesion to the exposed matrix is considered to be the initial step in thrombus
formation. Platelets adhere to VWF via the membrane adhesion receptor
glycoprotein Ib/IX/V (GPIb/IX/V) and to collagen via GPVI. This results in
platelet activation and transformation of the integrin receptors allbf3
(GPlIb/llla, fibrinogen receptor) and a2B1 (collagen receptor), which firmly

binds to the respective ECM components. Subsequently, platelets spread and
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form a surface for the recruitment of additional platelets via fibrinogen bridges
between two allbB3 receptors. Secreted platelet proteins act in an autocrine
or paracrine fashion to modulate cell signaling. Platelets also release several
immune modulators such as platelet basic protein whose proteolytic product is
neutrophil-activating peptide 2 (NAP-2), in addition to adhesion proteins such
as platelet endothelial cell adhesion molecule (PECAM) that may support
leukocyte migration. Thus, the platelet releasate contains factors of major

significance in the development of atherothrombosis.

Platelet activation results in the local release of over 300 proteins, a
large proportion of which are known inflammatory mediators. The central role
of some—particularly CD40 ligand (CD40L), interleukin (IL)-1B, platelet factor
4, and RANTES—has been well established in the progression and stability of
atherosclerotic disease, whereas number of novel proteins, which are
secreted/synthesized by activated platelets have not been studied
extensively. There may be platelet proteins which get expressed in diabetes
subjects and contribute to disease progression over a period of time.
Research in this area may lead to molecules that are not identified so far.
Such proteins, if identified can be used as an early marker for the
atherosclerois. To start with, it is important to analyze and detect difference in
the protein profiling of the diabetic subjects vs healthy individuals. Subsequent
molecular and functional characterization of differently expressed platelet

proteins may throw some light for future research.



.2 REVIEW OF LITERATURE:

1.2.1 Atherosclerosis and Platelets

Atherosclerosis is a complex process characterize basically by lipid
retention, proteolytic injury and a chronic inflammatory response. The
resulting pathological vascular remodeling involves endothelial cells, vascular
smooth muscle cells, mononuclear cells, platelets, growth factors and
cytokines [Blanco-Colio et al, 2006]. Vascular injury triggers a cascade of
events that includes endothelial dysfunction, inflammation and vSMC
activation proliferation and migration. This process leads the secretion of a
number of proteins by different cells and the protein which is expressed by
one type of cell may trigger a set of function of the other cell, e.g. PDGF
released by platelets as well as by endothelial cells play a critical role in the
migration and proliferation of SMCs [Betsholtz et al, 2001] . Myriad growth
factors and cytokines can be detected in human vascular lesions. These
mediators may be released by dysfunctional endothelial cells, inflammatory
cells, platelets and vSMCs, mediating chemoattraction, cell migration,
proliferation, apoptosis and matrix modulation [Victor et al, 2002]. The
presence of circulating activated platelets was found in the circulating blood of
patients with unstable atherosclerosis [ Becker et al, 1994] stable coronary
disease [Zanten et al, 1994] and hypercholesterolemia [Furman et al,1998].
Activated platelets in blood are prone to bind leukocytes, preferentially
monocytes, to form platelet—leukocyte aggregates [Broijersen et al,1998].
Therefore, platelet activation is one of the major characteristics present

throughout the atherosclerotic process.

Platelets, much more than a passive, circulating, anuclear cellular
element, play a vital role in physiologic hemostasis by stemming blood loss
and initiating tissue healing in response to vascular trauma. Platelets have
storage granules, dense bodies, peroxisomes, and lysosomes dispersed

throughout the cytoplasm and have various invaginations that acts as
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transporters and channels during shape change with platelet activation, and

adhesion.

Researches have shown the involvement of platelets in
atherosclerosis and athero-progression in humans. The activation of
circulating platelets is associated with enhanced wall thickening of the carotid
artery in humans [Mohr & Grotta, 2004]

Atherosclerosis is a common disorder that specifically affects the
medium and large arteries. It occurs when fat, cholesterol, and other
substances build up in the walls of arteries and form hard structures called
plagues. These plaques make artery narrower and less flexible, making it
harder for blood to flow. If the coronary arteries become narrow, blood flow to
the heart can slow down or stop. This can cause chest pain (stable angina),
shortness of breath, heart attack, and other symptoms [Michael AC, 2010].

Pieces of plaque can break off and move through the affected artery
to smaller blood vessels, blocking them and causing tissue damage or death
(embolization). This is a common cause of heart attack and stroke. During
these processes platelets are relevant factors acting with the endothelial and
inflammatory cells. Interaction of platelets with endothelial cells is mediated by
different platelet molecules such as P-sel, GPllb/lila, CD40L, CD40 [Palomo
et al, 2008].

Atherosclerosis  without flow-limiting thrombosis is a slowly
progressive disease. The usual mechanism responsible for the sudden
transition from a stable, often clinically silent, disease to a symptomatic life-
threatening condition is the denudation and erosion of the endothelial surface
or plague disruption followed by thrombosis. The majority of such acute
vascular lesions resolve spontaneously through a repair phenomenon to
hemostasis of coronary lesions [Zimarino & Caterina, 2008]. Platelet-derived

chemokines like PF4 and other growth factors are found in human
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atherosclerotic plaques. Current antiplatelet drugs (aspirin, clopidogrel) do not
seem to have a major impact on athero-progression in humans. However,
most antiplatelet strategies in high-risk patients have been applied for
secondary prevention at a rather advanced atherosclerotic disease state.
Clinical studies are required that evaluate the efficacy of a long-term
antiplatelet strategy for primary prevention in high-risk patients at an early

stage of atherosclerotic disease.

1.2.2 Platelet Activation In Atherosclerosis

Platelets major function is to arrest bleeding, but when blood vessels
are injured, they adhere to the newly exposed subendothelial layer and to
each other, forming a hemostatic plug. Platelets participate not only in primary
but also in secondary haemostasis. The process involves many stages, such
as platelet adhesion, aggregation and procoagulant activity [Andrew & Berndt
2004]. Both superficial and deep intimal injury disrupts the intact endothelium,
which normally prevents the adherence of platelets by the production of the
antiplatelet agents; nitric oxide and prostacyclin. When disruption of the
endothelium exposes collagen, adherence of platelets to the subendothelium
takes place both directly and via von Willebrand factor (VWF) and
subsequently leads to platelet activation. Platelet adhesion is mediated by
binding of platelet receptors to a number of arterial wall receptors, including
subendothelial collagen (whose corresponding platelet receptor is Gp la/lla),
VWF (Gp Ib/IX and Gp lIb/lll), and fibrinogen (Gp lIb/llla) and results in

platelet activation.

However, the formation of hemostatic plug can be duplicated in- vitro in
the presence of different agonists which includes ADP, Collagen, TRAP and
thrombin. Most stimuli causes change in shape. This change involves first the
formation of very fine pseudopodia (i.e, filopodia) from the rim of the disc,
followed by a general "rounding up" of the platelet so that it becomes a spiny

sphere, often with much broader pseudopodia. The accumulation of thrombin
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at sites of vascular injury provides one of the major mechanisms of recruiting
platelets into a hemostatic plug. Thrombin acts by activation of the G protein-
coupled protease activated receptors on human platelets to initiate signaling
cascades leading to increases in [Cali secretion of autocrine activators,
trafficking of adhesion molecules to the plasma membrane and shape

change, which all promote platelet aggregation [Brass, 2003].

At different phases of blood coagulation, thrombin is generated in an
extremely wide range of concentrations, varying from picomolar and
nanomolar amounts to the maximal level of 0-8-1-4 pymol/l activity of these
thrombin concentrations correspond to 0-0001, 0-1 and 86-151 National
Institutes of Health (NIH) units/ml, respectively, for thrombin with specific
activity of 3000 NIH units/mg. Hence, during blood coagulation, platelets can
be exposed to very low and very high thrombin concentrations, which may
have different impact on platelet activation. Up-regulation of P-selectin
(CD62P) is reported in human whole blood with 64 nmol/l thrombin [Leytin et
al, 2007]. Expression of CD62, PMP and CD41 is also reported upon platelet

activation.

Mild to moderate activation of platelets are known to be a threat for
individuals with risk factors, because activated platelets express various
membrane receptors which are instrumental for platelet-platelet, platelet-
leukocyte and platelet —endothelial interactions. In addition, platelets release
cytokines and growth factors which promote the process of inflammation and
vascular changes. Even though platelets are anuclear they have the
machinery to store mRNA and translate proteins [Spinelli et al, 2008]. Several
membrane proteins are constitutively expressed in non-stimulated circulating
platelets. However, synthesis of specific proteins is remarkably enhanced in
response to activation leading to the release of more than 300 proteins and
some of them are known to be inflammatory mediators. Out of these only very
few proteins such as CD 40L and IL-13, PF4, CRP and RANTES have been

studied extensively to understand their role in various patho-physiological
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conditions. These proteins may act in a concerted and finely regulated
manner to influence wide range of biological functions such as cell adhesion,
cell aggregation, chemotaxis, cell survival, proliferation, coagulation and
proteolysis, all of which accelerates inflammatory processes and

cardiovascular disease.

Role of P-selectin Rote of CD40L/CD40
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Fig.l.1 Cascade of events contributes to inflammation and thrombosis
following platelet activation. (A) Following activation, degranulated platelets
express P-selectin, enabling ‘cross-talk’ between platelets and leukocytes and
resulting in leukocyte surface expression of integrins such as Mac-1. P-selectin
expression on platelets also results in monocyte expression of tissue factor, and
causes monocytes to release cytokines. (B) When Mac-1 is expressed on
leukocytes, it is a strong attractor for platelets, giving rise to platelet-leukocyte
aggregates. (C) Platelet activation also results in surface expression of CD40 and
CD40 ligand (CD40L). CD40/CD40L interactions occur between platelets and the
other main cell types involved in the pathophysiology of atherosclerosis
(macrophages, T-cells and endothelial cells). TF, tissue factor; ICAM-1, intercellular
adhesion molecule-1; Mac-1, leukocyte integrin (CD11b/CD18). PAC-1, antibody
specific for activated form of the GP llb/llla receptor.
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1.2.3 Pathways of Platelet Activation

When the platelets adhere to the extracellular matrix, there is a rapid
response to autocrine and paracrine signaling. The signaling molecules
include adenosine diphosphate, (ADP), thrombin, epinephrine and
thromboxane A2. These agonists are responsible for recruiting circulating
platelets to form the hemostatic plug. Most of these agonists work via GPCR
(G Protein Couples Receptor) [Brass, 2003]. Thrombin is the end product of
the coagulation cascade, a series of steps in plasma that lead to the
generation of thrombin which then causes the conversion of fibrinogen to
fibrin which binds the clot together. Thrombin also activates platelets via two
receptors on the platelet surface PAR-1 and PAR-4.

The final pathway for all agonists is the activation of the platelet
integrin glycoprotein lIb/llla (altb3), the main receptor for adhesion and
aggregation [Kulkarni et al, 2000]. Fibrinogen plays an important role in
maintaining the stability of a thrombus, by bridging GPIlib/llla integrins
between platelets; von Willebrand factor is necessary to facilitate inter-platelet
bridges. There are mainly three pathways that control the reactivity of
platelets and vascular endothelium. These are: the arachidonic acid—
prostacyclin pathway, the I-arginine— nitric oxide pathway, and the endothelial
ectoadenosine diphosphatase (ecto-ADPase) pathway [Wu & Thiagarajan,
1996]

The arachidoinic pathway involves the production of prostaglandin by
COX 1 and 2 peroxidase which gets converted to prostacyclin and
thromboxane A2 by prostacycline synthase and thromboxane synthase
respectively. TXA2 is responsible for further platelet activation [Jin et al,
2005]. The vascular endothelium synthesizes Nitric oxide (NO) from the
terminal guanidino nitrogen atoms of L-arginine [Palmer et al, 1988]. NO
diffuses into platelets, stimulates the production of cyclic guanosine

monophosphate (cGMP), and regulates cGMP-dependent protein kinases,
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which causes a secondary decrease in intracellular [Ca]i flux. This reduction
in intracellular [Ca]l levels suppresses the conformational changes in
glycoprotein llb/llla that is required for binding of the integrin to fibrinogen,
thereby decreasing the number and affinity of fibrinogen binding sites on the

platelet’s surface [Moncada, 2006].

Once formed, TXA2 can diffuse across the membrane and activate
other platelets. In platelets, there are two splice variants of the TXA2 receptor:
TPa and TPB, which differ in their cytoplasmic tail. TPa and TP couple to the
proteins Gq and G12 or G13, all of which activate phospholipase C (PLC).
This enzyme degrades the membrane phosphoinositides (such as
phosphatidylinositol  4,5-bisphosphate [PIP2], releasing the second
messengers inositol triphosphate (IP3 ) and diacylglycerol (DAG). DAG
activates intracellular protein kinase C (PKC), which causes protein
phosphorylation. The release of IP3 increases cytosolic levels of [Cali, which
is released from the endoplasmic reticulum. ADP is released from platelets
and red cells. Platelets express at least two ADP receptors, P2Y1 and P2Y12,
which couples to Gq and Gi, respectively. The activation of P2Y12 inhibits
adenylate cyclase, causing a decrease in the cyclic AMP (cAMP) level, and
the activation of P2Y1 causes an increase in the intracellular [Cali level. The
effects of agonists mediated by the decrease in cAMP levels and increase in
intracellular [Ca]i levels lead to platelet aggregation through the change in the
ligand-binding properties of the glycoprotein llb/llla (allbf3), which acquires
the ability to bind soluble adhesive proteins such as fibrinogen and von
Willebrand factor [Giovanni, 2007]. The release of ADP and TXA2 induces
further platelet activation and aggregation.

The small-peptide sequence arginine— glycine—aspartic acid (RGD) of
the adhesive proteins binds to the glycoprotein lIb/llla receptor. Fibrinogen
contains two RGD sequences on its a-chain, one in the N-terminal region and
the other in the C-terminal region. The study of fibrinogen -/- mice has shown

that von Willebrand factor alone is not sufficient to achieve stable platelet
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aggregation [Ni et al, 2000] and supports the hypothesis that the concurrent
binding of von Willebrand factor to glycoprotein Ilb/llla and glycoprotein Iba
allows for initial contact between platelets, whereas fibrinogen is necessary
for a permanent linkage between activated glycoprotein lib/llla on adjacent
platelets to ensure stable aggregate formation. Platelet activation and plaque
progression is also enhanced by releasing adhesive ligands, mainly P-
Selectin. This protein is usually seen on platelet membranes and is potent in
mediating platelet endothelium interaction [Ruggeri, 2002]. Signaling by P-
selectin stimulates monocytes and macrophages to produce chemoattractants
and growth factors. P-selectin glycoprotein ligand 1(PCGL) on the monocyte
surface initiates the formation of platelet-monocyte aggregates and outside-
in signaling that induces the transcription of COX-2 [Dixon et al, 2006].
Prolonged adhesion dependent signaling promotes the expression of
interleukin-1B. This cytokine enhances the stability of COX-2 mRNA, thereby
promoting synthesis of the enzyme which results in further activation of
platelets. Agonists can cause the shedding of small micro particles. Its been
reported that at the site of vascular injury, P Selectin which is expressed
during platelet activation triggers the recruitment of microparticles bearing
PSGL1[ Morel et al, 2006]. Microp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>