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Abstract

Cardiovascular disease has evolved into one of the major causes of death in the 

developed world. Common clinical presentations of the disease are Acute Coronary 

Syndromes (ACS), Heart Failure, Carotid disease, Abdominal Aortic Aneurysms (AAA) 

and Peripheral Vascular Disease (PVD). The predominant pathological process that is 

involved in these presentations is Atherosclerosis, a chronic inflammatory disease 

characterized by fibro-fatty plaques within the blood vessels. In this work I sought to 

investigate the role of inflammatory molecules, termed cytokines in atherosclerotic 

disease and their impact on potential future treatments. This was done via patient 

based studies and in vitro modelling.

Firstly, the role of Interleukin 17, a recently discovered cytokine was investigated in 

the context of Acute Coronary syndromes (ACS). This was a patient based study, 

analyzing serum levels of the cytokine in patients and controls. This was performed by 

determining the serum levels of the cytokine via ELISA after a Myocardial Infarction 

(M I) or a diagnosis of Unstable Angina (UA). Expression of the cytokine at the 

messenger RNA level within the peripheral blood leukocytes was analyzed via rt-PCR. A 

comparison with serum levels of C reactive protein, a recognized prognostic m arker of 

inflammation and cardiac disease, was also performed. The results of this aspect of the 

study revealed that Interleukin 17 was not expressed at significant levels in ACS, 

despite contemporaneous hsCRP expression. This suggests that IL -17 is unlikely to be 

of any diagnostic or prognostic value when compared to hsCRP.

However, to further analyse the role of other cytokines a novel, highly sensitive 

detection method, termed Electrochemiluminescence was utilized. This allows for the 

detection of cytokine within serum at extremely low detection levels previously 

dismissed by other technologies, due to a lack of reliability at these levels. Therefore 

as the second part of this study, the ACS patient cohort was expanded and 9 other 

cytokines were measured using this technology. I t  was found that both Interferon  

Gamma and Interleukin 10 were expressed at significantly higher levels in patients 

diagnosed with a MI compared to UA patients and controls. To further unravel the 

relationship of these cytokines with atherosclerotic plaque and cardiac morphology, 

two imaging techniques were employed. These were Intravenous Ultrasound, aiding in 

the determination of plaque size and Echocardiography to determine the Left 

Ventricular Ejection fraction, a measure of the efficiency and strength of the heart. By



com paring serum  levels of cytokine with these m easures within the patient cohort, no 

d eterm inate  relationship was seen betw een cytokine expression and plaque cross 

sectional area. However, TNF alpha was seen to be at serum  levels significantly lower 

in patients with a low ejection fraction when analyzing the  M I population, com pared to 

patients with a norm al ejection fraction. Therefore in com bination with im aging, this 

project has determ ined th a t In terferon  gam m a and In terleukin  10 are at higher levels 

in ACS patients, increasing in levels with the extent of plaque rupture, as seen by 

variation betw een M I and UA patients. How ever, these levels do not correlate with 

plaque area with TNF alpha being at significantly lower levels in MI patients who have  

a failing heart.

Finally, with IFN gam m a being revealed to be significantly higher within the sera of 

ACS patients, this project aim ed to determ ine this cytokine's role in potential m yoblast 

therapy for cardiovascular disease. Myoblasts are cells which can potentially  

differentia te  into muscle, therefore being a potential source for new muscle cells to  

replace dam aged cardiac or vascular tissue. The argum ent this project posed, was how  

would the m icroenvironm ent containing higher levels of IFN gam m a effect the  

survivability of these cells and thus the success of treatm ent?  An in vitro approach was 

em ployed, exposing rat cardiac m yoblasts (H 9C 2 cells) to varied concentrations of IFN  

gam m a in normoxic and hypoxic environm ents. This allowed for the sim ulation of the  

low oxygen conditions within dam aged muscle and vasculature. By using High content 

analysis and rt-PCR, any alteration in cell morphology and the expression of three  

genes, CX43 (Connexin 4 3 ) , BAX (BCL-2-associated X protein) and MYOG (M yogenin) 

w ere observed. These genes were chosen due to the ir significance in cell d ifferentiation  

and survivability. The results of this work revealed observable effects of IFN gam m a  

on cell morphology and gene expression a t low concentrations of In terferon  G am m a, 

evidenced by changes in cell param eters and downregulation of CX43, MYOG and BAX. 

The changes identified are likely due to cell dam age ra ther than m yoblast 

differentiation. This thus has obvious im plications for any therapy based on m yoblast 

transplantation as d ifferentiation is key fo r its success.
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CHAPTER 1 

GENERAL INTRODUCTION



1.1 Cardiovascular Disease

Cardiovascular disease (CVD) has evolved into one of the m ajor causes 

of death in the developed world. CVD is a term  that encompasses many 

disease entities involving the heart and arteries that make up the 

Cardiovascular System.

In 2004 , World Health Organisation (W HO) data reported that 17.1  

million lives are lost because of CVD with 23 .6  million deaths predicted 

by 2030(W H O  2009 ). With the mortality and morbidity increasing, CVD 

has become one of the m ajor problems facing the healthcare system  

worldwide. In the European Union, the economic burden of CVD costs 

€ 1 6 9  billion annually, with Ireland spending €866  million per year (Leal 

et al. 2 0 06 ).

Clinical presentations due to CVD, include acute coronary syndromes 

(ACS), heart failure, carotid disease, abdominal aortic aneurysms (AAA) 

and peripheral vascular disease (PVD). ACS is a term  that encompasses 

Myocardial Infarction (M I), commonly referred to as 'H eart Attacks' and 

Unstable Angina. Angina is chest pain due to cardiac ischaemia. I t  is 

divided into Stable and Unstable types. Stable Angina refers to chest 

pain associated with physical activity and stress. Unstable Angina, is an 

interm ediary between MI and Stable Angina, where the patient suffers 

from irregular episodes of chest pain due to cardiac ischaemia, not 

associated with physical activity. Mis are a discontinuation of blood and 

oxygen supply to cardiac tissue, commonly due to an occlusion in the  

coronary vessels. This can result in eventual death of cardiac tissue 

leading to potential cardiac/heart failure and death. Throughout the  

world. Coronary Artery Disease causes 12 .2%  of all deaths, with
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numbers high in both low and high income countries (Figure 1 )(W H 0  

2008 ).

Heart failure is due to an abnorm ality in the efficiency and function of 

cardiac contraction. It  can occur chronically or acutely, commonly post 

MI (McMurray and Pfeffer 2 0 05 ).

Carotid disease, AAA and PVD, like ACS and Heart failure develop due to 

the progressive nature of atherosclerotic disease. Carotid disease can 

result in strokes and Transient Ischaemic Attacks, which are defined as 

neurologic deficits lasting less than 24 hours that are attributed to focal 

cerebral or retinal ischemia (Johnston 2002 ). AAAs are a dilatation of 

the abdominal aorta which can eventually rupture, with a survival rate  

of 50%  post rupture, a figure that has not changed drastically since the  

1990s (Ernst 1993). PVD is arterial disease located in vessels not 

including the Carotid arteries, the Abdominal aorta or the coronary 

vessels. The term  commonly refers to occlusions within the vessels of 

patient's extrem ities, i.e. the legs or arms. Mild disease can result in 

tem porary ischaemia of the extrem ities, however, complete occlusions 

of vessels can cause rapid ischaemia and loss of tissue, which has to be 

resolved via surgical intervention (John W. Hallett 2008 ). For common 

locations of these disease manifestations see Figure 2.
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Figure 1. Territories sized in proportion to the absolute number of 
people who died from ischaemic heart disease (heart attacks) in one 
year (2002). {www.worldmapper.org)
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AAA

PVD

ACS

PVD

Figure 2. Arterial system with common locations of Cardiovascular 
Disease. ACS -  Acute Coronary Syndrome, AAA -  Abdominal Aortic 
Aneurysm, PVD Peripheral Vascular Disease {Image: Mikael Haggstrom, 
Haggstrom diagrams, 13 April 2010.)
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1.2 Atherosclerosis and Plaque

1.2.1 Atherosclerosis

The common pathological process that is involved with the above 

disease presentations is term ed Atherosclerosis. Atherosclerosis makes 

up the foundation on which vascular disease is built. I t  is a chronic 

inflam m atory disease process that is characterised by plaques that form  

within vessels. These plaques are an am algam ation of lipid, 

inflam m atory infiltrate, fibrotic tissue and processes that lead to cell 

destruction (Hansson 2005 ).

Currently, information regarding initiation of plaque developm ent is poor 

and thus drives scientific investigation into arterial disease. However, it 

is well known that Cell Adhesion Molecules (CAM) are expressed at 

plaque sites (Nakashim a et al. 1998). These sites are areas of altered  

'Sheer Stress', or stress parallel to the vascular surface and areas where 

oxidised Low Density Lipoprotein (LDL) has become trapped in the 

vascular wall (Skalen et al. 2002 ). A lipoprotein is a protein complex 

that allows for the transport of lipid within the blood.

Expression of CAMs, Vascular C AM l (VCAM-1) in particular, bind to 

immune cells, specifically, monocytes and T cells, which then infiltrate  

the vascular tissue. This vascular tissue is thus inflamed and the  

monocytes differentiate into macrophages in response to locally 

produced growth factors and cytokines, which are specific signalling 

molecules produced by specific cells as part of the immune regulating 

response. Consequently, further cytokine production occurs resulting in 

further inflam m atory cell recruitm ent (Gu et al. 1998; Veillard et al. 

2004).
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M acrophages  within this t i s sue  ta k e  up Low-density lipoprotein (LDL) 

cholesterol,  a lipoprotein which t ra n sp o r t s  lipid be tw een  the  liver and  

peripheral  t i ssues ,  into the ir  own cy top lasm via S c av e n g e r  Receptors ,  

cell m e m b ra n e  prote ins  t h a t  recognise  LDL, causing th e m  to develop  

into Foam cells (Figure 4).  T h e se  a re  a key c o m p o n e n t  of th e  

a therosclero t ic  plaque. S imultaneously ,  th e  recrui ted T cells con tr ibu te  

to fu r ther  p laque progression by producing pro- inf lammatory  cytokines ,  

such a s  In te rferon G am m a  (IFNy)(Frostegard e t  al. 1999).  These  

cytokines  initiate fu r ther  production of o th e r  cy tokines and  inf lammatory  

m ed ia to rs  in the  vascu lar  t i s sue  and  im m une  cells (Andersson  e t  al. 

2010 ).

This miscellany of in f lammatory cells, lipids, cell m ed ia to rs  and  foam 

cells eventual ly  m a tu re s  into an atheromatic /l ip id  cen t re  which 

con t inues  to  grow.

The sm oo th  muscle  of the  vessel  wall and th e  collagen produced within 

th e  wall itself, a re  fu r ther  m odula ted  by th e  ongoing inf lammation 

(Libby 2008) .  This has  been  found to involve th e  role of Matrix 

Meta lloprote inases  (MMP) which a re  p re se n t  within t h e  inf lammatory  

m e lan g e  (Galis e t  al. 1994).  MMPs a re  capable  of cleaving collagen and 

elastin,  the re fo re  degrading  the  matr ix  within p laque,  possibly 

increasing th e  risk of rup ture  (Agewall 2006) .  However ,  while degrad ing  

th e  matrix  within, they  have  also been  shown to p ro m o te  migra tion of 

sm o o th  muscle  cells from th e  vessel lamina into th e  intima of t h e  vessel  

wall, w here  they  contr ibute  to  p laque formation (Mason e t  al. 1999) .

Necrosis and  calcification occur  a s  th e  d i se a se  p ro g re sses ,  and a longside  

th e  inf lammatory  activation within, th e  p laque b e c o m e s  larger,  forming
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a fibrous cap. Simultaneously, as the plaque becomes more developed, 

the chance of spontaneous rupture increases (Moreno et al. 1994).

Increased plaque size results in narrowing of the vessel lumen, resulting 

in conditions such as PVD and Angina. This can progress to complete 

obstruction (Stary 2 000 ). Strokes or Mis occur when this plaque stops 

blood flowing through a vessel. This is frequently secondary to rupture, 

which results in thrombosis and clot form ation, therefore blocking the 

vessel (Figure 5).

The inflam m atory process and the production of pro-inflam m atory  

cytokines such as Interferon Gam m a play a key role in plaque 

form ation. These theoretically lead to destabilization of plaque and 

rupture. However, the role of these cytokines and what causes clinically 

silent plaque to rupture is core to current cardiovascular research.

1.2.2 Grading o f Atherosclerotic Plaque

The American Heart association has previously graded atherosclerotic 

plaque based on plaque morphology (Stary et al. 1995). This is quite a 

complicated system using numerical grades with subtypes categorized 

by roman numerals (Table 1). The classification is made of 6 different 

numeric categories to include early lesions, type I, adaptive intimal 

thickening; type I I ,  fa tty  streak; and type I I I ,  transitional or 

interm ediate lesions; and advanced plaques characterized as type IV , 

atherom a; type V, fibroatherom a or atherom a with thick fibrous cap; 

and type V I, complicated plaques with surface defects, and/or 

thrombosis, and/or hem atom a-haem orrhage. This system has formed 

the basis of how one grades plaque, commonly in samples taken via 

autopsy or via coronary and carotid surgery (Baroncini et al. 2007 ).
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Over tim e it has been criticized for its com plexity, in particular grades 

IV , V and V I which refer to 'advanced lesions' (Table 1). Due to this, 

various groups have attem pted to modify these grades, based on the  

work of Renu Virm ani, Armed Forces Institu te of Pathology (Virm ani et 

al. 2 0 0 0 ). This group modified these grades to incorporate more 

morphological variation (Figure 3) resulting in a simplified, more clinical 

relevant grading system which is used to this day.

1.2 .3  What is Vulnerable Plaque?

A term  commonly seen when investigating plaque and its implications in 

clinical presentation and outcome, is 'vulnerable plaque'. Vulnerable 

plaque is plaque which is thrombus prone and liable to complications. 

These plaque can vary in composition and grade as highlighted 

previously. This type of plaque is also considered to be unstable and is 

high risk of becoming a 'ruptured plaque'. This refers to plaque with 

deep injury represented by a defect in the plaque fibrous cap, exposing 

the throm bogenic core (Schaar et al. 2 0 0 4 ). This can develop into 

thrombosed plaque, where a thrombus form ed is either occlusive or non 

occlusive. I f  a patient is considered to have high risk vulnerable plaque, 

they are considered a high risk patient. One characteristic of vulnerable  

plaque th a t is commonly agreed upon is the thin cap fibroatherom a, 

which must have an underlying necrotic core, a thin fibrous cap and 

macrophage infiltration (Virm ani et al. 20 02 ).
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Tenns tor Atherosclerotic Lesions in Histological Classification Other Terms for the Same Lesions Often Based on Appearance to the Unaided Eye

Type 1 lesion 

Type II lesion 

Ha 

lib

Type III lesion

Initial lesion

Progression-prone type II lesion 

Progression-resistant type II lesion 

Intermediate lesion (preattieroma)

Fatty dot or streak ' Early lesion

Type IV lesion Attieroma AtheromatDus plaque, fibrolipid plaque.

Va Rbroattieroma (type V lesion) fibrousplaque. plaque

Vb Calcific lesion {type VII lesion) Calcified plaque ■ Advanced lesions, raised lesions

Vc Rbrotic lesion Itype VIII) Fibrous plaque

Type VI lesion Lesion with surface defect and/'cr 
heinatoma/tiemon'hage and/or thrombotic 
deposit

Complicated lesion, complicated plaque

Table 1. AHA classification of Atherosclerotic Lesions. {Virmani e t al. 
Arteriosder Thromb Vase Biol. 2000 M ay;20(5): 1262-75)
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Figure 3. Simplified, modified scheme for classifying atherosclerotic 
Lesions. Boxed areas represent the 7 categories of lesion. Processes 
leading to lesion progression are listed between categories.
Lines (solid and dotted, the latter representing the least established 
processes) depict current concepts of how one category 
may progress to another, with the thickness of the line representing 
the strength of the evidence that these events do occur. {Modified from  
Virmani et al. Arteriosder Thromb Vase Biol. 2000 May;20(5): 1262-75)
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1.3 Cytokines, Inflam m atory Proteins and Atherosclerosis

As noted, the developm ent and progression of an atherosclerotic plaque 

involves the inflam m atory process. This in turn relies on the specific 

messenger molecules referred to as cytokines. Many cytokines are now 

known to be involved in Atherogenesis, the process of plaque 

development. These for exam ple include IFNy, Tum or Necrosis Factor 

Alpha (TN Fa), Interleukin 6 ( IL -6 ) , Interleukin 8 (IL -8 ) and Interleukin 1 

Beta (IL-1(3) (Tedgui and Mallat 2006 ).

During plaque developm ent, macrophages and T-cells produce a mix of 

pro and anti-inflam m atory cytokines, such as Interleukin 10 (IL -1 0 ). As 

macrophages develop into foam cells, via activation of scavenger 

receptors, pro-inflam m atory cytokines are released (IL -6 , IL -12 , IL -15 , 

IL -18 , TNFa, IL -1 ) as well as anti-inflam m atory cytokines such as IL -10  

(Figure 6 ).

Another type of inflam m atory cell, the Dendritic Cell (DC) has been 

discovered in atherosclerotic plaque (Bobryshev and Lord 1995). Their 

role has still not been fully unravelled, however, it is known that they 

present antigen to T-cells, and this in turn results in cytokine release 

(Sharm a and Li 2 0 0 6 ). This interaction involves subtypes of T-cells, 

including T helper 1 (T h l) ,  T helper 2 (Th2) and regulatory T-cells 

(Treg). Recently discovered T h l7  cells, which produce Interleukin 17 

( IL -1 7 ), are currently being proposed as another cell type involved with 

DCs in atherosclerosis and this cytokine is to be investigated as part of 

this project. DCs may also activate other cells term ed Mast cells (MC) 

and these can release IFNy, TNFc, IL -6  and Granulocyte-m acrophage  

colony-stimulating factor (GMCSF). This has been seen in plaque that 

appears to be near to rupturing (Kovanen et al. 1995).
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____________________________________________ (MKT)

Figure 6. Cytokines and their involvement in atherosclerosis. The 
endothelial cells represent those lining an arterial wall. This illustrates 
the involvennent of varied cell types and cytokines in atherosclerosis. 
{Kleeman R et al. Cytokines and atherosclerosis: a comprehensive 
review of studies in mice. Cardiovasc Res. 2008 Aug l;79 (3 ):360-76)
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With the list of cytokines involved in atherosclerosis being quite large 

(Table 2 ), the question remains as to whether some or all are the key 

players in atherogenesis and plaque vulnerability. This project aimed to 

use novel technologies to investigate serum levels of a substantial 

number of key cytokines within the serum of patients who have 

atherosclerotic disease (see Chapters 2 and 3). The inflam m atory, acute 

phase protein, C reactive protein (CRP) will also be studied due to its 

established role in atherosclerotic disease. The following sections 

describe cytokines and acute phase proteins that are associated or 

potentially involved with atherosclerotic disease.
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C ytokine P rim ary  Source P rim ary  Activity Key studies -  Role In A therosclerotic 
Disease

IFN  gam m a activated Thl and N K cells

Induction o f  class I and 11 MHCs on APCs 
and somatic cells, activates macrophages, 
neutrophils, NK cells, promotes cell- 
mediated immunity, antiviral effects

Whitman, Ravisankar et al. 
Koga, Kai et al.
Nakagomi, Freedman et al. 
Szekanecz, Shah et al.

TN F alpha primarily activated macrophages, adipocytes

induces expression o f  other autocrine growth 
factors, increases cellular responsiveness to 
growth factors and induces signaling 
pathways that lead to proliferation

Barath, Fishbein et al. 
Ridker, Rifai et al. 
Mizia-Stec, Gasior et al.

IL -6 activated Th2 cells, APCs, other somatic cells 
such as hepatocytes and adipocytes

acute phase response, B cell proliferation, 
thrombopoiesis, synergistic with IL -ip  and 
TNF on T cells

Huber, Sakkinen et al.; Biasucci, Vitelli et 
al.; Pannitteri, Marino et al.; Danesh, 
Kaptoge et al.

I L - 8 macrophages, endothelial and epithelial cells chemoattractant for neutrophils and T  cells
Apostolopoulos, Davenport et al.; Romuk, 
Skrzep-Poloczek et al.; Boekholdt, Peters et 
al.

I L - 4 Th2 and mast cells

B cell proliferation, eosinophil and mast cell 
growth and function, IgE and class II MHC 
expression on B cells, inhibition o f  monokine 
production

Walch, M assade et al. 
George, M ulkins et al. 
George, Shoenfeld et al.

IL-1 beta macrophages and other antigen presenting cells
co-stimulation o f  APCs and T  cells, 
inflammation and fever, acute phase 
response, hematopoiesis

Kirii, N iwa et al.
Hasdai, Scheinowitz et al. 
Patti, D 'Ambrosio et al.

G M C SF macrophages, T cells, mast cells, endothelial 
cells, and fibroblasts

stimulates stem cells to produce granulocytes 
fneutroDhils. eosinoohils. and basoDhils") and 
m onocytes

Haghighat, Weiss et al.; Shaposhnik, Wang 
et al.; Ishibashi, Yokoyama et al.; van der 
Kooij, Morand et al.

Table 2. Summary of Cytokine sources, primary activity and relevant studies investigating the ir roles in 
Atherosclerotic disease. {Modified from work by Michael W King, PhD | ©  1996-2011  
themedicalbiochemistrypage. org, LLC)



Cytokine Prim ary Source Prim ary Activity
Key studies -  Role In Atherosclerotic 
Disease

IL12p70 B cells, T cells, macrophages, dendritic cells proliferation of NK cells, INF-y production, 
promotes cell-mediated immune functions

Uyemura, Demer et al.; Lee, Yen et al. 
Yamashita, Shimada et al. 2003; Correia, 
Andrade et al.

IL -2 activated Thl cells, NK cells proliferation o f B cells and activated T cells, 
NK functions

Upadhya, Mooteri et al. 
Mazzone, De Servi et al.

I L - 1 8 macrophages increases NK cell activity, induces 
production of INF-y

Whitman, Ravisankar et al. 
Mallat, Corbaz et al. 
Jefferis, Papacosta et al.

I L - 1 0 activated Th2 cells, CD8^ T and B cells, 
macrophages

inhibits cytokine production, promotes B 
cell proliferation and antibody production, 
suppresses cellular immunity, mast cell 
growth

Caligiuri, Rudling et al. 
Mallat, Heymes et al. 
Smith, Irving et al. 
Heeschen, Dimmeler et al.

IL -17 A and F forms only expressed in a subset o f T 
cells

increases production o f inflammatory 
cytokines, angiogenesis, affects endothelial 
and epithelial cells

Hashmi and Zeng. 
Cheng, Yu et al. 
Eid, Rao et al

Table 2. Continued.



1.3.1 Interleukin 17 (IL -17)

IL-17 is a cytokine produced by T h l7  cells, which is dependent on 

production of IL-23 (Aggarwal and Gurney 2002). The family consists 

of various IL-17 types (6 types), encoded by different genes. 

Commonly, in the absence of further qualification, IL-17 refers to the 

subtype, IL-17a.

IL-17 has been shown to be associated with the accumulation of 

neutrophils and the release of cytokines such as IL-6 and GMCSF 

(Kolls and Linden 2004). In patients, IL-17 is at increased 

concentration in airway spaces of asthmatics (Molet et al. 2001). 

Other inflammatory states, such as arthritis and cancer also have 

been associated with increased IL-17, therefore making it a potential 

marker for chronic inflammation (Moseley et al. 2003).

It  has thus become a novel, proposed participant in atherogenesis, 

with work currently being undertaken, investigating its role in plaque 

formation and as a marker of CVD.

1.3.2 Tumour Necrosis Factor alpha (TNFo)

TNFa is produced by numerous inflammatory cells, particularly 

macrophages. It  initiates further cytokine activation and was 

originally found to be a response to lipopolysaccharide from bacterial 

cells, making it an important participant in the response to sepsis and 

infection (Lieberman et al. 1989).

TNF alpha's role in atherosclerosis has been well established, having 

been discovered in plaque (Barath et al. 1990). By inhibiting the 

cytokine, in in vitro models, plaque formation has been significantly
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reduced by up to 50%  in knockout TNFa and ApoE mice (Branen et 

al. 2004).

Clinically, TNFa is elevated post MI, and patients with the highest 

blood serum levels are at higher risk of MI reoccurrence, suggesting 

the cytokine plays a role in plaque instability (Ridker et al. 2000). 

TNFa is also raised in angina patients, however not at levels 

comparable to those who have suffered an MI (Mizia-Stec et al. 

2003).

This has naturally led to TNFa becoming a possible target for drug 

therapy. Anti TNFa treatm ent, via drugs such as infliximab and 

etanercept, have shown positive results in conditions such as 

Rheumatoid Arthritis (Mikuls and Moreland 2001). So far, studies 

involving blockade of TNFa have primarily focused on atherosclerotic 

disease in these patients. However, the results are positive, with 

carotid intimal thickness being reduced with the used of anti- TNFa 

treatm ent (Ferrante et al. 2009).

1.3.3 Interferon Gamma (IFNy)

As part of the IFN family of cytokines, IFNy was originally discovered 

to be an anti-viral agent, produced by Natural Killer (NK) cells (Young 

and Hardy 1995; Schoenborn and Wilson 2007). Responses to IFNy 

are driven via its direct effect on the JAK/STAT pathway, which 

involves the cytokine interacting with two IFNy-R subunits (Darnell et 

al. 1994).

As previously mentioned, it is produced by cells within atherosclerotic 

plaque and has been found to influence acyl-CoA:cholesterol-0- 

acyltransferase (ACAT) expression, which in turn increases uptake of 

LDL into macrophages, forming foam cells (Panousis and Zuckerman
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2000). Using the exogenous form of IFNy, murine models show 

accelerated atherosclerosis, yet via its inhibition, advanced plaque 

can be reduced in size (W hitman et al. 2000; Koga et al. 2007).

Macrophage death contributes to atherogenesis and IFNy can induce 

pro-apoptotic genes such as caspase 8 in macrophages, therefore 

possibly contributing to cell death at plaque sites (Inagaki et al. 

20 02 ). Compounding this, is the cytokines ability to inhibit collagen 

production via smooth muscle cells within plaque, therefore 

compromising the mechanical integrity of plaque, and possibly 

leading to rupture (Amento et al. 1991). More evidence regarding 

IFNy and plaque rupture has been seen in terms of its relationship 

with tissue factor (TF) which can stimulate thrombosis (the formation 

of a blood clot within a blood vessel). In synergy with C reactive 

Protein, IFNy can induce procoagulant activity via TF (Nakagomi et al. 

2000 ).

IFNy has been detected in biopsies of human atheroma. Plaque taken 

from those with AAAs, have been found to produce both IFNy and IL- 

6 (Szekanecz et al. 1994).

1.3.4 Interleukin 6 (IL-6)

IL -6  has been strongly linked to chronic inflam matory diseases such 

as Rheumatoid arthritis. Systemic lupus erythematosus and cancer. 

T-cells, macrophages and even muscle produce IL -6  controlling 

proliferation of immune cells and regulating the acute phase response 

(Kopf et al. 1995).

Mouse modelling has revealed that exposure to IL -6  results in 

increased fatty streak formation, implicating the cytokine in
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atherogenesis (Huber et al. 1999). This has been enhanced by 

numerous studies revealing IL -6  to be upregulated in MI patients and 

within 72hrs of clinical onset, with high levels of IL-6 after admission 

with UA, leading to increased risk of complications (Biasucci et al. 

1996; Pannitteri et al. 1997). Additionally, determining the location of 

IL -6 release has revealed sharp gradients in cytokine concentration 

near the coronary sinus in patients with ACS, suggesting areas of 

active plaque (Deliargyris et al. 2000).

IL -6  and its use as a prognostic m arker has been determined, with 

levels being significantly elevated in MI patients with cardiogenic 

shock, compare to uncomplicated MI (Debrunner et al. 2008). I t  has 

also been confirmed that long term  elevation in IL -6 levels result in 

increased cardiovascular risk (Odds ratio of 3.34 vs 1.61 in those with 

baseline IL -6  levels) (Danesh et al. 2008).

1.3.5 Interleukin 4 (IL-4)

IL -4  is produced by T helper cells with its role in atherosclerosis to be 

poorly understood. Data suggest it has a pro-atherogenic effect in 

cultured vascular cells. However murine modelling has provided 

conflicting data (Walch et al. 20 06 ). IL -4  knockout mice have 

significantly reduced fatty streak formation, but similar studies have 

shown IL -4  absence does not affect atherogenesis (George et al. 

2000; George et al. 2000).

1.3.6 Interleukin 8 (IL-8)

IL -8  is a key chemokine for the inflammatory response, produced by 

white cells and muscle cells (Peveri et al. 1988; Wang et al. 1991). I t
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is a chemoattractant, meaning it initiates further recruitment of 

inflammatory cells, at sites of inflammation. The cytokine has a direct 

effect on vascular smooth muscle cells, causing mitogenesis 

(induction of mitosis) and cell migration (Yue et al. 1994). It  is 

produced relatively early in the inflammatory response and due to its 

structure, it can easily survive proteolysis and conditions such as 

cardiac environments (Apostolakis et al. 2009).

Plaque macrophages produce IL -8 , with messenger RNA at an 

increased level in carotid plaques compared to peripheral monocytes 

(Apostolopoulos et al. 1996). This has resulted in patient studies

looking at IL -8 as a biomarker of disease. These have revealed

elevated levels of IL -8 in unstable coronary disease, with high levels 

of IL -8  increasing risk of CAD in healthy individuals (Romuk et al. 

2002; Boekholdt et al. 20 04 ). However, when IL -8  levels are low,

post ventricular device implantation, patients were more likely to

survive post operatively due to an uncomplicated course of disease 

(Hummel et al. 1994).

Interestingly, IL -8 levels are now associated with cardiovascular risk 

factors in those with no apparent cardiovascular disease, with the 

cytokine being elevated, concomitantly with C reactive protein, in 

those with clinical obesity (Kim et al. 2006). All these data establish 

IL -8  as a marker, but also a target in CVD. Currently, there are no 

large studies investigating the cytokine's modulation as a treatm ent 

and this, with its role as a biomarker must be investigated further.

1.3.7 C Reactive Protein (CRP)

C Reactive Protein (CRP) is not a cytokine. I t  is synthesized by the 

liver and is an acute-phase protein, rising in response to 

inflammation. I t  has been included in this section due to its relevance 

to CVD but also its close relationship with the cytokines involved.
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CRP is a very stable m arker of acute inflammation, having a half-life 

of approximately 19hrs (Paffen and DeMaat 2005). Its synthesis is 

mainly in response to IL -6 , with plasma levels reflecting ongoing 

inflammation within patients (Castell et al. 1990; Pepys and 

Hirschfield 2003). As previously noted, IL -6 is involved in plaque 

formation within vessels, therefore one can conclude that CRP is 

closely involved.

Even though it is predominantly produced hepatically, CRP deposits 

are seen within early atherosclerotic lesions, therefore having a 

proximal effect on plaque development (Torzewski et al. 1998). This 

is emphasised further via the discovery of CRP's interaction with the 

scavenger receptor CD36, which as previously discussed, is involved 

in the uptake of LDL (Zwaka et al. 2001).

The protein's role in atherogenesis extends further. By acting as a 

chem oattractant, similar to IL -8 , CRP within the vascular wall results 

in immune cell recruitment and infiltration (Torzewski et al. 2000). It  

also induces further cytokine release, in particular TNFa, IL -6  and IL- 

1(3 in a dose dependent manner, adding to increased cytokine and 

cytokine action within plaque (Ballou and Lozanski 1992).

Therefore, by having such a diverse role in atherogenesis and the 

ease at which CRP can be measured within the blood, it has emerged 

as an established biomarker. In 1997, a group from Japan confirmed 

that CRP became elevated post MI with the serum levels being an 

independent m arker of death and cardiac rupture (a tearing of the  

myocardium, commonly post M I) (Figure 7) (Anzai et al. 1997). 

Raised CRP is associated with increased mortality in UA and MI 

patients and is established for its use in long term prediction of 

coronary disease (Morrow et al. 1998; Danesh et al. 2004). However,
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recently doubt has been raised as to whether CRP is a causal element 

to atherosclerosis or a marker of plaque weakness and thrombosis 

(Danesh and Pepys 2009). Studies have shown high amounts of CRP 

produced within transgenic mice made no difference in terms of 

atherogenesis and plaque size (Koike et al. 2009). CRP is thus still 

likely to be important in acute events, however, in the long term its 

causal effect need to be investigated further.

1.3.8 Serum Amyloid A

The SAA proteins are produced during the acute phase of 

inflammation. They respond to inflammation in a similar fashion to 

CRP. The liver is the primary source of SAA (Gabay and Kushner 

1999). SAA mRNA has been detected within atherosclerotic plaque 

and at the sites of ruptured plaque (Meek et al. 1994; Maier et al. 

2005). In the clinical setting, patients with both peripheral and 

coronary atherosclerosis have elevated levels of SAA in their plasma 

(Erren et al. 1999). Risk of disease has also been shown to be related 

to elevated SAA levels (Ridker et al. 2000). This extends to other 

clinical conditions that also increase atherosclerotic risk which have 

also shown elevated plasma levels of SAA (Leinonen et al. 2003;  

Wong et al. 2003). Currently, targeting SAA as part of the therapy for 

cardiovascular disease has provided varied results, however it is 

established that high dose statins lower SAA levels in those with ACS 

(Kinlay et al. 2003). Knockout SAA modelling is what has been called 

for as part of further research into targeting this protein (Filep and El 

Kebir 2008).
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1.3.9 Alpha 1 anti trypsin (AlAT)

M A T  is primarily produced in the liver but also by macrophages and 

neutrophils, and is protective of vascular degradation via elastases 

(Travis and Salvesen 1983). Patient studies have shown that 

correlations between raised levels of acute phase proteins such as 

A lA T  and increased severity of coronary disease (Brunetti et al. 

2009). Extending this to the genetic level, variation at the A lA T  gene 

influences atherosclerotic disease progression, with low levels 

promoting atherogenesis in patients (Talmud et al. 2003).

1.3.10 Alpha-1-glyco-protein (AGP)

AGP is primarily produced by the liver. Its serum concentration 

elevates in response to injury and it has been seen to be elevated in 

patients with disease such as rheumatoid arthritis (Fournier et al. 

2000). An increased risk of cardiovascular events has been associated 

with elevated levels of AGP (Engstrom et al. 2002). Correlating these 

with increased levels of other proteins such as A lA T, AGP is related 

to unstable plaque, being elevated in patients with ACS (Engstrom et 

al. 2004). Not only has coronary disease been associated with 

elevated AGP but it has also been linked to amount of viable 

myocardium and collateral coronary flow (Brunetti et al. 2007).

1.3.11 Interleukin 2 (IL-2)

Interleukin 2 ( IL -2 ) is produced by T-cells after antigen presentation. 

I t  is necessary for further T-cell development and maturation of 

regulatory T-cells (TRegs) within the thymus gland (Waldmann  

20 06 ). Therefore, its role in controlling the T cell response has 

become a target for cancer and autoimmune therapies, as highlighted
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by the induction of autoimmune disease in mice when the cytokine is 

blocked with antibody (Setoguchi et al. 2005).

However, the cytokine's role in atherosclerosis is in need of further 

exploration. Injections of IL -2  in ApoE - / -  mice (mice where the ApoE 

gene has been 'knocked out', resulting in a lack of ApoE, which is a 

glycoprotein which mediates binding of LDL) has resulted in increased 

plaque incidence and size (Upadhya et al. 2004). With plasma levels 

being shown to be elevated in ischaemic heart disease on admission, 

more experiments are required to elucidate its role in atherogenesis 

(Mazzone et al. 1999).

27



A B

A patient with no complications A patient with free wall rupture

CK CRP CK CRP
(•U/L) (mj^dL) (lU/L) (mg/dL)
3000 30 3000 30

CK
CRP

CK
CRP

2000 * 2000 --  20 -  20

shock

1000 - 1000*’  10 -  10

0 1 2 3 0 2 3 4 54 1

time from the onset of symptoms (days) time from the onset of symptoms (days)

Figure 7. C reactive protein levels post Myocardial Infarction. Y axes 
represent creatine kinase levels (left) and CRP levels (right) A) 
Patient with no complications B) Patient with free wall rupture {Anzai 
T et al. C-reactive protein as a predictor o f infarct expansion and 
cardiac rupture after a first Q-wave acute myocardial infarction. 
Circulation. 1997 Aug 5;96(3):778-84.)
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1.3.12 Granulocyte Macrophage Colony Stimulating Factor (GMCSF)

Granulocyte Macrophage Colony Stimulating Factor (GMCSF) is 

secreted by a variety of cell types. These include macrophages, T 

lymphocytes and cytokine activated endothelial cells at sites of 

inflammation (Hamilton 20 02 ). GMCSF has been detected in arthritic 

jo int fluid and increases neutrophil chemotaxis (m ovem ent along a 

chemical gradient), suggesting a positive role in inflammation (Wang 

et al. 1987; Williamson et al. 1988).

Studies regarding atherosclerosis have provided conflicting data in 

regard to the role of GMCSF, indicating the need for further research. 

Examination of murine plaque from aortic lesions revealed the 

presence of GMCSF, with lesion area increasing in size with 

subcutaneous injections of murine GMCSF (Haghighat et al. 2007; 

Shaposhnik et al. 20 07 ). However, deficiency of GMCSF, in increased 

lipid conditions, potentiates atherosclerosis, suggesting an anti

atherogenic effect (Ditiatkovski et al. 2006). This is further 

highlighted by decreased scavenger receptor expression by GMCSF 

and plasma cholesterol decreasing secondary to injecting GMCSF into 

rabbits (Ishibashi et al. 1994; van der Kooij et al. 1996).

These data connote a modulatory role of GMCSF, whether it promotes 

or protects, this requires further research and dissection.

1.3.13 Interleukin 1 beta (IL-lfS)

IL - ip  is part of the IL-1 family with IL - lc  and commonly can be 

referred to as IL -1 . I t  is produced by dendritic cells, macrophages, 

monocytes and fibroblasts (Dinarello 2009).
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Clinically, antagonism of IL - l 's  action via the receptor antagonist IL- 

Ra, has shown much benefit in those with juvenile idiopathic arthritis, 

resulting in complete remission (Pascual et al. 2005). IL -1 can 

increase the expression of adhesion molecules, such as VCAM, 

indicating a potential role in atherogenesis (Osborn et al. 1989). This 

is also indicated in mouse models, where mice generated to lack IL- 

1(3 showed a decrease in VCAM mRNA and atherosclerotic plaque area 

(Kirii et al. 2003). These data indicate that IL - ip  is a potential m arker 

of atherosclerosis, as first suggested in 1996, where serum levels 

were found to be elevated in those with ischaemic heart disease 

(Hasdai et al. 1996). Coincidentally, patients with an MI have marked 

levels of IL -lR a  in their serum, preceding elevation of CRP (Patti et 

al. 2004). The question thus remains as to whether this antagonist is 

produced as part of the inflammatory response, especially as 

antibody to IL-l(3decreases cardiac dysfunction post MI in mice 

(Abbate et al. 2010). Mice modelling also shows inhibition of 

atherosclerotic plaque formation with a similar antibody, encouraging 

the initiation of clinical trials with Canakinumab, an IL-1(3 monoclonal 

antibody, and its effect on cardiovascular event recurrence (Bhaskar 

et al. 2011; Ridker et al. 2011).

1.3.14 Interleukin 12p70 (IL-12p70)

IL12p70 is commonly referred to as IL -12. 'p70 ' refers to the cytokine 

consisting of a 35-KDa light chain (p35) and a 40-KDa heavy chain 

(p 40). I t  is produced by a variety of cells in response to varied 

antigenic stimuli such as CD40 activated T cells and components of 

the Extracellular Matrix (ECM) (Trinchieri 2003). IL -12 stimulates T  

cells and NK cells to produce cytokines such as TNFa and IFNy, which 

have previously been noted to be involved in atherogenesis (Chan et 

al. 1991).
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Inform ation regarding the role of IL -12 in atherosclerosis is building, 

particularly indicated by the finding of IL12p70 protein within 

atherosclerotic plaque (Uyemura et al. 1996). Mouse modelling in 

ApoE-/- mice confirmed IL -12  expression in the aorta, with injection 

of the cytokine resulting in accelerated atherosclerosis (Lee et al. 

1999). This has lead to IL -12  becoming a potential ta rget/m arker of 

disease. So much so, that IL -12 vaccination has reduced IFNy 

expression and decreased atherogenesis in mouse models (Hauer et 

al. 2005).

Clinical studies have been infrequent. IL -12 is elevated in UA and 

NSTEMI (non ST elevation M I), indicating poorer outcomes, but only 

if the data are combined with clinical grading scores (Yamashita et al. 

2003; Correia et al. 2010). This is possibly due to focus being shifted 

to IFNy, the expression of which is tied to IL -12.

1.3.15 Interleukin 10 (IL-10)

Interleukin 10 (IL -1 0 ) is considered to be an anti-inflam m atory  

cytokine produced by T  cells and monocytes. I t  has the ability to 

inhibit cytokine production (Figure 8 ), in particular, IFNy and TNFa, 

via pathways such as the JAK/STAT system (Fiorentino et al. 1991; 

Moore et al. 2001).

By inhibiting pro-atherogenic cytokines, it has been presumed that 

this cytokine has an anti-atherosclerosis effect. Evidence does 

suggest this, with deficiency in IL -10 in mice, resulting in increased 

markers of atherogenesis and thrombosis (Caligiuri et al. 2003). 

Further murine work has shown IL -10 overexpression to reduce 

plaque size (Pinderski Oslund et al. 1999).
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Previously, it was noted that cell death and other factors may lead to 

increased risk of plaque rupture. IL -10 has been found within human 

plaque tissue, with higher levels associated with decreased cell death 

(Mallat et al. 1999). Human studies have shown, serum levels of IL- 

10 were found to be at a lower concentration in patients with UA 

rather than SA, suggesting the cytokine's action favours plaque 

stability (Smith et al. 2001). This pro-stability effect may also lead to 

lower mortality in ACS, as increased levels of IL -10 lead to improved 

outcomes in ACS patients (Heeschen et al. 2003). This is suggestive 

of a low IL -10  serum level or response resulting in 'higher risk' 

patients.
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Figure 8. Interleukin 10 and its role in infection and the immune 
response. This illustrates how IL-10 blocks cytokine action. {Moore et 
at. Interleukin-10 and the interleukin-10 receptor. Annual review o f 
immunology. 2001;19:683-765.)
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1.4 Cytokine Detection

There are many different methodologies used to detect cytokine 

levels, whether they be in serum or tissue. Commonly, detection is 

based around antibody technology. In studies investigating cytokine 

expression in terms of atherosclerosis the majority use Enzyme- 

linked immunosorbent assays (ELISA). We aim to use this and a 

novel method based on Electrochemiluminescence.

1.4.1 Enzyme- linked immunosorbent assays (ELISA)

ELISA based technologies have been in used since the 1970s, with 

enzyme based detection becoming a natural progression from  

radioimmunnoassays, where radioactive labels were used to detect 

antigen. Radioactivity became a problem for lab personnel, hence the 

natural shift away from its use (Lequin 2005).

ELISA uses antibodies to the target that is being investigated, to aid 

its detection. These will be specific, to the antigen/target. This is 

termed the 'detection antibody'. Via various washing steps, the 

detection antibody is added and binds to the target (Figure 9). A 

secondary antibody is then added, binding to the detection antibody. 

This is enzym e-linked. Therefore, when substrate to that enzyme is 

added, the substrate is converted by the enzyme, producing a 

fluorescent or electrochemical signal. The strength of this signal 

determines the quantity of the target.

Unfortunately, sensitivity levels vary from m anufacturer to 

manufacturer, but also from cytokine to cytokine. Published work 

based on cytokine detection frequently report levels below the 

manufacturer's detection limits and this must be deemed as
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unreliable. However, some of our current knowledge regarding 

cytokines in atherosclerosis is based on experiments where this has 

happened. We therefore hope to use this technology with a much 

more sensitive method as illustrated in the next section.
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Figure 9. Basic ELISA principles. Step 1: A nnicroplate pre-coated 
with capture antibody is provided. Samples or standards are added 
and any analyte present is bound by the immobilized antibody. 
Unbound materials are washed away. Step 2: A second Alkaline 
Phosphatase (AP)-labeled antibody (detection antibody) is added and 
binds to the captured analyte. Unbound detection antibody is washed 
away. Step 3: NADPH substrate solution is added and a rose colour 
develops. Step 4: Amplifier solution is added and the rose colour 
deepens to a red colour in proportion to the amount of analyte 
present in the sample. Stop solution is added (colour remains red) 
and the absorbance of the colour at 490 nm is measured. {Modified 
from Quantil<ine HS ELISA assay principle, R and D systems, 
Minneapolis, USA).
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1.4.2 Electrochemiluminescence (ECL)

This project will use an Electrochenniluminescence (ECL) assay 

technique to determine cytokine levels (Mescoscale Discovery 

Multiplex system, Mesoscale Discovery, Maryland, USA).

The system is based on ruthenium complex based reactions. This 

complex is called Tris(2,2 '-b ipyridyl)ruthenium  ( I I )  also named 

Ru(bpy)2 '̂̂ . Measurements of cytokine levels are based on low-light 

emission from the Ru(bpy)2 ‘̂̂ complex based on reactions with 

tripropylamine (TPA) at an electrode surface. The Ru(bpy)2 '̂̂  is 

oxidised at the electron surface as is the TPA. Simultaneously the TPA 

becomes deprotonated, producing a free radical species which in turn 

will reduce the oxidised Ru(bpy)2 '̂̂ . The reduced Ru(bpy)2 '̂̂ is in an 

excited state, and thus releases a photon (620 nm) which is used as 

a measure of detection (Figure 10) (Blackburn et al. 1991).

The electrode used by the system is graphite based and the 

luminescence is detected by photodiodes within a camera capturing 

system. The proton emission that is utilised via Ru(bpy)2 '̂ îs triggered 

via an antibody-antigen interaction.

The graphite electrode is coated with an antibody specific to the 

molecule that is to be analysed, in this case, a particular cytokine. 

Therefore, if any cytokine is present it will bind to this antigen. 

Another antibody to that cytokine is introduced to the reaction. I t  is 

labelled with Ru(bpy)2 ^'^.This then binds to the cytokine that is bound 

to the electrode, initiating the oxidation-reduction reaction which 

results in luminescence (M arquette and Blum 2008). This reaction can 

happen independently for different cytokines within the one well of a 

plate. Hence, this system allows for multiple capturing antibodies 

which are cytokine specific, to be placed within one well of a 96 well
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plate. Therefore, a m ulti-array analysis can be performed, resulting in 

simultaneous measurement of a number of cytokines. This is referred 

to as multiplexing (Figure 11).

By using a system such as this, we will be allowed to detect cytokines 

at much lower detection levels, therefore providing greater sensitivity 

than conventional ELISA. This allows for the observation of subtle 

changes but also gives true values of cytokine within serum, without 

stretching the sensitivity of the methods, which has commonly 

occurred in the past.

Electrochemiluminescent detection also permits a greater dynamic 

detection range, which is crucial considering that many cytokines may 

be upregulated by several orders of magnitude when induced.
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1.5 Project Aims and Rationale

This project has been designed to investigate serum levels of 

circulating cytokine within patients with atherosclerotic disease. 

Further details regarding methodologies used are in the relevant 

subsequent chapters and in section 1.5>.

By further clarifying which cytokines are  expressed within the sera of 

patients with ACS, further informati'on regarding biomarkers that 

should be monitored and those that should be targeted in 

atherosclerotic disease will be provided. The rationale behind this, is 

that by completing an in depth investigation of cytokines and ACS in 

patients, the steps toward a cytokinea 'fingerprint' for ACS may be 

built. This 'fingerprint' would encompass numerous cytokines and this 

project aimed to identify which cytokines within this fingerprint are 

significantly expressed in disease. Once identified, these can be used 

in in vitro modelling, to identify the effects of cytokines on cell tissue 

and their implications in cell therapy for ACS.

Initially, this project aimed to recruit patients who were diagnosed 

with ACS and the recruitment phase lasted over a tim e period initially 

set as two years. On completion of recruitment, patient blood 

samples were analysed for IL--17 via conventional ELISA. To 

investigate IL-17's role further, peripheral blood mononuclear cells 

(PBMCs) were isolated and the expression of cytokine at the mRNA 

level, was explored via Real Tim e Polymerase Chain Reactions (rt- 

PCR) (Chapter 2). By doing such an investigation, on IL -17 , a m arker 

and potential target of ACS was being analyzed, while questioning its 

role in atherosclerosis and w hether or not it is involved in ACS.

By using the novel ECL m ethod, 9 other cytokines were investigated 

in terms of serum expression in ACS. This was correlated with
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diagnoses (Chapter 3). To determine how plaque and cardiac 

morphology may correlate with cytokine expression, image based 

diagnostic techniques were utilized. These are Echocardiography and 

Intravascular Ultrasound (IVU S). In an attem pt to analyze physical 

features of atherosclerotic disease with cytokine expression, an 

additional aim was to further elaborate on the hypothesis that closer 

scrutiny of cytokine serum levels can potentially identify specific 

cardiac or atherosclerotic change /risk.

Determining serum cytokine expression allowed for targeting 

cytokines for in vitro modelling of the effect of cytokines on myoblast 

survival. Myoblasts are embryonic progenitor cells that give rise to 

muscle cells or myocytes. These have been proposed, with other cell 

types, as a future treatm ent of damaged vascular tissue in CVD (See  

Chapter 4 ). By placing myoblast tissue at sites of injury, i.e. 

myocardial tissue post infarct or at the abdominal aorta in animal and 

human models, long term  outcomes are improved (Siminiak et al. 

2005; Kajimoto et al. 2006).

By exposing an established myoblast cell line to cytokine, one can 

ascertain any effect on morphology and survival. This is key for any 

treatm ent to be successful within the atherosclerotic micro

environment. A combination of rt-PCR and High Content analysis was 

used to determ ine the effect of cytokine on gene expression and the 

morphology of myoblasts, in vitro. Providing evidence of cell change 

due to cytokines, in a model such as this, emphasises further, the 

importance of this project. It  contributes to the belief and rationale 

that it is of the upmost importance to monitor cytokine levels and the 

inflammatory system, when embarking on the cell therapy route.
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1.6 Technologies and Methods

The use of ELISA and ECL has already been described above. As with 

other methods to be used in establishing further insight into the role 

of cytokines in atherosclerosis, specific protocols will be documented 

in the relevant chapters. A brief outline of the methods used is given 

below.

1.6.1 Realtime Polymerase Chain reaction (rt-PCR)

Realtime Polymerase Chain reactions will be used to determine the 

expression of messenger RNA (mRNA) in PBMCs of patients with ACS. 

It  will also be used to determine the effect, specific cytokines may 

have on myoblast gene expression.

Since its introduction in the 1980s, the polymerase chain reaction 

(PCR) has become a routine, yet revolutionary type of molecular 

analysis within medicine and the biomedical field. It is a method of 

amplifying specific gene sequences from DNA extracted from blood or 

tissue.

By using a heat stable enzyme, in particular, Taq polymerase 

(isolated from the bacterium Thermus aquaticus), certain 

sections/genes within a DNA strand can be replicated. The starting 

point is duplex DNA, which once denatured is annealed to certain 

primers which bind to each end of the sequence to be duplicated 

(Figure 12). A third step is then introduced, where polymerase moves 

along the DNA strand, away from the annealed primers, synthesizing 

a complementary strand. These three steps are key to PCR and are 

referred to as:
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1) Denaturation
2) Annealing
3) Extension/synthesis

Each set of these three steps is referred to as a 'PCR cycle'. After 30 

cycles, 2^°copies of the original sequence can be created.

Frequently, PCR is used to amplify sequences from a DNA source. 

However, in this project, it shall be used to amplify messenger RNA 

(mRNA) sequences. To do this the same methodology is applied, 

however, the mRNA has to be converted to complementary DNA 

(cDNA) via reverse transcription (RT) (Bustin 2000). This is only done 

once mRNA is isolated from blood or tissue and this can be done via 

numerous techniques.

RT involves the use of an enzyme called reverse transcriptase. RT has 

to be completed as DNA/Taq polymerase cannot amplify mRNA 

directly, therefore a cDNA strand has to be created from it. There are 

two type of enzyme available, Moloney murine leukaemia virus 

reverse transcriptase (MMLV-RT) and Avian myeloblastosis virus 

reverse transcriptase (AMV-RT). Throughout this entire project, MMLV 

is the enzyme of choice. RT has to be primed via the use of random  

hexamers, Oligo(dT) and a choice of primers. Oligo(dT) is the primer 

that was used to construct cDNA from mRNA in this project.
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I used a specific type of PCR method throughout the work outlined in 

section 1.5. It  is referred to as Real time PCR. This is a variation of 

the standard PCR technique. Again, specific primers are used, 

allowing determination of the relative number of DNA or cDNA 

sequence copies there are. Quantification can occur by measuring the 

amount of amplified product at each stage during the cycle. I f  mRNA 

is high in abundance, amplification will be detectible in earlier cycles, 

whereas if it is scarce, it will be observed in later cycles.

Using a fluorescent probe, complementary to the target sequence, 

quantification is possible. Probe based systems have a fluorophore 

which binds to the sequence that is being amplified. The phore is 

attached to a quencher molecule to prevent fluorescence until it is 

cleaved by Taq polymerase, releasing the fluorescent signal. This 

signal will increase with each cycle, with the signal being directly 

proportional to the amount of fluorophore released (Invitrogen 2008).

Taqm an®  probes (Applied Biosystems, USA) and the relevant real 

tim e thermo-cycler were used for this aspect of the project. The data 

provided by ABI thermo-cyclers was in terms of threshold cycles (Ct) 

per gene. Threshold refers to a level of signal that is statistically 

significant over the baseline (the signal during the initial 3-15 cycles). 

Ct is the cycle number where the fluorescence crosses the threshold. 

This value is used to calculate the DNA copy number in absolute 

quantification, or in comparison with a housekeeping gene, to 

calculate the relative amount of DNA to the housekeeper. The 

housekeeper is a gene who's expression does not alter during 

experimental or through medical conditions.
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1.6.2  Echocardiography

Echocardiography, or ECHO is a routine imaging technology used in 

cardiology. By using Doppler ultrasound, an image of the functioning 

heart can be obtained. This allows for quantification in term s of 

chamber size, valve function and ventricular mass (Lang et al. 2005). 

Due to its cost effectiveness, portability and durability ECHO has 

become the staple diagnostic technique within cardiac clinical 

practice.

Commonly, transthoracic echocardiography (TTE) is used. This is 

where the Doppler ultrasound probe is placed on the chest. Another 

form, transesophageal echocardiography (TEE) is where the 

ultrasound probe is placed down the oesophagus, therefore being 

placed adjacent to the heart. By offering a different planar view of the 

heart, TEE does have the advantage of giving more views of cardiac 

structures within that plane, for exam ple, cardiac valves (Figure 13). 

However, TEE is more invasive and is not as routinely used as TTE.

1.6.3 Intravascular Ultrasound

Intravascular ultrasound (IVU S), like echocardiography, uses 

ultrasound to determine coronary vessel morphology. This is achieved 

by the use of an ultrasound probe at the end of a catheter which is 

passed through the coronary vessels. The technology is already in 

wide use, having already been established as a viable means of 

measuring arterial luminal size (Nissen et al. 1991).

Angiography allows for the visualisation of the coronary vessels by 

using a radio opaque dye, which is injected via catheter.
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Figure 13. a) Illustration depicting a typical views of the heart via 
Transthoracic Echocardiogram. {Yale University School o f Medicine, 
Center for Advanced Instructional Media, 1987-2000. Patrick J. 
Lynch)
b) Transoesophageal echocardiogram showing an atrial septal defect 
(ASD). Ao-Aorta, RA-Right atrium, lAS-interatrial septum {2010 
Cardiophile MD Archive, www.cardiophile.net)
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IVUS, (by using a similar catheter allows for visualisation of the 

vessel wall and plaque itself, therefore having an advantage over 

angiography in this regard (Figure 14). The ultrasound probe is 

passed over a guide wire catheter, guided via angiography to the site 

of interest. The user, either manually or via machine assistance, 'pulls 

back' the probe creating an video image of the lumen along the area 

of interest. These images can then be used to determine measures 

such as plaque thickness, lumen size and stenosis percentage (an 

abnormal narrowing of a blood vessel). Numerous studies over the 

past 10 years have determined IVUS as a reliable method of 

determining atherosclerotic lesion severity (Bonello et al. 2009). 

Currently, there are ongoing studies determining whether IVUS has 

any significant benefit over angiography in terms of aiding the 

insertion of drug eluting stents. This is especially the case, as studies 

concerning bare metal stents have had varied results, with the TULIP 

study showing IVUS to be superior in terms of providing a larger 

lumen diam eter post stenting and a lower re-stenosis rate 

(Oemrawsingh et al. 2003 ). However, clinical outcome 9 months post 

procedure was not altered by the use of IVUS (Orford et al. 2004).

Advances in IVUS software have allowed for determination of the 

histology of plaque via the ultrasound image. This is termed virtual 

histology. The reliability of this is debatable, and its use must be 

investigated further (Frutkin et al. 2007). Recently, the PROSPECT 

(Providing Regional Observations to Study Predictors of Events in the 

Coronary Tree) trial data presented at the Transcatheter 

Cardiovascular Therapeutics 2009 meeting, revealed that grading and 

monitoring lesions via virtual histology is significant in determining 

whether a particular lesion type can cause an event (Stone 2009).
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For this project, tlie IVUS imaging suite provided by Volcano 

Corporation (San Diego, CA, USA) was used. This allows 

measurement of lumen size and stenosis percentage (Figure 15).
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Figure 14. a) Angiographic vs. intravascular ultrasound images of 
coronary atherosclerosis revealing difference in luminal area not 
detected via angiogram.
b) Calculation of atheroma cross-sectional area by subtracting the 
lumen cross-sectional area from the media-adventitia cross-sectional 
area {Adapted from Kastelein J et at, Ultrasound imaging techniques 
for the evaluation o f cardiovascular therapies. Eur Heart J. 2008 
Apr;29(7):849-58)
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Figure 15. Screenshot from the IVUS S5 imaging screen. Colours 
represent: Red -  Necrotic core area, White -  Dense Calcium area, 
Green -  Fibrous tissue area and Yellow -Fibro fatty area {Volcano 
Corp, USA. h ttp ://w w w . volcanocorp.com/products/ivus-imaging/s5- 
imaging.asp)
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1 .6 .4  Myoblast Modelling

Part of this project is to use an in vitro model to expose cardiac 

myoblasts to cytokine, measuring the cytokine's effects by rt-PCR and 

High Content Analysis (Chapter IV ).

The H9C2 cell myoblast line, derived from rat cardiac tissue was used 

due to their morphological and electrophysiological characteristics, 

and their ability to differentiate into cardiac muscle (Figure 16) 

(Kimes and Brandt 1976; Hescheler et al. 1991). This cell line has 

been used in numerous studies monitoring external stimuli and their 

effects on myoblasts. These can range from hypoxia to drugs (such 

as reservatrol) (Bonavita et al. 2003; Leong et al. 2007). Therefore, 

this cell line has become an accepted in vitro model to study 

ischaemia and its effects on cardiac tissue.

These cells will provide an ideal model base for investigating any 

potential effects circulating cytokine may have on myoblasts that are 

intended for use as part of a therapy for CVD. They will be cultured in 

media in accordance with protocols based on American Type Cell 

Collection (Manassas, VA ,USA) (ATCC) guidelines.

1 .6 .5  High Content Analysis

High content analysis (HCA), as the name suggests, involves a large 

amount of data being analysed in a short period of tim e.
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This is automated using a combination of microscopy and advanced 

image analysis. HCA crosses over with the term High Content 

Screening (HCS) which utilizes HCA to screen the effect of drugs and 

other molecules on cells and other forms of tissue. HCS is commonly 

used by the pharmaceutical industry, but has now become more 

accessible for use by academic institutions.

By using automation, basic microscopy and staining techniques can 

be used with data collection simultaneously, at a much faster and 

efficient rate than by traditional methods.(Abraham et al. 2004) 

Therefore, a large number of experiments can be done in a relatively 

short period of time. Currently much HCS and HCA has involved 

SiRNA work. In detail, this refers to small interfering RNAs which 

block expression of a targeted gene. Via HCS many different types of 

siRNA and their effects on cell tissue can be observed very quickly 

allowing the unveiling of potential drug targets.

The HCA system to be used in this project is the InCell Analyzer, a 

high content, automated cell imager provided by GE healthcare, USA. 

This allows for the analysis of multiple cellular parameters such as 

cell area, nuclear area and nuclear count fast and over a vast number 

of cells. I t  also allows for greater amounts of data to be collected 

compared to for example, counting cells by hand via conventional 

microscopy. In other words, it will be possible to gain numerous 

images of cells undergoing treatm ents, therefore allowing, in a fast 

m anner, the analysis of greater than > 1 00 00  cells per run.

The software to be use in conjunction with the analyzer is the InCell 

Investigator software v l .5  (GE, USA). Post image acquisition, this 

software will analyze each image, measuring the cell parameters 

chosen (Figure 17).
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Figure 16. Rat H9C2 cells stained for DNA (blue), actin (red) and 
tubulin (green) {Image courtesy o f Connia Edwards and Anthony 
Davies, Institu te  o f Molecular Medicine, Trinity College, Dublin)
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Figure 17. Screenshot during an analysis of selected wells in a 96 
well plate, on the InCell Investigator Software. (GE, USA)
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CHAPTER 2

INTERLEUKIN 17 AND ACUTE 
CORONARY SYNDROMES
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2.1 Introduction

In Chapter 1, IL -17 was introduced as a cytokine commonly 

associated with chronic inflammatory diseases, in particular asthma 

and arthritis (Molet et al. 2001; Moseley et al. 2003). Tissue biopsies 

from patients with Ulcerative Colitis and Chron's disease have also 

revealed IL -17 expression produced by T-cells (Fujino et al. 2003).

Previous studies have shown IL -17  levels to be detectable in the 

plasma serum of patients diagnosed with ACS (Hashmi and Zeng 

2006). I t  was found, in a single centre study, that there were 

significantly higher levels of expression of IL -17 in patients with 

myocardial infarction (M I) (n = 2 0 ) and Unstable angina (UA) (n = 24) 

when compared to controls (n = 2 0 ) (M I 3 0 7 .4 2 ± 8 5 .3 3  pg/m l, UA 

3 4 0 .3 0 ± 1 6 2 .7 5  pg/m l, Controls 2 5 7 .1 7 ± 7 1 .3 6  pg/m l, p < 0 .0 5 ). All 

plasma samples were taken within a 48hr period from symptom  

onset. This suggests that IL -17 is acutely expressed in those 

diagnosed with ACS. However this study was done in a Chinese 

population and requires replication in other cardiac cohorts and in the 

Irish population.

ACS is a direct result of atherosclerosis and associated with a chronic 

and acute inflammatory response, with pro-inflammatory cytokine 

levels being associated with outcome. Thus, IL -17  and its role in ACS 

are in need of investigation.

Therefore, the objective of this part of the project was to examine 

serum levels of IL -17  within an Irish ACS cohort. A potential source of 

expression was also examined by investigating the levels of IL -17  

mRNA in Peripheral Blood Leukocytes (PBLs), which was isolated from  

patients within the same cohort. C Reactive Protein (CRP) was also 

measured within the serum as a comparison.

58



2.2 Methods

2.2.1 Patient Recruitment

Patients were recruited in St James's Hospital, Dublin, Ireland via the 

Departm ent of Cardiology. Informed written consent and patient 

details were obtained as approved by the hospital ethical committee.

Patients were chosen with a diagnosis of ACS and were due to 

undergo coronary angiography, having been referred from other 

hospital centres within Ireland. Exclusion criteria included recent 

infection, auto-im m une disease, renal failure or haemodialysis, 

immunosuppressive therapy and history of malignancy. 35 patients 

were recruited in total. 5 healthy control subjects were also enlisted 

as part of the study group.

2.2.2 Blood Sampling and PBL isolation

Blood sampling was carried out within 2 hours of the patient's arrival 

to St James's Hospital. Control subjects were recruited independently 

over the initial recruitment phase. They were recruited on the basis of 

having no cardiovascular history plus the exclusion criteria with a 

similar age profile.

Im m ediately, PBLs were isolated using density gradient centrifugation 

of EDTA anticoagulated blood via the use of lymphoprep (Nycomed 

Pharma, Oslo, Norway). By layering, solutions of varying density 

within a tube, in this case whole Blood and Lymphoprep, different cell 

types can be separated via centrifugation due to their shape and 

density. This creates a 'buffy coat layer' which is then washed via
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various steps and stored at -80  degrees centigrade with a stabilizing 

agent (Figure 18).

The protocol used for this step can be seen in the Appendix (6 .2 .1 ).

Blood samples for serum isolation were collected in tubes without any 

anticoagulant and were allowed to sit for 30 min, ensuring adequate 

clotting. These samples were then centrifuged at 1500 rpm for 10 

minutes. Serum was isolated into Eppendorf microcentrifuge tubes 

using a sterile transfer pipette. This was then stored at -80°C until 

further analysis.
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Figure 18. Appearance o f'b u ffy  coat' after density gradient 
centrifugation
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2.2.3 RNA extraction and Reverse Transcription

mRNA extraction was performed using tlie frozen PBL samples and a 

commercially available kit, the RNeasy Kit, provided by Qiagen 

(Qiagen, Hildern, Germany). The protocol followed was as per 

manufacturer's instructions. Concentrations and quality of mRNA 

were subsequently measured by spectrophotometry using the 

Nanodrop 8 sample spectrophotometer N D -8000 (Nanodrop Tech, DE, 

USA) with the protocol provided by manufacturer.

cDNA was created via reverse transcriptase reactions and PCR 

amplification using a RETROscript Kit (Ambion, Applied Biosystems, 

USA). The 'two step' protocol was followed as per manufacturer's 

instructions with constituents of reaction mix as follows:

• RNase inhibitor (protein that binds non covalently to enzymes 
that breakdown RNA)

• MMLV-RT ( Moloney murine leukaemia virus- See Introduction)
• RNA free water
• lOX RT Buffer (a reaction buffer that has constituents including 

Potassium Chloride and Magnesium chloride)
• dNTPs

Target cDNA was standardised at a concentration of 500ng/30pl.

2.2.4 Real Time PCR

Absolute quantification of mRNA expression was the aim of the 

experim ent with all PCR reactions carried out in triplicate using an 

Applied Biosystems Prism 7000 (Applied Biosystems, USA). All 

reactions were carried out in a ISpI total volume per well on a 96 well 

plate. As a comparison a control gene is always required, and in this 

experim ent Beta Actin was chosen. Following is a list of constituents
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for the PCR reaction with the corresponding volumes for both target 

genes, IL17A and Beta Actin (control gene):

17A Beta-Actin

Reverse Primer 

Taqman Probe 

Master Mix

dH20

cDNA

Forward Primer 0.75|iL 

2.25|^L 

0.75mL 

7.5^iL 

3 .15)aL 

O.G^L

0.75^L

0.75)iL

0.75mL

7.5[iL

4.65nL

O.e îL

TOTAL 15^L

Taqman probe and TaqM an® Universal PCR Master Mix were provided 

by Applied Biosystems (CA, USA). The probe was at a concentration 

of 4 pmol/fil. The forward and reverse primers were synthesized by 

Applied Biosystems. Design, customization and standardization of 

primers and probes was completed by Stordeor et al, Belgium 

(Stordeur et al. 2002). The provision of primers, probes and 

standards were by the Departm ent of Anaesthetics, St James's 

Hospital (W hite et al. 2010). Standards were provided for both genes, 

allowing for standard curve production. These curves are then used to 

calculate the absolute number of mRNA strands produced for each 

gene. Serial dilutions of the standards were done from 10® copy 

number down to 10^ copy number, for each gene. Copy number 

refers to the number of molecule type, in this case, mRNA. Therefore, 

the Ct value should increase as the concentration of standard drops.

Once each well has the reaction mixture in place, the plate is covered 

in optical film. I t  is then wrapped in aluminium foil to prevent any 

degradation of the fluorescent Taqman probe. The plate is then pulse 

centrifuged to ensure all contents are place at the bottom of each 

well. The following protocol was then followed to run the Prism 7000
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and the rt-PCR reaction. The temperatures used for thermocycling in 

these reactions were a denaturation step of 95°C for 10 minutes, 

followed by tem perature cycling. Each cycle consisted of 95°C for 15 

seconds and 60°C for 60 seconds. 40 cycles were performed in total.

A set protocol to run the Applied Biosystems Prism 7000 was used. 

This can be seen in the Appendix (6 .2 .2 ).

The protocol (6 .2 .2 ) itself uses a software based protocol termed  

'Doug 1'. This program is a protocol designed in-house specifying 

which flurorophore and quenchers are being used as part of the 

Taqman probe, for these reactions. In this particular case the 

flourophore is 6-carboxyfluorescein also known as FAM and the 

quencher is tetram ethylrhodam ine (TAMRA).

2 .2 .5  Analysis o f Rea! Time Data

For absolute quantification to occur, standard curves have to be 

generated. These are generated from the Ct values gained from the 

wells where the standards are placed. To be reliable these curves 

must have a strong correlation coefficient (R^), which is calculated via 

the linear equation of the line plotted. The line is then used to convert 

the Ct values obtained from the wells containing the samples of 

interest into copy numbers of mRNA.

The following example highlights the calculation required from the 

standard curve plot, once your Ct value has been obtained to 

determ ine the copy number of the gene of interest.

• Ct = 32.3
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• Corresponding Log Concentration value according to linear plot 
on graph = 2.8

• Therefore copy number is 10^ ®

2.2 .6  ELISA

To measure the concentration of IL-17 within the serum of the 35 

patients and 5 healthy controls, ELISA was used.

The Quantikine Immunoassay Kit was used to measure IL-17 (R&D 

systems, USA). Protocol was followed as per manufacturer's 

instructions within the Central Pathology Lab, St James's Hospital, 

Dublin. Colour absorbance within the reaction was measured by a 

plate reader capable of measuring light at a wavelength of 450nm. 

The minimal level of detection was 15 pg/ml. Manufacturers 

assessment of inter and intra-variability of serum assays on this 

plate, has previously been done in triplicate providing the following 

range of Coefficients of Variation: intra 4 .1 -4 .4  % and inter, 7.0 - 

8.4% . The plate reader used was a Lab Systems Multichem EX (MTX 

Lab Systems, VA, USA).

Similar to absolute quantification in rt-PCR, a standard curve is 

produced via standards provided by the manufacturer. To calculate 

the concentration of IL-17 per sample, absorbance value found in the 

well is found on the standard graph and the corresponding IL-17  

concentration is then calculated (Figure 19). This calculation was 

automated via plate reader software provided.
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2.2.7 CRP Measurement

C Reactive protein concentration within serum for all subjects was 

measured by the Central Pathology Laboratory, St James's Hospital, 

Dublin (Roche Cobas 6000 Analyzer, Roche, Switzerland).

Specifically, the High-sensitivity CRP (hs-CRP) test was performed. 

This is a rapid test performed within the clinical setting to provide 

CRP levels accurately and within a short space of tim e. The 'high 

sensitivity' refers to detection levels being as low as 0 .007 m g/L  

(Rifai et al. 1999).

2.2.8 Statistical Analysis

Microsoft Excel was used to plot graphs. Statistical analysis was also 

performed using the JMP statistical package (SAS software. North 

Carolina, USA). This involved the calculation of the r̂  value for the 

standard curves, analysis of patient data and logarithmic 

extrapolation of copy numbers for mRNA expression.
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Figure 19. An example of the standard curve produced by using the 
RD6-21 calibrator standard for blood serum, as part of the Quantikine 
IL-17 ELISA kit, illustrating how IL-17 concentration can be derived 
from Optical d e n s i t y . Systems, USA).
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2.3 Results

2.3.1 Patient Characteristics

24 patients diagnosed with an MI, 11 with UA and 5 healthy controls 

were recruited. Characteristics including age, Body Mass index, sex 

and diagnosis of diabetes were all recorded (Table 3). No controls 

were on statin therapy, with both the MI and UA groups being 

predominantly prescribed Atorvastatin. Only one MI patient was 

statin naive. Mean tim e of sampling since diagnosis was very similar 

between both diagnostic groups (UA, 6.9 ± 1 .0 6  and MI, 6 .08 ± 0 .6 9 ).

2.3 .2  IL -17 serum levels

The reliable, minimum level of detection for the assay platform used 

was 15pg/ml. Majority (9 7 .5 % ) of the results were below this level, 

and thus unreliable according to the manufacturer's instructions 

(Table 4 ). The mean level of IL -17  in MI patients was 9 .4 4 ± 3 .6 5  

pg/ml (calculated from results that were considered reliable) 

however, as this mean is below the level of detection, this too is 

considered unreliable. No detectable levels of IL -17 were found 

amongst UA patients, however one control subject did have levels of 

2 .447  pg/ml. Interestingly, the statin naive MI patient had IL -17  

levels of 40 .48 4  pg/m l.

2.3 .3  hsCRP serum levels

hsCRP was detected within the serum of all test subjects. In order of 

descent, MI patients had the highest levels of hsCRP then UA patients 

and finally Controls. Mean values including the standard error mean 

were: MI, 28 .97  ±  9 .23 pg/m l, UA 4 .6 8  ±  1.79 pg/ml and Controls, 

1.38 ±  0 .65 pg/m l.
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Controls 

« = 5

Unstable Angina 

n = \ \

M yocardial 
Infarction 

/I = 24

Age (yrs) 49 (±3.03) 62.6 (±3.17) 67 (±2.33)
Sex (M/F) 4/1 8/3 18/6
Days Since Diagnosis N/A 6.9 (±1.06) 6.08 (±0.69)
Smokers Nil 3 7
Diabetes Nil 4 2
BMI 23.7 (±1.14) 27.3(±1.14) 27.28 (±1.19)

Recorded Statin on
Admission
Atorvastatin Nil 9 19
Pravastatin Nil 0 2
Rosuvastatin Nil 1 1
Simvastatin Nil 1 1

No o f Pts on No 5 0 1
Statin

Table 3. Clinical characteristics of study groups. Mean values are 
presented with the S.E.M (standard error mean)
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Patient No Diagnosis IL-17 D s/m l hsCRP me/L
1 C • 1.52
2 c • 0.17
3 c 2.447* 3.76
4 c • 0.2
5 c • 1.25
6 MI • 1.53
7 MI • 76.1
8 MI • 6.31
9 MI 2.931* 171
10 MI 4.207* 0
11 MI 9.924* 8.58
12 MI 2.913* 9.42
13 MI 4.635* 3.56
14 MI 13.097* 1.33
15 MI 2.931* 14.4
16 MI 1.99
17 MI 7.99
18 MI 28.6
19 MI 38.7
20 MI 7.73
21 MI 17.9
22 MI 1.38
23 MI 1.94
24 MI 0.7
25 MI 14.7
26 MI 53.7
27 MI 2.477* 131
28 MI 10.812* 3.23
29 MI 40.484 93.5
30 UA • 0.17
31 UA • 0.68
32 UA • 2.88
33 UA • 0.91
34 UA • 8.82
35 UA • 0.78
36 UA • 8.14
37 UA • 0.84
38 UA • 5.67
39 UA • 20
40 UA • 2.64

Table 4. Serum levels of IL-17 and hsCRP In all study subjects. All 
values are  the mean of duplicate tes t  samples.  Data marked with an 

are  values below the  reliable level of detection (15 pg/ml).
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2.3.4 rt-PCR

Standard curves were plotted from Ct values gained from wells 

containing dilutions of the standards for both IL -17  and Beta actin 

(Figure 20 ). Both graphs have values greater than 0.99 indicating 

an accurate log linear relationship.

No Ct values were determined for IL -17 indicating no expression of 

the gene in the PBLs extracted from study subjects. This included 

controls. Ct values for Beta Actin expression were obtained in 

samples tested. Table 5 highlights Ct values for wells used for 

standards and patient samples. I t  can be seen that Ct values increase 

as copy number decreases in the standards, as expected.
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a)

17a std curve y = -3.7713x + 47.1 
R- = 0.9946
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Beta actin Std Curve y = -3.3703X + 42.065 
= 0.9908

35

30

25

20

15

10

5

0
102 4 6 80

Log Cone

Figure 20. Graphs showing the plots of Ct against Log copy number 
concentration fo r standards for a) IL-17A and b) Beta Actin
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W ell ID
STD 10“ 
STD 10  ̂
STD 10® 
STD 10® 
STD lO'* 
STD 10^

C t V alue
15.235
18.84
20.98
25.77
27.93
32.415

11 31.025
12 23.47
13 20.05
14 23.16
15 21.47
16 17.085
17 19.285
18 19.035
19 18.31
20 18.93
21 19.995
22 18.835
23 26.415
24 21.835
36 24.31
39 18.75
40 22.435

Table 5. Ct values for Beta Actin. Mean values for the standards and 
samples tested within the one 96 well plate.
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2.4 Discussion

These results demonstrate th a t IL -17 Is not expressed at significant 

levels in ACS, despite contemporaneous hsCRP expression, in keeping 

with previous work where CRP is elevated in these clinical 

presentations (de Beer et al. 1982; Wang et al. 2007).

This suggests that IL -17 is unlikely to be of any diagnostic or 

prognostic value when compared to hsCRP. However, as previously 

noted in Chapter 1, CRP's causal effect has yet to be revealed. This 

differs from Chinese findings, where, as documented in the 

introduction, show significant [levels of IL -17 within the sera of MI and 

UA patients (Hashmi and Zeng 2006). This could reflect the use of 

different ELISA platforms as dilfferent manufacturers have different 

sensitivity levels. Here an R&D platform was used with a reliable 

detection level of 15 pg/ml.

The tim e scale, in terms of sampling has avoided the acute phase in 

ACS (mean tim e from symptom  onset =M I 6 .08  (± 0 .6 9 ) , UA 6.9  

(± 1 .0 6 )) ,  whereas the Hashmii et al gathered most subjects within 

48hrs of the index event. D ifferent tim e points as highlighted by our 

study and the Chinese one, m ay show different levels of cytokine 

expression. Statin action has also been shown to suppress IL -17  

levels in chronic inflammatory states such as Multiple Sclerosis and 

this may be the case in acute injury, explaining the low detection 

levels (Zhang et al. 2008). Apart from tim e scale, age matching 

within this cohort was ideal between MI and UA patients, however, 

controls were not as closely matched. This is due to the fact that 

those without cardiovascular disease but of a similar age to patients, 

are very likely to be on medications such as Aspirin and Statins, due 

to current guidelines. Thus, they were excluded.
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However, the high levels of IL -17  within Hashmi's control subjects 

suggests that methodological differences may be responsible for their 

findings. Of interest, increases in IL -17  have also been seen in ACS 

patients, sampled within 24hrs, from the same region (Cheng et al. 

2 008 ), as that in the Hashmi paper (Hashmi and Zeng 2006). This 

does raise the question of ethno-geographical variation in IL -17  

expression. The concept of regional variation may be further 

supported by the recent finding of a lack of association between 

polymorphisms of another cytokine, LTA (lymphotoxin alpha) and 

ACS risk, where associations were noted in the Far East population 

but not in European populations (Ryan et al. 2008).

Recently, IL -17  has been shown to be elevated in those with coronary 

arterial disease, but not acute coronary syndrome (Eid et al. 2009). 

The same study, was able to establish a strong correlation between 

circulating IFNy and IL -17 , indicating a broad inflammatory response. 

Interestingly, in vitro modelling within the study showed that IL -17  

does induce other inflam matory cytokines in vascular smooth muscle 

cells. This indicates a role of IL -17  in atherosclerotic disease but 

further confirms, that it may not necessarily be a m arker of ACS but 

is rather involved in atherogenesis, making its role possibly different 

from CRP.

The IL -17  axis of inflammation is primarily a hallmark of chronic 

inflammation rather than acute injury (Aggarwal and Gurney 2002). 

Atherosclerosis can now be considered a chronic inflammatory 

disease, however, these results have shown minimal expression of IL- 

17 in acute coronary syndromes, in a Caucasian population with no 

mRNA expression within PBMCs. In conclusion, these data suggest IL- 

17 is unlikely to be an acute m arker of atherosclerotic disease. These 

results are based on an acute clinical condition and are not reflective 

of stable disease, such as Chronic Stable Angina which has been
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investigated by groups including Eid et al. Nonetheless this does not 

outrule IL -17  as a prime activator of atherogenesis.
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CHAPTER 3

HIGH SENSITIVITY CYTOKINE 
DETECTION AND IMAGING

STUDIES
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3.1 Introduction

Chapter 2 highlighted how IL-17 is not expressed within the sera of 

ACS patients. However, information regarding expression of better 

studied cytokines such as TNFa and IFNy varies from study to study. 

The cause of this may be pinpointed to different platforms and 

manufacturers being used to measure serum levels of the same 

cytokine but also variation in sampling time and diagnosis. The 

platform most commonly used is ELISA based and as noted 

previously, sensitivity of these varies from manufacturer to 

manufacturer. IL-17 expression was seen in some ACS patients in 

Chapter 2, however, these levels were below the reliable sensitivity 

level recommended by the manufacturer, making them unreliable. 

Unfortunately, studies have been published using data where serum 

levels of cytokine were below the sensitivity level of the platform 

used.

Therefore, to circumvent questions regarding reliability and 

sensitivity, this part of the project focused on the expression of 9 

different cytokines using a highly sensitivity multiplex assay based on 

electrochemiluminescence (ECL). This allowed for accurate 

determination of serum levels of these cytokines within ACS patients. 

As noted, several studies have focused on cytokine levels in ACS, in 

particular on TNF alpha, IL-6, and IL-8 (Abe et al. 1993; Pannitteri et 

al. 1997; Huber et al. 1999; Mazzone et al. 1999). However, there 

are few data relating to GM-CSF, IL-1(3, IL-10, and IL-12p70 in 

patient based models.

The cytokines of interest for this aspect of the project are those listed 

above. These were measured in ACS patients alongside C reactive 

protein. Patients recruited were a consecutive follow up group from 

that used in Chapter 2. By using a multiplex, high sensitive array,
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serum levels of these cytokines can be analyzed at a level of detail 

much higher than that of conventional ELISA.

Serum cytokine levels, for example IL-6 can correspond to the size of 

plaque within coronary vessels but may also be related to the 

morphology of the heart itself (Huber et al. 1999). A measure of 

heart morphology, commonly determined in the clinical setting via 

Echocardiography, is the left ventricular ejection Fraction (LVEF). The 

Ejection fraction refers to the fraction of blood pumped out of the 

ventricle at the end of diastole (the phase where the cardiac muscles 

relax, and the cardiac chambers fill with blood). Mathematically, it is 

calculated as the stroke volume divided by the end diastolic volume 

(EDV). The EDV is the volume of blood within the ventricle just before 

contraction and the Stroke volume is the volume of blood pumped out 

of the heart during each beat (calculated as the EDV minus the end 

systolic volume (ESV). ESV is the volume of blood within the ventricle 

at the end of a contraction. The equation below summarises this:

Ejection Fraction = Stroke Volume (EDV -  ESV) /  EDV

Currently, LVEF is a measurement which can establish whether a 

patient has heart failure (Hunt 2005). Assessment of LVEF post MI is 

a proven tool for observing cardiac function and prognosis as it has a 

direct relationship to long term survival (Ndrepepa et al. 2007). It  

has been shown that prognostically those with a reduced LVEF may 

have poorer outcomes (Pocock et al. 2006). However, data over 15 

years have shown an increase in heart failure with preserved LVEF, 

with only slightly better survival than those with a reduced LVEF 

(Owan et al. 2006).

Other established markers of heart function, in particular brain 

natiuretic peptide (BNP), have also been shown to have prognostic
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importance, alongside LVEF in MI patients (Richards et al. 2003). 

Increased CRP has previously been compared to low ventricular 

function however, the relationship between cytokine serum levels to 

LVEF and prognosis has yet to be determined (Shah et al. 2006).

Coronary plaque morphology is difficult to determine unless the 

histological sample is taken from a surgically removed vessel or is 

post mortem. Intravascular Ultrasound (IVUS) has allowed for 

imaging of plaque within a coronary vessel without surgical 

intervention or high risk to the patient. Chapter 1 called attention to 

varied studies showing varied results in terms of the impact of IVUS  

on clinical outcome and determining which lesions could lead to more 

clinical events (Orford et al. 2004; Stone 2009). This study, however, 

presents the unique opportunity of correlating serum cytokine 

expression with plaque size, determined via IVUS.

Therefore, the objectives for this segment of the study was to 

determ ine serum concentrations of the 9 cytokines listed, using a 

high sensitivity platform based on ECL, within patients with ACS. 

These levels were then correlated with diagnosis. They will also be 

compared to hsCRP, a m arker already previously established to be 

raised in ACS. Subsequently, cytokine expression will then be 

compared to cardiac function, via echocardiography and 

atherosclerotic plaque size, determining any relationship between 

expression and disease pathology.
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3.2 Methods

3.2.1 Patient Recruitment

As a continuation from the cohort established in Chapter 2, patients 

were recruited in St James's Hospital, Dublin, Ireland via the 

Departm ent of Cardiology. Informed written consent and patient 

details were obtained as approved by the hospital ethical committee.

Patients were recruited consecutively with a diagnosis of ACS and 

were due to undergo coronary angiography, having been referred 

from other hospital centres within Ireland. Exclusion criteria included 

recent infection, auto-im m une disease, renal failure or haemodialysis, 

immunosuppressive therapy and history of malignancy.

The cohort increased to 74 subjects including 12 healthy controls The 

controls were recruited while attempting to age match them to 

subjects. 13 new patients were independently recruited for the IVUS 

study.

3.2.2 Blood Sampling and PBL isolation

Blood sampling was carried out within 2 hours of the patient's arrival 

to St James's Hospital. Control subjects were recruited independently 

over the initial recruitment phase.

Similar to the methods in Chapter 2, blood samples for serum  

isolation were collected in tubes without any anticoagulant and were 

allowed to sit for 30 min, ensuring adequate clotting. These samples 

were then centrifuged at 1500 rpm for 10 minutes. Serum was
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isolated into Eppendorf microcentrifuge tubes using a sterile transfer 

pipette. This was then stored at -80  degrees until further analysis.

3.2.3 Echocardiography

2-D trans thoracic echocardiography was performed on 29 of the 

subjects recruited (22 diagnosed with an MI and 7 healthy controls), 

using standard measures recommended by the American Society of 

Echocardiography (Lang et al. 2005). This was either performed 

within St James's Hospital, Dublin by cardiac technicians or at the 

referral hospital where the patients were initially admitted. LVEF was 

measured and recorded as a percentage. Using current guidelines, MI 

patients were divided based upon their LVEF percentage, creating two 

groups of subjects ; those with > 55 percent LVEF and those with <

55 percent LVEF (Lang et al. 2006).

3.2.4 Intravascular Ultrasound

IVUS was performed on an independent group of 13 patients 

recruited simultaneously to those described above. 4 MI and 4 UA 

patients were recruited. These were compared to 5 patients with 

Stable Angina. There is no indication for healthy controls without 

cardiovascular disease to undergo IVUS, hence SA patients were 

chosen as the control group.

The procedure was initiated and completed by Cardiologists trained in 

cardiac catheterization and coronary angioplasty. This involves the 

passing of a guidewire and catheter to the coronary vessels via a 

vessel distal from the site of interest, commonly the femoral artery or 

the radial artery within the arm. Use of radio-opaque dye allows the
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vessels to be visualised (referred to as an angiogram). Once visible, 

the ultrasound probe can be passed over the wire and into the vessel. 

Imaging can take place with the catheter either being pulled back 

manually or via automated pullback. In this case, either one or two 

images were taken at the vessels where disease was confirmed to be 

via angiogram. The number of images taken were due to the 

Cardiologist's discretion.

Each of the 13 patients had images taken in vessels where disease 

was suspected to be. This was confirmed via reference to live images 

coming from the IVUS probe. Patient diagnosis and characteristics 

such as BMI, smoking status and diabetic status were noted. Either 

one or two images were taken via IVUS alongside a record of the 

number of coronary vessels affected.
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Figure 21. Screenshot of IVUS measurement, demonstrating how 
lumen diameter and stenosis is calculated. This was taken using the 
VOLCANO system. The figure on the right is an example of how the 
software provides a longitudinal image of the vessel.
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To determine plaque size, VOLCANO Imaging Sofware Kit was used 

(VOLCANO Corp, San Diego, CA, USA). Measurement output was 

dependent on the number of coronary vessels affected. I f  only one 

vessel was affected, either one or two images were taken and the 

mean values for plaque size and percentage stenosis were calculated. 

'Stenosis' refers to the narrowing of the relevant vessel (See Chapter 

1). I f  two or more vessels were affected a mean value for both these 

parameters was generated from all vessel data. Using the software, 

borders are drawn at areas of interest and diameters of vessel lumen 

are calculated (Figure 21). The software then calculates plaque area 

and vessel stenosis percentage. The areas chosen for measurement 

were chosen by the cardiologist to be the thickest areas of plaque.

3.2.5 Electrochemiluminescence

Cytokine serum concentrations were determined via a multi-array, 

sandwich immunoassay kit (Meso Scale Discovery MSD®, Maryland, 

USA) according to the manufacturer's protocol. The human Pro- 

inflammatory 9-plex multispot 96 well plates (MSD #  N05007A-1) 

were used to analyse serum samples.

Standards are used to create standard curves for each of the nine 

cytokines investigated. The MSD DISCOVERY WORKBENCH software 

was used to generate these curves and calculate serum levels. This 

software is incorporated within the Mesoscale plate reader. Detection 

lower limits for IL -10, IL12p70, IL l-b e ta , IL -2, IL-6, IL-8, GM-CSF, 

TNFa and IFNy were 0 .292, 2 .12, 0 .199, 0 .314 , 0 .595, 0 .114 , 0 .317,  

0.644 and 0 .225 pg/ml respectively (See Figure 22).

For the IVUS study of patients a separate set of MSD plates were 

used, therefore a separate standard curve was created for these
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samples with differing minimal detection levels (Figure 23). 
Standards are provided with each plate due to slight inter plate

variation.
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10*C Oî fctkm Rrfnyti
4)hH* CMvdriii R4itu(>

Aidwv (Vlrctkm R̂ n̂ ii

MM>¥f Oartvctim Rjnj*

Jn OtBtetfon f ijn g t

Concen!ratlon{py/ml,i

•  GM-CSF 'H iiinanj^S tandanJ — C>j[vw_OM-CSF ^Hum 3ti)_St9nJ^ni — Cuiv*:_IFr4-Y(Human)_Standa(d 

A IL
Narne
Loa

V«ije
C?17
’2a :

IFN-v (Human)_Siandaid — Cuiv*« 

CurveJL-1 p (Human)_Standaid » IL 1 p 0 

ILO (Human)_stnnflarcl CutVK_IL-fi (Hjman)_Stnn<1atd ♦ IL-fi (HuTinn)_St.inilnrd Curv~_IL-8 fHumnn). 

ifv«#_'7JF-a fHufn3n)_St3ndai(i - TNF-o (HufTi<?n)_Standa^d

Curug_GM c s r (Hutwn>^i u iv e jL - l 2 |j70 (Human)_3tandard ► IL-12 |)7G (Human)_Standard

Cur»e_IMI-c (Humen)^

C urte_ l- B

Figure 22. Standard curve plot, allowing determination of cytokine 
serum levels and the minimum sensitivity level for each cytokine.
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3.2.6 hsCRP measurement

Any cytokine that was shown to have significantly different levels of 

expression were then compared to hsCRP levels within the serum, 40  

patients were randomly selected from the cohort and hsCRP was 

measured by the Central Pathology Lab, St James's Hospital.

3.2 .7 Statistical Analysis

Comparison of study populations was performed using non- 

parametric Wilcoxon /  Kruskal-Wallis rank sum tests and t-tests. T- 

tests were used to compare cytokine expression between groups in 

the Echo study. Regression analysis (step wise) was done to correct 

for age and sex. Graphs were plotted using Graphpad Prism 

(Graphpad Software Inc, California, USA) The JMP statistical package 

(SAS software, North Carolina, USA) was used. A P value < 0 .0 5  was 

regarded as significant.

3.3 Results

3.3.1 Patient Characteristics

74 subjects including 12 healthy controls were recruited. There was 

no difference in age or sex ratio or other risk factors between patients 

with MI or UA (Table 6 ). The tim e since diagnosis in the patient 

groups was comparable with a mean length of tim e of 6 (±  0 .97 ) 

days for the UA group, as opposed to 5.9 (±  0 .4 2 ) days for the MI 

group. Atorvastatin was the predominant statin that was prescribed 

to both patient groups.

89



Table 7 shows the characteristics for the subset of 29 subjects used 

for the retrospective analysis of Echo data with 7 controls being 

randomly selected fronn the original 12.Table 8 shows the details for 

the 13 independent patients recruited for the IVUS substudy.
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Controls Unstable Angina Myocardial Infarction
(n = 12) (n = 14) (n = 48)

Age, mean ± S.E.M (yrs) 48 ± 2.03 64 ±2.61 63 ± 1.82
Sex (M/F) 8/4 10/4 36/12
Days Since Diagnosis, N/A 6 ± 0.97 5.9 ±0.42
mean ± S.E.M
Diabetes Mellitus Nil 4 (29%) 5 (36%)
Active Smoker Nil 5 (36%) 15 (31%)
Ex Smoker Nil 6 (43%) 21 (44%)
Non Smoker Nil 3 (21%) 12 (25%)
BMI, mean ± S.E.M 26.512 ± 28.450 ± 1.46 27.855 ± 0.756

1.99

Recorded Statin on
Admission
Atorvastatin Nil 11 39
Pravastatin Nil 0 2
Rosuvastatin Nil 2 4
Simvastatin Nil 1 6

Table 6. Baseline characteristics of study patients. Values are n (%) 
unless otherwise indicated. S.E.M indicates Standard Error Mean; 
BMI, Body Mass Index.
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Controls Myocardial
(n = 7) Infarction

________________ (n = 22)

Age, mean ± S.E.M (yrs) 50 ±3.32 60 ±2.41
Sex (M/F) 6/1 18/4
Days Since Diagnosis, mean N/A 5.13 ±0.44
± S.E.M
Diabetes Mellitus Nil 2 (9%)
Active Smoker Nil 9 (41%)
Ex Smoker Nil 9(41%)
Non Smoker Nil 4(18%)
BMI, mean ± S.E.M 25.89 ±2.58 28.24 ± 1.03
LVEF %± S.E.M 63 ±2.16 50.63 ±3.61

Recorded Statin on 
Admission
Atorvastatin Nil 19
Pravastatin Nil 1
Rosuvastatin Nil Nil
Simvastatin Nil 2

Table 7. Baseline characteristics of ECHO study patients. Values are 
n (%) unless otherwise indicated. S.E.M indicates Standard Error 
Mean; BMI, Body Mass Index; LVEF, Left Ventricular Ejection Fraction
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Stable Unstable Angina Myocardial Infarction 
Angina (n = 4) (n = 4)
(n = 5)_____________________________________

Age, mean ± S.E.M (yrs) 58 ± 1.92 63.4 ± 0.00 62.67 ±3.67
Sex (M/F) 4/1 4/0 4/0
Diabetes Mellitus 1 Nil Nil
Active Smoker 1 (20%) 1(25%) 1 (25%)
Ex Smoker 3 (60%) 1 (25%) 3 (75%)
Non Smoker 1 (20%) 2 (50%) Nil
BMI, mean ± S.E.M 29.307 ± 29.003 ± 1.437 27.197 ± 1.407

0.995

Recorded Statin on
Admission
Atorvastatin 5 4 4
Pravastatin Nil Nil Nil
Rosuvastatin Nil Nil Nil
Simvastatin Nil Nil Nil

Table 8. Baseline characteristics of IVUS study patients. Values are n 
(%) unless otherwise indicated. S.E.M indicates Standard Error Mean; 
BMI, Body Mass Index; LVEF, Left Ventricular Ejection Fraction
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3.3.2 Serum Cytokine Levels

Significant differences in serum concentration between the three 

study groups were noted for measures of IFNy (P=0.0009) and IL-10 

(P=0.0114) (Table 9). Regression analysis, correcting for the effects 

of age and sex, supported the effect of IFNy (P=0.0358) and IL-10 

(P=0.0269). No statistically significant differences were noted in 

other cytokine levels, in particular IL-6, IL-8 and TNFa. Due to this 

finding regarding IFNy and IL-10, further analyses comparing 

expression was done between diagnostic group, as below.

3.3 .3  IFNy expression \/s Diagnoses

Comparing the three diagnoses, controls. Unstable Angina and 

Myocardial Infarction, significant differences in IFNy expression were 

noted between the MI and Control groups (P=0.0014) and the MI and 

UA groups (P=0.0091) (Figure 24). No difference was noted between 

the controls and the UA population for IFNy or any other cytokine.

3.3 .4  IL-10 expression Vs Diagnoses

IL-10 expression was found to be significantly higher in MI than 

control groups (P=0.0147) and in MI compared to UA groups 

(P=0.0299) (figure 25). No difference was found between the 

controls and the UA population.
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3 .3 .5  hsCRP substudy

As a substudy, hsCRP levels were measured in 40 consecutively 

selected subjects from the study pool. These were then compared to 

IFNy expression in these subjects. The Median level of hsCRP was 

3 .66  m g/m l (0 .0 -1 7 1 .0 0 ). Linear regression analysis showed a 

significant correlation between hsCRP levels and IFNy levels (r^= 

0 .611 , P < 0 .0 00 1 ) (Figure 26 ). Comparison between levels of IL -10  

and hsCRP showed no significance (P= 0 .1211) with no correlation 

between data (r^ = 0 .0 6 6 8 ) (Figure 27).
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Cytokine Study Group Wilcoxon/
1 way test

_______________________ MI (48)____________________ UA (14)_______________Control (12)_____________ p

GMCSF 0.494 (0.0-23 .36) 0.3899 (0 .0-2 .3692) 0 .3 9 (0.0-311.82) 0.7833

IL-1 0.5381 (0.0-2 .639) 0.3950 (0 .1547- 1.3276) 0.4859 (0.0- 1.0763) 0.2546

IL-2 0.823 (0 .0-21 .904) 0.994 (0 .0-9 .7) 0.0 (0.0- 1.622) 0.3346

IL-10 10.543 (5 .334-36.002) 8.557 (4 .97- 12.393) 8.112 (4 .841- 12.054) 0.0114

TNF alpha 1.273 (0.0-45 .989) 0.8862 (0 .0-4 .9897) 1.3469 (0 .7744-4 .5152) 0.3789

IL-6 1.87 (0 .66- 120.78) 1.274 (0.712- 15.258) 1.22 (0 .63-353.3) 0.0509

IL-8 12.564 (4 .41-58.676) 12.913 (6 .585-31.555) 11.415 (6.126- 17.731) 0.6876

IFN gamma 3.478 (0 .672-27 .818) 1.867 (0.747- 12.066) 1.9389 (0 .7915-7 .4259) 0.0009

IL12p70 2.63 (0 .0- 105.72) 5.898 (0.0-39.476) 4.39 (0 .0-904.43) 0.2064

Table 9. Median cytokine levels per study group (pg/ml). Interquartile ranges given with P values according to the 
Wilcoxon/1 way test  (P<0.05  is taken as significant). IFN gamma and IL-10 are shown here to have a significant 
difference between expression in the three study groups. Detection lower limits for IL-10, ILl2p70, ILl-beta, IL-2, 
IL-6, IL-8, GM-CSF, TNFa and IFNy were 0.292,  2.12, 0 .199, 0 .314,  0 .595,  0 .114 ,  0 .317 ,  0 .644  and 0 .225  pg/ml  
respectively
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Figure 24 . IFN gamma serum concentration in Control, Unstable 
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in terquartile  ranges are marked. P values correspond to  comparisons 
made using the W ilcoxon/Kruskal-W allis test.
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Figure 25. IL-10 serum concentration in Control, Unstable Angina 
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ranges are marked. P values correspond to comparisons made using 
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3.3.6 Echo study

Of the 29 subjects where echo data was obtained, over 80% of all 

those recruited were male (Table 7). MI patients had a greater Body 

Mass Index (BMI) (28.24 ±  1.03) and lower LVEF than controls 

(50.63 ±  3.61). 86%  of MI patients were on atorvastatin (the most 

commonly prescribed statin in Ireland) and the mean time from 

diagnosis was 5.13 days (±  0.44).

Between the two groups, MI and controls, significant differences were 

seen in cytokine levels for both IL-10 (P = 0.0446) and IFNy 

(P=0.0009). Mean levels of both, IL-10 and IFNy were higher in the 

MI groups (IL-10 11.31 pg/ml (5.33 -  36.0), IFNy 4.47 pg/ml (1.13 -  

13.64)). For the other 7 cytokines, no statistically significant 

differences were noted between the two study populations.

The MI study group was divided into groups with either <55 percent 

LVEF and >55 percent LVEF. Wilcoxon/Kruskal-Wallis analyses 

revealed a significant difference in the expression of TNFa 

(P =0 .0168), (Table 10 ).Further analysis, reveals that patients with an 

LVEF <55 percent have lower levels of TNFa than controls (0.61 ±  

0.15 pg/ml vs 1.68 ±  0.5 vs, P= 0.0302) and patients with an LVEF 

>55 percent (1 .48  ±  0.25, P = 0.0084) (Figure 28).
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Figure 27. IL-10 serum concentration compared to hsCRP serum 
concentration in a substudy of 40 randomly selected patients
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Cytokine Study Group Wilcoxon/
1 way test

MI <55% (10) MI >55% (12) Controls (7)

GMCSF 0.89 ±0.50 1.67 ± 1.30 1.65 ± 1.31 0.3351

IL-lbeta 0.60 ± 0.25 0.57 ±0.05 0.46 ±0.12 0.2321

IL-2 2.66 ±2.15 1.93 ± 1.21 0.35 ± 0.23 0.9656

IL-10 12.46 ±2.83 10.35 ±0.88 8.07 ± 0.72 0.5741

TNF alpha 0.61 ±0.15 1.48 ±0.25 1.68 ±0.5 0.0168

IL-6 3.01 ±0.89 2.00 ±0.33 4.59 ±3.12 0.5252

IL-8 12.69 ±2.01 13.28 ± 1.82 12.51 ± 1.14 0.7880

IFN gamma 5.41 ± 1.37 3.68 ±0.65 2.46 ±0.84 0.3635

IL12p70 7.70 ±5.15 13.95 ±8.42 2.46 ±2.14 0.4386

Table 10. Mean cytokine levels per study  group (pg/m l) plus S tandard  Error of th e  Mean (SEM). P values 
according to  the  Wilcoxon/1 way te s t  (P< 0 .05  is taken  as  significant). TNF alpha a re  show n here  to have  a 
significant difference betw een  expression  in the  th ree  study  groups
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3.3.7 IVUS study

The number of vessels affected for each patient, the corresponding 

plaque area and vessel stenosis percentage are demonstrated in 

Table 11. If  the patient had two vessels affected, the mean plaque 

area and stenosis was obtained. MI patients were found to have the 

highest plaque area (1 1 .775  ±  0 .879 mm^) and largest stenosis 

percentage (80 .088  ±  3 .0 42 % ).

Comparing plaque cross sectional area with percentage of vessel 

stenosis, a strong linear relationship was seen (P = 0 .004 , r̂  = 

0 .6 97 9 ). Figure 29 shows these measures plotted against each other.

Using the cohort as a whole, not separating the patients by diagnosis, 

plaque area and stenosis were compared to cytokine expression. All 

values were included, including measures of IFNy, some of which 

were below the detection limit of 2.1 pg/ml (Figure 22), therefore 

making them unreliable. These data were plotted (Figures 30 and 

31 ), with y axes altered to include extrem ely high values of cytokine. 

With all values and patients included in the analysis, no discernable 

relationship was noted between cytokine expression, plaque area or 

vessel stenosis.
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Number of 
Vessels

Plaque Area mm^ Vessel Stenosis %

Stable Ansina
1 2 15.4 79.9
2 1 8.8 53.8
3 1 13 83.2
4 1 7.4 58.3
5 1 11.8 81.9
Mean and S.E.M 11.28 ±1.44 71.42 ±6.34

Unstable Angina
6 1 8 69.9
7 1 12.6 82.4
8 1 7.8 64.3
9 2 6.35 50.3
Mean and S.E.M 8.69 ±1.36 66.73 ±6.66

Myocardial Infarction
10 2 11.2 72.6
11 2 9.9 82.25
12 1 14.1 87
13 1 11.9 78.5
Mean and S.E.M 11.78 ±0.88 80.09 ±3.04

Table 11. Table showing the values for plaque area and vessel 
stenosis for each patient recruited for the IVUS cohort. Mean values 
are shown for each diagnostic group. S.E.M = standard error of the 
mean
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3.4 Discussion

By using a novel multiplex platform, it has been demonstrated that 

IFNy and IL -10 are expressed at significantly higher levels in the 

serum of patients with MI compared to UA. It  remains unclear 

whether the source of such cytokine expression is ischaemic tissue or 

atherosclerotic plaque. Currently, IL -8  expression has been 

investigated in this context, showing varied levels of expression v\hen 

comparing stable angina to ACS (Wang et al. 2007). However, there 

are few data with regard to IFNy. Im portantly, rat models have shown 

no significant change in mRNA expression of IFNy in ischaemic 

myocardium (Herskowitz et al. 1995). In  clinical models, such as that 

of ischemia/reperfusion injury during CABG (coronary artery bypass 

grafting) procedures, no rise in IFNy has been observed (Sharm a et 

al. 2003).

IFNy has been shown to exert its inflammatory effects via paracrine 

and autocrine pathways thus causing local inflammation as occurs at 

the plaque site (Young and Hardy 1995). It  has been recognised that 

IFNy plays a key role in foam cell formation and plaque development 

(McLaren and Ramji 2008). I thus propose that the differences in 

results may be due to the extent of plaque rupture across the 

spectrum of ACS from UA to MI. In light of the recent study by Eid et 

al, this is unlikely to be associated with the suggested interaction 

between IL -17  and IFN-y, as the previous work in Chapter 2 has 

shown IL -17 to be upreguiated and detected at a reliable level in only 

one statin naive patient post MI, as compared to the rest of the  

cohort, investigated for IL -17  and IFNy expression.

There is increasing evidence that IFNy causes local inflam m ation in 

the atherosclerotic plaque and in particular those that progress more 

towards instability (Yamashita et al. 2003). The thin fibrous cap of an
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atherosclerotic  plaque is w eakened  by IFNy action on collagen 

production in smooth  muscle  cells and is thus,  more likely to 

rupture.(Buono e t  al. 2003) This is fur ther  supported by IFNy being 

detected a t  mRNA level in carotid endar te rec tom y plaque (Frostegard 

et  al. 1999).

IL-10 is an anti- inflammatory and immunoregulatory  cytokine (Moore 

et al. 2001).  It has  been noted to modula te  the  morphology of IFNy 

st imulated m acrophages  and IFNy production (Fiorentino et  al. 1991).  

This may explain the  similar distribution across  this s tudy to IFNy. 

Mouse models provide evidence th a t  IL-10 improves cardiac 

protection and healing post  MI whilst having an inhibitory effect on 

TNFa and IFNy (Marchant e t  al. 1994; Burchfield e t  al. 2008).

Further, gene  expression induced by IFNy is inhibited by IL-10 via 

signal t r an sd uce r  and act ivator  of t ranscription (STAT) pathways,  

suggest ing IL-10 release  is related to IFNy express ion in this cohort 

(Ito e t  al. 1999) .  Macrophage accumulation is characterist ic  of the  

vulnerable  plaque and IL-10 has been shown to be p resen t  in 

significant a m o u n ts  as  the  instability of plaque increases,  lending 

weight to the  hypothesis  th a t  both this and IFNy originate a t  plaque 

ra the r  than  ischaemic t issue (MaNat e t  al. 1999;  Nishihira e t  al.

2006).

C-Reactive protein is an established m arke r  of cardiovascular disease, 

It  is widely accep ted  as  a m arke r  of increased mortality risk in those  

d iagnosed  with ACS (Liuzzo e t  al. 1994; Morrow e t  al. 1998). These  

da ta  have  dem o n s t ra te d  th a t  IFNy expression in the  serum correlates  

significantly with hsCRP levels in ACS, in a strong linear relationship. 

Noting this relationship and having the  evidence th a t  atherosclerotic  

p laque  progression in both ApoE-/- KO mice and AAA (abdominal  

aortic an eu ry sm )  deve lopm ent  has  been shown to be d e p en den t  on
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IFNy, it m ay  be sugges ted  th a t  IFNy is an indicator of plaque 

instability (Whitman e t  al. 2000;  Xiong e t  al. 2004).

However, th e s e  results  show no statistically significant difference 

be tween  s tudy  groups  in relation to the  expression of IL-6, IL-8 and 

TNFa in se rum .  IL-8 has been previously sugges ted  to be a predictor 

of unstable  coronary disease ,  however  no significant difference in 

levels be tw een  controls  and pa t ien ts  d iagnosed  with acu te  coronary 

syndrom e  was observed  (Romuk et  al. 2002;  Boekholdt e t  al. 2004).  

Both IL-6 and IL-8 have been investigated thoroughly  with respec t  to 

myocyte  loss, with IL-6 levels increasing with ex ten t  of d a m a g e  in MI 

patients ,  but  it has  been sugg es ted  th a t  th e  source of IL-6 may be 

a therosclerotic  plaque (Pannitteri e t  al. 1997;  Deliargyris e t  aL 2000).  

However, the  dynamic  release  of both IL-6 and TNFa peak  and fall in 

se rum  express ion during the  first 12 hours a f te r  diagnosis  of an MI, a 

t ime period very different to th e  one  used here  (Debrunner  e t  al. 

2008) .  In murine models of myocardial ischaemia,  TNFa is exp ressed  

consistently a t  a higher level com pared  to controls but  over  a long 

period of t im e  since th e  initial event ,  possibly explaining why levels 

a re  not significantly high in th e s e  results ,  which a re  based  on a group 

sam pled  a t  a m ean  of 6 days  (Irwin e t  al. 1999;  Jacobs e t  al. 1999). 

By observing 9 cytokines simultaneously a t  this high sensitivity, any  

subtle  change  in express ion m ay  be due to a general  inf lammatory 

response  to an acu te  event .  However, this effect was limited to 

su b s e t  of two cytokines , suggest ing  a more  pa thw ay specific 

response  consis ten t  with e i ther  focal plaque response  or focal infarct 

healing.

However, by comparing Echo da ta  with cytokine express ion ,  only one  

cytokine was  found to have a significant relationship with LVEF. 

Consis tent  with th e  findings in the  initial exper im ent ,  the  pa t ien ts  

with Myocardial Infarction within the  ECHO cohort  have  higher levels
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of IFNy and IL-10 compared  to  controls. By contrast ,  TNFa levels 

were lower in patients  with innpai'-ed LV function suggest ing a more 

complex relationship be tw een  infarction and cytokine expression than 

previously identified with less sensitive a ssay  sys tem s.

TNF alpha is traditionally viewed as a pro-inflammatory cytokine 

which can give rise to cell dea th  via pa thw ays  th a t  include activation 

of molecules such as  NF-kB (Van Antwerp e t  al. 1996). It  has  been 

shown tha t  increased levels a re  associated with left ventricular 

remodelling via matrix metal loprote inases  (MMPs) (Bradham e t  al. 

2002).  MMPs are  enzym es  th a t  break down extracellular matrix 

proteins and are  involved in t issue remodelling. A consequence  of MI 

is cardiac failure, and in pa t ien ts  with stable  end s tag e  hear t  failure, 

raised levels of MMPs are  noted in those  with a high LV dilation and 

LV pum p failure (Spinale e t  al. 1998). Therefore, chronic hear t  failure 

pa tients  do exhibit e levated TNF alpha levels and this has  been shown 

to be associated with reduced LVEF in community  based  populat ions 

(Dunlay et  al. 2008). However, these  results  have shown a distinct 

pa t tern  in th e  acute  phase ,  with MI pa t ien ts  with an LVEF <55  

percen t  having th e  lowest se rum  levels. This may rep re sen t  e i ther  a 

failure of a cu te  remodelling, or an early phase  without sufficient 

remodelling, or reflect a local consumption of TNF alpha with 

consequentia l  a ltered se rum  expression.

This may also reflect the  effect of the  known but  poorly unders tood 

influence of Atrial natiuretic peptide (ANP) on cytokine express ion in 

th e  acu te  phase.  Atrial s tretch causes  re lease  of ANP (de  Bold 1985). 

Data has shown th a t  ANP is associa ted with a weak,  failing hear t  and 

low LVEF (Bonow 1996; Davidson et  al. 1996). TNF alpha is primarily 

produced by m ac rop h ag es  and ANP has  been shown to be an inhibitor 

of inflammatory cytokine production by th e se  cell ty p es  (Kiemer and 

Vollmar 2001) .  Therefore ,  in patients  with a low LVEF, ANP m ay  be
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being produced a t  high enough levels to  downregulate TNF alpha 

production, thus producing the  data we have seen. ANP and TNF 

alpha levels have shown an association in those with left ventricular 

dysfunction, however the TNF alpha levels increased as  the 

dysfunction worsened (Torre-Amione et al. 1996). ANP has been 

shown to be protective in ischaemia reperfusion injury of rat liver, 

causing a reduction in TNF alpha mRNA expression, suggesting a 

sinnilar action in cardiac ischaemia (Kiemer et al. 2000).  My data has 

revealed an increased production of IFNy in MI patients and in vitro 

modelling has shown that  ANP inhibits TNF alpha production in IFNy 

activated macrophages(Tsukagoshi et al. 2001). As a result, a 

considered hypothesis would be tha t  in the context of this study, MI 

patients with low LVEF induce ANP to down regulate TNF alpha 

production. This sugges ts  tha t  pro-inflammatory cytokines, such as 

TNF alpha, may not always play a deleterious role in heart  failure and 

this has been further  emphasised by studies showing no benefit from 

anti -TNF alpha therapy in patients with heart  failure (Mann et al. 

2004). Thus by utilizing electrochemiluminescence as opposed to 

conventional Enzyme-linked immunosorbent assays  (ELISA) this 

experiment has revealed novel changes in TNF alpha, in MI patients 

with a different LVEF.

Subsequently,  by recruiting 13 patients for analysis of their coronary 

vessels by IVUS, an opportunity was created to compare cytokine 

expression to plaque cross sectional area and vessel stenosis. By 

having patients with SA, UA and Mis as a diagnosis, a broad 

spectrum of coronary disease was created. A strong correlation 

between plaque area and vessel stenosis was noted, providing 

evidence tha t  cross sectional area directly effects lumen size. This 

also shows tha t  the  m easu rem en ts  taken via IVUS are  consistent. 

Cross sectional area was also found to be highest in those diagnosed 

with an MI.
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However, no correlation was seen  between cytokine expression and 

the p a ram ete rs  of a rea  and stenosis.  While small sample  size may 

ham per  any comparison,  it may  nonethe less  be suggested  th a t  cross 

sectional a rea  is not related to  cytokine expression. By observing 

raised IFNy and IL-10 in MI patients , t h e se  IVUS findings may further  

emphasise  th a t  se rum  cytokine expression is more related to risk of 

rupture, ra the r  than  plaque size. Nevertheless  to prove this point, 

more num bers  would need to be recruited for this type of analysis. A 

previous s tudy has  used th e  s a m e  IVUS technology to virtually 

analyse  th e  composit ion of th e  plaque and com pare  it to circulating 

hsCRP and adiponect in, a horm one  produced by adipose tissue 

(Otake e t  al. 2008).  Their findings revealed a relationship between 

necrotic core p e rcen tage  and circulating hsCRP and adinopectin. 

However, on closer inspection, th e se  linear relationships are  

statistically very weak  (hsCRP v core, r= 0 .36  and adinopectin vs 

core, r= 0 .29)  and less sensi tive ELISA platforms were used. 

Therefore,  an extension of wha t  has  been initiated here, comparing 

cytokine expression ve rsus  IVUS m ea su re m e n ts ,  will provide a 

clearer picture of th e  plaque/cytokine relationship.

With th e  exception of the  IVUS study, detection lower limits were less 

than  0 .7pg /m l  for all cytokines, allowing th e  detect ion of subtle 

differences th a t  may have  been missed by prior ELISA analyses.  The 

plate used for th e  IVUS cohort,  even  though  considered to be 

ul trasensi tive,  did have  slightly higher minimal detection levels. For 

exam ple  th e  minimal detect ion level for IFNy was 2.1 pg/ml (Figure 

22). Nevertheless ,  this platform has been tes ted  and shown to be 

highly sensi t ive  and m ay  thus  provide g re a te r  resolution a t  lower 

express ion  levels com pared  to conventional  ELISAs (Toedter e t  al. 

2008) .  Unfortunately , due  to the  high cos ts  of running an IVUS study 

and limited funding, I was  limited to 13 patients ,  and this num ber  

m u s t  be increased  for fu ture  work. This leads onto the  fact th a t  for
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this s e g m e n t  of th e  project,  I would like to see  an increase in the  

n u m b e r  of pa t ien ts  and th u s  power of fu tu re  work based  on what  has 

been  done. I reg re t  not having higher pa t ien t  num b ers  as  this does 

influence the  power and th u s  significance of th e  results ,  however, 

wha t  has been elucidated is valid and of in te res t  for ongoing and 

future  studies.

In regards  to th e  findings in Chapter  2, it would have been ideal to 

analyze  IL-17 alongside th ose  m ea su re d  using th e  ECL platform and 

also com pare  levels to morphology. This however ,  is currently  not 

possible, due  to th e  unavailability of IL-17 m e a s u r e m e n t  via the  

Mesocale multiplex array.

It has  been d em o n s t ra te d  th a t  cytokine production varies  with age  

profiles and a re  likely to increase  in the  elderly population(Fagiolo e t  

al. 1993; O'Mahony e t  al. 1998). The controls  used were  not as  

closely m atched  to th e  s tudy groups as  I would have  liked, thus  

providing a variable which I would like to  control in fu ture  studies . 

However, the  UA and MI groups  a re  well a g e  m atched ;  and the  

differences of IFNy and IL-10 express ion be tw een  th e s e  groups  

canno t  be explained by age.

Thus, in conclusion, this s tudy  provides fu r th e r  evidence  th a t  IFNy 

and IL-10 a re  e levated  in ACS, with TNFa express ion  being 

dow nregula ted  in MI pat ien ts  with an LVEF < 55 percent ,  as  

com pared  to controls  and com pared  to p a t ien ts  with p reserved  LV 

function. These  findings implicate the  need  for fur ther  investigation of 

how pro- inflammatory cytokines affect card iac  function in Acute 

Coronary Syndrom e  but also call for an exploration a s  to how 

natiuret ic  peptides  m ay  play a role in MI recovery. By ta rge t ing  IFNy 

and TNF alpha action, im provem en t  in the i r  potentially de tr imenta l  

relationships with p laque stability and cardiac  function may be s e en .
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This may be done  via the  use  of antibodies or receptor  blockers, 

however,  the  role and functions of cytokines in ACS, in view to being 

potential diagnostic tools and therapeut ic  t a rg e ts  must  be 

investigated first.
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CHAPTER 4

SURVIVAL OF CARDIAC 
MYOBLASTS IN AN 

INFLAMMATORY ENVIRONMENT
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4.1 Introduction

Chapter 3 revealed that IFNy and IL -10 are upregulated in Myocardial 

Infarction patients via the use of a high sensitivity platform. This, as 

explained, is likely to be due to the extent of plaque rupture risk 

across the spectrum of ACS, from Unstable Angina to Myocardial 

Infarction (Chapter 3). IFNy in particular may have a direct 

contribution to the thinning of plaque and thus increased of plaque 

rupture (Buono et al. 2003). However, the impact of this cytokine on 

potential post-event treatm ent is still unknown, especially as it has 

now been shown to be in circulation in ACS.

Cell therapy for damaged cardiac tissue has been proposed as a 

future treatm ent post MI. Over the last decade, trials involving the 

use of myoblasts and stem cells (other types include: other types 

such as haematopoietic, mesenchymal, induced pluripotent cells and 

endothelial progenitor cells ) have had mixed results with an ongoing 

debate in regards to type of cell and the mechanisms involved 

(Mollmann et al. 2009). Additionally, cytokine antagonism is 

undergoing trials for CVD, therefore cytokine levels within serum and 

their effect on cell therapy has to be investigated further (Crossman 

et al. 2008).

Common proposed mechanisms for cell therapy in patients with 

atherosclerotic disease are the use of skeletal muscle myoblast cells 

to replace ischaemic tissue within the heart and to aid with aneurysm  

repair (D im m eler and Zeiher 2004; Kajimoto et al. 2006; Siminiak et 

al. 20 06 ). Such methods of introducing such cells into the cardiac 

myocardium are highlighted by Figure 32. With the knowledge gained 

from this project it can be concluded that if myoblasts were to be 

used as a potential therapy, they would be exposed to hypoxic 

conditions and IFN gam m a, due to the nature of MI and CVD. The last
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segment of this project aims to investigate the effect of IFNy and 

hypoxia on cardiac myoblasts in an in vitro model.

By using a cultured cardiac myoblast cell line, the effects of 

circulating cytokines on cell morphology and differentiation can be 

monitored. Differentiation refers to the myoblasts changing to 

myocytes, or cardiac muscle cells in this case. The H9C2 rat myoblast 

cell line, derived from rat cardiac tissue is well established and can be 

used for such an in vitro model as the cells, due to their 

morphological and electrophysiological characteristics, can 

differentiate into cardiac muscle (Kimes and Brandt 1976; Hescheler 

et al. 1991). Previous studies have looked at the effects of TNF alpha 

and drugs such as reservatrol on H9C2 morphology, using brightfield 

and confocal microscopy (El-Ani et al. 2007; Leong et al. 2007). 

Therefore, a natural progression is to investigate the effect of IFNy on 

H9C2 morphology in normoxic and hypoxic conditions.

The clinical importance of such an investigation is unquestionable, 

especially as recent evidence involving myoblast therapy has revealed 

safety issues, in particular the occurrence of arrhythm ia, possibly 

secondary to myoblasts not differentiating efficiently and forming 

junctions with neighbouring cells. Patient based trials have shown 

episodes of ventricular tachycardia (fast heart rhythm originating 

from the cardiac ventricles) in some subjects who have undergone 

myoblast transplantation, which had to be corrected via internal 

defibrination (Menasche et al. 2003). The cause of arrhythm ia post 

transplantation is due to re-entry tachycardia and may be due to 

inefficient differentiation. The inflammatory m icro-environm ent may 

be a factor in this and must therefore be investigated.
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Figure 32. Illustration of potential myoblast delivery nnethods. 
{Siminiak T et al. Percutaneous transplantation o f skeletal myoblast in 
the treatm ent o f post-infarction in jury. Eur Heart J SuppI December 
2006 )
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The effect of IFNy and hypoxia nnay also impact  gene  expression thus 

resulting in changes  in differentiation, and  ultimately successful 

integration of myoblasts .  As part  of this s tudy,  the  expression of 

th re e  ge n es  will be looked a t  via rt-PCR. The ge n es  for Connexin 43 

(CX43), Myogenin (MYOG), and BCL-2-associated X protein (BAX) 

have  been chosen  as  cand ida tes  in this exper iment .

The connexins a re  gap  junction proteins, which allow for electrical 

coupling and communication be tw een  cells (Figure 33),  with CX43 

being the  m ost  a b u n d a n t  in the  m yocardium (Dhein 1998). If 

Connexin 43 were  not to be ex pressed  in cells, they  will not  be able 

to bea t  synchronously  with th e  res t  of t h e  hear t ,  especially as 

overexpress ion  of CX43 e n h an c es  coupling in cardiac myocytes  

(Tolmachov e t  al. 2006).

MYOG is part  of th e  MYOD family of t ranscription factors (Figure 34). 

It  is a key factor  in m yogenes is  of m o u se  skeletal muscle  and when 

myoblast  cells differentiate,  th e  basic helix-loop-hel ix  muscle 

regulatory transcription factors,  such a s  MYOG, are  shown to be 

active (Hasty e t  al. 1993;  Buchberger  e t  al. 1994).  This allows MYOG 

to be a m arke r  for differentiation in this cell line.

Apoptosis is th e  te rm  used to refer  to p ro g ram m ed  cell dea th  and in 

response  to various stimuli, BAX localises from the  cytosol to th e  

mitochondria, causing re lease  of various apoptot ic  molecules such as  

cy tochrome C (Wolter e t  al. 1997).  Thus, BAX is an apoptosis  

inducing protein and its express ion  is a m ark e r  for activation of 

apoptot ic  pa thways.

Alongside morphological and genet ic  analysis  of th e se  cells u n d e r  th e  

influence of IFNy, Lactate D ehydrogenase  (LDH) production will also 

be m easu red .  LDH is clinically used as  a se ru m  m arke r  of myocardial

121



infarction but also in studies based on heart tissue culture it has been 

shown to be elevated due to hypoxic damage (El-Ani et al. 2007).

Therefore, the objectives of this aspect of the study were to firstly, 

observe the morphological effects of IFNy and hypoxia on H9C2 cells, 

providing an in vitro model of the microenvironment myoblasts may 

be exposed to. This will be done via High Content Analysis (See 

Chapter 1). Secondly, the effect of these two factors on myoblast 

gene expression will be observed for three genes via rt-PCR. By 

utilizing HCA and rt-PCR, the effects of an inflammatory cytokine in a 

low oxygen environment can be observed, allowing for further insight 

into the conditions needed for successful myoblast differentiation and 

treatment.
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Figure 33. Subunit structure of the gap junction, allowing for linkage 
and communication between cells. {Darnell, J., H. Lodish and D. 
Baltimore. 1986. Molecular Cell Biology. Scientific American Books, 
New York.)
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Figure 34. Differentiation of myoblasts due to the influence of 
Myogenin and other myogenic transcription factors such as MyoD and 
MyfS. {Modified from Hettmer S, Wagers AJ. Muscling in: Uncovering 
the origins o f rhabdomyosarcoma.
Nat Med. 2010 Feb;16(2):171-3.)
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4.2 Methods

4.2.1 Thawing H9C2 cells for Cell Culture

ALL cell culture protocols were developed in house, by the High 

Content Imaging Lab, Institute of Molecular Medicine, Trinity College, 

Dublin but were modified based on protocols suggested by Mary 

Phelan, Molecular Pathology Lab, TN, USA (Phelan 2007). All cell 

based work took place within a vented tissue culture hood.

H9c2 rat derived cardiac myoblasts (American Type Culture 

Collection, VA, USA) were supplied by the Departm ent of 

Pharmacology and Therapeutics and the High Content Imaging Lab, 

Institute of Molecular Medicine, Trinity College, Dublin. These were 

initially frozen in liquid nitrogen within cryotubes (Nunc CryoTubes^^, 

Thermoscientific , MA, USA). The steps used to thaw the cells and 

commence culture can be seen in the Appendix (6 .2 .3 ).

4.2.2 Subculturing Cells

Before experimentation can begin with cultured cells, they must be 

maintained via subculturing/passaging. This technique enables an 

individual to keep cells alive and growing under cultured conditions 

for extended periods of tim e. Each tim e the cells are passaged, they 

are given a passage number. For this project all the cells used did not 

go beyond passage 22. The protocol outlined in the Appendix (6 .2 .4 )  

describes in detail how I passaged and subcultured the H9C2 cells.
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4.2.3 Preparing cells for IFNy treatment

The protocols 6 .2 .3  and 6 .2 .4  allow for the maintenance of the H9C2  

cell line. As passage numbers rise, as do the number of plates full 

with H9C2 cells become available for use in experiments. For 

example, splitting one T75  flask provides 2 flasks at the next 

passage. Therefore the line can be m aintained, with flasks being used 

up for experimentation. In this case flasks were taken to trea t the  

H9C2 cells with IFNy in both normoxic and hypoxic conditions. For 

this to happen the cells need to be isolated and 'seeded' into culture 

plates at a specific seeding concentration. They are then  

subsequently serum starved and then treated with IFNy before being 

fixed for High Content Analysis. The cells were first De-adhered from  

the plate as in 4 .2 .2 .  Once trypsin neutralized with fresh media, they  

w ere then aspirated with a Pasteur pipette and placed in a sterile 

centrifuge tube. They were then spun at l lO O rpm  for 3 minutes and 

3 7 0 c. Afterwards, the supernatant was poured off carefully and 

resuspended in media (2mls per flask harvested) by pipetting up and 

down. This was referred to as the 'stock' cell solution.

The cells now needed to be counted and the concentration of cells 

calculated. To do this a haem ocytom eter was used (Figure A l ) .  This 

is a microscope slide with a grid printed on it to allow for the counting 

of cells. The protocol used and figures explaining the  

h aem ocytom eter use, are to be found in the Appendix (6 .2 .5 ) .

The  H9C2 cells were 'seeded' into a 96  Nunc Flat bottomed culture  

plate. The concentration per well was as follows: 4 0 0 0  cells /100 ul 

m edia /w ell.

The  experim ent was planned to be done in triplicate, in other words, 

th ree  wells per trea tm en t of IFNy, with the experim ent being

126



repeated three times. The concentrations of IFNy for the treatm ent 

were as follows: 0, 1, 10, 100, 1000, 10000, 100000 pg/ml. These 

concentrations were chosen to cover the range of physiological levels 

of IFNy but to also provide a large scale of dosing. The 96 well plate 

layout is as in Figure A3 (Appendix 6.2).

Doxorubicin was used as a positive control. Doxorubicin intercalates 

DNA. This means it 'wedges' inbetween the bases within the DNA 

strand, blocking DNA synthesis and thus cell survival and replication. 

A concentration of 5.75uMol/well was used. This however was not put 

into place until after the cells were seeded and serum-starved 

Below is an example of how much o f the cell stock is needed to 

provide the amount of cells required per well:

• Required concentration : 4000 cells/100 p i/ well
> This equals 40000 cells/ml

• No of w ells to be seeded per plate: 24 (Figure 32)
• Cell conc in 'stock': 1,285,000 cells/ml

=> Total vol of media = 24 x lOOpl = 2400|jI 
=> Add 2ml to account for dead volume = 4400p l 
^  Cell volume required from stock:

^  C iV i = C2V2

^  40 000 X 4400 = 1,285,000 x V2 

V2 = 40 000 X 4400 /  1,285,000 
^  V2 = 136.965 ul

^  Volume of media needed to add to 136.965 pi o f 's to c k 'to  have 
complete solution of 4000 cells/lOOpl/well is:

4400 pi -  136.965 [ i \  =  4263.035 ul DMEM

^  Once total solution made, lOOpI is dispensed per well, providing 
4000 cells per well. There should be media left over, as this will 
account for dead volume.
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Once cells were manually seeded into the plates, they were incubated 

for 24 hours. 2 plates were made each tim e, one for treatm ent in 

normoxia and one in hypoxia.

After 24 hours, the plates were checked under light microscopy to 

ensure the cells have adhered. Once confirmed, the media was 

apirated and replaced with lOOpI of DMEM that contains no FBS. This 

is referred to as serum starvation. This has to occur, to ensure that 

the cells are only exposed to IFNy during the treatm ent phase, so any 

observable changes are due to the IFNy and not factors within the 

FBS. The cells were 'serum starved' overnight.

4.2.4 Treatment with IFNy

Previous studies have exposed these myoblasts to various substances 

and hypoxia for tim e periods ranging from 48hrs to 5 days.(Bonavita 

et al. 2003; Leong et al. 2007) Preliminary experiments in 

collaboration with the Central Pathology Lab at St James's Hospital 

measured LDH levels of H9C2 cells exposed to hypoxia for two time 

periods, 24hrs and 48hrs (hypoxic experimentation was performed by 

the High Content Lab, IM M ). No LDH was detectable at 24hrs. 

However, detectable levels were seen at 48hrs, indicative of hypoxic 

damage. Therefore, the myoblasts were to be exposed to IFNy for 

48hrs. To treat the H9C2s with IFNy, separate tubes of the 

concentrations required were made with serum free DMEM at 37°C. 

Rat recombinant IFNy was provided by eBioscience, CA, USA. This 

was at a greater than 98%  purity stored with sterile PBS at -80  

degrees centigrade.

Each plate well would hold 330 pi of media containing IFNy at the 

specified concentration. Therefore, separate tubes for each
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concentration were labelled. The appropriate calculations were 

performed so that each tube contained the volume of media required 

for the number of wells at that concentration. E.g 6 wells over 2 

plates are designated for 10 pg/ml of IFNy- Therefore, a tube was 

labelled 'lO p g /m l' and the calculated volumes of media and stock 

IFN y were used to make up the solution. 330 |jl media was the 

chosen volume as this was the maximum volume of media each well 

could hold safely. Plate layout was as in figure 32. The following steps 

were taken for this stage of the experiment:

• Aspirate the lOOpI of media.
• Replace with 330|jl media containing concentration of IFNy-
• Fill remaining wells with ISOpI PBS (this reduces evaporation 

from treatm ent wells).
• Label plates for 'normoxic' and 'hypoxic' treatm ent
• Place normoxic plate into incubator at 37°C .
• Place hypoxic plate into hypoxic chamber at 0 .5 %  Oxygen

(Invivo 400 Hypoxia Workstation, Ruskinn Technology, UK)

4.2.5 Extracting media and Fixing Cells

Plates were left in the incubator and hypoxic chamber for 48hrs, 

therefore exposing the cells to cytokine for this period of tim e. At the 

48hr mark the plates were removed from the relevant chamber.

Steps were taken, in a sterile environment, to remove the media, to

allow for analysis of LDH levels and to ensure the cells were ready for 

HCA. This was achieved by fixing the cells in paraformaldehyde and 

storing them at 4°C .The protocol followed can be found in 6 .2 .6  of 

the appendix.
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4.2.6 Staining Cells and HCA

The H9C2 cells were stained so that the nuclei and cytoskeleton could 

be identified by HCA. Therefore two stains were chosen for this. The 

first was Hoechst 33258 (Invitrogen, CA, USA). This is a blue dye that 

is cell permeable which binds to nucleic acids, therefore staining 

nuclear material. The second was Texas Red Phalloidin (Invitrogen, 

CA, USA). This is a red dye that binds to F-actin. F-actin is a 

subcomponent of the actin cytoskeleton of a cell. This skeleton is 

involved in processes such as cell movement and division, and hence 

is distributed throughout the cytoplasm. Before the cells can be 

stained they must also be permeabilised so that the stains may bind 

to their targets. The detergent Triton-X is used for this purpose and 

protocol 6 .2 .7  was followed to ensure this.

Once the cells are stained, HCA can be performed. Using the InCell 

Analyzer, a high content, automated cell imager (GE healthcare,

USA), images at lOx and 20x objective microscopy were taken. The 

imager has multiple colour filters to allow for detection of 

fluorescence from the stains used. In this case the DAPI-FITC-Texas 

Red triple band filter was used to detect the blue fluorescence from  

the Hoechst stain and the red fluorescence from the Phalloidin stain. 

This type of filter allows for the emission and excitation wavelengths 

specific to the two dyes:

3 5 2 /4 6 1  nm (Hoechst)

5 9 1 /6 0 8  nm (Texas Red)

In this case the 'emission' light is at a constant wavelength from the 

imager, the range of which covers the emission wavelengths of the 

dyes used. This causes excitation within the dye molecule, releasing
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photons and thus fluorescence. These occur at different wavelengths 

and in this case at 461 and 608nm . The triple band filter is 

automated and adjusted for these wavelengths, picking up any 

fluorescence if the dye has successfully bound to its target.

The InCell analyzer was programmed according to manufacturer's 

protocol and with the assistance of the High Content Lab, IMM. It  was 

programmed to take two sets of images per microscopy field. Each 

one corresponding to the excitation wavelength of the corresponding 

dye. For visualisation, artificial colour can be added to these two 

images, which are then fused. Figure 35 shows a fused image of 

some of the cells cultured.

The analyzer was programmed to take 5-7  field images per well, 

avoiding the bottom edge of the well as this is where all pipetting was 

directed towards. These images, once stored on a hard drive are then 

run through the InCell Investigator software package (GE healthcare, 

USA). This was used to measure the following parameters:

•  Nuclear Count
•  Nuclear Form factor
•  Nuclear Area
•  Nuclear In tensity
• Cell Area

20x images were used for assessment of Nuclear Form Factor,

Nuclear Area and Cell Area. Nuclear form factor is a roundness index 

for the nuclei, ranging from 1 to infinity, where 1 represents a perfect 

circle.

Experiments were performed three times and the data presented in 

section 4 .3  is representative of these.
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Figure 35. Fused image of H9C2 cells taken with a lOx Objective. 
Blue represents Hoechst staining binding to nucleic material. Red 
represents Phalloidin binding to F-actin. Colours visible are artificially 
superimposed.
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4 .2 .7  rt-PCR

The cells were  cultured using exactly th e  s a m e  m etho d s  a s  above. 

However to g e t  a larger yield of mRNA, cells were  cultured in larger 

24 well plates  a t  a minimum seeding count  of 80 ,000  per  well. The 

exac t  n u m b er  of cells was not  required to be accura te ,  a s  the  rt-PCR 

was to be done  via relative quantification.  As explained in ch ap te r  1, 

this is d e p e n d e n t  on th e  p resence  of a control gene,  so is 

independen t  of the  a m o u n t  of RNA yielded, which is ex tremely  

important  in absolu te  quantification.

Once cells were  cultured and t rea te d  for all concentra t ions  of IFNy 

and normoxic/hypoxic conditions for 48 hrs, they  were  lysed and 

mRNA ex trac ted  using a commercially  available kit, the  RNeasy Plus 

Mini Kit, provided by Qiagen (Qiagen,  Hildern, Germany) .  Protocol 

followed was a s  per  m anufac tu rer 's  instructions.

cDNA was then  c rea ted  using the  s a m e  m eth o ds  and kit a s  in Chapter  

1 (RETROscript Kit (Ambion, Applied Biosystems, USA)). Relative 

quantification of mRNA express ion was  the  aim of th e  exper im en t  

with all PCR reactions carried out  in triplicate using an Applied 

Biosystems Prism 7900HT (Applied Biosystems, USA).

Taqm an 5' Nuclease gen e  express ion a s sa y s  for each  of the  th ree  

genes  were purchased  from Applied Biosystems. These  m anufac tured  

a s says  containing the  primers and probes  for the  part icular g e n e  of 

interest.  G lycera ldehyde-3-phospha te  d e h y d ro g e n ase  or GAPDH, was 

chosen as  th e  'h ousekeep ing '  gene .  GAPDH itself is an enzy m e  th a t  is 

involved in glycolysis, th e  process  th a t  conver ts  g lucose to pyruvate .  

It is commonly used as  a housekeeping  gene  a s  it is stably ex p ressed  

a t  high levels th roughou t  m ost  types  of tissue.  It is commonly used 

as  the  gen e  to normalize express ion d a ta  of the  g e n e  of in teres t ,  but
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in human tissue its levels of expression have been shown to be varied 

(Barber et al. 2005). However, in this experiment the one type of cell 

tissue was used, therefore accommodating for any variation. Assay 

identification codes for rat GAPDH, MYOG, CX43 and BAX were are 

below:

• GAPDH : Rn01775763_gl
• MYOG: Rn00567418_ml
• BAX: Rn01480160_gl
• CX43: RnO1433957 m l

The rt-PCR reaction was performed with a 384 well optical plate in 

lOjjl reactions, in triplicate. This lOpI was made up of the following.

Constituent ul

cDNA 4.5

Master mix 5

Assay 0.5

total 10

Mmix refers to TaqMan® Universal PCR Master Mix which contains 

DNA polymerase and constituents such as buffers that aid in the PCR 

reaction. Plates had a layout based on Figure 36. Negative controls 

using DNase free water were tested for GAPDH expression in each 

plate also.

Running the rt-PCR and Applied Biosystems Prism 7900HT is identical 

to the methods used in Chapter 2. Standard cycling conditions were 

50°C for 2 min, 95°C for 10 min, 95°C for 15 seconds and 60°C for 

60 seconds at 40 cycles. The flourophore used is the same as 

previously; 6-carboxyfluorescein also known as FAN and the 

quencher is tetramethylrhodamine (TAMRA).
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Relative quantification was performed using Ct values provided by the 

Prism 7900HT for each well. Relative quantification refers to the 

c h a n g e  of expression of a ta rge t  gene relative to a reference, such as 

an un t rea ted  group. Relative expression of a gene was calculated 

using methods,  also known as th e  comparative Q  method,

outl ined by the Applied Biosystems protocol (2008).  All calculations 

for the  target  genes  are 'normalized' to th e  expression of the 

housekeeping gene/endogenous  control (GAPDH) within the 

t r e a tm e n t  group of interest. This allows for standardization of 

expression values of the gene of in terest  to GAPDH within the sam e  

t r e a tm e n t  group. This is done to control for variability in the amount 

of to tal  RNA added to each reaction and varied efficiency of enzymes 

involved. Once this is calculated, it is compared relative to the 

expression of the  sam e  gene within the untrea ted  group or calibrator 

group.  In this case the untreated group is 0 pg/ml of IFNy. Therefore, 

the express ion value of the gene of in terest  is 1.0 in the untreated 

group.  Anything above or below in the untreated  group, would 

indicate error in either  calculations or methodology. Genes of interest 

will have expression levels relative to th e  untreated group, therefore 

m ay e ither  be similar or g rea te r  or less than  1.0. This is referred to 

as ' relative fold change '  to the untreated group.

Comparison of fold change between t r ea tm en t  groups was done using 

the package highlighted in paragraph 4 .2 .8 .  Fold change values close 

to 1 .0  are  not large enough to have any biological significance due to 

com m on causes such as experimental error  (e.g pipetting error, plate 

variability). Therefore fold change cut offs were made. Only values 

less than  or equal to 0.6 and grea ter  than  or equal to 2.0 were 

com pared  via statistical analysis.
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0 1 100 10^2 10^3 10M 10^5
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

A GAPDH GAPDH GAPDH GAPDH GAPDH GAPDH GAPDH
B GAPDH GAPDH GAPDH GAPDH GAPDH GAPDH GAPDH
C GAPDH GAPDH GAPDH GAPDH GAPDH GAPDH GAPDH
D CX43 CX43 CX43 CX43 CX43 CX43 CX43
E CX43 CX43 CX43 CX43 CX43 CX43 CX43
F CX43 CX43 CX43 CX43 CX43 CX43 CX43
G MYO MYO MYO MYO MYO MYO MYO
H MYO MYO MYO MYO MYO MYO MYO
1 MYO MYO MYO MYO MYO MYO MYO
J BAX BAX BAX BAX BAX BAX BAX
K BAX BAX BAX BAX BAX BAX BAX
L BAX BAX BAX BAX BAX BAX BAX

M -ve
GAP

-ve
GAP

-ve
GAP

N
0
P

Figure 36. 384 well plate layout showing how wells were filled for rt-PCR of the four genes, GAPDH, CX43, MYOG 
and BAX for cells treated at different concentrations of IFNy in normoxia/hypoxia. '-ve ' refers to a negative control 
where GAPDH was assessed in DNase free water.
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4.2 .8  Statistical analyses

Comparison of concentration groups was performed using unpaired t- 

tests. The comparisons were primarily done with control groups. For 

rT-PCR, analyses were only performed on values of fold change that 

were less than or equal to 0.6 and greater than or equal to 2.0. As 

noted in 4 .2 .7  this was done to avoid values produced due to 

experimental error. The JMP statistical package (SAS software, North 

Carolina, USA) and Graphpad Prism (Graphpad Software, California 

USA) was used. A P value <0.05 was regarded as significant.

4.3 Results

4.3.1 High Content Analysis

(All data and t-tests performed by JMP are shown in Appendix 1) 

Nuclear Count

Significant decreases in nuclear count, compared to 0 pg/ml, were 

seen at the 10,000 and 100,000 pg/ml of IFNy for both the normoxic 

and hypoxic treatment groups ((P <0 .0001  for both) (fig 37, Table 

12). The positive control. Doxorubicin (not shown on graphs due to 

considerable alteration in scale) caused a significant, gross decrease 

in nuclear count in both groups (1 .5 0 ± 0 .6 7  and 58 .83±33 .84 , P < 

0 .0001).

Nuclear Intensity

A trend for nuclear intensity increase was seen at 10,000 and

100.000 pg/ml of IFNy for both the normoxic and hypoxic treatment 

groups. Statistical significance was only seen in the hypoxic group at

100.000 pg/ml compared to the zero (1 3 6 .6 5 ± 1 .2 0  AU, P < 0.0001).
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Cell Measure 0 1 10

IFN eamma oe/ml 

100 1000 10000 100000 Pox

Nuclear Count 2652.00± 130.26 2708.00±87.36 2751.00± 120.60 2796.00± 130.44 2814.67± 128.64 1978.33±90.97* 1486.50±66.13* 1.50±0.67*

Nuclear Area / 285.75±4.16 286.22±2.50 285.55±1.63 286.48±2.71 284.03±0.78 281.65±2.11 272.73±2.00* 191.02±5.34*

Nuclear Intensity / AU 124.91±1.13 123.53±0.99 123.54±1.46 124.11±1.09 123.83±0.99 127.32±1.40 132.71±1.S6 62.05±27.79*

Nuclear Form Factor 1.24±0.01 1.24±0.01 1.24±0.01 1.24±0.01 1.23±0.01 1.28±0.01* 1.27±0.01* 1.41±0.01*

Cell Area / 4552.88±172.14 4098.77±120.13* 3980.95±112.97* 4219.85±72.88 4172.74±122.78 5544.17±287.20* 6238.51±278.14* 26252.95±172.14*

LDH / units per litre 4.33±0.71 3.83±0.60 3.33±0.56 3.00±0.58 3.00±0.52 4.50±0.56 7.33±0.33* 6.83±0.48*

Nuclear Count 2282.17±145.90 2276.50±98.52 222I.33±67.77 2194.83±68.99 2189.33±85.33 1690.50±113.01* 1281.00±100.01* 58.83±33.84*

Nuclear Area / 271.33±3.66 275.61±2.38 279.05±2.85 273.48±1.85 272.46±1.74 274.30±2.28 271.96±5.87 209.05±3.63*

Nuclear Intensity / AU 126.07±1.74 127.69±0.80 128.10±0.61 128.78±0.64 128.10±0.80 131.64±0.81 136.65±1.20* 117.12±1,25*

Nuclear Form Factor 1.25±0.01 1.26±0.01 1.26±0.01 1.25±0.01 1.25±0.01 1.31±0.02* 1.32±0.03* 1.37±0.02*

Cell Area / jim^ 4683.95±133.39 4712.88±177.64 4755.88±175.06 4671.39±135.62 4803.09± 197.98 5391.74±286.19* 5734.05±115.00* 12085.89±1945.91*

LDH / units per litre 4.00±0.00 4.17±0.3I 4.33±0.33 3.67±0.33 3.50±0.22 5.67±0.49* 8.83±0.31* 9.17±0.40*

Table 12. Morphological measures  at varied concentrations of IFNy in normoxic and hypoxic conditions. Data 
marked represents  significance compared to the zero (P< 0.005). Values in units stated with S.E.M (Standard 
Error Mean)
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Nuclear Area

There were no significant changes seen within the hypoxic group 

apart from the positive control (209 .05±3 .63  P <0.0001). A 

significant decrease at 100,000 pg/ml is observed in the normoxic 

group compared to the zero, (272 .73±2 .00  pm^, P = 0.0037).

Nuclear Form Factor

Increases in Nuclear Form Factor were noted at the high 

concentrations of 10,000 pg/ml and 100,000 pg/ml in both the 

normoxic (1 .28±0 .01  P =0.0041, 1 .27±0.01, P = 0.0246) and 

hypoxic groups (1 .31±0 .02 , P = 0 .0296;1 .32±0 .03 , P = 0.0087). 

Positive control in both groups had larger Nuclear Form Factor values 

compared to the zero treatment group (P < 0.0001). Changes in 

nuclear factor corresponded with changes seen in microscopy as the 

IFNy dose increased in normoxia and hypoxia, including nuclear 

blebbing, elongation and fragmentation (figure 38). Positive controls 

(Doxorubicin) in both groups had the largest nuclear form factor 

values (P< 0.0001).

Cell Area

HCA revealed an increase in cell area at doses of 10,000 pg/ml and 

100,000 pg/ml in both normoxia (5544 .17±287 .20  pm^, P = 0.0143  

and 6238.51±278.14  pm^, P= 0.0004) and hypoxia 

(5391 .74±286 .19  pm^ P = 0.0305 and 5734.05±115.00 pm^, P 

=0.0002) . Overall cell area is higher in the hypoxic group, however 

there is a significant decrease in area compared to zero, in normoxia 

at Ipg /m l (4098 .77±120 .13  pm^, P=0.0142, and lOpg/ml 

(3980 .95±112 .97  pm^, P= 0.0112). Positive controls produced a 

notable increase in cell area in both treatment groups 

(26252 .9 5 ± 1 7 2 .14 pm^ and 12085.89±1 9 45 .91 pm^, P< 0.0001).

140



A B

N

■ f :
‘ iS*.

D

Figure 38. Images taken at 20x in normoxic trea tm ent,  with nuclei 
stained with Hoechst 33528 (blue). A) 0 pg/ml IFNy) 10 000 pg/ml 
IFNy C)100 000 IFNy pg/ml D) Doxorubicin trea tment.  Arrows show 
increased nuclear blebbing, fragmentation and condensation at high 
IFN gam m a concentration. No discernable nuclei are  detected in the 
Doxorubicin t rea tm ent  group.
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LDH

There was a visible trend for increased LDH production at the higher 

end of the dose spectrum. Significant increases were seen in 

normoxia at the 100,000 pg/ml dose (7 .3 3 ± 0 .3 3  u/L, P = 0 .0 0 0 4 ) and 

at 10,000 pg/ml and 100,000 pg/ml in hypoxic conditions (5 .6 7 ± 0 .4 9  

u/L, P = 0 .0009 and 8 .8 3 ± 0 .3 1 ,  P<0 .0001).

4.3 .2  Real Time PCR

(Examples of Ct values provided by the Prism 700Ht are shown in 

Appendix 1)

CX43

Significant changes within the ranges set ( < 0.6 or > 2.0 fold 

change) in CX43 expression (compared to untreated cells) were seen 

in three normoxic treatment groups (Figure 39, Table 13). A decrease 

in expression was seen at 10 pg/ml (0 .58 , P <0 .0001) and at the high 

doses of 10,000 pg/ml (0 .34 , P <0 .0001) and 100,000 pg/ml (0 .37 ,  

P<0.0001).

In the hypoxic treatment group, a similar pattern to the normoxia 

group is seen with a significant decreases in fold change at 10 pg/ml 

(0 .44, P<0 .0001).

MYOG

mRNA expression of MYOG drops significantly at the lowest dose of 

IFNy in normoxia at Ip g /m l (0 .43 , P = 0 .0007). There is decreased 

fold change, at 1 to 10 pg/ml (0 .50 , P = 0 .049 ) and 100 pg/ml (0 .54 ,  

P = 0 .0016). Only until the highest dose of 100,000 pg/ml does 

mRNA expression drop significantly to 0.34 fold (P = 0 .0 0 0 5 ) .

In hypoxia, exposure to Ipg /m l IFNy, shows an immediate decrease 

in fold change (1 pg/ml, 0.50, P= 0 .006 ), similar to normoxia, with
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the largest decrease at lO pg/m l (0 .38 , P = 0 .003 ). There is a visible 

bell shaped distribution of fold change, relative to the zero. The 

concentrations of 10,000 pg/ml and 100,000 pg/m l, cause a 

downregulation of MYOG expression (0 .53 , P =0 .035 7 ), 0 .45 , 

P =0 .0028 ).

BAX

BAX expression gradually decreased as IFNy concentration increased, 

in normoxia with significant decreases were seen at 10000 (0 .66  P = 

0 .0016) and 100,000 pg/ml (0 .4 4 , P = 0 .0 00 2 ).

In hypoxia, however, there was a visible decrease in BAX expression 

at the lower concentrations of 1, 10 and 100 pg/m l. Statistical 

significance is seen at 10 pg/ml which shows the greatest decrease in 

expression compared to untreated cells (0 .41 , P = 0 .0286 ).
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IFN gamma pg/ml

GENE 1 10 IM  lOQO 10000 100000

CX43 0.86 ±0.04 0.58 ± 0.02 0.83 ±0.01 0.61 ±0.00 0.34 ±0.00 0.37 ±0.02

MYOG 0.43 ±0.01 0.50 ±0.11 0.54 ±0.01 0.74 ±0.15 0.66 ±0.20 0.34 ±0.03

BAX 0.96 ±0.00 0.81 ±0.01 0.87 ±0.03 0.66 ±0.02 0.44 ±0.03 0.44 ±0.01

CX43 0.79 ±0.06 0.44 ±0.03 0.85 ± 0.04 0.97 ±0.04 0.68 ± 0.00 0.60 ±0.01

MYOG 0.50 ±0.07 0.38 ±0.09 0.63 ±0.12 1.35 ±0.08 0.53 ± 0.22 0.45 ± 0.02

BAX 0.58 ±0.02 0.41 ±0.01 0.59 ± 0.03 1.73 ±0.59 1.22 ±0.16 1.01 ±0.18

Table 13. Fold ch an g e  of mRNA expression  relative to th e  u n trea ted  
group (0 pg /m l). V alues show  to  2 decim al p laces with S tandard  
Deviation.
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4.4 Discussion

Currently, there is now a focus on cell based therapies for 

atherosclerotic disease, in particular for nnyocardial tissue and aortic 

aneurysm repair (Sim iniak et al. 2005; Kajimoto et al. 2006). The 

aim of this study was to investigate and highlight the need to 

understand the effects of circulating cytokines, in this case IFNy, on 

cells used in such therapies. Recent analyses of myoblast therapy 

have concluded that research now has to be focused on why there  

are mixed results from such therapeutic studies, and this includes 

investigating cell functionality and suitability in the clinical treatm ent 

model (Menasche 2008).

The data reported here provide evidence that at high doses (10 ,00 0  

and 100,000 pg/m l) of IFNy, cell death occurs, as nuclear count 

decreases in both normoxia and hypoxia with an associated change in 

nuclear form factor (NFF). NFF change is associated with nuclear 

blebbing, elongation and condensation. An accompanying increase of 

LDH at these concentrations confirms cell damage and death.

Cell area increases with these changes at the nuclear level, with cell 

area being higher in hypoxia at high IFNy concentration. However, at 

the lower concentrations, cell area was shown to decrease in 

normoxia. With evidence of decreased numbers of cells surviving 

IFNy treatm ent, those that have survived show an increased cell area 

at these high doses. I t  has been shown that IFNy is protective post 

muscle damage, via blockade of the IFNy receptor in the C2C12 cell 

line (Cheng et al. 2008). However, there is conflicting evidence as to 

its positive and negative effects on muscle cells. In burn traum a,

IFNy is involved with catabolism of muscle, with IFNy KO mice having 

reduced muscle destruction (Madihally et al. 2002). With increasing 

evidence that pro inflammatory cytokines such as the family of
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interleukin 6 (IL-6), increase  th e  a rea  of cardiac myocytes ,  it could be 

concluded th a t  IFNy m ay  have  the  s a m e  act ion, causing cell 

hypert rophy  (Sano  e t  al. 2000) .  This su g g e s t s  a dual role for IFNy, 

with the  cytokine promoting cell survival a t  low concen tra t ions ,  

w h e re a s  a t  h igher  levels it may have  a m ore  negat ive  effect  on 

survival, while causing hypertrophy.  Extreme values of a re a  were  

se en  when t rea t ing  m yoblas ts  with doxorubicin. This is d ue  to th e  

HCS sys tem  not  being able  to de te rm ine  any  cells p resen t ,  due  to the  

lack of discernible nuclei.

Nuclear blebbing,  condensa t ion  and f ragm enta t ion  a re  traditionally 

assoc ia ted  with apoptos is ,  which in turn is related to BAX activation 

and thus  c a s p a s e  activity (Lazebnik e t  al. 1993;  Wolter e t  al. 1997). 

Activated BAX permeabil izes  mitochondrial m e m b ran e s ,  releasing 

cytochrome C and  thu s  dow ns tream  poten t ia to rs  of apoptos is ,  such 

a s  caspases .  C asp a se s  cleave cellular proteins (Brunelle and Letai 

2009). These  morphological  chan g es  were  seen  in this s tudy,  

however,  BAX w as  downregula ted  in normoxia a t  high d o se s  of IFNy 

and conversely a t  10 pg/ml in hypoxia. This su g g e s t s  th e  possibility 

of a c a sp a se - in d e p e n d e n t  pa thway being initiated in th e s e  conditions. 

One such pa thw ay  involves Apoptosis Inducing Factor (AIF), but this 

needs  to be investigated  fur ther  (Leist and Jaat te la  2001;  Cande et  

al. 2002).  AIF is a mitochondrial protein which once re leased  via a 

porous mitochondrial  m em b ran e ,  has a direct effect on th e  nucleus, 

resulting in DNA degradat ion .

Nevertheless ,  t h e  involvement  of th e  BAX/caspase pa thway cannot  be 

ruled out. Hypoxia inducible factors (HIFs) a re  expressed  to promote  

cell survival in hypoxia. They are  m ade  of an  alpha and beta  unit 

(Wang et  al. 1995).  In hypoxia, HIFl-c  induces BAX expression and 

apoptosis  in H9C2 cells, ye t  HIFl-a  d e c re a se s  express ion of IFNy in 

murine a therosc lero tic  modelling (Malhotra e t  al. 2008;  Ben-Shoshan
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et al. 2009). This project's data shows a decreased expression of 

BAX, more so in hypoxia. As a consequence, further exploration of 

the role of caspase independent pathways and the relationship of 

H IF l-a  to IFNy's effect on BAX expression is required.

Similar to BAX expression, downregulation of MYOG is seen at the 

highest concentration of IFNy, but also at lower concentrations, in 

particular lO pg/m l, in both normoxia and hypoxia. Cardiac myoblasts 

express MYOG during differentiation but we have seen decreased 

expression of this gene, consistent with previous data showing 

reduced myogenin expression due to IFNy in the C2C12 myoblast line 

(Grzelkowska-Kowalczyk and Wieteska-Skrzeczynska ; Pagano et al. 

2004). With the extremes of the concentration range causing the 

most down regulation, the data shows a skewed bell shaped fold 

change response to IFNy. Therefore, these experimental conditions 

do not promote myoblast differentiation, which is key for successful 

therapies.

Hypoxic conditions were used to act as an in vitro model for the low 

oxygen conditions myoblasts may be placed in when used as a 

therapy to treat damaged tissue. Myocardial hypoxia has been shown 

to decrease CX43 expression (Wang et al. 2007). This has been 

replicated here, however, a concentration of 10 pg/ml in both 

normoxia and hypoxia causes a significant downregulation of CX43, 

suggesting this concentration of IFNy has a more profound effect in 

different oxygen states. IFNy reduces phosphorylation of connexin 

43, inhibiting intercellular communication by decreasing gap junction 

protein function (Qureshi et al. 2004). This cytokine also disrupts the 

association between lipid rafts and gap junctions, by displacing 

connexin 43, resulting in impaired enterocyte migration (Leaphart et 

al. 2008). The data thus suggest, that IFNy has more of a direct
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effect on CX43 mRNA expression, especially at 10 pg/ml and this 

must be explored by future studies.

The data shown reveal a varied range of cellular effects that IFNy can 

impose on myoblasts. These were seen through concentrations 

ranging from 0 to 100,000 pg/m l. 100,000 pg/ml can be considered 

an extrem ely high concentration, however, there is still no evidence 

to suggest what the local concentrations of IFNy at plaque sites are 

comparable to peripheral blood samples. In patients diagnosed with 

tuberculosis, IFNy and TNF alpha were found to be much higher in 

concentration at the lung pleura than in blood serum (Barnes et al. 

1989; Barnes et al. 1990). I  suggest that is also true for 

atherosclerotic plaque. Per contra, gene expression analysis has 

revealed down regulation of CX43, MYOG and BAX in the presence of 

both IFNy and hypoxia. A concentration of 10 pg/ml consistently 

results in this down regulation with higher doses having more of an 

effect in normoxia and on cell morphology. By using HCA with the one 

operator, consistency has been provided for. This allows for greater 

reliability due to automated analysis with higher numbers of cells 

which would not be provided for by manual analysis. Manual analysis, 

in turn, has variation in reliability due to the simple variation in 

operators between studies, human judgem ent and also due to a 

smaller number of cells being analysed.

Therefore, this in vitro model has shown changes in mRNA 

expression, with evidence of morphological change due to IFNy 

providing a basis for further exploration into the role of cytokines on 

myoblast survival and differentiation. Further knowledge in regards 

to the role of cytokines in atherosclerotic disease and the 

microenvironment in which myoblast cells are expected to survive, is 

key to future treatm ent and is a stepping stone for further 

investigation.
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CHAPTER 5 

GENERAL DISCUSSION
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5. General Discussion

Cytokines are key components of the inflammatory response.

W hether they are pro- or anti-inflam m atory, a balance needs to be 

maintained. When an imbalance occurs, the inflammatory process 

may continue and this can result in chronic inflammatory disease. 

Atherosclerosis is now seen as a chronic inflammatory disease, 

especially, as more information is gained in terms of the role of 

inflammation in plaque formation and rupture. What initiates the 

inflammatory response is still incompletely understood. These 

'propagators' may be lipids, high blood pressure and altered sheer 

stress, diabetes or even possibly a viral factor (Ridker 2002; Hansson 

2005). Nevertheless, once the inflammatory response is initiated at 

the blood vessel wall, a cycle of inflammation is started, involving 

pro- and anti-inflam m atory cytokines. I t  is thus natural to 

acknowledge that these are major 'players' in atherogenesis and 

potential targets for the treatm ent of atherosclerotic disease.

Research into the role of cytokines in atherosclerosis has been split 

between in vitro and in vivo work. The m ajority of in vivo work has 

been based on mouse modelling and many patient based studies, all 

having been completed over the last 30 years. These initially made 

huge leaps in the understanding of the role cytokines may play in 

atherogenesis. However, with greater understanding came a greater 

appreciation of complexity. Pathways that have been identified are no 

longer seen as linear, with cytokine after cytokine possibly effecting 

the production of another, as highlighted in Chapter 1. Also, newly 

discovered cytokines, such as IL -17  are being investigated and their 

role elucidated, making the atherogenic picture more complicated.

This project was primarily based on patient based studies, providing 

the ideal in vivo model of cytokine expression. The initial focus was
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on what  has  been te rm ed  a novel cytokine, IL-17. It has  been 

assoc ia ted  with chronic d isease  such a s  cancer  and arthri tis,  and is 

there fo re  seen  as  potentially being Involved In a therosc lerosis  

(Moseley e t  al. 2003) .  By focusing on a cohort  of pa t ien ts  d iagnosed  

with ACS one was investigating th e  m os t  comm on clinical 

presen ta t ion  of a therosclerotic  d isease .  No IL-17 was found to be 

e x p ressed  In pat ien ts ,  with rt-PCR confirming zero express ion  of the  

cytokine from peripheral  blood leukocytes. This Is a very different 

finding from similar s tud ies  in China. However differences in 

methodology and the  possibility of e thno-geograph ic  variation have to 

be considered (Hashmi and Zeng 2006;  Cheng et  al. 2008) .  The 

findings here  have  been fur ther  suppor ted  by levels of IL-17 being no 

different  in those  with s table  d isease  and ACS (Eid e t  al. 2009).  

However, the  s a m e  s tudy found a strong correlation be tw een  IFNy 

production and IL-17 within a su b se t  of patients .  This project  

however,  did not  s e e  this, as  minimally de tec tab le  levels of IL-17 

were seen.

However, by using a high sensitivity platform it was  de te rm ined  th a t  

both IL-10 and IFNy were  upregula ted  in pa t ien ts  with ACS. By not 

showing any correlat ion with IL-17, this contradic ts  th e  findings of Eid 

e t  al. It  does  highlight th a t  by using a novel detection sy s tem ,  IFNy 

and IL-10 were  seen  a t  higher levels within se rum  com pared  to UA 

pa tien ts  and controls. The source  of t h e s e  cytokines is more  likely to 

be plaque than  ischaemic t issue  as  IFNy has  shown no significant 

increase  in express ion a t  th e  mRNA level In ischaemic myocardium in 

rats , or  in the  se rum  of those  suffering ischaemia /reperfuslon  injury 

during a cardiac bypass  (Herskowitz e t  al. 1995; Sha rm a  e t  al. 2003). 

There  was a correlat ion be tween  IFNy and hsCRP levels, providing 

fur ther  evidence of th e  cytokine 's  pro- inflammatory role in 

atherosclerosis . The e x ten t  of plaque rup tu re  becom es  more  severe  

as  one  moves across  th e  range  of healthy controls, to  Unstable
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Angina and,  finally Myocardial Infarction. With evidence revealing 

IFNy to be influential in thinning the  fibrous cap of plaque, the  

suggest ion  th a t  the  upregula ted levels in ACS is plaque based and 

assoc ia ted  with rupture  risk, beco m es  a more appropria te  hypothesis  

(Buono e t  al. 2003).  This would also be consis tent  with the  evidence 

of increased nunnbers of inflannmatory cells within ruptured plaques 

(Shah 2003).

It is not  a co-incidental finding to  observe  increased levels of IL-10 in 

those  diagnosed  with an MI. IL-10 is an anti-inflannmatory cytokine 

also found a t  plaque sites , known to improve cardiac healing post  MI 

(Mallat e t  al. 1999; Burchfield e t  al. 2008) .  Detection of higher levels 

of IL-10 express ion in those  with MI compared  to controls, with a 

corresponding rise in IFNy, has revealed th a t  those  with plaque which 

is a t  risk of rupturing or has  ruptured  exp ress  th e s e  two cytokines a t  

levels higher than  the  norm.

By correlating cytokine express ion with cardiac morphology using 

echocardiography,  IFNy was not found to correlate  with the  function 

of the  hear t ,  lending more  to th e  theory  th a t  it is involved with 

plaque s t ruc tu re  ra the r  than  a global im m une  response .  It does 

influence cardiac function by being involved in plaque formation 

within the  coronary vessels , and based  on the  evidence  is associated 

with increased risk of rupture ,  but  it does  not a p p ea r  to have an 

effect on the  m uscular  morphology of th e  heart .  Ins tead ,  TNF alpha 

was found to be significantly assoc ia ted  with altered ventricular  

function in pa tients  who were  d iagnosed  with an MI. Those patients 

with more  severe  dysfunction had the  lowest levels of TNF alpha. As 

mentioned in Chapter  3, it is su g g e s te d  th a t  this may be due  to 

downregulation of TNF alpha by an independen t  pathway involving 

atrial natiuretic peptide,  however  this need s  to be investigated 

further.
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To take a more in depth lool< at how plaque morphology may be 

related to cytokine expression, a group of patients suffering from  

coronary disease were recruited, so that their plaque may be 

analysed via IVUS. No relationship was seen between serum cytokine 

expression, plaque area or vessel stenosis. Due to the numbers 

within the study, these potential relationships cannot be outruled. 

Instead this project has opened the door to what could be a much 

larger study, utilizing IVUS and high sensitivity detection, allowing for 

a closer inspection of how serum cytokine affects plaque size in live 

patients, rather than in mouse or post operative specimens.

In clinical term s, how does knowledge of what serum cytokine 

concentrations and their relationship to cardiac and plaque 

morphology, affect prevention and potential treatm ent? Cytokines 

and molecules such as hsCRP can potentially be used as biomarkers 

to monitor disease progression or risk, nevertheless, how they may 

affect future treatm ents for atherosclerotic disease is still relatively 

unknown.

Therefore, a natural progression of this study was to investigate how 

IFNy may affect the survival of myoblasts, as these types of cells are 

being proposed as a therapeutic intervention (D im m eler and Zeiher 

2004; Siminiak et al. 2006). This produced findings suggestive that 

IFNy was harmful to cardiac myoblasts, causing changes in 

morphology such as cell area while downregulating the genes CX43, 

MYOG and BAX. The mechanisms of how the damage occurs may be 

mediated by these genes. Nonetheless, the pathway initiated by IFNy 

must now be a focus of future study. Circulating cytokine has thus 

been shown to affect cell survival in an in vitro model designed 

specifically, for this project, giving rise to the implication that serum 

cytokine levels must be monitored during myoblast treatm ent. This
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however may be the basis for a future trial or investigation after 

more in vitro modelling has been done to understand how the 

inflammatory microenvironment within arteries and the heart affects 

cell survival.

Retrospectively, one can always look upon these data and suggest 

where it can be further strengthened. With patient studies, higher 

numbers are always ideal, particularly for the detection of small 

effects, but also as noted in Chapter 2, studies within groups of 

different ethnicity is as important. Ethno-geographic variation is seen 

throughout genetic studies and is thus likely to have an impact on 

cytokine expression and atherosclerotic disease. Further studies 

analysing serum cytokine will be key in providing information 

regarding atherosclerotic development and the risk of plaque rupture. 

In vitro modelling will be as important as human and mouse models. 

For example, creating the inflammatory microenvironment within 

slide chambers mimicking blood vessels will allow for closer 

inspection of cytokine action on plaque development and risk of 

rupture. By passing various cytokines at various concentration, 

through such slides, lined with endothelial cells, a real time flow 

model can be created, directly analyzing cytokine effect on arterial 

endothelium. This can be further expanded by adding the presence of 

drugs and lipid. However, an extension of KO mice modelling may 

also be ideal. For example, would IFNy KO mice be of lower risk of 

rupture than those where IFNy was produced and would looking at 

plaque histology in these models would also identify those with a thin 

fibrous cap? The findings of this project also have implications for 

other inflammatory disease processes. For example, individuals with 

rheumatoid arthritis can have accelerated atherosclerosis 

(Montecucco and Mach 2009). Therefore, by identifying IFNy 

upregulation in those with ACS, should it thus become a cytokine to 

be monitored in patients with Rheumatoid Arthritis? Patients
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diagnosed with HIV have accelera ted  plaque d eve lopm en t  com pared  

to controls  indicating a relationship with th e  im m une  sys tem  as  this is 

seen  in those  with low CD4 counts  (Hsue e t  al. 2004) .  This may  be 

due  to the  accelera ted T-cell proliferation within th e s e  pa tients  and 

therefore  increased cytokine production. This s tudy therefore  calls for 

the  potential monitoring of IFNy, IL-10 and TNF alpha within th e s e  

pa t ien ts  and others .

By fur ther  identifying IFNy and IL-10 as  m arkers  of MI, revealing TNF 

alpha to be closely related to cardiac function and highlighting how 

IFNy effects myoblast  survival this body of work ad ds  fur ther  insight 

and conclusions to th e  role of the  inflammatory sys tem  in 

cardiovascular  d isease .  This work m us t  be continued as  th e  need for 

unders tand ing  those  a t  risk of a therosc lerosis  and its progression is 

becoming more  impor tan t  as  the  num b ers  dying from cardiovascular  

d isease  is increasing.
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6.1 Appendix 1 (D ata)

6 .1.1

Data used for analysis of HCA segment of study in Chapter 4. Tables show figures 

for cell parameters measure but also show t-test values obtained via JMP, 

comparing different concentrations of IFNy. Only tests where significance was found 

are shown.

Nuclear Count

Cytokine conc 

0

1

10

100

1000

10000

100000

Doxirubicin

Normoxia

Normoxia

2652 .00±130 .26

2708 .00±87 .3 6

2751 .00±120 .60

2796 .00±130 .44

2814 .67±128 .64

1978 .33±90 .97

1486 .50±66.13

1 .50 ±0 .67

Hvpoxia

2282 .17±145 .90

2276 .50±98 .52

2221 .33±67 .77

2194 .83±68 .99

2189 .33±85 .33

1690.50±113.01

1281.00±100.01

58 .83± 33 .84

Level - Level Difference Std Err Dif Lower CL Uooer CL D-Value

1000 dox 2813.167 146.0803 2517.93 3108.406 <.0001*

100 dox 2794.500 146.0803 2499.26 3089.739 <.0001*

10 dox 2749.500 146.0803 2454,26 3044,739 <.0001*

1 dox 2706.500 146.0803 2411.26 3001,739 <.0001*

0 dox 2650.500 146.0803 2355,26 2945,739 <.0001*

10000 dox 1976.833 146.0803 1681.59 2272.073 <.0001*

100000 dox 1485.000 146.0803 1189.76 1780.239 <.0001*

1000 100000 1328.167 146.0803 1032,93 1623.406 <.0001*

100 100000 1309.500 146.0803 1014.26 1604.739 <.0001*

10 100000 1264.500 146.0803 969.26 1559.739 <.0001*

1 100000 1221.500 146,0803 926.26 1516.739 <.0001*

0 100000 1165.500 146.0803 870.26 1460.739 <.0001*

1000 10000 836.333 146.0803 541.09 1131.573 <0001*
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Level - Level Difference Std Err Dif Lower CL Upper CL p-Value

100 10000 817.667 146.0803 522.43 1112,906 <.0001’

10 10000 772.667 146.0803 477.43 1067.906 <.ooor

1 10000 729.667 146.0803 434.43 1024.906 <.0001

0 10000 673,667 146.0803 378.43 968.906 <0001

10000 100000 491.833 146.0803 196.59 787.073 0.0017

Hypoxia

Level - Level Difference Std Err Dif Lower CL Upper CL p-Value

0 dox 2223.333 133.7415 1953.03 2493.635 <.0001*

1 dox 2217.667 133.7415 1947.37 2487.968 <.0001*

10 dox 2162.500 133.7415 1892.20 2432.802 <.0001*

100 dox 2136.000 133.7415 1865.70 2406.302 <.0001*

1000 dox 2130.500 133.7415 1860.20 2400.802 <.0001*

10000 dox 1631.667 133.7415 1361.37 1901.968 <.0001*

100000 dox 1222.167 133.7415 951.87 1492.468 <.0001*

0 100000 1001.167 133.7415 730.87 1271.468 <.0001*

1 100000 995.500 133.7415 725.20 1265.802 <.0001*

10 100000 940.333 133.7415 670.03 1210.635 <0001*

100 100000 913.833 133,7415 643.53 1184.135 <0001*

1000 100000 908.333 133,7415 638.03 1178.635 <0001*

0 10000 591.667 133,7415 321.37 861.968 <.0001*

1 10000 586.000 133.7415 315.70 856.302 <.0001*

10 10000 530.833 133.7415 260.53 801.135 0.0003*

100 10000 504.333 133.7415 234.03 774.635 0.0005*

1000 10000 498.833 133.7415 228.53 769.135 0.0006*

10000 100000 409.500 133.7415 139.20 679.802 0.0039*

Nuclear Intensity

Cytokine 
conc

0 

1 

10 

100

Normoxia

124.91 ± 1.13

123.53± 0.99

123.54± 1.46

124.11± 1.09

Hvpoxia

126.07± 1.74

127.69± 0.80

128.10± 0.61

128.78± 0.64
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1000 123 .8 3 ± 0.99  128 .10± 0.80

10000 127 .32± 1.40 131 .64± 0.81

100000 132 .7 1 ± 1.86 136 .65 ± 1.20

Doxirubicin 6 2 .05 ± 27.79  117 .12± 1.25

Normoxia

Level - Level Difference Std Err Dif Lower CL UooerCL D-Value

100000 dox 70.65573 14.00281 42.3550 98.95646 <.0001*

10000 dox 65.27257 14.00281 36.9718 93.57330 <.0001*

0 dox 62.85656 14.00281 34.5558 91.15729 <.0001*

100 dox 62.06254 14.00281 33.7618 90.36327 <.0001*

1000 dox 61.77395 14.00281 33.4732 90.07469 <0001*

10 dox 61.49318 14.00281 33.1924 89.79391 <0001*

1 dox 61.48258 14.00281 33.1818 89.78332 <.0001*

Hypoxia

Level - Level Difference Std Err Dif Lower CL Uooer CL D-Value

100000 dox 19.52824 1.477670 16.5418 22.51472 <0001*

10000 dox 14.51986 1.477670 11.5334 17.50634 <.0001*

100 dox 11.66092 1.477670 8.6744 14.64740 <.0001*

10 dox 10.98640 1.477670 7.9999 13.97288 <.0001*

1000 dox 10.97753 1.477670 7.9910 13.96401 <.0001*

100000 0 10.57903 1.477670 7.5926 13.56551 <.0001*

1 dox 10.57296 1.477670 7.5865 13.55944 <0001*

100000 1 8.95527 1.477670 5.9688 11.94175 <.0001*

0 dox 8.94920 1.477670 5.9627 11.93569 <.0001*

100000 1000 8.55071 1.477670 5.5642 11.53719 <.0001*

100000 10 8.54183 1.477670 5.5554 11.52831 <.0001*

100000 100 7.86732 1.477670 4.8808 10.85380 <.0001*

Nuclear Area

Cytokine
Normoxia  Hvpoxia

conc

285 .7 5 ± 4.16  271 .33± 3.66
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1

10

100

1000

10000

100000

Doxirubicin

286 . 22± 2.50

285 .55 ± 1.63

286 .4 8 ± 2.71

284 .03 ± 0.78

281 .6 5 ± 2.11

272 .7 3 ± 2.00

191 .0 2 ± 5.34

2 75 .61 ± 2.38

2 7 9 .0 5 ± 2.85

2 73 .4 8 ± 1.85

2 72 .4 6 ± 1.74

2 7 4 .30 ± 2.28

2 7 1 .9 6 ± 5.87

209 .05 ± 3.63
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Normoxia

Level - Level p-Value

100 dox <.0001*

1 dox <.0001*

0 dox <■0001*

10 dox <.0001*

1000 dox <.0001*

10000 dox <•0001*

100000 dox <.0001*

100 100000 0.0023*

1 100000 0.0027*

0 100000 0.0037*

10 100000 0.0042*

1000 100000 0.0106*

10000 100000 0.0407*

Hypoxia

Level - Level p-Value

10 dox <.0001*

1 dox <.0001*

10000 dox <.0001*

100 dox <.0001*

1000 dox <.0001*

100000 dox <.0001*

0 dox <.0001*

Nuclear Form Factor

Cytokine conc Normoxia Hvpoxia

0 1.24±0.01 1.25±0.01
1 1.24±0.01 1.26±0.01
10 1.24±0.01 1.26±0.01
100 1.24±0.01 1.25±0.01
1000 1.23±0.01 1.25±0.01
10000 1.28±0.01 1.31±0.02
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100000 1.27±0.01 1.32±0.03

D o x iru b ic in  l . 4 i± 0 .0 l  l.3 7 ± 0 .0 2

N o rm ox ia

Level - Level Difference Std Err Dif Low/er CL Upper CL p-Value

dox 1000 0.1746667 0.0151953 0.143956 0.2053774 <.0001*

dox 10 0.1716667 0.0151953 0.140956 0.2023774 <■0001*

dox 1 0.1701667 0.0151953 0.139456 0.2008774 <.0001*

dox 0 0.1690000 0.0151953 0.138289 0.1997108 <.0001*

dox 100 0.1661667 0.0151953 0.135456 0.1968774 <.0001*

dox 100000 0.1335000 0.0151953 0.102789 0.1642108 <.0001*

dox 10000 0.1226667 0.0151953 0.091956 0.1533774 <.0001*

10000 1000 0.0520000 0.0151953 0.021289 0.0827108 0.0014*

10000 10 0.0490000 0.0151953 0.018289 0.0797108 0.0025*

10000 1 0.0475000 0.0151953 0.016789 0.0782108 0.0033*

10000 0 0.0463333 0.0151953 0.015623 0.0770441 0.0041*

10000 100 0.0435000 0.0151953 0.012789 0.0742108 0.0067*

100000 1000 0.0411667 0.0151953 0.010456 0.0718774 0.0099*

100000 10 0.0381667 0.0151953 0.007456 0.0688774 0.0162*

100000 1 0.0366667 0.0151953 0.005956 0.0673774 0.0205*

100000 0 0.0355000 0.0151953 0.004789 0.0662108 0.0246*

100000 100 0.0326667 0.0151953 0.001956 0.0633774 0.0377*

H vpoxia

Level - Level Difference Std Err Dif Lower CL Upper CL p-Value

dox 100 0,1258333 0.0242267 0.076869 0.1747974 <■0001*

dox 1000 0.1253333 0.0242267 0.076369 0.1742974 <.0001*

dox 0 0.1188333 0.0242267 0.069869 0.1677974 <.0001*

dox 10 0.1161667 0.0242267 0.067203 0.1651307 <.0001*

dox 1 0.1131667 0.0242267 0.064203 0.1621307 <.0001*

100000 100 0.0738333 0.0242267 0.024869 0.1227974 0.0041*

100000 1000 0.0733333 0.0242267 0.024369 0.1222974 0.0043*

100000 0 0.0668333 0.0242267 0.017869 0.1157974 0.0087*

dox 10000 0.0641667 0.0242267 0.015203 0.1131307 0.0115*

100000 10 0.0641667 0.0242267 0.015203 0,1131307 0.0115*

10000 100 0.0616667 0.0242267 0.012703 0.1106307 0.0149*

100000 1 0.0611667 0.0242267 0.012203 0,1101307 0.0156*

10000 1000 0 0611667 0.0242267 0.012203 0.1101307 0.0156*

10000 0 0.0546667 0.0242267 0.005703 0.1036307 0.0296*

dox 100000 0.0520000 0.0242267 0.003036 0.1009641 0.0380*
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Level - Level Difference Std Err Dif Lower CL Upper CL p-Value

10000 10 0.0520000 0.0242267 0.003036 0.1009641 0 .0380*

10000 1 0.0490000 0.0242267 0.000036 0.0979641 0 .0498*

Cell Area

Cytokine conc

0

1

10

100

1000

10000

100000

Doxirubicin

Normoxia

Normoxia

4 5 5 2 .8 8± 172.14

4 0 9 8 .77 ± 120.13

3980 .9 5 ± 112.97

4 2 1 9 .85 ± 72.88

4172 .74 ± 122.78

5544 .17± 287.20

6238 .51± 278.14

26252 .9 5± 172 .14

Hvpoxia

4683 .9 5± 133.39  

4 7 1 2 .8 8± 177.64  

4 7 5 5 .8 8± 175.06  

4 6 7 1 .39± 135.62  

4 8 0 3 .0 9 ± 197.98  

5391 .7 4± 286.19  

5734 .0 5± 115.00 

12085 .89± 1945.91

0 1 0.0142

0 10 0.0112

0 100 0.1052

0 1000 0.1024

0 10000 0.0143

0 100000 0.0004

0 dox 0.0191

dox 10 <.0001*

dox 1 <0001*

dox 1000 <.0001*

dox 100 <.0001*

dox 0 <.0001*

dox 10000 <.0001*

dox 100000 <0001*

Hypoxia

0 1 0.5330

0 10 0.4274
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0 100 0.6016

0 1000 0.3623

0 10000 0.0305

0 100000 0.0002

0 dox 0.0032

dox 100 <.0001

dox 1 <.0001

dox 10 <.0001

dox 1000 <.0001

dox 10000 <.0001

dox 100000 <.0001

dox 100 <.0001

LDH

C v to k in e  conc N o rm o x ia HvDOxia

0 4 .33± 0.71 4 .00± 0.00

1 3.83± 0.60 4 .17± 0.31

10 3.33± 0.56 4 .33± 0.33

1 0 0 3 .00± 0.58 3.67± 0.33

1 0 0 0 3.00± 0.52 3 .50± 0.22

1 0 0 0 0 4 .50± 0.56 5.67± 0.49

1 0 0 0 0 0 7 .33± 0.33 8 .83± 0.31

D o x iru b ic in 6 .83± 0.48 9 .17± 0.40

Norm oxia

Level _ Difference Std Err Lower UDDer B i

Level □if CL Qk Value

100000 1000 4.333333 0.7808471 2.75518 5.911484 <.0001*

100000 100 4.333333 0.7808471 2.75518 5.911484 <.0001*

100000 10 4.000000 0.7808471 2.42185 5.578151 <.0001*

dox 1000 3.833333 0.7808471 2.25518 5.411484 <.0001*

dox 100 3.833333 0.7808471 2.25518 5.411484 <.0001*

100000 1 3.500000 0.7808471 1.92185 5.078151 <.0001*

dox 10 3.500000 0.7808471 1.92185 5.078151 <.0001*
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Level Difference Std Err Lower Upper 2;

Level Dif ^  CL Value

100000 0 3.000000 0.7808471 1.42185 4.578151 0.0004*

dox 1 3.000000 0.7808471 1.42185 4.578151 0.0004*

100000 10000 2.833333 0.7808471 1.25518 4.411484 0.0008*

dox 0 2.500000 0.7808471 0.92185 4.078151 0.0027*

dox 10000 2.333333 0.7808471 0.75518 3.911484 0.0048*

Hypoxia

Level - Level Difference Std Err Dif Lower CL Upper CL p-Value

dox 1000 5.666667 0.4654747 4.72591 6.607426 <.ooor

dox 100 5.500000 0.4654747 4.55924 6.440759 <.0001 ’

100000 1000 5.333333 0.4654747 4.39257 6.274093 <.0001 ’

100000 100 5.166667 0.4654747 4.22591 6.107426 <.0001’

dox 0 5.166667 0.4654747 4.22591 6.107426 <.0001’

dox 1 5.000000 0.4654747 4.05924 5.940759 <0001’

100000 0 4.833333 0.4654747 3.89257 5.774093 <.0001’

dox 10 4.833333 0.4654747 3.89257 5.774093 <0001’

100000 1 4.666667 0.4654747 3.72591 5.607426 <0001’

100000 10 4.500000 0.4654747 3.55924 5.440759 <0001 ’

dox 10000 3.500000 0.4654747 2.55924 4.440759 <.0001 ’

100000 10000 3.166667 0.4654747 2.22591 4.107426 <.ooor

10000 1000 2.166667 0.4654747 1.22591 3.107426 <.ooor

10000 100 2.000000 0.4654747 1.05924 2.940759 0.0001 ’

10000 0 1.666667 0.4654747 0.72591 2.607426 0.0009’

10000 1 1.500000 0.4654747 0.55924 2.440759 0.0025’

10000 10 1,333333 0.4654747 0.39257 2.274093 0.0066’

6 .1.2

Data provided by the Prism 7900HT for analysis of the four genes MYOG, CX43, 

BAX and GAPDH in normoxic and hypoxic treatments o f H9C2 cells.

'Sam ple nam e' corresponds to well on plate layout in Figure 34, Chapter 4.

a) Hypoxia

Sample Detector 

Well Name Name Reporter Task Ct

1 A1 doug FAM Unknown 17.68777
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2 A2 doug FAM Unknown 18.12342

3 A3 doug FAM Unknown 19.24615

4 A4 doug FAM Unknown 18.14385

5 A5 doug FAM Unknown 17.75924

6 A6 doug FAM Unknown 18.00084

7 A7 doug FAM Unknown 17.13951

25 B1 doug FAM Unknown 17.89574

26 82 doug FAM Unknown 18.2914

27 83 doug FAM Unknown 19.25998

28 84 doug FAM Unknown 18.33678

29 85 doug FAM Unknown 17.87786

30 86 doug FAM Unknown 17.98401

31 87 doug FAM Unknown 16.6079

49 C1 doug FAM Unknown 17.88055

50 C2 doug FAM Unknown 18.24641

51 C3 doug FAM Unknown 19.16506

52 C4 doug FAM Unknown 18.28398

53 C5 doug FAM Unknown 17.7329
54 C6 doug FAM Unknown 18.04418

55 C7 doug FAM Unknown 17.42685

73 D1 doug FAM Unknown 23.54595
74 D2 doug FAM Unknown 24.20319

75 D3 doug FAM Unknown 26.08184

76 D4 doug FAM Unknown 24.50764

77 D5 doug FAM Unknown 23.52008

78 D6 doug FAM Unknown 24.26257

79 D7 doug FAM Unknown 24.05949

97 E1 doug FAM Unknown 23.55031

98 E2 doug FAM Unknown 24.32016

99 E3 doug FAM Unknown 26.09722

100 E4 doug FAM Unknown 23.7381

101 E5 doug FAM Unknown 23.59002

102 E6 doug FAM Unknown 24.43114

103 E7 doug FAM Unknown 24.02023

121 FI doug FAM Unknown 23.59433

122 F2 doug FAM Unknown 24.36881

123 F3 doug FAM Unknown 26.22848

124 F4 doug FAM Unknown 24.6279

125 F5 doug FAM Unknown 23.60452

126 F6 doug FAM Unknown 24.26587

169



127 F7 doug FAM Unknown 24.08101

145 G1 doug FAM Unknown 31.2152

146 0 2 doug FAM Unknown 32.54343
147 G3 doug FAM Unknown 34.45931

148 G4 doug FAM Unknown 32.16122

149 0 5 doug FAM Unknown 30.80537

150 0 6 doug FAM Unknown 31.89351

151 0 7 doug FAM Unknown 31.90021

169 HI doug FAM Unknown 31.24596

170 H2 doug FAM Unknown 32.98482

171 H3 doug FAM Unknown 34.28898

172 H4 doug FAM Unknown 32.67437

173 H5 doug FAM Unknown 30.98399

174 H6 doug FAM Unknown 32.86622

175 H7 doug FAM Unknown 31.97306

193 11 doug FAM Unknown 31.60955

194 12 doug FAM Unknown 32.76944

195 13 doug FAM Unknown 33.83939

196 14 doug FAM Unknown 32.5771

197 15 doug FAM Unknown 30.89991

198 16 doug FAM Unknown 32.87125
199 17 doug FAM Unknown 32.04718
217 J1 doug FAM Unknown 24.50875
218 J2 doug FAM Unknown 25.59331

219 J3 doug FAM Unknown 27.0642

220 J4 doug FAM Unknown 25.62047

221 J5 doug FAM Unknown 23.47857

222 J6 doug FAM Unknown 24,07976

223 J7 doug FAM Unknown 23.47954
241 K1 doug FAM Unknown 24.72272

242 K2 doug FAM Unknown 25.58846

243 K3 doug FAM Unknown 27.08487

244 K4 doug FAM Unknown 25.6071

245 K5 doug FAM Unknown 24.22093

246 K6 doug FAM Unknown 24,41807

247 K7 doug FAM Unknown 23.92906

265 LI doug FAM Unknown 23,89843

266 L2 doug FAM Unknown 25,50765

267 L3 doug FAM Unknown 27,02699

268 L4 doug FAM Unknown 25,48099
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269 L5 doug FAM Unknown 23.16526

270 L6 doug FAM Unknown 24.34798

271 L7 doug FAM Unknown 23.43375

289 M1 doug FAM Unknown Undetermined

290 M2 doug FAM Unknown Undetermined

291 M3 doug FAM Unknown 31.3338

b) Normoxia

1

Sample

Name

Detector

Name Reporter Task Ct

1 A1 doug FAM Unknown 20.238

2 A2 doug FAM Unknown 19.26483

3 A3 doug FAM Unknown 19.40249

4 A4 doug FAM Unknown 19.09016

5 A5 doug FAM Unknown 19.27928

6 A6 doug FAM Unknown 19.80722

7 A7 doug FAM Unknown 19.96546

25 B1 doug FAM Unknown 20.22797

26 B2 doug FAM Unknown 19.34818

27 B3 doug FAM Unknown 19.3859

28 84 doug FAM Unknown 19.0579

29 85 doug FAM Unknown 19.24565

30 86 doug FAM Unknown 19.86832

31 87 doug FAM Unknown 19.95313

49 C l doug FAM Unknown 20.26341

50 C2 doug FAM Unknown 19.31209

51 C3 doug FAM Unknown 19.40718

52 C4 doug FAM Unknown 19.03883

53 C5 doug FAM Unknown 19.28032

54 C6 doug FAM Unknown 19.93166

55 C7 doug FAM Unknown 19.91715

73 D1 doug FAM Unknown 24.06547

74 D2 doug FAM Unknown 23.26911

75 D3 doug FAM Unknown 23.98637
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76 D4 doug FAM Unknown 23.12354

77 D5 doug FAM Unknown 23.78168

78 D6 doug FAM Unknown 25.26338

79 D7 doug FAM Unknown 25.1201

97 El doug FAM Unknown 24.07643

98 E2 doug FAM Unknown 23.40189

99 E3 doug FAM Unknown 24.01121

100 E4 doug FAM Unknown 23.14132

101 E5 doug FAM Unknown 23.75996

102 E6 doug FAM Unknown 25.24476

103 E7 doug FAM Unknown 25.20816

121 FI doug FAM Unknown 24.07271

122 F2 doug FAM Unknown 23.36374

123 F3 doug FAM Unknown 24.06167

124 F4 doug FAM Unknown 23.20181

125 F5 doug FAM Unknown 23.84798

126 F6 doug FAM Unknown 25,24245

127 F7 doug FAM Unknown 25.28536

145 G1 doug FAM Unknown 28,47627

146 0 2 doug FAM Unknown 28.8706

147 G3 doug FAM Unknown 28.96685

148 G4 doug FAM Unknown 28.30977

149 G5 doug FAM Unknown 28.26615

150 G6 doug FAM Unknown 28.42242

151 G7 doug FAM Unknown 29.78933

169 HI doug FAM Unknown 28.78227

170 H2 doug FAM Unknown 28.95846

171 H3 doug FAM Unknown 28.98785

172 H4 doug FAM Unknown 28.33049

173 H5 doug FAM Unknown 27.79106

174 H6 doug FAM Unknown 29,01875

175 H7 doug FAM Unknown 30,05034

193 11 doug FAM Unknown 28,61256

194 12 doug FAM Unknown 28,88906

195 13 doug FAM Unknown 28,44498

196 14 doug FAM Unknown 28,34807

197 15 doug FAM Unknown 28,27239

198 16 doug FAM Unknown 29.1954

199 17 doug FAM Unknown 29.84834

217 J1 doug FAM Unknown 23.44148
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218 J2 doug FAM Unknown 22.62741

219 J3 doug FAM Unknown 22.97673

220 J4 doug FAM Unknown 22.55113

221 J5 doug FAM Unknown 23.17708

222 J6 doug FAM Unknown 24.39219

223 J7 doug FAM Unknown 24.41501

241 K1 doug FAM Unknown 23.44537

242 K2 doug FAM Unknown 22.62054

243 K3 doug FAM Unknown 22.98074

244 K4 doug FAM Unknown 22.54634

245 K5 doug FAM Unknown 23.09308

246 K6 doug FAM Unknown 24.31137

247 K7 doug FAM Unknown 24.39339

265 LI doug FAM Unknown 23.63594

266 L2 doug FAM Unknown 22.62942

267 L3 doug FAM Unknown 22.9542

268 L4 doug FAM Unknown 22.46985

269 L5 doug FAM Unknown 23.12555
270 L6 doug FAM Unknown 24.22219
271 L7 doug FAM Unknown 24.35432
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6.2 Appendix 2 (Protocols)

The follow ing are protocols to be used fo r methods described in Chapters 2 and 4.

6.2.1 PBL Isolation

•  Blood was taken from  patients in to Sodium EDTA bottles (p ink top)
• PBLs MUST be extracted w ith in  an hour o f phlebotom y to ensure high qua lity  

sample
• All w ork m ust be done under vented blood hood.
• Transfer blood from  phlebotom y tubes, using sterile transfe r pipettes, into 

sterile falcon tube.
• Dilute to tw ice the volum e w ith Phosphate Buffer Solution (PBS).
• Get tw o new sterile Falcon 50mL tubes and label appropria te ly
• Using an autom ated pipette and sterile 10ml tubes, transfe r 10ml of 

lym phoprep into each falcon
• Gently layer diluted blood over lym phoprep in both falcons, ensuring an 

equal volum e o f blood/PBS m ixtu re  is in both. Seal the tubes.
• Place the falcon tubes in centrifuge. Set tem pera ture  to 21°C and set fo r 

40m in spin at 1400rpm.
• Gently take the tubes from  the centrifuge and place on rack in the hood.
• Using a transfe r p ipette extract visible 'bu ffy  coat' to Falcon 50mL tubes and

place in fresh, labelled Falcons (See Figure 17).

• D ilute the buffy coat w ith 10ml PBS and mix gently. This is a 'washing step', 
purifying the buffy coat

• Centrifuge fo r 20 min a t 1400 rpm , 21 degrees.
• Transfer clear PBS from  tubes to  a 'waste bo ttle ' leaving buffy coat pellet.
• Using sterile tips, d ilu te  pellet w ith  200ul o f PBS and transfe r to two sterile,

labelled eppendorfs.
• Spin eppendorfs for 10 min at 12000rpm .
• Remove the PBS, leaving pellet in eppendorfs.
• Reconstitute w ith 600ul o f RT lysis buffer (Qiagen)
• Add 10 ul o f Mercaptoethanol and freeze at -80  degrees until RNA 

extraction.

6.2.2 rt-PCR -Running with Applied Biosystems Prism 7000

• Select '7000 system softw are '
• File, New
• Change default plate name: e.g. 17a/ba
• Click 'n e x t'
• Program 'Doug 1' and click 'add '
• Click 'n e x t'
• Tick D o u g l and check fo r 'U ' sym bol a t each well.
• Click 'fin ish '
• You will see the plate layout, click View and then 'well inspector'
• H ighlight wells as per assay and label as appropriate e.g., 17astd, 17aptX, 

NTC...
• 'O m it' wells not in use
• Press close
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•  Go to  'in s tru m en t' tab
• C hange 'sam ple  vo lum e' from  d efau lt 50 |jl to 15|jl
•  Look fo r the  tem p e ra tu re  scale
• Save th e  file 'M y docum ents ', c reate  a fo lder w ith you r nam e on it.
•  Press START
•  Check fo r a tim e  o f cycling o f approx Ih r  48m in u tes
•  Once run com pleted , click 'an a lyse '
• Click 're p o rt' tab  and select results and export, picking your s torage space  

(usb key etc)

6.2.3 Thawing H9C2 cells for Cell Culture
•  C ryotube rem oved from  liquid n itrogen and thaw ed a t room  tem p e ra tu re  

(usually  2 -3  m in d u ratio n ).
•  C ontents of vial tran s ferred  to  sterile  centrifuge tube  containing p re -w arm ed  

culture m edia w ith sterile  tran s fe r p ipette . For H9c2 cells th e  recom m ended  
m edia is Dulbecco's m odified Eagle's m edium  (D M EM ) supplem ented  w ith  
1 0 %  Fetal Bovine S erum  (FB S ), 4  mM L -g lu tam in e, 1 .5  g /L  sodium  
bicarbonate and 4 .5  g /L  glucose as per ATCC gu idelines(G IB C O  In v itrog en  
Life Tech , CA USA ). For thaw ing  out cells, 2 0 %  FBS is used.

•  C entrifuge tube for 10 m inutes a t 1 0 0 0  revolutions per m in u te . The resulting  
su p ern atan t is d iscarded. This is done to rem ove D im ethy l sulfoxide (D M S O ) 
which acts as a cryoprotective  ag e n t, how ever a t room  te m p e ra tu re  it can 
cause cell death.

•  The rem aining 'cell pe lle t' is resuspended in m edia w ith  2 0 %  FBS.
•  The en tire  contents of the  tub e  are then transferred  to a Nunc T 25  cell

culture flask (Therm oscientific , MA, USA) containing 8m ls of freshly w arm ed  
m edia.

•  The p late  is placed in an incubator a t 37 “C.
•  Plate is checked 24  hrs la te r under a light m icroscope, to ensure cells have

adhered to  plate. I f  so, m edia is discarded and fresh m edia placed in flask to 
prom ote continued cell g row th .

•  Plate m onitored o ver next 2 -3  days. Once 9 0 %  confluent, cells are  ready to 
be 'sp lit'/passaged  (see 4 .2 .2 )  into a T 75  Nunc flask. Confluency refers to  
the am o u n t of visible space taken  up by cells w ithin th e  m icroscope field.

6.2.4 Subculturing Cells
•  Rem ove the  T 2 5  flask from  th e  incubator and rem ove all cu ltu re  m edia using

a sterile  Pasteur p ipette . W ash the  cell m ono layer w ith  Phosphate Buffer 
Solution (PBS) (G IB C O , In v itro g e n , CA, USA) tw ice.

•  Add pre w arm ed  (3 7 °C ) ED TA /Trypsin  solution using a tran s fe r p ipette . Add 
enough to cover en tire  cell layer.

•  Place flask back into incubator for 2 -3  m inutes.
•  Tap flask against the  benchtop to dislodge cells and check under light 

m icroscope. The cells will ap p ear rounded and floating , if no longer adhering  
to plate.

•  Add 2m  of pre w arm ed  (3 7 °C )  m ed ia , containing 1 0 %  FBS to  neu tra lize  the  
trypsin . Draw  this suspension up w ith  a sterile  Pasteur p ip ette  and p ipette  
back into flask. Do this tw ice to ensure as m any cells as possible are  
dislodged. D raw  up once m ore.
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•  Split the  draw n up suspension into tw o T 75  flasks, then add an equal 
am o un t of pre w arm ed  m edia to each flask. A pprox im ately  1 0 - l lm ls  of 
m edia.

•  Label flasks w ith  app ro p ria te  passage num ber. For exam ple  if cells in T 25  
flask w ere  passage 10 , then  these  would be passage 11.

•  M onitor flasks fo r 9 0 %  confluency o ver next 2 -3  days. I f  not confluent by 
day 3 , replace m edia w ith  fresh pre w arm ed  m edia.

•  These passaging steps w ere  repeated  until passage 22. During this tim e , 
cells w ere  used for exp erim en ta tio n .

6.2.5  Haemocytometer use (Preparing cells fo r IFNy treatment)

•  The h aem o cy to m eter (F igure  A l )  and coverslip should be wiped clean with  
7 0 %  ethanol

• Using a tran s fe r p ipette , m oisten the  ridges o f the  h aem o cytom eter w ith  
w a te r and place the  coverslip centrally  over the counting a rea , covering both  
counting cham bers. M ove th e  coverslip back and forth  over the  cham bers  
until New ton's rings (ra inb o w  like in terference  patterns) appear. This  
indicates th a t th e  coverslip is in place.

•  Take the  cell suspension and m ix using a tran s fe r p ipette . Place 10 |jl o f the  
suspension into both halves o f th e  counting cham bers. I t  is very  im p o rtan t 
th a t cell suspension is w ell m ixed w hen the  sam ple is taken .

• Place h aem o cy to m eter on th e  light m icroscope s tage. Using lO x  objective  
focus on counting cham b er. C ount cells in th e  four corner squares  
(O .lm m ^ ). These contain 16 sm aller squares (Figure 3 1 ) . The cells touching  
the  le ft hand and top  grid m arkings of each square are counted how ever  
those touching the  right and bottom  are  discounted (figure  A 2).

•  Using a counter, the  n u m b er o f cells in each of the  four squares is 
determ in ed . This is to ta lled  and divided by four to give you the  m ean  
n um ber o f cells per 0 .1  |jl. For a m ore accurate  m ean , the  counting process 
can be repeated  tw ice, th e re fo re  giving a m ean from  8 values ra th e r than  4 .

•  Mean value is then  m ultip lied  by 1 0 ,0 0 0  to give you a concentration of 
cells /m l. This can then be used to d e te rm in e  how much of the  's tock ' is 
required to m ake up a solution o f cells th a t will then  be dispensed into a 
culture plate.
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Figure A l .  A schematic of the haemocytometer used {High Content Lab, IMM, 

Trinity College, Dublin)

1 7 7



a)

■? !r! ■ 
■ IB

X  :r:

b)

?

fT
Figure A2. a) Counting grid on haemocytometer. 4 corner squares made up of 16 

smaller squares, b) Cells to be counted in each of the sixteen squares, those 

highlighted in blue are not to be counted {Modified from protocols set by the IHigh 

Content Lab, IMM, Trinity College, Dublin)
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Figure A3. Plate layout for IFN treatment. Concentrations in pg/m l show. Dox= Doxorubicin



6.2.6 Extracting media and Fixing Cells

• Remove plates from  chambers (norm oxic and hypoxic)
• Using sterile p ipette tips, media is aspirated and transferred to sterile 

eppendorf tubes or a new 96 well plate, labelled fo r each cytokine 
concentration and oxygen conditions.

• These p lates/eppendorfs are stored a t 4°C until analysis by the Central 
Pathology Lab, St James's Hospital, Dublin. This was w ith in  12hrs w ith LDH 
levels measured photom etrica lly, using a Cobas-Roche chemical analyzer 
(Cobas Roche, UK). 4°C was chosen as the storage tem perature as previous 
work has shown this to be a stable tem perature  where LDH activ ity  is not 
affected (Starnes 2008).

• To the plates containing cells, 50|jl o f pre warmed 4%  Paraformaldehyde 
(PFA) (stock provided by High Content Lab) is added via sterile p ipette.

• The plates are le ft to s it fo r 15 m inutes.
• The PFA is then aspirated and discarded safely.
• The cells are then washed in 60 |jl o f PBS, which is then aspirated and 

discarded.
• 100|jl o f PBS is then added to each well.
• Plates are sealed w ith Parafilm® M (provided by Therm ofisher Scientific, 

USA), wrapped in foil and stored at 4°C.

6 .2.7 Staining Cells

•  Plates are removed from  4°C fo r staining
• PBS is aspirated and replaced w ith  50pl Triton-X  (1% ) (Sigma Aldrich, USA)
• This is left to stand fo r 5 m inutes
• Triton is then removed and the cells washed w ith PBS twice.
• 50[jl o f Phalloidin stock solution is added to each well. The Hoechst stain can

also be added sim ultaneously or after. Concentrations o f stains and staining 
procedure was as per m anufacturer's protocol.

• Stain is le ft to s it in wells fo r 20-30 min. The plates at th is  stage MUST be
covered in foil as surrounding ligh t may destabilize fluorescent stains.

• Staining solution is then removed and cells washed w ith PBS.
• lOOpI o f PBS is placed in each well and the plate can be taken fo r HCA or

stored a t 4°C (bu t wrapped in foil at all tim es).
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D ear Editor,

Recent studies have shown that the IL-23/IL-17 pathway, which 
is recognised to be involved in pathological conditions such as 
inflammatory bowel disease, may be a novel therapeutic target 
[1,2]. W ith the role of inflammation being well recognised in 
the setting of atherosclerotic disease, acute coronary syndromes 
(ACS) have been associated with an inflammatory response, and 
elevated cytokine levels have been associated w ith an adverse out
come. >

Of late, the novel Interleukin 17 axis has been investigated in 
acute coronary syndromes by Hashmi and Zeng [3] They found sig
nificantly higher levels of expression of IL-17 by sandwich ELISA 
in Chinese patients with myocardial infarction (Ml) and unstable 
angina (UA) when compared to controls (M! 307.42 ±85.33 pg/ml, 
UA 340.30 ±  162.75 pg/ml, controls 257.17 ±  71.36, p  < 0.05).

We have attem pted to investigate this finding in patients 
diagnosed w ith ACS in a large tertiary referral centre. Patients 
studied were due to undergo coronary angiography. Exclusion 
criteria included recent infection, auto-im mune disease, renal fail
ure or haemodialysis, immunosuppressive therapy and history of 
malignancy. IL-17 mRNA expression in peripheral blood leuko
cytes (PBLs) was determined via Rt-PCR in 35 patients w ith ACS 
(24 Ml, 11 UA) and 5 healthy control subjects. Serum IL-17 con
centrations were measured by ELISA (Quantikine assay kit, R&D 
Systems, USA). Clinical data for those studied are oudined in 
Table 1.

If we consider values lower than 15 pg/ml (the lowest detectable 
level recom m ended by the ELISA kit m anufacturer R&D), min
imal serum  levels of IL-17 were detectable in Ml patients 
(9 .44pg/m liS.E.M . 3.65). IL-17 was only detectable in one con
trol subject, w ith levels of 2.447pg/ml. Only one subject had 
levels> 1 5 pg/ml. Interestingly, this was a statin naive Ml patient 
(40.484 pg/ml). In confirmation, no mRNA expression of IL-17 was 
detected in PBLs across all study groups. As a comparison hsCRP 
(high sensitivity C reactive protein) was m easured for all study 
subjects. Mean values are as follows; Ml 28.97 m g /l± 9.23, UA 
4.68 mg/l ±  1.79, Controls 1.38 mg/l ±  0.65, p  < 0.05.

Thus, our results demonstrate that 11-17 is not expressed at sig
nificant levels in ACS, despite contemporaneous hsCRP expression,

in keeping with previous work [4,5], Therefore, IL-17 is unlikely to 
be of any diagnostic or prognostic value when compared to hsCRP. 
This differs from Hashmi and Zeng’s findings and this could reflect 
the use of different ELISA platforms. Secondly, our time scale in 
terms of sampling has been controlled to avoid the acute phase 
in ACS (mean time from symptom onse t= Ml 6.08 (±0.69), UA 6.9 
(±1.06)), whereas the Hashmi and Zeng gathered most subjects 
within 48 h of the index event. Thirdly, statin action has recently 
been shown to suppress IL-17 levels in chronic inflammatory states 
such as multiple sclerosis and this may be the case in acute injury, 
explaining our low detection levels [61. However, the high levels of 
IL-17 within Hashmi’s control subjects suggests that methodologi
cal differences are responsible for their findings. These high levels 
may be explained by samples within their study being spiked (Spike 
and recovery assessment) so that levels of IL-17 were well above the 
detection limit of their assay platform, although this is not indicated 
in their methodology. Of interest, increases in IL-17 have also been 
seen in ACS patients, sampled within 24 h, from the same region 
[7] as that in the Hashmi paper [3]. This does raise the question 
of ethno-geographical variation in IL-17 expression. The concept of 
regional variation may be further supported by the recent finding of 
a lack of association between polymorphisms of another cytokine, 
LTA (lymphotoxin alpha) and ACS risk, where associations were 
noted in the Far East population but not in European populations 
[ 81 .

The IL-17 axis of inflammation is primarily a hallmark of chronic 
inflammation rather than acute injury [9]. We have not confirmed 
any elevated expression of IL-17 in acute coronary syndromes in a 
Caucasian population.

Table 1
Clinical characteristics of study groups. Mean values are presented w ith the S.E.M.' 
(standard error mean).

Controls 
n = 5

Unstable angina 
n = l l

Myocardial infarction 
n= 24

Age 49 (±3.03) 52.6 (±3.17) 57 (±2.33)
Sex(M/F) 4/1 8/3 18/6
Days since diagnosis N/A 6.9 (±1.05) 5.08 (±0.69)
Smokers Nil 3 7
Diabetes Nil 4 2
BMI 2 3 7  (±1.14) 27.3 (±1.14) 27.28 (±1.19)

0021 -9150/$ -  see front m atter © 2008 Elsevier Ireland Ltd. All rights reserved, 
doi: 10.1016/j.atherosclerosis.2008.11.022
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KEYWORDS Abstract Inflammation is an important element in the development and destabilization of
Acute coronary syndrome; atherosclerotic plaque. Using a high sensitivity multiplex assay, previously untested in the context of
Cytokines; atherosclerotic disease, we determined serum concentrations of GM-CSF, IFN7 , IL-11̂ , IL-2, IL-10, IL-
Serum; 12p70, TNF a, IL-6 , and IL- 8  in 48 Myocardial Infarction (Ml) patients, 14 Unstable Angina (UA) patients
Interferon and 12 healthy controls. IFN7  levels were significantly higher in Ml compared to UA (p=0.0091) and

Control groups (p=0.0014). IL-10 also showed higher expression levels between Ml, UA groups and 
Controls (p=0.0299).This up-regulation may reflect the extent of plaque instability and/or rupture in 
Ml patients.Our observations provide evidence that IFN7  and IL-10 merit further investigation in 
atherosclerotic disease states as potential markers of disease and therapeutic targets.
© 2009 Elsevier Inc. All rights reserved.

Introduction

The role of inflam m ation in atherosclerosis is w ell recognised. 
T-lymphocytes have been detec ted  in unstable a th ero 
sclerotic plaques, suggesting tha t T-cell activation is im por
tan t in the  initiation and destabilization of these plaques, 
w ith  unstable plaque previously being shown to have a 1 0 -fold  
increase in T-cell content by quantitative PGR [1]. The 
progression of plaque to a chronic state and its potential to

* Corresponding author. Fax: +353 1 454 2043. 
E-mail address: kpatel@tcd.ie (K.D. Patel).

rupture is also characterized by an elaborate pathology 
associated w ith  cytokine activation, endothelial and smooth 
muscle cell (SMC) activation and lipid oxidation [2]. This 
activation thus makes atherosclerotic plaque vulnerable to  
rupture, contributing to  a local and systemic inflam m atory  
reaction in Acute Coronary Syndromes (ACS) [3 ,4 ].

Being involved in plaque developm ent, cytokine activa
tion may be a key player in plaque susceptibility to rupture. 
Currently, the inflam m atory marker, C-reactive protein (CRP) 
has been established as a prognostic indicator for those 
diagnosed under the umbrella of ACS, and various cytokines, 
such as Interleukin 6  (IL-6 ) have been shown to be elevated, 
and are associated with an adverse prognosis [5 -7 ] .  This

1521-6616/$ - see front m atter €> 2009 Elsevier Inc. All rights reserved. 
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indicates ttia t cytokines involved in plaque pathology are a 
fu ture therapeutic target in ACS [8 ,9 ],

Recent studies have suggested a correlation betv/een 11-17 
and IFN-y, whereby IL-17 may promote IFN7  production in an 
atherosclerotic disease state [10]. We have previously 
demonstrated that IL-17 is not present at reliable levels in 
patients diagnosed with ACS, even in the presence of 
elevated  hsCRP, a recognised atherosclerotic biomarker 
[11], Several studies have focused on cytokine levels in 
ACS, in particular on TNF alpha, IL-6 , and IL- 8  [12 -15 ], 
However, there are few  data relating to GM-CSF, IL-1 |-s, IL-10, 
and IL-12p70 in patient based models. In addition, most 
studies looking at 11-17, IFN7  and other cytokines commonly 
related to atherosclerosis have used conventional ELISA kits. 
Results published are often at detection levels below the 
stated manufacturer's sensitivity levels.

We aimed to investigate the release of a panel of IFN7  and 
related cytokines in ACS, using a novel multiplex platform. 
These analyses are carried out to a greater degree of 
sensitivity than h itherto  possible, using the Mesoscale 
Discovery (MSD) p latform . This technology uses a combina
tion of electrochem ilum inescence (ECL) detection  and 
patterned arrays of antibodies, offering greater sensitivity 
than ELISA based assays, which have traditionally been used 
in studies of cytokines in ACS.

Methods 

Patient selection

The study group comprised of 74 subjects, 48 patients with a 
Myocardial Infarction (M l), 14 patients diagnosed with  
Unstable Angina (UA) and 12 healthy controls w ith no history 
of cardiovascular disease. The study population was consecu
tively selected, all showing clinical and electrocardiographic 
signs of acute coronary syndrome with indications for coronary 
angiography. All patients were being treated w ith  Aspirin, a 
statin and a beta-blocker. Myocardial Infarction was defined by 
a rise in troponin >0.01 ng/m l, and Unstable Angina as an acute 
coronary syndrome without an enzyme rise. Exclusion criteria  
included recent in fection , chronic in fla m m a to ry /a u to 
immune disease, renal failure or haemodialysis, immunosup
pressive therapy and history of malignancy.

Venous blood samples were obtained on admission prior to 
angiography. Inform ed consent was obtained from  all 
subjects. Clinical referral forms and the study protocol 
were approved by the St James's Hospital ethics com m ittee.

Serum isolation and cytokine analysis

Blood samples w ere im m ediately centrifuged a t 1500 rpm for 
10 min. Serum was separated and stored at - 8 0  °C until 
further analysis.

Cytokine serum concentrations were determined via a multi
array, sandwich immunoassay kit (Meso Scale Discovery AASD®, 
Maryland, USA) according to the manufacturer's instructions. 
Detection lower limits of IL-10, IL12p70, IL I-beta, IL-2, IL-6 , IL- 
8 , GM-CSF, TNFa and IFN7  were 0.292, 2.12, 0.199, 0.314, 
0.595, 0.114, 0.317, 0.644 and 0.225 pg/m l respectively.

As a substudy, hsCRP was measured in 40 consecutive sub
jects including the control population (24MI, 11 UA, 5 Controls).

Statistical analysis

Comparison of study populations was performed using non- 
param etric Wilcoxon/Kruskal-Wallis rank sum tests. Regres
sion analysis was done to correct for age and sex. The JMP 
statistical package (SAS software. North Carolina, USA) was 
used. A p va lue<0.05  was regarded as significant.

Results 

Clinical data

There was no difference in age or sex ratio or other risk 
factors between patients w ith  Ml or UA (Table 1). The tim e  
since diagnosis in the patient groups was comparable with a 
mean length of tim e of 6  (±0 .97) days for the UA group, as 
opposed to 5.9 (±0 .42 ) days for the Ml group (Table 1). 
Atorvastatin was the predominant statin that was prescribed 
to both patient groups.

Cytokine concentration in serum

Significant differences in serum concentration between the 
three study groups w ere noted for measures of IFN7  

(p = 0 .0009) and IL-10 (p = 0.0114) (Table 2). Regression 
analysis, correcting for the effects of age and sex, supported 
the e ffe c t of IFN'y (p = 0.0358) and IL-10 (p=0.0269). No 
statistically significant differences w ere noted in other 
cytokine levels, in particular IL-6 , IL- 8  and TNFa.

IFN7 expression vs study group

Comparing the three study groups. Controls, Unstable Angina 
and Myocardial Infarction, significant differences in IFN7  

expression w ere noted between the Ml and Control groups

Table 1 Baseline characteristics of study patients.

Controls 
(n = 1 2 )

Unstable 
Angina 
(n = 14)

Myocardial
Infarction
(n=48)

Age, meantS.E.M 48t2 .03 64t2.61 631 1.82
Sex (M /F) 8 /4 10/4 36/12
Days since diagnosis, N/A 6 t0 .9 7 5 .9 t0 .42

meantS.E.M
Diabetes mellitus Nil 4(29%) 5 (36%)
Active smoker Nil 5(36%) 15 (31%)
Ex smoker Nil 6  (43%) 21 (44%)
Non smoker Nil 3 (21%) 12 (25%)
BMI, meantS.E.M 26.51t 1.99 28.45 ±1.46 27.86 t0 .76

Recorded statin on admission
Atorvastatin Nil 11 39
Pravastatin Nil 0 2

Rosuvastatin Nil 2 4
Simvastatin Nil 1 3

Values are n (%) unless otherwise indicated. S.E.M. indicates 
Standard Error Mean; BMI, Body Mass Index.
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Table 2 Median cytokine levels per study group (pg/m l).

Cytokine Study group Wilcoxon/1 way test p

Ml (48) UA (14) Control (12)

GM-CSF 0.49 (0.0-23.36) 0.39 (0.0 2.37) 0.39 (0.0-311.82) 0.7833
IL-1|^ 0.54 (0 .0 -2 .64) 0.40 (0.15-1 .33) 0.49 (0.0-1 .08) 0.2546
IL-2 0.82 (0.0-21.90) 0.99 (0 .0 -9 .70) 0 . 0  (0.0-1 .62) 0.3346
IL-10 10.54 (5.33 36.00) 8.56 (4.97-12.39) 8.11 (4.84-12.05) 0.0114
TNF alpha 1.27 (0.0-45.99) 0.89 (0.0 -4 .99 ) 1.35 (0.77-4.52) 0.3789
IL- 6 1.87 (0.66-120.78) 1.27 (0.71-15.26) 1.22 (0.63-353.30) 0.0509
IL- 8 12.56 (4.41-58.68) 12.91 (6.59-31.56) 11.42 (6.13-17.73) 0.6876
IFN gamma 3.48 (0.67-27.82) 1.87 (0.75-12.07) 1.94 (0.79-7.43) 0.0009
IL12p70 2.63 (0.0-105.72) 5.898 (0.0-39.48) 4.39 (0.0-904.43) 0.2064

Ranges given with p values according to the Wilcoxon/1 way test (p<0.05 is taken as significant). IFN gamma and IL-10 are shown here to 
have a significant difference between expression in the three study groups.

(p = 0.0014) and the Ml and UA groups (p=0.0091) (Fig. 1). No 
difference was noted betv/een the Controls and the UA 
population for IFN7  or any other cytokine.

IL-10 expression vs study group

IL-10 expression v^as found to be significantly higher in Ml 
than Control groups (p=0.0147) and in Ml compared to UA 
groups (p=0.0299) (Fig. 2). No difference was found between  
the Controls and the UA population.

hsCRP substudy

As a substudy, hsCRP levels were measured in 40 consecu
tively selected subjects from the study pool. These w ere  
then compared to IFN7  expression in these subjects. The 
median level of hsCRP was 3.66 m g/m l (0 .0 -1 7 1 .0 0 ). Linear 
regression analysis showed a significant correlation between  
hsCRP levels and IFN-y levels (r^ = 0.611, p<0.0(X)1) (Fig. 3).

IFN gamma vs Diagnosis

P = 0.0014
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Control Unstable Angina Myocardial Infarction

Diagnosis

Figure 1 IFN gamma serum concentration in Control, Unstable 
Angina and Myocardial Infarction patient groups. Medians and 
interquartile ranges are marked. P  values correspond to 
comparisons made using the Wilcoxon/Kruskal Wallis test.

Discussion

We used a novel m ultiplex platform to demonstrate tha t IFN'y 
and IL-10 w ere expressed at significantly higher levels in the  
serum of patients w ith Ml compared to UA. It remains unclear 
w hether the source of such cytokine expression is ischemic 
tissue or atherosclerotic plaque. Currently, IL- 8  expression 
has been investigated in this context, showing varied levels 
of expression when comparing stable angina to ACS [16]. 
However, there are few  data with regard to IFN7 . Impor
tantly, rat models have shown no significant change in mRNA 
expression of IFN7  in ischemic myocardium [17]. In clinical 
models, such as that of ischemia/reperfusion injury during 
CABG (coronary artery bypass grafting) procedures, no rise in 
IFN7  has been observed [18].

IFN-y has been shown to  exert its inflam m atory effects via 
paracrine and autocrine pathways thus causing local inflam 
mation as it  occurs at the plaque site [19]. It has been

IL 10 vs Diagnosis
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Figure 2 IL-10 serum concentration in Control, Unstable
Angina and Myocardial Infarction patient groups. Medians and 
interquartile ranges are marked. P  values correspond to 
comparisons made using the Wilcoxon/Kruskal-Wallis test.
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Figure 3 IFN gamma serum concentration compared to hsCRP 
serum concentration in a substudy of 40 randomly selected 
patients.

recognised that IFN7  plays a key role in foam cell formation 
and plaque development [20]. We thus propose that the 
differences in our results may be due to the extent of plaque 
rupture across the spectrum of ACS from UA to Ml. In light of 
recent studies, this is unlikely to  be associated with the 
suggested interaction between IL-17 and IFN7 , as our 
previous work has shown IL-17 to be upregulated in only 
one statin naive patient post Ml, as compared to a stable CAD 
cohort, investigated for IL-17 and IFN-y expression [10,11].

There is increasing evidence that IFN-y causes local 
inflammation in the atherosclerotic plaque and in particular 
those that progress more towards instability [21]. The thin 
fibrous cap of an atherosclerotic plaque is weakened by IFN7  

action on collagen production in smooth muscle cells and is 
thus, more likely to rupture [22], This is further supported by 
IFN7  being detected at mRNA level in carotid endarterect- 
omy plaque [23].

IL-10 is an anti-inflam m atory and immunoregulatory 
cytokine [24]. It has been noted to modulate the morphology 
of IFN7  stimulated macrophages and IFN7  production [25]. 
This may explain the similar distribution across our study to 
IFN-y. Mouse models provide evidence that IL-10 improves 
cardiac protection and healing post Ml whilst having an 
inhibitory effect on TNFa and IFN-y [26,27]. Further, gene 
expression Induced by IFN7  is Inhibited by IL-10 via signal 
transducer and activator of transcription (STAT) pathways 
[12], Macrophage accumulation is characteristic of the 
vulnerable plaque and IL-10 has been shown to be present 
in significant amounts as the instability of plaque increases, 
lending weight to the hypothesis that both this and IFN-y 
originate at plaque rather than ischemic tissue [28,29].

C-reactive protein is an established marker of cardio
vascular disease. It is a proven marker of Increased mortality 
risk in those diagnosed with ACS [7,30]. We have thus 
demonstrated that IFN-y expression in the serum correlates 
significantly with hsCRP levels in ACS, In a strong linear 
relationship. Atherosclerotic plaque progression In both 
A p o E -/-  KO mice and AAA (abdominal aortic aneurysm) de

velopment has been shown to be dependent on IFN7 , and 
thus IFN-y may also be an indicator of plaque instability 
[31,32],

Our results document no significant difference between 
study groups in relation to the expression of IL-6 , IL- 8  and 
TNFa in serum. IL- 8  has been previously suggested to be a 
predictor of unstable coronary disease, however we saw no 
significant difference in levels between controls and patients 
diagnosed with acute coronary syndrome [33,34], Both IL- 6  

and IL- 8  have been investigated thoroughly with respect to 
myocyte loss, with IL- 6  levels increasing with extent of 
damage in Ml patients, but it has been suggested that the 
source of IL- 6  may be atherosclerotic plaque [15,35]. 
However, the dynamic release of both IL- 6  and TNFa peak 
and fall in serum expression during the first 1 2  h after 
diagnosis of an Ml [36]. In addition, our patients were 
established on high-dose statin therapy prior to sampling. 
TNFa levels and certain polymorphisms of the TNFA gene are 
associated with ACS risk and serum levels themselves, may 
Increase over a long period of tim e acting as a predictor of 
disease risk [37]. In murine models of myocardial ischaemia, 
TNFa is expressed consistently at a higher level compared to 
controls but over a long period of time since the initial event, 
possibly explaining why levels are not significantly high in our 
results, which are based on a group sampled at a mean of 
6  days [38,39]. We also used a novel multiplex platform, 
which has not been used in the analysis of these cytokines in 
terms of ACS. This platform has been tested and shown to be 
highly sensitive and may thus provide greater resolution at 
lower expression levels compared to conventional ELISAs 
[40]. In our study detection lower limits were less than 
0.7  pg/m l for all cytokines, allowing the detection of subtle 
differences that may have been missed by prior ELISA 
analyses. By observing 9 cytokines simultaneously at this 
high sensitivity, any subtle change in expression may be due 
to a general inflammatory response to an acute event. 
However this effect was limited to a subset of two cytokines, 
suggesting a pathway specific response consistent with 
either focal plaque response or focal infarct healing.

It has been demonstrated that cytokine production 
varies with age profiles and is likely to increase in the 
elderly population [41,42]. Our controls were not as closely 
matched to our study groups as we had wished, thus 
providing a variable which we would like to control in 
future studies. However the UA and Ml groups are well age 
matched; and the differences between these groups cannot 
be explained by age.

Thus, In conclusion, the present study provides further 
evidence that IFN-y and IL-10 are elevated in ACS, and may 
contribute to the progression of atherosclerotic plaque and/ 
or eventual plaque instability and rupture. These findings 
offer evidence of the need for further investigation of the 
role of cytokines in ACS as potential diagnostic tools and 
potential therapeutic targets.

Acknowledgments

This work was supported by the Royal City Of Dublin Hospital 
Trust, We thank the technical and support staff of both St 
James's Hospital, Dublin and the Institute of Molecular 
Medicine, Trinity College, Dublin, We would also like to



High sensitivity cytokine detection in ACS reveals up-regulation of IFN-y and IL post Ml 255

thank Drs Ricardo Segurado and Greg Byrne for their 
contribution. Drs Anthony W Ryan and Ross McManus 
acknowledge funding from the Health Research Board, 
Ireland and Science Foundation Ireland.

References

[1] R. De Palma, F. Del Galdo, G. Abbate, M. Chiariello, R. Calabro, 
L. Forte, G. Cimmino, M.R Papa, M.G. Russo, G. Ambrosio, C. 
Giombolini, I. Tritto, 5. Notaristefano, L. Berrino, F. Rossi, R 
Golino, Patients with acute coronary syndrome show oligoclo- 
nal T-cell recruitment within unstable plaque: evidence for a 
local, intracoronary immunologic mechanism. Circulation 113 
(2006) 640-646.

[2] RE. Szmitko, C.H. Wang, R.D. Weisel, J.R. de Almeida, T.J. 
Anderson, S. Verma, New markers of inflammation and endothe
lial cell activation: Part I, Circulation 108 (2003) 1917-1923.

[3] A. Buffon, L.M. Biasucci, G. Liuzzo, G. D'Onofrio, F Crea, A. 
Maseri, Widespread coronary inflammation in unstable angina, 
N. Engl. J. Med. 347 (2002) 5-12.

[4] R Libby, Molecular bases of the acute coronary syndromes. 
Circulation 91 (1995) 2844-2850.

[5] L.M. Biasucci, G. Liuzzo, G. Fantuzzi, G. Caligiuri, A.G. 
Rebuzzi, F Ginnetti, C.A. Dinarello, A. Maseri, increasing levels 
of interleukin (IL)-IRa and IL-6 during the first 2 days of 
hospitalization in unstable angina are associated with 
increased risk of in-hospital coronary events. Circulation 99 
(1999)2079-2084.

[6] L.M. Biasucci, A. Vitelli, G. Liuzzo, S. Altamura, G. Caligiuri, C. 
Monaco, A.G. Rebuzzi, G. Ciliberto, A. Maseri, Elevated levels of 
interleukin-6 in unstable angina. Circulation 94 (1996) 874-877.

[7] D.A. Morrow, N. Rifai, E.M. Antman, D.L. Weiner, C.H. McCabe,
C.R Cannon, E. Braunwald, C-reactive protein is a potent 
predictor of mortality independently of and in combination 
with troponin T in acute coronary syndromes: a TIMI 11A 
substudy. Thrombolysis in myocardial infarction, J. Am. Coll. 
Cardiol. 31 (1998) 1460-1465.

[8] A. Rezaie-Majd, T. Maca, R.A. Bucek, R Valent, M.R. Muller, R 
Husslein, A. Kashanipour, E. Minar, M. Baghestanian, Simvasta
tin reduces expression of cytokines interleukin-6, interleukin- 
8, and monocyte chemoattractant protein-1 in circulating 
monocytes from hypercholesterolemic patients, Arterioscler 
Thromb. Vase. Biol. 22 (2002) 1194-1199.

[9] T. Waehre, A. Yndestad, C. Smith, T. Haug, S.H. Tunheim, L. 
Gullestad, S.S. Froland, A.G. Semb, R Aukrust, J.K. Damas, 
Increased expression of interleukin-1 in coronary artery disease 
with downregulatory effects of HMG-CoA reductase inhibitors, 
Circulation 109 (2004) 1966-1972.

[10] R.E. Eid, D.A. Rao, J. Zhou, S.F Lo, H. Ranjbaran, A. Gallo, S.I. 
Sokol, 5. Pfau, J.S. Pober, G. Tellides, Interleukin-17 and 
interferon-{gamma} are produced concomitantly by human 
coronary artery-infiltrating T cells and act synergistically on 
vascular smooth muscle cells, Circulation 119 (2009) 1424-1432.

[11] K.D. Patel, R.T. Murphy, M. White, D. Gasparro, D.R Kelleher, T. 
Ryan, R. McManus, A.W. Ryan, Interleukin 17: an unlikely 
marker of acute coronary syndrome? Atherosclerosis 205 (2009) 
33-34.

[12] Y. Abe, M. Kawakami, M. Kuroki, T. Yamamoto, M. Fujii, H. 
Kobayashi, T. Yaginuma, A. Kashii, M. Saito, K. Matsushima, 
Transient rise in serum interleukin-8 concentration during 
acute myocardial infarction, Br. Heart J. 70 (1993) 132-134.

[13] S.A. Huber, R Sakkinen, D. Conze, N. Hardin, R. Tracy, 
Interleukin-6 exacerbates early atherosclerosis in mice, Arter
ioscler Thromb. Vase. Biol. 19 (1999) 2364-2367.

[14] A. Mazzone, S. De Servi, M. Vezzoli, G. Fossati, I. Mazzucchelli,
D. Gritti, E. Ottini, A. Mussini, G. Specchia, Plasma levels of 
interleukin 2, 6, 10 and phenotypic characterization of

circulating T lymphocytes in ischemic heart disease, Athero
sclerosis 145(1999)369-374.

[15] G. Pannitteri, B. Marino, RR Campa, R. Martucci, U. Testa, C. 
Peschle, Interleukins 6 and 8 as mediators of acute phase 
response in acute myocardial infarction. Am. J. Cardiol. 80 
(1997) 622-625.

[16] J. Wang, S. Zhang, Y. Jin, G. Qin, L. Yu, J. Zhang, Elevated 
levels of platelet-monocyte aggregates and related circulating 
biomarkers in patients with acute coronary syndrome. Int. J. 
Cardiol. 115 (2007) 361-365.

[17] A. Herskowitz, S. Choi, A.A. Ansari, S. Wesselingh, Cytokine 
mRNA expression in postischemic/reperfused myocardium. Am. 
J. Pathol. 146(1995)419-428.

[18] M. Sharma, N.K. Ganguly, G. Chaturvedi, S.K. Thingnam, 5. 
Majumdar, R.K. Suri, Release of pro-inflammatory mediators 
during myocardial ischemia/reperfusion in coronary artery 
bypass graft surgery. Mol. Cell. Biochem. 247 (2003) 23-30.

[19] H.A. Young, K.J. Hardy, Role of interferon-gamma in immune 
cell regulation, J. Leukoc. Biol. 58 (1995) 373-381.

[20] J.E. McLaren, D.R Ramji, Interferon gamma: a master regulator of 
atherosclerosis. Cytokine Growth Factor Rev 20 (2009) 125-135.

[21] H. Yamashita, K. Shimada, E. Seki, H. Mokuno, H. Daida, 
Concentrations of interleukins, interferon, and C-reactive 
protein in stable and unstable angina pectoris, Am. J. Cardiol. 
91 (2003) 133-136.

[22] C. Buono, C.E. Come, G. Stavrakis, G.F Maguire, RW. Connelly, 
A.H. Lichtman, Influence of interferon-gamma on the extent 
and phenotype of diet-induced atherosclerosis in the LDLR- 
deficient mouse, Arterioscler Thromb. Vase. Biol. 23 (2003) 
454-460.

[23] J. Frostegard, A.K. Ulfgren, R Nyberg, U. Hedin, J. Sweden
borg, U. Andersson, G.K. Hansson, Cytokine expression in 
advanced human atherosclerotic plaques: dominance of pro- 
inflammatory (Thi) and macrophage-stimulating cytokines, 
Atherosclerosis 145 (1999) 33-43.

[24] K.W. Moore, R. de Waal Malefyt, R.L. Coffman, A. O'Garra, 
Interleukin-10 and the interleukin-10 receptor, Annu. Rev 
Immunol. 19 (2001) 683-765.

[25] D.F Fiorentino, A. Zlotnik, R Vieira, T.R. Mosmann, M. Howard, 
K.W. Moore, A. O'Garra, IL-10 acts on the antigen-presenting 
cell to inhibit cytokine production by Thi cells, J. Immunol. 146 
(1991) 3444-3451.

[26] J.S. Burchfield, M. Iwasaki, M. Koyanagi, C. Urbich, N. 
Rosenthal, A.M. Zeiher, S. Dimmeler, Interleukin-10 from 
transplanted bone marrow mononuclear cells contributes to 
cardiac protection after myocardial infarction, Circ. Res. 103 
(2008)203-211.

[27] A. Marehant, C. Bruyns, R Vandenabeele, M. Duearme, C. 
Gerard, A. Delvaux, D. De Groote, D. Abramowicz, T. Velu, M. 
Goldman, Interleukin-10 controls interferon-gamma and tumor 
necrosis factor production during experimental endotoxemia, 
Eur J. Immunol. 24 (1994) 1167-1171.

[28] Z. Mallat, C. Heymes, J. Ohan, E. Faggin, G. Leseche, A. Tedgui, 
Expression of interleukin-10 in advanced human atherosclerotic 
plaques: relation to inducible nitric oxide synthase expression and 
cell death, Arterioscler Thromb. Vase. Biol. 19 (1999) 611-616.

[29] K. Nishihira, T. Imamura, A. Yamashita, K. Hatakeyama, Y. 
Shibata, Y. Nagatomo, H. Date, T. Kita, T. Eto, Y. Asada, 
Increased expression of interleukin-10 in unstable plaque 
obtained by directional coronary atherectomy, Eur Heart J. 
27 (2006) 1685-1689.

[30] G. Liuzzo, L.M. Biasucci, J.R. Gallimore, R.L. Grillo, A.G. 
Rebuzzi, M.B. Pepys, A. Maseri, The prognostic value of C- 
reactive protein and serum amyloid a protein in severe unstable 
angina, N. Engl. J. Med. 331 (1994) 417-424.

[31] S.C. Whitman, R Ravisankar, H. Elam, A. Daugherty, Exogenous 
interferon-gamma enhances atherosclerosis in apolipoprotein 
E - / -  mice. Am. J. Pathol. 157 (2000) 1819-1824.



256 K.D. Patel et al.

[32] W. Xiong, Y. Zhao, A. Prall, T.C. Greiner, B.T. Baxter, Key roles of 
CD4+ Tcells and IFN-gamma in the development of abdominal 
aortic aneurysms in a murine model, J. Immunol. 172 (2004) 
2607-2612.

[33] S.M. Boekholdt, R.J. Peters, C.E. Hack, N.E. Day, R. Luben, S.A. 
Bingham, N.J. Wareham, P.H. Reitsma, K.T. Khaw, lL-8 plasma 
concentrations and the risk of future coronary artery disease in 
apparently healthy men and women: the EPlC-Norfolk prospec
tive population study, Arterioscler. Thromb. Vase. Biol. 24 
(2004)1503-1508.

[34] E. Romuk, B. Skrzep-Poloczek, C. Wojciechowska, A. Tomasik, 
E. Birkner, J. Wodniecki, B. Gabrylewicz, A. Ochala, M. Tendera, 
Selectin-P and interleukin-8 plasma levels in coronary heart 
disease patients, Eur. J. Clin. Invest. 32 (2002) 657-661.

[35] E.N. Deliargyris, R.J. Raymond, T.C. Theoharides, W.S. Bou
cher, D.A. Tate, G.J. Dehmer, Sites of interleukin-6 release in 
patients with acute coronary syndromes and in patients with 
congestive heart failure. Am. J. Cardiol. 86 (2000) 913-918.

[36] M. Debrunner, E. Schuiki, E. Minder, E. Straumann, B. Naegeli, 
R. Mury, 0. Bertel, J. Frielingsdorf, Proinflammatory cytokines 
in acute myocardial infarction v/ith and v^thout cardiogenic 
shock, Clin. Res. Cardiol. 97 (2008) 298-305.

[37] A.M. Bennet, M.C. van Maarle, J. Hallqvist, R. Morgenstern, J. 
Frostegard, B. Wiman, J.A. Prince, U. de Faire, Association of

TNF-alpha serum levels and TNFA promoter polymorphisms with 
risk of myocardial infarction. Atherosclerosis 187 (2006) 
408-414.

[38] M.W. Irwin, S. Mak, D.L. Mann, R. Qu, J.M. Penninger, A. Yan, R 
Dawood, W.H. Wen, Z. Shou, P Liu, Tissue expression and 
immunolocalization of tumor necrosis factor-alpha in post
infarction dysfunctional myocardium, Circulation 99 (1999) 
1492-1498.

[39] M. Jacobs, S. Staufenberger, U. Gergs, K. Meuter, K. Brandstatter, 
M. Hafner, G. Ertl, W. Schorb, Tumor necrosis factor-alpha at 
acute myocardial infarction in rats and effects on cardiac 
fibroblasts, J. Mol. Cell. Cardiol. 31 (1999) 1949-1959.

[40] G. Toedter, K. Hayden, C. Wagner, C. Brodmerkel, Simultaneous 
detection of eight analytes in human serum by two commer
cially available platforms for multiplex cytokine analysis, Clin. 
Vaccine Immunol. 15 (2008) 42-48.

[41] U. Fagiolo, A. Cossarizza, E. Scala, E. Fanales-Belasio, C. 
Ortolani, E. Cozzi, D. Monti, C. Franceschi, R. Paganelli, 
Increased cytokine production in mononuclear cells of healthy 
elderly people, Eur. J. Immunol. 23 (1993) 2375-2378.

[42] L. O'Mahony, J. Holland, J. Jackson, C. Feighery, T.P. Hennessy, 
K. Mealy, Quantitative intracellular cytokine measurement: 
age-related changes in proinflammatory cytokine production, 
Clin. Exp. Immunol. 113 (1998) 213-219.


