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SUMMARY 

Coronary Heart Disease (CHD) is one of the leading killers of human beings in 

Pakistan. Outcome of complex diseases like CHD is determined by interaction 

between multiple factors including the genetic factors, most importantly. To 

scrutinize the association of various genetic polymorphisms [rs7025486(A/G), 

rs1333049(G/C), rs6922269(G/A), rs2943634(C/A), rs599839(A/G), 

rs17465637(C/A), rs501120(C/T) and rs17228212(C/T)] with the risk of CHD in 

Pakistani population, the present investigation was designed. Although these genetic 

variants have been already explored for their association with CHD in European 

populations, the unique architecture and genetic composition of Pakistani population 

warrant an independent trial in this population. Samples for patients were collected 

from different hospitals in Lahore and Gujranwala. Samples for controls were 

randomly collected from various Government and private institutes and hospitals. A 

detailed questionnaire was administered for acquisition of desired information and 

for taking informed consent. A total of 645 samples (435 cases and 210 controls) 

were collected out of which 6% were excluded based on positive screening for 

Hepatitis B, Hepatitis C or HIV. The remaining 606 samples (403 cases and 203 

controls) were utilized for biochemical (lipid profile) and genetic analysis. Results 

for the lipid profiling imply that the levels of various lipoproteins and triglycerides 

were impaired in a higher percentage of cases as compared to controls pointing 

towards an association between dyslipidaemia and the atherosclerosis which 

underlies CHD. Findings of the present exploration pertaining to the genetic 

polymorphisms indicate that for rs7025486(A/G), increased risk of CHD was on 

margin level in GA carriers (Odds ratio: 1.72; 95% Confidence interval: 1.223-

2.428) and frequency of risk allele [A] was higher in cases as compared to controls 

(Cases: 0.45; Controls: 0.41). For rs1333049(G/C), those carrying CC genotype were 

at margin of increased risk for CHD (Odds ratio: 1.65; 95% Confidence interval: 

1.096-2.476). Carriers of GC were experienced to be at risk margin of CHD only in 

men (Odds ratio: 1.18; 95% Confidence interval: 0.805-1.730) and in the combined 

data analysis (Odds ratio: 1.12; 95% Confidence interval: 0.800-1.571). The 

frequency of risk allele [C] was observed as being elevated in case subjects than 
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controls (Cases: 0.55; Controls: 0.45). For rs6922269(G/A), elevated risk of CHD 

was at margin level in bearers of AA genotype (Odds ratio: 1.36; 95% Confidence 

interval: 0.523-3.523). In addition, those possessing GA genotype were also found to 

be at risk margin of CHD (Odds ratio: 1.76; 95% Confidence interval: 1.183-2.630). 

Besides, frequency of risk allele [A] was comparatively raised in case subjects 

(Cases: 0.20; Controls; 0.13). Results pertinent to rs2943634(C/A) indicate that 

carriers of CC were at increased risk margin of CHD (Odds ratio: 1.53; 95% 

Confidence interval: 1.058-2.221) and that, the risk allele frequency [C] was lower in 

controls than in cases (Cases: 0.87; Controls; 0.80). With regards to rs599839(A/G), 

increased risk margin of CHD was experienced  in AA carriers (Odds ratio: 1.72; 

95% Confidence interval: 1.156-2.566) and the risk allele frequency [A] observed a 

decrease in controls as compared to cases (Cases: 0.90; Controls; 0.84). As far as 

rs17465637(C/A) is concerned, vulnerability to CHD was revealed to be at margin 

level in CC carriers (Odds ratio: 1.40; 95% Confidence interval: 0.993-1.961). This 

observation stayed the same when the data was analyzed for MI patients only (Odds 

ratio: 1.68; 95% Confidence interval: 1.163-2.442) In addition, only the female AA 

carriers were divulged to be at an increased risk margin of CHD (Odds ratio: 1.13; 

95% Confidence interval: 0.367-3.471). Further, frequency of the risk allele [C] was 

higher in case subjects than in control subjects (Cases: 0.65; Controls; 0.60). In 

relation to rs501120(C/T), TT genotype carriers were found to be at elevated risk 

margin of CHD (Odds ratio: 1.29; 95% Confidence interval: 0.917-1.816). Besides, 

CT carriers were also at margin of increased risk of CHD (Odds ratio: 1.05; 95% 

Confidence interval: 0.750-1.484). Furthermore, cases experienced a comparatively 

increased frequency of the risk allele [T] (Cases: 0.68; Controls; 0.61). For 

rs17228212(C/T), frequency of the CT carriers was extremely low (< 5 %) in our 

sample population and CC carriers were completely absent implying that the results 

were of little potential significance keeping in view the low frequency of C allele. 

Besides the genetic analysis of CHD patients, some of the experiments included here 

pertinent to dynamics of nuclear calcium in isolated cardiomyocytes were conducted 

as part of a project entitled "Nuclear Calcium and Gene Regulation in the Remodeled 

Heart" which aimed at investigating the role of nuclear calcium in cardiac 

remodeling and pursuing it as a therapeutic approach. The results highlight that 
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nuclear calcium transient manifests a slower release time but a similar uptake time 

when compared with cytoplasmic calcium. Independent release of nuclear calcium 

was also observed. Addition of 2-APB, a blocker of IP3 receptor mediated calcium 

release, lead to a decrease in the amplitude of calcium transient in the cytoplasm but 

not in the nucleus at both 1 and 2 Hz. No effect of the drug could be ascertained on 

calcium release or reuptake time. Furthermore, 2-APB caused a shortening of the 

calcium transient in both nucleus and cytoplasm of isolated cardiomyocytes. 

Isolation of adult mouse ventricular cardiomyocytes done as a part of the work on 

mice expressing VSFP2.3 targeted at the investigation of this protein as an 

optogenetic tool for studying cardiac activity is also a part of the present research. 

The findings relevant to this research indicate that genetic polymorphisms play a 

significant role in modifying the risk of CHD and that, modulation of nuclear 

calcium can be pursued as an effective target for attenuation of cardiac remodeling 

which is associated with CHD. 
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Chapter 1 

INTRODUCTION 

Coronary Heart Disease (CHD) 

Coronary Heart Disease (CHD) is a chronic condition related to atherosclerosis that 

is caused by deposition of lipid and fibrous matrix in the walls of coronary arteries 

leading to atheromatous plaque formation (Bauters, 2008). This degenerative 

condition may remain silent for years or manifest as angina pectoris, myocardial 

infarction and/or sudden death, all of which are the results of development and 

instability of atherosclerotic plaques, involving contribution of inflammatory 

processes, oxidative stress and endothelial dysfunction (Libby and Theroux, 2005). 

Manifestations of CHD may be acute or chronic. Acute coronary syndrome (ACS) 

results from rapid progression of disease with accompanying complications while 

stable coronary artery disease (SCAD) is represented in patients with the disease at a 

preclinical stage or in patients with stable symptoms (Theroux, 2005). 

Atheromatous plaques are asymmetric focal thickenings of the innermost layer of the 

artery, the intima and consist of blood-borne inflammatory and immune cells, 

vascular endothelial and smooth-muscle cells, connective-tissue elements, lipids, and 

debris (Stary et al., 1995). Acute coronary syndromes may result from coronary 

spasm but the major culprit is the formation of an occluding thrombus on the surface 

of the plaque, the underlying cause being plaque rupture and endothelial erosion. 

Ruptures lead to the production of numerous inflammatory molecules and proteolytic 

enzymes transforming the stable plaque into a vulnerable, unstable structure that, at 

any point of time, can rupture, induce a thrombus, and elicit an acute coronary 

syndrome (Hansson, 2005).  

Inflammation plays a crucial role in the thrombogenicity of plaques by controlling 

the propensity of plaques to rupture via alteration of collagen levels and it may also 

heighten the thrombogenicity of plaque’s interior (Libby, 2009). Although there is no 

significant difference between the composition of plaques in patients with ACS and 

those with SCAD (Xin-ming et al., 2008), the plaques for ACS are larger and softer 

compared to the plaques responsible for SCAD (Falk and Thuesen, 2003). Another 
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mediator of the plaque development and rupture is an involuted interaction between 

the mechanical factors including shear stress applied on the endothelium and radial, 

circumferential and longitudinal forces applied on the vessel wall, and biological 

factors including the cellular and molecular constitution of plaques, both of which 

are implicated in regulating each other's behavior (Kwak et al., 2014). The 

pathological mechanisms associated with CHD and its possible outcomes are 

depicted in Figure 1.1. 

Epidemiology Of CHD 

Cardiovascular diseases (CVD), in general, have contributed to nearly one-third of 

global deaths and are expected to cause even greater damage in the upcoming years 

(Deaton et al., 2011). Further, between one-third and one-half of deaths from CVD 

are caused by coronary heart disease (CHD) which is the most significant cause of 

death in developed countries and is one of the leading causes of death in developing 

and under-developed countries (Mathers and Loncar, 2006). Worldwide, 7.3 million 

deaths and 58 million disability-adjusted life years lost due to CHD were reported in 

2001 (WHO, 2002). The rapid rise in CHD burden in most of the developing and 

under-developed countries, driven by urbanization, is due to socioeconomic changes, 

increase in lifespan, and acquisition of lifestyle-related risk factors. The different 

levels of risk factors and other competing causes of death, availability of resources to 

combat cardiovascular disease, and the stage of epidemiologic transition that each 

country or region finds itself are reflected by varying incidence, prevalence, and 

mortality rates of CHD (Gaziano et al., 2010). 

The Asian countries of Indian subcontinent (India, Pakistan, Bangladesh, Sri Lanka, 

and Nepal) account for about a quarter of the world’s population and contribute the 

highest burden of cardiovascular diseases compared with any other region globally 

(Reddy, 2004). Cardiovascular diseases including CHD are expected to become the 

leading killer worldwide in near future and these diseases are encountered at 

alarmingly high rates in populations of South Asian origin that include low- and 

middle-income countries compared to those of European origin that include high-

income countries (Gersh et al., 2010). Recent evidence suggests that patterns of 

CHD disagree among the men of South Asian and European origins (Tillin et al., 

2007). 
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Figure 1.1: Pathophysiology of CHD and its clinical outcomes 

(Willerson et al, 2007) 
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A recent study suggests that South Asian CHD patients have lower mean age for first 

Acute Myocardial Infarction (AMI), elevated apolipoproteinB100/apolipoprotein A-I 

ratio, increased prevalence of smoking, hypertension and diabetes and psychosocial 

risk factors were more common among them. Further, controls of South Asian origin 

exhibited less protective factors like moderate- or high-intensity exercise and daily 

intake of fruits and vegetables (Joshi et al., 2007). Migrant studies show that 

individuals of South Asian origin residing in Western countries are particularly 

vulnerable to CHD, with 3- to 5-fold increase in the risk of myocardial infarction and 

cardiovascular death as compared with the other ethnic groups (Gupta, et al., 2006). 

The higher prevalence of CHD both in the native populations of South Asia and the 

migrant populations living in European countries is suggestive of the greater 

involvement of genetic, as compared to the environmental and lifestyle risk factors 

of this disease. 

Studies on South Asian migrants living in several countries have revealed that 

despite apparently lower levels of conventional risk factors, CHD death rates were 

higher at younger ages compared with the local population (Yusuf et al., 2001). On 

the contrary, limited evidence regarding the genetic determinants of CHD in South 

Asian populations, specifically the Pakistani population, currently exists, although 

such an evidence can significantly contribute towards the scientific understanding 

and development of regionally appropriate strategies for prevention and control of 

CHD.  

According to the first report on an alarmingly high prevalence of CHD in Pakistan, 

around 1 in 4 middle-aged adults show evidence of heart disease, with women 

having at least equivalent risk to men, which is in contrast to the findings reported 

with regards to some European populations (Jafar et al., 2005). Later studies 

documented, however, that around one in five middle-aged adults may have 

underlying CHD and the risk in females is comparatively higher than in males 

specifically in the urban areas of Pakistan and further, the prevalence of CHD risk 

factors is also higher in women as compared to men (Jafar, 2006; Jafar et al., 2008). 

Finally, the high prevalence of CHD in this region is not liable to be explained by a 

wide range of conventional risk factors or the factors associated with insulin 

resistance (Forouhi et al., 2006). 
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Risk Factors For CHD 

CHD has a complex etiology resulting from a product of the genetic factors, 

environmental factors, lifestyle factors and intricate interactions among these factors. 

A multitude of risk factors have been identified for CHD worldwide including 

various modifiable and non-modifiable factors where addition of each risk factor can 

enormously increase the risk of developing this disease. 

Modifiable risk factors 

Majority of the risk factors for CHD are modifiable which means that they can be 

managed, altered or treated. These include abnormal blood lipid levels, hypertension, 

diabetes, obesity, smoking, physical inactivity, unhealthy diet and stress. An 

increased risk of developing CHD is conferred upon by low concentration of high-

density lipoprotein cholesterol (HDL-C) and elevated levels of total cholesterol, low-

density lipoprotein cholesterol (LDL-C) and triglycerides in plasma (St-Pierre et al., 

2005; Chapman et al., 2011; Mendis et al., 2011). Hypertension, the silent killer, is 

considered as one of the leading causes of CHD and CVD, in general (Ehret, 2011). 

Diabetes is another significant risk factor associated with CHD and morbidity and 

mortality due to CHD is influenced by both early- and late-onset diabetes 

(Wannamethee et al., 2011). The risk of developing CHD is further enhanced by 

obesity in all age groups (Tirosh et al., 2011). 

In addition, cigarette smoking contributes towards the enhancement of the risk of 

developing CHD and it has been described that it reduces to a great extent within 

only a couple of years of quitting (Prevention., 2004). Further, physical inactivity is 

considered as an essential risk factor for CHD and increase in the level of physical 

activity is directly correlated with a reduction in the risk of CHD (Sattelmair et al., 

2011). Besides, various dietary factors and patterns have been studied and observed 

as being associated with CHD in various populations across the globe (Mente et al., 

2009). Finally, the existing evidence supports the notion that CHD development can 

be predicted based on various types of stress experienced by individuals (Steptoe and 

Kivimaki, 2012). 

Non-modifiable risk factors 

Among the  many risk factors that can lead to CHD, few are non-modifiable meaning 

that  they cannot  be changed  in any  way but  only monitored  in regular  check-ups. 
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These include advanced age, gender, ethnicity and family history. With advancing 

age, heart muscles undergo several physiological alterations due to which matters are 

compounded if CHD develops and hence, it is included as a major risk factor for 

CHD with the risk increasing steeply with increase in age (Lakatta, 2003). Sex-

differential effect of CHD is manifested in its greater risk in men when compared to 

women before menopause. However, after menopause, the risk becomes similar in 

both genders and this effect diminishes (Jousilahti et al., 1999). Although CHD 

affects all ethnic groups across the globe, the patterns and susceptibility of disease 

and its associated risk factors may vary among different ethnic groups. For example, 

individuals of African and Asian origins are more likely to develop CHD compared 

to those of European origin (Yusuf et al., 2001).  

Family history is the most significant independent risk factor for CHD which 

supports and is in accordance with the hypothesis that genes are contributory to the 

development of CHD (Imes et al., 2015). Having a first-degree relative with CHD 

before the age of either 55 years (for men) or 65 years (for women) increases the risk 

of CHD to a large extent. However, it has been stated in some of the reports on this 

disease that the influence of family history may be liable to be explained, if not 

completely then partially, on the basis of exposure to an increased prevalence of 

conventional risk factors among close relatives (Khot et al., 2003). 

Genetics Of CHD 

A part of the beauty of the genetic markers lies in measurement with least error, lack 

of variation over time enabling investigation at any time during the life span of an 

individual and possibility of simultaneous measurement of multiple markers in the 

same assay, all of which are not possible using conventional or molecular risk 

markers making them a valuable tool for exploration of the risk of disease pertaining 

to any individual (Dent, 2010). However, genetic studies of CHD are lagging behind 

other cardiovascular diseases, the main reason for which is the involvement of 

complex pathophysiological mechanisms determined by a combination of genetic, 

environmental and lifestyle factors.  

Case-control association studies 

Candidate gene case-control association studies have been used most frequently to 

identify susceptibility genes for CHD. Numerous studies have been carried out using 
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this approach and many genetic variants have been implicated either in increasing or 

in decreasing the susceptibility to CHD (Pajukanta et al., 2000; Ouguerram et al., 

2004). The susceptibility genes identified in this way include the genes for 

apolipoprotein E (apoE), lipoprotein(a) or apo(a), ApoAI-CIII-AIV, tissue 

plasminogen activator, fibrinogen, von Willebrand factor, platelet glycoprotein IIIa, 

lipoprotein lipase, hepatic lipase, paraoxonase, cholesterol ester hydrolase, factor V, 

factor VII, angiotensin-converting enzyme, angiotensinogen, thrombospondins 1, 2, 

and 4, connexin 37, plasminogen activator inhibitor-1, matrix metalloproteinase-3, 

methylenetetrahydrofolate reductase, inducible NO synthase, and many other genes 

(Wang and Chen, 2000; Wang and Pyeritz, 2000; Wang and Chen, 2003; Shen et al., 

2004). 

Genome-wide linkage studies 

Another approach employed for identification of susceptibility genes for CHD 

concerns the use of genome-wide linkage studies. Identification of a 21-base pair 

deletion in exon 11 of MEF2A that reduces its transcriptional activity followed by 

the discovery of three new mutations in this region has established MEF2A as the 

first disease-causing gene for CHD (Wang et al., 2003). Helgadottir et al., reported 

in 2008 the association of a haplotype involving four SNPs in ALOX5AP gene at 

13q12-13 locus with myocardial infarction and stroke. Further, a positive association 

between LGALS2 and MI has been reported using the same approach, LGALS2 being 

a regulatory gene for LTA gene (Ozaki et al., 2004). 

Genome-wide association studies 

Although a number of susceptibility genes have been identified for CHD using 

candidate gene case-control association studies and genome-wide linkage studies, the 

results of these studies are usually confounded by selection bias, population 

admixture, imperfect matching of cases with controls, phenotyping errors, and small 

sample sizes in some studies. Further, the inconsistent results among different studies 

and a lack of replication in most of the cases lead to debate about the true association 

of some genes with the disease. During the past few years, however, significant 

advances have been made in the field of CHD genetics manifested by exciting new 

discoveries owing to the contribution of the genome-wide association studies 

(GWAS). 
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GWASs have identified ~160 loci associated with CHD and its risk factors, many of 

which were previously not described (Arking and Chakravarti, 2009). Further, 

through these reports, new markers have been identified that could potentially 

revolutionize the ways in which individuals with CHD are presently identified and 

managed (Baudhuin, 2009). Although these investigations currently face several 

technical challenges, including potential for both false-positive and false-negative 

associations, they have started to provide a unique view of the genetic architecture of 

various diseases. Further advantage of these types of explorations is that, they are not 

hypothesis-driven, allowing for discovery of new genetic variants (Devarajan, 2015). 

In 2007, a genome-wide association study by Wellcome Trust Case Control 

Consortium (WTCCC) reported an analysis of data from approximately 2,000 people 

and a shared set of 3,000 controls for each of the seven complex diseases including 

CHD,  indicating several loci with strong association for CHD (WTCCC, 2007). The 

German MI [Myocardial Infarction] family study involving 875 cases and 1644 

controls also reported several loci significantly associated with CHD (Wichmann et 

al., 2005). Genotyping in both of these explorations has been carried out using 

GeneChip Human Mapping 500K Array Set (Affymetrix).  

The combined analysis of data from these two genome-wide association studies has 

revealed seven loci significantly associated with CHD: 9p21.3 (rs1333049), 6q25.1 

(rs6922269), 2q36.3 (rs2943634), 1p13.3 (rs599839), 1q41 (rs17465637), 10q11.21 

(rs501120), and 15q22.33 (rs17228212) (Samani et al., 2007). The 9p21.3 locus was 

also reported previously in 2007 by McPherson et al and Helgadottir et al. 

Subsequently, strong association of a variant (rs7025486) at the cytogenetic location 

of 9q33.2 was reported with CHD (Harrison et al., 2012). As the 9p21.3 locus has 

become an established risk factor for CHD, the other loci require substantive 

replication to establish themselves as risk factors for CHD (Johnson et al., 2013). 

rs7025486 at 9q33.2 

rs7025486 is an intronic SNP in the human DAB2IP gene which encodes the 

disabled homolog 2-interacting protein, called so because of its interaction with the 

disabled homolog 2 (DAB2) protein. The DAB2IP gene spans 96kb, encompasses 15 

exons and was determined to contain two potential promoters (Chen et al., 2002). 

The cytogenetic location of this gene is 9q33.2 and the protein it encodes is a Ras 
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GTPase-activating protein (GAP) which performs its function as a tumor suppressor 

protein. This gene is hence, particularly significant in the biology of cancer as it has 

been found that in patients suffering from prostate and breast cancers, DAB2IP gene 

is inactivated by methylation (Yano et al., 2005). 

rs1333049 at 9p21.3 

The 9p21.3 non-coding locus spans a region of approximately 100 kb, contains 19 

SNPs that are in strong linkage disequilibrium and can be distinguished into two 

blocks sufficiently tagged by three SNPs in block 1 (rs7044859, rs1292136, and 

rs7865618) and one SNP (rs1333049) in block 2. Haplotype analysis has shown that 

the association is mainly due to two mutually exclusive haplotypes for the four SNPs 

(TTGG and ACAC). ACAC haplotype is associated with the risk of CHD, the 

association being replicated in many reports (Anderson et al., 2008; Schunkert et al., 

2008; Shen et al., 2008; Silander et al., 2009). Targeted deletion of this interval in 

mice has been shown to profoundly affect cardiac expression of neighbouring genes 

and proliferation properties of vascular cells. The targeted deletion severely reduced 

the expression of two genes located nearby, Cdkn2a and Cdkn2b, predicting gene 

regulatory functions for this locus and indicating its pivotal role in Cdkn2a/b 

expression and vascular cell proliferation (Visel et al., 2010). Besides CHD, this 

region has also been implicated in carcinogenesis, type 2 diabetes, stroke, arterial 

aneurysm, abdominal aortic aneurysm and intracranial aneurysm (Broadbent et al., 

2007; Helgadottir et al., 2008; Matarin et al., 2008; Gschwendtner et al., 2009; Gu et 

al., 2013; Bendjilali et al., 2014). 

rs6922269 at 6q25.1 

The lead SNP on 6q25.1 locus is in the gene for methylene tetrahydrofolate 

dehydrogenase (NADP+ dependent) 1-like protein (MTHFD1L), the enzyme for 

which is trifunctional, performing the activities 10-formyl-THF synthetase, 5,10-

methenyl-THF cyclohydrolase and 5,10-methylene-THF dehydrogenase. The gene 

spans 236kb and is composed of 28 exons plus one alternative exon, the gene 

expression being highest in placenta, thymus and brain (Prasannan, 2003). All the 

positive SNPs in this region are located in introns in the middle portion of the gene 

and haplotype analysis indicates that the two haplotypes containing the A allele are 

associated with increased risk of CHD. The region has also been implicated in cancer 
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and neural tube defects, however, direct mechanism linking this region to CHD is 

lacking (McDermott, 2009). 

rs2943634 at 2q36.3 

Another locus, 2q36.3, spans a region of 233kb and encompasses only one 

pseudogene (ENSG00000197218), the risk allele at this locus being C. Haplotype 

analysis indicates that the other associations reported at this locus are due to linkage 

disequilibrium with the lead SNP (rs2943634). Along with 6q25.1, this region has 

recently been associated with an altered pattern of cardiac gene expression involving 

shared transcriptional regulatory pathways, affecting CHD susceptibility. In case of 

2q36.3, homozygotes for the minor allele exhibited altered expression of 115 genes, 

with up-regulated genes enriched for G-protein coupled receptor signaling and 

down-regulated genes enriched for ribosomal proteins and proteins involved in 

carbohydrate metabolism (Pilbrow et al., 2009). 

rs599839 at 1p13.3 

The 1p13.3 locus involves PSRC1 gene that encodes a proline-rich protein. The 

variant at this locus shows strong association with total cholesterol, the risk allele A 

being associated with higher serum cholesterol level per allele copy and the findings 

being replicated in other studies as well. In addition, recent evidence has linked this 

region to angiographically characterized stable CAD, regarding it as a genetic 

determinant of the risk of coronary atherosclerosis, although this finding is not 

generalized for all populations and needs substantial replication (Muendlein, et al., 

2009). 

rs17465637 at 1q41 

The other locus at chromosome 1 (1q41) is located in the intron 4 of the melanoma 

inhibitory activity 3 (MIA3) gene and is also known as TANGO or ARNT. The 

MIA3 protein has previously been associated with progression and metastasis of 

malignant melanomas via specific protein-protein interactions with components of 

the extracellular matrix and possibly epitopes on cellular surfaces (Bosserhoff and 

Buettner, 2002). The association of this locus with CHD has been replicated in other 

investigations as well (Amouyel et al., 2009). 

rs501120 at 10q11.21 

10q11.21  spans  a  region  100 kb downstream  of the CXCL12  gene, which  is  also 



11 
 

known as the gene for stromal-cell-derived factor 1 precursor. Stromal cell-derived 

factor-1 is a cytokine belonging to a chemokine family that directs the migration of 

hematopoietic cells from foetal liver to bone marrow and the formation of large 

blood vessels. This region has recently shown some association with the fatality of 

acute coronary event (Karvanen et al., 2009). In an additional study of American 

ethnicities, rs501120 [T] was observed to be associated (P=1.4×10
-06

) with incident 

CHD in European Americans (Franceschini et al., 2011). Nonetheless, lack of its 

association with CAD was reported in a Canarian population (Esparragon et al., 

2012). rs501120 [T] was found to be statistically significant (P=<0.00) for nonfatal 

acute MI in Hispanics (Qi et al., 2011). Existence of an association between this 

locus and coronary atherosclerosis was then replicated in a Han Chinese population 

(Xie et al., 2011). Association of the T allele at this locus with plasma levels of SDF-

1 protein (P=6×10
-04

) was also replicated in a later research (Mehta et al., 2011). 

However, this variant was reportedly not significant in terms of its association with 

the risk of cardiovascular disease in rheumatoid arthritis patients (Lopez-Mejias et 

al., 2012). 

rs17228212 at 15q22.33 

Lead SNP on 15q22.33 is located in the intronic region of SMAD3 gene that is a 

transcriptional modulator activated by transforming growth factor β and activin type 

1 receptor kinase in healing infarcts. The loss of this gene prevents interstitial 

fibrosis in the noninfarcted myocardium and attenuates cardiac remodeling (Bujak et 

al., 2007). A novel mutation in this gene has been associated with reduced activity of 

SMAD3 protein in human malignancy by inactivation of TGF-β-induced 

transcriptional activation (Ku et al., 2006). Despite these findings, 15q22.33 locus 

has shown only weak association with CHD. 

Nuclear Calcium 

Cardiac remodeling is a key determinant of the clinical outcomes of CHD along with 

some other vascular diseases especially heart failure. Manifestations of the cardiac 

remodeling encompass adjustments in gene expression leading towards changes at 

molecular, cellular and interstitial levels (Cohn et al., 2000). Calcium is a critical 

important component of the regulatory pathways that operate in cardiomyocytes in 

both health and disease because it plays a pivotal role in translating the electrical 
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signals within the heart muscle into characteristic contractions of the heart (Fearnley 

et al., 2011). Excitation-contraction (EC-) coupling is a very important aspect of 

calcium signaling especially in disease state as it can potentially alter the gene 

expression patterns in the affected heart by involving a wide range of calcium-

dependent modulators including various kinases and phosphatases (Bers and Guo, 

2005). 

As illustrated in Figure 1.2, calcium signaling begins with the introduction of a small 

amount of calcium via L-type calcium channels at the junctional zone, activating 

ryanodine receptor 2 (RYR2) at the sarcoplasmic reticulum, which leads to 

contraction. This process is referred to as calcium-induced calcium release (CICR). 

Low diastolic calcium concentration is then reversed by Na 
+
/Ca

2+
 exchanger (NCX) 

that moves it into the extracellular space and by sarcoplasmic Ca
2+

 ATPase pumps 

(SERCA) which moves it to the sarcoplasmic reticulum (SR). Some of the calcium is 

transferred to the mitochondria where it functions in metabolism to provide ATP that 

is necessary for contraction and transcription. In this whole cascade, secondary 

messengers are also involved. For example, cyclic AMP (cAMP) inhibits 

phospholamban (PLN) which is a part of negative regulatory system and cyclic ADP 

ribose (cADPR) activates SERCA (Berridge et al., 2003). 

On the basis of the importance of calcium signaling in the heart and relatively 

independent handling of calcium in the nucleus as compared to cytoplasm, a 

hypothesis was postulated: gene regulation in the heart is under the direct influence 

of calcium signaling modulated by action potential and shape of calcium transient. 

We hypothesize that alterations in nuclear calcium signaling translate into cardiac 

remodeling and its normalization can be pursued as an effective target for attenuating 

remodeling in the heart. Based on this hypothesis, a project entitled "Nuclear 

Calcium and Gene Regulation in the Remodeled Heart" was designed to investigate 

and explore the dynamics of nuclear calcium in intact hearts and isolated 

cardiomyocytes by creating a transgenic mouse line expressing the specifically designed 

genetically encoded calcium sensors. Some of the experiments carried out as a part of this 

project are included here. 

Studies on Mice Expressing VSFP2.3 

Exploration of transmembrane voltage by optical imaging is an exceptional approach 
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Figure1.2: Calcium signaling in the heart 

(Berridge et al, 2003) 
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towards the understanding of pathophysiological mechanisms that lead to cardiac 

diseases (Herron et al., 2012; Yan et al., 2012; Crocini et al., 2014). Various 

optogenetic tools have been employed for this purpose and one of them, the voltage 

sensititive fluorescent protein (VSFP)-family has been utilized in some of the 

preceding investigations (Akemann et al., 2010). To scrutinize the efficacy and 

practicability of VSFP2.3 as an optogenetic tool for surveillance of cardiac activity 

in isolated cardiomyocytes, a research project was designed that initiated with the 

development of transgenic mice expressing VSFP2.3 under control of the 

cardiomyocyte specific α-myosin heavy chain (αMHC) promoter. Isolation of mouse 

ventricular cardiac myocytes performed as a part of the experimental work relevant 

to this research project has been included in this dissertation. 

Aims and Objectives 

South Asia is home to 20 percent of the world’s population and may be one of the 

regions with the highest burden of CHD in the world. The burden of CHD in South 

Asians extends beyond regional concerns, as CHD mortality and morbidity remain 

higher in immigrant South Asians living in western regions compared with native 

western populations. There is limited evidence, however, about the genetic 

determinants of CHD in South Asia despite the fact that the distinct patterns of CHD 

in the Indian sub-continent might be explained by genetic factors, to some extent if 

not all, requiring investigations aimed at identifying the particular genetic markers 

responsible for causing CHD in this population. Further, the greater prevalence of 

CHD in Pakistan merits new studies specifically designed for studying underlying 

cultural and genetic causes for the disparities observed in populations of different 

origins.  

Keeping in view the differences in the pattern of CHD among Asian and European 

populations, the proposed research aims to investigate the association of eight SNPs 

at different loci with CHD in Pakistani population of Punjab. The SNPs include 

rs7025486 at 9q33.2, rs1333049 at 9p21.3, rs6922269 at 6q25.1, rs2943634 at 

2q36.3, rs599839 at 1p13.3, rs17465637 at 1q41, rs501120 at 10q11.21, and 

rs17228212 at 15q22.33. It is hoped that the findings of this investigation will help in 

better understanding of the distinct genetic patterns of CHD owing to the specific 

genetic make-up of the population under exploration and that it will serve as a 
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stimulus for other well-designed population-based genetic studies in Pakistan, 

specifically. In addition, observation of a significant association may add to the 

significance of the pre-existing models for risk prediction of CHD in healthy 

individuals.  
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Chapter 2 

MATERIALS AND METHODS 

Before initiating the collection of blood samples of humans, permission was attained 

from the Ethical Committee of University of the Punjab. The permission for sample 

collection was also obtained from the concerned authorities in the hospitals from 

which samples for cases were collected. Further, all the procedures were in 

conformity with the declaration of Helsinki. 

Questionnaire for Sample Information 

A detailed questionnaire was designed prior to the conduct of study in order to 

acquire necessary information regarding the cases as well as controls. The 

questionnaire for all the samples started with the personal information including 

name, address and contact after which the information regarding ethnicity, 

demography and socio-economic status was recorded that included, in essence, place 

of birth, age, marital status, level of education, occupation, number of dependents, 

monthly income and ownership. On the basis of this information, participants were 

categorized into different classes of socio-economic status. Then the information 

regarding the smoking status (both current and ex-smokers) of patients and family 

history for Coronary Heart Disease (CHD) or related diseases was recorded which 

was preceded by different measures including blood pressure (both systolic and 

diastolic), pulse, height and weight. Height and weight measurements were used to 

calculate BMI. 

The necessary information gathered only for cases included first event [Myocardial 

Infarction (MI), Percutaneous Coronary Intervention (PCI), or Coronary Artery 

Bypass Grafting (CABG)], age at first event, disease status of diabetes mellitus, 

hypertension, hyperlipidemia and obesity. The patients were also asked about the 

receipt of lipid-lowering drugs. A detailed supplement was attached at the end of the 

questionnaire in Urdu to assist in understanding the purpose of study and thereby, 

give informed consent for sample collection. Signatures of literate persons were 

included whereas illiterate people were given the option to leave their thumb 

impression (Annex 1). 
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Sample Collection 

Samples were collected during a period of approximately nine months from 09-03-

2010 to 11-12-2010. Sample collection was targeted to different locations in two 

cities of Punjab province of Pakistan: Lahore and Gujranwala. Samples for a total 

number of 435 cases were collected from the relevant departments of  Punjab 

Institute of Cardiology, Mayo Hospital and Jinnah Hospital in Lahore, and District 

Headquarters Hospital, Siddique Sadiq Memorial Trust Hospital, Cheema Heart 

Complex and Social Security Hospital in Gujranwala. A total of 210 samples for 

controls were collected from the employees of Jinnah Hospital, Lahore, Chatha 

Hospital, Gujranwala,  City Hospital, Gujranwala and Government offices of 

WAPDA, WAPDA Hospital and District Educational Officer. Samples for cases 

were collected after confirmation of the diagnosis of CHD through medical reports 

and history of the patients. According to statistical analysis, a minimum sample size 

of 384 was required for the Pakistani population with estimated size of 166,111,487 

(http://data.worldbank.org/data-catalog/world-development-indicators?cid=GPD_W 

DI) at confidence level of 95% and confidence interval of 5 

(http://www.surveysystem.com/sscalc.htm). Keeping this statistical threshold in 

view, a sample size well above the minimum number required was targeted. 

Inclusion and exclusion criteria 

Inclusion criteria for cases concerned with the confirmation of established history of 

Coronary Heart Disease through medical reports and consultation with their 

physicians while that for controls included currently healthy individuals with no 

history of any cardiovascular disease. Exclusion criteria for both cases and controls 

were self-reported history of chronic bacterial or viral infection and pregnancy. 

Further exclusion of all the samples was based on the positive result of diagnostic 

serological tests for hepatitis B, hepatitis C and human immunodeficiency virus 

(HIV). 

Blood pressure and pulse measurement 

The blood pressure was measured in sitting posture using a mercury 

sphygmomanometer (China). Measurement of the blood pressure was in 

conformance with the instructions provided by the European Society of 

Hypertension (O'Brien et al., 2003). Two readings were taken and mean was 
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considered to be final reading. In case of high blood pressure, mean of the 

measurements on both arms was regarded as the final reading. Pulse rate was 

checked according to the guidelines furnished by British Heart Foundation 

(http://www.bhf.org.uk/heart-health/tests/checking-your-pulse.aspx). It was made 

sure that the hand being checked was stretched out in a relaxing position. 

Venipuncture 

All the blood samples were drawn prior to the administration of any thrombolytics 

and subsequent to the medical stabilization by trained phlebotomists according to the 

prescribed technique (Burtis, 2006). Majority of the blood samples were collected 

through venipuncture of the cubital vein using 5 mL syringe (Becton, Dickinson and 

Company, NJ, USA). For some of the individuals, blood samples were collected 

from the back of the hand. Alcohol swabs were used for cleaning the skin afterwards. 

2ml of the drawn blood was collected in vacutainers coated with EDTA (Becton, 

Dickinson and Company, NJ, USA) for genetic analysis whereas, the remaining 3ml 

blood was preserved in plain vacutainers (Becton, Dickinson and Company, NJ, 

USA) for separation of serum by centrifugation. Vacutainers were adequately labeled 

and stored on ice immediately. Until further analysis, the vacutainers were shifted to 

-20 Celsius for long term storage.  

Body mass index calculation 

For the estimation of body mass index (BMI), weight and height were measured in 

kilograms (Kg) and meters (m) respectively. Weight and height were measured 

without shoes. The following formula was used for the calculation of BMI: 

BMI = Body weight in Kg / (Height in m)
2
 

On the basis of BMI, the individuals were categorized as underweight, normal, 

overweight and obese. 

Screening Tests 

Before proceeding with the collected samples, they were screened for hepatitis B, 

hepatitis C and HIV. These diagnostic tests were performed using kits based on 

conventional serological techniques. Serum was used for performing these tests. 

Whole blood collected in the plain vacutainers was centrifuged to separate the serum. 

All the positive samples were excluded from the study. The protocols for screening 

tests are described in detail below. 
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Diagnosis of Hepatitis B surface antigen (HBsAg) 

For the detection of Hepatitis B surface antigen, a one step device provided by Acu-

®
check was utilized. Before conducting the test, device along with the buffer, 

controls and serum sample was allowed to come to the room temperature (15-30°C). 

100 µL of serum was added to the specimen well of the device. Results were 

recorded within fifteen minutes after the emergence of red line. Emergence of one 

red lines was considered as negative test result for HBsAg whereas emergence of 

two red lines was documented as positive result. 

Diagnosis of Hepatitis C virus (HCV) 

A rapid one step device (Acu-
®

check) was employed for the detection of antibodies 

for Hepatitis C virus (HCV). Prior to performing the test, the contents of kit as well 

as serum samples were brought to room temperature (15-30°C). 10 µL of serum 

sample was dispensed in the specimen well of the device followed by the addition of 

90 µL of buffer. Within ten minutes after the appearance of red line, results were 

documented. No results were interpreted after twenty minutes. The appearance of a 

single red line indicated negative test result while the appearance of two red lines 

was indicative of a positive test result. If no red line appeared within the defined time 

period, test was reiterated. 

Diagnosis of Human Immunodeficiency Virus (HIV) 

The detection of antibodies for Human Immunodeficiency Virus (HIV) was 

accomplished through the use of a single-step rapid test device (Acu-
®

check). Serum 

sample as well as the device, controls and buffer were equilibrated to room 

temperature (15-30°C) ahead of the execution of test. 50 µL of buffer was added to 

the specimen well of the device subsequent to the addition of 30 µL serum sample. 

After the red line appeared, results were read within ten minutes.  The results were 

not documented after twenty minutes. If a single red line appeared, the test result was 

read as negative and if two red lines appeared, the test result was read as positive. If 

none of the red lines emerged during the defined time period, test was repeated. 

Biochemical Tests 

The biochemical tests centered on the estimation of total cholesterol, HDL 

cholesterol, LDL cholesterol and triglycerides in serum samples. All the tests were 

performed using kits provided by the Spectrum Diagnostics, Egypt, the protocols for 
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which are based on the enzymatic colorimetric method. For measurement of 

absorbance values, Epoch Microplate Spectrophotometer from BioTek, USA was 

used. The protocols followed for the estimation of aforementioned biochemical 

markers are detailed below. 

Estimation of total cholesterol 

A single reagent kit (Spectrum # 230004) based on CHOD-PAP-enzymatic 

colorimetric method was used for the estimation of total cholesterol in serum. 

Composition of the reagent is described in Table 2.1. 100 µL of reagent was added to 

one of the wells of a 96-well microplate as blank. 1 µL of standard (200 mg/dL 

cholesterol) was mixed with 100 µL of reagent in another well. In each of the 

remaining wells, 1 µL of serum sample was mixed with 100 µL of reagent. The 

microplate was incubated at 37 °C for five minutes and absorbance was then 

measured at 546 nm against reagent blank within 30 minutes. Concentration of 

cholesterol was calculated using the following formula: 

Serum Cholesterol Conc. (mg/dL) = (Asample / Astandard) × 200 

Estimation of High Density Lipoprotein (HDL) cholesterol 

HDL cholesterol was estimated in serum samples using kit (Spectrum # 267001) 

based on direct enzymatic colorimetric method. Table 2.2 enlists composition of the 

reagents used for this assay. 150 µL of Reagent 1 (R1) was added as blank to the first 

well of a 96-well microplate. In the second well, 2 µL of HDL calibrator (Standard, 

Lyophilized Human Serum) was added subsequent to the addition of 150 µL of R1. 

Rest of the wells were dispensed with 150 µL of R1 and 2 µL of serum sample each. 

After mixing, the plate was incubated at 37 °C for five minutes. 50 µL of Reagent 2 

(R2) was then added to each of the wells. After mixing, absorbance (A1) was 

immediately measured against blank at 600 nm. After five minutes, absorbance (A2) 

was measured again at same wavelength. Increase in the absorbance value was 

calculated using the formula ΔA = A2 - A1. Concentration of HDL cholesterol was 

calculated using the following formula: 

Serum HDL Conc. (mg/dL) = (ΔAsample / ΔAcalibrator) × Conc. of Calibrator 

Estimation of Low Density Lipoprotein (LDL) cholesterol 

The estimation of serum concentration of LDL cholesterol was carried out by using 

kit   (Spectrum   #   280001)   based   on   direct    enzymatic   colorimetric    method. 
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Table 2.1 : Composition of reagent used for total cholesterol estimation 

Ingredient       Quantity 

Pipes Buffer (pH=7.0)      50 mmol/L 

Phenol        30 mmol/L 

Sodium Cholate       5 mmol/L 

Cholsesterol Esterase      > 250 U/L 

Cholsesterol Oxidase      > 500 U/L 

Peroxidase       > 2 K U/L 

4-amino-antipyrine      1 mmol/L 

Sodium Azide       8 mmol/L 

 

 

 

 

 

 

Table 2.2 : Composition of reagents supplied by Spectrum Diagnostics, Egypt 

for HDL cholesterol estimation 

Reagent 1 (R1) Reagent 2 (R2) 

MES Buffer (pH=6.5) MES Buffer (pH=6.5) 

TODB Cholsesterol Esterase 

N,N-Bis (4-sulfobutyl-3-methylaniline) Cholsesterol Oxidase 

Polyvinyl Sulfonic Acid Peroxidase 

Polyethylene-glycol-methyl Ester 4-amino-antipyrine 

MgCl2 Detergent 

Detergent  

EDTA  
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Composition of the reagents used for this assay is described in Table 2.3. To the first 

well of a 96-well microplate, 150 µL of Reagent 1 (R1) was added as blank. To the 

second well, 150 µL of R1 was added followed by the addition of 2 µL of LDL 

calibrator (Standard, Lyophilized Human Serum). To each of the remaining wells, 2 

µL of serum sample was added subsequent to the addition of 150 µL of R1. The 

plate was incubated at 37 °C after mixing. 50 µL of Reagent 2 (R2) was added to 

each of the wells after five minutes of incubation and mixed. Immediately, 

absorbance (A1) was measured at 600 nm against blank. Absorbance (A2) was 

measured after five minutes,. Increase in the absorbance value was calculated using 

the formula ΔA = A2 - A1. Concentration of LDL cholesterol was calculated using 

the following formula: 

Serum LDL Conc. (mg/dL) = (ΔAsample / ΔAcalibrator) × Conc. of Calibrator 

Estimation of triglycerides 

Estimation of triglycerides in serum was accomplished by making use of a single 

reagent kit (Spectrum # 314004) based on GPO-PAP-enzymatic colorimetric 

method. Composition of the reagent is described in Table 2.4. In one of the wells of a 

96-well microplate, 100 µL of reagent was added as blank. In another well of the 

plate, 1 µL of standard (200 mg/dL triglycerides) was added along with 100 µL of 

reagent. 1 µL of serum sample along with 100 µL was then added in each of the 

remaining wells,. The microplate was then incubated at 37 °C for five minutes. 

Within 30 minutes, absorbance was measured against reagent blank at 546 nm. 

Concentration of triglycerides was calculated using the following formula: 

Serum Triglycerides Conc. (mg/dL) = (Asample / Astandard) × 200 

Genetic Analysis 

Genetic analysis relied on the detection of SNPs at different loci including 9p21.3, 

6q25.1, 2q36.3, 1p13.3, 1q41, 10q11.21 and 15q22.33 as well as a SNP in DAB2IP 

gene. the analysis involved a multitude of techniques including genomic DNA 

extraction, spectrophotometry, agarose gel electrophoresis, primer designing, allele-

specific PCR, conventional PCR and restriction enzyme digestion. 

Genomic DNA extraction 

Genomic DNA extraction from blood stored in EDTA-coated vacutainers was 

performed using the Genomic DNA Purification Kit provided by  Promega (Promega 
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Table 2.3 : Composition of reagent supplied by Spectrum Diagnostics, Egypt for 

LDL cholesterol estimation 

Reagent 1 (R1) Reagent 2 (R2) 

MES Buffer (pH=6.5) MES Buffer (pH=6.5) 

Polyvinyl Sulfonic Acid EDTA 

Polyethylene-glycol-methyl Ester Detergent 

MgCl2 TODB 

Detergent N,N-Bis (4-sulfobutyl-3-methylaniline) 

EDTA  

4-amino-antipyrine  

Cholsesterol Esterase  

Cholsesterol Oxidase  

Peroxidase  

 

 

 

 

 

Table 2.4 : Composition of reagent used for triglycerides estimation 

Ingredient       Quantity 

Pipes Buffer (pH=7.0)      50 mmol/L 

4-chlorophenol       6 mmol/L 

Magnesium Aspartate      > 0.5 mmol/L 

Lipase        > 10 K U/L 

Peroxidase       > 2 K U/L 

4-amino-antipyrine      1 mmol/L 

Glycerol-3-phosphate Oxidase     > 3.5 K U/L 

Glycerol Kinase       > 750 U/L 

ATP        1 mmol/L 

Sodium Azide       8 mmol/L 
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# A1125). The protocol followed for the kit is described below: 

Added 900 µL of Cell Lysis Solution to a sterile 1.5 ml microcentrifuge tube. Gently 

rocked the vacutainer containing blood for thorough mixing and transferred 300 µL 

blood to the tube containing Cell Lysis Solution. Inverted the tube 5-6 times to mix 

and incubated at room temperature for 10 minutes to lyse the red blood cells.  

Centrifuged at 14,000 rpm for 1 minute at room temperature. Discarded as much 

supernatant as possible without disturbing the visible white pellet. For frozen 

samples, aforementioned steps were repeated until the visible pellet was white. 

Vortexed the tube vigorously to resuspend the white blood cells.  

Added 300 µL of Nuclei Lysis Solution to the resuspended cells and lysis was done 

by pipetting the mixture 5-6 times. If clumps were visible after mixing, incubated the 

solution at 37°C until clumps were disrupted. Added 1.5 µL of RNase Solution to the 

nuclear lysate and inverted the tube 2-5 times for mixing. Incubated the mixture at 

37°C for 15 minutes and then equilibrated to room temperature. Added 100 µL of 

Protein Precipitation Solution to the lysate and vortexed vigorously for 15 seconds. 

Centrifuged at 14,000 rpm for 3 minutes at room temperature to obtain a dark brown 

pellet and transferred the supernatant to a clean 1.5 ml microcentrifuge tube 

containing 300 µL of room-temperature isopropanol. Mixed the solution by gentle 

inversion until a visible mass of white thread-like strands of DNA appears. 

Centrifuged at 14,000 rpm for 3 minutes at room temperature to obtain a small white 

pellet of DNA. Discarded the supernatant and added 300 µL of room-temperature 

70% ethanol. Gently inverted the tube several times to wash the DNA pellet. 

Aspirated the ethanol carefully and inverted the microcentrifuge tube on clean 

absorbent paper for air-drying. Left it as such until the next 20-30 minutes so that the 

ethanol evaporates completely. Added 100 µL of DNA Rehydration Solution to the 

tube and incubated overnight at 4°C. Stored the DNA at -20°C after detection using 

agarose gel electrophoresis. 

Spectrophotometry 

Purity of the extracted DNA samples was assessed using spectrophotometer (Cecil, 

CE 7200) based on the method of Warburg and Christian (1942). 1000 fold dilution 

of DNA sample (10 µL) in DNA Rehydration Solution (Promega # A1125) was used 

for recording the absorbance value at 260 nm and 280 nm, respectively. The 
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absorbance ratio A260 / A280 of 1.8 or above was considered to be pure preparation 

(Glasel, 1995). For calculation of the DNA concentration, the absorbance value 

measured at 260 nm was multiplied by 50. This is due to the fact that absorbance of 

fifty micrograms of pure DNA solution equals 1 at 260 nm (Sambrook and Russell, 

2001). 

Agarose gel electrophoresis 

Agarose gel electrophoresis was employed for approximate quantification of the 

genomic DNA as well as for checking its integrity. Detection of the amplified PCR 

products and PCR products digested with restriction enzyme was also accomplished 

using agarose gel electrophoresis. All the chemicals used for this purpose were 

procured from MP Biochemicals (formerly ICN) unless otherwise stated. 0.5 X TBE 

(Table 2.5) was used to prepare agarose gel (BioRad, # 161-3101). Concentration of 

the gel varied depending on the preparation. For detection of the genomic DNA, 0.8 - 

1 % gel was used whereas 1.8 - 2.5 % gel was used for the separation of amplified 

and digested PCR products. The composition and concentration of running buffer 

was kept constant. After dissolving the gel by heating to near-boiling point, it was 

cooled to approximately 70°C before pouring into the gel tray with closed clamps 

and inserted comb. The comb was removed after 20 - 40 minutes depending on the 

concentration of gel allowing due time for solidification. Clamps were removed and 

gel tray was placed in the tank containing buffer such that the gel was immersed in 

the buffer.  

Samples were loaded in the wells after mixing with loading buffer (Table 2.6). 

Loading buffer  containing  both  bromophenol  blue or  xylene cyanol was used for  

the separation of DNA fragments of different sizes. When required, low range DNA 

ladder (Fermentas # SM 1103) was loaded into one of the wells of the gel. After 

closing the lid, gel was run at 4-6V/cm depending on the size of DNA fragments. 

After allowing for appropriate time to run the samples, current was stopped and gel 

was taken out into a large plastic box for staining. Gel was stained using ethidium 

bromide having a concentration of 1µg/ml. The separated DNA fragments were 

visualized under UV transilluminator (HAAKE BUCHLER UVT) initially. If 

required, photographs of the gel were stored using Gel Documentation System (Gene 

Genius bio imaging system, Syngene). 
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Table 2.5 : Composition of 10 X TBE buffer used for agarose gel electrophoresis 

Ingredient      Quantity per Liter  Final Concentration (1X) 

Tris Base      108 g    90 mM 

Boric Acid      55 g    90 mM 

0.5M EDTA (pH=8.0)     40 mL   2 mM 

H2O       Upto 1 L 

 

 

 

 

 

 

 

 

Table 2.6 : Composition of loading buffer used for agarose gel electrophoresis 

Ingredient       Quantity per 10 mL 

Bromophenol Blue                            10 mg 

Xylene Cyanol                                                                        10 mg 

Glycerol       2 mL 

H2O        Upto 10 mL 
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Primer designing 

Primers were designed using various web-based tools including "Primer 3", "NCBI 

Primer-BLAST" etc. and synthesized from Gene Link, USA through local 

representative. Specifications of the different primers used in present study are 

enlisted in Table 2.7. Final concentration of 100pmol/µL was prepared by 

resuspending the primers in nuclease-free water and after making smaller aliquotes, 

primer stocks were stored at -80°C. Until further use, smaller aliquotes were stored at 

-20°C.  

PCR 

Amplification of target DNA sequences was carried out in 200 µL PCR tubes. 

DreamTaq™ green PCR master mix (Fermentas # K1081) was used for 

amplification reactions (Table 2.8). PCR master mix as well as primers and template 

DNA were thawed on ice prior to use. The reaction volume was kept 25µL or 50µL 

depending upon the requirement. Composition of the reaction mixture for a total 

reaction volume of 25µL is detailed in Table 2.9. The reactions were carried out 

either in mastercycler (Eppendorf, Hamburg, Germany) or in Primus 96 (peQ Lab, 

Germany).  

For all the reactions, lid temperature was  constantly held  at 95°C  from the  start of 

the  reaction until the end of final elongation and it was turned off afterwards during 

storage. PCR products were stored at -20°C until further use. With the exception of 

one, reactions for all the polymorphisms were based on allele-specific PCR. One of 

the polymorphisms was analyzed using conventional PCR followed by restriction 

digestion. The amplified PCR products were visualized using UV transilluminator 

after separation on 1.5 - 2% agarose gel after staining with ethidium bromide 

(1µg/ml). Product size was predicted by comparing it with the marker run in the gel. 

Marker used for this study was low FastRuler low range DNA ladder (Thermo 

Scientific # SM1103). Photographs of the gels were stored in Syngene's bio imaging 

system, when required. 

Allele-specific PCR 

Allele-specific PCR (AS-PCR) was used for the detection of SNPs including 

rs1333049, rs6922269, rs2943634, rs599839, rs17465637, rs17228212 and 

rs7025486 and optimized PCR conditions for the reactions corresponding to these
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Table 2.8 : Composition of DreamTaq™ green PCR master mix (2X) used for PCR 

Ingredient       Concentration 

DreamTaq™ DNA Polymerase      

DreamTaq™ Green Buffer     1X 

MgCl2        4 mM 

dNTPs (dATP, dCTP, dGTP, dTTP)      

 

 

 

 

 

 

 

Table 2.9 : Composition of Reaction Mixture (25 µL) used for PCR 

Ingredient       Quantity 

DreamTaq™ Green PCR Master Mix (2X)    12.5 µL 

Forward Primer       50 picomoles 

Reverse Primer      50 picomoles 

Genomic DNA       100 nanograms 

PCR grade water      Upto 25 µL  
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SNPs are detailed in Tables 2.10, 2.11, 2.12, 2.13, 2.14, 2.15 and 2.16, respectively. 

The basic approach pursued for the performance of all these PCR amplification 

reactions is outlined below. 

For detection of each SNP, three different primers were designed and these primers 

were used for two different amplification reactions. Two of these primers were 

chosen for the SNP site such that the alternate alleles corresponding to mutation were 

located at the 3' end of primers and each of the primers was used to amplify DNA 

containing a particular allele. The third primer served as a common primer that was 

used in the amplification reactions of both products corresponding to the first two 

primers. 

For rs1333049 (C/G), two reverse primers and one forward primer were designed. In 

the first reaction, the reverse primer having base 'G' at its 3' end was used along with 

the common forward primer to amplify DNA containing base 'C' while in the second 

reaction, the common forward primer was used with the reverse primer having base 

'C' at its 3' end in order to amplify DNA containing base 'G'. For each sample, both 

reactions were run and products were separated on 1.8% agarose gel. If the product 

appeared only in the first reaction, the genotype was documented as CC. On the 

other hand, if the product appeared only in the second reaction, the genotype of the 

individual was recorded as GG. If the product appeared in both reactions, the result 

was interpreted as heterozygous genotype. 

The same holds true for the amplification reactions corresponding to rs6922269 

(A/G), rs2943634 (A/C), rs599839 (A/G), rs17465637 (A/C), rs17228212 (C/T) and 

rs7025486 (A/G) with the only difference being that for these reactions, two forward 

primers were used with a common reverse primer. 

Conventional PCR 

Conventional PCR was used for the amplification of DNA fragment containing 

rs501120 in DAB2IP gene. Primers were designed to amplify a 247 bp region in the 

DAB2IP gene spanning rs501120. The optimized PCR conditions for this reaction 

are described in Table 2.17. PCR products were run on 2 % agarose gel and 

visualized using UV transilluminator. Pictures were saved using gel documentation 

system from Syngene, UK. For detection of rs501120, restriction digestion was 

performed later on. 
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Table 2.10 : Program for amplification of rs1333049 (C/G) in thermal cycler 

Cycle No.               Step     Temperature Time 

      Lid Temperature 99 °C 

1 Initial Denaturation 95 °C 3 minutes 

2-36 

Denaturation 95 °C 60 seconds 

Annealing 63 °C (C) / 65 °C (G) 50 seconds (C) / 60 seconds (G) 

Extension 72 °C 60 seconds 

37 Final Extension 72 °C 10 minutes 

       Lid Temperature off 

38 Storage 8 °C  

 

 

 

 

 

 

 

 

Table 2.11 : Program for amplification of rs6922269 (A/G) in thermal cycler 

Cycle No.               Step     Temperature Time 

                    Lid Temperature 95 °C 

1 Initial Denaturation 94 °C           2 minutes 

2-34 

Denaturation 94 °C          60 seconds 

Annealing 56.5 °C (A) / 54 °C (G)          60 seconds 

Extension 72 °C         60 seconds 

35 Final Extension 72 °C         8 minutes 

                         Lid Temperature off 

36 Storage 8 °C  
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Table 2.12 : Program for amplification of rs2943634 (A/C) in thermal cycler 

Cycle No.               Step     Temperature Time 

                     Lid Temperature 95 °C 

1 Initial Denaturation 94 °C 5 minutes 

2-36 

Denaturation 94 °C 60 seconds 

Annealing 62.8 °C (A) / 58.5 °C (C) 45 seconds 

Extension 72 °C 60 seconds 

37 Final Extension 72 °C 10 minutes 

                      Lid Temperature off 

38 Storage 8 °C  

 

 

 

 

 

 

 

 

Table 2.13 : Program for amplification of rs599839 (A/G) in thermal cycler 

Cycle No.               Step     Temperature Time 

              Lid Temperature 95 °C 

1 Initial Denaturation 94 °C 3 minutes 

2-36 

Denaturation 94 °C 60 seconds 

Annealing 62.8 °C (A) / 60.3 °C (G) 60 seconds 

Extension 72 °C 60 seconds 

37 Final Extension 72 °C 5 minutes 

                  Lid Temperature off 

38 Storage 8 °C  
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Table 2.14 : Program for amplification of rs17465637 (A/C) in thermal cycler 

Cycle No.               Step     Temperature Time 

      Lid Temperature 95 °C 

1 Initial Denaturation 94 °C 4 minutes 

2-34 

Denaturation 94 °C 60 seconds 

Annealing 58.2 °C (A) / 61.7 °C (C) 60 seconds (A) / 45 seconds (C) 

Extension 72 °C 60 seconds 

35 Final Extension 72 °C 8 minutes 

       Lid Temperature off 

36 Storage 8 °C  

 

 

 

 

 

 

 

Table 2.15 : Program for amplification of rs17228212 (C/T) in thermal cycler 

Cycle No.               Step     Temperature Time 

                 Lid Temperature 95 °C 

1 Initial Denaturation 94 °C 3 minutes 

2-34 

Denaturation 94 °C 60 seconds 

Annealing 52.7 °C (C) / 58.2 °C (T) 60 seconds 

Extension 72 °C 60 seconds 

35 Final Extension 72 °C 5 minutes 

                      Lid Temperature off 

36 Storage 8 °C  
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Table 2.16 : Program for amplification of rs7025486 (A/G) in thermal cycler 

Cycle No.               Step     Temperature Time 

                               Lid Temperature 95 °C 

1 Initial Denaturation 94 °C 5 minutes 

2-36 

Denaturation 94 °C 60 seconds 

Annealing 68.5 °C (A) / 70 °C (G) 45 seconds 

Extension 72 °C 60 seconds 

37 Final Extension 72 °C 12 minutes 

                                 Lid Temperature off 

38 Storage 8 °C  

 

 

 

 

 

 

 

Table 2.17 : Program for amplification of rs501120 (C/T) in thermal cycler 

Cycle No.               Step     Temperature Time 

                               Lid Temperature 95 °C 

1 Initial Denaturation 94 °C 5 minutes 

2-36 

Denaturation 94 °C 60 seconds 

Annealing 58.5 °C 60 seconds 

Extension 72 °C 60 seconds 

37 Final Extension 72 °C 10 minutes 

                                 Lid Temperature off 

38 Storage 8 °C  
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Restriction digestion 

The enzyme used for detecting rs501120 was Hpy188I (New England Biolabs # 

R0617S). Reaction conditions are described in Table 2.18. After one hour at 37 °C, 

digestion reaction was stopped by heat inactivation,  digested products were run in 

2.5 % agarose gel and visualized under UV light. Photographs were stored in 

Syngene's bio imaging system. The DNA fragments pertaining to the genotype AA 

remained undigested whereas those corresponding to the genotype GG were 

completely digested to 199 and 48 bp fragments.  Presence of both digested and 

undigested products was indicative of the presence of DNA fragment containing 

heterozygous genotype. 

Study of Dynamics of Nuclear Calcium in Isolated Cardiomyocytes 

Dynamics of nuclear calcium were studied in isolated neonatal rat cardiomyocytes as 

part of a larger project entitled "Nuclear Calcium and Gene Regulation in the 

Remodeled Heart". As a pilot experiment, the plasmids expressing ion channel 

proteins were expressed in HEK293T cells by lipofection and the expression was 

studied using fluorescent microscopy and the cell patch clamp recordings were 

performed. Immunocytochemical staining was done to study the expression of 

sensors in neonatal rat cardiomyocytes. Genetically encoded calcium sensors were 

expressed in neonatal rat cardiomyocytes by electroporation and the dynamics of 

nuclear calcium in comparison with cytoplasmic calcium were studied using 

fluorescent microscope coupled with patch clamp setup. Finally, the effect of 2-

aminoethoxydiphenyl borate (2-APB) was studied on nuclear and cytoplasmic 

calcium transients in isolated cardiomyocytes. All the procedures requiring sterility 

were carried out in a BSL-2 facility. 

Culturing of HEK293T cells 

HEK293T cells were taken from pre-existing culture, medium was aspirated and 

cells were washed using 5 mL PBS (Lonza BioWhittaker™ # BE17-516F). PBS was 

aspirated and 1 mL trypsin was added. Trypsin was aspirated after some time and the 

cells were given some time to get detached. The detached cells were dissolved in a 

defined volume of fresh DMEM (Lonza BioWhittaker™ # BE12-733F) 

supplemented with FCS, L-glutamine and penicillin streptomycin solution (Table 

2.19)  that   was  equilibrated   to  room  temperature  before  commencing   with  the 
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Table 2.18 : Restriction digestion with Hpy188I for rs501120 

Ingredient       Quantity per 15 µL 

Amplified DNA       5.0 µL (~ 250 ng) 

10 X NE Buffer  ⃰      1.5 µL 

Hpy188I Enzyme      0.5 µL (5 U) 

d.H2O        8.0 µL 

⃰ 1 X NE Buffer contains 50 mM potassium acetate, 20 mM Tris-acetate, 10 mM magnesium acetate 

and 1 mM dithiothreitol (pH 7.9 at 25°C). 

 

 

 

 

 

 

 

Table 2.19 : Composition of culture medium for HEK293T cells 

Ingredient       Quantity 

DMEM        450 mL 

Fetal Calf Serum      50 mL 

L-Glutamine       5 mL 

Pen-Strep Solution      5 mL 
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protocol. The cells were diluted in supplemented DMEM either in cell culture flasks 

or in culture dishes depending on the requirement of the experiment. The cells were 

eventually incubated at 37°C in a 5 % CO2 incubator. 

Lipotransfection of HEK293T cells 

Different plasmids encoding ion channel proteins including potassium channel and 

calcium channel were expressed in HEK293T cells. In addition, pCAG-Chimera13, 

pCAG-Chimera31 and pCAG-ButterflyYR variants (Mishina et al., 2012) were used 

for transfecting HEK293T cells. The steps followed for transfection are detailed as 

follows: 

Took a 24-well cell culture plate (Gibco) and added sterile 10 mm round cover slips 

(VWR) to each of the wells of the plate. Added 500 µL of 1 % gelatin (BIO-RAD # 

170-6537) solution prepared in autoclaved water to each of the wells and placed at 

37°C for 30 minutes so that the cover slips are coated. After half an hour, aspirated 

the gelatin solution and added 100 µL of freshly passed HEK cells to each well 

followed by the addition of 500 µL supplemented DMEM. Incubated the cells at 

37°C for 3 hours in a 5 % CO2 incubator allowing them sufficient time so that they 

can adhere to the cover slips. 

Meanwhile, added 50 µL of unsupplemented DMEM and 1.75 µL of Lipofectamine 

(Invitrogen # 11668-027) to a 1.5 ml microcentrifuge tube. In another tube, added 50 

µL of unsupplemented DMEM, 0.75 µL of plasmid DNA and 0.25 µL Green 

Fluorescent Protein (GFP). Mixed both fractions in a single tube and vortexed 

briefly. Placed the tube in culture hood for 20 minutes at room temperature. Added 5 

µL of transfection mixture to each of the wells containing fresh HEK cells. The cells 

were incubated overnight at 37°C in the 5 % CO2 incubator. On the next day, old 

medium was aspirated and cells were supplied with fresh DMEM. Cells were 

incubated at 37°C in a 5 % CO2 incubator until used for further experiments. 

Microscopy and patch clamp experiments using HEK293T cells 

The cover slips with attached cells were mounted on a rectangular cover slip. 

BiTy1.0 (Table 2.20) was used as bath solution for measuring IK1 current whereas, 

Tyrode buffer (Table 2.21) was used for the measurement of calcium current. 

Transfected cells were recognized by the emission of green fluorescence under 

fluorescent microscope (Nikon, ECLIPSE # TE2000-U). Pipettes for patch clamp 
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Table 2.20 : Composition of BiTy1.0 (pH = 7.4) used for patch clamp 

Ingredient       Quantity / L 

NaCl        8.1816 g 

KCl        0.4026 g 

NaHCO3       1.4702 g 

HEPES        3.5745 g 

Glucose       1.0810 g 

d.H2O        Upto 1L 

 

 

 

 

 

 

Table 2.21 : Composition of Tyrode Buffer (pH = 7.4) used for patch clamp 

Ingredient       Quantity / L 

NaCl        8.1816 g 

KCl        0.4026 g 

CaCl2        0.2647 g 

MgCl2        0.2033 g 

HEPES        1.4298 g 

Glucose       1.0810 g 

d.H2O        Upto 1L 
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were pulled on a micropipette puller (Sutter Instrument Company # P-2000) and fire-

polished. Composition of pipette solution used for measuring ion channel currents is 

enlisted in Table 2.22. The patch clamp recordings were made at room temperature 

using Axopatch 200A Microelectrode Clamp setup (Axon Instruments) attached to a 

computer system. 

Immunocytochemical staining and microscopy 

Neonatal rat cardiomyocytes were used for immunocytochemical staining. These 

cardiomyocytes were transfected using electroporation with pCAG-Chimera13, 

pCAG-Chimera31 or pCAG-ButterflyYR encoding plasmids and fixated. The 

protocol used for staining is detailed below. 

Permeabilized the cover slips for 5 minutes with 0.5 % Triton-X100 in Phosphate 

Buffered Saline (PBS). Removed Triton-X100 and incubated twice for 10 minutes in 

freshly prepared solution of 50 mM glycine in PBS. Removed glycine and washed 

twice with Net-gel (Table 2.23) for 10 minutes. Took out the cover slips from wells 

of the plate and placed on a glass plate covered with Parafilm (VWR). Placed the 

plate with cover slips in a moist chamber. Incubated overnight with a primary 

antibody against α-actinin (mouse, Sigma) diluted in 2 % Bovine Serum Albumin 

(BSA) in PBS.  

The next day, cover slips were washed 5 times for 5 minutes each with Net-gel. The 

cells were incubated for 2 hours with secondary antibody diluted in 2 % BSA in 

PBS. Secondary antibody used for cells expressing chimera 13 and chimera 31 was 

anti-mouse-DyI while that for butterfly variants was anti-mouse-

Aminomethylcoumarin Acetate (AMCA). Washed the cover slips 5 times for 5 

minutes each with Net-gel. For chimera cells, 4',6-diamidino-2-phenylindole (DAPI) 

was added to the second wash step. Mounted the cover slips in Vectashield and 

sealed with nail polish. Preserved the slides in dark at -20°C until further use. Slides 

were observed under a fluorescent microscope (Nikon) and images were saved to the 

computer. 

Isolation of neonatal rat ventricular cardiomyocytes 

Cardiomyocytes were isolated from ventricles of neonatal rats (Wistar RCC, Harlan 

Laboratories, standard housing and feeding) for electroporation and subsequent 

optical  and electrical  recordings. The protocol followed for the isolation began with 
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Table 2.22 : Composition of pipette solution (pH = 7.4) used for patch clamp 

Ingredient       Quantity / L 

KCl        0.7455 g 

K-Gluconate       29.2813 g 

HEPES        1.1915 g 

Na2ATP       2.2044 g 

EGTA        1.9018 g 

d.H2O        Upto 1L 

 

 

 

 

 

 

Table 2.23 : Composition of Net-gel used for immunocytochemical staining 

Ingredient       Concentration 

Tris (pH=7.4)       50 mM 

NaCl        150 mM 

EDTA        5 mM 

Igepal (NP40)       0.05 % 

Gelatin        0.25 % 

Natrium Azide       0.02 % 

Prepared in d.H2O. Stored at 4°C. 
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the removal of vessels and atria from the excised hearts of 1-2 day old pups in sterile, 

10 cm dishes (Sigma, CLS430167) containing 1X Solution A (Table 2.24). After 

that, cut ventricles to small pieces, washed three times with Solution A using sterile 

10 mL glass pipette and transferred to a sterile capped glass bottle. Added 14 mL 1X 

Solution A, 750 µL Trypsin and 30 µL of </=100% DNAse I (Roche # 

11284932001) and kept in shaker at 37°C for 12 minutes. Afterwards, pipette the 

solution several times with autoclaved 10 ml glass pipette and discarded the 

supernatant. 

Added 14 mL 1X Solution A, 750 µL Trypsin & 30 µL DNAse I to tissue pieces and 

kept in shaker at 37°C for 15 minutes. Pipette out 4 mL of the supernatant into a 

sterile 50 mL centrifuge  tube.  Pipette  rest  of  the  solution  several  times  with 10 

mL  glass  pipette and transferred 8 mL of supernatant to the centrifuge tube. Pipette 

rest of the solution several times with a sterile glass pipette curved at its base, 

transferred remaining supernatant to the same 50 mL centrifuge tube used above. 

Added 6 mL Ham's F10 (Gibco® # 3155-023) supplemented with serum, L-

glutamine and penicillin streptomycin solution (Table 2.25) to 50 mL tube 

containing supernatant. Centrifuged the tube without brake for 3 minutes at 1100 

rpm and room temperature. Removed the supernatant and added 5 ml supplemented 

Ham's F10. Placed aside. 

Repeated the steps as described in above paragraph 3-5 times until the tissue pieces 

were digested completely. Combined all the cell fractions obtained, filtered into an 

autoclaved glass bottle and pre-plated in sterile, uncoated 10 cm culture dishes 

adding a volume of approximately 7 mL per dish. Placed in 5 % CO2 incubator at 

37°C for 1.5 hours. After 90 minutes, collected the non-adhering cells in a sterile 50 

mL centrifuge tube, washed the dishes with 10 mL of 1X Solution A and added it to 

a 50 mL tube. Centrifuged the tube for 3 minutes at 1100 rpm and room temperature 

with brake, discarded the supernatant and added 10 mL supplemented Ham's F10. 

Took 10 µL of isolated cell suspension and added to the Neubauer chamber for cell 

counting. Counted the cells in 25 small boxes using a light microscope (Nikon) and 

multiplied the number of cells in 25 boxes by 10,000 in order to get number of cells 

per mL. 
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Table 2.24 : Composition of 10 X Solution A (pH = 7.4) used for 

cardiomyocyte isolation 

Ingredient       Quantity / L 

NaCl        80 g 

KCl        4 g 

Glucose       10 g 

Na2HPO4.2H2O       0.6 g 

KH2PO4       0.6 g 

Phenol Red       0.2 g 

HEPES        47.7 g 

d. H2O        Upto 1 L 

 

 

 

 

 

 

Table 2.25 : Composition of culture medium for cardiomyocytes 

Ingredient       Quantity 

Ham's F10       93 % 

FCS        5 % 

L-Glutamine       1 % 

Pen-Strep Solution      1 % 
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Electroporation 

Four types of genetically encoded calcium sensors were used for 

electroporatingcardiomyocytes; GCaMP3 (targeted to cytoplasm), NLS-GCaMP3 

(targeted to nucleus), R-GECO1 (targeted to cytoplasm), and NLS-R-GECO1 

(targeted to nucleus). Cells expressing GCaMP3 emit green fluorescence while those 

expressing R-GECO1 emit red fluorescence. Cells were either transfected using 

plasmids encoding GCaMP3 and NLS-R-GECO1 or by using plasmids encoding R-

GECO1 in addition to NLS-GCaMP3. Rat Cardiomyocyte Neonatal Nucleofector® 

kit (Lonza # VPE-1002) was used for electroporation following the procedure below. 

A defined volume of cell suspension with desired number of cells was added to a 

sterile 15 mL centrifuge tube. Centrifuged with brake at 11,00 rpm for 3 minutes. 

Removed the supernatant and added 100 µL transfection mixture (82 µL 

Nucleofector® solution + 18 µL Supplement) to dissolve the pellet. Transferred the 

cells to a plastic cuvette (supplied with the kit)  containing 1 µg of  each  of  the 

plasmid  DNAs to be used  for  transfection. Cells were electroporated using 

Amaxa™  Nucleofector™  machine,  program G-009. A defined volume of 

transfected cells was added either to the wells containing round coverslips in either 

24- or 48-well cell culture plate or to the glass bottom dishes.  

For some experiments, cells were seeded in the wells created by Sylgard 184 (Dow-

Corning) masks attached to rectangular cover slips in a moist chamber. Before 

adding the cells, cover slips, glass bottom dishes and wells of Sylgard masks were 

coated with laminin (Roche # 11243217001). Laminin was diluted in Solution A (1 : 

50) and coating was accomplished by placing the substrates at 37°C for 2 hours. This 

step was performed during pre-plating to save time. Cultured cells in a defined 

volume of supplemented Ham's F10 at 37°C in 5 % CO2 incubator. 

Fluorescence microscopy and patch clamp using cardiomyocytes 

For all experiments, cardiomyocytes were visualized using a fluorescent microscope 

(Nikon, ECLIPSE # TE2000-U) having 40x immersion objective and fluorescence 

was detected using two photomultiplier tubes (PMTs). Axopatch 200A 

Microelectrode Clamp setup (Axon Instruments) was used for patch clamp and 

bipolar temperature controller (Cell MicroControls, TC
2

bip[R5]) was used for 

maintaining the temperature. For field-stimulation, Stimulator CS (Hugo Sachs 
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Elektronik - HARVARD APPARATUS # 73-0485) was used. Micropipettes for 

patch clamp were pulled on a micropipette puller (Sutter Instrument Company # P-

2000) and fire-polished. To begin with, the fluorescence recordings were made in 

cardiomyocytes expressing both combinations of calcium sensors: GCaMP3 with 

NLS-R-GECO1 and R-GECO1 with NLS-GCaMP3. For recordings at room 

temperature, round coverslips with attached cardiomyocytes were mounted in a 

perfusion chamber. For detecting fluorescence changes at 37°C, cardiomyocytes 

were mounted in a heating and perfusion chamber used along with a preheater. 

Changes in fluorescence were recorded in responsive cardiomyocytes simultaneously 

for red and green fluorescence. Recordings were saved to an attached computer 

system. 

As the cardiomyocytes electroporated with plasmids encoding GCaMP3 and NLS-R-

GECO1 were found to yield better results, further experiments were carried out using 

this combination only. Action potentials were recorded simultaneously with the 

optical measurements using cardiomyocytes seeded in glass bottom dishes (Fluodish, 

World Precision Instruments) or in wells created by Sylgard masks attached to cover 

slips. Glass bottom dishes were used for recordings at room temperature without 

field-stimulation. On the other hand, Sylgard masks were used for recordings at 37°C 

with field-stimulation at 1 or 2 Hz and for this purpose, they were mounted in the 

heating and perfusion chamber used  with a  preheater (both from Cell 

Microcontrols).  hESC-CM  Tyrode  (Table 2.26) was used as bath solution in these 

experiments. Action potentials were measured by perforated patch experiments using 

Amphotericin B (Sigma). The recordings were saved onto the computer. 

Effects of 2-APB on calcium transients in cytoplasm and nucleus were studied at 

37°C in combination with field-stimulation. For this purpose, Sylgard masks bearing 

cardiomyocytes were mounted in the heating and perfusion chamber and 20 µM 2-

APB was applied. Calcium transients were then measured simultaneously in 

cytoplasm and nucleus by field-stimulating cardiomyocytes at both 1 and 2 Hz. 

Recordings were saved onto the computer system for further analysis. 

Isolation of Adult Mouse Ventricular Cardiac Myocytes 

Cardiomyocytes were isolated from adult transgenic mice expressing αMHC-

VSFP2.3 (α-myosin heavy chain - voltage-sensitive fluorescent protein 2.3). A 
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Table 2.26 : Composition of hESC-CM Tyrode (pH = 7.4) used for patch clamp 

Ingredient       Quantity 

NaCl        7.5972 g 

KCl        0.2982 g 

NaHCO3       1.5122 g 

HEPES        2.3830 g 

Glucose       1.8016 g 

d.H2O        Upto 1L 
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published protocol was followed with some modifications (Louch et al., 2011). Heart 

was excised from the mouse after cervical dislocation and placed in Control solution 

1X (Table 2.27) which was prepared from Control solution 10X Stock (Table 2.28). 

Cannulated the aorta using a stereo microscope (Nikon) and transferred the hearts to 

the perfusion system. Langendorff-perfused the heart with Perfusion buffer (Table 

2.29) prepared from Stock Perfusion buffer 1X (Table 2.30) for 4 minutes at a rate of 

3 ml/min. Continued perfusion for next 8-10 minutes using Digestion buffer (Table 

2.31). 

Removed the heart from the perfusion system when it became pale and swollen, and 

kept in Digestion buffer. Removed the atria and cannula, and cut the ventricles into 

small pieces using forceps and scissors. Using a transfer pipette, gently triturated the 

cells to dissociate them until the clumps disappeared. Filtered the cell suspension 

using a 250 μm mesh collector and transferred to a 15 ml centrifuge tube (VWR). 

Added an equal volume of  Stop buffer 1  solution (Table 2.32) and  allowed for the 

digestion to stop over next 15 minutes. Removed the supernatant and resuspended 

the cells in 10 ml of Stop buffer 2 solution (Table 2.33). 

Equally divided the suspension into two falcon tubes and to each of them, added 25 

μL of 10 mM CaCl2 solution prepared by diluting 1 ml  of 100 mM Ca Stock 

solution with 9 ml of Milli-Q water (Milli-Q Reference, Millipore) . 100 mM Ca 

Stock solution was prepared by mixing 10 ml of 1 M Ca Stock solution (Table 2.34) 

with 90 ml of Milli-Q water. Mixed the contents of both tubes and kept for 4 

minutes. Added another 25 μL of 10 mM CaCl2 solution to each of the two tubes, 

mixed and kept for 8 minutes. Removed the supernatant, added CS-BSA 200 μM Ca 

prepared by adding 50 μL of 100 mM Ca Stock to 25 ml of Control solution-BSA 

(Table 2.35), and waited for 7 minutes. Removed the supernatant, added CS-BSA 

500 μM Ca prepared by adding 125 μL of 100 mM Ca Stock to 25 ml of Control 

solution-BSA and waited for 7 minutes. Removed the supernatant, added CS-BSA 1 

mM C prepared by adding 250 μL of 100 mM Ca Stock to 25 ml of Control solution-

BSA and waited for 7 minutes. This gradual increase in the concentration of calcium 

increased the calcium tolerance of isolated myocytes. Quiescent cells with rod-

shaped morphology were used for patch clamp experiments which were to be done 

by one of the research fellows. 
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Table 2.27 : Composition of Control solution 1X (pH = 7.4) used for isolation of 

mouse ventricular cardiomyocytes 

Ingredient       Quantity 

Glucose       1.0 g 

Control solution (10X Stock)     50 ml 

Milli-Q H2O       Upto 500 ml 

 

 

 

 

Table 2.28 : Composition of Control solution 10X Stock used for isolation of 

mouse ventricular cardiomyocytes 

Ingredient       Quantity 

NaCl        15.603 g 

KCl        0.596 g 

NaH2PO4       0.288 g 

HEPES        4.777 g 

MgSO4        0.289 g 

Milli-Q H2O       Upto 200 ml 

 

 

 

 

Table 2.29 : Composition of Perfusion buffer (pH = 7.46) used for isolation of 

mouse ventricular cardiomyocytes 

Ingredient       Quantity 

Stock Perfusion buffer 1X     140 ml 

Glucose       0.15 g 

500 mM BDM (2.53g BDM in 50ml Milli-Q H2O)  3 ml 

Milli-Q H2O       Upto 500 ml 
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Table 2.30 : Composition of Stock Perfusion buffer 1X used for isolation of 

mouse ventricular cardiomyocytes 

Ingredient       Quantity 

NaCl        3.3 g 

KCl        0.175 g 

MgSO4        0.07 g 

Na2HPO4       0.042 g 

KH2PO4       0.041 g 

NaHCO3       0.505 g 

KHCO3        0.505 g 

Taurine        1.875 g 

Phenol Red       0.006 g 

HEPES        1.1915 g 

Milli-Q H2O       Upto 500 ml 

 

 

 

Table 2.31 : Composition of Digestion buffer used for isolation of mouse 

ventricular cardiomyocytes 

Ingredient       Quantity 

Perfusion buffer      27 ml 

Liberase TM       2.7 mg 

2.5 % Trypsin       150 μL 

100 mM Ca Stock      3.375 μL 

 

 

 

Table 2.32 : Composition of Stop buffer 1 used for isolation of mouse 

ventricular cardiomyocytes 

Ingredient       Quantity 

Perfusion buffer      9 ml 

Bovine calf serum (BCS)     1 ml 

10 mM Ca Stock      12.5 μL 
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Table 2.33 : Composition of Stop buffer 2 used for isolation of mouse 

ventricular cardiomyocytes 

Ingredient       Quantity 

Perfusion buffer      9.5 ml 

Bovine calf serum (BCS)     0.5 ml 

10 mM Ca Stock      12.5 μL 

 

 

 

 

Table 2.34 : Composition of 1M Ca Stock solution used for isolation of mouse 

ventricular cardiomyocytes 

Ingredient       Quantity 

CaCl2*2H2O       7.35 g 

Milli-Q H2O       50 ml 

 

 

 

 

Table 2.35 : Composition of Control solution-BSA (pH = 7.4) used for isolation 

of mouse ventricular cardiomyocytes 

Ingredient       Quantity 

Albumin       100 mg 

Control solution 1X      Upto 100 ml 
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Statistical Analysis 

The basic analysis including mean, standard deviation, SEM etc. was carried out in 

Microsoft Excel. Hardy Weinberg equilibrium was examined with the help of chi 

square test. Gene frequency, allele frequency and their difference between different 

groups was also analyzed using chi square test. SPSS® Software version 12 for 

windows (SPSS Inc., Chicago Illinois, USA 1989-2003) and MINITAB Student 

version, release 12 for Windows (Minitab Inc.) were used for performing chi square 

test, multivariate analysis for comparison of concentrations of different markers, and 

other non parametric tests. These tests were also used to calculate correlation 

between different parameters. As eight different hypotheses were tested in this 

research work, in order to correct for multiple comparisons, Boneferroni correction 

was applied (corrected threshold for significance: P = <0.05/8 = <0.00625). Odds 

ratio were calculated using an online calculator (Bland and Douglas, 2000). Images 

of fluorescent cardiomyocytes were analyzed by ImageJ version 1.45s for Windows 

(National Institutes of Health, USA). Analysis of calcium transients in nucleus and 

cytoplasm was accomplished using a custom software written in Matlab 2011. 
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Chapter 3 

POPULATION CHARACTERISTICS 

Coronary Heart Disease (CHD) is highly prevalent in Pakistan and is one of the 

leading causes of mortality in this region (Jafar et al., 2008). In recent times, 

genome-wide association studies have identified several genetic polymorphisms that 

are associated with morbidity and mortality of CHD. To study the association of 

some of recently identified single nucleotide polymorphisms with CHD in Pakistani 

population, a case-control study was worked out. Case-control studies are frequently 

used to estimate the status of risk factors in patients having outcome of interest 

compared with the control group lacking the outcome (Bowling and Ebrahim, 2005).  

The sample population consisted of diagnosed patients of CHD and healthy controls. 

Samples for patients were collected from different hospitals in two main cities of 

Punjab province of Pakistan: Lahore and Gujranwala (Table 3.1). On the other hand, 

samples for controls were collected from the employees of different hospitals and 

government offices in Lahore and Gujranwala. Some of the control samples were 

also collected from general population in a locality of Gujranwala (Table 3.2). The 

diagnosis of CHD was established on the basis of medical reports and confirmation 

by conversation with the doctor. Those having chronic bacterial or viral infection 

were excluded from the study. The necessary information was collected through face 

to face interview by administering a detailed questionnaire. 

Population under study comprised of a total of 645 samples including 435 cases and 

210 controls. Out of these, 39 samples (6%) were excluded based on the positive 

result for diagnostic tests of hepatitis B, hepatitis C and HIV. Prevalence rate of 

hepatitis B was 1.6 % in cases compared to 0 % in controls. For hepatitis C, a higher 

prevalence was observed with the rate being 5.8 % in cases compared to 3.3 % in 

controls. None of the samples was diagnosed with HIV (Table 3.3). Table 3.4 shows 

that a major part of the sample population was based in the Punjab province of 

Pakistan representing 93 % of the total sample population and this part of sample 

population was largely based in major cities of Punjab including, for example, 

Faisalabad, Gujranwala, Gujrat, Jhelum, Kasur, Lahore, Multan, Sheikhupura and 

Sialkot. The remaining 7 % of  the sample population  came from  other provinces or 
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    Table 3.1 : Sampling sites for collection of cases used for genetic analysis 

Sr. No. Sampling Site No. of samples 

    collected 

1 Punjab Institute of Cardiology, Lahore 217 

2 Mayo Hospital, Lahore 66 

3 Jinnah Hospital, Lahore 59 

4 Siddique Sadiq Memorial Trust Hospital, Gujranwala 28 

5 District Headquarters Hospital, Gujranwala 24 

6 Cheema Heart Complex, Gujranwala 23 

7 Social Security Hospital, Gujranwala 18 

 Total  435 

 

 

 

 

   Table 3.2 : Sampling sites for collection of controls used for genetic analysis 

Sr. No. Sampling Site     No. of samples 

        collected 

1 Wapda Office, Gujranwala  44 

2 Office of the District Education Officer, Gujranwala  39 

3 Wapda Hospital, Gujranwala  28 

4 Satellite Town, Gujranwala 28 

5 City Hospital, Gujranwala 22 

6 Jinnah Hospital, Lahore 21 

7 Aziz Polyclinic, Commissioner Road, Gujranwala 18 

8 Chatha Hospital, Gujranwala 10 

 Total  210 
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                 Table 3.3 : Selection of samples based on screening tests 

Category Cases 

(N=435) 

Controls 

(N=210) 

Total 

(N=645) 

Selected 403 (92.6%) 203 (96.7%) 606 (94.0%) 

HBV 7 (1.6%) 0 (0.0%) 7 (1.0%) 

HCV 25 (5.8%) 7 (3.3%) 32 (5.0%) 

HIV 0 (0.0%) 0 (0.0%) 0 (0.0%) 

 

 

 

 

 

   Table 3.4 : Geographical distribution of samples in different provinces of  

     Pakistan 

Province / Territory 
Cases 

(N=403) 

Controls 

(N=203) 

Total 

(N=606) 

Punjab 373 194 567 

Sindh 8 3 11 

Khyber Pakhtunkhwa 6 2 8 

Balochistan 4 1 5 

Islamabad 5 1 6 

FATA 2 1 3 

Azad Kashmir 5 1 6 
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territories of Pakistan. 

The baseline characteristics of population under study are outlined in Table 3.5. The 

mean age of cases at first event and that of controls differed only slightly. Cases 

were classified into three categories on the basis of type of first event experienced: 

myocardial infarction (MI), Percutaneous Coronary Intervention (PCI) and Coronary 

Artery Bypass Grafting (CABG). Out of a total of 403 cases, 259 individuals 

experienced MI, 93 experienced PCI and 51 were found to experience CABG as first 

event. Average body mass index (BMI) was also found out to be more or less the 

same in controls and cases which was further emphasized by the similar percentage 

of the obese individuals in both groups resulting in a not significant statistical 

difference (P for t-test > 0.05) between the two groups as calculated using t-test for 

unpaired samples.  

The blood pressure measurements were comparatively higher in cases as compared 

to controls. However, systolic blood pressure (SBP) was significantly elevated (P for 

t-test < 0.05) in cases but diastolic blood pressure (DBP), on the contrary, showed no 

significant difference between cases and controls (P for t-test > 0.05). The pulse rate 

was comparatively higher in cases and the difference between the two groups was 

statistically significant (P for t-test < 0.05) in this case. The percentage of diabetic 

and hypertensive individuals was noticeably high in cases when compared to 

controls which is further emphasized by the fact that for both of these parameters, the 

difference between the two groups was statistically significant (P for t-test < 0.05). 

Finally, the percentage of smokers was also significantly elevated in cases than in 

controls with the difference being statistically significant (P for t-test < 0.05). 

Lipid profile of sample population was done to evaluate and compare cholesterol 

levels in cases and controls. Lipid profile includes estimation of Total cholesterol, 

High-density lipoprotein cholesterol (HDL-C), Low-density lipoprotein cholesterol 

(LDL-C) and triglycerides. Measurement of these parameters helped in establishing 

proper diagnosis of CHD as higher cholesterol levels are associated with increased 

risk of CHD (Lehto et al., 1997; Sarwar et al., 2007). The levels of biochemicals 

pertaining to lipid profile were defined on the basis of guidelines endorsed by the 

American Heart Association (ATP III, 2002).  

Total cholesterol levels of less than 200 mg/dL are considered as normal and those 
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Table 3.5 : Baseline characteristics of samples selected for genetic investigation 

Characteristic Cases 

(N=403) 

Controls 

(N=203) 

Age at recruitment (Years) 55.08 ± 0.535 51.77 ± 0.421 

Age at first event (Years) 52.17 ± 0.549 ° 

Weight (Kg) 70.24 ± 0.805 74.12 ± 0.930 

Height (m) 1.66 ± 0.004 1.677 ± 0.006 

Body Mass Index (Kg/m
2
) 25.59 ± 0.302 26.35 ± 0.298 

SBP (mm Hg) ⃰ 119.44 ± 0.998 114.23 ± 0.478 

DBP (mm Hg) 76.37 ± 0.584 75.13 ± 0.211 

Pulse rate (BPM) ⃰ 81.34 ± 0.592 79.01 ± 0.505 

Diabetics N (%) ⃰ 129 (32.0) 37 (18.2) 

Hypertensive N (%) ¶  ⃰ 156 (38.7) 55 (27.1) 

Obese N (%) 78 (19.4) 41 (20.2) 

Smokers N (%) ⃰ 215 (53.4) 65 (32.0) 

± values are mean ± standard error of the mean (SEM).  

Values in parenthesis correspond to percentage. 

° Controls didn't experience the disease event. 

¶ A blood pressure value equal to or greater than 140/90 is pertinent to hypertension. 

⃰ Difference between the two groups is statistically significant as calculated using t-test. 

SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; BPM = Beats per minute 
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lying between 200 and 239 mg/dL are at borderline. Values above 239 mg/dL are 

interpreted as being high. According to the results obtained, majority (68%) of 

controls were normal whereas more than half (59%) of the cases were normal with 

respect to total cholesterol levels.  Further, 36%  of cases were at  borderline which 

was higher in comparison with 30% of the individuals in control population. Number 

of individuals with high total cholesterol levels also exceeded in cases (5.5%) when 

compared to controls (2%). These results are outlined in Table 3.6. 

In men, HDL cholesterol levels of less than 40 mg/dL are regarded as low whereas 

those ranging between 40 and 49 mg/dL are considered better. In women, HDL-C 

levels of less than 50 mg/dL are considered to be low while those lying between 50 

and 59 mg/dL are interpreted as better. HDL-C levels of 60 mg/dL and above are 

described as being protective in both men and women. Results indicate that majority 

(approx. 70%) of men and women in controls lie in the range referred to as normal 

whereas, more than half (approx. 58%) of the males and females in cases also belong 

to this category (Table 3.7). 

According to the guidelines approved by the American Heart Association, LDL 

cholesterol levels of less than 130 mg/dL are considered to be optimal or near 

optimal. Between 130 and 159 mg/dL lies the range that is considered borderline 

high. Values of LDL-C ranging between 160 and 189 mg/dL are regarded as high 

whereas, those above 189 mg/dL are interpreted as being very high. In majority of 

the cases (85%) and controls (90%), LDL-C levels ranged from optimal to near 

optimal. Most of the remaining samples were at borderline and only a few of them 

had high levels of HDL-C in serum. However, none of the individuals had very high 

levels of cholesterol (Table 3.8). 

For triglycerides, values less than 150 mg/dL are considered to be desirable whereas, 

those ranging between 150 and 199 mg/dL are documented as borderline high. 

Triglyceride levels in serum that range between 200 and 499 mg/dL are described as 

being high and those equal to or above 500 mg/dL are interpreted as being very high. 

As shown in Table 3.9, biochemical testing revealed that most of the cases (50%) 

and controls (61%) had desirable levels of triglycerides. Borderline high levels of 

triglycerides were found out in 31%  of cases which was higher compared to 27%  in 

controls. High levels of triglycerides were observed in only 15% of cases and 11% of 
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Table 3.6 : Distribution of samples in different ranges of Total Cholesterol levels 

Total Cholesterol (mg/dL) 
Cases 

(N=403) 

Controls 

(N=203) 

Less than 200 N (%) 238 (59.1) 137 (67.5) 

200-239 N (%) 143 (35.5) 62 (30.5) 

240 and above N (%) 22 (5.5) 4 (2.0) 

Values in parenthesis correspond to percentage. 

 

 

 

 

Table 3.7 : Distribution of samples in different ranges of HDL Cholesterol levels 

HDL Cholesterol (mg/dL) 

Cases 

(Total=403, 

Males=314,  

Females=89) 

Controls 

(Total=203, 

Males=158, 

Females=45) 

Less than 40 (Males) N (%) 95 (30.2) 41 (25.9) 

Less than 50 (Females) N (%) 30 (33.7) 9 (20.0) 

40-49 (Males) N (%) 179 (57.0) 109 (69.0) 

50-59 (Females) N (%) 53 (59.6) 32 (71.1) 

50 and above (Males) N (%) 40 (12.7) 8 (5.1) 

60 and above (Females) N (%) 6 (6.7) 4 (8.9) 

Values in parenthesis correspond to percentage. 
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Table 3.8 : Distribution of samples in different ranges of LDL Cholesterol levels 

LDL Cholesterol (mg/dL) 
Cases 

(N=403) 

Controls 

(N=203) 

Less than 130 N (%) 344 (85.4) 183 (90.1) 

130-159 N (%) 52 (12.9) 18 (8.9) 

160-189 N (%) 7 (1.7) 2 (1.0) 

190 and above 0 (0.0) 0 (0.0) 

Values in parenthesis correspond to percentage. 

 

 

 

 

 

 Table 3.9 : Distribution of samples in different ranges of Triglyceride levels 

Triglycerides (mg/dL) 
Cases 

(N=403) 

Controls 

(N=203) 

Less than 150 N (%) 201 (49.9) 124 (61.1) 

150-199 N (%) 125 (31.0) 55 (27.1) 

200-499 N (%) 71 (17.6) 23 (11.3) 

500 and above 6 (1.5) 1 (0.5) 

Values in parenthesis correspond to percentage. 
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controls. Less than 2% of cases and 1% of controls were estimated to be having 

considerably high levels of serum triglycerides. 

Discusssion 

In recent years, genome-wide association studies have identified several loci that are 

associated with CHD (Francke et al., 2001; WTCCC, 2007; Arking and Chakravarti, 

2009; Baudhuin, 2009; Ogawa et al., 2010). Association of several newly identified 

variants with CHD has been established through replication in different populations 

worldwide (Anderson et al., 2008; Maitra et al., 2009; Muendlein et al., 2009; 

Silander et al., 2009; Harrison et al., 2012). Therefore, the present study was 

designed to assess the association of some of the recently identified genetic 

polymorphisms with CHD in Pakistani population. Sample collection for this study 

was based mainly in Lahore and Gujranwala because these are among major cities in 

the Punjab province of Pakistan with Lahore being the provincial capital.  

A number of patients from all over Pakistan come to the hospitals in Lahore with 

majority of them belonging to the Punjab province itself. Samples for patients were 

collected randomly without considering gender, ethnicity and socio-economic status. 

Samples for controls also included individuals from all over Pakistan, although most 

of them came from Punjab. Control samples were matched to cases with respect to 

gender. Sample population comprised of a total of 472 (78%) men and 134 (22%) 

women. This gender distribution was same for both cases and controls as controls 

were gender matched to the cases. Hence, more males were found out to be affected 

than females in the present study which is in contrast to the previous findings as 

prevalence of CHD and its associated risk factors has been determined to be higher 

or at least equal in women than in men, specifically in Pakistani population (Iqbal et 

al., 2004). 

According to the first report on an alarmingly high prevalence of CHD in Pakistan, 

around 1 in 4 middle-aged adults show evidence of heart disease, with women 

having at least equivalent risk to men (Jafar et al., 2005). Later studies document that 

one in five middle-aged adults may have underlying CHD and the risk in women is 

comparatively higher than men in urban areas of Pakistan along with higher 

prevalence of CHD risk factors in women (Jafar, 2006; Jafar et al., 2008).  The lower 

percentage of CHD in women in the sample population could partly be explained 
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considering the discriminative access to health care facilities in Pakistan especially in 

the rural population of Pakistan. Further, sample collection was random without any 

discrimination between men and women. 

Screening on the basis of viral infections eliminated 6% of total population which 

were all affected by either HBV or HCV. Only 1% of total population was found to 

be positive for HBsAg whereas, 5% showed positive test result for HCV. Prevalence 

of HBV pertained to cases only as none of the individuals in control population were 

diagnosed with HBV. HCV observed a higher prevalence in cases (6%) as compared 

to controls (3%). Previous studies have reported a prevalence of 2.4% for HBV and 

3% for HCV in adults of Pakistan (Ali et al., 2009). Findings of present study 

suggest a lower prevalence of HBV in both cases and controls whereas, a higher 

prevalence of HCV is found out in cases and that in controls is similar to the general 

population. The overall low prevalence of hepatitis in controls could be due to the 

fact that most of the participants in this group had better awareness because of being 

educated as majority of the samples were collected from the employees of different 

hospitals and government offices. Because of having some awareness, most of them 

used to go for regular testing and those already diagnosed with hepatitis were not 

included. On the other hand, patients included a substantial number of illiterate 

individuals with low socio-economic status who only go for testing when illness 

prevails. 

HIV had a very low prevalence in Pakistan until 2003 but since then, outbreaks 

among high risk population have been reported whose consequences are leading 

towards an escalating epidemic (The Joint United Nations Programme, 2006; Shah et 

al., 2004). Recently, an overall prevalence of 0.05% has been reported for HIV in 

Pakistan (Khan et al., 2010). Findings of the present study indicate complete absence 

of HIV in the population under study. The reason for lack of HIV in the study 

population could possibly be the limited sample size and little likelihood of inclusion 

of high risk groups. Further, patients admitted to the hospitals for treatment are 

prescribed to diagnose for HIV and hepatitis prior to proceeding with the treatment 

plan and therefore, any diagnosed cases were excluded from the study in the first 

place. Religion could also have played important role here as approximately all of 

the individuals included in the study were Muslims and their religion restricts them 
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to stay away from the activities which may contribute towards acquiring of HIV. A 

true picture of the dynamics of HIV may emerge in a larger population with 

substantial size that includes high risk groups. 

Diabetes mellitus and hypertension are two major risk factors that contribute towards 

the development of cardiovascular diseases, in general and coronary heart disease, 

specifically (Wilson et al., 1998; Bohannon, 1999; ADA et al., 1999; Sowers et al., 

2001). Prevalence of diabetes was 32% in cases whereas its prevalence was 18% in 

control subjects. Likewise, hypertension was prevalent in 39% of cases which was 

higher than a percentage of 18 in controls. These findings are comparable to the 

results in previous studies and the association of diabetes and hypertension with 

CHD justifies the substantially increased prevalence of these diseases in cases when 

compared to healthy controls. All-time smokers were also found to be abundant in 

patients (53%) when compared to controls (32%). This finding highlights the 

significance of smoking as a risk factor for CHD as established by previous studies 

(Neaton and Wentworth, 1992). 

Lipid profile was done to assess and compare dyslipidemia in cases and controls. 

Although previous studies have reported strong association between lipid levels and 

CHD, results of the present study highlight no considerable differences in the lipid 

profiles of cases and controls which is in sharp contrast to the previous findings 

(Wilson et al., 1998). This could possibly be justified on the basis of the fact that 

obesity is associated with impairment in lipid levels (Lerario et al., 2002) and the 

baseline characteristics of the population under study highlight slightly increased 

prevalence of obesity in controls (20%) as compared to cases (19%). Furthermore, 

the fact that average BMI is also slightly higher in controls (26.4%) when compared 

to cases (25.6%) reinforces the assumption that obesity could have led to 

dyslipidemia in controls. The factors that could have contributed to the decreased 

prevalence of obesity in case subjects might include use of low-fat diet as 

recommended by doctor, affected overall health and weight loss subsequent to the 

medical treatment for disease cure especially surgery. 
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Chapter 4 

DAB2IP GENE POLYMORPHISM 

(rs7025486) 

Cloning of cDNA of disabled homolog 2-interacting protein (DAB2IP) gene was 

accomplished by Chen et al in 2002. The product of this gene is identified as a 

member of the Ras GTPase-activating protein (Ras-GAP) family. It is implicated in 

multiple functional and regulatory pathways, some of which include signaling 

pathways, immune responses, cell cycle control, apoptosis and angiogenesis. The 

DAB2IP protein is well-recognized due to its importance in the biology of human 

cancers which stems from the fact that it is known to perform its role as a tumor 

suppressor protein in the human body. Down-regulation of this protein has been 

observed in several cancers, the mechanism involved being epigenetic suppression in 

some cases (Min et al., 2010).  

A fusion protein involving DAB2IP gene, resulting from a chromosomal aberration, 

was found in a patient of acute myeloid leukemia (AML) implicating the protein in 

leukemic conversion (von Bergh et al., 2004). Inactivation of DAB2IP gene by an 

aberrant promoter methylation was found to be associacted with breast cancer and on 

the basis of their results, authors concluded that inactivation of  DAB2IP gene by 

methylation is associated with metastasis of lung cancer (Dote et al., 2004). This 

methylation was also studied in lung cancers and it was reported to be playing an 

important role in the silencing of DAB2IP gene (Yano et al., 2005). Later, DAB2IP 

gene was reported to be associated with prostate cancer with increased metastasis 

found to be caused by EZH2-mediated gene silencing (Chen et al., 2005).  

An intronic SNP in DAB2IP gene, rs7025486 (A/G), was reported to be associated 

with abdominal aortic aneurysm (AAA) in a genome-wide association study 

(Gretarsdottir et al., 2010). The same study also reported association of this variant 

with some forms of MI and peripheral arterial disease (PAD). Later on, another study 

reported the association of rs7025486[A] with CHD in multiple study groups 

(Harrison et al., 2012). After this initial finding, the reported association with CHD 

has not been studied till date in any other population including the Pakistani 
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population, as to the best of my knowledge. In this context, the present chapter 

explores  the  association  of   rs7025486  in  DAB2IP   gene  with  CHD  in  

Pakistani population.  

Figure 4.1 illustrates the genotyping of rs7025486 based on allele-specific PCR and 

detection of  914 bp  product by  agarose gel  electrophoresis, where  two separate  

reactions were performed for detecting each of the two alleles in the SNP. Lanes 1G 

to 7G depict results for seven samples, the reactions for which used primers for 

detection of G allele while lanes 1A to 7A correspond to reactions involving primers 

used for detection of A allele. Presence or absence of a band in lanes 1G to 7G 

signifies the presence or absence of G allele in the genotype of a sample, 

respectively. Likewise, presence or absence of a band in lanes 1A to 7A shows the 

presence or absence of A allele in the genotype of a sample. If a band is found in the 

lane corresponding to G allele only, the genotype is interpreted as GG and for a 

sample showing a band only in lane corresponding to A allele, the genotype is 

documented as AA. However, if a band is found in each of the two lanes, the 

genotype is deduced to be heterozygous i.e. GA. 

Table 4.1 documents the results for the genetic distribution of rs7025486 (A/G) in 

cases and controls according to which the GA genotype frequency was much higher 

in cases when compared to that in controls. As far as the homozygous genotypes 

were concerned, the AA genotype frequency was comparatively higher in cases 

while on the other hand, the GG genotype frequency was comparatively higher in 

controls. Overall, the frequency of G allele was found to be higher than the 

frequency of A allele. The A allele frequency was found to be higher in cases as 

compared to controls with the G allele frequency being correspondingly lower in 

cases than in controls. Analysis for HWE revealed that the allele frequencies for 

cases were in accordance with HWE but those for controls were found to show 

departure from HWE. 

Table 4.2 demonstrates the distribution of rs7025486 (A/G) in cases split on the basis 

of first disease event experienced by individuals. The results show that heterozygous 

genotype frequency is much higher in all groups when compared to that in controls. 

The  AA  genotype  frequency  of  subjects  with  MI  is  similar  to  that  of  controls 

whereas  in subjects  with PCI  and CABG, it is  lower than  that in controls. The GG 



64 
 

 

 

 

 

 

 

 

 

 

 

Figure 4.1:  Agarose  gel  image showing  DAB2IP gene polymorphism based 

   on allele-specific  PCR:  lane 1G  and  1A  show  GA  genotype;  lane  3G 

       and  3A show AA genotype; and lane 5G and 5A show GG genotype 
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Table 4.1 : Genetic distribution of DAB2IP gene polymorphism (rs7025486) in 

          cases and controls 

Genotype                                 

/ Allele 

Cases                                  

(N=403) 

Controls                                    

(N=203) 

GG 115 (0.28) 80 (0.39) 

GA 213 (0.53) 80 (0.39) 

AA 75 (0.19) 43 (0.22) 

G 0.55 0.59 

A 0.45 0.41 

HWE 1.84 (df=5; p=0.175) 6.93 (df=5; p=0.009) 

HWE=Hardy-Weinberg Equilibrium 

 

 

 

 

Table 4.2 : Genetic distribution of DAB2IP gene polymorphism (rs7025486) in 

     cases categorized on the basis of first disease event experienced by cases 

Genotype                                 

/ Allele 

MI                    

(N=259) 

PCI                   

(N=93) 

CABG          

(N=51) 

Controls                                    

(N=203) 

GG 74 (0.28) 25 (0.27) 16 (0.31) 80 (0.39) 

GA 129 (0.50) 56 (0.60) 28 (0.55) 80 (0.39) 

AA 56 (0.22) 12 (0.13) 7 (0.14) 43 (0.22) 

G 0.53 0.57 0.59 0.59 

A 0.47 0.43 0.41 0.41 

 

HWE 
0.00 (df=5; 

p=0.988) 

4.85 (df=5; 

p=0.028) 

0.91 (df=5; 

p=0.341) 

6.93 (df=5; 

p=0.009) 

HWE=Hardy-Weinberg Equilibrium 

MI=Myocardial Infarction; PCI=Percutaneous Coronary intervention; CABG=Coronary Artery  

Bypass Grafting 
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genotype frequency is lower in all groups when compared to its frequency in 

controls. As far as the allele frequency is concerned, subjects experiencing MI and 

PCI showed a comparatively higher frequency of A allele when compared to  

controls, with vice versa being true for G allele frequency. On the contrary, 

frequency of both alleles was equal in cases experiencing CABG and controls. 

Estimation of HWE indicated that the subjects experiencing PCI were deviant from 

HWE whereas, those experiencing MI and CABG as their first disease event were 

found to be lying under HWE. 

Table 4.3 presents the results for genetic distribution of rs7025486 (A/G) in cases 

and controls split on the basis of gender. In case of both men and women, the 

heterozygous genotype was higher in cases than in controls with the difference being 

greater in case of women. For both genders, the GG genotype frequency was lower 

in cases compared to controls. However, the AA genotype frequency was equal in 

both cases and controls for men and in women, its frequency was comparatively 

lower in case subjects. With respect to allele frequency it was observed that the A 

allele frequency was comparatively higher in cases as compared to controls in both 

genders with the reverse being true for G allele. However, the difference was very 

small in case of women. HWE analysis revealed that the only group deviant from 

HWE  was that of men in control subjects with  the rest found to be lying under 

HWE. 

Table 4.4 summarizes the results for association of rs7025486 (A/G) with CHD in 

the population under study. It was observed that the heterozygous genotype was 

associated with increased risk of disease in men (Odds ratio: 1.65; 95% Confidence 

interval: 1.119-2.434) and women (Odds ratio: 2.01; 95% Confidence interval: 

0.971-4.175). The same holds true for the combined data analysis for both genders 

(Odds ratio: 1.72; 95% Confidence interval: 1.223-2.428). However, none of the 

homozygous genotypes showed association with the disease in any of the groups 

shown in the table. Results for Pearson's Chi-squared test revealed that rs7025486 

[A] is significantly associated with the risk of CHD in men (χ
2
: 7.523; p:0.023) but 

not in women (χ
2
: 3.643; p:0.162). However, when the data was combined for both 

genders, rs7025486 [A] showed very significant association with CHD (χ
2
: 10.465; 

p:0.005). 
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Table 4.3 : Genetic distribution of DAB2IP gene polymorphism (rs7025486) in 

  cases and controls categorized on the basis of gender 

Gender Genotype                                 

/ Allele 

Cases                           

(N=403) 

Controls                       

(N=203) 

Men      

(N=472) 

GG 90 (0.29) 63 (0.40) 

GA 162 (0.52) 62 (0.39) 

AA 62 (0.21) 33 (0.21) 

G 0.54 0.59 

A 0.46 0.41 

HWE 0.51 (df=5; p=0.477) 5.46 (df=5; p=0.020) 

Women      

(N=134) 

GG 25 (0.28) 17 (0.38) 

GA 51 (0.57) 18 (0.40) 

AA 13 (0.15) 10 (0.22) 

G 0.57 0.58 

A 0.43 0.42 

HWE 2.49 (df=5; p=0.115) 1.46 (df=5; p=0.227) 

All         

(N=606) 

GG 115 (0.28) 80 (0.39) 

GA 213 (0.53) 80 (0.39) 

AA 75 (0.19) 43 (0.22) 

G 0.55 0.59 

A 0.45 0.41 

HWE 1.84 (df=5; p=0.175) 6.93 (df=5; p=0.009) 

HWE=Hardy-Weinberg Equilibrium 
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    Table 4.4 : Association of DAB2IP gene polymorphism (rs7025486) with  

    Coronary Heart Disease 

Gender Genotype 
Cases                   

(N=403) 

Controls          

(N=203) 
OR (95% CI) 

Pearson's 

Chi-

squared 

Test               

P (χ2) 

Men      

(N=472) 

GG 90 63 0.61 (0.406-0.905) 

P = 0.023*  

(7.523) 
GA 162 62 1.65 (1.119-2.434) 

AA 62 33 0.93 (0.580-1.497) 

Women      

(N=134) 

GG 25 17 0.64 (0.301-1.375) 

P = 0.162 

(3.643) 
GA 51 18 2.01 (0.971-4.175) 

AA 13 10 0.60 (0.239-1.497) 

All         

(N=606) 

GG 115 80 0.61 (0.431-0.876) 

P = 0.005° 

(10.465) 
GA 213 80 1.72 (1.223-2.428) 

AA 75 43 0.85 (0.559-1.295) 

OR=Odds Ratio 

* Not statistically significant after Bonferroni correction 

° Remains statistically significant after Bonferroni correction 
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Discusssion 

The importance of DAB2IP is eminent based on its ability to suppress different 

forms of human cancers as mediated by a negative regulatory effect on the signaling 

pathways governed by Ras (Yan and Hai-bin, 2011). Several physiological and 

genetic studies have investigated potential implications of DAB2IP gene and its 

product in the biology of human cancers (Xie et al., 2010; Yang et al., 2011; Yu et 

al., 2012; Xu et al., 2013). Genetic studies, guided by genome-wide association 

studies have also tried to explore its significance in diseases other than cancers 

including for example, AAA and CHD (Gretarsdottir et al., 2010; (Golledge and 

Kuivaniemi, 2013). The association of an  intronic variant within the DAB2IP gene 

(rs7025486) with CHD has been reported in an association study (Harrison et al., 

2012). 

In the present study, men in control subjects were not found to be lying inside the 

Hardy-Weinberg equilibrium. In addition, combined data analysis revealed that the 

control subjects including men and women were also not in the HWE. These 

findings are significant in view of the fact that the sample population in control 

subjects was less diverse in terms of ethnicity when compared to cases. Majority of 

the samples in controls originated from Gujranwala and its neighbouring cities 

whereas case subjects were more heterogenous as far as their geographical 

distribution is concerned. Hence, due to possible increase in consanguinity in this 

particular group i.e. controls, the population was more likely to deviate from the 

HWE. 

The present study shows that G is the major allele in all of the study groups. 

However, the difference between the frequencies of alleles G and A varied between 

different groups. The GA genotype frequency was the highest in all three categories 

of cases subjects split on the basis of first event. The genotype frequencies of GG 

and AA were similar to each other in cases subjects experiencing PCI and CABG. 

However, the difference in the genotype frequencies of GG and AA was much 

higher in case subjects experiencing MI, with the overall result being predominantly 

closer to that of cases experiencing MI. The genotype frequencies of GG and GA 

have been found to be quite similar in control groups pertaining to both genders. 

However, in cases, the GA genotype frequency was the highest whereas, GG 



70 
 

 

genotype frequency approached closer to AA genotype frequency in both men and 

women. The results stayed the same when the data was analyzed by combining both 

genders. Results for the odds ratio estimation showed that in all the groups, the GA 

genotype was associated with increased risk of CHD whereas, both homozygous 

genotypes i.e. GG and AA were established as being protective. Analysis of data 

using Chi-squared test revealed that rs7025486 [A] is associated with the increased 

risk of disease in patients suffering from CHD (p=0.005). These findings are in 

accordance with the previously determined association of rs7025486 [A] with CHD 

(p=0.003) in populations of different origin (Harrison et al., 2012). However, the 

present study showed that this association is statistically significant only in men but 

not in women, with the impact of this finding being limited by the number of 

samples in this group. Possibly, a valid information can be obtained using a large 

dataset. 

Case-control association studies have been widely used in human genetics in order to 

determine and analyze association of different genetic variants and genomic loci with 

a wide range of human diseases. Despite their efficiency and low cost, case-control 

studies are usually limited by several factors including small population size, 

selection bias and false-positive associations. Therefore, for a variant or locus to 

become or get excluded as  an established risk factor for a particular disease, the 

study has to be replicated in populations of different ethnic geography and having 

substantial sample size. The present study strengthens the previously found 

association of rs7025486 with CHD in Pakistani population. However, these findings 

are still at a preliminary stage and further studies in large populations of different 

origins are mandatory to reinforce the conclusions of present study. 
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Chapter 5 

POLYMORPHISM AT 9p21.3 (rs1333049) 

A 53-kb linkage disequilibrium block on human chromosome 9p21.3 encompasses 

several correlated single nucleotide polymorphisms (SNPs), some of which 

constitute haplotypes. A SNP present at this locus, rs1333049 [C], has been 

repeatedly studied for association with different diseases in humans and after several 

replication studies has become an established risk factor for atherosclerosis and 

CHD, specifically. However, despite the conductance of several physiological 

studies to determine the direct mechanistic link between this genetic variant and the 

underlying atherosclerosis, a conclusive evidence is lacking till date. The foundation 

for this failure could, in part, be laid by the fact that this SNP is located in the 

intergenic region and its direct functional relevance does not exist. 

After first report of the identification of association of rs1333049 [C] with CHD 

(WTCCC, 2007), a meta-analysis revealed a highly significant association of this 

SNP with Coronary Artery Disease (CAD) (Samani et al., 2007) and the authors 

reported that among all SNPs included in the study, the strongest signal was obtained 

for rs1333049 [C], with the association P value being 3×10
-19

 in the meta-analysis. 

After this initial finding, studies in Japanese and Korean populations replicated the 

association (Hinohara et al., 2008). The same variant was then found to be associated 

with several other cardiovascular diseases including stroke, peripheral artery disease, 

heart failure, abdominal aortic aneurysm (Bown et al., 2008; Cluett et al., 2009; 

Karvanen et al., 2009; Yamagishi et al., 2009). A differential association of this 

variant with the risk of first versus subsequent CHD events highlights the importance 

of genotype data in disease risk prediction (Patel et al., 2014). The association of 

rs1333049 [C] has also been reported for several non-cardiovascular disorders 

including for example, Alzheimer's disease  (Yu et al., 2010). 

Few studies have also documented association of rs1333049 [C] with CHD in South 

Asian populations and they observe differences in the pattern of disease and its risk 

factors when compared to European populations, owing to their genetic component 

(Gupta et al., 2006). This implies that the genetic associations identified in European 

populations may not translate into Asian populations directly, unless replicated 
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specifically in these populations. In 2010, a study in the Pakistani population 

revealed strong association of rs1333049 [C] with first-ever confirmed MI (Saleheen 

et al., 2010). However, association of this genetic variant with CHD has not been 

studied in Pakistani population originating mainly in Punjab, as yet. In this 

perspective, the present chapter aims at investigating the association of rs1333049 

[C] with CHD in the sample population. 

Figure 5.1 demonstrates the genotyping of rs1333049 based on allele-specific PCR 

and the resulting bands were separated on agarose gel. In order to test the presence or 

absence of each of the two alleles encompassing rs1333049, two separate reaction 

vials were employed. Lanes 1G/C to 7G/C on both sides of the ladder illustrate 

results for seven different samples. Lanes 1G to 7G correspond to the reaction vials 

containing primers targeted for the detection of allele G whereas, lanes 1C to 7C 

depict results for the reaction vials containing primers designed for the detection of 

allele C. The presence or absence of allele G is deduced on the basis of presence or 

absence of a band in lanes 1G to 7G. Similarly, presence or absence of allele C is 

determined by the presence or absence of a band in lanes 1C to 7C. Hence, if a band 

is observed on both sides of the ladder for a particular sample then that sample was 

genotyped as GC. If, for a sample, a band was viewed in lanes matching with allele 

G but not in those matching with allele C, the genotype of that sample was 

interpreted as GG. On the contrary, presence of a band only in lanes corresponding 

to C allele and not in those corresponding to G allele was documented as CC 

genotype. 

Table 5.1 details the results for the genetic distribution of 9p21.3 polymorphism 

under study i.e. rs1333049 (G/C) in the sample population and the results show that 

the heterozygous genotype (GC) is the major genotype in both cases and controls and 

both groups are quite similar to each other in this respect. Moving on towards the 

homozygous genotypes, the GG genotype frequency was higher in controls than in 

cases whereas, the frequency of CC phenotype was correspondingly higher in case 

subjects as compared to that in controls. With respect to allele frequency, both 

populations were inverse of each other. The G allele frequency was higher in 

controls  than  in  cases and  frequency of  C allele was equally higher  in cases when 

compared to controls. The HWE analysis uncovered that none of the two groups 
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Figure  5.1:  Agarose  gel  image showing  rs133049  polymorphism  based  on 

 allele-specific PCR:   lane 1G   and 1C   show GC  genotype;   lane  2G  and 

           2C show CC genotype; and lane 5G and 5C show GG genotype 
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         Table 5.1 : Genetic distribution of rs1333049 in cases and controls 

Genotype                                 

/ Allele 

Cases                                  

(N=403) 

Controls                                    

(N=203) 

GG 73 (0.18) 61 (0.30) 

GC 214 (0.53) 102 (0.50) 

CC 116 (0.29) 40 (0.20) 

G 0.45 0.55 

C 0.55 0.45 

HWE 2.22 (df=5; p=0.136) 0.05 (df=5; p=0.822) 

HWE=Hardy-Weinberg Equilibrium 
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under study showed departure from HWE. 

Table 5.2 highlights the genetic distribution of rs1333049 (G/C) polymorphism in 

case subjects categorized on the basis of first disease event experienced by them. As 

indicated by the results, in all groups, the heterozygous genotype frequency is the 

highest among the three genotypes. In subjects experiencing MI as first disease 

event, frequency of GC genotype is equal to that of controls but in those 

experiencing PCI and CABG, it is comparatively higher.  The frequencies of 

homozygous genotypes  in cases experiencing MI are very similar to their 

frequencies in controls. However, in case subjects experiencing PCI and CABG, the 

GG genotype frequency is lower than that in controls and CC genotype frequency is 

higher than that of control subjects, with the difference between the two groups 

being comparatively larger in case of subjects experiencing PCI. With regard to 

allele frequency, in all categories of CHD cases, the G allele frequency was lower 

than that of controls and C allele frequency was accordingly higher when compared 

to that of controls. The difference between the two groups was the largest in case of 

subjects experiencing PCI and the smallest in case of subjects experiencing CABG. 

The HWE analysis disclosed that the sample populations corresponding to the case 

subjects experiencing MI and CABG as first event were within the HWE but those 

experiencing PCI were found out to be deviant from HWE. 

Table 5.3 describes the results obtained for genetic distribution of rs1333049 (G/C) 

in both cases and controls categorized on the basis of gender. In men, the frequency 

of heterozygous genotype was higher in cases than in controls but in women, it was 

almost equal in both groups. In both men and women, the GG genotype frequency 

was lower in case subjects than in control subjects and the difference between the 

two groups was comparatively greater for men. In both genders, the CC genotype 

frequency was higher in cases than in controls and the difference between the two 

groups was more or less the same for both categories i.e. men and women. Talking 

about the allele frequencies, the G allele frequency in both gender groups is lower for 

cases as compared to controls and the C allele frequency is higher in cases than in 

controls, for  both groups. However, the difference between the two groups is 

slightly greater  with regard  to men  as compared  to women.  Estimation of HWE in 

both categories showed that all the sub-groups were inside the HWE and none of   
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 Table 5.2 : Genetic distribution of rs1333049 in cases categorized on the basis 

         of first disease event experienced by cases 

Genotype                                 

/ Allele 

MI                    

(N=259) 

PCI                   

(N=93) 

CABG          

(N=51) 

Controls                                    

(N=203) 

GG 52 (0.28) 11 (0.12) 10 (0.20) 61 (0.30) 

GC 130 (0.50) 55 (0.59) 29 (0.57) 102 (0.50) 

CC 77 (0.22) 27 (0.29) 12 (0.23) 40 (0.20) 

G 0.45 0.41 0.48 0.55 

C 0.55 0.59 0.52 0.45 

 

HWE 
0.05 (df=5; 

p=0.831) 

4.46 (df=5; 

p=0.035) 

0.99 (df=5; 

p=0.321) 

0.05 (df=5; 

p=0.822) 

HWE=Hardy-Weinberg Equilibrium 

MI=Myocardial Infarction; PCI=Percutaneous Coronary intervention; CABG=Coronary Artery  

Bypass Grafting 
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Table 5.3 : Genetic distribution of rs1333049 in cases and controls categorized 

    on the basis of gender 

Gender Genotype                                 

/ Allele 

Cases                           

(N=403) 

Controls                       

(N=203) 

Men      

(N=472) 

GG 56 (0.18) 49 (0.31) 

GC 168 (0.54) 78 (0.49) 

CC 90 (0.28) 31 (0.20) 

G 0.45 0.56 

C 0.55 0.44 

HWE 2.15 (df=5; p=0.143) 0.00 (df=5; p=0.997) 

Women      

(N=134) 

GG 17 (0.19) 12 (0.27) 

GC 46 (0.52) 24 (0.53) 

CC 26 (0.29) 9 (0.20) 

G 0.45 0.53 

C 0.55 0.47 

HWE 0.18 (df=5; p=0.675) 0.23 (df=5; p=0.632) 

All         

(N=606) 

GG 73 (0.18) 61 (0.30) 

GC 214 (0.53) 102 (0.50) 

CC 116 (0.29) 40 (0.20) 

G 0.45 0.55 

C 0.55 0.45 

HWE 2.22 (df=5; p=0.136) 0.05 (df=5; p=0.822) 

HWE=Hardy-Weinberg Equilibrium 
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them showed departure from it. 

Table 5.4 discloses the results for analysis of the association of rs1333049 (G/C) 

polymorphism in cases and controls categorized based on gender. The results shown 

in this table imply that in men, two genotypes were associated with increased risk of 

CHD including GC (Odds ratio: 1.18; 95% Confidence interval: 0.805-1.730) and 

CC (Odds ratio: 1.65; 95% Confidence interval: 1.036-2.614). In women, CC was 

the only genotype associated with the increased risk of disease (Odds ratio: 1.65; 

95% Confidence interval: 0.698-3.907) whereas, the GC genotype was at marginal  

level  (Odds  ratio: 0.94; 95%  Confidence  interval: 0.456-1.920).  For  combined  

data  analysis, the  genotypes associated with the increased risk of CHD 

encompassed GC (Odds ratio: 1.12; 95% Confidence interval: 0.800-1.571) and CC 

(Odds ratio: 1.65; 95% Confidence interval: 1.096-2.476). Analysis of the data with 

the help of Pearson's Chi-squared test showed that the association of rs133049 [C] 

with the disease being studied was statistically significant in case of men (χ
2
: 11.903; 

p: 0.003) but this association was found out to be statistically  not significant in case 

of women (χ
2
: 1.777; p: 0.411). Finally, when the overall data for both genders was 

analyzed, a statistically significant association of rs133049 [C] with CHD was 

observed (χ
2
: 13.231; p: 0.001). 

Discussion 

Consistent association of a 58kb interval on human chromosomal location 9p21 with 

CHD proved impulsive for its identification in a genome-wide association scan 

(McPherson et al., 2007). Subsequent identification and investigation of genetic 

variants present in this region revealed that a number of SNPs and haplotypes located 

here were significantly associated with the risk of CHD and some other diseases. 

Initially, the strongest signal was observed for rs10757278, for which the population-

attributable risk was very high for patients suffering from MI (Helgadottir et al., 

2008). Later on, the researchers found out that the most powerful association with 

the disease was exhibited by rs1333049 out of all the SNPs that were present at the 

chromosomal location under discussion (WTCCC, 2007). The importance of this 

SNP  was further  enhanced and  validated in  other association  studies,  majority  of 

which replicated the findings of initial study, although the strength of association 

was variable. 
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        Table 5.4 : Association of rs1333049 with Coronary Heart Disease 

Gender Genotype 
Cases                   

(N=403) 

Controls          

(N=203) 
OR (95% CI) 

Pearson's 

Chi-

squared 

Test               

p (χ2) 

Men      

(N=472) 

GG 56 49 0.48 (0.310-0.753) 

p=0.003*  

(11.903) 
GC 168 78 1.18 (0.805-1.730) 

CC 90 31 1.65 (1.036-2.614) 

Women      

(N=134) 

GG 17 12 0.65 (0.279-1.513) 

p=0.411 

(1.777) 
GC 46 24 0.94 (0.456-1.920) 

CC 26 9 1.65 (0.698-3.907) 

All         

(N=606) 

GG 73 61 0.52 (0.348-0.763) 

p=0.001* 

(13.231) 
GC 214 102 1.12 (0.800-1.571) 

CC 116 40 1.65 (1.096-2.476) 

OR=Odds Ratio 

* Remains statistically significant after Bonferroni correction 
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In terms of Hardy-Weinberg equilibrium, the overall results of the present study 

show that both groups including cases and controls did not depart from the HWE. 

The subjects categorized on the basis of gender also lied under the HWE, with none 

of the categories deviating from it. Among the case subjects categorized on the basis 

of first event, the only category found out to be deviant from HWE was that of cases 

experiencing MI as their first disease event whereas those experiencing MI and 

CABG were lying under HWE, although the deviation from HWE in subjects 

categorized as experiencing MI is at a marginal level which reduces its impact. 

Furthermore, the fact that a very small number of samples are included in this 

category contributes towards limiting the potential significance of this finding. 

Findings of the study under investigation show that G is the major allele in controls 

whereas C is the major allele in all groups of cases. Nonetheless, the respective 

frequencies of both alleles are variable between different categories. The 

heterozygous genotype frequency, according to overall result, was the highest in both 

categories with a minor difference between cases and controls. Results remained 

more or less the same when data was split on the basis of gender. The frequency of 

heterozygous genotype observed in controls (0.45) is slightly less than that reported 

in previous studies i.e. 0.47 (Mendonca et al., 2011), 0.49 (Schunkert et al., 2008), 

and 0.50 (Saleheen et al., 2010). The differences could arise due to potential for 

greater consanguinity in the control population and geographical isolation from other 

populations studied. In the study being discussed, the frequency of CC genotype is 

higher in cases than in controls and this finding remains intact when data is split on 

the basis of gender with slight differences in individual categories. The genotype 

frequency of CC in control subjects is reported here to be 0.20 which is similar to 

that described by Schunkert et al in 2008 for Atherogene (Blankenberg et al., 2006) 

and PopGen (Krawczak et al., 2006) study groups i.e. 0.206 and 0.205, respectively, 

although differences exist in studies conducted in different populations.  

As the findings of the present study predict, the frequency of G allele is higher in 

controls than in cases. The overall risk allele frequency reported here for controls is 

0.45 which is slightly less than that reported previously in other studies, including for 

example, 0.47 (Samani et al., 2007), 0.49 (Wild et al., 2011) and 0.53 (Mendonca et 

al., 2011). The PROMIS study conducted in Pakistani population showed its 
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frequency to be 0.48 (Saleheen et al., 2010). The PROMIS study was conducted in 

Karachi mainly including subjects originating from the Sindh province of Pakistan. 

However, the present study was based in subjects belonging to the Punjab Province 

of Pakistan, with Lahore being the main target for recruitment. The geographical 

isolation of these areas along with discrimination involving kindership can possibly 

explain this discrepancy. In the present study, the frequency for allele C in cases was 

reported as being 0.55. Previously existing data shows that the C allele frequency is 

higher than that of present study in certain cases whereas in others it is lower than 

the finding of study under discussion. Examples include 0.51 (Saleheen et al., 2010) 

and 0.60 (Mendonca et al., 2011). Again, the genetic components vary between 

populations of different ethnicity leading to variations in the result obtained for 

populations of different origins. 

Analysis of the data with the help of Pearson's Chi-squared test replicates and 

reinforces the already existing evidence for association of rs1333049 [C] with CHD 

in population of Pakistani origin. Results of the present study signify that in men, the 

risk allele shows statistically significant association with the disease (p=0.003) but 

no such association could be elucidated in case of women (p=1.777). This 

differential effect of rs1333049 [C] on the basis of gender has been reported in 

another study as well where study of different genotypes and haplotypes including 

rs1333049 [C] revealed that their association with subclinical atherosclerosis was 

statistically significant in men but not in women (Lin et al., 2010). However, the 

scope of the present study is limited keeping in view the sample size for this 

particular category i.e. women. Overall results show a very significant association of 

rs1333049 [C] with CHD as evident from a p value of 0.001. The association p value 

reported by the original study (Samani et al., 2007) was very high (3×10
-19

) and such 

strong signal has not been replicated in any of the later association studies. The 

PROMIS study showed an odds ratio of 1.31 (p=2×10
-3

) per copy of the risk allele in 

subjects experiencing MI (Saleheen et al., 2010). 
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Chapter 6 

POLYMORPHISM AT 6q25.1 (rs6922269) 

The methylene-tetrahydrofolate dehydrogenase (NADP+ dependent) 1-like 

(MTHFD1L) gene, located at chromosome 6q25.1, encodes a mitochondrial 

enzymatic protein that is involved in the synthesis of tetrahydrofolate (THF), a 

derivative of folic acid (Prasannan et al., 2003). The significance of THF stems from 

its role in the de novo synthesis of purines and thymidylate and its importance in the 

regeneration of methionine from homocysteine (Christensen and Mackenzie, 2008). 

Polymorphisms in the folate-relaed genes have been associated with different 

diseases including CHD, cancer and neural tube defects (Parle-McDermott et al., 

2009). In 2007, a genome-wide association study found out that a SNP in the intron 

11 of MTHFD1L gene, rs6922269 [A], was  significantly associated with the 

increased risk of developing CAD (WTCCC, 2007).  

Later on, a meta-analysis discovered that rs6922269 [A] was associated with the risk 

of CAD in German and UK populations with the combined P value for association 

being 2.9×10
-8

 (Samani et al., 2007). A large scale association analysis revealed, 

however, that the association of rs6922269 [A] with CAD is borderline and not 

statistically significant (Amouyel et al., 2009). Furthermore, a study in two 

independent cohorts of Caucasian population investigated the association of 

rs6922269 [A] with coronary atherosclerosis and it was observed that in none of the 

cohorts, any significant association between coronary stenoses and the 

polymorphism being evaluated could be demonstrated, regardless of whether the data 

was analyzed individually or collectively (Muendlein et al., 2009). Another study 

aimed at exploring the association of 95 genetic polymorphisms with mortality after 

acute coronary syndrome (ACS) disclosed that out of all the variants studied, only 

rs6922269 [A] was significantly associated with the risk of  post-ACS mortality 

(P=0.007) in population of European origin (Morgan et al., 2011). 

As the mechanism linking this polymorphism to CHD is not known, some studies 

have targeted the investigation of the potential mechanistic link. A study in 2009 

sought after the association of rs6922269 [A] with carotid artery intima-media 

thickness (CIMT), a subclinical marker of atherosclerosis but found no association 
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between these two (Cunnington et al., 2009). In 2012, a large scale analysis 

replicated the association of rs6922269 [A] with the risk of CHD but no association 

of this polymorphism was observed with several biomarkers and risk factors of CHD 

(Angelakopoulou et al., 2012). Recently, rs6922269 [A] was found to be associated 

with active vitamin B12 levels at baseline and it was established as a potential 

prognostic marker for the risk of established CHD (Palmer et al., 2014). No study 

documenting the risk of rs6922269 [A] with CHD in South Asian population has 

emerged till date. Therefore, the present chapter is targeted towards the exploration 

of the association of rs6922269 [A] with CHD in South Asian population of 

Pakistani origin. 

Figure 6.1 illustrates the results for genotyping of rs6922269 by employing allele-

specific PCR and separation of the resulting bands on agarose gel. Two different 

reaction vials were utilized to determine the presence or absence of the two alleles 

corresponding to rs6922269. Results for seven different samples are shown in seven 

lanes from 1A/G to 7A/G that are present on each side of the ladder. Lanes 1A to 7A 

illustrate the observations of the reaction vials containing primers designed for 

detection of allele A whereas, lanes 1G to 7G depict the results for the reaction vials 

that contain primers used for the detection of allele G. Further, presence or absence 

of allele A in a sample is based on presence or absence of a band in lanes 1A to 7A. 

Likewise, presence or absence of the allele G is demonstrated by the presence or 

absence of a band in lanes 1G to 7G. Therefore, when for a sample, a band is 

observed in lanes present on both sides of the ladder, its genotype is interpreted as 

heterozygous i.e. GA. When for a sample, a band is present only in lanes 

corresponding to the allele A and not in those corresponding to allele G, the sample 

is documented as having genotype AA. In contrast, for a sample, existence of a band 

only in lanes corresponding to the allele G and not in those corresponding to allele A 

means that the genotype of that sample is recorded as being GG. 

Table 6.1 summarizes the results obtained for the genetic distribution of 6q25.1 

polymorphism being studied i.e. rs6922269 (G/A) in the sample population. The 

results indicate that the major genotype in both cases and controls is the homozygous 

genotype for G allele i.e. GG, with the differences between the two groups being that 

its  frequency   is  comparatively   higher  in   controls.  As  far  as  the  heterozygous 
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Figure  6.1:  Agarose  gel  image showing  rs6922269  polymorphism  based  

on allele-specific PCR:   lane 1A   and 1G   show GA  genotype;   lane  2A  

and 2G show GG genotype; and lane 4A and 4G show AA genotype 
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         Table 6.1 : Genetic distribution of rs6922269 in cases and controls 

Genotype                                 

/ Allele 

Cases                                  

(N=403) 

Controls                                    

(N=203) 

GG 260 (0.65) 155 (0.76) 

GA 127 (0.31) 42 (0.21) 

AA 16 (0.04) 6 (0.03) 

G 0.80 0.87 

A 0.20 0.13 

HWE 0.01 (df=5; p=0.921) 2.15 (df=5; p=0.143) 

HWE=Hardy-Weinberg Equilibrium 
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genotype is concerned, it was lower in controls than in cases with the same being 

true for the homozygous genotype for A allele i.e. AA. However, the differences 

between the two groups were not very large in all of these cases and frequency of 

genotype AA was found out to be very small in both the groups. Regarding the allele 

frequency, G was the major allele in both groups with its frequency being much 

higher than that of the A allele. Frequency of the allele G was comparatively higher 

in controls than in cases where as that of allele A was correspondingly lower in 

controls, when compared to cases. The analysis of HWE revealed that none of the 

two groups departed from HWE. 

Table 6.2 details the results for the genetic distribution of rs6922269(G/A) 

polymorphism in the case subjects categorized based on their experience of first 

disease event. As the results show, the findings for the case subjects experiencing MI 

and PCI are very much similar to each other but for those experiencing CABG as 

their first disease event are comparatively different. In all the three groups, the 

genotype GG has the highest frequency and it is comparatively lower than in cases. 

However, the difference with controls is smaller in cases experiencing MI and PCI 

but larger for those experiencing CABG. The heterozygous genotype shows a higher 

frequency in all groups of case subjects when compared to controls and the same 

holds true for the homozygous genotype for A allele i.e. AA. However, the 

differences in comparison to the controls are once again smaller for the case subjects 

experiencing MI and PCI and smaller for those experiencing CABG as first disease 

event. 

Moving on towards the allele frequencies described in Table 6.2, G was the major 

allele in all categories. The frequency of allele G was lower in the three categories of 

cases when compared to control subjects whereas, that of the allele A was higher in 

all the three groups of case subjects as compared to control population. However, the 

case subjects experiencing MI and PCI showed very small differences in comparison 

with the controls but when the results obtained for cases experiencing CABG as first 

event were compared with those of controls, the differences were comparatively 

large. The HWE analysis unveiled that all the three categories of case subjects being 

studied lied under the HWE. 

The findings for the genetic distribution of rs6922269(G/A)  in both case and control 
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 Table 6.2 : Genetic distribution of rs6922269 in cases categorized on the basis 

         of first disease event experienced by cases 

Genotype                                 

/ Allele 

MI                    

(N=259) 

PCI                   

(N=93) 

CABG          

(N=51) 

Controls                                    

(N=203) 

GG 171 (0.66) 61 (0.66) 28 (0.55) 155 (0.76) 

GA 78 (0.30) 29 (0.31) 20 (0.39) 42 (0.21) 

AA 10 (0.04) 3 (0.03) 3 (0.06) 6 (0.03) 

G 0.81 0.81 0.75 0.87 

A 0.19 0.19 0.25 0.13 

 

HWE 
0.09 (df=5; 

p=0.768) 

0.04 (df=5; 

p=0.842) 

0.05 (df=5; 

p=0.817) 

2.15 (df=5; 

p=0.143) 

HWE=Hardy-Weinberg Equilibrium 

MI=Myocardial Infarction; PCI=Percutaneous Coronary intervention; CABG=Coronary Artery  

Bypass Grafting 
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subjects when categorized on the basis of gender are highlighted in Table 6.3. The 

results imply that in men, the homozygous genotype for G allele i.e. GG showed a 

higher frequency in controls when compared to cases but in women, its frequency 

was more or less the same in both cases and controls. Frequency of the heterozygous 

genotype was observed to be higher in cases as compared to controls in men. 

However, in women, the heterozygous genotype frequency was quite similar in both 

case and control subjects. As far as the frequency of genotype AA is concerned, it 

was alike in cases and controls for both men and women. Coming towards the allele 

frequencies, in case of men, frequency of the allele G was comparatively higher in 

control samples than in cases and frequency of the allele A was correspondingly 

lower in controls as compared to case subjects. However, these differences were only 

minimal and no substantial differences existed between the two groups. On the 

contrary, in women, frequencies of both alleles were pretty much similar in both 

cases and controls. The HWE estimation revealed that all categories lied under HWE 

and none of the study groups showed departure from it. 

Table 6.4 reveals the results obtained after the analysis of association of 

rs6922269(G/A) polymorphism in case and control subjects categorized on the basis 

of gender and the combined data analysis is also presented here. As the findings 

described here indicate, in men, two genotypes were associated with an increased 

risk of CHD i.e. GA (Odds ratio: 1.95; 95% Confidence interval: 1.239-3.069) and 

AA (Odds ratio: 1.53; 95% Confidence interval: 0.485-4.822). In case of women 

also, the two genotypes associated with the increased risk of CHD were GA (Odds 

ratio: 1.22; 95% Confidence interval: 0.522-2.848) and AA (Odds ratio: 1.01; 95% 

Confidence interval: 0.178-5.745). When the data was combined for both of the 

genders, once again the same two genotypes were found out to be associated with 

increased risk of CHD i.e. GA (Odds ratio: 1.76; 95% Confidence interval: 1.183-

2.630) and AA (Odds ratio: 1.36; 95% Confidence interval: 0.523-3.523). Results for 

the data analysis with the help of Pearson's Chi-squared test disclosed that in case of 

men, association of rs6922269 [A] with the disease under study was statistically 

significant (χ
2
: 9.664; p: 0.008). On the contrary, in case of women, this association 

was not found out to be statistically significant (χ
2
: 0.216; p: 0.898). Lastly, when the 

analysis  was   done  after   combining  the   data  for   both  genders,   association  of 
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Table 6.3 : Genetic distribution of rs6922269 in cases and controls categorized 

    on the basis of gender 

Gender Genotype                                 

/ Allele 

Cases                           

(N=403) 

Controls                       

(N=203) 

Men      

(N=472) 

GG 198 (0.63) 122 (0.77) 

GA 104 (0.33) 32 (0.20) 

AA 12 (0.04) 4 (0.03) 

G 0.80 0.87 

A 0.20 0.13 

HWE 0.13 (df=5; p=0.716) 1.12 (df=5; p=0.291) 

Women      

(N=134) 

GG 62 (0.70) 33 (0.73) 

GA 23 (0.26) 10 (0.22) 

AA 4 (0.04) 2 (0.05) 

G 0.83 0.84 

A 0.17 0.16 

HWE 0.92 (df=5; p=0.338) 1.07 (df=5; p=0.301) 

All         

(N=606) 

GG 260 (0.65) 155 (0.76) 

GA 127 (0.31) 42 (0.21) 

AA 16 (0.04) 6 (0.03) 

G 0.80 0.87 

A 0.20 0.13 

HWE 0.01 (df=5; p=0.921) 2.15 (df=5; p=0.143) 

HWE=Hardy-Weinberg Equilibrium 
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        Table 6.4 : Association of rs6922269 with Coronary Heart Disease 

Gender Genotype 
Cases                   

(N=403) 

Controls          

(N=203) 
OR (95% CI) 

Pearson's 

Chi-

squared 

Test               

p (χ2) 

Men      

(N=472) 

GG 198 122 0.50 (0.326-0.780) 

p=0.008*  

(9.664) 
GA 104 32 1.95 (1.239-3.069) 

AA 12 4 1.53 (0.485-4.822) 

Women      

(N=134) 

GG 62 33 0.84 (0.375-1.859) 

p=0.898 

(0.216) 
GA 23 10 1.22 (0.522-2.848) 

AA 4 2 1.01 (0.178-5.745) 

All         

(N=606) 

GG 260 155 0.56 (0.384-0.826) 

p=0.012* 

(8.817) 
GA 127 42 1.76 (1.183-2.630) 

AA 16 6 1.36 (0.523-3.523) 

OR=Odds Ratio 

* Not statistically significant after Bonferroni correction 
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rs6922269 [A] with CHD was established to be statistically significant (χ
2
: 8.817; p: 

0.012). 

Discussion 

Human MTHFD1L gene encodes a monofunctional enzyme that is responsible for 

the synthesis of C1-tetrahydrofolate in cellular mitochondria and provides a link 

between mitochondria  and cytoplasm through folate metabolism (Walkup and 

Appling, 2005). In addition to CHD, polymorphisms in this gene have been found to 

be important in the pathogenesis of several other human diseases including, for 

example, cancer (Selcuklu et al., 2012), alzheimer's disease (Ren et al., 2011), and 

neural tube abnormalities (Pangilinan et al., 2012). First report of an association 

between a polymorphism in MTHFD1L gene and CHD surfaced in 2007 when meta-

analysis of two large genome-wide association studies found a statistically 

significant association between rs6922269 and CHD (Samani et al., 2007). Since 

then, efforts have been made to replicate this association in other populations but the 

evaluation of its pathogenesis has remained insufficient until now due to mixed 

findings in various studies. 

Estimation of Hardy-Weinberg equilibrium in the population being studied has 

revealed that overall, both case and control subjects were consistent with HWE and 

even when both of these groups were categorized on the basis of gender, the 

outcomes stayed just the same i.e. no deviation from HWE was experienced. 

Furthermore, when the case subjects were divided on the basis of first event of CHD 

experienced by them, again there was no departure from HWE in any of the sub-

groups. Hence, in all these categories, difference between the observed and expected 

allele frequencies was not found to be significant and the population obeyed the laws 

of HWE. 

Calculation of the allele frequencies in case and control populations reveals that G is 

the major allele in both cases and controls but its frequency is comparatively higher 

in controls as compared to cases, as expected. In the present study, frequency of the 

risk allele for rs6922269 i.e. A was calculated to increase from 0.13 in controls to 

0.20 in cases. Previous studies where an association between rs6922269 [A] and 

disease outcome was investigated also described an increase in frequency of the 

allele A in patients. For instance, frequency of the allele A increased from 0.26 in 
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controls to 0.27 in cases in European population where a borderline association with 

the risk of CHD was documented (Amouyel et al., 2009) and an increase in its 

frequency from 0.67 in controls to 0.70 in cases was described in American whites 

(Figgins et al., 2009). However, some other studies, where no association between 

rs6922269 [A] and disease under investigation was found, gave opposite results. For 

example, the A allele frequency was decreased from 0.23 in controls to 0.22 in cases 

in a Tunisian population (Ghazouani et al., 2010). Allele frequencies for A in 

patients of coronary disease enlisted by authors of some other studies vary 

considerably for which examples include 0.04 in Asian/Pacific Islanders based in 

America, 0.34 in American Indians and 0.54 in African Americans (Franceschini et 

al., 2011). The allele frequencies in our sample population, however, are not 

comparable with those in other populations because of the fact that the pattern of 

distribution of the alleles corresponding to rs6922269(G/A) in populations varying 

on the basis of ethnicity and geographical distribution is quite diverse and exhibits 

heterogeneity. 

As far as the genotype frequencies are concerned, the major genotype was GG in 

both study groups and its frequency in cases was calculated to be 0.64 which is 

comparable with that reported in some other populations like American population 

for which the GG genotype frequency was found out to be 0.50 in patients of acute 

coronary syndrome (Morgan et al., 2011), and its frequency was reported to be 0.53 

in a patient population based in New Zealand (Palmer et al., 2014). Frequency of the 

heterozygous genotype in the study under discussion was calculated as being 0.32 in 

cases. Other studies, conducted in this context, have reported the heterozygous 

genotype frequencies of 0.41 in Caucasians (Muendlein et al., 2009) and New 

Zealanders (Palmer et al., 2014), 0.33 in Tunisian population (Ghazouani et al., 

2010), and 0.07 in American Whites (Figgins et al., 2009), which are rather diverse. 

Frequency of the homozygous genotype for risk allele at rs6922269(G/A) was 

calculated to be 0.04 in case subjects from the study being discussed. Regarding the 

previous studies, the AA genotype frequency was depicted to be 0,05 in Tunisian 

population (Ghazouani et al., 2010), 0.09 in a study based on different ethnic groups 

residing in America (Morgan et al., 2011), and 0.53 in American Whites (Figgins et 

al., 2009). These varying outcomes are explicable on the foundation of heterogeneity 
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in the frequency distribution of genes and genotypes pertaining to rs6922269(G/A) 

among populations worldwide. 

Analysis of the data by employing Odds Ratio Calculator and Pearson's Chi-squared 

test helps in fortifying the existing evidence regarding the association of 

rs6922269(G/A) polymorphism with CHD in samples collected from population 

based in South Asian region of Pakistan. Results of the present study signify that in 

men, the rs6922269 [A] mutation was associated with CHD and the association was 

statistically highly significant as emphasized by a P value of 0.008 but in women, 

this association was not statistically significant (P>0.05). When the data was 

collectively analyzed for both genders, a combined P value of 0.01 indicated a 

statistically significant association between rs6922269 [A] and CHD, although the 

strength of association was found to decline when compared to that interpreted in 

men. One of the preceding studies in this regard has observed a similar strength of 

association between rs6922269 [A] and the risk of CHD in European population as 

manifested by a P value of 0.02 (Amouyel et al., 2009). Nevertheless, the original 

report of this association documented an extremely significant association indicated 

by a P value of 2.9 × 10-
8
 (Samani et al., 2007). A statistically significant association 

for this polymorphism was also described for mortality after acute coronary 

syndrome in various ethnic groups residing in America (Morgan et al., 2011) and 

incident CHD in American whites (Franceschini et al., 2011). On the contrary, 

studies that rejected the existing data supporting the association being discussed 

include the following: no association between rs6922269 [A] and incident CHD was 

stated in an American population (Yan et al., 2009); no association of this mutation 

with CHD in Tunisian population was examined (Ghazouani et al., 2010); and lack 

of association between rs6922269 [A] and myocardial infarction was exhibited in 

American Caucasians (Wang et al., 2011).  To conclude, the available evidence is 

deficient in providing a decisive evidence regarding the inclusion or exclusion of 

rs6922269(G/A) as a risk factor for CHD. Larger studies with considerable sample 

size in different populations are mandatory to provide a conclusive evidence. 
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Chapter 7 

POLYMORPHISM AT 2q36.3 (rs2943634) 

A genome-wide linkage analysis recognized a region present at chromosomal 

location 2q36.3 that was linked with acute coronary syndrome (ACS) and included 

genes like insulin receptor substrate 1 (IRS-1) that were potentially significant in 

terms of their relevance to coronary atherosclerosis, thrombosis and insulin 

resistance (Harrap et al., 2002). An intergenic region at 2q36.3 locus positioned at a 

distance of 500kb from IRS-1 gene contains several positive SNPs that are 

associated with multiple human diseases and their risk factors including, for 

example, concentrations of triglyceride (TG) and high density lipoprotein (HDL)-

cholesterol (Teslovich et al., 2010). 

One of the variants present at the locus mentioned above, rs2943634 (C/A), spans a 

region at the 2q36.3 locus that encompasses only one pseudogene 

(ENSG00000197218), with the risk allele for this SNP being C. Haplotype analysis 

indicates that the other associations reported at this locus are due to linkage 

disequilibrium with the lead SNP (rs2943634). First statement of the association of 

rs2943634[C] with coronary heart disease (CHD) emerged through a meta-analysis 

in 2007 which reported an association P value of 2 × 10
-07

 (Samani et al., 2007). 

Later on, a study revealed that although rs2943634[C] was associated with blood 

pressure and HDL-cholesterol, however, it was not found to show any significant 

association with a history of myocardial infarction (MI) and a history of stroke 

(Karvanen et al., 2009). 

Further studies documented a significant association between rs2943634[C] and type 

2 diabetes (T2D) (Rung et al., 2009), reduced adiposity and impaired metabolic 

profile (Kilpelainen et al., 2011) and incident CHD (Franceschini et al., 2011). Later, 

it was also found to be associated with insulin resistance in a meta-analysis 

conducted at genome-wide scale (Manning et al., 2012). Afterwards, an 

epidemiologic study reported that out of five insulin resistance SNPs included in this 

study, rs2943634[C] was the only SNP that showed a significant association with 

metabolic syndrome and it was also found to be associated with concentrations of 

TG, HDL-cholesterol and hemoglobin A1c (HbA1C), a glycated form of hemoglobin 



95 
 

 

(Povel et al., 2012). A study conducted to comprehend the mechanisms underlying 

these association revealed that rs2943634[C] was not even moderately associated 

with subclinical atherosclerosis traits (Lim et al., 2013). As the evaluation of 

association of rs2943634[C] with CHD has remained insufficient until now and the 

allele frequencies at this locus are very heterogeneous among populations worldwide 

warranting replication in populations of varying genetic origins, the present chapter 

delves into the exploration of an association between rs2943634[C] and CHD in 

Pakistani population. 

Figure 7.1 gives a demonstration of the approach used for the genotyping of 

rs2943634[C] by employing allele-specific PCR followed by separation of the 219bp 

product on an agarose gel. Two separate reaction vials were used for each of the 

samples in order to detect the alternate alleles constituting the SNP under study. For 

each sample, lanes on the right side of the ladder (1A-7A) corresponded to the 

reaction vials used for the detection of allele A, whereas those on the left side of the 

ladder (IC-7C) represented the results for reaction vials being utilized for detecting 

allele C. Presence or absence of the allele A was documented on the basis of 

presence or absence of a band in the lanes 1A to 7A, respectively. In the same way, 

detection of the allele C was postulated based on the presence or absence of a band 

in lanes 1C to 7C. So, for a specific sample, presence of a band on both sides of the 

ladder meant that its genotype was heterozygous i.e. CA. If, for a particular sample, a 

band was found only on the right side of the ladder but not on its left side, then 

genotype of that sample was noted down as AA. Ultimately, if a sample produced a 

band only on the left side of the ladder and not on its right side, its genotype was 

written down as CC. 

Results for the genetic distribution of rs2943634 (C/A) in cases (N=403) and control 

subjects (N=203) are elaborated in Table 7.1. According to the findings enlisted here, 

CC is the major genotype in both cases and controls, however, its frequency is only 

slightly higher in cases when compared to controls. Next in line is the heterozygous 

genotype frequency which is comparatively higher in controls but the difference is 

not appreciable. In the end, the AA genotype frequency is the lowest among all three 

genotypes  in both  study groups  and it is comparatively higher in controls, however, 

difference  between the  two groups  is negligible. Concerning the  allele frequencies, 
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Figure  7.1:  Agarose  gel  image showing  rs2943634  polymorphism  based  

on allele-specific PCR:   lane 1C   and 1A   show AA  genotype;   lane  2C  and 

2A show CA genotype; and lane 5C and 5A show CC genotype 
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         Table 7.1 : Genetic distribution of rs2943634 in cases and controls 

Genotype                                 

/ Allele 

Cases                                  

(N=403) 

Controls                                    

(N=203) 

CC 305 (0.76) 155 (0.67) 

CA 89 (0.22) 42 (0.27) 

AA 9 (0.02) 6 (0.06) 

C 0.87 0.80 

A 0.13 0.20 

HWE 0.67 (df=5; p=0.412) 5.16 (df=5; p=0.023) 

HWE=Hardy-Weinberg Equilibrium 
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C is the major allele in both groups and it observes a slightly higher frequency in 

cases, as expected. The minor allele, A, experiences an accordingly higher frequency 

in controls, although these differences are minor and can be easily ignored. 

Evaluation of the HWE showed that the case subjects lied under HWE but control 

population showed marginal deviation from it. 

Statistical analysis for the genetic distribution of rs2943634 (C/A) in case subjects 

categorized on the basis of first CHD event experienced by them is presented in 

Table 7.2. Results for the distribution of genotype frequencies indicate that the 

dominant genotype in all groups, CC, exhibits similar frequency in all three 

categories of case subjects and shows only trivial difference from its frequency in 

controls, which is slightly lower. The CA genotype frequency is also quite similar in 

all sets of cases and shows no noticeable difference from its frequency in controls. 

Further, the genotype frequency of AA is too related in the three groups of case 

subjects and the difference between its frequency in three categories of cases and 

controls is minimal as well. With reference to the allele frequencies described here, 

C is the major allele in all groups including controls and there is no substantial 

difference in its frequency among different groups. The allelic frequency of C is 

higher and that of the allele A is correspondingly lower, although to a very small 

extent, in the three categories of cases as compared to the control samples. However, 

these differences are minimal and can be ignored. The HWE estimation in these 

groups uncovered that no category of case subjects gave an idea about the deviation 

from HWE, although control sample population was not established to be consistent 

with HWE. 

Findings of the present study for genetic distribution of rs2943634 (C/A) in case and 

control subjects categorized on the foundation of gender are demonstrated in the 

Table 7.3. The genotype CC, being dominant in all groups, depicted a similar 

frequency in both men and women included in both study groups and its frequency 

was only slightly lower in controls as compared to cases for both men and women. 

For both genders, frequency of the heterozygous genotype was almost similar in all 

categories  with  no  appreciable difference  exhibited  between  any  two  categories. 

Again, the genotype frequency of AA is exactly same in both men and women 

corresponding  to  cases  as  well  as  in  those  corresponding to  controls, though  its 
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 Table 7.2 : Genetic distribution of rs2943634 in cases categorized on the basis 

         of first disease event experienced by cases 

Genotype                                 

/ Allele 

MI                    

(N=259) 

PCI                   

(N=93) 

CABG          

(N=51) 

Controls                                    

(N=203) 

CC 197 (0.76) 71 (0.76) 37 (0.73) 155 (0.67) 

CA 55 (0.21) 21 (0.23) 13 (0.25) 42 (0.27) 

AA 7 (0.03) 1 (0.01) 1 (0.02) 6 (0.06) 

C 0.87 0.88 0.85 0.80 

A 0.13 0.12 0.15 0.20 

 

HWE 
1.67 (df=5; 

p=0.196) 

0.16 (df=5; 

p=0.686) 

0.01 (df=5; 

p=0.909) 

5.16 (df=5; 

p=0.023) 

HWE=Hardy-Weinberg Equilibrium 

MI=Myocardial Infarction; PCI=Percutaneous Coronary intervention; CABG=Coronary Artery  

Bypass Grafting 

 

 

 

 

 

 

 

 

 



100 
 

 

 

 

 

 

 

Table 7.3 : Genetic distribution of rs2943634 in cases and controls categorized 

    on the basis of gender 

Gender Genotype                                 

/ Allele 

Cases                           

(N=403) 

Controls                       

(N=203) 

Men      

(N=472) 

CC 237 (0.75) 106 (0.67) 

CA 70 (0.23) 42 (0.27) 

AA 7 (0.02) 10 (0.06) 

C 0.87 0.80 

A 0.13 0.20 

HWE 0.45 (df=5; p=0.501) 3.91 (df=5; p=0.048) 

Women      

(N=134) 

CC 68 (0.77) 30 (0.67) 

CA 19 (0.21) 12 (0.27) 

AA 2 (0.02) 3 (0.06) 

C 0.87 0.80 

A 0.13 0.20 

HWE 0.23 (df=5; p=0.628) 1.25 (df=5; p=0.264) 

All         

(N=606) 

CC 305 (0.76) 155 (0.67) 

CA 89 (0.22) 42 (0.27) 

AA 9 (0.02) 6 (0.06) 

C 0.87 0.80 

A 0.13 0.20 

HWE 0.67 (df=5; p=0.412) 5.16 (df=5; p=0.023) 

HWE=Hardy-Weinberg Equilibrium 
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frequency is only to a small extent higher in control groups for both genders than in 

cases. Regarding the allele frequencies, C is the major allele in all categories. Not 

even a minor difference is found in the allelic frequencies among men and women 

included in both study groups and no evidence of gender discrimination is evident. 

The C allele frequency is higher in cases and that of A is equally higher in controls 

for both gender groups, although the differences are only minimal. The estimation of 

HWE has shown that all the sub-groups are under HWE with the exception of men 

included in control subjects that are deviant from HWE, however, they are at 

borderline. 

The outcomes for the statistical analysis carried out for the exploration of an 

association between rs2943634 (C/A) and CHD in population being studied enlisted 

in Table 7.4. The observations depicted here highlight that the CC genotype 

displayed an association with the increased risk of CHD in both men (Odds ratio: 

1.51; 95% Confidence interval: 0.992-2.298) and women (Odds ratio: 1.62; 95% 

Confidence interval: 0.735-3.566). In contrast, the heterozygous genotype exhibited 

an association with the decreased risk of disease under study in both men (Odds 

ratio: 0.79; 95% Confidence interval: 0.509-1.233) and women (Odds ratio: 0.75; 

95% Confidence interval: 0.325-1.717). Similarly, the homozygous genotype for the 

allele A was also established as being protective in both men (Odds ratio: 0.34; 95% 

Confidence interval: 0.126-0.904) and women (Odds ratio: 0.32; 95% Confidence 

interval: 0.052-2.000). Results stayed the same when data was analyzed by 

combining both genders and the overall analysis reiterates that the only genotype that 

confers an increased risk of CHD in the study population for the SNP being 

investigated is CC (Odds ratio: 1.53; 95% Confidence interval: 1.058-2.221). 

Statistical analysis of the data with the aid of Pearson's Chi-squared test 

demonstrates that, in case of men, rs2943634 (C/A) illustrates a statistically 

significant association with CHD (χ
2
: 6.738; p:0.034), although the significance is 

only marginal. On the contrary, in case of women, the polymorphism being explored 

displays not statistically significant association with CHD (χ
2
: 2.317; p:0.314). To 

end   with,  when  the  data  was  scrutinized   by  combining  both  gender  groups,  a 

statistically significant association surfaced out between rs2943634 (C/A) and CHD 

(χ
2
: 9.035; p:0.011). 
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        Table 7.4 : Association of rs2943634 with Coronary Heart Disease 

Gender Genotype 
Cases                   

(N=403) 

Controls          

(N=203) 
OR (95% CI) 

Pearson's 

Chi-

squared 

Test               

p (χ2) 

Men      

(N=472) 

CC 237 106 1.51 (0.992-2.298) 

p=0.034*  

(6.738) 
CA 70 42 0.79 (0.509-1.233) 

AA 7 10 0.34 (0.126-0.904) 

Women      

(N=134) 

CC 68 30 1.62 (0.735-3.566) 

p=0.314 

(2.317) 
CA 19 12 0.75 (0.325-1.717) 

AA 2 3 0.32 (0.052-2.000) 

All         

(N=606) 

CC 305 136 1.53 (1.058-2.221) 

p=0.011* 

(9.035) 
CA 89 54 0.78 (0.529-1.155) 

AA 9 13 0.33 (0.140-0.795) 

OR=Odds Ratio 

* Not statistically significant after Bonferroni correction 
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Discussion 

Human chromosome 2 harbors a locus, 2q36.3, that contains IRS-1 gene whose 

function centers upon the mediation of control of several cellular processes that 

involve insulin (Kuo et al., 2007). Several mutations present in and near IRS-1 gene 

have been associated with the risk of various human diseases. For example, 

Gly→Arg substitution at codon 972 of IRS-1 has been linked with the pathogenesis 

of T2D (Sesti et al., 2001) and in later studies, its potential implications in 

predisposition to endothelial dysfunction (Federici et al., 2004) and development of 

atherosclerotic cardiovascular diseases (Marini et al., 2003) were hypothesized. 

Another genetic variant in this region, rs2943634(C/A) was reported to have an 

association with CHD in a genome-wide association scan (WTCCC, 2007). Few 

studies targeted towards the replication of this association in other populations have 

came into sight till date and the findings of these studies have failed to provide a 

conclusive evidence in this regard so that this variant can neither be established nor 

rejected as a risk factor of CHD. 

As far as the Hardy-Weinberg equilibrium is concerned, end results of the study 

under discussion disclosed that case subjects, whether analyzed collectively or after 

splitting them on the basis of gender and first event of CHD experienced by them, 

were found to be consistent with HWE. On the contrary, control subjects, when 

analyzed collectively showed departure from HWE. When they were categorized on 

the basis of gender, men corresponding to controls departed from HWE but women 

lied under HWE. However, the fact that this deviation was only marginal and 

insignificant especially in case of men pertaining to control population where it 

could be considered borderline consequently limits the potential worth of this 

finding. 

The genetic variant being surveyed, rs2943634(C/A), has been found to show 

evidence of great heterogeneity among populations found in different parts of world. 

Therefore, the genotype and allele frequencies for this polymorphism may not 

necessarily be comparable in populations of different genetic origins and in 

individuals belonging to dissimilar ethnic groups. As the results of the present study 

imply, risk allele for rs2943634, C, was the major allele in both cases and controls 

and the outcome stayed the same in all sub-groups of both case and control subjects. 



104 
 

 

This is in agreement with the results of previous studies, however, the C allele 

frequency ranges between 0.80 and 0.88 in different categories of the study 

population which is different from that reported previously. A comparatively lower 

frequency of C allele was reported in most of the previous findings including 0.67 in 

American Caucasians (Wang et al., 2011), 0.65 in Americans included in 

Framingham Heart Study Offspring Cohort (Yan et al., 2009), and 0.57-0.58 in 

Tunisian population (Ghazouani et al., 2010). Only one investigation among 

Asian/Pacific islanders included in the PAGE study reported a comparable C allele 

frequency of 0.9 (Franceschini et al., 2011), although the sample size was 

substantially small. The differences in different populations are solely based on the 

heterogeneity in the distribution of genotype and allele frequencies pertaining to 

rs2943634(C/A) in populations originating from different ethnic groups and based in 

various geographical locations. 

Moving on towards the genotype frequencies, CC was the major genotype in our 

study group as well as the only genotype that was observed to be associated with an 

increased risk of CHD in Pakistani population based on odds ratio calculation. The 

frequency of CC genotype increased from 0.67 in controls to 0.76 in cases, as 

indicated in the results of this study. This finding is in accordance with the reports of 

earlier studies. For instance, in Caucasian Americans, frequency of CC genotype was 

increased from 0.118 in controls to 0.127 in cases of Alzheimer's disease (Figgins et 

al., 2009) and in Tunisian population, this frequency was increased from 0.346 in 

controls to 0.348 in cases of CHD (Ghazouani et al., 2010). Frequency of the 

heterozygous genotype in our sample decreased from 0.27 in controls to 0.22 in 

cases which is contrary to the findings of previous studies as CA genotype frequency 

was shown to increase from 0.428 in controls to 0.431 in cases in Caucasian 

Americans (Figgins et al., 2009) and from 0.346 in controls to 0.348 in cases in 

Tunisian population (Ghazouani et al., 2010). Again, this difference is not 

unexpected as the genetic frequencies encompassing rs2943634(C/A) are not 

homogeneous in populations that are conflicting with each other based on their 

ethnicity and geographical distribution. 

Data analysis with the assistance of Pearson's Chi-squared test reproduces and 

strengthens the already existing evidence for an association between rs2943634 [C] 
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and CHD, specifically in Pakistani population. Overall findings of our study 

highlight that the SNP under investigation shows a statistically significant 

association with CHD with an association P value of 0.011. Previous studies have 

reported mixed results in this regard. For instance, a strong signal was reported in a 

meta-analysis as highlighted by the P value of 2 × 10
-07

(Samani et al., 2007), a 

borderline association with coronary artery disease was observed in European 

populations as indicated by a P value of 0.032 (Amouyel et al., 2009) and no 

association could be found in Tunisian population as depicted by a P value of 0.91 

and 0.77 (Ghazouani et al., 2010). When split on the basis of gender, the outcomes 

remained persistent in men but in women, the association between rs2943634 [C] 

and CHD turned out to be not statistically significant. The differential effect based 

on gender has not been reported previously and this finding deserves modest 

attention probably due to the fact that the sample size in case of women is very 

limited. Conclusively, although the present study adds to the existing knowledge 

regarding rs2943634 [C], lack of adequate evidence supporting or rejecting its 

association with CHD in populations of different genetic origins warrants study of 

this variant in other populations and with a substantial sample size for both genders. 

 

 

 

 

 

 

 

 

 

 

 

 



106 
 

 

Chapter 8 

POLYMORPHISM AT 1p13.3 (rs599839) 

A serine- and proline-rich protein is encoded by differential display and activated by 

p53 (DDA3) gene present on human chromosomal locus 1p13.3 because of which it 

is also termed as proline/serine-rich coiled-coil 1 (PSRC1) gene, with the human 

gene being an orthologue of mouse DDA3 gene (Lo and Wang, 2002). This gene is 

regulated by tumor suppressor protein p53 and functions in mitosis by regulating 

microtubule depolymerases, resulting in regulation of p53/TP53-mediated growth 

suppression (Jang and Fang, 2009). It was observed to be down-regulated in 

response to DNA damage, it also reduced dependency of cell growth on serum, and 

the protein encoded by DDA3 gene was termed as an oncogenic protein because of 

the fact that its overexpression was identified in hepatocellular carcinoma cells 

(Hsieh et al., 2008). In addition to some other loci, the 1p13.3 locus encompassing 

DDA3 and some other genes was implicated as a manipulative factor in metabolic 

traits in East Asians (Kim et al., 2011). 

A genetic polymorphism near the DDA3 gene, rs599839(A/G), was linked with the 

risk of coronary artery disease (CAD) in a genome-wide association analysis 

conducted on British and German cohorts (Samani et al., 2007) and this link was 

replicated in another large-scale association analysis of European population 

(Schunkert et al., 2011) and in a genome-wide association study in Japanese and 

Korean populations (Lee et al., 2013). In 2008, three independent studies reported a 

statistically significant association between rs599839(A/G) and concentration of low 

density lipoprotein (LDL) cholesterol (Sandhu et al., 2008; Wallace et al., 2008; 

Willer et al., 2008). A study in Caucasians observed a significant correlation 

between rs599839 [G] and the activity and mass of lipoprotein-associated 

phospholipase A(2) Lp-PLA(2)), which has recently emerged as a risk factor and 

therapeutic target for cardiovascular disease (Suchindran et al., 2010).  

Subsequent to the initial discovery, association of rs599839(A/G) with coronary 

disease was replicated in succeeding studies. In Chinese Han population, a protective 

effect of G allele of rs599839 was experienced in patients of premature CHD (Huang 

et al., 2008). A study in a large cohort of Caucasians discovered an association 
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between rs599839(A/G) and angiographically characterized coronary atherosclerosis 

(Muendlein et al., 2009). In the Ludwigshafen Risk and cardiovascular (LURIC) 

study cohort, the association of rs599839(A/G) was observed with the risk of 

myocardial infarction (MI) and CAD, in addition to LDL cholesterol and triglyceride 

metabolism (Kleber et al., 2010). A study conducted to find the potential mechanism 

underlying this association targeted the link between LDL cholesterol and 

rs599839(A/G). This study revealed that the G allele of this polymorphism is 

associated with upregulation of multiligand receptor sortilin which results in the 

increased uptake of LDL-particles, consequently elevating the levels of LDL in 

serum which supposedly translates into the risk of CHD (Linsel-Nitschke et al., 

2010). Keeping all this in view, the present chapter is compiled with an objective to 

investigate the reported association between rs599839(A/G) and CHD in Pakistani 

population, specifically. 

The genotyping of rs599839 was accomplished by employing an allele-specific PCR 

technique and the results were tracked by resolving the resulting bands on an agarose 

gel, as illustrated in Figure 8.1. In an attempt to determine whether each of the two 

alleles encompassing rs599839(A/G) were present or absent in a sample, two 

different reaction tubes were used. On each side of the ladder shown in the figure, 

results for seven different samples are demonstrated. Lanes on the right side of the 

ladder correspond to the reaction tubes that enclose primers designed to detect allele 

G of rs599839 and those on the left side of the ladder pertain to the reaction tubes 

that include primers utilized for detecting allele A of this polymorphism. Therefore, 

lanes labeled as 1A to 7A represent the reaction tubes pertaining to primers used for 

the detection of allele A and those labeled as 1G to 7G indicate results for the 

reaction tubes signifying primers employed for the detection of allele G. For this 

reason, results were interpreted as follows: presence of a band in lanes on the right 

side of the ladder but not on its left side meant that the sample was homozygous for 

G allele; for a particular sample, presence of a band on both sides of the ladder 

suggested that the sample comprised a heterozygous genotype and; presence of a 

band in lanes located on left side of the ladder but not on its right side denoted a 

homozygous genotype for the allele A. 

The  results for  the genetic  distribution of  rs599839(A/G) in  the sample population 
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Figure  8.1:  Agarose  gel  image showing  rs599839  polymorphism  based  on 

 allele-specific PCR:   lane 1A   and 1G   show AA  genotype;   lane  2A  and 

           2G show AG genotype; and lane 6A and 6G show GG genotype 
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being studied are connoted in Table 8.1. Findings enlisted here highlight that the 

homozygous genotype for allele A is the major genotype in both cases (N=403) and 

controls (N=203) but its frequency is higher in case subjects when compared to 

control samples. The heterozygous genotype is next in terms of its frequency, 

however, its frequency distribution is in contrast to that of AA i.e. its frequency is 

comparatively higher in controls than in cases. Likewise, the homozygous genotype 

for allele G, despite contributing a very small fraction of the total frequency, is 

comparatively higher in control samples, even though the difference is negligible. 

Concerning the allele frequencies, A is the major allele in both groups with a much 

higher frequency than that of the G allele. Comparison between the two groups 

reveals that frequency of the allele A is comparatively higher in cases. On the 

contrary, frequency of the allele G is higher in controls, when compared with cases. 

The HWE analysis unfolds that whereas, the case subjects are consistent with HWE, 

the control samples are found to be at borderline.  

Table 8.2 refers to the results for the genetic distribution of rs599839(A/G) in case 

subjects split on the foundation that what was the first event of CHD experienced by 

them and their differences from control subjects are also highlighted here. Overall, 

all the three categories of cases are very much analogous to each other with respect 

to their gene and genotype frequencies. As far as the genotype frequencies are 

concerned, AA is the major genotype in all groups presented here and its frequency 

is comparatively lower in control subjects. Considering the trivial differences, those 

experiencing MI are inclined towards the upper limit, whereas, those experiencing 

CABG are directed towards the lower limit. Frequency of the heterozygous genotype 

is the inverse of this trend as reflected in the observation of the upper limit in 

patients experiencing CABG and presence of the lower limit in those experiencing 

MI. Furthermore, its frequency is comparatively higher in control subjects. The 

genotype GG observes a comparatively higher frequency in controls and has an 

exactly equal distribution in case subjects experiencing MI and PCI but is found to 

be completely absent in those experiencing CABG. Regarding the allele frequencies, 

A is the major allele in all categories with a broad margin. Its frequency is lower in 

controls when  compared to three categories of case  subjects. Conversely, frequency 

of  the allele  G  is  suggested  to  be  comparatively  higher  in  control  subjects.  No 
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         Table 8.1 : Genetic distribution of rs599839 in cases and controls 

Genotype                                 

/ Allele 

Cases                                  

(N=403) 

Controls                                    

(N=203) 

AA 330 (0.82) 147 (0.73) 

AG 66 (0.16) 47 (0.23) 

GG 7 (0.02) 9 (0.04) 

A 0.90 0.84 

G 0.10 0.16 

HWE 2.85 (df=5; p=0.091) 3.93 (df=5; p=0.048) 

HWE=Hardy-Weinberg Equilibrium 

 

 

 

 

 

 Table 8.2 : Genetic distribution of rs599839 in cases categorized on the basis 

         of first disease event experienced by cases 

Genotype                                 

/ Allele 

MI                    

(N=259) 

PCI                   

(N=93) 

CABG          

(N=51) 

Controls                                    

(N=203) 

AA 214 (0.83) 75 (0.81) 41 (0.80) 147 (0.73) 

AG 40 (0.15) 16 (0.17) 10 (0.20) 47 (0.23) 

GG 5 (0.02) 2 (0.02) 0 (0.00) 9 (0.04) 

A 0.90 0.89 0.90 0.84 

G 0.10 0.11 0.10 0.16 

 

HWE 
3.40 (df=5; 

p=0.065) 

1.00 (df=5; 

p=0.318) 

0.60 (df=5; 

p=0.438) 

3.93 (df=5; 

p=0.048) 

HWE=Hardy-Weinberg Equilibrium 

MI=Myocardial Infarction; PCI=Percutaneous Coronary intervention; CABG=Coronary Artery  

Bypass Grafting 
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significant difference can be stated between the three categories of patients in terms 

of allelic frequency distribution among these groups. Estimation of the HWE 

unveiled that all the categories of case subjects depicted here are consistent with 

HWE. 

Table 8.3 represents the analyzed findings for the genetic distribution of 

rs599839(A/G) in case and control samples split on the basis of gender. Regarding 

the men in both groups, the homozygous genotype for the allele A experiences the 

highest frequency in both groups and when compared to cases, it is observed to be 

lower in controls. Frequency of the heterozygous genotype, on the other hand, is 

comparatively higher in control samples. The GG genotype frequency is also 

comparatively higher in samples belonging to control group. Concerning the allele 

frequencies, A is the major allele for both groups, with its frequency being 

comparatively higher in cases and the vice versa being held true for the allele 

frequency of G. As far as the women are concerned, the distribution patterns for all 

the three genotypes and both alleles are quite similar to those outlined in case of 

men. Especially in case subjects, not even a negligible difference can be pointed out 

in the frequency distribution of alleles and genotypes comprising rs599839(A/G) in 

both men and women. The minor differences found in the genetic distribution of 

rs599839(A/G) in men and women encompassing control subjects are also 

insignificant and can be easily ignored. Moving on towards the HWE estimation, as 

the results imply, all the sub-groups characterized here were established to be 

consistent with HWE. 

Table 8.4 insinuates the analyzed results that are relevant to the statistical association 

between rs599839(A/G) variant and the disease under investigation in case and 

control subjects categorized based on gender. It was examined that, in men, AA was 

the only genotype associated with an increased risk of CHD (Odds ratio: 1.74; 95% 

Confidence interval: 1.109-2.732). Both the heterozygous genotype and the 

homozygous genotype for allele G were detected as being protective in case of men. 

Similarly, in women also, AA was the only genotype found to confer upon its 

carriers an increased risk of the disease being scrutinized (Odds ratio: 1.66; 95% 

Confidence  interval: 0.706-3.897)  and  the  other  two  genotypes  were  denoted  as 

being   protective.  When  the   data  was   analyzed  collectively   for  both   genders, 
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Table 8.3 : Genetic distribution of rs599839 in cases and controls categorized 

    on the basis of gender 

Gender Genotype                                 

/ Allele 

Cases                           

(N=403) 

Controls                       

(N=203) 

Men      

(N=472) 

AA 257 (0.82) 114 (0.72) 

AG 52 (0.16) 37 (0.24) 

GG 5 (0.02) 7 (0.04) 

A 0.90 0.84 

G 0.10 0.16 

HWE 1.51 (df=5; p=0.219) 2.87 (df=5; p=0.090) 

Women      

(N=134) 

AA 73 (0.82) 33 (0.74) 

AG 14 (0.16) 10 (0.22) 

GG 2 (0.02) 2 (0.04) 

A 0.90 0.84 

G 0.10 0.16 

HWE 1.62 (df=5; p=0.204) 1.07 (df=5; p=0.301) 

All         

(N=606) 

AA 330 (0.82) 147 (0.73) 

AG 66 (0.16) 47 (0.23) 

GG 7 (0.02) 9 (0.04) 

A 0.90 0.84 

G 0.10 0.16 

HWE 2.85 (df=5; p=0.091) 3.93 (df=5; p=0.048) 

HWE=Hardy-Weinberg Equilibrium 
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        Table 8.4 : Association of rs599839 with Coronary Heart Disease 

Gender Genotype 
Cases                   

(N=403) 

Controls          

(N=203) 
OR (95% CI) 

Pearson's 

Chi-

squared 

Test               

p (χ2) 

Men      

(N=472) 

AA 257 114 1.74 (1.109-2.732) 

p=0.027*  

(7.208) 
AG 52 37 0.65 (0.404-1.042) 

GG 5 7 0.35 (0.109-0.118) 

Women      

(N=134) 

AA 73 33 1.66 (0.706-3.897) 

p=0.479 

(1.472) 
AG 14 10 0.65 (0.264-1.616) 

GG 2 2 0.49 (0.067-3.629) 

All         

(N=606) 

AA 330 147 1.72 (1.156-2.566) 

p=0.014* 

(8.580) 
AG 66 47 0.65 (0.427-0.989) 

GG 7 9 0.38 (0.140-1.038) 

OR=Odds Ratio 

* Not statistically significant after Bonferroni correction 
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observations stayed the same in that, out of the three genotypes encompassing 

rs599839(A/G), only AA was suggested to be linked to an increased risk of CHD 

(Odds ratio: 1.72; 95% Confidence interval: 1.156-2.566). In opposition, AG (Odds 

ratio: 0.65; 95% Confidence interval: 0.427-0.989) and GG (Odds ratio: 0.38; 95% 

Confidence interval: 0.140-1.038) were potentially linked to a decreased risk of the 

disease under study. Application of the Pearson's Chi-squared test to the data 

revealed that, in case of men, association between rs599839(A/G) and CHD is 

recorded as being statistically significant (χ
2
: 7.208; p: 0.027). On the contrary, in 

women, the association between rs599839(A/G) and CHD was not documented to be 

statistically significant (χ
2
: 1.472; p: 0.479). Combined data analysis uncovered, 

however, that rs599839(A/G) is reportedly associated with the risk of CHD and the 

margin for this association is also depicted as being statistically significant (χ
2
: 

8.580; p: 0.014). 

Discussion 

Significance of human DDA3 gene stems from the regulatory activities mediated by 

DDA3 protein which include modulation of mitotic spindle dynamics, control of 

microtubule dynamics, recruitment of Kif2a to the mitotic spindle consequently 

allowing the normal progression of mitosis (Jang et al., 2008). A genetic variant near 

the DDA3 gene, rs599839 [A], was reportedly revealed to have a statistically 

significant association with CHD as indicated by an odds ratio of 1.29 for the allele 

A (Samani et al., 2007). Importance of rs599839 in the etiology of CHD was 

strengthened in later studies. For example, in 2010, an association between 

rs599839(A/G) and incident CHD was described for American Whites (Bressler et 

al., 2010). In 2011, another study in American Caucasians replicated the association 

of rs599839(A/G) with myocardial infarction (Wang et al., 2011). The importance of 

this variant is further enhanced by findings of several studies that associate it with 

serum cholesterol levels (Samani et al., 2008). 

With reference to the Hardy-Weinberg equilibrium, the overall results of the study 

being discussed demonstrate that, with the exception of one, all the groups and sub-

groups pertaining to the genetic distribution of rs599839(A/G) represented in this 

chapter did not depart from the HWE and all of them were interpreted as being 

consistent with HWE. The only category that gave an idea about deviation from 



115 
 

 

HWE was that of control subjects, although when categorized on the basis of gender, 

they also lied under HWE. Nonetheless this observation is inconsequential as this 

deviation was only borderline and could easily be interpreted as being statistically 

not significant. 

As the result of the present study implicate, the major genotype in all groups is the 

homozygous genotype for allele A and its frequency was calculated in the range of 

0.72-0.82 in various groups which is slightly higher than that reported for a European 

population for which it was reported as being 0.62 (Ellis et al., 2011). Frequency of 

the genotypes AG and GG in our sample ranged from 0.16 to 0.24 and from 0.02 to 

0.04 respectively. When compared with the European cohort, both of these had a 

lower frequency in our sample population as the frequencies reported for AG and 

GG were 0.32 and 0.06, respectively in case of Europeans (Ellis et al., 2011). The 

allele G was found to be protective for the risk of CHD as frequencies of the 

genotypes AG and GG were found to be higher in control samples. Frequency of the 

genotype AG increased from 0.16 in cases to 0.24 in controls and frequency of the 

genotype GG increased from 0.02 in cases to 0.04 in controls. Similar trends for 

frequency distribution of genotypes corresponding to rs599839(A/G) were 

experienced in  the research reports existing previously. A study investigating the 

association between rs599839(A/G) and incident CHD in European population also 

observed an increase in the frequency of AG from 0.33 in cases to 0.35 in controls 

and they reported an increase in the frequency of GG from 0.049 in cases to 0.055 in 

controls (Bressler et al., 2010). Hence, the allele G of the SNP being explored has 

been established as having a potentially significant role in the etiology of CHD, once 

again. 

Concerning the allele frequencies, G is the minor allele in both groups and its 

frequency in controls was observed as being 0.16 In cases, as expected, frequency of 

the risk allele, A, was observed as being comparatively higher and the present study 

reports an increase in the frequency of the allele A from 0.84 in controls to 0.90 in 

cases. When the data was analyzed after splitting the two groups on the basis of 

gender, no evidence of gender discrimination could be stated as the frequency 

distribution of genes and genotypes encompassing rs599839(A/G) was found to be 

alike in both men and women. Allelic frequency distribution reported in our samples 
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is coherent with that described in previous studies. Frequency of the allele A was 

observed to slightly increase from 0.792 in controls to 0.793 in cases in Europeans 

where a significant association between rs599839(A/G) and the risk of CAD was 

reported (Amouyel et al., 2009). Later, in 2011, a statistically significant association 

between MI and rs599839(A/G) was described where frequency of the allele A 

increased from 0.771 in controls to 0.802 in cases (Wang et al., 2011). Another study 

in a Camarian population observed an increase in the frequency of allele A from 

0.733 in controls to 0.738 in cases where it was significantly correlated with the risk 

of CHD (Esparragon et al., 2012). The slight variations in the frequency values 

observed in different populations can be attributed to the existence of variations in 

the genetic constituents of populations that are geographically isolated from each 

other and do not share ethnic characteristics. 

The association between rs599839(A/G) and CHD was finally sought after with the 

help of data analysis using Pearson's Chi-squared test. The observations based on 

this test support and strengthen the already existing evidence for association between 

these two. Combined data analysis uncovered the protective effect of the allele G, 

each copy of which was found to be contributing towards a decreased risk of CHD. 

The genotypes AG and GG were associated with a decreased risk of CHD at an odds 

ratio (OR) of 0.65 and 0.38 and 95% Confidence Interval (CI) of 0.427-0.989 and 

0.140-1.038, respectively. In a previous study in European cohorts, the allele G of 

rs599839 was documented to be associated with the history of MI at an OR of 1.19 

and 95% CI of 1.04-1.37 (Karvanen et al., 2009). In another report based in a 

European study population, rs599839(A/G) was described as having a significant 

association with the risk of CHD at an OR of 1.20 and 95% CI of 1.15-1.26 

(Angelakopoulou et al., 2012). Same trend was also experienced for both genders as 

the data analysis after categorizing the two groups based on gender highlights. Lack 

of gender discrimination for rs599839(A/G) is being reported here for the first time 

and no previous findings exist for comparison. Furthermore, in the present study, a 

statistically significant association between rs599839(A/G) and CHD is manifested 

in a Chi-square value of 8.580 and a P value of 0.014. The strength of this 

association is weaker when compared to that observed previously. For instance, in 

2012, rs599839(A/G) was associated with endothelial dysfunction where a P value of 
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0.0062 was reported (Lopez-Mejias et al., 2012). However, a comparable association 

between rs599839(A/G) and the risk of coronary atherosclerosis was reported in 

Caucasians as indicated by a P value of 0.019 (Muendlein et al., 2009). The signal 

strength reported in the original study (Samani et al., 2007) was much stronger 

(P=4.05 × 10
-10

). In short, the present study reinforces the evidence for existence of 

an association between rs599839(A/G) and CHD in a South Asian population but 

due to its limited scope and small sample size, validation in other studies designed to 

overcome the shortcomings of existing studies is recommended. 
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Chapter 9 

POLYMORPHISM AT 1q41 (rs17465637) 

Member 3 of the melanoma inhibitory activity family, the MIA3 gene, was identified 

in 2004 and the authors named it transport and Golgi organization gene 1 

(TANGO1), which has now become a popular name (Bosserhoff et al., 2004). Later 

studies exploring its function found its reduced expression in human melanoma 

tissues and melanoma cell lines and further analysis revealed that induced expression 

of MIA3 gene at human chromosomal locus 1q41 led to decrease in motility and 

invasive potential of cell whereas its knockdown had opposite effects (Arndt and 

Bosserhoff, 2006). Protein encoded by MIA3 gene plays an important role in the 

collagen VII (COL7A1) secretion as it is required for loading of COL7A1 into 

transport vesicles and it is also involved in cargo loading of COL7A1 at the exit sites 

of endoplasmic reticulum (ER) in cells that secrete COL7A1 (Saito et al., 2009). It is 

assumed that in cells that do not secrete COL7A1, MIA3 protein could potentially be 

involved in secretion of some other proteins but this remains to be established until 

now. 

MIA3 gene encompasses several single nucleotide polymorphisms (SNP), one of 

which is located in an intron and a genome-wide association scan linked this variant, 

rs17465637 [C], with the risk of coronary artery disease (CAD) in 2007 (Samani et 

al., 2007). Later in 2008, a study associated the same variant with the risk of 

myocardial infarction (MI) in a Japanese cohort (Hiura et al., 2008). Association of 

this SNP with the risk of MI was then confirmed in a large European cohort 

(Kathiresan et al., 2009) and with the history of MI in another European population 

(Karvanen et al., 2009). Later studies in other populations replicated this association. 

For example, rs17465637 was reported to have an association with the risk of MI in 

American Caucasians (Wang et al., 2011) and Han Chinese (Li et al., 2013) 

populations. Hence, this genetic variant has become a well-known risk factor for MI 

in the general population. 

After the initial description in 2007, subsequent studies investigating an association 

between rs17465637(C/A) and CHD have provided variable results. A large-scale 

association study in 2009 reported that, surprisingly, there was no association 
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between rs17465637 and the risk of CHD in a European population (Amouyel et al., 

2009). Subsequently, a genome-wise association study found a significant (P=1×10
-

08
) association between rs17465637 [C] and CHD (Schunkert et al., 2011). A case-

control study in Greek population described association between rs17465637 [C] and 

CHD as being in the expected direction but not statistically significant (Yiannakouris 

et al., 2012). However, a positive association has recently been replicated in a Han 

Chinese sample (P=0.01), although strength of association is not comparable, and in 

a meta-analysis of five Asian populations belonging to Japan and China (P=4.97×10
-

05
) with a comparable strength of association (Li et al., 2013). 

Studies aimed at inspecting possibility of an association between rs17465637 and the 

incidence of CHD have produced negative results. In 2009, a study in different 

ethnic groups of America reported that rs17465637 was not associated with incident 

CHD events in American whites and African Americans (Bressler et al., 2010). 

Another study in American whites and minorities of America then replicated that 

rs17465637 showed no association with the incidence of CHD (Franceschini et al., 

2011). In a cohort belonging to New Zealand, rs17465637 [C] was depicted to have 

an association with the subsequent cardiovascular outcomes (Ellis et al., 2011). Due 

to variable reports from different studies, this locus needs to be replicated and 

validated in various ethnic populations in order to adequately establish its role in the 

etiology of CHD. Therefore, the present chapter analyses the association of 

rs17465637 [C] with CHD in a Pakistani population. 

Figure 9.1 illustrates the results for genotyping of rs17465637(C/A) on the basis of 

product amplification by allele-specific PCR technique and subsequent separation of 

the bands produced on an agarose gel. The effort to determine the presence or 

absence of each of the two alleles encompassing rs17465637 in study samples (cases, 

403; controls, 203) was accomplished by using two different reaction mixtures for 

each sample. The ladder is in the middle of the illustration and on each side of it are 

the resulting bands for seven different samples. Towards the right side of the ladder 

are the lanes that correspond to the reaction mixtures utilized for verification of 

presence or absence of the allele A of rs17465637. Towards the left side of the 

ladder are  lanes depicting  results for  reaction  mixtures used  to detect  presence  or 

absence of the allele C of SNP being studied. For that reason, if a band is present in a 



120 
 

 

 

 

 

 

 

 

 

 

 

 

Figure  9.1:  Agarose  gel  image showing  rs17465637  polymorphism  based  

on allele-specific PCR:   lane 1C   and 1A   show AA  genotype;   lane  2C  and 

           2A show AC genotype; and lane 5C and 5A show CC genotype 
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lane present on the right side of the ladder for a particular sample then that sample is 

recorded as having allele A and absence of a band in these lanes means that allele A 

is absent from that sample. In the same way, lanes present on the left side of the 

ladder were documented for the presence or absence of the allele C. In the light of 

the above information, for a specific sample, presence of a band on both sides of the 

ladder meant that the genotype of that sample was heterozygous (AC). Furthermore, 

presence of a band only on the right side of the ladder and not on its left side 

indicated that the sample was to be genotyped as homozygous for the allele A. On 

the contrary, for a particular sample, presence of a band only on the left side of the 

ladder but not on its right side signified that the sample had homozygous genotype 

for the allele C.  

Results of this study for genetic distribution of rs17465637(C/A) in a Pakistani 

sample are summarized in Table 9.1. According to the results for genotype 

frequencies, homozygous genotype for the risk allele C is the major genotype in 

cases as well as controls but it is comparatively higher in case subjects. Next in terms 

of higher frequency is the heterozygous genotype AC which, in contrast, is lower in 

cases when compared to controls. Homozygous genotype for the non-risk allele AA 

is also observed to be lower in cases than controls even though the difference is quite 

small. Concerning the frequencies of alleles at rs17465637, C is the major allele in 

both study groups i.e. cases and controls. Its frequency is higher in cases by a very 

small margin which makes this difference negligible. Accordingly, frequency of the 

allele A was lower in cases than controls but this can be ignored due to being small. 

The HWE analysis discloses that both groups are not compatible with HWE by a 

broad margin. 

Table 9.2 enlists the findings of present study for gene and genotype frequency 

distribution of rs17465637(C/A) in case subjects divided into three categories on the 

basis of first disease event experienced by them and frequencies in controls are also 

given for comparison. Overall, with respect to genotype frequencies, the case 

subjects experiencing PCI and CABG as their first disease event were observed to be 

quite  similar to  each other  in terms of  their frequencies for all  three genotypes and 

both of them had similar genotype frequencies to the control group, though 

negligible differences  did exist.  Also, in  terms of  their allele  frequencies, all these 
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         Table 9.1 : Genetic distribution of rs17465637 in cases and controls 

Genotype                                 

/ Allele 

Cases                                  

(N=403) 

Controls                                    

(N=203) 

CC 202 (0.50) 85 (0.42) 

AC 123 (0.31) 75 (0.37) 

AA 78 (0.19) 43 (0.21) 

C 0.65 0.60 

A 0.35 0.40 

HWE 42.76 (df=5; p=0.000) 10.56 (df=5; p=0.001) 

HWE=Hardy-Weinberg Equilibrium 

 

 

 

 

 Table 9.2 : Genetic distribution of rs17465637 in cases categorized on the basis 

         of first disease event experienced by cases 

Genotype                                 

/ Allele 

MI                    

(N=259) 

PCI                   

(N=93) 

CABG          

(N=51) 

Controls                                    

(N=203) 

CC 142 (0.55) 39 (0.42) 21 (0.41) 85 (0.42) 

AC 71 (0.27) 33 (0.35) 19 (0.37) 75 (0.37) 

AA 46 (0.18) 21 (0.23) 11 (0.22) 43 (0.21) 

C 0.69 0.60 0.60 0.60 

A 0.31 0.40 0.40 0.40 

 

HWE 
34.40 (df=5; 

p=0.000) 

6.42 (df=5; 

p=0.011) 

2.58 (df=5; 

p=0.108) 

10.56 (df=5; 

p=0.001) 

HWE=Hardy-Weinberg Equilibrium 

MI=Myocardial Infarction; PCI=Percutaneous Coronary intervention; CABG=Coronary Artery  

Bypass Grafting 
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three groups i.e. PCI cases, CABG cases and controls were exactly alike with not 

even a small difference being observed for them. The only group of CHD cases that 

stood out in terms of differences in its frequency distribution as compared to controls 

was that of case subjects experiencing MI as their first disease event. For this group, 

it was observed that MI cases experienced a higher frequency of the genotype CC 

than controls. In contrast, frequencies of genotypes AC and AA were lower in MI 

cases as compared to control samples, though the difference was considerable for the 

genotype AC but not for the genotype AA. Coming towards the allele frequencies, 

frequency of the allele C was higher in MI cases when compared to controls and that 

of the allele A was correspondingly lower in MI cases. The HWE analysis of the data 

revealed that MI cases were not compatible with HWE by a wide margin, PCI cases 

were also not compatible with HWE but with a comparatively narrow margin, and 

CABG cases were the only group presented in this table that was compatible with 

HWE.  

Results of the study under investigation for genotype distribution of 

rs17465637(C/A) in cases and controls categorized on the basis of gender are 

represented in Table 9.3. Regarding the genotype frequencies, as demonstrated in 

this table, CC was the major genotype in all sub-groups except female controls 

where the major genotype was AC. Frequency of the genotype CC was higher in 

cases, whether men or women, as compared to controls. The difference, however, 

was greater in women than in men. Frequency of the genotype AC was, on the 

contrary, lower in cases when compared to controls and the difference was once 

again greater for women than for men. Genotype frequency of AA was also observed 

to be lower in cases as compared to controls although this difference was not 

noteworthy for both men and women. As far as the allele frequencies are concerned, 

C was the major allele in all sub-groups and results for allelic distribution were 

related in men and women. For both gender groups, frequency of the allele C was 

higher in cases when compared with controls and frequency of the allele A was 

equally lower in cases when compared with control subjects with the differences 

being  not  appreciable.  The  HWE  analysis  revealed  that  in  men,  both  cases and 

controls were not compatible with HWE by a large margin. However, in women, 

both cases and controls were found to be compatible with HWE. 
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Table 9.3 : Genetic distribution of rs17465637 in cases and controls categorized 

    on the basis of gender 

Gender Genotype                                 

/ Allele 

Cases                           

(N=403) 

Controls                       

(N=203) 

Men      

(N=472) 

CC 155 (0.50) 66 (0.42) 

AC 92 (0.29) 54 (0.34) 

AA 67 (0.21) 38 (0.24) 

C 0.64 0.59 

A 0.36 0.41 

HWE 41.62 (df=5; p=0.000) 13.68 (df=5; p=0.000) 

Women      

(N=134) 

CC 47 (0.53) 19 (0.42) 

AC 31 (0.35) 21 (0.47) 

AA 11 (0.12) 5 (0.11) 

C 0.70 0.66 

A 0.30 0.34 

HWE 2.48 (df=5; p=0.115) 0.05 (df=5; p=0.823) 

All         

(N=606) 

CC 202 (0.50) 85 (0.42) 

AC 123 (0.31) 75 (0.37) 

AA 78 (0.19) 43 (0.21) 

C 0.65 0.60 

A 0.35 0.40 

HWE 42.76 (df=5; p=0.000) 10.56 (df=5; p=0.001) 

HWE=Hardy-Weinberg Equilibrium 
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Table 9.4 insinuates the results for data analysis regarding the exploration of a 

statistical association between rs17465637(C/A) and CHD in cases and controls 

overall, after categorizing them on the basis of gender and in MI cases. 

Determination of the odds ratio indicates that the genotype CC was associated with 

an increased risk of CHD in the overall data (Odds ratio: 1.40; 95% Confidence 

interval: 0.993-1.961) as well as in the sub-groups including men (Odds ratio: 1.36; 

95% Confidence interval: 0.924-1.999), women (Odds ratio: 1.53; 95% Confidence 

interval: 0.743-3.156) and MI cases (Odds ratio: 1.68; 95% Confidence interval: 

1.163-2.442). Contrastingly, the genotype AC was observed to have a protective 

effect in the overall data (Odds ratio: 0.75; 95% Confidence interval: 0.526-1.070) 

and also in the sub-groups including men (Odds ratio: 0.80; 95% Confidence 

interval: 0.530-1.201), women (Odds ratio: 0.61; 95% Confidence interval: 0. 294-

1.268) and MI cases (Odds ratio: 0.64; 95% Confidence interval: 0.434-0.956). The 

genotype AA was documented as being associated with a decreased risk of CHD in 

the overall data (Odds ratio: 0.89; 95% Confidence interval: 0.588-1.356), in men 

(Odds ratio: 0.86; 95% Confidence interval: 0.544-1.349) and in MI cases and MI 

cases (Odds ratio: 0.80; 95% Confidence interval: 0.506-1.278), but was associated 

with a marginally increased risk of CHD in women (Odds ratio: 1.13; 95% 

Confidence interval: 0.367-3.471). Further analysis of the overall data by utilizing 

Pearson's Chi-squared test disclosed that the association between rs17465637 [C] 

and CHD could not be replicated in the present study (χ
2
: 3.872; p: 0.144). In 

addition, results stayed the same even when the data was split on the basis of gender 

and both men (χ
2
: 2.450; p: 0.294) and  women (χ

2
: 1.798; p: 0.407) were observed 

to document not statistically significant association with the risk of CHD in Pakistani 

population. However, as the data analysis for MI cases predicts, a statistically 

significant association between rs17465637 [C] and the risk of MI was detected in 

this study (χ
2
: 7.851; p: 0.020). 

Discussion 

MIA3 protein is a trans-membrane protein residing in ER, the significance of which 

emerges as a consequence of its important role in the secretion system by loading of 

collagen VII into COPII-coated transport carriers (Wilson et al., 2011). An intronic 

variant  in MIA3  gene, rs17465637 [C], showed significant  association (P=1×10
-06

) 
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        Table 9.4 : Association of rs17465637 with Coronary Heart Disease 

Gender Genotype 
Cases                   

(N=403) 

Controls          

(N=203) 
OR (95% CI) 

Pearson's 

Chi-

squared 

Test               

p (χ2) 

Men      

(N=472) 

CC 155 66 1.36 (0.924-1.999) 

p=0.294  

(2.450) 
AC 92 54 0.80 (0.530-1.201) 

AA 67 38 0.86 (0.544-1.349) 

Women      

(N=134) 

CC 47 19 1.53 (0.743-3.156) 

p=0.407 

(1.798) 
AC 31 21 0.61 (0.294-1.268) 

AA 11 5 1.13 (0.367-3.471) 

MI      

(N=259) 

CC 142 85 1.68 (1.163-2.442) 
p=0.020* 

(7.851) AC 71 75 0.64 (0.434-0.956) 

AA 46 43 0.80 (0.506-1.278) 

All         

(N=606) 

CC 202 85 1.40 (0.993-1.961) 

p=0.144 

(3.872) 
AC 123 75 0.75 (0.526-1.070) 

AA 78 43 0.89 (0.588-1.356) 

OR=Odds Ratio 

* Not statistically significant after Bonferroni correction 
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with CHD in populations of European ancestry (Samani et al., 2007). The same 

variant was reported as being associated with prevalent MI in a population belonging 

to the United States (Patel et al., 2012). A later study exploring the association of 

rs17465637 with emerging and established biomarkers and risk factors of CHD 

reported lack of its association with any of the markers studied, although it was 

reported to have a significant association with the risk of CHD (Angelakopoulou et 

al., 2012). This variant, however, has not been studied in Asian populations of Sub-

continent. 

As the estimation of HWE in groups and sub-groups predicts, most of them are 

widely divergent from HWE. This could be due to the fact that in all these groups, 

frequency of the heterozygous genotype was much less than expected and in most 

cases, it was closer to the frequency of homozygous genotype for minor allele rather 

than to the homozygous genotype for major allele. This imbalance in frequency 

distribution could, in part, be responsible for a wide shift from HWE. Exceptions 

included both categories of women and CABG cases which were compatible with 

HWE, and PCI cases which were at borderline. In all of these groups, frequency of 

the heterozygous genotype was closer to that of the homozygous genotype for major 

allele than to the frequency of homozygous genotype for minor allele which was 

manifested in a population consistent with HWE. 

As implicated by the data analysis for the present study, the major genotype in all 

categories was CC without any exception. Its frequency ranged from 0.41 to 0.55 in 

various groups. This is relatable to the findings of previous studies as it was reported 

as being 59.2 and 61.7 in American whites (Bressler et al., 2010), and 50.9, 55.8 and 

56.8 in a cohort based in New Zealand (Ellis et al., 2011). However frequency of the 

genotype CC reported in the present study is different from its frequency detected in 

African Americans where its frequency was 0.07 and 0.06 which made it the minor 

genotype (Bressler et al., 2010). Also, the present study reports an increase in the 

frequency of CC from 0.42 in controls to 0.50 in cases. Similar trend was reported in 

previous studies of MI and CHD in Han Chinese (Xie et al., 2011) and in a 

population from New Zealand (Ellis et al., 2011). In the study under discussion, the 

other two genotypes, in general, were found to decrease in cases when compared to 

controls in terms of their frequencies. A similar trend was observed for incident 
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CHD in American populations (Bressler et al., 2010), for CHD and MI in Kiwis 

(Ellis et al., 2011), and for coronary atherosclerosis in Han Chinese population (Xie 

et al., 2011). In this context, trends described in the present study for genotype 

frequencies of cases and controls are consistent with those observed in some 

previous studies. 

As far as the allele frequencies are concerned, C was the major allele in all groups 

included in this study. In the original study in European populations, C was reported 

as minor allele (Samani et al., 2007) but in some other studies, it was observed as 

being major allele in American Caucasians (Wang et al., 2011), and Americans and 

Europeans (Kathiresan et al., 2009). In the study being discussed, the C allele 

frequency was observed to increase from 0.60 in controls to 0.65 in case subjects. 

Similar trend was also observed in some previous studies; C allele frequency 

increased from 0.54 in controls to 0.58 in MI cases in a Japanese sample (Hiura et 

al., 2008), it increased from 0.71 in controls to 0.73 in MI cases in American 

Caucasians (Wang et al., 2011), and it also increased from 0.60 in controls to 0.63 in 

CAD cases and 0.62 in MI cases in a Han Chinese population (Li et al., 2013). 

Hence, the allelic frequency distribution in the present study experiences a 

comparable trend with the reports of previous studies. Interestingly, the gene and 

genotype frequencies observed in cases categorized on the basis of first event of 

CHD experienced by them revealed that the differences in frequency distribution 

between CHD cases and controls were, in principal, predominantly due to MI cases. 

In addition, studies investigating association of rs17465637(C/A) with the risk of MI 

have provided relatively consistent results as compared to those exploring its 

association with the risk of CHD. Keeping these facts in view, MI cases were 

included as a separate category in the subsequent analysis. 

Finally, data analysis by calculating odds ratio and applying Pearson's Chi-squared 

test revealed that although the present study showed same direction of effect for 

CHD as expected based on the association of rs17465637 [C] with the risk of CHD, 

not statistically significant association of this genetic variant with CHD was 

documented in the overall data as well as individually in both genders. However, in 

the analysis of MI cases, a statistically significant association between rs17465637 

[C]  and MI was stated. Hence, specifically with reference to Pakistani population, 
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this study supports the evidence that rs17465637 [C] is not associated with the risk 

of CHD but is associated with the risk of MI. To clarify this observation and provide 

conclusive evidence in this direction, further studies in larger cohorts addressing the 

association of rs17465637 [C] with the risk of CHD are warranted and it is 

mandatory that they aim at comparing both MI cases and non-MI cases of CHD with 

controls so that it can be established if the association of rs17465637 [C] reported 

previously for CHD patients is exclusively because of MI patients included in these 

studies. 
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Chapter 10 

POLYMORPHISM AT 10q11.21 (rs501120) 

Chemokines regulate cell trafficking of different kinds of leukocytes and are 

involved in the functioning of immune system and angiogenesis. Stromal cell 

derived factor 1 (SDF-1) is a chemokine ligand for a G-protein coupled receptor that 

acts as a chemoattractant of T-lymphocytes and monocytes and is important in 

angiogenesis (Zheng et al., 2007). This protein is also involved in a wide range of 

cellular processes including immune surveillance (Bleul et al., 1996), embryogenesis 

(Zhu et al., 2002), inflammatory responses (Pablos et al., 2003), tissue regeneration 

(Askari et al., 2003) and tumor development (Burns et al., 2006). SDF-1 protein has 

been studied with relevance to myocardial infarction (MI) and there is evidence that 

it plays a protective role in this disease by improving cardiac function after MI 

(Zhang et al., 2007). 

A SNP, rs501120(C/T), is located approximately 100kb downstream of the 

chemokine CXC motif ligand 12 (CXCL12) gene that encodes SDF-1 protein with 

its cytogenetic location being 10q11.21. This genetic variant got recognition in 2007 

when its highly significant association (OR, 1.33; 95% CI, 1.20-1.48; P, 9.46×10
-08

) 

with the risk of coronary artery disease (CAD) became known in a meta-analysis of 

two genome-wide association studies carried out on European samples (Samani et 

al., 2007). Another investigation in Europeans then replicated this association 

(P=4.34×10
-04

) in a large scale analysis done with reference to CAD (Amouyel et al., 

2009). In an additional work, this variant was reported as being significantly 

associated (P=0.030) with the incidence of CHD in European Americans (Bressler et 

al., 2010). This association was then replicated in a large survey in Europeans but the 

authors reported lack of its association with the risk factors and biomarkers of CHD 

(Angelakopoulou et al., 2012). Hence, the evidence accumulated until now is in the 

favor of a significant association between rs501120 [T] and the risk of CAD in 

Europeans and Americans, specifically. 

Apart from CHD, rs501120(C/T) has also been studied in relation to some other 

disease phenotypes. Association between this SNP and the history of MI (OR, 1.03; 

95% CI, 0.88-1.20) and stroke (OR, 0.97; 95% CI, 0.80-1.18), and HDL- and non-



131 
 

 

HDL-cholesterol was not experienced in a European cohort (Karvanen et al., 2009). 

The genotype TT of the same variant was reported for its significant association 

(P=0.0014) with an increase in carotid intima-media thickness (cIMT) and hence, 

development of atherosclerosis in Europeans (Kiechl et al., 2010). Authors of this 

study reported that the genotype TT was also associated (P=0.023) with decrease in 

the levels of SDF-1 protein. As several risk factors are shared between CHD and 

Alzheimer's disease, a study in American Caucasians intended to explore an 

association between rs501120(C/T) and late-onset Alzheimer's disease, though the 

outcome turned out to be negative (Figgins et al., 2009).  

Moyamoya disease (MMD) is a cerebrovascular disorder having a pathology similar 

to that of atherosclerosis and patients of this disease showed a similar tendency 

towards the risk allele at rs501120, though the findings were not statistically 

significant (P=0.0994) in Europeans (Roder et al., 2011). In Northern Han Chinese 

population, the CT+CC genotype and C allele of rs501120 were reported to have an 

association with the risk of ischemic stroke in males but not in females (Zhu et al., 

2013). Summarizing it all, the available data is not conclusive but it supports the 

existence of an association between rs501120(C/T) and the risk of CHD and 

substantiates further evaluation in populations of different ethnicities. Here, in the 

present chapter, association of this locus with the risk of CHD in a Pakistani 

population is being surveyed. 

Approach used in the present study for deducing the genotypes of cases (N=403) and 

controls (N=203) on the base of PCR amplification, restriction digestion of the 

product and resolution of the bands produced on an agarose gel is presented in the 

Figure 10.1. A 247 bp product obtained with the help of conventional PCR reaction 

was digested using the enzyme Hpy188I which resulted in two fragments of 199 and 

48 bp. For some samples, the product remained undigested; for others, the product 

was completely digested; and still for some others, both digested and undigested 

fragments were noticed on the gel. Samples having the undigested product were 

labeled as bearing the homozygous genotype for allele T (247 bp). Those samples for 

which the PCR product was completely digested were labeled as having a 

homozygous genotype for allele C (199 bp). The samples displaying both digested 

and undigested products were documented as being heterozygous (247 and 199 bp). 
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Figure  10.1:  Agarose  gel  image showing  rs501120  polymorphism  based  

on restriction digestion of PCR product: lanes 3, 4, 6, 8 and 9 show TT 

genotype; lanes 1, 5, 11 and 12 show CT genotype; and lanes 2, 7 and 10 

show CC genotype 
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Findings of the study being talked about in relation to the frequency distribution of 

10q11.21 polymorphism, rs501120(C/T), in CHD cases and gender-matched controls 

are figured out in Table 10.1. As presented here, in cases, the major genotype was 

the homozygous genotype for risk allele but in controls, heterozygous genotype was 

the major one. The comparison between these two groups reveals that frequency of 

the TT genotype was higher in cases in comparison to the controls, as expected. 

Frequency of the heterozygous genotype was, in contrast, similar in both groups 

included here. Additionally, frequency of the homozygous genotype for C allele, the 

minor genotype in both groups, was lower in patients than in controls. In the matter 

of allele frequencies, T was the major allele in both cases and controls. Frequency of 

the major allele was high in cases relative to its frequency in control group. 

Frequency of the minor allele, C, was correspondingly lower in cases than in 

controls. Assessment of the HWE unfolded the fact that both groups taken into 

account here were congruous with HWE.  

Statistical results of the research work under consideration for CHD cases sub-

divided on the foundation of kind of first event of disease experienced by them and 

their comparison with cases are delineated in Table 10.2. As evident from these, TT 

was the major genotype in cases experiencing MI and PCI as their first CHD event, 

whereas, in cases experiencing CABG as first event, both TT and CT had an equal 

frequency which was higher than the frequency of the remaining genotype. In all 

subsets of CHD cases, frequency of the TT genotype was higher as compared to 

controls, with the difference being most noticeable for MI and PCI cases. Frequency 

of the heterozygous genotype was more or less the same in all subsets of cases and in 

controls. The CC genotype was spotted to encompass a lower frequency in all 

subsets of cases as compared to that in controls, with the difference being most 

appreciable for PCI and MI cases. In relevance to the allelic distribution, the major 

allele in all categories was T. It was witnessed to have a higher frequency in the 

subsets encompassing cases than in controls. Both MI and PCI cases were exactly 

alike in this regard. As compared to these two, CABG cases exhibited a frequency 

distribution that was closer to that depicted in controls. Evaluation of the HWE 

unraveled that all the categories taken into consideration here were in harmony with 

HWE. 
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         Table 10.1 : Genetic distribution of rs501120 in cases and controls 

Genotype                                 

/ Allele 

Cases                                  

(N=403) 

Controls                                    

(N=203) 

TT 188 (0.47) 82 (0.40) 

CT 174 (0.43) 85 (0.42) 

CC 41 (0.10) 36 (0.18) 

T 0.68 0.61 

C 0.32 0.39 

HWE 0.01 (df=5; p=0.937) 2.79 (df=5; p=0.095) 

HWE=Hardy-Weinberg Equilibrium 

 

 

 

 

 Table 10.2 : Genetic distribution of rs501120 in cases categorized on the basis 

         of first disease event experienced by cases 

Genotype                                 

/ Allele 

MI                    

(N=259) 

PCI                   

(N=93) 

CABG          

(N=51) 

Controls                                    

(N=203) 

TT 122 (0.47) 44 (0.47) 22 (0.43) 82 (0.40) 

CT 111 (0.43) 41 (0.44) 22 (0.43) 85 (0.42) 

CC 26 (0.10) 8 (0.09) 7 (0.14) 36 (0.18) 

T 0.69 0.69 0.65 0.61 

C 0.31 0.31 0.35 0.39 

 

HWE 
0.01 (df=5; 

p=0.919) 

0.13 (df=5; 

p=0.720) 

0.16 (df=5; 

p=0.692) 

2.79 (df=5; 

p=0.095) 

HWE=Hardy-Weinberg Equilibrium 

MI=Myocardial Infarction; PCI=Percutaneous Coronary intervention; CABG=Coronary Artery  

Bypass Grafting 
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The statistically analyzed data pertaining to the allele and genotype frequency 

distribution of rs501120(C/T) in cases and controls divided into subsets on the basis 

of gender is precisely represented in Table 10.3. In accordance with these, TT was 

the major genotype in only one sub-group based on gender i.e. male cases of CHD. 

In the female cases of CHD and both subsets of controls, the heterozygous genotype 

was the major one. Nevertheless, the minor genotype in all subsets was the 

homozygous genotype for C allele. With regard to both men and women, frequency 

of the TT genotype was higher in cases when compared to controls. For men, 

frequency of the heterozygous genotype was exactly same in both cases and controls. 

On the other hand, in women, frequency of the heterozygous genotype was detected 

as being higher in cases than in controls. Finally, with reference to both men and 

women, frequency of the CC genotype was lower in cases in comparison with the 

control subsets, with the difference being more pronounced for women. In terms of 

the allelic frequency allocation, in all subsets incorporated here, T was the major 

allele and its frequency was higher in cases than in controls regardless of the gender 

of participants. Approximation of the HWE brought forth the observation that all the 

subsets involved here were in accord with the HWE. 

Outcomes of the data analysis with the help of odds ratio calculation and Pearson's 

Chi-squared test application in relation to the cases and controls subdivided on the 

basis of gender are drafted in Table 10.4. With respect to these, the TT genotype was 

associated with an increase in the risk of CHD in all subsets including men (Odds 

ratio: 1.29; 95% Confidence interval: 0. 878-1.902), women (Odds ratio: 1.28; 95% 

Confidence interval: 0.617-2.676) and in the combined data analysis (Odds ratio: 

1.29; 95% Confidence interval: 0.917-1.816). The heterozygous genotype displayed 

no association with the disease being investigated in men (Odds ratio: 1.01; 95% 

Confidence interval: 0.686-1.490) and in all participants (Odds ratio: 1.05; 95% 

Confidence interval: 0.750-1.484). On the contrary, in women, the heterozygous 

genotype was also associated with an increased risk of CHD (Odds ratio: 1.22; 95% 

Confidence interval: 0.593-2.521). The homozygous genotype for C allele was found 

to be associated with a decreased risk of disease in all subsets consisting of men 

(Odds ratio: 0.57; 95% Confidence interval: 0.329-0.987), women (Odds ratio: 0.40; 

95%  Confidence  interval: 0.141-0.107) and all participants (Odds  ratio: 0.53;  95% 
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Table 10.3 : Genetic distribution of rs501120 in cases and controls categorized 

    on the basis of gender 

Gender Genotype                                 

/ Allele 

Cases                           

(N=403) 

Controls                       

(N=203) 

Men      

(N=472) 

TT 149 (0.47) 65 (0.41) 

CT 132 (0.42) 66 (0.42) 

CC 33 (0.11) 27 (0.17) 

T 0.68 0.62 

C 0.32 0.38 

HWE 0.22 (df=5; p=0.641) 2.03 (df=5; p=0.155) 

Women      

(N=134) 

TT 39 (0.44) 17 (0.38) 

CT 42 (0.47) 19 (0.42) 

CC 8 (0.09) 9 (0.20) 

T 0.67 0.59 

C 0.33 0.41 

HWE 0.49 (df=5; p=0.484) 0.74 (df=5; p=0.391) 

All         

(N=606) 

TT 188 (0.47) 82 (0.40) 

CT 174 (0.43) 85 (0.42) 

CC 41 (0.10) 36 (0.18) 

T 0.68 0.61 

C 0.32 0.39 

HWE 0.01 (df=5; p=0.937) 2.79 (df=5; p=0.095) 

HWE=Hardy-Weinberg Equilibrium 
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        Table 10.4 : Association of rs501120 with Coronary Heart Disease 

Gender Genotype 
Cases                   

(N=403) 

Controls          

(N=203) 
OR (95% CI) 

Pearson's 

Chi-

squared 

Test               

p (χ2) 

Men      

(N=472) 

TT 149 65 1.29 (0.878-1.902) 

p=0.105  

(4.505) 
CT 132 66 1.01 (0.686-1.490) 

CC 33 27 0.57 (0.329-0.987) 

Women      

(N=134) 

TT 39 17 1.28 (0.617-2.676) 

p=0.194 

(3.280) 
CT 42 19 1.22 (0.593-2.521) 

CC 8 9 0.40 (0.141-0.107) 

All         

(N=606) 

TT 188 82 1.29 (0.917-1.816) 

p=0.026* 

(7.312) 
CT 174 85 1.05 (0.750-1.484) 

CC 41 36 0.53 (0.324-0.852) 

OR=Odds Ratio 

* Not statistically significant after Bonferroni correction 
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Confidence interval: 0.324-0.852). In relation to the statistical significance detected 

using chi-square test, in all participants, association between rs501120 [T] and the 

disease being sought after was statistically significant (χ
2
: 7.312; p: 0.026). In 

contrast, when the subjects were subdivided on the basis of gender, this association 

turned out to be not statistically significant in both men (χ
2
: 4.505; p: 0.105) and 

women (χ
2
: 3.280; p: 0.194). 

Discussion 

Protein encoded by human CXCL12 gene is a chemoattractant involved in 

modulation of platelet function and immune responses in atherosclerotic plaques 

(Abi-Younes et al., 2000). A variant near this gene rs501120(C/T) was reported for 

having an association with the risk of CHD in British cohorts in a large genome-wide 

association scan (WTCCC, 2007). Further studies pursuing this association 

replicated the findings of original study and explored it in other disease phenotypes 

as well. However, the available information is insufficient in terms of establishment 

of this locus as a risk factor of CHD because of the fact that it remains to be 

evaluated in populations other than Europeans and Americans because only a few 

studies (Esparragon et al., 2012) have scrutinized this locus in populations belonging 

to different geographical locations. 

Appraisal of the Hardy-Weinberg equilibrium in the study population under 

consideration communicated that without any exception, all the subsets included here 

with reference to rs501120(C/T) as well as the overall study groups were compatible 

with the assumptions of HWE. Hence, the population being surveyed obeyed the 

laws of HWE thoroughly with none of the subsets showing departure from it which 

means that the observed genotype frequencies did not differ significantly from the 

expected frequencies.  

Concerning the genotypic frequency distribution in the present study, TT was the 

major genotype in cases of CHD whereas, heterozygous genotype was the major one 

in controls. In the previous reports, TT was observed as being the major genotype in 

controls corresponding to American Caucasian (Figgins et al., 2009), European 

(Roder et al., 2011) and Chinese Han (Zhu et al., 2013) populations. Furthermore, 

the heterozygous genotype was observed as the major genotypes in control subjects 

belonging to African Americans (Bressler et al., 2010) in earlier investigations. In 
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the present report, frequency of the TT genotype increased from 0.40 in controls to 

0.47 in cases. A similar trend was observed in some of the previous reviews. In a 

former analysis of incident CHD in European Americans, frequency of the TT 

genotype increased from 0.752 in controls to 0.781 in cases yet it remained 

equivalent in controls (0.345) and cases (0.344) belonging to African American 

subjects (Bressler et al., 2010). In relation to coronary atherosclerosis in Chinese 

Han participants, frequency of the TT genotype increased by an indistinguishable 

margin from 0.40 in controls to 0.42 in cases (Xie et al., 2011). Nevertheless, an 

opposite trend was reported in an enquiry of ischemic stroke in a Northern Chinese 

Han population where frequency of the TT genotype decreased from 0.4462 in 

controls to 0.3777 in cases (Zhu et al., 2013). 

The present investigation reported an analogous frequency of the heterozygous 

genotype in cases (0.43) and controls (0.42). In terms of coronary atherosclerosis in 

Han Chinese individuals, a similar trend of an equivalent frequency of the 

heterozygous genotype in controls (0.46) and cases (0.46) was reported (Xie et al., 

2011). However, variable trends were reported in some other research articles. In an 

earlier exploration of incidence of CHD in American ethnic groups, frequency of the 

heterozygous genotype decreased from 0.230 in controls to 0.206 in cases of 

European origin but it increased from 0.488 in controls to 0.508 in cases of African 

origin (Bressler et al., 2010). In addition, with reference to the ischemic stroke in a 

Northern Chinese Han sample, frequency of the heterozygous genotype increased 

from 0.4094 in controls to 0.4592 in cases (Zhu et al., 2013). These analyses divulge 

that the trends reported in the research work being discussed for the frequency 

distribution of genotypes encompassing rs501120(C/T) are similar to some of the 

former reports, yet dissimilar to some others. 

Regarding the allelic frequency distribution in the piece of work being deliberated 

upon, the major allele in both cases and controls was the risk allele T. The allele T 

was also reported as a major allele in the previous analyses in populations of varying 

ethnicities including the original study in British and German cohorts (Samani et al., 

2007), nine studies of Europeans (Amouyel et al., 2009), American Caucasians 

(Figgins et al., 2009), different ethnicities of America (Franceschini et al., 2011), 

Han Chinese samples (Xie et al., 2011), Hispanics (Qi et al., 2011) and Spanish 
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individuals (Lopez-Mejias et al., 2012). As anticipated for the polymorphism being 

explored, frequency of the risk allele increased from 0.40 in controls to 0.47 in cases 

which is consistent with the findings of majority of the former enquiries. In a meta-

analysis of nine European studies of CAD, frequency of the risk allele increased 

from 0.867 in controls to 0.879 in cases (Amouyel et al., 2009). In another 

elucidation of incident CHD in a bi-racial cohort from America, frequency of the risk 

allele increased from 0.867 in controls to 0.884 in cases of American Whites and it 

also increased from 0.589 in controls to 0.598 in cases in African Americans 

(Bressler et al., 2010). In relation to the survey of coronary atherosclerosis based on 

a Han Chinese cohort, the risk allele frequency marginally increased from 0.63 in 

controls to 0.65 in cases (Xie et al., 2011). An opposite trend was described with a 

decrease in the frequency of T allele from 0.6509 in controls to 0.6073 in cases of 

ischemic stroke in a Chinese Han populace (Zhu et al., 2013). This review 

acknowledges the statement that the trends reported for a Pakistani population here 

in relation to the frequency distribution of alleles pertinent to rs501120(C/T) 

polymorphism are harmonious with the pre-existing information. 

In the final analysis, calculation of Odds ratio and application of Pearson's Chi-

squared test aided in supplementing the established knowledge relating to the 

association of rs501120(C/T) polymorphism with the risk of CHD, specifically with 

regards to the South Asian population of Pakistan. To see the sights of gender 

discrimination, if present, the participants were split on the basis of gender and the 

subsets were then analyzed individually. An interesting observation that surfaced out 

was the association of the heterozygous genotype with an increased risk of disease in 

women (OR, 1.22; 95% CI, 0.593-2.521), but neither in men nor in all participants. 

Few reports of this kind of a sex-differential effect emerged previously as well and in 

relation to CHD, they are in agreement to the findings of present research. In a larger 

study, rs501120 [T] was described for having a significant effect in the etiology of 

CAD in women (OR, 1.29; 95% CI, 1.15-1.45; P=1.86×10
-05

) but not in men (OR, 

1.03; 95% CI, 0.96-1.11; P=0.387) of European origin (Amouyel et al., 2009). In yet 

another study, this polymorphism was associated with coronary atherosclerosis in 

females (P=8.36×10
-03

), but neither in males (P=0.67) nor in the combined analysis 

(P=0.19) of an Asian population of Han Chinese samples (Xie et al., 2011). 
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Contrastingly, with reference to the ischemic stroke in Northern Chinese Han 

subjects, C was described as the risk allele instead of T and an opposite trend of the 

sex-differential effect was experienced (Zhu et al., 2013). In their scrutiny, rs501120 

[C] was reportedly associated with an increased risk of ischemic stroke in males 

(OR, 1.416; 95% CI, 1.100-1.824; P=0.007), but neither in females (OR, 0.836; 95% 

CI, 0.571-1.223; P=0.355) nor in the overall results (OR, 1.206; 95% CI, 0.977-

1.487; P=0.081). 

The findings of the work being investigated signify that the homozygous genotype 

for risk allele was associated with an increased risk of CHD in this population as 

indicated by an OR of 1.29 at a 95% CI of 0.917-1.816 and this association was 

borderline significant statistically (P=0.026). A much higher strength of association 

was reported for British (OR, 1.24; P=1.31×10
-03

) and German (OR, 1.54; 

P=5.28×10
-06

) populations in the original piece of information describing this 

polymorphism (Farouk et al., 2010). A meta-analysis of nine European studies also 

reported significant association (OR, 1.11; 95% CI, 1.05-1.18; P=4.34×10
-04

) of this 

locus with the risk of CAD at a high strength (Amouyel et al., 2009). Significant 

association (Hazard Rate Ratio, 1.14; P, 0.042) of this variant with the incidence of 

CHD was reported in an American bi-racial cohort with a strength comparable to that 

observed in the present exploration (Bressler et al., 2010). A high strength of 

association (Hazard Rate, 1.10; 95% CI, 1.06-1.15; P=1.4×10
-06

) of the same variant 

with incident CHD was additionally reported in the PAGE study for European 

Americans but not for minorities of America included in their review (Franceschini 

et al., 2011). This polymorphism also displayed significant association (OR, 1.22; 

95% CI, 1.08-1.38; Population Attributable Risk, 15.2%; P, <0.00) with nonfatal 

acute MI in Hispanics (Qi et al., 2011). 

Concluding these observations, the present research presents an important piece of 

information that adds to the existing pool of knowledge in connection with the 

significance of rs501120(C/T) polymorphism as a potential contributor in the 

etiology of CHD. Significant association of this locus with the risk of CHD in 

Pakistani population is in synchronization with the relevant data already existing. 

The observation of a discriminatory effect due to gender is supplementary but is 

limited in terms of its significance because of the sample size comprising women 
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which is relatively small. Broader implications of this effect can be decided in 

studies based on larger cohorts with substantial number of participants pertaining to 

both genders. 
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Chapter 11 

POLYMORPHISM AT 15q22.33 (rs17228212) 

Effects of transforming growth factor beta (TGF-β), a cytokine, in human cells are 

mediated by various signal transducers, receptors and signaling pathways. One of 

these mediators is the SMAD (homologs of Drosophila mothers against 

decapentaplegic protein) family of intracellular proteins. SMAD family member 3 

(SMAD3) gene is located at chromosome 15q22.33 and plays a pivotal role in TGF-

β signaling pathway as its activation by TGF-β and activin type I receptor kinase 

leads to translocation of SMAD3 protein into the nucleus and transcriptional 

regulation of various genes involved in the processes of cell differentiation and 

inhibition of cellular growth (Sato et al., 2003). Existing evidence also indicates that 

the protein encoded by SMAD3 gene can be considered as being involved in 

carcinogenesis (Matsuura et al., 2004). 

rs17228212(C/T) is a SNP present in the intronic region of SMAD3 gene and first 

report of its association with a disease phenotype surfaced out in 2007 when 

combined analysis of genome-wide association studies (GWASs) in the cohorts of 

British and German origin identified a statistically significant (P=2×10
-07

) 

association between allele C of this polymorphism and risk of CAD, which was not 

observed in individual GWASs (Samani et al., 2007). A large-scale association 

analysis in Europeans, on the other hand, failed to replicate the original association 

in both CAD and MI patients (Amouyel et al., 2009). A later analysis documented 

lack of association between rs17228212(C/T) and history of MI and stroke but the 

authors reported a weak association (Regression co-efficient, 0.093; 95% Confidence 

Interval, 0.012-0.174) between this locus and non-HDL cholesterol (Karvanen et al., 

2009). Association between rs17228212(C/T) and incidence of CHD was 

investigated in American whites and minorities of America but no association 

originated in any of the groups included (Franceschini et al., 2011). Afterwards, an 

enquiry in European samples communicated that rs17228212 [C] was associated 

with the risk of CHD but not with its biomarkers and risk factors (Angelakopoulou et 

al., 2012). 
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TGF-β signaling promotes myocardial fibrosis and cardiac remodeling which may 

lead to sudden cardiac arrest (SCA) in CHD patients. In this context, an investigation 

in Caucasians aimed at exploring the association of rs17228212 [C] with SCA in 

CHD patients reported that this genetic variant was significantly (P=0.0079) 

associated with SCA in unadjusted data although the association did not remain 

significant (P=0.0802) after the data was adjusted for age and sex (Tseng et al., 

2009). As atherosclerosis is also involved in Alzheimer's disease, association of 

rs17228212 [C] with the risk of late-onset Alzheimer's disease (LOAD) was sought 

after in American Caucasians but met with a negative outcome as manifested in a P 

value of 0.954 (Figgins et al., 2009). Another investigation in various ethnic groups 

of America reported that rs17228212(C/T) was not associated with subclinical 

atherosclerosis which underlies CHD (Zhang et al., 2013). 

In some reports, rs17228212 was included in the primary analysis but excluded from 

the later analysis due to different reasons. An analysis in European populations 

explored the association of rs17228212 [C] with the risk of MI and observed a P 

value of 0.15 in the preliminary analysis which didn't meet their threshold for 

subsequent analysis and hence, was not scrutinized any further (Kathiresan et al., 

2009). In a survey based on patients of coronary atherosclerosis in a Han Chinese 

population, this genetic variant was removed from subsequent analysis because the 

minor allele frequency (MAF) observed in their population was less than 0.001 (Xie 

et al., 2011). Here, the association of rs17228212(C) with the risk of CHD was 

investigated in a Pakistani population and the present chapter deliberates upon the 

results of present investigation relevant to this variant. 

Figure 11.1 provides an illustration of the approach utilized for interpreting the 

genotyping results for rs17228212(C/T) as deduced based on separation of the bands 

pertaining to 177bp product resulting from allele-specific PCR on an agarose gel. In 

order to signify for the presence or absence of each of the two alleles relevant to 

rs17228212, two separate reaction combinations were applied. Lanes present on each 

side of the ladder symbolize for results of seven different samples. Lanes ranging 

from 1T to 7T are representing results for the reaction combination constituting 

primers required for the detection of allele T of rs17228212. In contrast, lanes 

starting  from  1C  to  7C  are  depicting   results  for  the  reaction  combination  that 
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Figure 11.1: Agarose gel image showing rs17228212 polymorphism based on 

allele-specific PCR: lanes 1T and 1C show TT genotype and lanes 4T and 4C 

show CT genotype 
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comprised of primers needed to detect allele C of the SNP being studied. In addition, 

presence or absence of a band in a lane corresponding to a particular allele is directly 

correlated with the existence or nonexistence of that allele in a specific sample. It 

means presence of a band in lanes 1T to 7T stands for the presence of allele T in a 

sample and its absence is recorded as absence of the allele T in that sample. Also, the 

same holds true for interpretation of results in lanes 1C to 7C. Keeping this in view, 

genotyping results for rs17228212 were derived as follows: if, for a particular 

sample, a band was present in lanes coinciding with the allele T but not in those 

coinciding with the allele C, the genotype of that sample was recorded as 

homozygous for allele T; for a sample, if band was present in lanes pertaining to the 

allele C but not in those pertaining to allele T, the genotype of that sample was 

written as being homozygous for the allele C; and, for a sample, existence of a band 

in lanes present on both sides of the ladder was documented as heterozygous 

genotype. 

Results for the gene and genotype frequency distribution of rs17228212(C/T) in the 

population under study (CHD cases, 403; controls, 203) are summarized in Table 

11.1. As evident from these findings, the major genotype in both study groups was 

TT. Frequency of this genotype was slightly higher in controls than in cases, 

although this difference warrants little attention due to being trivial. Frequency of the 

heterozygous genotype was very small in both cases and control subjects and varied 

only by a small margin making this observation inconsequential. Surprisingly, the 

homozygous genotype for allele C could not be detected in any of the samples and 

therefore, it was not experienced in the population under study. As far as the allele 

frequency is concerned, T was the major allele in both groups being studied, as 

obvious from the results for genotyping and it prevailed by an extensive margin as 

highlighted by a MAF of 2%. Looking at the differences between the two groups, the 

allele T experienced a slightly lesser frequency in cases and frequency of the allele C 

was correspondingly higher in this group. Nonetheless, this observation deserves 

little or no attention as the difference is really minute. The HWE estimation 

unearthed that both groups represented here i.e. cases and controls were compatible 

with HWE. 

Results for the gene and genotype frequency distribution of rs17228212(C/T) in case 
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         Table 11.1 : Genetic distribution of rs17228212 in cases and controls 

Genotype                                 

/ Allele 

Cases                                  

(N=403) 

Controls                                    

(N=203) 

TT 381 (0.95) 196 (0.97) 

CT 22 (0.05) 7 (0.03) 

CC 0 (0.00) 0 (0.00) 

T 0.97 0.98 

C 0.03 0.02 

HWE 0.32 (df=5; p=0.573) 0.06 (df=5; p=0.803) 

HWE=Hardy-Weinberg Equilibrium 
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subjects sub-divided on the basis of type of first event of CHD experienced by them 

and control samples are figured out in Table 11.2. As apparent from the facts stated 

here, results differ between sub-groups by a very small margin making their 

consideration inconsequential. However, comparison between the sub-groups 

originating on the basis of minuscule dissimilarities implies that the major genotype 

in all groups presented here was TT and when compared to controls, its frequency 

was lower in case subjects experiencing MI and PCI as their first disease event but 

slightly higher in those experiencing CABG as their first event of CHD. The 

heterozygous genotype frequency, on the contrary, was comparatively higher in MI 

and PCI cases but lower in CABG patients. The homozygous genotype for allele C 

was absent from the population studied here. Concerning the allele frequencies, T 

was the major allele in all sub-groups and its frequency was very huge as compared 

to the frequency of minor allele. With respect to the C allele, in comparison to the 

control group, MI cases had a vaguely higher frequency, CABG cases experienced 

an indistinctively higher frequency and PCI cases displayed an exactly similar 

frequency. The HWE calculation uncovered that all the study groups depicted here 

were compatible with HWE. 

Findings of the study under discussion for distribution of gene and genotype 

frequencies with regard to rs17228212(C/T) in case and control populations sub-

divided on the basis of gender are outlined in Table 11.3. The observations depicted 

here highlight that any discriminatory effect on the basis of gender could not be 

predicted in the study population. In all sub-groups the major genotype was TT and 

its frequency was lower in cases, whether men or women, than in controls. The 

heterozygous genotype frequency experienced an opposite trend and the CC 

genotype was unaccounted for in the population being scrutinized. In terms of the 

allele frequencies, T was the major allele in all sub-groups and its frequency was 

lower in CHD cases, whether men or women, as compared to healthy controls, 

although by a margin not worth mentioning, with vice versa being true for the C 

allele frequency. The HWE analysis ascertained that all the groups and sub-groups 

pertinent to rs17228212(C/T) included in the present exploration were found out to 

be compatible with HWE. 

Results  deduced  on  the  foundation  of  data  analysis  with  the  help of  odds  ratio 
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 Table 11.2 : Genetic distribution of rs17228212 in cases categorized on the basis 

         of first disease event experienced by cases 

Genotype                                 

/ Allele 

MI                    

(N=259) 

PCI                   

(N=93) 

CABG          

(N=51) 

Controls                                    

(N=203) 

TT 242 (0.93) 89 (0.96) 50 (0.98) 196 (0.97) 

CT 17 (0.07) 4 (0.04) 1 (0.02) 7 (0.03) 

CC 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

T 0.97 0.98 0.99 0.98 

C 0.03 0.02 0.01 0.02 

 

HWE 
0.30 (df=5; 

p=0.585) 

0.04 (df=5; 

p=0.832) 

0.00 (df=5; 

p=0.944) 

0.06 (df=5; 

p=0.803) 

HWE=Hardy-Weinberg Equilibrium 

MI=Myocardial Infarction; PCI=Percutaneous Coronary intervention; CABG=Coronary Artery  

Bypass Grafting 

 

 

 

 

 

 

 

 

 



150 
 

 

 

 

 

 

Table 11.3 : Genetic distribution of rs17228212in cases and controls categorized 

    on the basis of gender 

Gender Genotype                                 

/ Allele 

Cases                           

(N=403) 

Controls                       

(N=203) 

Men      

(N=472) 

TT 295 (0.94) 152 (0.96) 

CT 19 (0.06) 6 (0.04) 

CC 0 (0.00) 0 (0.00) 

T 0.97 0.98 

C 0.03 0.02 

HWE 0.31 (df=5; p=0.580) 0.06 (df=5; p=0.808) 

Women      

(N=134) 

TT 86 (0.97) 44 (0.98) 

CT 3 (0.03) 1 (0.02) 

CC 0 (0.00) 0 (0.00) 

T 0.98 0.99 

C 0.02 0.01 

HWE 0.03 (df=5; p=0.872) 0.01 (df=5; p=0.940) 

All         

(N=606) 

TT 381 (0.95) 196 (0.97) 

CT 22 (0.05) 7 (0.03) 

CC 0 (0.00) 0 (0.00) 

T 0.97 0.98 

C 0.03 0.02 

HWE 0.32 (df=5; p=0.573) 0.06 (df=5; p=0.803) 

HWE=Hardy-Weinberg Equilibrium 
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estimation and Pearson's Chi-squared test in an endeavor to see the sights of an 

association between rs17228212 [C] and the risk of CHD in patients and controls 

sub-divided on the basis of gender are elucidated in Table 11.4. As inferred from the 

calculation of odds ratio, the homozygous genotype for T allele was associated with 

a decreased risk of phenotype being studied in all groups outlined here including 

men (Odds ratio: 0.61; 95% Confidence interval: 0.240-1.567), women (Odds ratio: 

0.65; 95% Confidence interval: 0.067-6.448) and the overall cases and controls 

(Odds ratio: 0.62; 95% Confidence interval: 0.260-1.473). The heterozygous 

genotype, in opposition, was associated with the increased risk of CHD in all groups 

including men (Odds ratio: 1.63; 95% Confidence interval: 0.638-4.171), women 

(Odds ratio: 1.53; 95% Confidence interval: 0.155-15.190) and also in the combined 

data analysis (Odds ratio: 1.62; 95% Confidence interval: 0.679-3.851). The 

homozygous genotype for allele C was lacking in our sample population and 

therefore, was excluded from the analysis represented here. Application of the 

Pearson's Chi-squared test to the population under consideration in regards to 

rs17228212 [C] brought forth the finding that this genetic variant exhibited 

association with the risk of CHD in none of the groups included in the table under 

discussion i.e. men (χ
2
: 1.064; p: 0.302), women (χ

2
: 0.136; p: 0.712) and in the 

overall data encompassing both genders (χ
2
: 1.198; p: 0.274). 

Discussion 

SMAD3 gene encodes a receptor-regulated protein in humans which is implicated as 

a mediator of signal transduction and transcriptional activation in TGF-β signaling 

cascade (Qing et al., 2000). Disease phenotypes associated with mutations in this 

gene include SMAD3-related thoracic aortic aneurysms and aortic dissections (van 

de Laar et al., 2011) and loeys-dietz syndrome type 3 (Ritelli et al., 2014). An 

intronic variant in SMAD3 gene, rs17228212, was reported for the first time in 2007 

for its association with the risk of CAD in European population and the authors 

stated that this SNP had a high likelihood of a true association in their meta-analysis 

(Samani et al., 2007). However, later studies in various populations have provided 

inconsistent results as only a few of  these studies replicated the association and most 

of them could not find association between this locus and CHD. Moreover, some of 

the studies in different ethnic populations failed to provide an evidence in favor of or 
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        Table 11.4 : Association of rs17228212with Coronary Heart Disease 

Gender Genotype 
Cases                   

(N=403) 

Controls          

(N=203) 
OR (95% CI) 

Pearson's 

Chi-

squared 

Test               

p (χ2) 

Men      

(N=472) 

TT 295 152 0.61 (0.240-1.567) 

p=0.302  

(1.064) 
CT 19 6 1.63 (0.638-4.171) 

CC 0 0  

Women      

(N=134) 

TT 86 44 0.65 (0.067-6.448) 

p=0.712 

(0.136) 
CT 3 1 1.53 (0.155-15.190) 

CC 0 0  

All         

(N=606) 

TT 381 196 0.62 (0.260-1.473) 

p=0.274 

(1.198) 
CT 22 7 1.62 (0.679-3.851) 

CC 0 0  

OR=Odds Ratio 
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against the reported association due to very low frequency of the minor allele in their 

study samples. 

Calculation of the Hardy-Weinberg equilibrium in the sample population under 

investigation brought forth the finding that despite the fact that the homozygous 

genotype for allele C was missing in this population, in the overall results, both case 

and control subjects were compatible with HWE. Furthermore, when both CHD 

cases and control subjects were divided into sub-groups on the basis of gender, the 

outcomes did not change which means incompatibility with HWE was not 

experienced in any of the sub-groups. Additionally, when the case subjects were sub-

divided based on the type of first CHD event experienced by them, incompatibility 

with HWE was not experienced in any of the sub-groups involved. In short, in all the 

groups included in this chapter, no significant difference between the observed and 

expected allele frequencies was observed and the population complied with the laws 

of HWE. 

In terms of the genotype frequencies, the present investigation documented that the 

major genotype pertaining to rs17228212(C/T) in Pakistani population being studied 

was homozygous genotype for allele T and its frequency in various groups included 

in the present study lied between 0.93 and 0.98 and the difference between cases and 

controls was manifested in a somewhat higher frequency of this genotype in controls 

as compared to cases. Similar trends were also experienced in some other 

populations. An earlier study in Han Chinese individuals, a population originating in 

Asia, described an inconsequentially small decrease in the frequency of TT genotype 

from 0.999 in controls to 0.998 in cases experiencing coronary atherosclerosis (Xie 

et al., 2011). A study in American Caucasians found a trivial increase in the TT 

genotype frequency from 0.554 in controls to 0.552 in cases of LOAD (Figgins et 

al., 2009). Frequency of the heterozygous genotype in the present study increased 

from 0.02 in controls to 0.03 in cases which is negligible but still in accordance with 

previous reports. In Han Chinese population, frequency of the genotype CT 

increased from 0.000 in controls to 0.002 in cases experiencing atherosclerosis (Xie 

et al., 2011) and in American Caucasians, it increased from 0.368 in controls to 

0.373 in patients of LOAD (Figgins et al., 2009). In the Pakistani sample included in 

the present study, the genotype CC was completely absent. This could be due to the 
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fact that this genotype is very rare in Pakistani population and the sample size 

included here is not large enough to account for this rare genotype. Correspondingly, 

in a larger Han Chinese population of 1,078 controls and 2,335 patients of coronary 

atherosclerosis, the genotype CC was reported as being missing altogether (Xie et 

al., 2011).  

In relation to the allele frequencies relevant to rs17228212(C/T) in Pakistani 

population being explored, frequency of the risk allele C increased from 0.02 in 

controls to 0.03 in CHD cases which is not a considerable difference. Yet, this 

difference is in the expected direction and as discussed previously with reference to 

the genotype frequencies, the trends observed in the present study are quite similar to 

those already existing for different ethnic populations. For instance, allele C of 

rs17228212 was described as a minor allele in previous studies in Europeans of 

Ireland, Sweden, Finland and France (Karvanen et al., 2009), and various ethnic 

groups residing in America (Franceschini et al., 2011). However, as one of the 

genotypes was excluded from this study because the study population on the whole 

did not include even a single individual bearing this genotype, importance of the 

subsequent analysis turned out to be uncertain and seems to bear little potential 

significance. 

Results pertinent to calculation of odds ratio revealed that the allele C was associated 

with an increased risk of CHD (OR: 0.62; 95% CI: 0.260-1.473) and the trends 

associated with rs17228212 [C] were in the expected direction but application of 

Pearson's Chi-squared test exposed the fact that the negligible differences observed 

in the frequency distribution between cases and controls were too small to account 

for a statistically significant association (P=0.274). In the original report, allele C 

was associated with the risk of CAD in Europeans at an OR of 1.21 and 95% CI of 

1.13-1.30 (Samani et al., 2007). However, a large-scale study reported lack of an 

association between rs17228212 [C] and the risk of CAD (OR: 1.00; 95% CI: 0.95-

1.04; P=0.893) and MI (OR: 1.02; 95% CI: 0.97-1.07; P=0.521) in Europeans 

(Amouyel et al., 2009). In another study, allele C of the SNP being studied was not 

observed as being associated with the history of MI (OR: 0.89; 95% CI: 0.78-1.03) 

and stroke (OR: 0.90; 95% CI: 0.76-1.08) in various cohorts of European origin 

(Karvanen et al., 2009). Association of the variant being tested with the risk of MI 
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was also reported as being not statistically significant (OR: 1.03; 95% CI: 0.99-1.07; 

P=0.15) in American and European study samples (Kathiresan et al., 2009). 

Association of rs17228212 [C] with the incidence of CHD in different ethnic groups 

belonging to America was reported as being not statistically significant for European 

Americans (P=0.09), African Americans (P=0.03) and American Indians (P=0.15) 

but it was documented as being statistically significant (P=0.02) in Hispanic 

Americans (Franceschini et al., 2011). A more recent study has also observed 

association of this polymorphism with an increase in the risk of CHD (OR: 1.11; 

95% CI: 1.05-1.17) in various ethnic groups (Angelakopoulou et al., 2012). Hence, a 

conclusive evidence establishing or excluding this locus as a potential risk factor for 

CHD is deficient until now. Further studies with a substantially large population size 

especially in those ethnicities where MAF is very low are, consequently, warranted 

for understanding the implications of rs17228212(C/T) variant in the pathogenesis of 

CHD. 
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Chapter 12 

NUCLEAR CALCIUM IN ISOLATED 

CARDIOMYOCYTES 

Cardiac remodeling or ventricular remodeling can be defined as alteration in the size, 

shape and function of the heart as a consequence of cardiac load or injury to the 

myocardium, neurohormonal activation and some others contributors that are still 

being explored (Cohn et al., 2000). Remodeling of the heart is central to the 

pathogenesis of heart failure in patients suffering from coronary heart disease 

(Sharpe, 2004). Cardiac function is decreased as a consequence of hypertrophic 

growth of the cardiomyocytes along with fibrosis, vascular alterations and arterial 

thickening, all of which contribute towards remodeling of the heart leading to severe 

outcomes (Grobe et al., 2007). 

Intracellular calcium plays a pivotal role in handling the expression pattern of its 

signaling pathways which is a significant contributor towards the progression of 

heart failure and remodeling (Wilkins and Molkentin, 2004). Several evidences have 

accumulated in this regard and it is known that concentration of the calcium ions is 

strictly regulated in cardiomyocytes by their controlled localization in sarcomere and 

sarcoplasmic reticulum as they are central to the contraction and relaxation of 

myofilaments. Importance of calcium is further evident from the observation that its 

dysregulation is involved in both mechanisms contributing towards cardiac 

remodeling i.e. hypertrophy and dilation of the cardiomyocytes (Seidman and 

Seidman, 2001). 

An interesting observation in this context is that calcium handling in the nucleus of 

cardiac myocytes is relatively independent of its handling in the cytoplasm 

(Rodrigues et al., 2009). Keeping this in view, the present study aimed at 

investigating the hypothesis that cardiac calcium signaling is modulated by altered 

shape of action potential and calcium transient in the nucleus of cardiomyocytes 

which is independent of its regulation in cytoplasm and can be pursued as a target for 

normalizing nuclear calcium in remodeled heart. In principle, it could prove helpful 

in restoration of normal functioning of heart in patients with remodeled heart. 
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Pilot studies in HEK293T cells preceded actual experiments in neonatal rat 

cardiomyocytes. Briefly, cardiomyocytes isolated from neonatal rats were stained 

with the help of immunocytochemical stains and transfected with various 

combinations of genetically-encoded calcium sensors. Stained cells were then 

imaged using a fluorescent microscope and with the help of a statistical software, 

targeting of the sensors to their specific compartments was estimated. Ventricular 

cardiomyocytes isolated from neonatal rats were then electroporated with different 

combinations of calcium sensors. Transfected myocytes were then used for patch 

clamp experiments that were done in combination with fluorescence microscopy to 

detect transfection positive cells. 

The combination of calcium sensors to be used in future experiments was decided on 

the basis of results of patch clamp experiments to record action potential as well as 

fluorescence microscopy. The chosen combination was then used in later 

experiments to transfect neonatal cardiomyocytes. Afterwards, calcium transients 

were measured in these cells in the presence and absence of a mediator of 

intracellular calcium release. Various parameters related to calcium transients were 

calculated with the help of a statistical software and compared in different recordings 

pertinent to cells exposed to varying conditions i.e. presence and absence of the 

mediator mentioned above. 

Figure 12.1 illustrates design of the constructs that encode different calcium sensors 

used in the present study. Two categories of genetically-encoded calcium indicators 

(GECIs) were expressed in cytoplasm of the cardiomyocytes used for the sake of 

preliminary analysis: GCaMP3 resulting from a fusion of circularly permuted 

enhanced green fluorescent protein (cpEGFP), calmodulin (CaM) and a peptide from 

myosin light chain kinase (M13), and R-GECO1 resulting from a fusion of circularly 

permuted version of mApple red fluorescent protein (cpmApple), CaM and M13. 

cpEGFP is a recombinant protein isolated from E. coli that is used in cell culture 

applications. Its excitation and emission spectra are identical to the purified GFP, 

with Ex/Em = 488/507 nm. cpmApple is a red monomeric protein (Ex/Em = 568/592 

nm) that is brighter than the previously known red fluorescent protein i.e. mCherry. 

However, it exhibits a complicated photo-switching behavior which can be reduced 

to  a   large   extent   by   excitation   at   alternate   wavelengths   or  by   intermittent 
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Figure 12.1: Design of the plasmids encoding red and green calcium sensors 

(A) GCaMP3-cytoplasm, (B) R-GECO1-cytoplasm, (C) GCaMP3-NLS, (D) 

R-GECO1-NLS 
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illumination. 

Name of CaM comes from CALcium MODULated proteIN which implies that it 

plays a pivotal role in calcium signaling. It is abundant in all eukaryotic cells and by 

binding to calcium, regulates its interaction with various other proteins. M13 is a 

peptide from the skeletal muscle myosin light chain kinase that acts asthe CaM-

binding domain of various proteins that are cellular targets of CaM. For targeting to 

nucleus, a nuclear localization signal (NLS) was attached to each of the two 

indicators. Thus, GCaMP3-cytoplasm will emit green fluorescence and will be 

targeted to cytoplasm. R-GECO1-cytoplasm will emit red fluorescence and will also 

be targeted to cytoplasm. GCaMP3-NLS is designed to emit green fluorescence and 

will be targeted to the nucleus of cardiomyocytes, precisely. Likewise, R-GECO1-

NLS is designed to emit red fluorescence and will be targeted to the nucleus of these 

cells, specifically. 

Figure 12.2 gives a graphical representation of the optical configuration of the 

fluorescence microscope coupled with patch clamp setup utilized for simultaneous 

recording of GCaMP3-cytoplasm and R-GECO1-NLS. As evident from this figure, 

light coming from a monochromator was reflected by an excitation mirror in the 

microscope. The transmitted light was separated by a dichroic mirror and reflected to 

the first mirror in the Cairn system and then to a short photomultiplier tube (PMT) 

that was used for detecting red fluorescence. The next dichroic mirror in the Cairn 

system reflected light towards a long PMT that was used to detect green 

fluorescence. An infra-red sensitive camera was then used to observe the cells. 

However, because an intermediate wavelength was used to detect both colors at the 

same time, the efficiency of detection decreased substantially as compared to the 

efficiency at individual wavelengths specific for their detection. Still, it was possible 

to make recordings at this intermediate wavelength and some nice results were easily 

obtained. 

Figure 12.3 demonstrates results for the fluorescence microscopy of the 

cardiomyocytes expressing two combinations of calcium sensors i.e. GCaMP3-

cytoplasm with R-GECO1-NLS and R-GECO1-cytoplasm with GCaMP3-NLS. 

Thus,  the first combination  will, in principle, show green fluorescence in cytoplasm 

and   red   fluorescence   in    nucleus.   Contrastingly,   the   later   combination   will 
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Figure 12.2: Optical configuration of the fluorescence microscope used for 

simultaneous detection of GCaMP3-cytoplasm and R-GECO1-NLS 
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Figure 12.3: Fluorescence imaging of expression of calcium sensors in isolated 

cardiomyocytes (A) GCaMP3-cytoplasm and R-GECO1-NLS (B) R-GECO1-

cytoplasm and GCaMP3-NLS 
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demonstrate red fluorescence in cytoplasm and green fluorescence in nucleus of 

cardiomyocytes. However, targeting of these proteins to their respective 

compartments is not possible to be absolutely accurate and precise. Some of the 

protein will always be targeted to the undesired compartment. For example, some 

part of a protein designed for targeting to cytoplasm will always be detected in 

nucleus of cells. Hence, comparison between the targeting efficiency of various 

proteins is done on the basis of their percentage detected in the right cellular 

compartment. 

Here, it was observed that 83% of GCaMP3-cytoplasm was targeted to the cytoplasm 

and remaining 17% was mis-targeted to nucleus. Targeting of the cytoplasmic 

version of  R-GECO1 was relatively less efficient with 80% of the protein bei9ng 

targeted to cytoplasm and 20% being misdirected to the nucleus. Further, in nucleus, 

targeting  of R-GECO1-NLS was 65% and its 35% was wrongly detected in 

cytoplasm. Only 40% of nuclear version of GCaMP3 was located in the nucleus and 

60% was inefficiently present in cytoplasm which signifies that its targeting to 

nuclear compartment of cardiomyocytes was much less efficient than that of R-

GECO1-NLS. Based on these observations, it can be safely assumed that the 

combination of GCaMP3-cytoplasm and R-GECO1-NLS gives better results in this 

case. 

Figure 12.4 depicts the action potential recordings in the cardiomyocytes expressing 

both combinations of sensors. On the x-axis, time is plotted in seconds and y-axis 

represents arbitrary units (AU) of light intensity. When a sensor protein is present 

abundantly in a cellular compartment, larger peaks with greater light intensity are 

observed and these signals appear to be very precise and at regular intervals, thus 

demonstrating a strong signal. However, when the sensor protein is either not 

efficiently targeted to its respective compartment or expressed in desired quantities, a 

weak signal is displayed in the form of small, less intense peaks that are irregular and 

not very clear. The observations here are in accordance with those of microscopy 

experiments. 

In cytoplasm, signals for GCaMP3 were much more precise than those for R-GECO1 

as the action potentials corresponding to GCaMP3 are very strong, clear and regular  
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Figure 12.4: Action potential recordings in isolated cardiomyocytes expressing 

(A) GCaMP3-cytoplasm, (B) R-GECO1-cytoplasm, (C) R-GECO1-NLS, and 

(D) GCaMP3-NLS 
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but those corresponding to R-GECO1 are hardly visible at larger resolution and are 

extremely weak. Similarly, in nucleus, signals for R-GECO1 were better defined 

than the signals for GCaMP3 although the difference is not as profound as in the case 

of cytoplasmic variants. It is evident from the figure that the action potentials 

relating to nuclear version of GCaMP3 are more intense and regular than those 

relating to the nuclear version of R-GECO1. Again, it signifies that the combination 

of GCaMP3-cytoplasm and R-GECO1-NLS demonstrates much better results. 

Therefore, based on the findings of fluorescence microscopy and action potential 

measurements, GCaMP3-cytoplasm was used in combination with R-GECO1-NLS 

for subsequent analyses.  

Figure 12.5 elucidates an example of the action potential recordings in isolated 

cardiomyocyes that expressed GCaMP3-cytoplasm and R-GECO1-NLS where the 

signals from cytoplasm and nucleus are plotted together to compare their initiation 

time and other visual parameters. The green signal corresponds to the action 

potential recording in cytoplasm which is based on the detection of GCaMP3-

cytoplasm and red signal represents action potential recorded in nucleus as depicted 

by detecting R-GECO1-NLS. Vertical lines indicate the initiation time of the action 

potential in both cellular compartments and it was observed that the calcium signals 

in nucleus seemed to lag behind the calcium signals in cytoplasm. This means that 

the signals in cytoplasm were initiated prior to the signals in nucleus. Furthermore, 

there was evidence for existence of calcium signals in the nucleus that were 

independent from calcium signals in cytoplasm as highlighted with the help of 

arrows. Thus, there were small peaks in the nucleus that were not correlated with the 

signals observed in the cytoplasm and on this basis, it could be interpreted that 

calcium release and reuptake in the nucleus can be independent of cytoplasm in 

cardiomyocytes. 

Figure 12.6 shows an example of the effect of 2-aminoethoxydiphenylborate (2-

APB) on calcium transients in isolated cardiomyocytes. 2-APB is a manipulator of 

intracellular calcium release that operates by inhibiting inositol triphosphate (IP3) 

receptors that act as ion channels regulating the concentration of calcium, though 

these actions are not very specific. However, it is a very strong modifier of store-

operated  calcium  release  due  to  its  action on the  store-operated calcium channels  
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Figure 12.5: Action potential recording in an isolated cardiomyocyte expressing 

GCaMP3-cytoplasm and R-GECO1-NLS (Arrows highlight independent 

release of calcium in nucleus; Green for cytoplasm and red for nucleus) 
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Figure 12.6: Calcium transients in the isolated cardiomyocytes with and without 

2-APB (A) Control, GCaMP3-cytoplasm, (B) 2-APB, GCaMP3-cytoplasm, (C) 

Control, R-GECO1-NLS, and (D) 2-APB, R-GECO1-NLS 
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(SOC). It has been demonstrated that, at low concentrations, it increases the activity 

of SOC and at high concentrations, it causes a momentary increase in the functioning 

of SOC which precedes their complete inhibition. 

It is pretty much obvious from the examples shown here that amplitude of the 

calcium transient exhibited a remarkable decrease in cytoplasm after the addition of 

2-APB. This means that the intensity of the signal decreased after the addition of 2-

APB although other parameters remained unchanged, apparently. Similarly, the 

calcium transients in nucleus experienced a noteworthy decrease in their amplitude 

subsequent to the addition of 2-APB and the signal intensity experienced a clear 

decrease in this case as well. However, alterations in other parameters pertaining to 

the calcium transients could not be elucidated merely by looking at these figures and 

for that purpose, statistical analysis was carried out so that some other alterations 

could also be detected. 

Figure 12.7 outlines the scheme utilized to calculate various attributes of the calcium 

transients in isolated cardiomyocytes that was employed in order to detect various 

alterations in the shape of calcium transient subsequent to the addition of 2-APB. 

These calculations were done with the help of a statistical software. Time in seconds 

was plotted on x-axis and intensity of the light signal in terms of AU was plotted on 

y-axis. Amplitude of the signal was calculated with reference to the base line, as 

indicated by a small horizontal line marked at the point where signal initiates. The 

units of light intensity symbolized on y-axis elapsed between this line and the 

maximum value attained by the signal were calculated and they represented the 

amplitude of the signal. 

Release time for the calcium was calculated by measuring time in seconds taken to 

reach the amplitude value of the signal and it was marked as the time elapsed 

between the two green points marked on the signal. Reuptake time for calcium was 

calculated by measuring time in seconds elapsed between the amplitude value and 

return to base line. It started at the second red point marked on the signal and ended 

at the last red point marked on the signal. 50% and 90% of the total calcium transient 

duration was marked as CTD50 and CTD90, respectively and it was calculated with 

the help of different points marked on the calcium transients. For CTD50, time in 

seconds elapsed between the first green point and second last red point was recorded.  
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Figure 12.7 Approach used for calculation of various parameters pertinent to 

calcium transients in isolated cardiomyocytes 
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For CTD90, time elapsed between the first green point and last red point was 

calculated. 

Figure 12.8 summarizes results for the alterations in different variables relevant to 

calcium transients in isolated cardiomyocytes while field-stimulating at 1 or 2 Hz in 

response to the addition of 2-APB and statistical significance of these alterations. 

Calcium transient can be defined as a rapid increase in the concentration of calcium 

which decreases and returns to the resting concentration after reaching a peak value 

during cardiac action potential. The results pertaining to the calcium transients are 

depicted in the form of bar charts. Green bars correspond to the resulting values for 

cytoplasmic signal which is based on the detection of GCaMP3-cytoplasm and red 

bars represent calculated values for nuclear signal as demonstrated by detecting R-

GECO1-NLS. Values depicted on the x-axis represent either AU of light intensity or 

time in seconds, as indicated on the respective bar charts. Statistical significance of 

the results is marked with the help of an asterisk which is included where required. 

Error bars are also included to show variability in results coming from different 

cardiomyocytes. 

With reference to amplitude, at 1 Hz, decrease was reported in both cytoplasm and 

nucleus subsequent to the addition of 2-APB, with the amplitude being similar in 

cytoplasm and nucleus prior to the addition of drug. However, statistical significance 

(P<0.05) was achieved in cytoplasm but not in nucleus as the difference was 

considerable in cytoplasm but very small in the nucleus. At 2 Hz, amplitude of the 

signal was slightly higher in the nucleus as compared to cytoplasm prior to the 

addition of drug. The amplitude of the calcium transient decreased in both 

compartments subsequent to the addition of 2-APB, although to a variable extent. In 

cytoplasm of cardiomyocytes, this difference was large and found to be statistically 

significant (P<0.05) but in the nucleus, this difference was found out to be very 

small. 

Calcium release time was longer in nucleus than in cytoplasm and it displayed no 

substantial change after the addition of 2-APB at 1 Hz, with the difference being not 

statistically significant (P>0.05). Difference between release time in nucleus and 

cytoplasm was, however, statistically significant (P<0.05) after the addition of 2-

APB but not in the control. At 2 Hz, in both control and 2-APB groups, the calcium  
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Figure 12.8: Various parameters pertinent to calcium transients in the isolated 

cardiomyocytes before and after the addition of 2-APB (A) Amplitude at 1Hz, 

(B) Amplitude at 2Hz, (C) Control at 1Hz (D) 2-APB at 1Hz (E) Control at 2Hz 

(F) 2-APB at 2Hz (G) Control at 1Hz (H) 2-APB at 1Hz (I) Control at 2Hz (J) 2-

APB at 2Hz [Green for cytoplasm and red for nucleus; Errors bars are included 

to indicate variability of the data for different cells; Statistically significant 

(P<0.05) values are highlighted using *] 
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release time was longer in nucleus as compared to cytoplasm. Although this 

difference was less than that observed at 1 Hz, it acheived statistical significance 

(P<0.05) both with and without drug. Nonetheless, no appreciable change in the 

calcium release time was observed in both compartments subsequent to the addition 

of drug. 

Reuptake time for calcium was found to be slightly longer in nucleus than in 

cytoplasm at 1 Hz before the addition of 2-APB. Even though this difference 

increased subsequent to the addition of 2-APB, still it remained statistically not 

significant (P>0.05). In both cytoplasm and nucleus, reuptake time decreased after 

the addition of 2-APB at 1 Hz, though this observation was statistically not 

significant (P>0.05). At 2 Hz, the calcium reuptake time was found to be slightly 

shorter in the cytoplasm as compared to nucleus, although this difference was more 

pronounced only after the addition of drug. However, it was not statistically 

significant in both groups (P>0.05). In cytoplasm, reuptake time increased by a very 

small margin subsequent to the addition of drug but in nucleus, reuptake time was 

found to decrease after the addition of 2-APB at 2 Hz. However, none of these two 

observations attained statistical significance (P>0.05) as these differences were 

minimal. 

CTD50 value was higher in nucleus as compared to cytoplasm at 1 Hz and it was 

experienced as being statistically significant (P<0.05) only after the addition of drug 

but not before that. In both cytoplasmic and nuclear compartments, CTD50 value 

decreased after the addition of 2-APB. However, this difference was greater in the 

cytoplasm as compared to that for nucleus. Nonetheless, in both cellular 

compartments, this difference was found out to be statistically significant (P<0.05). 

At 2 Hz, the CTD50 value was longer in the cytoplasm as compared to nucleus, 

which is in contrast to the observation at 1 Hz. However, this difference was really 

small and could not achieve statistical significance (P>0.05). Furthermore, the 

CTD50 value decreased post the addition of drug at 2 Hz in both compartments of 

cardiomyocytes and these observations were statistically significant (P<0.05) in  the 

nucleus but not in the cytoplasm (P=0.082), where the value could be considered 

borderline. 
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CTD90 value was higher in nucleus as compared to cytoplasm at 1 Hz, with the 

difference being statistically significant (P<0.05) only for its value in nucleus and 

cytoplasm after the addition of 2-APB but not prior to that. In both cytoplasm and 

nucleus, CTD50 value decreased after the addition of 2-APB at 1 Hz, although this 

difference was very small and went unnoticed in the nucleus but was comparatively 

large in the cytoplasm. However, both of these differences were observed to be 

statistically not significant (P>0.05). At 2 Hz, the CTD90 value was quite similar in 

both compartments of cardiomyocytes. Considering the extremely small differences, 

in control group, CTD90 was longer in nucleus and in 2-APB group, it was longer in 

cytoplasm though by a minimal margin. For both cellular compartments i.e. 

cytoplasm and nucleus, CTD50 experienced a decrease in its value when 2-APB was 

added to the cellular preparation at 2 Hz. Nevertheless, the differences appeared to 

be very small in both compartments and thus, failed to achieve statistical significance 

(P>0.05). 

Besides the work on nuclear calcium in isolated cardiomyocytes, ventricular cardiac 

myocytes were isolated from the excised hearts of adult transgenic mice that were 

genetically engineered to express voltage-sensitive fluorescent protein 2.3 (VSFP2.3) 

which is an optogenetic sensor. These cardiomyocytes were subsequently used in 

patch clamp experiments combined with fluorescence recordings which were 

performed by one of the research fellows. These recordings were done so as to study 

voltage-dependent fluorescence changes, kinetics of sensor activation and 

deactivation, and action potential measurements. 

Discussion 

Calcium signaling is critical in the heart as its contraction is mediated by changes in 

the concentration of calcium ions in cytoplasm which is severely affected in the 

remodeled heart. Cardiac remodeling leads to altered expression patterns for several 

genes, some of which are calcium-sensitive and are directly controlled by calcium 

itself (Berridge et al., 2003). Concentration of calcium in nucleus is different from its 

concentration in cytoplasm and nuclear envelope acts as a calcium store in order to 

provide a barrier to maintain calcium concentration on its either side (Michelangeli 

et al., 2005). Variations in the properties of calcium transients lead towards 

alterations in gene transcription patterns which are manifested as phenotypic 
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remodeling of the heart (Berridge, 2006). Since nucleus is the ultimate regulator of 

gene expression in cells, the present study was designed to explore the relationship 

between cytoplasmic and nuclear calcium, and implications of blockade of calcium 

release in isolated cardiomyocytes. 

Calcium transients in the cardiomyocytes are initiated by entrance of the calcium 

ions into the cell through specific ion channels for calcium which is manifested as an 

inward calcium current and is termed as calcium spark. This inward current is 

responsible for the plateau observed in calcium signal and it also induces further 

release of calcium ions from the sarcoplasmic reticulum which is termed as calcium-

induced calcium release. Both of these phenomena i.e. calcium spark and calcium-

induced calcium release contribute towards an increase in the concentration of 

calcium ions inside the cytoplasm of cardiomyocytes. This increase in the 

concentration of calcium then  triggers contraction of the cardiac muscle by binding 

to the myofilament protein, Troponin C. This whole process is termed as excitation-

contraction coupling where an electrical signal is converted to a mechanical response 

(Bers, 2002). Relaxation is the next stage in this cycle which is accomplished by a 

decrease in the concentration of calcium ions in the cytoplasm which is done by 

transportation of these ions out of the cell, thereby maintaining the resting 

concentration of these ions. 

 The present study reported that calcium signals in the nucleus of cardiomyocytes 

were apparently delayed as compared to the cytoplasmic signals. Previously, it has 

been reported that calcium signals in nucleus lag behind the cytoplasmic signals by 

approximately 100 milliseconds (Bootman et al., 2007). Furthermore, it was 

observed that sometimes, calcium release in the nucleus is independent from its 

release in cytoplasm. This observation is consistent with the previous studies where 

the authors reported that calcium signals in the nucleus occurred in the absence of 

changes in the concentration of calcium in the surrounding cytosol (Higazi et al., 

2009).  

2-APB can be used to block release of calcium mediated by IP3 receptor (Bootman 

et al., 2002). The present study reported that subsequent to the addition of 2-APB, 

peak value of calcium transient decreased appreciably in the cytoplasm but not in the 

nucleus. Another consequence of the addition of 2-APB was a reduction in the 
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duration of calcium transient in the cytoplasm but not in the nucleus. These 

differential effects of 2-APB suggest that IP3 receptor-mediated calcium release is 

apparently imperative in the dynamics of cytoplasmic calcium but not in terms of 

nuclear calcium and that the regulation of calcium in nucleus is relatively 

independent. In addition, the present study introduces the use of two different 

calcium sensors for targeting to nuclear and cytoplasmic compartments of 

cardiomyocytes as an efficacious approach for studying the attributes of cardiac 

calcium signaling. 
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Chapter 13 

DISCUSSION 

Coronary Heart Disease (CHD) is a progressive disorder related to atherosclerosis 

and characterized by deposition of waxy material in coronary arteries which supply 

blood to the cardiac muscles leading to the build-up of plaques over a period of 

several years and also triggering narrowing and hardening of these arteries. These 

plaques cause reduction in the normal flow of blood through coronary arteries which 

is held responsible for the weakening of the heart muscles with the passage of time. 

The unstable plaques may rupture at any time blocking the supply of blood to heart 

and precipitating as the acute manifestations of disease including myocardial 

infarction (MI). 

CHD is a complex multi-factorial condition whose occurence is attributed towards an 

interplay of genetic, environmental and lifestyle factors. CHD, as a disease, is a 

serious matter of concern for health across the globe owing to its increasing 

prevalence in all socio-economic groups and the actuality that cardiovascular 

diseases, in general, are the predominant cause of mortality in developed as well as 

developing and underdeveloped countries. In Pakistan, for instance, it has been 

estimated that approximately 15% of the total deaths are caused by CHD and these 

figures are forecasted to increase in the upcoming years, which is an alarming piece 

of information (http://www.worldlifeexpectancy.com/pakistan-coronary-heart-

disease). 

A massive amount of knowledge prevails relating to the genetics of CHD in 

European populations and still, more and more explorations are continuing in this 

direction. In contrast, in our population, such investigations are insufficient and very 

small in number making the available information inadequate. Furthermore, there 

exist disparities between the population structure of Pakistan and other countries 

especially European countries. In Pakistan, the overall population is heterogeneous 

but the subpopulations that exist in this population are extremely homogeneous in 

terms of their genetic structure. This sort of population stratification can, in most 

part, be attributed towards the high prevalence of cast system and occurrence of 

consanguineous marriages. It implies that the observations and findings of the 
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European investigations cannot be directly translated to or implemented in our 

population.  

A retrospective case-control study was designed to investigate genetic 

polymorphisms in a Pakistani population, keeping in view the availability of 

resources and the fact that scarcity of available information on the genetics of CHD 

in the population under consideration makes initiation of such investigations 

inevitable. Case-control studies are advantageous because they require less number 

of samples, can be conveniently accomplished in a limited time span, and are 

relatively inexpensive. However, a major disadvantage of this type of study design is 

that it is more prone to different kinds of bias and confounding factors. This 

limitation can be overcome, to a huge extent, by using various statistical approaches. 

Odds ratio is a statistical measure usually used to characterize the outcome of such 

studies. 

Lahore is the capital of Punjab, which is the largest province of Pakistan. People 

from all over Punjab specifically, and Pakistan in general, come to visit different 

hospitals in Lahore as they are well-equipped and have a number of accomplished 

and experienced doctors. In this context, samples were recruited from various 

hospitals of Lahore and Gujranwala which is a neighboring city of Lahore so as to 

include participants from all geographical areas of Pakistan. Informed consent was 

acquired from the participants before drawing the blood sample and administering a 

detailed questionnaire that included desired information to be gathered in English 

and particulars related to the purpose of investigation in Urdu. Other measurements 

taken included blood pressure and pulse. In addition, screening was performed for 

Hepatitis B and C as well as HIV and positive individuals were excluded from this 

report. 

After exclusion of 6 % of the sample population based on screening, 403 CHD case 

subjects and 203 age-matched control subjects were selected for the present 

investigation. Majority of the participants were male although some of the previous 

reports have described a higher prevalence of disease in women (Aziz et al., 2008). 

In fact, in Pakistan, women have limited access to hospitals due to cultural and 

economic rationales and sometimes, their mobility is restricted because of religious 

circumstances. Percentage obesity was experienced as being slightly higher in 
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controls as compared to case subjects and this observation is further emphasized by a 

somewhat higher value of average BMI in control subjects (Figure 13.1). This 

finding is in contrast to the generally acknowledged importance of obesity as a risk 

factor for CHD and other cardiovascular disease. As samples were principally 

recruited from patients admitted for major surgeries and other sorts of invasive 

treatments, their weight was expectedly decreased. Moreover, patients of CHD are 

usually advised by the medical practitioners to change their lifestyle and maintain a 

healthy weight by including exercise in their routine and adopting a diet that is low 

in fat. 

Diabetes and hypertension are two major complications observed in CHD patients 

and secondary cases of CHD are also, to a great extent, attributable towards these 

diseases. Affirmatively, the percentage of diabetics and hypertensive individuals was 

considerably elevated in cases as compared to control subjects. However, the blood 

pressure measurements were relatively similar in both groups included here which 

possibly can be comprehended on the foundation that the CHD patients were 

receiving various medications in order to control their blood pressure. Additionally, 

smoking alone and along with other factors is well-known as a risk factor that 

enhances the chances of developing cardiovascular diseases in general and CHD 

specifically. In accordance, both the current and ex-smokers were observed to be 

greater in number among patients of CHD when compared to the control group being 

investigated here. 

Family history is one of the most significant factors that are responsible for the 

elevation of the risk of developing CHD which also elucidates the genetic basis of 

disease. In addition, it is a non-modifiable factor which is absolutely impossible to 

control. The structure of Pakistani population also contributes towards an increased 

prevalence of CHD as majority of the marriages take place between individuals 

closely related in terms of ancestry and inbreeding is a common phenomenon 

experienced in our population. As anticipated, the percentage of individuals having a 

family history of CHD or any other related cardiovascular disease was found to be 

considerably higher in case subjects when compared to the controls. Among all the 

factors included here, this is the one factor that shows highest level of disparity 

between  cases and  controls which  further highlights  the noteworthiness  of  family 
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Figure 13.1: Comparison of baseline characteristics between CHD cases and 

controls 
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history as a health hazard. 

Hyperlipidaemia is a form of dyslipidaemia that can originate because of the 

abnormally elevated levels of various kinds of lipids in human blood including 

cholesterol and triglycerides. When present at high levels, these metabolites have the 

tendency to accumulate in the coronary arteries along with several other compounds 

and substances as it becomes impossible for the macrophages to absorb them  (Lehti 

et al., 2015). Together, these factors contribute towards the development and 

progression of atherosclerotic plaques as these lesions are basically composed of 

lipids, smooth muscle cells and immune cells in addition to several other small 

molecules. It is well documented that the underlying cause of CHD is 

atherosclerosis. Furthermore, abnormal levels of various lipids are frequently 

encountered in patients of cardiovascular diseases. Therefore, lipid profiling of the 

sample population including both cases and controls was completed in order to 

explore the probability of hyperlipidaemia acting as a risk factor for the development 

of CHD. The observations regarding the lipid profile have been illustrated in Figure 

13.2. 

Abnormally elevated total cholesterol levels are frequently indicative of an 

underlying cardiovascular pathology. However, this is not always the case as 

sometimes, the raised levels may be correlated with a rise in the level of high-density 

lipoprotein cholesterol (HDL-C) and not the low-density lipoprotein cholesterol 

(LDL-C). Furthermore, HDL-C is substantially regarded as the "good cholesterol" 

which reduces the risk of developing any cardiovascular morbidity. Hence, complete 

lipid profile is deemed essential to thoroughly understand the dynamics of 

cholesterol and triglycerides in blood. A comparatively substantial number of the 

case subjects were recorded with abnormally high levels of total cholesterol. 

Although comparatively less in number, a considerable size of control samples were 

also recorded as having increased total cholesterol levels. To discern between those 

which cause risk and those which are protective, both HDL-C and LDL-C were 

measured. 

HDL-C, which is protective against the cardiovascular morbidities, functions by 

transportation of fat molecules away from the cells of walls of coronary arteries and 

minimizing   the   build-up  of   macrophages   in   these  arteries.  Eventually,   these 
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(e) 

Figure 13.2: Comparison of levels of total cholesterol (a), HDL-C in males (b) 

and females (c), LDL-C (d) and triglycerides (e) between CHD cases and 

controls 
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preventive measures precipitate as decreased accumulation of fats in the 

atherosclerotic plaques and progressively reduced atherosclerosis over a period of 

several years. This effect is more pronounced in the women as compared to men 

because estrogen, a hormone secreted in women, has been observed to increase the 

levels of HDL-C in blood as a consequence of which HDL-C is encountered at 

comparatively high levels in women than in men. Lower levels of HDL-C were 

recorded in greater number of the case subjects and its higher levels were 

experienced in larger number of control subjects. This applies equally well to both 

men and women. The only exception here involves the HDL-C levels of greater than 

50 mg/dL in males which were encountered more frequently in patients than in 

controls. 

LDL-C is, in the general sense, accounted for as the "bad cholesterol" owing to the 

information that it allows the transportation of various fat molecules inside the cells 

forming walls of coronary arteries and this uptake is effectuated by the process of 

receptor-mediated endocytosis (Dashty et al., 2014). Consequently, LDL-C 

accomplishes its task and exerts its effect in a manner opposite to that of HDL-C. 

Increase in the levels of LDL-C is, hence, manifested in a corresponding 

amplification in the amount of fat molecules in coronary arteries leading to 

accelerated plaque formation. Eventually, it progresses towards atherosclerosis 

which carries the potential to further precipitate as acute or chronic CHD. 

Concomitantly, decreased levels of the LDL-C were recorded in a comparatively 

greater number of control samples and increased levels were experienced at a 

relatively higher frequency in case subjects, although the difference did not appear to 

be substantial. 

In addition to the lipoproteins, another category of esterified lipids referred to as 

triglycerides is included in the lipid profile. Triglycerides are fat molecules present in 

the blood stream that play significant role in metabolism. Normal triglyceride levels 

are beneficial for health but increased levels have been correlated with 

atherosclerotic heart disease. Reality is that, according to the existing state of 

knowledge regarding the metabolism of triglycerides, they only act as a biomarker of 

the cardiovascular disease but do not directly exhibit an involvement in the 

pathogenesis of CHD (Talayero and Sacks, 2011). As expected, higher triglyceride 



183 
 

 

levels were relatively more prevalent in the case subjects. Contrastingly, normal 

levels were found out to be better established in the control subjects when compared 

to patients of CHD. 

Concerning the lipid profile, a noteworthy observation is that, in contrast to the 

expectations, the difference between both the study groups including cases and 

controls is relatively small and not as sharp as is usually experienced. This implies 

that hyperlipidaemia occurs at a high frequency in controls and is not very much 

abundant in cases. As documented earlier, controls were included randomly for the 

present investigation and the data indicates inclusion of a large number of obese 

individuals in them. Furthermore, obesity is straightforwardly correlated with 

hyperlipidaemia as abnormally elevated lipid levels are present in all obese 

individuals. This could have potentially transpired as impairment in the levels of 

cholesterol and triglycerides in control subjects included here. Over and above that, 

some of the case subjects enrolled for the present exploration were undergoing 

different kinds of invasive treatments and almost all of them had received the 

medical advice to change their lifestyle and adopt a healthy weight along with 

healthy diet. Consequently, their lipid levels were not as much compromised as one 

would expect them to be. Together, all of these may constitute a plausible 

explanation for the unanticipated observations in the context of lipid profiling in 

sample population. 

In the early years of scientific research on CHD, various familial and 

epidemiological studies highlighted the factuality that this diseases has a well 

founded genetic background. Previously, candidate gene association studies and 

linkage studies have identified several areas of human genome that possess a 

potential link with the pathophysiology of CHD. However, majority of these were 

either correlated with the conventional risk factors or successful repetition in the 

subsequent investigations could not be achieved. In the last decade, after the 

development of DNA microarrays, genome-wide association studies (GWASs) 

furnished an imperative breakthrough in the field of complex genetic diseases as an 

immensity of new explorations surfaced out with identification of numerous loci 

previously unrecognized for their association with various disorders. The 

revolutionizing impact of GWASs stems from their ability to identify novel loci 
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which is not possible with other methodologies. These studies have, in recent years, 

reported several genetic loci associated with CHD in addition to those linked with 

the conventional risk factors and for which the functional relevance is yet to be 

known. Nevertheless, these kind of studies also suffer from a heterogeneity of 

limitations including, for example, the deficiency in capability to replicate the 

findings in subsequent studies and variation in observations as a consequence of 

ethnic differences. Eight different genetic variants reported for their association with 

CHD in two different GWASs were targeted for the sake of present investigation 

(Table 13.1). 

rs7025486 (A/G) is located in the intronic region of DAB2IP gene and was initially 

reported for its association with abdominal aortic aneurysm in a GWAS but later 

showed association with CHD and some other cardiovascular diseases as well 

(Gretarsdottir et al., 2010). Its exact impact on the gene expression of DAB2IP 

remains to be disclosed as the protein is recognized to have four different isoforms 

but the reports have largely been based on the first isoform (Zhang et al., 2015). An 

important piece of information, however, is that its effect is independent of the 

conventional risk factors. Here, the GA genotype of this polymorphism was 

documented to have an association with the increased risk of CHD whereas the GG 

and AA genotypes were having an association with the decreased risk of disease 

being studied. 

rs1333049 (G/C) is located outside the annotated genes present on human 

chromosome 9p21.3 and is well-established as a risk factor for CHD because of 

reportedly having an association with both the development and progression of 

coronary atherosclerotic disease and successful replication of this observation in a 

large number of ensuing explorations (Ye et al., 2008; Buysschaert et al., 2010; 

Palomaki et al., 2010; Plichart et al., 2012). Functionally, this polymorphism has 

been shown to decrease the expression of CDKN2A and CDKN2B genes which are 

involved in the modulation of cell cycle as well as ANRIL gene which encodes a 

non-coding RNA but the true mechanistic link has not been established as yet 

(Congrains et al., 2012; Motterle et al., 2012; Hannou et al., 2015). In the population 

under investigation, both the GC and CC genotypes were calculated to have an 

association  with the increased  risk of CHD  while the GG genotype was observed to 
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Table 13.1: Genetic polymorphisms considered for association with CHD in the 

sample population 

SNP Chromosomal 

Location 

Base Pair 

Position 

Risk 

Allele 
Genotype OR (95% CI) 

rs7025486 9q33.2 121660124 A 

GG 0.61 (0.431-0.876) 

GA 1.72 (1.223-2.428) 

AA 0.85 (0.559-1.295) 

rs1333049 9p21.3 22125504 C 

GG 0.52 (0.348-0.763) 

GC 1.12 (0.800-1.571) 

CC 1.65 (1.096-2.476) 

rs6922269 6q25.1 150931849 A 

GG 0.56 (0.384-0.826) 

GA 1.76 (1.183-2.630) 

AA 1.36 (0.523-3.523) 

rs2943634 2q36.3 226203364 C 

CC 1.53 (1.058-2.221) 

CA 0.78 (0.529-1.155) 

AA 0.33 (0.140-0.795) 

rs599839 1p13.3 109279544 A 

AA 1.72 (1.156-2.566) 

AG 0.65 (0.427-0.989) 

GG 0.38 (0.140-1.038) 

rs17465637 1q41 222650187 C 

CC 1.40 (0.993-1.961) 

AC 0.75 (0.526-1.070) 

AA 0.89 (0.588-1.356) 

rs501120 10q11.21 44258419 T 

TT 1.29 (0.917-1.816) 

CT 1.05 (0.750-1.484) 

CC 0.53 (0.324-0.852) 

rs17228212 15q22.33 67166301 C 

TT 0.62 (0.260-1.473) 

CT 1.62 (0.679-3.851) 

CC 0.00 
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have a protective effect. 

rs6922269 (G/A) is a polymorphism located in the non-coding intronic region of 

MTHFD1L gene that encodes an enzyme involved in cellular methylation reactions. 

Once again, a deficiency of association between this genetic variant and the 

traditional risk factors of CHD makes the true functional relevance for this 

polymorphism unclear (Hubacek et al., 2015). After the initial identification of this 

polymorphism in a GWAS owing to its association with the risk of CHD, 

subsequential descriptions have furnished mixed results as some of these reports 

have replicated the original observation but with lower odds whereas, others have 

been unsuccessful in finding an association between this locus and the risk of CHD 

(Ghazouani et al., 2010; Saade et al., 2011; Wang et al., 2011; Angelakopoulou et 

al., 2012). We have observed the association of GA and AA genotypes at this locus 

with an increased risk of CHD and association of the GG genotype with a decreased 

risk of disease. 

rs2943634 (C/A) is present in the gene-free region of chromosome 2q36.3, a locus 

spanning genes involved in the pathogenesis of diabetes, and was originally reported 

to have an association with CHD that did not achieve genomewide significance 

(Samani et al., 2007). Later, it was described to have an association with other 

phenotypes including, for example, higher triglyceride to HDL-C ratio and lower 

subcutaneous to visceral fat ratio, in addition to high plasma levels of adiponectin 

which is a protein involved in the pathophysiology of CHD (Dauriz and Meigs, 

2014; Shen et al., 2015). Association of this genetic variant with the risk of CHD 

was successfully replicated in some of the later reports and rejected in the others 

(Arregui et al., 2012; Vakalis et al., 2014). Presently, the protective effect of A allele 

was observed in the form of association of CA and AA genotypes with a decreased 

risk of CHD and association of the CC genotype with an increased risk of the 

disease. 

rs599839 (A/G) is a genetic polymorphism present in the non-coding region of 

human chromosome 1 and has been linked with circulating LDL-C levels (van de 

Woestijne et al., 2014; Abe et al., 2015). The underlying biological mechanism is 

not known but possibly, it may exert its influence by means of liver-specific 

regulation of sortilin 1 gene which is also associated with increased levels of LDL-C 
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(Musunuru et al., 2010). Furthermore, the G allele of this variant is protective against 

atherosclerosis (Rizk et al., 2015). Some of the previous reports have described a 

strong association between this variant and the risk of CHD while others have 

documented absence of any association between the two (Franceschini et al., 2014; 

Iqbal et al., 2014; Jansen et al., 2014; Matsuoka et al., 2015). Currently, the 

protective effect of G allele was reinforced because of an association between the 

AG and GG genotypes and a decreased risk of CHD. On the other hand, the AA 

genotype was experienced to impart an increased risk of the disease being 

investigated. 

rs17465637 (C/A) is recognized to be present in the intronic region of MIA3 gene 

whose biological function is characterized by involvement in the secretion of 

collagen VII molecules specifically, although the protein is also speculated to play a 

role in the secretion of all collagen molecules (Wilson et al., 2011). Several 

preceding reports have established a positive association between this genetic variant 

and the risk of CHD (Li et al., 2013; Kessler et al., 2015; Roberts, 2015). 

Nevertheless, the association between this locus and the atherosclerosis that 

underlies CHD could not be established in a recent finding (Zabalza et al., 2015). 

Here, the present investigation experienced existence of an association between the 

AC and AA genotypes at the variant being discussed and the risk of CHD. On the 

contrary, an association was observed between the CC genotype of this locus and an 

increased risk of the disease. 

rs501120 (C/T) is a genetic polymorphism present in a non-coding region of human 

chromosome 10q11.21 in close proximity to the CXCL12 gene that encodes SDF-1 

protein. This protein has been revealed to be involved in the pathophysiological 

mechanism of CHD by means of its influence on and association with the abundance 

and recruitment of endothelial progenitor cells and CD34+ cell count which is 

associated with cardiovascular morbidity (Duda et al., 2007; Shantsila et al., 2007; 

Xiao et al., 2007). Genetic variation at this locus is also known to contribute towards 

the circulating levels of endothelial progenitor cells (Xiao et al., 2008). An 

association has been previously reported between rs501120 and the risk of CHD and 

some of the related vascular complications but not all of them (Yamada, 2006; 

Bruzelius et al., 2014; Dauriz and Meigs, 2014; Haver et al., 2014; Jansen et al., 
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2014). Here, we describe an association between the TT and CT genotypes of this 

locus and a higher risk of CHD. Contrastingly, an association between the lower risk 

of CHD and the CC genotype of this variant has surfaced out in our sample 

population. 

rs17228212 (C/T) is located in the intronic region of SMAD3 gene and is 

characterized by the presence of an extremely low level of heterozygosity in most 

ethnicities (Li et al., 2015). SMAD3 gene product acts as a signal transducer and 

modulates transcriptional activities of target genes of TGF-β (Brown et al., 2007).  It 

is also involved in the regulation of regulatory-T cells whose imbalance has been 

described in coronary disorders (Cheng et al., 2008; Tone et al., 2008). This 

polymorphism has been reported for its true association with the risk of CHD (Dong 

et al., 2014). However, there exist mixed findings about the existence of its 

association with the underlying atherosclerosis (Garcia-Bermudez et al., 2013; 

Zhang et al., 2013). The present investigation observed a positive association 

between the reduced risk of disease and the TT genotype. The heterozygous CT 

genotype was observed to be present at an extremely low frequency and was found 

to be correlated with an increased risk of the disease. Finally, the CC genotype did 

not exist at all in our sample Pakistani population. 

Calcium ion (Ca
2+

) homeostasis is the central operator and moderator in the cardiac 

muscular contraction and its perturbations have been experienced in several 

cardiovascular disorders leading to the remodeling of heart muscles. The 

phenomenon of excitation-contraction coupling, which governs the process of 

contraction in the heart, initiates with a rise in the concentration of Ca
2+

 owing to the 

influx caused by the opening of voltage-gated L-type Ca
2+

 channels. As a 

consequence, a small amount of calcium enters the cell and triggers release of 

enormous amount of calcium from its cellular reserve known as sarcoplasmic 

reticulum in an occurrence called calcium-induced calcium release (CICR), initiating 

the calcium transient and cardiac muscle contraction. The relaxation phase is then 

brought about by resequestration of calcium into its intracellular store mediated by 

sarcoplasmic reticulum Ca
2+

-ATPase (SERCA) as well as an efflux of Ca
2+

 

effectuated by Na
+
/Ca

2+
 exchanger (NCX) pumps in the cell membrane. Figures 13.3 

and 13.4  illustrate  the  time  required  for  release  of  calcium from  its  intracellular 
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Figure 13.3: Release time for calcium in cytoplasm and nucleus of five different 

isolated cardiomyocytes before and after the addition of 2-APB at 1Hz 
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          (c)      (d) 

          

          (e)      (f) 

 

Figure 13.4: Release time for calcium in cytoplasm and nucleus of six different 

isolated cardiomyocytes before and after the addition of 2-APB at 2Hz 
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sarcoplasmic store before and after the addition of 2-aminoethoxydiphenylborate (2-

APB) at two different frequencies. 2-APB is used as a manipulator of store-operated 

calcium release although its effects are relatively non-specific. The data has been 

combined for both the nucleus and cytoplasm of the cell and the findings pertaining 

to a single cardiomyocyte are plotted in a single graph. Subsequent to the addition of 

2-APB, a decrease in the time required for release of calcium was observed in few 

cells only. Examples include part (a) and (e) of Figure 13.3, and part (a), (b) and (f) 

of Figure 13.4. However, in majority of the cardiomyocytes, no effect could be 

ascertained. Furthermore, the reuptake time for calcium corresponding to the 

relaxation phase as recorded in different cardiomyocytes have been depicted in 

Figures 13.5 and 13.6. Again, in majority of the experiences, no clear separation in 

response to the addition of drug could become visible. A reduction in the time 

required for reuptake of calcium was, nonetheless, evident to a small extent in some 

of the cardiomyocytes. Examples illustrating this effect of 2-APB include part (a), 

(b) and (d) of Figure 13.5, in addition to part (c) and (d) of Figure 13.6. On the 

foundation of these observations, it can be safely assumed that 2-APB causes 

shortening of the calcium transient by reducing the time required for both release and 

reuptake of calcium and affecting both phases of cardiac muscle contraction and 

relaxation. This observation, however, could not be ascertained in all of the 

cardiomyocytes for which there may be a number of plausible explanations. First, the 

effects of 2-APB are non-specific and caution is required in terms of its utility in 

probing various aspects of calcium signaling in heart. Secondly, its effects are 

largely dependent on its concentration and a slight variation in its concentration can 

transform the results. In addition, due to differences in the physiological state of 

isolated cardiomyocytes subject to stress experienced during isolation and handling, 

successful recordings are possible in only a small fraction of them. Finally, the 

individual differences in various experiments owing to the human manipulation can 

never be ruled out as a factor involved in variation in the results of different 

experiments. 

Total duration of the calcium transients including both release and reuptake is termed 

as the CTD (calcium transient duration) value and on the basis of previous findings 

regarding  the release  and  reuptake  times of  calcium, it  can  be  hypothesized  that 
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Figure 13.5: Reuptake time for calcium in the cytoplasm and nucleus of five 

different isolated cardiomyocytes before and after the addition of 2-APB at 1Hz 
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Figure 13.6: Reuptake time for calcium in the cytoplasm and nucleus of six 

different isolated cardiomyocytes before and after the addition of 2-APB at 2Hz 
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2-APB may cause a shortening of CTD in isolated cardiomyocytes. Figures 13.7 and 

13.8 illustrate the influence of 2-APB on CTD value in various isolated 

cardiomyocytes while field-stimulating at two different frequencies. The 

observations in approximately all of the recordings indicate that the CTD value 

experiences a decrease in response to the addition of 2-APB. This reduction in the 

duration of calcium transient is precisely delineated in part (a) and (d) of Figure 13.7 

and part (c) of Figure 13.8. Although less pronounced, but still evident is this 

outcome in part (b) and (c) of Figure 13.7 and part (a), (b), (d) and (e) of Figure 13.8. 

The remaining ones do not exhibit any consequence pertaining to the addition of the 

drug. Clearly, these observations indicate that total duration of the calcium transients 

in isolated cardiomyocytes is reduced subsequent to the addition of 2-APB and that, 

this shortening is a consequence of the decreased calcium release as well as reuptake 

times. Additionally, the finding that most of the recordings relevant to calcium 

release and reuptake times were not well-demarcated could possibly be explained on 

the foundation that the individual effect of 2-APB on calcium release and reuptake 

separately, was so minimal that it could not be established precisely in all 

observations. Rather, it  was established to manifest itself evidently when the total 

duration of the calcium transient was taken into account comprising both the release 

and reuptake times. 

Concluding Remarks  

Traditional approaches to the understanding of fundamentals of human genetic 

disorders banked on direct functional consequences of mutations in the form of 

studies targeting genes coding for proteins active in cellular metabolic processes. 

However, this kind of a straightforward link between modification of genes and 

phenotypic alterations may not always be established. Apart from that, the 

assemblage of genetic variations that account for dissimilarities between various 

individuals is not thoroughly elucidated by the analysis of coding stretches of 

genome. A major proportion of human genetic variability is sustained by the 

distinctions in noncoding regions of DNA. A special class of genetic variants is 

constituted by SNPs, approximately 10 million of which are presumed to be 

positioned    across    the    human    genome.    An    elaborate   collection   of   these 
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Figure 13.7: Calcium transient duration in the cytoplasm and nucleus of five 

different isolated cardiomyocytes before and after the addition of 2-APB at 1Hz 
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          (c)      (d) 

          

          (e)      (f) 

 

Figure 13.8: Calcium transient duration in the cytoplasm and nucleus of six 

different isolated cardiomyocytes before and after the addition of 2-APB at 2Hz 
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polymorphisms has been potentially linked with a diversity of genetic diseases and 

the recently introduced wave of GWASs has contributed a profusion of such 

correlations. A significant utility of SNPs is that they capitalize on the differences 

that may not be of a direct functional consequence in terms of involvement of 

proteins. Taking into consideration the implications of such variations, the present 

exploration was designed to appraise the impact of eight putative SNPs on CHD in a 

Pakistani population. Additionally, some experiments were conducted as part of a 

large project investigating the role of nuclear calcium and gene regulation in cardiac 

remodeling. 

The population of Pakistan has a distinctive genetic architecture and is 

acknowledged to encompass various subpopulations that are principally 

homogeneous with regard to their genetic structure. For the sake of present 

investigation, a sample population representative of the entire country was 

incorporated, although an enormity of the samples allied to the Punjab province. 

Sample size for the present dissertation was kept well above the threshold level to 

achieve significant results for a disease as prevalent as CHD is. However, this 

research suffered from a limitation of sample size for the SNP possessing an 

extremely low level of heterogeneity that is rs17228212 owing to the limitation of 

resources and handling capability. Besides, pertinent to the case control design of 

study which was decided on the basis of suitability to available facilities, an 

important limitation is the potential involvement of different categories of 

confounders. 

With the exclusion of rs599839, for all the SNPs included on behalf of present 

research, the genotypes encompassing the risk alleles were interpreted as being 

associated with the risk of disease based on the results of odds ratio analysis, even 

though the magnitude of this impact remained variable for different polymorphisms. 

Additionally, existence of a statistically significant positive association between 

several of these genetic polymorphisms and the risk of disease under investigation 

has also been documented on the basis of chi-square analysis. However, after 

applying the Bonferroni correction for multiple testing, only two (rs7025486 and 

rs1333049) of the eight loci showed a statistically significant association with the 

risk of CHD. In the context of limitations in the availability of enlightenment 
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regarding the genetic determinants of CHD in the study population, this might be 

considered as a worthwhile piece of knowledge that adds to the existing pool of 

information as far as the genetics of CHD is concerned. As far as the work on 

isolated cardiomyocytes applicable to the functionality of calcium signaling in 

disease is concerned, the experiments taken into account of presently are of little 

consequence potentially as these individual findings leave only minimum impact 

until and unless their broader context is taken into consideration. As they were 

conducted as part of a larger exploration, observations pertinent to the entire research 

work may be better able to elucidate the impact of these results. Our piece of work, 

as a whole, facilitates the understanding of underlying genetic foundation of CHD in 

population of Pakistan which is characterized by a distinct genetic make-up and 

serves as a stimulus to initiate new researches in this direction involving larger 

sample sizes and those addressing and taking into account different confounding 

variables that obscure the results of case-control studies. 
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ANNEX I 

(HIGHLY CONFIDENTIAL) 

NOTE: This information will not be disclosed to any person or institution 

without your informed consent. 

Name: ___________________________________         Today's date: ____________ 

Address:________________________________________________________________ 

Telephone: Home: ______________ Work: ______________    Mob:_______________ 

 

 

Date of birth: ___________________  Place of birth: ____________________________ 

Cast: _____________             Spoken language: _________________________ 

 

 

Age: ____________           Marital status: _____________         Sex:   � Female � Male 

Education level: _________________________________________________________ 

 

 

Occupation: _________________________ No. of dependents: ___________________ 

Monthly income:    � Less than 5,000              � Upto 10,000                  � Upto 20,000 

           � Upto 40,000       � Upto 70,000               � Above 70,000 

Ownership / Wealth: ______________________________________________________ 

 

 

Heart disease:    �     MI            �     PCI    �    CABG           �     None (Ctrl) 

PERSONAL / PATERNAL ETHNICITY 

DEMOGRAPHIC CHARACTERISTICS 

SOCIO-ECONOMIC STATUS 

DISEASE STATUS 
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Age at first event: _______________        Age at recruitment: _________________         

Diabetes mellitus  ……………………………………...� Yes   � No � Don’t know 

Hypertension  ………………………………………….......� Yes   � No � Don’t know 

Hyperlipidemia  …………………………………………...� Yes   � No � Don’t know 

Obesity ……………………….……………………………� Yes   � No � Don’t know 

Other chronic condition        Specify: _________________________________________ 

 

 

BMI: __________      Weight (kg) _______________      Height (m) ________________ 

B.P:     Systolic ______        Diastolic ______                 Heart Rate: _______________ 

Smoking:  1) Usage status ________     Quantity __________    Frequency __________ 

                   2) Usage status ________    Quantity __________    Frequency __________ 

Family history:  1)  Relationship ________________      Disease __________________ 

                          Age of diagnosis __________   Other _________________________ 

                             2) Relationship ________________      Disease __________________ 

                          Age of diagnosis __________   Other _________________________ 

                             3) Relationship ________________      Disease __________________ 

                          Age of diagnosis __________   Other _________________________ 

                             4) Relationship ________________      Disease __________________ 

                          Age of diagnosis __________   Other _________________________ 

Receipt of lipid-lowering drugs: ……………………. � Yes   � No � Don’t know 

Experience of traumatic events during last year: _____________________________  

_______________________________________________________________________ 
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Abstract 

Chronic diseases including coronary heart disease (CHD) and dementia are growing 

health concern in developing and under-developed countries. They also share some 

risk factors like smoking, obesity, diabetes, family history, high blood pressure etc. 

Previous genome wide association studies have identified association of large 

number of loci with risk of CHD and Alzheimer’s disease in different populations. 

The purpose of this study was to examine the association of 9p21.3/rs1333049 locus 

with risk of CHD and dementia in a Pakistani population, which to our knowledge 

has not been examined previously. A total of 782 subjects (403 CHD cases, 203 

controls; 61 dementia cases, 115 controls) were included in this study. All the 

subjects were interviewed for presence of co-morbidities, family history and 

demographics. Genotyping was done by allele specific PCR. Locus 

9p21.3/rs1333049 was significantly associated with risk of CHD in this population 

(P=0.001). However, we did not find association of this variant with risk of dementia 

(P=0.364). Although the sample size for this study was small, association of 

rs1333049 with risk of CHD was confirmed for the first time in Pakistani population. 

Yet, larger sample size is required to establish the association of variant rs1333049 

with risk of dementia. 

Key Words: coronary heart disease, dementia, myocardial infarction, Pakistan, 

9p21.3, rs1333049 
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INTRODUCTION 

Cardiovascular diseases (CVD) including Coronary Heart Disease (CHD) are the 

leading cause of mortality worldwide and are responsible for approximately one in 

three deaths across the globe (Mensah et al., 2013). CHD is a chronic condition 

related to atherosclerosis that is caused by deposition of lipid and fibrous matrix in 

the walls of coronary arteries leading to atheromatous plaque formation (Bauters, 

2008). This degenerative condition may remain silent for years or manifest as angina 

pectoris, myocardial infarction (MI) and/or sudden death. The cardiovascular and 

cerebrovascular diseases are also responsible for Alzheimer’s disease (AD) 

pathogenesis. Extracellular senile plaques and intracellular neurofibrillary tangles are 

the two pathological hallmarks of AD (Armstrong, 2011). CHD not only increases 

the incidence of dementia but is also associated with AD-neuropathology (Beeri et 

al., 2006). Several risk factors have been identified for CHD including smoking, 

advanced age, male gender, diabetes mellitus, high systolic blood pressure, family 

history, obesity, and hypercholesterolemia (Vasa et al., 2001; Khot et al., 2003; 

Bibbins-Domingo et al., 2007). Some of the risk factors that contribute to AD 

pathogenesis are hypertension, brain injury, advanced age, education level, dietary 

factors, smoking, cholesterol levels, and diabetes (Povova et al., 2012). Both CHD 

and AD have complex etiology, which is result of intricate interactions among 

genetic, environmental, and life-style factors. CHD is the most significant cause of 

death in developed countries and is one of the leading causes of death in developing 

and under-developed countries (Mathers and Loncar, 2006). Similarly, estimates 

suggest that majority of the expected dementia cases will be in the developing world 
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by 2040 (Kalaria et al., 2008). In Pakistan, more than 150,000 people are living with 

dementia, and one in five middle-aged adults may have underlying CHD in urban 

areas of Pakistan (Gaziano et al., 2010; Ahmad et al., 2013). Candidate gene 

association studies have identified numerous genes responsible for the pathogenesis 

of CHD and AD including the genes for apolipoprotein (Thompson and Danesh, 

2006; Bu, 2009). But this approach has proved discouraging due to the fact that only 

a few of the identified genes demonstrate association in replication studies. More 

recently, genome-wide association studies have emerged as a strong approach for 

identifying previously unknown risk loci. Consistent association of a 58kb interval 

on human chromosomal location 9p21 with CHD proved impulsive for its 

identification in a genome wide association scan (McPherson et al., 2007). 

Subsequent identification and investigation of genetic variants present in this region 

revealed that a number of SNPs and haplotypes located here were significantly 

associated with the risk of CHD and some other diseases but the most powerful 

association with CHD was exhibited by rs1333049 out of all the SNPs that were 

present at chromosome 9p21.3 (WTCCC, 2007). The same genetic variant was later 

found to be associated with several other cardiovascular diseases including stroke, 

peripheral artery disease, and abdominal aortic aneurysm (Bown et al., 2008; Cluett 

et al., 2009; Karvanen et al., 2009). Previous studies have also identified 

9p21.3/rs1333049 as risk locus for both CAD and AD in Asian populations 

(Hinohara et al., 2008; Cluett et al., 2009; Yu et al., 2010). Replication of the 

association of this variant with the risk of CHD in other studies has contributed 

towards establishment of this locus as a risk factor for CHD which has provided a 

new hope to decipher the genetic basis of complex diseases (Hinohara et al., 2008). 
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However the direct mechanistic link between this genetic variant and atherosclerosis 

is yet to be determined. In this study, we sought to replicate the association of locus 

9p21.3 with risk of CHD and dementia in a Pakistani sample. To our knowledge, 

these associations have not been tested previously in this population.  

MATERIALS AND METHODS 

Study samples 

This case–control study was approved by Board of Advance Studies and Ethical 

Committee of the University of the Punjab. Permission for sample collection was 

granted by the relevant institutional ethical committees and review boards of the 

hospitals. All cases and controls provided either written or verbal informed consent 

(if unable to write due to educational background) or assent with consent provided 

by a family member. 

CHD and dementia cases 

The present study included 403 CHD cases, recruited from various clinical settings 

of Lahore (Punjab Institute of Cardiology; Mayo Hospital; Jinnah Hospital) and 

Gujranwala (Siddique Sadiq Memorial Trust Hospital; District Headquarters 

Hospital; Cheema Heart Complex; Social Security Hospital) divisions of Punjab 

from March to December 2010. A total of 61 dementia cases were recruited from 

various clinical settings of Lahore (Alzheimer’s Pakistan Day Care Center for 

Alzheimer’s and related dementias; Psychiatry department of the Services Institute 

of Medical Sciences; out-patient service of the Punjab Institute of Mental Health) 
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and Rawalpindi (out-patient service of the Armed Force Institute of Mental Health) 

from February 2011 to September 2012.  

Controls 

There were 203 healthy controls matched to CHD cases on geographical location and 

gender. There were 115 controls matched to dementia cases according to literacy and 

educational background. Control subjects were recruited from the same communities 

as cases and fulfilled inclusion criteria (described below). They consisted of hospital 

employees, employees of government institutions, friends and colleagues of study-

staff, attendants of other patients, manual laborers. Control subjects were evaluated 

by the study investigator. 

Inclusion/exclusion criteria 

CHD cases were defined based on a prior history of myocardial infarction (MI) 

and/or coronary revascularization as indicated by the cardiac specialists based on 

available clinical information and medical records. Controls were healthy volunteers 

having no diagnosis or symptoms of CHD or any other cardiac disease. Individuals 

with history of any bacterial or viral infection from last 15 days were excluded. 

Inclusion criteria for the dementia cases consisted of a dementia diagnosis 

documented by the patient’s physician which was made according to the Diagnostic 

and Statistical Manual of Mental Disorders-IV (DSM-IV) criteria for dementia 

screening (Chaudhry et al., 2014). Control group inclusion criteria included subjects 

with no clinical history of dementia and cognitively normal status based on Mini 

Mental State Examination (MMSE) described elsewhere  (Chaudhry et al., 2014). 
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Co-morbidities 

Information on co-morbidities was recorded on a pre-designed form for CHD cases 

and controls. This included diabetes, hypertension and obesity based on clinician's 

diagnosis and medical record review. Smoking status was also recorded based on the 

self-reported history. Information on presence of heart disease, stroke, diabetes, 

hypertension, obesity, depression, and head injury was also collected from dementia 

patients and controls as described previously (Chaudhry et al., 2014).  

Sample collection and screening 

Five ml of blood was drawn from study participants by venipuncture, out of which 

three ml was taken in plain tube for screening purposes and two ml was stored in 

EDTA vial for later genetic analysis. Isolated serum from the 3 ml blood stored in 

plain tube was screened for Human Immunodeficiency virus (HIV), Hepatitis C virus 

(HCV) and Hepatitis B virus surface antigen (HbsAg) using one-step device (Acu-

check®) and following the manufacturer’s instructions. Out of 848 participants, 5% 

tested positive for HCV and 1% for HbsAg. The HCV
+ 

and HbsAg
+ 

samples were 

excluded from subsequent analysis. Syphilis screening was only done for dementia 

cases and controls as described previously (Chaudhry et al., 2014). However none of 

the participants tested positive for HIV and Syphilis. 

SNP genotyping 

Genomic DNA extraction for CHD cases and controls was performed using the 

Promega Genomic DNA Purification Kit (Cat # A1125). DNA extraction method 
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used for dementia cases and controls is described previously (Chaudhry et al., 2014). 

Allele-specific primers (Forward primer: 5'-GCC ATG TCA GGG CCA GAA GTC 

G-3', Reverse primer 1: 5'- CCT CTG CGA GTG GCT GCT TTT C-3', Reverse 

primer 2: 5'- CCT CTG CGA GTG GCT GCT TTT G-3') were designed for 

rs1333049 polymorphism using web-based tool primer 3 

(http://bioinfo.ut.ee/primer3-0.4.0/) and synthesized from Gene Link, USA. PCR 

cycling conditions were followed as described in Table 1.  

Statistical analysis 

Descriptive statistics including mean and standard error of mean (SEM) was done in 

Microsoft Excel. For comparison between case and control groups, student's t-test for 

unpaired samples was performed. Statistical significance based on t-test was 

documented using a P-value of less than 0.05. Odds ratio and confidence intervals 

were calculated with the help of online software 

(http://www.medcalc.org/calc/odds_ratio.php). Calculation of Hardy-Weinberg 

equilibrium was done by chi square test using a statistical package SPSS version 

20.0 (SPSS, USA).  

RESULTS 

In the present study, there were 403 CHD cases (mean age ± SEM years, 55.08 ± 

0.535 years; 77.9% males) and 203 controls (mean age ± SEM years, 51.77 ± 0.421 

years; 77.8% males). Cases were categorized into three groups on the basis of type of 

first event experienced: MI (64.3%), Percutaneous Coronary Intervention (PCI, 

23.1%) and Coronary Artery Bypass Grafting (CABG, 12.6%). Almost all of the 
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participants were married in both cases and controls (99%). Body mass index (BMI) 

was calculated as Kg/m
2
 from weight measured in kilograms (Kg) and height 

measured in meters (m). Average Body Mass Index (BMI) was similar for CHD 

cases and controls (cases, 25.59 ± 0.302; controls, 26.35 ± 0.298; P=0.075). Systolic 

blood pressure (SBP) was found to be higher in cases compared to controls (cases, 

119.44 ± 0.99; controls, 114.23 ± 0.48; P=0.001) although the average values were 

within the normal range for both groups. On the contrary, based on the diastolic 

blood pressure (DBP), cases and controls were similar to each other (P=0.178). CHD 

cases and controls were significantly different on pulse rate (P=0.008). There were 

more diabetic and hypertensive CHD cases than controls (diabetic CHD cases vs. 

controls, 32% vs.18%: hypertensive CHD cases vs. controls, 39% vs. 27%). CHD 

cases and controls were significantly different on smoking (P=5.374×10
-07

). As 

expected, both groups were significantly different based on the family history of 

CHD or any other CVD (P=2.087×10
-32

). All the baseline characteristics for CHD 

cases and controls are explained in the Figure 1. The details on demographic and 

clinical variables for dementia patients (n=61; mean age ± S.D. 71.32 ± 9.9 years; 

49.2% male) and controls (n=115; mean age ± S.D. 66.37 ± 7.6 years; 69.6% male) 

were included elsewhere (Chaudhry et al., 2014). 

In our study, the genotype distributions in CHD cases and in controls were in Hardy-

Weinberg equilibrium (P=0.136; P=0.822, respectively). Also, the genotype 

distributions in dementia cases and in controls were in Hardy-Weinberg equilibrium 

(P=0.51; P=0.12, respectively). The present study showed that the locus 

9p21.3/rs1333049 was significantly associated with the risk of CHD in Pakistani 
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population (OR=1.65; 95% CI=1.09-2.47; P=0.001) but was not associated with the 

risk of dementia in this population (OR=0.507, CI=0.11-2.24, P=0.364). 

DISCUSSION 

In the present study, we have tested for the association of 9p21.3/rs1333049 with risk 

of CHD and dementia in Pakistani population. To our knowledge, these associations 

have not been tested previously in this population. CHD case samples for this study 

were recruited from different hospitals in Gujranwala and Lahore Division, which 

are frequently visited by patients from all over Pakistan. Therefore, this study is 

based on samples originating from all provinces and territories of Pakistan including 

Punjab, Sindh, Khyber Pakhtunkhwa, Balochistan, Islamabad, Federally 

Administered Tribal Areas (FATA) and Azad Kashmir. Surprisingly, average BMI 

was lower in CHD cases (25.59 Kg/m
2
) compared to controls (26.35 Kg/m

2
). This 

might be a result of careful eating, maintaining a healthy weight and exercise. Our 

study showed that the locus 9p21.3/rs1333049 was significantly associated with risk 

of CHD in Pakistani population (P=0.001). The risk allele, C, was observed to be 

associated with an increased risk of CHD in our population (OR=1.65, 95% 

CI=1.10-2.48). Previously, the risk allele C of rs1333049 was found to be associated 

with risk of CHD in Japanese (P=0.00027), Han Chinese (P=8.6×10
-05

) and 

European (P=3×10
-19

) populations (Samani et al., 2007; Hinohara et al., 2008; Lian 

et al., 2014). A study in Pakistani population also reported the association of C allele 

of rs1333049 with the increased risk of MI (OR=1.55, 95% CI=1.22-1.96) (Ahmed 

et al., 2013). In present study, frequency of the CC genotype was more in cases 

(29%) than controls (20%) (Table 2). Previously, a meta-analysis of seven case-
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control studies also reported increased CC frequency in cases (29%) compared to 

controls (22%) (Schunkert et al., 2008). In our study, the observed significant 

association of rs1333049 with risk of CHD is mainly attributed to increased C allele 

frequency in cases (55%) compared to controls (45%). Another study on two Asian 

populations, Japan and Korea, also reported a significant association between 

rs1333049 [C] and the risk of CHD (Hinohara et al., 2008). They reported a higher 

frequency of the allele C in cases (55%) as compared to controls (49%). In Pakistan, 

two previous studies based on MI patients have also reported association between the 

C allele of rs1333049 and the risk of MI (Saleheen et al., 2010; Ahmed et al., 2013). 

The reported association of C allele of rs1333049 with the risk of CHD in our 

population is, therefore, in accordance with the findings of previous studies.  

The locus 9p21.3/rs1333049 on 9p21.3 did not show association with risk of 

dementia in Pakistani population (OR=0.507, CI=0.11-2.24, P=0.364). This SNP 

was previously reported to show association with risk of late-onset Alzheimer’s 

disease (LOAD) in Han Chinese population (Yu et al., 2010), where the frequency of 

C allele was higher in cases (56%) compared to controls (49.2%). The C allele of this 

SNP also showed significant association with risk of vascular dementia and 

Alzheimer’s disease in another study (Emanuele et al., 2011). In their study, the 

frequency of C allele was also higher in cases (62.2%) compared to controls 

(60.7%). In our study, frequency of C allele was 19% in dementia cases compared to 

12% in controls that is consistent with the previous studies. However, there was no 

individual with CC genotype and the observed C allele frequency was mainly 

attributed to CG genotype (Table 3). We did not observe C allele association with 
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risk of dementia (P=0.364), probably due to small sample size of this study, and high 

genotype failure rate in these samples. This could, in part, be due to the inclusion of 

poor quality and low quantity of DNA samples for genotyping. Other limitation of 

this study is the non-random sampling of controls as they were selected based on 

convenience for both CHD and dementia. 

The exact functional relevance of this SNP is yet to be known, however, it is 

suggested to be involved in some regulatory mechanism. Finding significant 

association with risk of CHD in Pakistani population shows that this locus should be 

studied in more detail in larger sample to fully establish its role in the pathogenesis 

of CHD and dementia. 
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Table 1 : Cycling conditions used for genotyping of rs1333049 in allele-specific 

PCR 

Cycle No.               Step     Temperature Time 

      Lid Temperature 99 °C 

1 Initial Denaturation 95 °C 3 minutes 

2-36 

Denaturation 95 °C 60 seconds 

Annealing 63 °C (C) / 65 °C (G) 50 seconds (C) / 60 seconds (G) 

Extension 72 °C 60 seconds 

37 Final Extension 72 °C 10 minutes 

       Lid Temperature off 

38 Storage 8 °C  
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Table 2: Distribution of 9p21.3/rs1333049 genotype and allele frequencies in 

CHD cases and controls 

Genotype                                 

/ Allele 

MI
*
                    

N (%) 

PCI
**

                  

N (%) 

CABG
***

                  

N (%) 

Cases                                    

N (%) 

Controls                                    

N (%) 

GG 52 (28) 11 (12) 10 (20) 73 (18) 61 (30) 

GC 130 (50) 55 (59) 29 (57) 214 (53) 102 (0.50) 

CC 77 (22) 27 (29) 12 (23) 116 (29) 40 (20) 

Total 259 93 51 403 203 

G 0.45 0.41 0.48 0.45 0.55 

C 0.55 0.59 0.52 0.55 0.45  

*
MI=Myocardial Infarction; 

**
PCI=Percutaneous Coronary intervention; 

***
CABG=Coronary Artery 

Bypass Grafting 
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Table 3: Distribution of 9p21.3/rs1333049 genotype and allele frequencies in 

dementia cases and controls 

Genotype                                 

/ Allele 

Cases 

N (%) 

Controls 

N (%) 

CC 0 0 

CG 3 (8.57) 32 (29.09) 

GG 5 (14.28) 105 (95.45) 

Total 35* 110* 

G 0.81 0.88 

C 0.19 0.12 

*Remaining samples were either failed on genotyping or could not meet the quality control criteria 
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FIGURE LEGENDS 

Figure 1: Baseline characteristics of CHD Cases and Controls 
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Optical imaging of transmembrane voltage and intracellu-
lar calcium changes during systole and diastole offers a 

unique possibility to gain insight into pathophysiological pro-
cesses underlying cardiac development and disease.1–3 Electric 
recordings by extracellular (eg, surface) or impaling electrodes 

and patch-clamp techniques are widely used for the character-
ization of myocardial electrophysiology from the tissue to the 
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Rationale: Monitoring and controlling cardiac myocyte activity with optogenetic tools offer exciting possibilities 
for fundamental and translational cardiovascular research. Genetically encoded voltage indicators may be 
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whole heart level.

Objective: To test the hypothesis that cardiac myocyte–targeted voltage-sensitive fluorescence protein 2.3 (VSFP2.3) 
can be exploited as optogenetic tool for the monitoring of electric activity in isolated cardiac myocytes and the 
whole heart as well as function and maturity in induced pluripotent stem cell–derived cardiac myocytes.
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demonstrated distinct localization of VSFP2.3 at the t-tubulus/junctional sarcoplasmic reticulum microdomain 
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Optically recorded VSFP2.3 signals correlated well with membrane voltage measured simultaneously by patch 
clamping. The use of VSFP2.3 for human action potential recordings was confirmed by simulation of immature 
and mature action potentials in murine VSFP2.3 cardiac myocytes. Optical cardiograms could be monitored in 
whole hearts ex vivo and minimally invasively in vivo via fiber optics at physiological heart rate (10 Hz) and under 
pacing-induced arrhythmia. Finally, we reprogrammed tail-tip fibroblasts from transgenic mice and used the 
VSFP2.3 sensor for benchmarking functional and structural maturation in induced pluripotent stem cell–derived 
cardiac myocytes.
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cellular level. However, classical intracellular electrophysiol-
ogy is invasive, time-consuming, resource-intensive, and can 
typically not be performed repetitively in the same cardiac 
preparation over extended periods of time. Moreover, limited 
spatial resolution of extracellular electrophysiological tech-
niques does not allow for precise assessment of conduction 
disturbances at the micrometer scale. As an alternative meth-
odology, optical imaging of transmembrane voltage by use of 
voltage-sensitive dyes3–9 offers higher spatial and temporal res-
olution, but is hampered by cardiac toxicity and the inability to 

perform repeated measurements in chronic experiments. These 
limitations can be overcome by innovations in optogenetics, 
namely by the introduction of genetically encoded voltage 
indicators (GEVIs). Different GEVIs have been used to date 
mainly for imaging of electric activity in mouse10,11 and dro-
sophila12 brain, as well as in fish heart.13 Recently, the ArcLight 
GEVI has been transduced in human induced pluripotent stem 
cell (iPSC)–derived cardiac myocytes for imaging of action 
potentials (APs) in drug screening applications.14

The first GEVI was reported in 1997 and consisted of 
a fusion between GFP and a voltage-gated ion channel.15 
Although this and other early GEVIs only functioned well 
in Xenopus oocytes, more recent efforts by several groups 
focused on the use of isolated voltage sensing domains and 
specifically tuned single fluorescent proteins or made use of 
Förster (fluorescence) resonance energy transfer (FRET).16 
In cardiac myocytes and especially in beating heart tissue, 
FRET-based ratiometric imaging is preferred as it can be ap-
plied to minimize motion artifacts.

Because of its reasonably fast kinetics, the apparent 
biological inertness of the voltage-sensitive domain from 
Ciona intestinalis, reliable membrane targeting in excitable 
tissue, and its design for ratiometric imaging, the voltage-
sensitive fluorescent protein 2.3 (VSFP2.3) reporter seemed 
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αMHC α-myosin heavy chain

AP action potential

CFP cyan fluorescent protein (Cerulean)

FRET Förster (fluorescence) resonance energy transfer
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OCG optical cardiograms
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Figure 1. Identification of transgenic 
mice with cardiac targeting of voltage-
sensitive fluorescence protein 2.3 
(VSFP2.3). A, Schematic of cDNA 
encoding for VSFP2.3 under the control of 
the cardiac myocyte–restricted α-myosin 
heavy chain (αMHC) promoter and of the 
membrane topology as well as positional 
changes of the VSFP2.3 protein during 
cardiac depolarization and repolarization. 
B, Hearts from investigated transgenic 
mouse lines showed different yellow 
fluorescent protein (YFP) abundance; 
a wild-type (WT) heart analyzed with 
a similar camera setting is displayed 
for comparison; the lower right image 
corresponds to the lower middle 
image with a lower display range. C, 
Fluorescence emission spectrum from a 
αMHC-VSFP2.3 mouse (line no. 123) heart 
tissue under 440 nm illumination. In the 5 
color-coded regions of interest 2 emission 
peaks could be detected at 477 and 527 
nm indicating the presence of the cyan 
fluorescent protein (CFP) and YFP Förster 
(fluorescence) resonance energy transfer 
pairs.
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well-suited for recording membrane voltage in cardiac myo-
cytes. To date, sensors of the VSFP family have been mainly 
used to report membrane voltage changes in cultured neurons 
as well as in the brains of living mice.10 Whether VSFP2.3 
would be of similar use in cardiac myocytes has not been 
investigated.

The purpose of this study was to establish the first cardiac 
optogenetic voltage sensor mouse model with robust expres-
sion and function of VSFP2.3 under the control of the cardiac 
myocyte–specific α-myosin heavy chain (αMHC) promoter.17 
Analysis at the cellular and whole organ level revealed no 
transgene toxicity and produced highly reliable optical record-
ings of cardiac myocyte–specific membrane voltage changes 
during physiologically and pathologically stimulated contrac-
tion cycles. Furthermore, we demonstrate the applicability of 
VSFP2.3 for the monitoring of cellular function and matura-
tion in iPSC-derived cardiac myocytes.

Methods
Experimental animals were maintained in accordance with the guid-
ing principles of the American Physiological Society. Animal ex-
periments were approved by the Niedersächsisches Landesamt für 
Verbraucherschutz und Lebensmittelsicherheit.

Generation of Transgenic Mice
Transgenic mice were generated by pronuclear injection of αMHC-
VSFP2.3 cDNA (7783 bp; Figure 1A) released by BamHI/PmeI di-
gestion (Online Figure I). αMHC-GCaMP2 mice were generated as 
reporter controls with known cardiac toxicity using a similar strategy.

Echocardiography
Myocardial structure and function were assessed by echocardiogra-
phy using a Vevo 2100 system (Visual Sonics Inc, Toronto, Canada).

Isolation of Adult Mouse Cardiac Myocytes
Cardiac myocytes were isolated from adult transgenic mice according 
to a published protocol with modifications.18,19

Immunofluorescence Staining
Adult cardiac myocytes were incubated with mouse anti–ryanodine 
receptor type 2 and anti–calcium channel, voltage-dependent, L-type, 
α1C subunit antibodies followed by suitable secondary antibodies 
(Online Table I) for analyses by confocal laser scanning microscopy 
(LSM710/NLO, Zeiss).

RNA Sequencing and Bioinformatics
RNA sequencing was performed on an Illumina HighSeq-2000 plat-
form (single read 50 bp; >40 Mio reads per sample). Transcripts with 
an average RPKM (reads per kilobase per million mapped reads)
value of >1 were considered expressed and identified as differen-
tially regulated using a minimum absolute log2-fold change of 1 and 
Benjamin and Hochberg–adjusted P value (false discovery rate) of 
0.05. VSFP2.3 transcript abundance was estimated by aligning raw 
FASTQ RNA reads to the VSFP coding sequence using bowtie2. 
Gene ontology enrichment analysis of bioprocesses was performed 
with GOSeq.20 RNA sequencing data were deposited in the National 
Center for Biotechnology Information’s Gene Expression Omnibus 
(GEO series accession number GSE69190).

Combined Patch-Clamp and Fluorescence 
Recordings in Isolated Cardiac Myocytes
Cardiac myocytes were investigated using the patch-clamp technique 
under whole-cell configuration. Cyan and yellow light was detected 
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Figure 2. Assessment of transgene toxicity in 
α-myosin heavy chain (αMHC)-voltage-sensitive 
fluorescence protein 2.3 (VSFP2.3) mice.  
A, Echocardiography at 16 weeks of age confirmed 
that VSFP2.3 did not cause deleterious effects: 
(A) heart weight/body weight ratio (HW/BW; HW 
estimated by echocardiography; inset exemplifies 
heart size in indicated lines), (B) fractional area 
shortening (FAS), (C) left ventricular dimensions 
in diastole (LVIDd), (D) left ventricular dimensions 
in systole (LVIDs). Note the strong pathological 
phenotype in αMHC-GCamP2 mice (n=3 at 15 
weeks of age). Wild-type (WT) and VSFP2.3 mouse 
lines: n=8 (4/4 male/female) mice. *P<0.05 vs 
wild-type by 1-way ANOVA with Tukey multiple 
comparisons test. E, Selection of transcripts from 
the 60 most abundant mRNA in WT and VSFP2.3 
mice (pooled; n=4) in direct comparison with 
VSFP2.3 transcript abundance in the 2 transgenic 
mice. F, Plot of all 11 584 expressed protein-
encoding transcripts (average reads per kilobase 
per million mapped reads [RPKM] >1) with the 
170 differentially expressed transcripts marked 
either as crosses (106/170 associated with the 
gene ontology term immune system process) or 
boxes (Others). Nppa (atrial natriuretic peptide) 
is highlighted as the only differentially expressed 
cardiac gene.
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with 2 photomultiplier tubes connected to an Optoscan system 
(Cairn Research; Online Figure II). Voltage-dependent fluorescence 
changes were assessed in voltage-clamp mode. In current-clamp ex-
periments, APs were triggered by injecting 2 nA/2 ms currents at 1 
Hz. Prerecorded APs of human embryonic stem cell–derived cardiac 
myocytes and human left ventricular cardiac myocytes were imposed 
on VSFP2.3-expressing mouse cardiac myocytes in voltage-clamp 
mode to assess VSFP2.3 responses to longer, simulated human APs.

Whole Heart Optical Mapping
Hearts were imaged (MVPLAPO 0.63x, NA 0.15, Olympus) under 
mercury lamp (HBO103W/2, Olympus) illumination, using a 438±24 
nm BP filter (cyan fluorescent protein [CFP] excitation, Semrock). 
Emitted light was band passed by a 542±27 nm filter (yellow fluo-
rescent protein [YFP] emission, Semrock, Inc) and recorded with a 
100×100 pixel CMOS camera (Ultima-L, SciMedia) at a frame rate 
of 500 Hz.

Fiber Optic Recordings
Three polymethyl methacrylate fibers (1 mm individual fiber diam-
eter; Edmund Optics Inc) were assembled into a triangular array. 
Illumination provided by a metal halide lamp (Photofluor II, 200 
W, AHF analysentechnik AG) passed a filter cube (excitation fil-
ter, ET436±20 nm; excitation dichroic, 455 nm LF) and was guid-
ed through the optic fiber bundle to directly illuminate the heart. 
Emission light was collected by the same fiber bundle, passed 
through a second (emission) filter cube (emission dichroic, 510 nm 

LPXR; CFP, ET480±40 nm; YFP, ET535±30 nm), and directed to 2 
EMCCD cameras (Cascade 128+, Photometrics) for separate record-
ings of CFP and YFP signals. Proof-of-concept experiments were 
performed first in Langendorff-perfused hearts and subsequently in 
anesthetized (2% isoflurane) and mechanically ventilated mice via a 
left lateral thoracotomy.

Generation of αMHC-VSFP2.3/Neomycin 
Resistance Gene iPSC Lines
iPSCs were generated from tail tip fibroblasts of a double transgenic 
mouse–expressing VSFP2.3 and a neomycin resistance gene un-
der the control of the cardiac myocyte–restricted αMHC promoter 
(Online Figure III) according to standard protocols.21 The genotype 
was confirmed by polymerase chain reaction and evidence for pluri-
potency was collected by reverse transcriptase polymerase chain re-
action and immunofluorescent staining for stemness markers (Online 
Table I).

Differentiation and Selection of Cardiac Myocytes 
From αMHC-VSFP2.3/Neomycin Resistance Gene 
iPSCs
Cardiac differentiation was performed in spinner flasks for 11 days 
followed by additional 7 days of G418 (200 μg/mL) for cardiac 
myocyte selection. Resulting embryoid bodies showed spontaneous 
beating and were subsequently dissociated enzymatically. Purity of 
cardiac myocytes was assessed by flow cytometry (BD LSR III) af-
ter staining for sarcomeric α-actinin (Sigma). iPSC-derived cardiac 
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Figure 3. Targeting of voltage-sensitive 
fluorescence protein 2.3 (VSFP2.3) to the 
t-tubulus/junctional sarcoplasmic reticulum (SR) 
microdomain. A, Confocal microscopy in isolated 
adult mouse cardiac myocytes demonstrated 
colocalization of VSFP2.3 with the Cav1.2 α1-
pore subunit of L-type calcium channels in the 
sarcolemma and the Ryanodine receptor type 2 
(RyR2) pore-subunit at SR junctional microdomains. 
B, Enlarged from the highlighted area (white box) in 
the merged image in A with the scan-line in white 
used for quantification of fluorescence intensities. C, 
Fluorescence intensity plot confirming the localization 
of VSFP2.3 at the t-tubule/junctional SR microdomain. 
Scale bar, 10 μm. CFP indicates cyan fluorescent 
protein; and YFP, yellow fluorescent protein.
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myocytes were cultured as monolayers for additional 5 or 12 days. 
For FRET imaging, iPSC-derived cardiac myocytes were plated on 
custom-made recording chambers, paced at 1 Hz under field stimula-
tion and recorded with a dual photomultiplier setup (IonOptix) with 
appropriate CFP and YFP filters (CFP excitation, 436±20 nm; emis-
sion, 480±40 nm [CFP] and 535±30 nm [YFP]).

Statistics
Data are displayed as mean±SEM unless stated otherwise. AP ki-
netics were calculated by a custom-made algorithm programmed in 
Matlab. Fluorescence signals were low-pass filtered at 250 Hz before 
determining AP characteristics. Statistical analyses were performed 
using Prism5 software (GraphPad) and the respectively indicated 
tests. The probability of a type I error was set to α=0.05.

Detailed Methods are available in the Online Data Supplement.

Results
Stable Expression of VSFP2.3 With No Evidence for 
Cardiotoxicity
Forty-three pups were obtained from ≈200 pronuclear injec-
tions, and 6 transgenic founder candidates were selected by 
genotyping. Offspring from 4 of 6 founders (F

0
-generation) 

showed unambiguous myocardial YFP fluorescence, indicat-
ing VSFP2.3 expression throughout the heart, with differenc-
es in expression strength in the individual αMHC-VSFP2.3 
founders (Figure 1B). Fluorescence emission spectrum scans 
demonstrated the anticipated spectral properties of VSFP2.3 
with characteristic peaks at 477 nm (Cerulean/CFP) and 527 

nm (Citrine/YFP), confirming expression of both fluorescent 
proteins (Figure 1C).

Based on previous reports and our own experience, 
overexpression of optogenetic transgenes in the heart (such 
as GCaMP222) can impair cardiac function or myocardial 
structure. We tested for potential transgene toxicity by echo-
cardiography in male and female transgenic mice (n=4/
sex/mouse line) and did not find differences in myocardial 
structure and contractility in the αMHC-VSFP2.3 lines and 
control wild-type mice (Figure 2A–2D; Online Figure IV), 
confirming that the VSFP2.3 did not cause cardiotoxicity 
even at high abundance (line no. 123); this was in marked 
contrast to mice overexpressing the GCaMP2 calcium sensor 
under αMHC control. We further scrutinized VSFP2.3 tran-
script abundance and whether transcription of protein encod-
ing genes was altered by VSFP2.3 overexpression. VSFP2.3 
was among the 60 most abundant transcripts identified by 
RNA sequencing, expressed at similar level as myosin-bind-
ing protein C (Mybpc3) and ≈4-fold lower as compared with 
αMHC (Myh6; Figure 2E). Only 170 of the expressed 11 584 
protein encoding transcripts were identified as differentially 
regulated in VSFP2.3 mice (Figure 2F), with 106 of those 
associated with the gene ontology term immune system pro-
cess. Nppa (atrial natriuretic peptide) was the only differen-
tially expressed cardiac gene, suggesting a mild molecular, 
but structurally and functionally unapparent phenotype. This 

Figure 4. Determination of voltage–fluorescence 
relationship. A, Representative traces of patch-
clamp experiment in a cardiac myocyte from a 
α-myosin heavy chain (αMHC)-voltage-sensitive 
fluorescence protein 2.3 (VSFP2.3) mouse 
according to the depicted voltage clamp protocol 
with the anticipated decrease in cyan fluorescent 
protein (CFP) and Förster (fluorescence) resonance 
energy transfer (FRET)–induced increase in yellow 
fluorescent protein (YFP) fluorescence. B, FRET 
signals (YFP/CFP ratios, red traces) at indicated 
holding potentials (black traces). C, Steady-state 
FRET ratio as a function of defined membrane 
potentials and on/off kinetics of the VSFP2.3 
reporter (n=10). D, Stimulated action potentials 
(APs) with corresponding CFP, YFP, and FRET 
signals; superimposed electric and optical AP for 
direct comparison of the respective kinetics. E, 
Linear correlation with confidence interval between 
optical APD50 and electric APD90 (action potential 
duration at 50 and 90% repolarization) (358 APs 
from 7 cardiac myocytes analyzed). F, Simulated 
human adult and embryonic cardiac myocyte APs 
with the AP clamp technique in αMHC-VSFP2.3 
mouse (line no. 123) cardiac myocytes.
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lack of transgene toxicity was further confirmed by patch 
clamping of cardiac myocytes from WT and VSFP2.3#123 
mice (Online Table II).

Targeting of VSFP2.3 to the t-Tubulus/Junctional 
SR Microdomain
Confocal microscopy of isolated cardiac myocytes sug-
gested that VSFP2.3 was strictly localized to sarcolemmal 
membranes and the abundant transverse (t)-tubule mem-
brane invaginations typical for mature cardiac myocytes 
(Figure 3A). Costaining for the sarcolemmal Ca

v
1.2, α1C 

pore-subunit and the principal intracellular SR calcium re-
lease channel in the heart, that is, the ryanodine receptor 
type 2, confirmed the anticipated localization of VSFP2.3 
at the t-tubulus/junctional SR microdomain (Figure 3B and 
3C). Interestingly, VSFP2.3 was also highly expressed at 
the cell surface, both at the intercalated disc and the lateral 
surface membrane.

VSFP2.3 Reports Membrane Voltage in Cardiac 
Myocytes
Isolated adult cardiac myocytes subjected to voltage steps 
under whole-cell patch-clamp configuration showed voltage-
dependent fluorescence changes similar to the properties of 
VSFP2.3 measured in PC12 cells and cortical neurons,23,24 
with decreased CFP fluorescence and increased YFP fluores-
cence on membrane depolarization (Figure 4A). The base-
line normalized ratio of YFP over CFP fluorescence (ΔR/R

o
; 

Figure 4B) was measured during the last 10 ms of each 100 
ms voltage step and could be well fitted with a Boltzmann 
function, revealing a half maximal optical response at −48±2 
mV (n=10) and a dynamic range of 15% ΔR/R

o
 (Figure 4C, 

left).
To assess the kinetics of VSFP2.3 in cardiac myocytes, we 

fitted the rising and falling fluorescence intensities in response 
to voltage steps with a single or double exponential function 
and found that the rising signals were best described by 2 time 
constants, τ

ON,fast
 and τ

ON,slow
 of 3±0.8 and 16±1.6 ms, respec-

tively (Figure 4C, middle; n=10, at +20 mV). Fluorescence 
signal decay was well fitted by a single exponential function 
with a time constant τ

OFF
=31±3 ms (Figure 4C, right; n=10, at 

+20 mV).
The relatively slow on time constant accounted for the 

lack of the phenotypically characteristic fast phase 0 depolar-
ization of mouse cardiac myocyte APs in VSFP2.3 responses 
(Figure 4D). Despite the slow off time constant of VSFP2.3, 
we observed that electric and optical APD (action poten-
tial duration) correlated well, with the strongest correlation 
noted between electric APD

90
 and optical APD

50
 (R2=0.88; 

P<2.2e−16), suggesting that bona fide electric repolarization 
(APD

90
) can be approximated robustly from the optical APD

50
 

values in mouse cardiac myocytes (Figure 4E) by linear re-
gression analysis: electric APD

90
=1.125×optical APD

50
+19.8 

ms. Stimulation with the adrenergic receptor agonist iso-
prenaline (1 μmol/L) and increasing electric stimulation 

Figure 5. Optical mapping of action potential 
(AP) propagation in Langendorff-perfused 
hearts. A, Synchronous ECG and optical 
cardiogram (OCG) recordings (yellow fluorescent 
protein [YFP] emission under cyan fluorescent 
protein [CFP] excitation) from a Langendorff-
perfused α-myosin heavy chain-voltage-sensitive 
fluorescence protein 2.3 (no. 123) heart during 
sinus rhythm (screen shot from Online Movie I 
at the indicated time point). B, ECG and OCG 
traces during 10 Hz electric pacing via a point 
electrode (PE; visible above the epicardial surface 
of the right ventricle [RV]). Black arrows indicate 
the initiation of the electric pulses. Yellow OCG 
signal area delineates single frames visualizing 
anisotropic excitation spread below. Red box in left 
picture: region of interest used for OCG recording 
(screen shots from Online Movie II at the indicated 
time points). C, ECG and OCG traces during a 
ventricular arrhythmia. Recordings were performed 
after termination of a 12.5-Hz 200-pulse train for 
arrhythmia induction. Numbered arrows correspond 
to single frame images below (screen shots from 
Online Movie III at the indicated time points). 
Scale bars, 1 mm. LA indicates left atrium; LV, left 
ventricle; and RA, right atrium.
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frequency (0.5–2 Hz) shortened the optical APD as antici-
pated (Online Figure V). Simulations of the longer lasting 
human APs from adult cardiac myocytes and the slower APs 
from human embryonic stem cell–derived cardiac myocytes 
in VSFP2.3-mouse cardiac myocytes with the AP clamp tech-
nique indicated the applicability of the VSFP2.3 sensor for 
evaluations of upstroke and repolarization in human cardiac 
myocytes (Figure 4F).

Optical Cardiogram Recordings in VSFP2.3 
Transgenic Mouse Hearts
For assessing whether cardiac myocyte-restricted VSFP2.3 
could be exploited to record optical cardiograms (OCGs), 
a fast camera system at a frame rate of 500 Hz was used 
to visualize the endogenous YFP signal response from the 
epicardium (8×8 mm field of view) under CFP excitation. 
Fractional changes of YFP signals (ΔF/F) were derived and 
denoted as optical APs or OCGs. As the maximum frac-
tional change using this imaging configuration did not ex-
ceed 2.5%, spatiotemporal filtering with binning of 3×3 or 
5×5 pixels was performed to increase the signal/noise ra-
tio of the OCG. At sinus rhythm, OCGs were synchronous 

with the simultaneously recorded ECGs (Figure 5A; Online 
Movie I). Importantly, electric pacing of the heart at the 
physiological frequency of 10 Hz confirmed 1:1 capture, 
evidenced by robust OCG signal spread (Figure 5B; Online 
Movie II). Subsequently, activation times were selected us-
ing a 50% threshold and signal averaging from consecu-
tive pacing cycles was used to construct representative 
activation maps from the cardiac VSFP2.3 signal. These 
data confirmed that the transgenic VSFP2.3 sensor captures 
the expected anisotropic activation spread in the heart at 
maximal conduction velocity of 0.58±0.14 m/s and minor 
perpendicular conduction velocity of 0.25±0.08 m/s (n=6). 
Finally, we resolved fast, abnormal cardiac rhythms classi-
fied by anatomic origin as ventricular arrhythmia induced 
by 200-pulse trains administered at 12.5 Hz (Figure 5C; 
Online Movie III).

Development of a Fiber Optic System for In Vivo 
OCG Recordings
To advance toward our goal of minimally invasive in vivo re-
cordings of spread of excitation, we assembled a prototype fi-
ber optic imaging system for ratiometric analysis of VSFP2.3 
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Figure 6. Optical cardiograms recordings using 
fiber optics. A, Optical fiber setup (left). (a) light 
source, (b) excitation filter cube, (c) optic fiber 
bundle, (d) emission filter cube, (e1, e2) cascade 
cameras for the recordings of cyan fluorescent 
protein (CFP) and yellow fluorescent protein (YFP) 
signals, respectively. The enlarged image shows the 
tip of the fiber bundle (3× polymethyl methacrylate 
fiber 1 mm) (right). The fiber bundle placed against 
a beating heart in situ. Representative CFP, YFP 
recordings, and optical action potential traces 
during spontaneous beating in vitro without (B) 
and with (C) the addition of blebbistatin (used to 
suppress motion artifacts). D, In vivo recordings of 
membrane voltage using fiber optics. Note: Signals 
from only 2 channels are displayed in B and C.
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signals, comprising a bundle of 3 optical fibers connected to 
2 high-speed cameras (Figure 6A). We first tested this set-up 
in Langendorff-perfused, spontaneously beating hearts from 
αMHC-VSFP2.3 mice (line no. 123) without (Figure 6B) and 
with (Figure 6C) the application of blebbistatin (used for elec-
tromechanical uncoupling) and observed the anticipated CFP/
YFP signals in both groups. Proof-of-concept in vivo studies 
confirmed the use of the fiber optic approach in the presence 
of normal blood perfusion (Figure 6D), with signal kinetics 
similar to the ones observed in the Langendorff experiments 
(Table).

VSFP2.3 in iPSC-Derived Cardiac Myocytes for 
Functional and Morphological Studies
Finally, we tested the use of the VSFP2.3 sensor in docu-
menting structural and functional maturation in iPSC-de-
rived cardiac myocytes. For this, we first generated double 
transgenic mice by crossing αMHC-neomycin resistance 
gene (expression of the neomycin resistance in cardiac my-
ocytes25) and αMHC-VSFP2.3 mice (line no. 123; Online 
Figure IIIA). iPSC lines were then generated from tail tip 
fibroblast using standard procedures and pluripotency was 
confirmed (Online Figure IIIB and IIIC). Under G418 se-
lection in spinner flask cultures, cardiac myocyte purities of 
>85% could be achieved (Figure 7A). In extended cardiac 
myocyte cultures, that is, 11+7+5 and 11+7+12 days, clear 
sarcolemma targeting of VSFP2.3 was visible (Figure 7B). 
However, the lack of t-tubulation at both investigated time 
points confirmed low structural maturity in iPSC-derived 
cardiac myocytes (refer to Figure 3 for comparison with the 
classical signal pattern in an adult cardiac myocyte from 
a αMHC-VSFP2.3 mouse [line no. 123]). Despite limited 
structural maturation, we could exploit the VSFP2.3 expres-
sion to study membrane voltage changes in iPSC-derived 
cardiac myocytes (Figure 7C). The fractional change in 

CFP/YFP-FRET (ΔR/R) in iPSC-derived cardiac myocytes 
was ≈4% (Figure 7D) and thus comparable with the signals 
observed in adult cardiac myocytes (Table). Notably, signal 
increase velocity (max. upstroke, 5.3±0.6 versus 2.8±0.1 
ΔR/s) and signal duration (APD

90
, 209±22 versus 491±46) 

clearly distinguished adult from fetal-like iPSC-derived car-
diac myocytes (Table). Importantly, simultaneous recordings 
of electric APD

90
 and optical APD

50
 correlated similarly well 

in iPSC-derived cardiac myocytes (Online Figure VI) as in 
adult cardiac myocytes (Figure 4E) from VSFP2.3 mice; 
note however that electrophysiological recordings in the 
small iPSC-derived cardiac myocytes was technically dif-
ficult to perform.

Discussion
Optogenetic tools are evolving rapidly and have been wide-
ly introduced to monitor and control neuronal activity.23,26 
With the introduction of channelrhodopsin-2 into cardiac 
myocytes it became possible to control the beating behavior 
in isolated cardiac myocyte and whole heart preparations.27 
For monitoring of electric activity in whole heart, chemi-
cal probes remain the gold-standard since their introduc-
tion ≈40 years ago.8 Here, we demonstrate the use of an 
advanced GEVI and classical targeted transgenesis to in-
troduce VSFP2.3 into cardiac myocytes for in vitro and in 
vivo monitoring of physiological and pathological electric 
activity in mature and immature cardiac myocytes as well 
as whole hearts. In addition, we provide proof of concept 
for the use of VSFP2.3 in benchmarking cardiac myocyte 
maturation.

Advantages of GEVIs when compared with classical 
low molecular weight voltage-sensitive dyes include (1) ho-
mogeneous signal intensity independent of organ perfusion 
and cellular uptake, (2) cell-specific targeting of GEVIs, and 
(3) the applicability in longitudinal studies with repeated 

Table.  Summary of VSFP2.3 Parameters

  Whole Heart

Adult CMs

Adult CMs iPSC-CMs

  In Vitro In Vivo

  Optical Mapping Fiber Optics Fiber Optics VSFP Current Clamp*

Max. ∆R/R, % 1.8±0.2† 1.1±0.1 1.2 2±0.2 102±6 4.96±0.48 3.95±0.28

Max. upstroke, s−1 2.7±0.4† 2±0.2 1.5 5.5±0.3 201±43 5.3±0.6 2.8±0.1

APD
20

, ms N.D. 29±3 43 71±23 2.6±0.5 89±13 171±9

APD
50

, ms 60±9 50±3 65 100±26 13±17 142±16 251±23

APD
90

, ms 87±8 79±6 111 181±35 71±21 209±22 491±46

Temperature, °C    37     37    37  37    37 RT RT

Beating frequency (bpm) 600 (point stimulation) 505±31 (sinus rhythm) 364 (sinus rhythm) 60 (point stimulation) 60 (field stimulated) 60 (field stimulated)

n 6 4 2 7 4 3

VSFP2.3 signals were recorded in whole heart or CM with stable expression of VSFP2.3 (all from α-myosin heavy chain-VSFP2.3 no. 123). APD
20/50/90

 indicates action 
potential duration at 20, 50, and 90% repolarization; bpm, beats per minute; CFP, cyan fluorescent protein (Cerulean); CM, cardiac myocyte; iPSC, induced pluripotent 
stem cell; RT, room temperature; VSFP2.3, voltage-sensitive fluorescence protein 2.3; and YFP, yellow fluorescent protein (Citrine).

*Data recorded by parallel patch clamping (current clamp mode) in adult cardiac myocytes are displayed for comparison (max. ∆R/R is in millivolt and upstroke velocity 
is in volt per second). Data are displayed as mean±SEM.

Values are based on the evaluation of the CFP/YFP Förster (fluorescence) resonance energy transfer ratio (ΔR/R) with the exception of the optical mapping experiment (
†ΔF/F YFP under CFP excitation).

 by guest on September 11, 2015http://circres.ahajournals.org/Downloaded from 



Chang Liao et al  Optogenetic Voltage Sensing in Cardiac Myocytes  409

measurements in the same tissue sample. For studies in car-
diac myocytes, FRET-based GEVIs seem advantageous, be-
cause of the possibilities to (1) correct for intensity changes 
as a consequence of out-of-plane motion during contrac-
tion, which typically requires electromechanical uncoupling 
by pharmacological means (eg, 2,3-butanedione monoxime 
[BDM]28 or blebbistatin29) and (2) calibrate the ratiometric 
FRET value for better quantitative comparison of individual 
experimental results in tissues and cells.

Caveats of transgenic reporters in the heart include 
unwanted effects on myocardial structure and function. 
Depending on the mouse model and strain as well as trans-
gene abundance, even the commonly used fluorescent pro-
teins such as GFP can elicit cardiotoxic effects.30 Another 
example is the inadvertent developmental cardiac toxicity 
associated with the GCaMP2 calcium reporter, making it 
necessary to limit its expression to defined postnatal time 
windows.22 Conversely, VSFP2.3 seemed to be biologically 
inert and did not cause any notable functional or structural 
changes, allowing us to study the mouse model with the 
highest VSFP2.3 expression and thus the strongest signal 
(αMHC-VSFP-line no. 123). Molecular evidence by RNA 
sequencing confirmed no dysregulation of cardiac structural 
and ion channel genes, but suggested an otherwise unappar-
ent immune response, potentially elicited by the transgenic 
expression of nonmammalian peptides (ie, voltage-sensitive 
domain of C intestinalis, CFP, and YFP).

FRET-based sensors typically show <10% ΔR/R. 
Therefore, they require dedicated and low-noise detection 
systems for proper signal recording and processing. VSFP2.3 
showed high maximal ΔR/R (>10% in voltage clamp analy-
ses) with an appropriate dynamic range for monitoring the 
physiological cardiac myocyte voltage range (−80 to +20 mV; 
Figure 4C). The on and off kinetics of VSFP2.3 are, however, 
not fast enough to faithfully report the fastest components of 
the cardiac myocyte AP and the nonlinear fluorescence–volt-
age relationship saturates at the peak of the AP. Collectively, 
this resulted in an apparent plateau and a prolonged duration 
(APD

90
, 180–200 ms) of the optical membrane potential re-

corded in isolated adult mouse cardiac myocytes (Figure 4D). 
Optical recordings using the voltage-sensitive aminonapth-
ylenylpyridium dye di-4-ANEPPS,31 impaling electrode mea-
surements,32 and monophasic AP recordings33 revealed APD

90
 

values of 30 to 65 ms in mouse ventricular myocardium. Thus, 
VSFP2.3 cannot replace the state-of-the-art electrophysiologi-
cal recordings in studies where the shape of the AP is in the 
center of interest. However, it is important to note that despite 
these limitations, we found a strong correlation of the VSFP2.3 
APD

50
 and patch-clamp recorded APD

90
 (Figure 4E), suggest-

ing that using mathematical models,34 the electric AP could be 
inferred from the optical membrane potential. Moreover, the 
VSFP2.3 sensor was well suited to study the spread of elec-
tric excitation in whole heart preparations ex vivo (Figure 5) 
and in vivo (Figure 6); the latter is currently not possible with 
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Figure 7. Assessment of morphology and function 
in induced pluripotent stem cell (iPSC)–derived 
cardiac myocytes from α-myosin heavy chain- 
voltage-sensitive fluorescence protein 2.3/
neoR double transgenic mice. A, iPSCs were 
differentiated in bioreactor cultures for 11 days 
followed by selection in the presence of G418 for 
additional 7 days; unselected cell pools contained 
<10% and selected cell pools >85% cardiac 
myocytes (flow cytometry was performed on 
culture days 11 and 18, respectively). B, Selected 
iPSC-derived cardiac myocytes were plated as 
monolayer cultures and subjected to live cell confocal 
microscopy after 5 and 12 additional days in culture; 
clear membrane localization of the sensor was 
visible. Scale bars, 20 μm. C, Optical imaging of 
cyan fluorescent protein (CFP) and yellow fluorescent 
protein (YFP) and corresponding YFP/CFP–Förster 
(fluorescence) resonance energy transfer ratio (ΔR/R) 
in iPSC-cardiac myocyte without and under 1 Hz field 
stimulation on culture day 11+7+1. D, Average of 10 
optical action potentials (under electric stimulation at 
1 Hz).
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chemical probes. Although not directly demonstrated in this 
study, performing series of in vivo optical measurements will 
be possible in αMHC-VSFP2.3 mice or cross-breads with 
additional genetic modifications. Finally, introducing volt-
age transients derived from human cardiac myocyte APs in 
VSFP2.3 mouse cardiac myocytes provided conceptual evi-
dence for the suitability of cardiac myocyte–targeted VSFP2.3 
in monitoring cardiac myocyte APs in species with intrinsi-
cally slower repolarization (APD

90
, ≈300 ms in human versus 

<100 ms in mouse).35–38

Targeting of VSFP2.3 to the sarcolemma is essential for 
its voltage-dependent activity and may even allow for the 
analysis of sarcolemma-associated subcompartments such as 
t-tubules by super-resolution microscopy39 using biophysi-
cally optimized fluorochromes (ie, with enhanced stability 
under high-power laser excitation and reduction in physical 
size). A particularly exciting application could be the parallel 
optical assessment of membrane voltage changes and calcium 
release events at the sarcolemma/SR dyads. Robust labeling of 
the t-tubular system in adult mouse cardiac myocytes with the 
VSFP sensor suggests that in principle this would be possible 
if multi-color super-resolution imaging becomes accessible.

In addition to functional imaging, the use of VSFP to 
benchmark cardiac myocyte growth and maturation seems 
to be an attractive methodology. Fetal up to early postnatal 
cardiac myocytes lack any or have only a residual t-tubular 
membrane system.40–42 Accordingly, we observed no t-tubu-
lation in iPSC-derived cardiac myocytes even in extended 
(30 days) monolayer cultures. In line with the resetting of 
somatic cells to a fetal state, iPSC-derived cardiac myo-
cytes could be also clearly distinguished from adult cardiac 
myocytes by their slower optical AP upstroke and slower re-
polarization (Table). Although we cannot provide evidence 
for enhanced maturation under the conditions studied, our 
experimental data support the notion that longitudinal stud-
ies can be performed minimal invasively in the same cell 
preparation for screening of to date unknown maturation 
factors. Similarly and as suggested by others, GEVIs can 
be used in drug screens for arrhythmogenic potential.14,43 
In contrast to studies using voltage indicator dyes, GEVIs 
would also allow studies on chronic exposure to drugs or 
other stimuli.

A key objective of our study was to introduce VSFP2.3 
for imaging of cardiac electric activity or OCG in vivo. 
Presently, voltage-sensitive dyes (eg, di-4-ANEPPS) are 
typically used in ex vivo Langendorff-perfused hearts in 
combination with excitation–contraction uncouplers (eg, 
blebbistatin or BDM) to study epicardial spread of electric 
activation. This strategy cannot be applied in vivo because 
of the toxicity of the commonly used dyes and the incom-
patibility of the in vivo use of electromechanical uncouplers 
as well as their effects on AP morphology.6,44–47 Here, we 
provide first experimental evidence that a GEVI, expressed 
stably and homogeneously in cardiac myocyte membranes 
in vivo, can overcome these limitations. We first scrutinized 
the VSFP-imaging modality in Langendorff-perfused hearts 
and validated its use for the visualization of myocardial elec-
tric conduction under physiological and pathological heart 

rate and rhythm (Figure 5). For minimally invasive in vivo 
recordings, we developed a fiber optic system and collected 
evidence for its applicability also in the absence of electro-
mechanical uncouplers (Figure 6). In proof-of-concept stud-
ies in vivo, we could finally demonstrate its applicability in 
blood-perfused hearts (Figure 6D). Importantly, AP values 
recorded ex vivo (Tyrode’s perfused) and in vivo (blood per-
fused) at physiological heart rates were similar (Table). With 
further advances of the imaging technology (ie, smaller opti-
cal fibers and multiple-fiber arrays; optimized positioning of 
the fiber array on the epicardial surface), we anticipate that 
spatial resolution can be further improved. In addition, fur-
ther advanced GEVIs (eg, with near-infrared reporters) may 
ultimately also allow for closed chest imaging of heart rate 
and rhythm with to date unsurpassed spatial and temporal 
resolution.

Taken together, our study established first proof of con-
cept for the use of a genetically targeted FRET-based GEVI 
for the visualization of electric activity in isolated cardiac 
myocytes of different developmental stages and the whole 
heart and in vivo, with and without electromechanical un-
couplers. We anticipate that further optimized GEVIs11 and 
the application of novel fluorochromes for deep tissue im-
aging and super-resolution imaging together with advanced 
engineering of optical detection systems will advance 
the field to enable reliable membrane voltage recordings 
(OCGs) in chronic experiments, with applications in stud-
ies of fundamental cardiovascular biology and drug screens, 
in addition to more specific applications such as monitor-
ing of electromechanical coupling of cell grafts for heart 
regeneration.
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What Is Known?

•	 Voltage-sensitive dyes are used widely for optical imaging of electric 
activity ex vivo, but not in vivo.

•	 Optogenetic tools enable optical monitoring and control of cellular 
 activity in vitro and in vivo.

What New Information Does This Article Contribute?

•	 Introduction of the first mouse model with cardiac myocyte–restricted 
expression of voltage-sensitive fluorescence protein 2.3 (VSFP2.3), a 
genetically encoded voltage indicator.

•	 Demonstration of robust membrane voltage imaging in cardiac myo-
cytes ex vivo (isolated adult cardiac myocytes), in situ (Langendorff-
perfused heart), in vivo (open chest fiber optics), and in vitro (induced 
pluripotent stem cell–derived cardiac myocytes) without cardiac 
toxicity.

•	 Transgenic VSFP2.3 enabled benchmarking of structural (t-tubulation) 
and functional (optical cardiograms) properties in isolated embryonic 
and adult cardiac myocytes and whole hearts.

Optogenetic tools are evolving rapidly for monitoring and control-
ling cellular activity. VSFP2.3 is particularly attractive for study-
ing structural and functional properties of cardiac myocytes and 

whole hearts, because of its targeted expression at the sarco-
lemma and ratiometric fluorescence energy transfer recordings 
to minimize motion artifacts in beating hearts. Lack of appar-
ent toxicity is another important prerequisite, especially for lon-
gitudinal studies in vivo and in vitro cardiac myocyte cultures. 
The demonstration that human action potentials can also be vi-
sualized by VSFP2.3 documents its use beyond rodent models. 
Importantly, optical cardiograms could be used to map electric 
impulse propagation with high temporal and spatial resolution 
in Langendorff-perfused hearts. In situ fiber optic recordings in 
spontaneously beating blood-perfused hearts provided proof of 
concept for the applicability of VSFP2.3 in minimal invasive as-
sessments of impulse propagation in vivo. Collectively, the results 
of this study provide evidence for the versatile use of VSFP2.3 
in assessments of cardiac myocyte structure and function. We 
anticipate that genetically encoded voltage indicators such as 
VSFP2.3 will find broad applications in fundamental studies of 
cardiac myocyte and heart development, assessments of struc-
tural and functional alterations in heart disease, and scrutiny of 
innovative therapeutics, including the assessment of electric in-
tegration of cardiac myocyte grafts in attempts to remuscularize 
failing hearts.

Novelty and Significance
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