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ABSTRACT 

Genetic Studies of Cardiovascular Diseases 

 

Cardiovascular diseases (CVDs) are the leading cause of morbidity and 

mortality in the underdeveloped countries like Pakistan, leading to socioeconomic 

destabilization of the community. Among the different factors that play a role in the 

onset and progression of disease, raised plasma cholesterol levels is considered to be a 

major factor in the development of atherosclerosis, a typical character for the 

development of CVDs. Candidate gene screening of hypercholesterolemia families 

and sporadic individuals revealed two mutations in LDL-C binding domain (La) of 

LDLR (c.264G>C, p.R88S and c.887_889GCA>AGC, p.296*), four missense 

mutations in EGF like domain (c. 1019_1020delinsTG, p.C340L; c.1211C>T, 

p.T404I; c.1214 A>C, p.N405T; c.1634G>A, p.G545E and c.1916T>G, p.V639) and 

one premature terminating mutation (c.2416_2417 Ins G, p.V806GfsX11) in the 

transmembrane domain of LDLR. The La domain mutation has been shown to lead to 

inefficient binding of LDL-C with the receptor, while mutations in EGF like domain 

were found to cause decreased recycling of LDLR to the hepatocytes surface, which 

resulted in raised cholesterol levels in the patients. Two variants in PCSK9 i.e., 

c.314G>A, p.R105Q and c.464C>T, p.P155L, were also found in two different 

families with a history of CABG. The variant c.314G>A, p.R105Q resulted in 19% 

decrease in LDL-C levels in heterozygote carriers compared to homozygote normal 

individuals predicting it to be a “loss of function mutation”, while the second variant 

c.464C>T, p.P155L was located in the autocatalytic site of PCSK9 which may impact 

on LDL-C, but its exact effect could not be determined due to the small family size.  

In case control studies on MI cases in Pakistani population, the screening of 

selected panel of single nucleotide polymorphisms (SNPs) within five different genes 

was conducted. It was found that rs1333049 (ANRIL) was significantly associated 

with the onset of disease (p<0.001), while rs10920501 (FAM5C), rs1042579 (THBD), 

rs4646994 (ACE) and Intron 4 VNTR (eNOS) were not associated with the onset of 

MI (p>0.05). The stratification of data based on coronary artery disease (CAD) family 

history revealed significant association of the risk allele in ACE and eNOS 

polymorphisms with OR 1.83(95% CI=1.06-3.14) and 1.82(95% CI=1.03-3.22), 

respectively. This also indicates that the clustering of genetic factors within the 



x 

families are responsible for the onset of MI in Pakistani families. The relationship of 

rs1333049 risk allele “C” with phenotype impact on the lipid profile also showed a 

marked decrease in total cholesterol in individual homozygous for risk allele, which 

was observed in an independent cohort of hypercholesterolemia patients from the 

affected families as compared to their normolipidemic individuals. From this study, it 

is revealed that the Pakistani population has genetic heterogeneity, which predisposes 

the individuals to an increased risk of MI.  
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Introduction 
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1. Introduction 

1.1. Background 

Cardiovascular diseases (CVDs) are the leading cause of morbidity and mortality 

even in the developing countries and accounts for more than 30% deaths worldwide 

(Hong, 2009). On the regional basis, the underdeveloped countries, especially Asian, 

are currently bearing 80% of the burden of CVDs, leading to socioeconomic 

instability of the under resourced families (Joshi et al., 2007). According to World 

Health Organization (WHO) estimates, 425 deaths occurred in Pakistan due to CVDs 

annually out of the 0.1 million age standardized deaths, which is quite high compared 

to the other developed countries (WHO, 2008). Myocardial infarction (MI) being one 

of the major manifestation of CVDs, is a leading cause of morbidity and mortality 

with more than 7.3 million deaths, out of 17.3 million deaths due to CVDs in 2008 

worldwide (Mendis et. al.,2011). Clinical presentation of MI patients includes chest 

pain for more than 20 min, raised ST segment in the electrocardiogram and elevated 

cardiac markers like Troponin T and Creatine Kinase MB (CKMB). Clot formation 

within the coronary arteries results in oxygen deficiency in the cardiac tissue leading 

to the death of cardiac cells. This necrosis of myocardium progresses from the 

periphery to the inner core of the heart tissue. The first clinical documentation of 

nonfatal MI dates back to 1910 in the Soviet Union, detailing the symptoms of MI 

among five case studies in which three cases were confirmed by autopsy (Muller, 

1977). Afterward in 1912 coronary artery obstruction with similar presentation of 

symptoms was reported by Herrrick in American patients (Muller, 1977; Herrick, 

1983). 

A number of modifiable and non modifiable factors are involved in the progression of 

MI, the modifiable factors include life style, diet and a smoking history and the non 

modifiable factors include gender, age, diabetes and family history all of which play 

an important role in the determination of disease expression. Beside these, 

hypercholesterolemia is also a major risk factor for the development of CVDs due to 

raised levels of serum cholesterol, the chances of formation of the atherogenic plaque 

are raised, which would lead to thrombus formation and result in MI (Furie and Furie, 

2008). 
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1.2. Familial Hypercholesterolemia 

Familial hypercholesterolemia (FH) (OMIM # 143890) is a single gene metabolic 

disorder that was initially described at the molecular level by(Goldstein and Brown, 

(1979). Clinical manifestations of the patients suffering from FH include raised serum 

LDL-cholesterol (LDL-C) levels leading to the development of tendon and/or 

tuberous xanthoma and arcus cornea with premature cardiovascular disease (pCVDs) 

(Figure 1.1). Approximately, 70% of serum cholesterol is transported by LDL 

particles as LDL-C (Marks et al., 2003; Garg and Simha, 2007). This LDL-C 

concentration in the serum is determined by the rate of endocytosis via the low 

density lipoprotein receptors (LDLR). 

Based on clinical genealogies, this disorder follows either an autosomal co-dominant 

pattern of inheritance (ADH) or autosomal recessive hypercholesterolemia (ARH), 

due to variations in genes involved in the metabolism of cholesterol (Garg and Simha, 

2007). Individuals carrying the homozygous mutation have much higher levels of 

circulating LDL-C as compared to the heterozygous carrier and homozygous normal, 

irrespective of diet, medication and/or lifestyle (Rader et al., 2003).  

After the work of(Goldstein et al. (1973) confirming the cause of FH, statin drugs 

were developed to treat hypercholesterolemia, which has shown promising results 

over the last three decades in reducing the mortality in cardiac patients. Till date, three 

different genes have been reported to be responsible for ADH. In vivo studies on 

hypercholesterolemic patients revealed inefficient binding of LDL-C with LDLR due 

to defective ApoB100 leading to a disease condition known as familial defective 

apolipoprotien B (FDB), which showed mild increase in the level of LDL-C 

compared to FH due to LDLR variations (Innerarity et al., 1987). Similarly, another 

gene proprotein convertase subtilisin/ kexin type 9 (PCSK9) has also been reported to 

induce ADH like symptoms (Varret et al., 1999), which were later on confirmed in a 

number of studies (Hunt et al., 2000). The PCSK9 has also been confirmed to 

enhance the degradation of LDLR, resulting in hypercholesterolemia (Lagace et al., 

2006). 
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Figure 1.1. Clinical presentation of familial hypercholesterolemia patients. A) 

Development of Achilles tendon xanthoma on the rear side of the foot. B) 

Development of xanthelasma on the outer side of the eye and corneal 

arcus on the periphery of cornea. C) Development of tuberous xanthoma 

on the back side of the hand (Liyanage et al., 2011).  
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1.2.1 Diagnostic Criterion  

Because of the variability in the phenotypic expression of FH disease, no specific or 

individual diagnostic criterion can be used. Generally, ADH can be diagnosed based 

on elevated serum LDL-C levels, tendon or tuberous xanthoma in patients or in first 

degree relatives and a family history of CVDs and/or raised cholesterol levels. Due to 

variability in the serum cholesterol levels, 12-14 hours fasting cholesterol levels are 

determined in order to discriminate FH from familial combined hyperlipidemia 

(FCH), a condition in which LDL-C level is raised along with triglycerides (Civeira, 

2004).  

In order to determine the disease status of FH, three different criterion are in practice 

worldwide i.e., (1) US make early diagnosis, prevent early death (MEDPED), (2) 

Dutch lipid clinic criteria and (3) UK Simon Broome Registry (Civeira, 2004; 

Humphries et al., 2006b; Varret et al., 2008; Liyanage et al., 2011)  

The US-MEDPED criterion is based on raised LDL-C level in the patient, a positive 

family history for FH and dominant mode of inheritance (Table 1.1). Dutch scoring 

system is based on raised levels of LDL-C in cases and the family members, positive 

CVD, development of corneal arcus before 45 years and xanthoma (Table 1.2). Each 

of the factors contributes to the scoring system, where a total score of 8 or above 

predicted it to be diagnostic of FH (Betteridge, 2000). Similarly, UK Simon Broome 

Registry is another criterion to identify FH in the general population (Table 1.3). 

However, these criteria are neither sensitive nor specific for the identification of FH 

patients, as raised LDL-C levels are seen in FH as well as non FH patients. In addition 

the presentation of Achilles tendon xanthoma in the genetically predisposed FH 

patients was estimated to be present only in 29% of the diseased individuals, which is 

not high enough to be used as a single prognostic marker for FH (Descamps et al., 

2001).  

Since, tendon xanthoma appears late and is difficult to diagnose during the 

progression of FH, therefore, its development cannot be used as only marker for the 

diagnosis of FH.(Ejarque et al. (2008) observed that the FH patients could not be 

discriminated from Familial Defective Apolipoprotein B (FDB) patients based only 

on clinical presentation and different criteria in practice to diagnose FH. 
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Table 1.1. US MEDPED diagnostic criteria for FH patients. 

Age 

(Years) 

Total Cholesterol (mmol/L) 

First degree 

relative 

Second degree 

relative 

Third degree 

relative 

General 

population 

<20 5.7 5.9 6.2 7.0 

20-29 6.2 6.5 6.7 7.5 

30-39 7.0 7.2 7.5 8.8 

>40 7.5 7.8 8.0 9.3 
 

Table 1.2. Dutch group scoring table use to diagnose the heterozygous familial 

hypercholesterolemia (Betteridge, 2000; Liyanage et al., 2011). 

 Criteria Points 

1. Family History  

 First degree relative with known premature coronary and vascular 

disease 

1 

 First degree relative with known LDL-C level >95th percentile for age 

and gender in an adult relative 

1 

 First degree relative with known LDL-C level >95th percentile for age 

and gender in a relative <18 years of age 

2 

 First degree relative with known tendon xanthoma or corneal arcus 2 

2. Clinical History  

 Presence of coronary artery disease 2 

 Presence of cerebral or peripheral vascular disease 1 

3. Physical examination  

 Presence of tendon xanthoma 6 

 Presence of corneal arcus in patient <45 years 4 

4. LDL-C level (mmol/L)  

 ≥8.5 8 

 6.5-8.4 5 

 5.0-6.4 3 

 4.0-4.9 1 

5. DNA Analysis  

 Functional mutation in the LDLR gene or related FH genes 8 

 
Diagnosis 

Total 

Point 

 Definite FH >8 

 Probable FH 6-8 

 Possible FH 3-5 
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Table 1.3. Simon Broome Register criterion practiced in UK (Liyanage et al., 2011). 

Criteria Clinical Symptoms 

A Plasma Cholesterol Level: 

Total Cholesterol >7.5mmol/L (adult), or >6.7 mmol/L (child < 16 

years) 

LDL-C level >4.9 mmol/L, or >4.0 mmol/L (child < 16 years) 

  

B Presentation of tendon xanthoma in patient or in first or second degree 

relative 

  

C DNA based evidence of disease causing mutation in either of the genes 

  

D Family history of myocardial infarction in second degree relative with 

age of onset <50 years or in first degree relative with age of onset <60 

years 

E Family history of TC level of >7.5mmol/L in first or second degree 

relatives 

  

Diagnosis Criteria Required 

Definite FH A+B or C 

Probable FH A+D or A+E 
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1.2.2 Prevalence of FH 

The prevalence of FH is variable in different populations, among all the monogenic 

and multifactorial factors responsible for hypercholesterolemia, 5% of the general 

population was estimated to be affected, for which the genetic etiology is still 

undetermined (Scriver, 1989). Approximately, ten million individuals are affected by 

familial hypercholesterolemia worldwide (Civeira, 2004). For the autosomal dominant 

hypercholesterolemia (ADH), the prevalence of FH was estimated to be 1 in 500 

individuals for heterozygotes compared to one in a million for homozygotes 

(Goldstein et al., 1973; Varret et al., 2008). The prevalence of FH was higher in some 

populations like Ashkenazi Jews, Afrikaners, French Canadian, Finns, Druze and 

Lebanese (Abifadel et al., 2009).  

In French Canadians, the prevalence of FH is 0.5% in the general population due to a 

founder mutation of 15 KB deletion covering the promoter and exon1 of LDLR, which 

accounts for more than 60% of the FH patients in that population (Betard et al., 1992; 

Davignon and Roy, 1993). Due to this founder mutation, the LDLR activity in 

homozygote variants was less than 2% leading to functional depletion of active LDLR 

(Hobbs et al., 1987).  

The prevalence of FH in the Afrikaner general population was 1 in 72 compared to 

Ashkenazi Jews who had prevalence of  FH of 1 in 67 (Seftel et al., 1989; Steyn et al., 

1996). The prevalence of FH in the Afrikaner is also due to a founder effect, 

identified in 90% of the FH patients. Three founder mutations in LDLR i.e., D206E, 

V408M and D154N have been reported in the said population (Kotze et al., 1991; 

Steyn et al., 1996).  

Similarly, the frequency of homozygote variant was tenfold high as in the Lebanese 

population, when compared to other studied populations, which is because of high 

consanguinity and founder mutations prevailing in the Lebanese population. 

Approximately 81.5% indexed cases have been identified with the Lebanese  LDLR 

mutation (p.C681*), which is a deletion of 180 amino acids from the C-terminal 

epidermal growth factor (EGF) domain that anchors LDLR to the cell membrane.  

The prevalence of FH in the European population is much more diverse, with the 

identification of a number of novel mutations in all the three major genes causing 
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ADH. In the Dutch population, the prevalence of heterozygous FH is estimated to be 

1 in 400 in general population (Kusters et al., 2011) Out of 3,000 genetically screened 

index cases, 77% had confirmed mutations with a total of 290 disease causative 

mutations in LDLR and 7 mutations in ApoB (Liyanage et al., 2011). 

1.2.3 Cholesterol Metabolism 

Cholesterol being a rigid hydrophobic molecule is responsible for the membrane 

integrity of vertebrate cells. Approximately 85% of cholesterol is produced 

endogenously, while the rest of cholesterol is being taken exogenously through diet. 

During the digestive process, the dietary cholesterol is absorbed as chylomicron and 

on its way to hepatocytes most of the chylomicron losses its fatty acid content and 

converted to chylomicron remnant. This remnant chylomicron is endocytosed through 

LDLR-ApoE complex, where it is converted to very low density lipoprotein (VLDL). 

The VLDLs exocytose and goes in blood stream, where lipoprotein lipase (LPL) acts 

to take out fatty acids for the production of energy within the tissue or transfer to 

adipose tissue for the storage as fat (Figure 1.2).  

The storage process within hepatocytes occurred through the esterification of the 

excess cellular cholesterol with fatty acids and product of this cholesteryl esters are 

processed further either for storage as lipid droplets or packaged with apolipoproteins 

to form VLDL in the liver and chylomicrons in the intestine. The two major 

cholesterol-carrying lipoproteins in human are LDL and HDL. Approximately 70% of 

circulating cholesterol is transported as LDL-C (Rader et al., 2003). 

LDL is formed in the circulation from VLDL. The triglycerides and phospholipids of 

circulating VLDL are hydrolyzed by lipases anchored to vascular endothelial 

surfaces, forming cholesterol enriched VLDL remnant particles. Approximately, half 

of the VLDL endocytosis in the liver, and the remainder undergoes further processing 

to produce LDL. Most LDL is removed from the circulation after binding to the 

hepatic LDLR via apoB-100 (Rader et al., 2003). 
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Figure 1.2. A generalized overview of cholesterol metabolism. The dietary cholesterol 

being absorbed in the intestine is transferred in the blood as chylomicron 

(CM), which on its way to the liver gives fatty acids and is converted to 

chylomicron remnant (CM rem). This CM rem is absorbed by LDLR 

through APOE and gets processed. After processing, CM are converted to 

Very low density lipoprotein (VLDL) and is passed into the blood stream 

where lipoprotein lipase (LPL) acts on it and generates free fatty acid 

(FFA) for the muscle for energy or to the adipose tissue for the storage as 

fat. The VLDL remnant either converts to LDL and is attached to the 

LDLR through ApoB or directly attached through APOE and goes to the 

hepatocytes (Rader et al., 2003).   
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1.3 Low Density Lipoprotein Receptors (LDLR) 

The LDLR, initially demonstrated at the molecular level by Goldstein and Brown 

(1979), is the surface receptor protein which is responsible for the endocytosis of 

circulating plasma LDL-C leading to the lowering of cholesterol levels in the plasma 

(Garg and Simha, 2007). The LDLR is located on 19p13.2 and consists of 860 amino 

acids. LDLR is translated in the rough endoplasmic reticulum (RER) with a 21 amino 

acids signaling header sequence, which on maturity is cleaved resulting in the 

formation of LDL receptor a 839 amino acids molecule that is transferred to cell 

membrane. The cell surface LDL receptor is responsible for receptor mediated 

endocytosis of LDL- C and thus, helps in the homeostasis of cholesterol (Goldstein 

and Brown, 1979). 

More than 1000 mutations in LDLR have been identified, most of them are coding 

while promoter and intronic variations are rare (Top et al., 1990; Hobbs et al., 1992; 

Day et al., 1997; Varret et al., 1998). The coding mutations of LDLR are further 

classified as missense, nonsense and gross insertion/ deletion mutations. Among all 

the known mutations, 91% mutations are point mutations and 9% are major 

rearrangement mutations (Varret et al., 2008). Worldwide of all the patients full 

filling the criterion for hypercholesterolemia, 52-76% patients had been identified 

with LDLR mutations. Due to nonsense mutation in LDLR, 2 to 3 fold rise in 

cholesterol level occurs, which contributes to an increased risk of cardiac related 

complications (Garg and Simha, 2007).  

1.3.1 LDLR structure 

On the basis of structure and functions, the transmembranal LDLR can be divided in 

five domains i.e., LDLR repeat domain, EGF like repeats, O-linked glycosylation 

domain, transmembrane domain and cytoplasmic domain (Figure 1.3).  

1.3.1.1 LDLR repeat domain 

This domain contains typically seven homologous repeats, each comprising of 40 

amino acid stretch, which constitute a typical ligand binding domain for LDL-C 

binding containing apoB100 ligand. These homologous repeats contain acidic amino 

acid which provide binding site for the basic amino acids of ApoB100. Mutation lying 
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Figure 1.3. Graphical presentation of different domains of LDLR (Al-Allaf et al., 

2010).  
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in this binding domain may severally affect the binding abilities of LDLR resulting in 

the inefficient clearance of cholesterol from the serum (Gent and Braakman, 2004).  

1.3.1.2 EGF repeat domain  

The epidermal growth factor (EGF) domain contains three repeated sequences 

homologous to EGF receptor. The first two repeats are separated from the third by six 

(YWTD) small repeats, also known as six blade β-propeller. The β propellers are 

involved in the release of LDL-C from the LDLR at low pH within the lysosomes 

(Zhao and Michaely, 2008). 

1.3.1.3 O-linked glycosylation domain 

The O-linked glycosylation domain comprises of 58 amino acids and rich in serine 

amino acid. This domain acts as spacer between EGF repeat and plasma membrane. 

The glycosylation of this domain may help in the prevention of proteolytic cleavage; 

thus, help to maintain LDLR attachment to the membrane. The variations found in 

this region do not affect the ligand binding capacity of LDLR (Gent and Braakman, 

2004). 

1.3.1.4 Transmembrane Domain  

This domain contains approximately 25 hydrophobic amino acids, which help to 

anchor LDLR to the plasma membrane. Mutations in this region have been associated 

with inefficient binding of LDLR to the plasma membrane resulting in free circulating 

LDLR in the blood stream (Gent and Braakman, 2004). 

1.3.1.5 Cytoplasmic domain 

The cytoplasmic domain of LDLR contains 56 amino acids with NPXY sequence. 

This domain binds to ARH gene (LDLR-AP1) and is responsible for the endocytosis 

of clathrin coated pits.  The glycine at 823 position is crucial for the proper sorting of 

LDLR to the plasma membrane (Koivisto et al., 2001). 
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1.4 Apolipoprotein B (ApoB) 

Familial defective ApoB (FDB) (OMIM # 144010) has phenotype expression 

overlapping with FH caused by LDLR mutations. ApoB is located on 2p23-24 and is 

responsible for the binding of LDL-C particle to LDLR. The prevalence of FDB in the 

general population has been estimated to be 1 in 500 to 1 in 700, but the frequency of 

FDB in FH patients varies from 2-11% (Humphries et al., 2006a). FH caused by FDB 

has lower levels of LDL-C (approximately 20-25%) as compared to the mutations in 

LDLR, while its response to statin therapy is much better (Fouchier et al., 2004; 

Fouchier et al., 2005).(Gallagher and Myant (1995) reported 6.9 to 8.5 mmol/l LDL-C 

level among homozygous FDB individuals which was slightly higher than the 

heterozygous LDLR mutants and notably lower than the homozygous LDLR mutants. 

This difference in LDL-C level may be due to the uptake of LDL-C through the 

alternate ApoE mediated pathway. The mutation spectrum of ApoB illustrate that 

FDB is more prevalent in the European populations as compared to Asians (Rader et 

al., 2003). ApoB-100 which is the protein part of LDL-C is involved in the binding of 

LDL-C with LDLR. The mutations in the binding domain of ApoB, (p.R3500Q and 

p.R3531C) severely decrease the affinity of ApoB binding to LDLR by 30% and 

70%, respectively (Pullinger et al., 1995; Nissen et al., 1995). 

 

1.5 Proprotein convertase subtilisin/kexin type 9 (PCSK9) 

PCSK9, located on 1p32.3, has also been linked with the onset of FH (OMIM # 

607786); this molecule was first identified by (Abifadel et al., 2003). Based upon its 

activity, the product of this gene is classified as a subtilisin / kexin like serine 

protease. PCSK9, a 692 amino acid soluble protease, is processed in the rough 

endoplasmic reticulum (RER) through autocatalytic activity at SVFAQ152 resulting 

in a product of 540 amino acid. The cleaved prosegment generally remains attached to 

matured PCSK9 until it is secreted (Seidah et al., 2003). The mature PCSK9 is 

involved in the homeostasis of LDLR through degradation of LDLR within the 

lysosome. In vitro experiments on mice have revealed the inactivation of PCSK9 

(
PCSK9 -/-

) causes an increased expression of LDLR on the surface of hepatocytes 

resulting in increased LDL-C clearance and decreased LDL-C serum levels (Rashid et 
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al., 2005). This provides a strong evidence of the involvement of PSCK9 in the 

catabolism of LDLR. A number of gain of function mutations like S127R, F216L, 

D374Y and N157K have been identified in PCSK9 that lead to the development of FH 

and ischemic heart disease (IHD) (Abifadel et al., 2003; Leren, 2004; Timms et al., 

2004). While on the other hand, loss of function mutations in PCSK9 like 

R46L,Y142* and C679* (Figure 1.4), have been shown to be responsible for lowering 

of LDL-C in the blood  and therefore, protect from CVDs (Cohen et al., 2006; Benn 

et al., 2010). Generally, “loss of function” mutations are not much common leading to 

lowering of the LDL-C level along with protection from CVDs. The R46L 

substitution is responsible for the reduction of LDL-C from 9% to 15 % with a 47% 

decrease in CVD risk among the carriers as compared to non carriers (Cohen et al., 

2006). 

Beside the above mentioned three genes responsible for the onset of ADH, a fourth 

locus causing ADH has been reported in French family HCHOLA4 at 16q22.1, a 

region of 7.89MB with a LOD score of 3.9 containing 154 genes out of which 57 

genes were sequenced based on their tissue expression pattern and functionality. No 

disease causing mutations were identified in these 57 genes, but six families were 

linked to this region confirming HCHOLA4 as a putative locus for ADH (Marques-

Pinheiro et al., 2010). 

Another gene responsible for FH is a myosin regulatory light chain interacting protein 

(MYLIP, also known as IDOL). The product of MYLIP correlates directly with an 

increase in the cholesterol level through the increased degradation of LDLR 

(Weissglas-Volkov et al., 2011). Raised cellular cholesterol also causes the induction 

of Liver X receptor (LXR) resulting in the expression of MYLIP that stimulate the 

ubiquitination of the LDLR on the cytoplasmic tail leading to the induced degradation 

of LDLR. In vitro experiment on mice showed a marked decrease in LDLR 

expression leading to raised serum cholesterol. So, it seems that the LXR-LDLR-

MYLIP pathway is a complementary pathway beside SREBP for the inhibition of 

uptake of cholesterol (Zelcer et al., 2009; Scotti et al., 2011). 
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Figure 1.4. PCSK9 variants association with LDL-C levels in the blood. The variants 

above the protein domain are classified as “gain of function mutation” that 

are responsible for raised LDL-C leading to FH status and variants below 

the protein domain depict loss of function mutations which are responsible 

for lowering of LDL-C (Davignon et al., 2010). 
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1.6 LDLR Catabolism 

After post translational processing of LDLR in the rough endoplasmic reticulum 

(RER), it is transported to the hepatocytes outer surface, where LDL-C binds to it 

with the help of ApoB100 (Figure 1.5). While, the matured PCSK9 is secreted outside 

of the cell and binds to the LDLR. The LDLRs being loaded with LDL-C (with and 

without PCSK9) are endocytosed in clathrin coated pits with the help of LDLR-AP1. 

The internalized LDL-C is further processed in the lysosome where free cholesterol is 

released in the cytosol. On the other side two genes i.e., ATP-binding cassette sub-

family G member 5 (ABCG5) and ABCG8 have been identified with in the export of 

some fraction of free cholesterol back to the blood stream (Kosters et al., 2006). So, 

all these genes are involved in the homeostasis of the LDL-C within the body.  

      

1.7 Myocardial Infarction 

1.7.1 Etiology 

MI is a major cause of death worldwide and occurs when one of the coronary arteries 

get blocked suddenly by thrombus formation leading to myocardium necrosis. The 

thrombus generally is formed on the activated vulnerable plaques within the coronary 

artery leading to a sudden occlusion resulting in myocardial infarction (Falk, 1999). 

On chemical basis, these vulnerable plaques are rich in lipid core and covered by thin 

fibrous cap which is in direct contact with the protease circulating in the blood 

(Davies, 1995). External environmental factor like stress is usually involved in the 

plaque rupture through intrinsic hemodynamic, prothrombic and vasoconstrictive 

factors. The exposure of the ruptured plaque inner core to the blood stream initiates a 

cascade of reactions, which are similar to the inflammatory response, leading to 

thrombus formation, thus causing oxygen deprivation to the tissue being supplied by 

the concerned artery. The size of the thrombi is also responsible for the development 

of typical MI symptoms (Burke et al., 2001). 

Myocardial infarction is generally characterized by symptoms of chest pain that 

radiates to the upper and lower thorax, along with dyspnea, apprehension and 

diaphoresis (Chang et al., 2007). Clinically, MI is confirmed by the detection of the
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Figure 1.5. LDL-C catabolism pathway. LDLR bind with LDL-C with the help of 

ApoB and endocytosed into clathrin coated pits. The LDLR loaded with 

LDL-C further processed in the lysosomes, where LDLR bound with 

PCSK9 are degraded while rest of the LDLR recycled back to the cell 

surface. Some of the free cholesterol prepared during LDL-C processing 

may transport out of the cell using ABCG5 and ABCG8 pathway (Garg 

and Simha, 2007).   
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elevated levels of Creatine Kinase (CKMB) a myocardial protein, whose levels in the 

blood stream rise after myocardium necrosis (Young et al., 1997). Beside that 

Troponin T (TpT) levels are also raised in the blood stream just after the onset of MI 

and can be detected within 3 to 9 hours. The levels of TpT can generally be associated 

with the size of the infarction (Metzler et al., 2002). Electrocardiogram (ECG) is 

another tool that helps in the determination of MI and the location of the coronary 

artery blockage due to thrombus formation. Generally, patients with MI show three 

major changes on the ECG; 1) Evolving Q waves that indicate a necrotic myocardium 

just after the onset of MI and which persists throughout life (Maeda et al., 1996), 2) 

ST segment elevation / depression that indicates the status of thrombus formation and 

3) T waves inversion which indicates the oxygen deprivation and may take weeks to 

come back to normal levels (Maeda et al., 1996; Moller et al., 2006). Each of these 

changes facilitate in the proper diagnosis and implementation of treatment strategies 

(Moller et al., 2006).  

1.7.2 MI risk factors 

A number of risk factors have been associated with the onset and progression of MI, 

these include hypertension, hypercholesterolemia, diabetes and smoking. In addition 

to the above mentioned factors other clinically important investigations include body 

mass index, dietary habit, socioeconomic conditions and psychological stress (Alter et 

al., 2004). These risk factors contribute 50-60% towards the manifestation of the 

disease in sporadic cases along with a 40-60% contribution towards genetic 

predisposition (Baudhuin, 2009). 

 1.7.2.1 Hypertension  

High blood pressure is a major risk factor for the onset of MI, (O'Donnell et al., 1997) 

reported a high prevalence of MI in hypertensive individuals as compared to non 

hypertensive. In the Pakistani population, approximately 33.3% MI patients were 

found to be hypertensive as compared to the normal healthy persons who had a 11% 

prevalence (Ahmed et al., 2011). A similar frequency of hypertension was observed 

among MI patients (31%) as compared to normotensive (16.8%) in the English 

population (Tobin et al., 2004). Similarly, the variation in systolic and diastolic 

pressure may have a prognostic effect in the post MI morbidity and mortality, with an 
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increased mortality among MI patients who had high blood pressure (Pastor-Barriuso 

et al., 2003).  

1.7.2.2 Diabetes mellitus 

Diabetes has also been established as a strong risk factor for the progression of MI. 

The frequency of DM was more than 33% in MI cases as compared to the normal 

healthy individuals in which its frequency was found to be 20% in Iranian population 

(Esteghamati et al., 2006). In the Pakistani population, the frequency of diabetes in 

MI patients was 30.2% as compared to 5% in the healthy control individuals (Ahmed 

et al., 2011). The complications due to diabetes were observed to be more prominent 

in the MI patients.(Norhammar et al. (2003) reported 22% death rate in the diabetic 

MI patients as compared to 13% in non diabetic MI patients, after one year post MI 

follow up.  

1.7.2.3 Smoking 

Smoking is a major factor responsible for the initiation of inflammatory responses 

leading to arteriosclerosis, which may lead to the development of MI (Ambrose and 

Barua, 2004). A high frequency of tobacco use was observed in the MI patients 

(69.2%) as compared to healthy controls (20.9%) (Friedlander et al., 2001). In a case 

control study on MI in the Pakistani population, 46.5% MI cases were found to be 

smoker as compared to 20% in the healthy control individuals (Ahmed et al., 2011). 

(Panagiotakos et al. (2007) reported 97% prevalence of smoking in premature MI 

patients (age <36 years) as compared to normal controls who had 56% smokers. After 

the first onset of MI, the relative risk in the patients who quit smoking was lower with 

OR 1.17(95%CI 0.93-1.43) compared to the post MI smokers with OR 1.51(95% CI 

1.10-2.07). In post MI patients who quit smoking, the relative risk for recurrent MI 

decreased and became equal to non smokers after a period of three years (Rea et al., 

2002).  

1.7.2.4 Family History 

Family history is another risk factor that may have a prognostic value for MI. In 

general the risk factors for MI may tend to cluster within the family indicating an 

important role of family history in the onset of disease (Andresdottir et al., 2002). 
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Among the persons who had a first degree relative with MI, the risk of developing MI 

was upto seven folds higher (Soysal et al., 2006).(Metzger et al. (2002) reported that 

the incidence of MI may increase to two fold in case of one MI positive relative and 

risk increased to three folds for individuals with two or more first degree MI affected 

patients. 

 1.7.2.5 Prevalence  

The prevalence of MI across the world has indicated that MI is a major cause of 

morbidity and mortality. Approximately 7.3 million deaths were reported due to MI 

worldwide (Mendis et. al.,2011).(Gupta and Gupta (1996) reported 2.5 fold increase 

in the prevalence of MI in urban population aged ≥35 during 1970s to 1990s in India. 

In a population based study on the urban population of Pakistan revealed 20-25% 

prevalence of MI among individuals aged ≥ 40 years (Jafar et al., 2008). 

 

1.7.3 Genetic etiology of MI  

Myocardial infarction is a multifactorial disease with a number of genes involved in 

the progression of the disease beside environmental factors. Based on genetic linkage 

analysis and genome wide association studies (Table 1.4), a number of genes and loci 

have been identified that predispose individuals to CVDs leading to MI (Voetsch and 

Loscalzo, 2004; O'Donnell and Nabel, 2011). Few of these identified genes like 

Antisense non coding RNA (ANRIL), Family with sequence similarity 5 member C 

(FAM5C), endothelial Nitric Oxide Synthase (eNOS), Angiotensin Converting 

Enzyme (ACE) and Thrombomodulin (THBD) have been reportedly identified in 

different populations to cause myocardial infarction. Each of these genes play a 

different role in the manifestation of the disease by involving either the clot activating 

process or inhibiting clot degradation process. The change in expression pattern of the 

proteins generally occurred either due to the epistatic effect of other genes or due to 

single nucleotide polymorphism (SNPs) present in the gene or in upstream or 

downstream regions of the gene. All the studied SNPs involved in the progression of 

the disease in the current work will be briefly discussed below one by one.  
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Table 1.4. Some of the representative genome wide association studies for common 

cardiovascular disease (O'Donnell and Nabel, 2011). 

 

Study 
Clinical 

Outcome 

Sample Size 
Major 

Ethnic 

Group 

Major 

Findings 
Genome 

wide 

Association 

Replication 

(Kathiresan et al., 

(2009) 

Myocardial 

Infarction 

6,042 19,46 European 9p21 and 

SORT1 

(Schunkert et al. 

(2011) 

CAD 86,995 56,682 European ABO and 

ADAMTS7 

(Smith et al. 

(2010) 

Heart 

Failure 

incidence 

23,821 NA European, 

African 

LRIG3 

(Yamada et al. 

(2009) 

Ischemic 

stroke 

267 5981 Japanese Locus: 

CELSR1 

(Koriyama et al., 

(2010) 

Peripheral 

arterial 

disease 

1553 2239 European Loci: 

CHRNA3, 

3p12.3 

(Tregouet et al., 

(2009) 

Venous 

thrombo-

embolism 

1647 3237 European Locus: ABO 
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1.7.3.1  ANRIL 

In the current era of genome wide association studies (GWAS), a number of novel 

genes and loci have been identified including a 58 kb region on 9p21 responsible for 

the onset of coronary artery disease and MI (Samani et al., 2007). A number of the 

replication of studies in different populations have still not been able to identify any 

coding gene responsible for atherosclerosis in this region, except for two genes i.e., 

cyclin dependant kinase inhibitor 2A and 2B, which are located in the neighbouring 

area. These genes are not involved in atherosclerosis but are associated with cell cycle 

control. The expression of ANRIL may modulate the neighboring gene expression 

through RNA interference, gene silencing, chromatin remodeling and/or DNA 

methylation. Till date a number of studies have confirmed the involvement of 

rs1333049 C>G variation in the onset of MI in the European population as well as in 

Asian population. This is an important SNP whose association with MI has been 

replicated in a number of populations. In the current study, we investigated the 

Northern Pakistani population for the said variation and pharmacogenomic response 

to statin therapy in the patients. 

1.7.3.2 FAM5C 

The family sequence similarity 5 member C (FAM5C), located at 1q31.1, has been 

associated with the onset of MI in the GENCARD studied families. The relocalization 

of FAM5C to the mitochondrion has been associated with cell proliferation and 

apoptosis. Both aortic smooth muscle cells and endothelial cells have been reported to 

have detectable expression of FAM5C. The high expression of FAM5C has been 

associated with an increased risk for MI. The expression of FAM5C may also play an 

important role in the pathophysiology of vulnerable plaques, a typical sign for 

thrombus formation.  One of the SNP (rs10920501) at the 3‟ end of FAM5C has been 

associated with progression of MI. The T-allele of rs10920501 has been reported to 

decrease the expression of FAM5C in the aorta, while the minor allele was found to 

be responsible for the onset of myocardial infarction (Connelly et al., 2008). 

Generally the over expressed in the mitochondrion leads to a high rate of 

proliferation, migration and invasion of non-tumorogenic pituitary cells, a typical 

phenotype for the formation and vulnerability of atherosclerotic plaque. All these 
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conditions may contribute as risk factor for the onset of myocardial infarction. 

Therefore, a case control study was conducted to find the role of rs10920501 in the 

early onset of myocardial infarction in the Pakistani patients. A recent study has 

shown a strong association of a SNP present at 3 „end of FAM5C (Connelly et al., 

2008). 

1.7.3.3  Angiotensin converting enzyme (ACE) 

Angiotensin converting enzyme (ACE) is one of the major enzyme involved in the 

rennin-angiotensin system (RAS). Just like the endocrine system, the enzymes of 

RAS are produced in juxtaglomerular cell of the kidney and secreted into the blood 

for an increase the retention of sodium and calcium ions, which result in the retention 

of water leading to high blood pressure. The high blood pressure detected by the 

juxtaglomerular cells of the kidney act as a negative feedback in order to switch off 

the system.  

From angiotensinogen, angiotensin I is produced by the activity of rennin (Figure 

1.6), which is a vasoinactive decapeptide and is converted into angiotensin II 

(vasoconstrictive octapeptide) by the activity of ACE, a ubiquitous enzyme. Ang-II 

functions by encouraging the retention of Sodium (Na
+
) and water (H2O) while 

promoting the exclusion of potassium (K
+
). These changes in the local physiology of 

the arteries may disrupt endothelial cells leading to atherosclerosis by the induction of 

oxidative stress. In a couple of studies, the deletion of Alu repeat (287 bp) in the 16
th

 

intron of ACE has been associated with the onset of MI (Ludwig et al., 1995; Seckin 

et al., 2006), compared to other studies which had contradictory results (Holmer et al., 

2003). 

1.7.3.4 Endothelial Nitric Oxide Synthase (eNOS) 

Nitric oxide (NO) is a potent vasodilator with a diverse physiological role in the 

maintenance of blood homeostasis, inhibition of platelet aggregation, smooth muscle 

cell relaxation, immune response, neurotransmission and the blood pressure 

maintenance (Colomba et al., 2008). NO is produced by the endothelial cells by the 

action of endothelial nitric oxide synthase (eNOS), a gene located on 7q35-36 

containing 26 exons. In vivo experiments on mice have also shown the signs of the
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Figure 1.6. Systematic diagram of rennin angiotensin system (RAS) involved in the 

hypertension among the MI patients.  
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hypertension in eNOS knockout mice (Huang et al., 1995). A similar finding was also 

observed in human, when eNOS production was inhibited (Haynes et al., 1993). In 

the case of congestive heart failure, eNOS levels were found to be diminished and in 

vivo experiments on mice revealed that over production of NO led a better survival 

rate after congestive heart failure (Jones et al., 2003). So, due to the importance of 

NO for the normal functioning of the cardiovascular system, the polymorphism within 

eNOS may play vital role in homeostasis. Three SNPs (-786T>C, 894G>T and Intron 

4 VNTR) have been reported in different populations with reference to MI. Intron 4 

VNTR consists of a 4b allele of 5 repeats of 27bp while the 4a allele contains 4 

repeats. This 4a allele has been associated with CVDs in a number of populations 

(Matyar et al., 2005), but the results are not consistent in the different populations, 

indicating ethnic differences and population stratification that might be responsible 

for the non reproducibility of the findings (Serrano et al., 2010).  

1.7.3.5 Thrombomodulin (THBD) 

Thrombomodulin (THBD) is a glycoprotein of 74 kd molecule located on 20p11.2 on 

a single coding exon. It is involved in the initiation of anticoagulation and anti-

inflammatory pathways (Norlund et al., 1997). Under the haemostatic conditions, the 

clotting and anticlotting factors are in a balanced state, where thrombin is an 

important clotting factor, which has been observed to initiate clot formation by 

positive feedback mechanism through platelet activation beside the activation of 

factor Va and VIIIa. Thrombin also amplifies its end product, whereas its activity is 

inhibited by thrombomodulin receptor on the endothelial cells (Figure 1.7). 

Thrombomodulin is expressed on the endothelial cell surface as thrombin receptor, 

which binds with thrombin making a thrombomodulin-thrombin complex. This 

complex activates protein C, which inactivates clotting factors Va and VIIIa, thus 

inhibiting thrombus formation, a major cause of MI (Kunz et al., 2000).  

Structurally, THBD consists of five domains including 3 extracellular domains, 6 

EGF like repeats and a Ser/Thr rich region. The transmembrane region binds with the 

cell membrane and results in a short cytoplasmic internal domain (Sadler, 1997). Out 

of the six EGF like repeats, the last three repeats are involved in the binding of 

thrombin and activation of protein C. This binding of the thrombin with TM causes
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Figure 1.7. Physiological coagulation pathway showing role of thrombin in activation 

of intrinsic pathway for clot formation. THBD receptors bind with 

thrombin and inhibit platelet activation for thrombus formation (adapted 

from(Colman, 2006). 
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conformational changes in the thrombin that leads to the loss of ability of thrombin to 

activate platelets for the clot formation and activation of fibrin from fibrinogen. The 

genetic variations that lead to the inefficient function of these antithrombotic factors 

may predispose individuals towards high risk for thrombus formation. A number of 

studies have reported polymorphisms in THBD (-33G/A and A455V) to be associated 

with CVDs (Wu et al., 2001; Li et al., 2002), but some contradictory results were also 

observed for venous thromboembolism (Aleksic et al., 2003). This also indicates 

heterogeneity of THBD that may behave differently in different homeostatic 

conditions. 

 

1.8 Objectives 

The current study was conducted in order to determine the genetic basis of CVDs in 

the Pakistani population. The frequencies of the disease causing variation in MI 

patients and normal healthy persons were also determined. Besides that the different 

risk factors responsible for the manifestation of the disease in the general population 

were also determined. In addition the genetic spectrum of hypercholesterolemia 

patients was also determined. It is hoped that these findings will be helpful in the 

determination of genomics based personalized medication in the general population.  
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2. Material and Methods 

The current study conforms to the tenants of the declaration of Helsinki and was duly 

approved by the Ethics Committee and Institutional Review Board of Shifa College of 

Medicine / Shifa International Hospital, Islamabad and COMSATS Institute of 

Information Technology, Islamabad. All the participants from the FH/MI families 

were informed about the objectives of the study and informed written consent was 

obtained before their inclusion in the study. FH families included in this study were 

ascertained from different areas of Pakistan (Figure 2.1). The genealogies of the 

identified families were also drawn to determine the inheritance pattern of the disease. 

 

2.1 Collection of families and blood sampling 

All the families were identified based on make early diagnose and prevent early death 

(MEDEP) criteria and also the development of symptoms like xanthoma (Liyanage et 

al., 2011). Families suffering from MI and/or those on statin therapy were also 

included. Blood from each participant was drawn through venipuncture and collected 

in 8.5 ml vacutainer (Bekton Dickinson Product # 364606, Franklin Lakes, NJ) 

containing acid citrate dextrose (ACD) as an anticoagulant for gDNA isolation and 

also in pre-sterile serum  vacutainer (Bekton Dickinson Product # 367812, Franklin 

Lakes, NJ) for serum lipid analysis. After clot formation, the serum was separated by 

centrifugation at 4000 rpm for 10 min and used for the determination of lipid profile 

to confirm the disease status. 

The lipid profile of the participants were determined on Hitachi automated chemistry 

analyzer 902 system (Roche Diagnostics, Switzerland) using a commercial kit for 

CHOL (Cholesterol- CHOD-PAP; Cat. No. 11489232216), LDL-C plus 2
nd

 

generation (LDL-Cholesterol; Cat. No. 03038696122), HDL-C plus 3
rd

 generation 

(HDL-Cholesterol; Cat. No. 04713109190) and TG (Triglyceride GPO-PAP; Cat. No. 

11488872216) (Roche Diagnostics, Germany) and TG (Triglyceride GPO-PAP, Cat. 

No. 11488872216) (Roche Diagnostics, Germany). 
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Figure 2.1. Map showing different cities of Pakistan, from where sporadic FH individuals and 

families were recruited in the current study. 
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2.2  Genomic DNA extraction 

The gDNA from whole blood was isolated using standard phenol chloroform method 

(Sambrook and Russell, 2006). In brief, the whole process consisted of lysis of red 

blood cells (RBC), cellular debris removal followed by digestion of proteins using 

proteinase K. The digested proteins were then removed using phenol/chloroform, 

isoamyl alcohol wash. Finally, the gDNA was precipitated using isoproponol and 

sodium acetate, followed by wash with 70% ethanol and air drying of the pellet. The 

gDNA pellet was resuspended in 1XTE buffer (pH 8.0) and stored at -20˚C till further 

analysis (Appendix 1). Seventy sporadic FH patients were also sampled from of the 

cosmopolitan city of Karachi, Pakistan (Figure 2.1). MI patients were recruited from 

department of cardiology, Benazir Bhutto Hospital Rawalpindi. The blood from MI 

patients and healthy control individuals having similar ethnic background were also 

drawn and subsequently used to isolate gDNA for SNP analysis.  

The gDNA was electrophoretically separated on 1% agarose gel (w/v) containing 

ethidium bromide along with a known concentration of λ-Hind-III DNA ladder to 

determine the concentration of the gDNA, at 120V for 30 min in 1XTBE running 

buffer and visualized under UV transillumination. The gel image was captured using a 

digital camera and documented using BioCap MW software V11.01 (Vilber Lourmat, 

France). 

 

2.3 Genetic screening of FH families 

The candidate genes LDLR, PCSK9 and part of exon 26 of  APOB were sequenced 

directly in the selected families (HC21, HC24 and HC25) by Sanger sequencing, 

while the rest of the studied families (HC20, HC22, HC23, HC26, HC27, HC29, 

HC30, HC32, HC33, HC34, HC35, HC36, HC39) and sporadic hypercholesterolemia 

samples were analyzed by high resolution melting (HRM) assay.  

The direct screening of the three FH families was carried out by using the primer 

sequences reported by(Ajmal et al. (2011). These sequences cover the promoter, 

eighteen exons and intron/exon boundaries of LDLR and part of exon26 APOB (Table 

2.1). All the primers were analyzed for specificity by BLAST using the online NCBI 

BLAST tool (http://www.ncbi.nlm.nih.gov). All the coding exons including the 

http://www.ncbi.nlm.nih.gov/
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promoter of LDLR were amplified using 0.3mM dNTPs, 1X PCR buffer (10mM Tris-

HCl pH9.0, 50mM KCl, 0.1% TritonX-100 and 0.01% w/v gelatin), 2mM Mg
+2

, 

0.2µM of each primer, 1.5U Taq polymerase (Fermentas Life Sciences, Ontario, 

Canada) and 50ng gDNA. The thermal profile consisted of initial denaturation at 

95˚C/10 min followed by 40 cycles amplification at 95˚C/1 min, 57˚C/1 min and 

72˚C/1 min, a final extension was also carried out at 72˚C/7 min.  

The amplified products were then electrophoretically separated on 2% agarose gel, 

containing 5µl ethidium bromide at 120V for 30 min. The desired band was excised 

from the gel and PCR product from the gel was isolated by DNA extraction kit using 

manufacturer’s protocol (Fermentas Life Sciences, Cat No. K0513, Ontario, Canada). 

The sequencing was carried out in the forward as well as reverse direction and the 

sequencing results were analyzed visually or using Vector NTI Advance 11 software 

(Invitrogen Life Technologies, Canada).  

2.3.1 Allele Refractory Mutation System-PCR (ARMS-PCR) 

To determine the status of LDLR variants (c.264G>C, p.R88S; c.887_889 

GCA>AGC, p.C296*) identified in HC21 in controls and MI patients, ARMS-PCR 

was performed. For the variant p.(R88S) in LDLR exon 3, allele specific primers 5’-

gCA TTC CTC AgT TCT ggA Ag-3’ (wild-type allele) and 5’-gCA TTC CTC AgT 

TCT ggA AC-3’ (mutant allele) were used with a common reverse primer: 5’-CgT 

AgA gAC AAA gTC AgA CC-3’. The internal control primer 5’-Agg CCA gTg ggT 

CTT TTT Tg-3’ was also used with a product size of 555bp, while the allele specific 

primers gave a 139 bp fragment. The primer with the underlined nucleotide was the 

penultimate base change from G to A in order to increase the fidelity of the PCR.  

For the variant c.887_889GCA>AGC, p.(C296*) in LDLR exon 6, forward primer 5’-

ATC ACC CTg gAC AAA gTC TAgC-3’ (wild-type allele) and 5’-ATCA CCC Tgg 

ACA AAg TCT AgC-3’ (mutant allele) were used with a common reverse primer 5’-

AgT ggA gTT CCC AAA ACC CTA-3’. The internal control forward primer had the 

sequence 5’-ATg AgT gCC AAg CAA ACT gAg-3’ which gave on amplified product 

of 281 bp, while the allele specific primers gave a product of 163 bp. All amplified 

products were electrophoretically separated on 2% agarose gel, containing ethidium 

bromide, at 120V for 35 min. 
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Table 2.1. The primer sequences used to amplify and sequence of LDLR in three HC families. 

 

Exon No. Primer ID Primer 5' - 3' Product Size (bp) 

Exon1 LDLR_1F TCTTGCAGTGAGGTGAAGACAT 352 

 

LDLR_1R CCAGGGATGGAGTGATTATTTG 

 
    Exon2 LDLR_2F GACACAGGAAACGTGGTCAGT 470 

 

LDLR_2R ATGGCTTTAAGGAAAGCTCCA 

 
    Exon3 LDLR_3F TCCTCCTCCCAGGTTAAAGT 464 

 

LDLR_3R GACCCCGTAGAGACAAAGTCA 

 
    Exon4 LDLR_4F AGCGTCCCCGGCTATAGAAT 569 

 

LDLR_4R ATGTTGTTGGAAATCCACTTCG 

 
    Exon5 LDLR_5F CTCTCAAGCAGTTGGAACCAC 411 

 

LDLR_5R AAATCATTTGCAAGCAGCAAG 

 
    Exon6 LDLR_6F ATGAGTGCCAAGCAAACTGAG 281 

 

LDLR_6R AGTGGAGTTCCCAAAACCCTA 

 
    Exon7 LDLR_7F GAGGTTGTAATGAGCCAAGGTT 392 

 

LDLR_7R TACTAATCCCCAGAGGCAAGAA 

 
    Exon8 LDLR_8F TGGTGAATGATGAGGTCAGGT 415 

 

LDLR_8R TCAGGGGATATGAGTCTGTGC 

 
    
    Exon9 LDLR_9F GAGGTCTTTTCCACCCTCTTTT 581 

 

LDLR_9R CCCTGAATAACGTTTTCCTCTT 
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    Exon10 LDLR_10F CTCCATCGCCTACCTCTTCTT 550 

 

LDLR_10R CAGTTCCTGAAGCTCCTTCCT 

 
    Exon11 LDLR_11F TGTTTCTTCCAGAATTCGTTGC 310 

 

LDLR_11R AACCTTCAGGGAGCAGCTTG 

 
    Exon12 LDLR_12F AGCCTCCTTGAAGTTTTTCTGA 457 

 

LDLR_12R ACCAGTTTTCTGCGTTCATCTT 

 
    Exon13-14 LDLR_13F CCTGTGTCTCATCCCAGTGTT 596 

 

LDLR_14R TGAGTCCTTACAACGACCTTGA 

 
    Exon15 LDLR_15F CCTCCCAAGGTCATTTGAGAC 491 

 

LDLR_15R TGATTTGGCCCATTTAATCCT 

 
    Exon16 LDLR_16F ACTCACAAATAAGCCCGTGTG 346 

 

LDLR_16R TCCCTGTCCAGGAGAAAAAGT 

 
    Exon17 LDLR_17F CAGGAGTCAAGGTTATGGTACG 450 

 

LDLR_17R CAACATTCCTCTACACCACCAA 

 
    Exon18 LDLR_18F CAGCCGTGTTTCCTGAATG 453 

 

LDLR_18R TTGTGTGTTGAAAGCCACTTG 
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2.4 High Resolution Melting Analysis (HRM) 

High resolution melting analysis (HRM) is a state of the art technique used to screen 

variations in the candidate genes in a population suffering from a specific genetic 

disorder. This technique is based on the difference in the melting behavior of 

amplified DNA product due to variations in the sequence. The heterozygous and 

homozygous variants have different melting curves as compared to the wild type 

sequence. For the HRM screening, a panel of thirteen probands and one of the close 

relatives were selected in addition to twenty seven sporadic FH patients. The analysis 

was carried out on Rotor Gene 6000 using 1X Accumelt HRM Super Mix (Quanta 

Biosciences, Gaithersburg, Maryland, USA) with 60ng gDNA, 8 pmole of each 

primer in a final reaction volume of 20µl or using 1X Light Scanner High Sensitivity 

Master Mix (Idaho Technology Inc. Utah, USA) with 30ng of gDNA and 4pmol of 

each primer in a final volume of 10µl, according to the manufacturer’s protocol. The 

whole HRM cycling consisted of two phases i.e., PCR Amplification and High 

Resolution Melting analysis. The first phase (PCR amplification) consisted of three 

steps i.e., incubation at 95 ˚C for 5 min for 1 cycle to activate the enzyme, this was 

followed by 35 cycles of denaturation at 95˚C for 5 sec, annealing at 55-66˚C for 10 

sec (temperature used was based on the Tm of the primers; Table 2.2A and 2.2B) and 

extension at 70˚C for 20 sec. In the high resolution melting phase, the florescence of 

the double stranded DNA based on the binding of a saturation dye was measured. In 

this stage, the temperature was increased from 80˚C to 95˚C with an increment of 

0.1˚C and changes in florescence were recorded. In each reaction batch, samples with 

known mutations or polymorphisms were also used as standards (Table 2.2C). After 

the completion of the procedure, the data were analyzed by comparing the melting 

curves of all selected samples and standards. Those deviating from a sigmoidal curve 

were selected for further analysis for the presence of possible variations using 

restriction fragment length polymorphism (RFLP) followed by Sanger sequencing.  

2.4.1 Restriction Fragment Length Polymorphism (RFLP) 

Samples with polymorphisms typically depict a different melting behaviour from 

normal, thus in order to differentiate between melting curve changes of mutations and 

known polymorphisms, RFLP analysis was performed, which also helped in the 

validation of HRM assay. All the samples that did not have a polymorphism but had



37 
 

Table 2.2A. List of primers and conditions used for the amplification of LDLR exon segments including intron/exon boundaries in HRM and 

sequencing. All exons were amplified using Quanta Accumelt MasterMix, except Exon 4.4, which was amplified with Light 

Scanner Master Mix. 
 

    
PCR (

o
C/sec) HRM

 
(
o
C) 

Fragment 
Primer 

ID 
primer 5' - 3' Region covered Denat* Ann* Elong* Temp gradient 

Prom 
FH110 CAGCTCTTCACCGGAGACCC 

c.-298 - c.-62 95/5 60/10 70/20 80-95 
FH130 ACCTGCTGTGTCCTAGCTGG 

Exon 1 
FH544 AATCACCCCACTGCAAACTC  

c.-139 - c.67+23 95/5 60/10 70/20 80-95 
FH545 GGGCTCCCTCTCAACCTATT  

Exon 2 
FH112 TTGAGAGACCCTTTCTCCTTTTCC 

c.68-10 - c.190+6 95/5 55/10 70/20 80-95 
FH132 GCATATCATGCCCAAAGGGG 

Exon 3 
E3HRM TCAGTGGGTCTTTCCTTTGAG 

c.191-28 - c.313+58 95/5 60/10 70/20 75-95 
E3HRM CAGGACCCCGTAGAGACAAA 

Exon 4.1 
FH504 TGGTGTTGGGAGACTTCACA 

c.314-35 - c.519 95/5 60/10 70/20 80-95 
FH505 CACTCATCCGAGCCATCTTC 

Exon 4.2 
FH506 AAGTGCATCTCTCGGCAGTT 

c.377 - c.557 95/5 60/10 70/20 80-95 
FH507 CCCCTTGGAACACGTAAAGA 

Exon 4.3 
FH508 AGCTTCCAGTGCAACAGCTC 

c.474 - c.679 95/5 60/10 70/20 80-95 
FH509 CATACCGCAGTTTTCCTCGT 

Exon 4.4* 
FH510 TGTTCCAAGGGGACAGTAGC 

c.586 - c.694+60 95/10 66/10 72/20 80-95 
FH511 AAATCACTGCATGTCCCACA 

Exon 5 
FH116 AGAAAATCAACACACTCTGTCCTG 

c.695-8 - c.817+5 95/5 60/10 70/20 80-95 
FH136 GGAAAACCAGATGGCCAGCG 

Exon 6 
FH117 TCCTCCTTCCTCTCTCTGGC 

c.818-8 - c.940+8 95/5 60/10 70/20 80-95 
FH137 TCTGCAAGCCGCCTGCACCG 

Exon 7 
FH118 GGCGAAGGGATGGGTAGGGG 

c.941-38 - c.1060+36 95/5 60/10 70/20 80-95 
FH138 GTTGCCATGTCAGGAAGCGC 
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Exon 8 
FH567 CTAGCCATTGGGGAAGAGCC 

c.1061-31 - c.1186+30 95/5 60/10 70/20 80-95 
FH568 TGCCTGCAAGGGGTGAGGC 

Exon 9 
FH9 TCCATCGACGGGTCCCCTCTGACCC 

c.1187-26 - c.1358+25 95/5 60/10 70/20 80-95 
FH28 AGCCCTCATCTCACCTGCGGGCCAA 

Exon 10 
FH10 AGATGAGGGCTCCTGGTGCGATGCC 

c.1359-26 - c.1490 95/5 60/10 70/20 80-95 
FH29 GCCCTTGGTATCCGCAACAGAGACA 

Exon 10 
FH11 GATCCACAGCAACATCTACTGGACC 

c.1475 - c.1586+5 95/5 60/10 70/20 80-95 
FH141 AGCCCTCAGCGTCGTGGATA 

Exon 11 
FH122 TCCTCCCCCGCCCTCCAGCC 

c.1587-28 - c.1705+7 95/5 60/10 70/20 75-90 
FH142 GCTGGGACGGCTGTCCTGCG 

Exon 12 
FH13 GCACGTGACCTCTCCTTATCCACTT 

c.1706-10 - c.1845+10 95/5 56/20 70/30 80-90 
FH32 CACCTAAGTGCTTCGATCTCGTACG 

Exon 13 
FH550 AGAGGGTGGCCTGTGTCTC 

c.1846-47 - c.1987+29 95/5 58/10 70/20 78-90 
FH551 TCCACAAGGAGGTTTCAAGG 

Exon 14 
FH564 CTGATGATCTCGTTCCTGCCC 

c.1988-23 - c.2140+46 95/5 60/10 70/20 80-95 
FH145 GCAGAGAGAGGCTCAGGAGG 

Exon 15 
FH571 GGCACGTGGCACTCAGAAGAC 

c.2141-18 - c.2311+25 95/5 60/10 70/20 80-95 
FH572 ACCCGTCTCTGGGTGAAGAGG 

Exon 16 
FH127 CCTTCCTTTAGACCTGGGCC 

c.2312-23 - c.2389+32 95/5 60/10 70/20 80-95 
FH147 CATAGCGGGAGGCTGTGACC 

Exon 17 
FH128 GGGTCTCTGGTCTCGGGCGC 

c.2390-33 - c.2547+10 95/5 60/10 70/20 80-95 
FH148 GGCTCTGGCTTTCTAGAGAGGG 

Exon 18 
FH129 GCCTGTTTCCTGAGTGCTGG 

c.2548-35 - c.2607 95/5 60/10 70/20 80-95 
FH149 TCTCAGGAAGGGTTCTGGGC 

 

 

* Denat = Denaturation; Ann = Annealing; Elong = Elongation; Temp = Temperature 
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Table 2.2B. Primers with conditions used for the amplification of PCSK9 and APOB exons including Intron/exon boundaries in HRM and 

sequencing.  

Gene: PCSK9 PCR (
o
C/sec) HRM

 
(
o
C) 

Fragment 
Primer 

ID 
primer 5' - 3' Region covered Denat Ann Elong Temp gradient 

Prom and 

Exon 1 

E1F CCGTTCAGTTCAGGGTCTGAG 
- - - - - 

E1R CGGCGACCTGCACTCC 

Exon 2 
FH409 TTGAGAGACCCTTTCTCCTTTTCC 

c.208-57 - c.399+88 95/5 58/10 70/20 78-94 
FH410 GCATATCATGCCCAAAGGGG 

Exon 3 
FH411 TCAGTGGGTCTTTCCTTTGAG 

c.400-93 - c.523+144 95/5 58/10 70/20 78-94 
FH412 CAGGACCCCGTAGAGACAAA 

Exon 4 
FH413 TGGTGTTGGGAGACTTCACA 

c.524-93 - c.652+58 95/5 60/10 70/20 75-94 
FH414 CACTCATCCGAGCCATCTTC 

Exon 5 
FH415 AGAAAATCAACACACTCTGTCCTG 

c.658-30 - c.799+30 95/10 60/10 70/20 75-94 
FH416 GGAAAACCAGATGGCCAGCG 

Exon 6 
FH417 TCCTCCTTCCTCTCTCTGGC 

c.800-77 - c.996+90 95/10 60/10 70/20 80-95 
FH418 TCTGCAAGCCGCCTGCACCG 

Exon 7 
FH433 CCCTCTCTTGGGCTCCTTTCT 

c.997-27 - c.1180+29 95/10 60/10 70/20 78-94 
FH434 AAAGGGGCTGTTAGCATCACG 

Exon 8 
FH419 CTAGCCATTGGGGAAGAGCC 

c.1181-78 - c.1354+89 95/5 58/10 70/20 78-94 
FH420 TGCCTGCAAGGGGTGAGGC 

Exon 9 

FH421 TCCATCGACGGGTCCCCTCTGACCC 

c.1355-55 - c.1503+81 95/10 60/10 70/20 

 

75-94 

 
FH422 AGCCCTCATCTCACCTGCGGGCCAA 

Exon 10 

FH423 AGATGAGGGCTCCTGGTGCGATGCC 

c.1504-90 - c.1681+60 95/10 57/10 70/20 

 

80-94 

 
FH424 GCCCTTGGTATCCGCAACAGAGACA 
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Exon 11 
FH425 TCCTCCCCCGCCCTCCAGCC 

c.1682-80 - c.1863+82 95/10 57/10 70/20 80-94 
FH426 GCTGGGACGGCTGTCCTGCG 

Exon 12 
FH427 GCACGTGACCTCTCCTTATCCACTT 

c.1864-82 - c.2079*84 95/5 56/10 70/20 80-94 
FH428 CACCTAAGTGCTTCGATCTCGTACG 

Gene: APOB 

Exon 26 
FH521 TGTCAAGGGTTCGGTTCTTT 

c.10516 - c.10745 95/5 60/10 70/20 80-95 
FH522 GGGTGGCTTTGCTTGTATGT 

 

* Denat=Denaturation; Ann=Annealing; Elong=Elongation; Temp=Temperature 
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Table 2.2C. Samples with known variations used as standard/control in HRM assay. 

Gene Segment Standard ID Variations  

LDLR 

Exon-2 SB_/45 c.97C>T,  p.(Q33X) 

  SB 2289/974  p.(C46*) 

  SB3261/986 c.118delA, p.(fs I19*)  

Exon-3 SB3050/950 c.196 del GT, p.(fsV45) 

  SB1528/78 c.301G>A, p.(E80K)  

  SB671/871 c.303delG, p.(fsE80) 

  SB_/903 c.313+5G>A, i3 splice 

Exon-4.1 SB 79/852 c.326G>A, p. (C88Y)   

  SB2543/982 c.501C>A, p.(C146*) 

Exon-4.2 SB1205/630 c.530C>T, p.(S156L) 

Exon-4.3 SB2236/711 c.564C>G, p.(A188*)  

  SB2086/682 c.662A>G, p.(D221G) 

Exon-4.4 SB1875 /110 c.654del TGG, p.del G197 

  SB2491/97  c.680del AC, p. (fs.D206*) 

  SB_/961  c.682G>T, p.(E207*) 

Exon-5 SB2522/873 c.743G>A, p.(C227Y) 

Exon-6 SB1144/634 c.983G>A, p.(C292Y) 

Exon-7 SB1333/686 c.1049G>C, p.(R350P)  

  SB 528/749   c.1048C>T, p.(R350*) 

Exon-8 SB1341/668 c.1061A>T, p.(D354V) 

  SB 91/816 c.1135T>C, p.(C379R) 

Exon-9 SB1111/762 c.1222G>A, p.(E409K ) 

  SB2517/89 c.1246T>C, p.(R426W) 

Exon-10.1 SB3326/727 c.1444G>C, p.(D482H) 

  SB2355/933 c.1436T>C, p.(L479P) 

Exon-10.2 SB 739/889 c.1567G>A, p.(V523M) 

  SB2888/171 c.1571T>G, p.(V524G) 

Exon-11 SB2229/698 c.1694G>C, p.(G565A)  

Exon-12 SB2056/624 c.1783C>T, p.(R595W) 

  SB83/848  P608R 

  SB3010/656 P628L 

Exon-13 SB_/44  c.1855T>C, p.(F598L)  

Exon-14   Poly GA 

Exon-15 SB2088/674 c.2225C>T, p. (T742L) 

    Poly GA 

PCSK9 Exon-7 SB981/32 c.1120G>C, p.(D374Y) 

APOB Exon-26 OxFH17 c.10580G>A, p.(R3527Q) 
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melting curve variations were selected for Sanger sequencing to determine the cause 

of melting curve changes. 

To determine the segregation of the identified variations in the family members, PCR-

RFLP analysis was performed. PCR amplification was carried out using 60ng gDNA, 

1X Polymix (200 mM Tris pH 8.4, 500 mM KCl) (Invitrogen life Technologies, 

USA), 8pmole of each primer, 2mM Mg
2+

 and 0.4 U of Taq DNA polymerase 

(Invitrogen) in a 20µl final volume. All the cycling was performed on a G-Storm 

thermal cycler GS4 (Somerton Biotechnology Centre, UK) at 95˚C /3 min followed 

by 30 cycles of 95˚C/30 sec; 60˚C/30; 72˚C/30 sec and a final extension at 72˚C/5 

min. Primers used for the screening of exons by HRM were used for RFLP analysis 

(Table 2.2A and 2.2B).  

The amplified product were separated on 2% (w/v) agarose gel to verify the 

amplification, this was followed by digestion with the appropriate restriction enzymes 

from New England Biolabs (NEB) using 8µl PCR product and 3U of enzyme in a 

13µl final reaction volume (Table 2.3). After 3 hours digestion at the specified 

temperature, the digested product was mixed with 5µl bromophenol blue loading dye 

and electrophoretically separated  on 2% agarose gel  containing ethidium bromide for 

45min at 120V or microplate array diagnol gel electrophoresis (MADGE) for 45min 

at 120V. After electrophoresis, MADGE gel was soaked in ethidium bromide for ten 

minutes and the picture of the gel was captured by a digital camera and documented.  

The MADGE was prepared by the following procedure; the soda lime float glass plate 

was coated with γ-methacryloxypropyltrimethoxy-silane (0.5% γ-methacryl-

oxypropyltrimethoxy-silane mixed in 0.5% glacial acetic acid/ ethanol V/V) on one 

side and air dried. The master mixture for MADGE gel was prepared by adding 

9.76µl of 30% acrylamide: bis-acrylamide (24:1), 120µl of 25% Ammonium per 

sulphate (APS) freshly prepared, 120µl of N,N,N’ Tetramethylethylenediamine 

(TEMED) in a final volume of 40 ml consisting of 1X TBE buffer. This mixture was 

poured on the casting plate. The glass plate with the sticky silanized coating side was 

placed on the casting plate with some pressure. The gel polymerized and made a cross 

connection with the plate in 10min. The casting plate was removed and MADGE 

attached with glass plate was stored in 1X TBE buffer or used for electrophoresis. 
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2.4.2 Sequence Analysis 

The samples selected for sequencing were amplified using the same primers that were 

used for HRM (Table 2.2A and B). The amplified products were purified using GFX 

columns (GE Health-care, Product No. 28-9034-70, Piscataway NJ) and sequenced 

using sent to Source Bioscience for sequencing. Sequences were visualized using 

Finch TV (http://www.geospiza.com/Products/finchtv.shtml). 

 

2.5 Multiplex ligation dependant probe amplification (MLPA) 

LDLR, being a polymorphic gene, has also shown gross insertion/deletion in different 

exons. Due to these insertion / deletion in LDLR, the function of the encoded protein 

may be disrupted or in some cases the gene may exhibit as a null allele due to deletion 

of exons leading to development of heterozygous FH status. Such variations cannot be 

determined based on Sanger sequencing because of the existence of a normal allele. 

So, all the probands were screened for gross exon/intron rearrangements through 

multiplex ligation dependant probe amplification (MLPA) assay.  

In MLPA instead of amplifying the gDNA directly, the probe hybridized to the 

complementary sequence was amplified. For each MLPA probe two primers were 

used that hybridized in close proximity to each other, which was followed by ligation 

and the amplification. The relative amount of the product depends on the available 

complementary sites and the difference in the copy number can be determined by 

comparison of patient samples with reference samples. For this assay, SALSA MLPA 

® P062 Kit (MRC-Holland, Amsterdam, The Netherlands) was used, which contained 

a total of 37 probes including 19 probes for LDLR, two probes for the genes upstream 

and downstream of  LDLR, and 16 control probes from other human genes. One oligo 

from each MLPA probe also contained non hybridized stuffer sequence of variable 

length (19-370 bp). The two oligos hybridized to complementary sequences at 

adjacent position are ligated with a thermostable ligase. This was followed by PCR, 

where the ligated probes were amplified resulting in the different product sizes for 

different exons. By separating the fluorescently labeled amplicons by capillary 

electrophoresis, relative amount of amplified product was compared with the control 

DNA in order to determine the status of ins/del of different exons in LDLR.

http://www.geospiza.com/Products/finchtv.shtml
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Table 2.3.  Restriction enzymes with product size and annealing temperatures used to screen SNP variations and potential mutations found in the 

studied families.   

 

Gene Exon 
SNPs/ 

Mutation 

Base 

Change 
R. E. 

Fragment Size (bp) 

PCR 

annealing 
o
C / Sec 

Wild type Heterozygous Mutant 
 

LDLR 

2 rs2228671 C>T Hha1* 21+129 21+129,150 150 60 / 60 

7 rs12710260 G>C SmA1 293 293,187+106 187+106 65 / 20 

8 rs11669576 G>A StuI 157+63 220,157+63 220 60 / 40 

10 rs5930 A>G BsmA1 108,76+18 108,91,76, 18+17 91, 76,18+17 65 / 20 

11 rs5929 C>T AciI 115,70+8 185,115,70+8 185 + 8 69.5 / 20 

12 rs1799898 C>T BsmA1 160 +19 179,160+19 179 60 / 40 

12 rs688 C>T HincII 110, 64 +36 146, 110, 64+36 146 + 64 60 / 40 

13 rs5925 T>C AvaII 219 21, 136+83 136+83 57.5 / 30 

15 rs5927 A>G MspI 161 + 83 161, 140, 83+21 140,83+21 62 / 30 

        7 p.(C340L) TG>GC Bgi1 144, 92 236, 144, 92 236 60 / 40 

11 p.(G545E) G>A MnlI 146,19+12+10+7 146,106,40,19+12+10+7 106,40,19+12+10+7 69.5 / 30 

13 p.(V639G) T>G HinCII
#
 467,  129 596, 467, 129 596 58 / 30 

PCSK9 
2 p.(R105Q) G>A MspI 175+162 337,175+162 337 58 / 40 

3 p.(P155L) C>T BtgI 177,157,27 184+177,157,27 184+177 62 / 40 
 

 

*Force site PCR, 
#
 R.E. from Fermentas life sciences 
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The whole MLPA process comprised of the following steps: 

2.5.1 DNA denaturation 

About 5 µl probands gDNA and control DNA samples (20ng/µl) were pipette in a 

PCR plate and placed in G-storm Thermal cycler (GS4). The DNA was denatured at 

98˚C for 5 min followed by cooling to 25˚C.  

2.5.2 Hybridization reaction 

3µl of hybridization mixture (1.5µl MLPA buffer and 1.5µl probe mix) was then 

added to each sample and mixed well by pipetting. The MLPA thermal cycler 

program was then started by incubating for 1 min at 95˚C followed by 18 hours at 

60˚C for complete hybridization of probes with the complementary sequence. On the 

following day the samples were incubated at 54˚C till further processing.  

2.5.3 Ligation reaction 

The ligase master mix was prepared by adding 3µl Ligase-65 buffer A, 3µl Ligase-65 

buffer B and 25µl dH2O followed by 1µl of Ligase-65 and mixed thoroughly by 

pipetting. To the sample held at 54˚C in the thermal cycler, 32µl of ligase master mix 

was added and mixed gently using a pipette and the incubation step was continued for 

another 15 min at 54˚C. The Ligase-65 was then inactivated at 98˚C for 5 min 

followed by incubation at 15˚C. 

2.5.4 PCR reaction 

PCR buffer was prepared using 4µl SALSA PCR buffer in 26µl dH2O followed by 

vortexing and this was transferred to a new PCR plate, followed by transferring 10µl 

of each ligation product into the corresponding well. For each reaction, the 

polymerase master mix was prepared by adding 2µl SALSA PCR primers, 2µl 

SALSA enzyme dilution buffer, 5.5µl dH2O and 0.5µl SALSA polymerase and mixed 

thoroughly with a pipette. The reaction mix was then incubated at 60˚C and 10µl 

polymerase mix was added to each tube and mixed gently with a pipette. Thermal 

cycling was then carried out for 35 cycles at 95˚C for 30 sec, 60˚C for 30 sec and 

72˚C for 60 sec. The final extension was carried at 72˚C for 20 min followed by 

incubation at 15˚C. The samples were then  electrophoretically separated on ABI 
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Prism 3730 XL (Applied Biosystems, CA, USA) following the manufacturer’s 

protocol after which the data were analyzed by Gene Scan 500 (Applied Biosystems, 

CA, USA). 

 

2.6 Cloning strategy  

In screening the sporadic FH patients for the possible variation in the LDLR, one 

patient (HCS-39) was found to be heterozygous for two mutations in LDLR exon 9 

(c.1211C>T; p.T404I and c.1214 A>C; N405T). The gDNA of this patient was cloned 

in order to determine the allelic status of this double heterozygous variant.  

2.6.1 Designing of sub-cloning oligonucleotides  

Oligonucleotides were designed covering the entire exon 9, intron/exon boundaries 

and also containing the sequence for Sac1 restriction enzyme (underlined). The 

sequence of the forward primer [FP] was 5’-ATC gAg CTC TCC ATC gAC ggg TCC 

CCT CTg ACC C-3’ and for the reverse primer [RP] the sequence was 5’-ATC gAg 

CTC AgC CCT CAT CTC ACC TgC ggg CCA A-3’. These oligonucleotides 

contained the restriction site for Sac1 which produced sticky ends.  

2.6.2 PCR amplification 

For amplification, 0.2mM dNTPs, 1X polymix, 4pmole of each primer, 2 mM Mg
+2

, 

1U Taq DNA polymerase and 60ng template DNA was used in a final volume of 

30µl. The fragment was amplified in a G-Storm Thermal cycler (GS4) using a thermal 

profile with initial denaturation at 94˚C for 4 min followed by 35 cycles of 

denaturation at 94˚C for 20 sec, annealing at 60˚C for 30 sec and elongation at 72˚C 

for 45 sec. The final extension at 72˚C for 7 min was also performed. The amplified 

product of 291 bp was electrophoretically separated at 120 V for 45 min on 2% 

agarose gel containing ethidium bromide as a DNA intercalating dye and visualized 

under UV trans-illumination.   

2.6.3 Digestion of PCR product and p-GeM 11 Vector  

The PCR product and p-GEM11 vector were digested at 37˚C for 3 hours using Sac1 

restriction enzyme in 0.2µl acetylated BSA buffer (10 µg/µl). After digestion, p-
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GEM11 plasmid linearization was checked on a 2% agarose gel.  To the digested 

vector, 1µl Shrimp Alkaline Phosphatase (SAP) was added to dephosporylate the 

sticky ends and inhibited auto religation. 

2.6.4 Recombinant p-GEM11 vector preparation  

LDLR exon 9 PCR amplified product was ligated into the pGEM11 vector using DNA 

ligase.  For this purpose, three groups were formed i.e. Group A  contained only the 

vector and no insert, group B contained vector and insert in a 1:1 ratio, while group C 

contained vector and insert in a 1:2 ratio. For the ligation reaction, ligation buffer 

(1X), ligase 0.5µl, and p-GEM11 vector 1µl were used in a final volume of 20µl 

reaction. The ligation was performed overnight at 16˚C.  

2.6.5 Competent cell transformation  

The competent E. coli cells (DH5α strain), approximately 1µl, were transformed by 

adding 3µl ligation mixture. The cell were placed on ice for 30 min followed by heat 

shock at 42˚C for 1 min to which was added  300µl of Lauria Broth (2g Tryptone, 1g 

yeast, 1g NaCl, 0.4g glucose). The reaction mixture was incubated at 37˚C for 1 hour 

in a shaking incubator at 220 rpm. 

2.6.6 Bacterial culturing 

 After overnight culturing, each culture tube was transferred to LB agar plates 

containing 1g tryptone, 0.5g yeast, 0.5 g NaCl and 1.5g agar.  Ampicillin was used as 

a selection marker at the concentration of 50µg/ml in each plate. The plates were 

turned upside down and incubated overnight at 37˚C. The next day, one colony from 

each plate was selected for culturing in a separate falcon tube containing 5ml of LB 

media (2g of Tryptone, 1g yeast, 1gNaCl, 0.4g glucose) containing 10µl of Ampicillin 

(50 µg/ml) as selection marker. These cultures were incubated overnight at 37˚C in a 

shaking incubator at 220 rpm. 

2.6.7 Plasmid extraction  

Next day, each falcon tube had a milky appearance indicating the growth of 

transformed bacteria. Each tube was then centrifuged at 3000 rpm for 5 minutes at 

4˚C. Then ¾ of the media was discarded using pasture pipettes and the pellet was 
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dissolved in the remaining media. These cells were then transferred to 1.5ml 

eppendorf tube and processed further for the extraction of plasmid DNA using 

QIAprep® Miniprep extraction Kit (Qaigen; cat No. 27106, Hilden, Germany) 

according to the manufacturer’s protocol. 

2.6.8 Validation of recombinant DNA 

Approximately, 5µl of the extracted plasmid DNA from each tube was digested with 

Sac1 restriction enzyme (3U/reaction) and the DNA was electrophoretically separated 

on 1.2% agarose gel to confirm which of the culture contained the vector with an 

insert. 

2.6.9 Sequencing of recombinant pGEM11 vector 

The extracted plasmid DNA was sequenced from both ends to confirm if the changes 

(c.1211 C>T, p.T404Iand c.1214 A>C, p.N405T) were on the same allele or different 

one.  

 

2.7 In silico analysis 

All the identified variations were analyzed by web based tools like polyphen 

(polymorphism phenotyping) (http://genetics.bwh.harvard.edu/pph2), Mutation Taster 

(www.mutationtaster.org) and  Sift (Sorting intolerance from tolerance) human 

protein (http://sift.jcvi.org/www/SIFT_enst_submit.html) to predict the impact of 

these variations on the structure / function of the protein. 

  

2.8 SNP Based Studies for MI 

In order to determine the role of SNPs in the onset of MI, a case control association 

study was carried out. The patients were selected based on WHO standard criteria i.e., 

raised cardiac markers like CKMB, Troponin T positive test, variation in ST segment 

of ECG and typical chest pain for more than 20 min. All the patients were recruited 

after informed consent from their legal representatives. The blood was drawn by 

venipuncture and collected in BD vacutainer till further analysis. The gDNA was 

http://genetics.bwh.harvard.edu/pph2/
http://www.mutationtaster.org/
http://sift.jcvi.org/www/SIFT_enst_submit.html
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isolated using standard phenol chloroform method as described above (Sambrook and 

Russell, 2006).  

For screening purpose, eight SNPs from six different genes (rs1333049, ANRIL; 

rs10920501, FAM5C; intron4 VNTR, eNOS; rs4646994, ACE and rs1042579, THBD) 

were selected. The screening was carried out either using allele refractory mutation 

system (ARMS) and/or simple conventional PCR. All the primer sequences and their 

product size are summarized in Table 2.4.    

For the screening of SNPs, PCR was carried out in a total reaction volume of 25 µl 

each, containing 0.2 µM dNTPs, 3mM MgCl2, 1X Taq buffer (750mM Tris-

HCL(pH8.8), 200mM(NH4)So4, 0.1%Tween20), 0.2 µM allele specific forward 

primer, 0.3 µM reverse primer, 0.1 µM internal control primer (ARMS-PCR) and 1.0 

U Taq polymerase. Thermocycling was performed in PXE 0.2 Thermal cycler 

(Thermo electron Corporation). The cycling consisted of an initial denaturation step 

of 95˚C for 5 min followed by 35 cycles of 94˚C for 30 sec, 54˚-65˚C for 30 sec 

(depending upon the Tm of respective primers), 72˚C for 30 sec and a final extension 

cycle of 72˚C for 5 min. 

The amplified products were then electrophoresed on 2-4% agarose gels in order to 

determine the amplified products sizes. DNA bands were visualized by UV trans-

illumination, the image documented using the BioCap MW software (ver. 11.01, 

Vilber Lourmat, France) and the genotype data were then recorded. 

 

2.9 Statistical Analysis 

The genotype and allele frequencies of the studied SNP were calculated, in order to 

determine the association of the SNP in the onset of MI in the Pakistani population. 

The data were analyzed using SPSS software (version 14). The significance level was 

set at 0.05. A chi-square test, multiple linear regression analysis and/ or student’s t 

Test was used where applicable. 
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Table 2.4. Primer sequences used in ARMS or conventional PCR with their final 

product size. 

 

IC; Internal Control, AS: allele specific 

Primer ID Primer Sequences 

PCR 

Annealing 

Temp ˚C 

Product 

Size (bp) 

ANRIL  

(rs1333049)    

rs1333049-ICF 5'-GAA GAT CAT ACC CGA AGT AGA GCT GC-3' 

59˚ 

IC: 500 
rs1333049-R 5'-ATA CCA CAG TGA ACA TAA TTG TGC ATA CAT-3' 

rs1333049-CF 5'-TCC TCA TAC TAA CCA TAT GAT CAA CAG TTC-3' 
AS: 280 

rs1333049-GF 5'-TCC TCA TAC TAA CCA TAT GAT CAA CAG TTG-3' 

   
 

FAM5C  

(rs10920501) 

  

 

rs10920501-ICF 5'-ACCCAAGCTAGAGAAACTATATTCTC-3' 

54˚ 

IC: 450 
rs10920501-R 5'- GCAGAAGAATAAATCATAAAGTAGATG-3'  

rs10920501-T 5'-GTTTTCCCAAACACACTTTAAGT -3' 
AS: 261 

rs10920501-A 5'-GTTTTCCCAAACACACTTTAAGA  -3' 

   
 

ACE  

( rs4646994) 

  

 

ACE-F 5'-GCCCTGCAGGTGTCTGCAGCATGT-3' 
60˚ 312 

ACE-R 5'-GGATGGCTCTCCCCGCCTTGTCTC-3' 

   
 

eNOS  

(Intron 4 

VNTRs) 

  

 

eNOS-F 5'-GG CCC TAT GGT AGT- 3' 
59˚ 

bb: 421 

eNOS-R 5'-TCTCTTAGTGCTGRGGTCAC-3' aa: 394 

   
 

THBD  

(rs  rs1042579) 

  

 

  rs1040579-ICF  5'-ACGGACATCGACGAGTGCGAA-3' 

65˚ 

IC: 300 
  rs1040579-R 5'-CAGGTGGCAGAGGAGCGCCAA-3' 

  rs1040579-CF 5'-ATCTGCGGGCCCGACTCGGCCCTTTC-3' 
AS:225 

  rs1040579-TF 5'-ATCTGCGGGCCCGACTCGGCCCTTTT-3' 



 

 

 

 

 

 

 

 

Chapter 3 

Results 
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3. Results 

Thirteen families presenting FH / MI and 27 sporadic cases of FH were selected for 

screening possible DNA variations in candidate genes. Probands‟ anthropometric data 

are summarized in Table 3.1. Out of the thirteen families, six families had more than 

five affected individuals scattered in different generations. All families were selected 

based on MEDPED criterion including high total cholesterol or development of 

tendon xanthoma. Most of these families have consanguineous marriages between 

first cousins and non-consanguineous marriages are usually between individuals of 

the same ethnicity. Probands of these families were screened for LDLR, APOB and 

PCSK9 through high resolution melting (HRM) assay and/or Sanger sequencing. 

Out of these thirteen probands of FH families, five (38.4%) had mutations in the 

LDLR, while in two probands (15.3%) PCSK9 mutations were identified. LDLR 

mutations were identified in families, HC21, HC24, HC25, HC35 and HC39, while 

PCSK9 mutations were present in HC26 and HC29. None of the family had mutations 

in exon 26 of APOB (R3527Q or R3527W).  

3.1 LDLR Variations 

3.1.1 Family HC21 

Family HC21 has a strong history of premature coronary artery disease (pCAD) and 

one of the affected individual (proband‟s father; II: 6) died from CAD at the age of 45 

years (Figure 3.1A). The proband‟s (III: 8) pre-treated TC level was 10 mmol/l with a 

history of MI at the age of 26 years. His left anterior descending artery (LAD) was 

seen completely occluded on percutnous transluminal coronary angiography, so 

stunting of LAD was done. In addition, atorvastatin (80 mg/day) and ezetimibe (an 

inhibitor of cholesterol absorption in the intestine) were prescribed as lipid lowering 

drugs. His post treatment TC level was within normal limits (4.11 mmol/l). 

LDLR sequencing results revealed a missense mutation c.264G>C, p.(R88S) in exon 3 

and a three base pair delins at c.887_889 GCA>AGC in exon 6, which results in the 

production of a truncated receptor protein because of the introduction of a premature 

termination codon. This three bps delins overlaps two adjacent codons (p. C296 and
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Table 3.1. Lipid profile of probands and their clinical status.  

Family Pedigree ID Age Gender Trig TC HDL-C LDL-C Clinical Symptoms Medication 

HC21 III-8 35 M - 10 - 9.19 pCAD, LAD 

angioplasty 

Atorvastatin 80 mg 

Ezetimibe 

HC23 IV:5 45 M 3.1 9.8 1.48 5.75 - - 

HC24 IV:4 51 M 2 9.6 2.27 5.54 CABG - 

HC25 IV:4 04 M 1.5 24 0.57 18.8 Tuberous Xanthoma - 

HC26 IV:7 52 F 0.9 6.3 1.84 3.91 - - 

HC27 IV:3 36 M 2.6 7.4 5.2 1.22 - - 

HC29 III:3 54 M 1 3.3 0.78 2.15 CABG Lasix (20mg), Carveda (6.25mg), 

Lowplat (70 mg), Aldactone (20 mg), 

Loprin (70mg), Rovista (10mg) 

HC30 II:5 23 M 2 6.6 5.85 1.19 - - 

HC32 I:2 65 M 1.4 6.3 4.35 1.17 CABG - 

HC33 IV:4 34 M 2.2 6.6 0.98 4.53 - - 

HC35 IV:9 41 M 1.6 8.5 1.04 6.73 Xanthelasma, pCAD Atorvastatin 40 mg 

HC36 V:2 30 M 2.3 6.3 1.04 4.27 - - 

HC39 VI:1 02 M 2.3 24 1.04 22.1 Tendon Xanthoma Atorvastatin 80 mg 
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Figure 3.1. Pedigree and sequencing chromatogram of the proband and healthy 

controls. A) Pedigree of the family HC21 (M1=c.887_889GCA>AGC, 

p.(C296*), M2=c.246G>C, p.(R88S) and + for wild type allele). B) 

Sequencing chromatograms of exon 3 and, C) exon 6 of LDLR in 

proband and healthy control. 

  

A.  
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p. N297) and the first two bp of delins (c.887_888 GC>AG) leads to the development 

of stop codon at position p.C296*, while the third base of delins (c.889A>C) lead to a 

substitution mutation (p.N297H), which is a recurrent mutation site across different 

populations. The latter change has no impact in the current family as it is present after 

the stop codon which is the disease causing mutation (Figure 3.1B, C).  

Segregation analysis in the family was performed by allele specific oligonucleotide 

PCR (ASO-PCR) for both mutations, the proband‟s mother was found to be 

heterozygous for exon 3 mutation [c.264G>C, p.(R88S)] and had slightly elevated TC 

level (6.52 mmol/l), while his brother (III:7) was normal for both  variations (Figure 

3.2). None of these variations were present in 150 healthy controls which strengthen 

our conclusion that these mutations are pathogenic.   

Polyphen „in silico’ analysis predicted that the variation (p.R88S) was “possibly 

damaging” with a position specific independent counts (PSIC) score of 1.923. SIFT 

(sorting intolerant from tolerant) predicted this mutations as “tolerated”. The score 

conservation score predicted this site to be highly conserved with a score of 0.768 

(where 1 depicts the highest conservation and 0 is for no conservation). The 

conservation of the amino acid at this site [p.(R88S)] revealed a substitution of 

arginine to lysine in rabbit, frog and zebra fish. Both arginine and lysine are basic 

amino acids that is a conservative replacements and does not affect the protein 

functionality (Figure 3.3).  

Both arginine and serine are polar amino acids, but arginine has positive charge and is 

larger in size as compared to serine and the substitution of arginine with serine may 

create an empty space for the surrounding amino acids to fill in. Thus, creating a 

hindrance in making a wild type disulphide bridge between neighbouring cysteine 

residues positioned at 89 and 104 and ultimately leading to the mis-folding of the 

ligand binding domain of LDLR (Figure 3.4).  
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Figure 3.2. Segregation of identified variants in the family members through allele-

specific oligo PCR. A) Screening of c.264G>C, p.(R88S) mutation in 

family members. B) Screening of c.887_889 GCA>AGC, p.(C296*) 

mutation in family members. 

  

GC GC GG 

GCA/AGC GCA/GCA 
GCA/GCA 
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Figure 3.3. LDLR structure and conservation of identified mutations of family HC21. 

  

 

Figure 3.4. Modeling of the R88S and its impact on the neighbouring disulphide bond 

that ultimately leads to the disturbance in the ligand binding domain.  
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3.1.2 Family HC24  

This family has seven affected individuals and the proband of this family had 

clinically diagnosed FH with an autosomal dominant inheritance pattern (Figure 3.5). 

The proband (IV: 5) underwent coronary artery bypass grafting (CABG) at the age of 

46 years. No affected members had clinical presentation of xanthoma and at the time 

of sampling all affected members were on statin treatment because of the raised TC 

level. The proband‟s post treatment TC level was 9.3 mmol/l, while rest of the six 

affected individuals also had raised TC levels in the range of 5.6 - 7.1 mmol/l. Direct 

sequencing of the proband‟s LDLR revealed a novel missense mutation c.1916T>G, 

p.(V639G) in exon 13 (Figure 3.5). Segregation analysis was done through RFLP and 

revealed that six individuals were heterozygous (p.V636/G639), only one individual 

(proband) was homozygous for the mutation (p.G639/G639) while all others were 

homozygous normal (p.V639/V639) with corresponding phenotype presentation 

(Figure 3.5 and 3.6).  

Fisher‟s Exact Probability test was also performed to determine the frequency of 

genotypes and their association with phenotype expression in the family members. 

The dominant model indicated a significant association of the variant allele (p = 

0.001) with the disease phenotype (Table 3.2).  

The mean TC level of the carriers (6.33 ± 0.51 mmol/l) was significantly (p=9E-05) 

higher as compared to the non carriers (4.53 ± 0.58 mmol/l) indicating the impact of 

mutation in raising TC levels in carriers (Table 3.3).  The trend analysis of age and 

LDL-C level was also compared among different genotypes and LDL-C level was 

found to increase in the wild type genotype individuals with increasing age when 

compared to the variant allele carriers, where the effect was opposite (Graph 3.1). 

The conservation analysis of the amino acid for the current identified mutation 

revealed that this site is not highly conserved among the different vertebrates (Figure 

3.8). The 3D modeling of the LDLR protein showed that the substitution of valine 

with glycine may create extra space for the surrounding amino acids to occupy. This 

movement of the amino acid from their actual 3D position may disrupt critical H-

bonding (Figure 3.8) that may lead to loss of function of the modified LDLR, causing 

the FH phenotype. This assumption is further supported by the presence of Isoleucine 
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Figure 3.5. The segregation of variant allele in the different individuals of the family HC24. T The circle and square indicated females and 

males, respectively. The signs with cross line depict the deceased individuals. (M= c.1916T>G, p.(V639G), + = wild type allele) 
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Figure 3.6. DNA sequencing and RFLP based segregation analysis of variant allele 

among the family HC24. A). Chromatogram of the normal control 

individual. B). Chromatogram of the affected proband HC24 with 

homozygous mutant allele with substitution of Valine to Glycine at 639 

position in LDLR. C). Segregation of variant allele (c.1916T>G) among 

family HC24. The amplified exon 13 LDLR product was digested to give 

a 129 bp (not shown) and a 467 bp in wild type genotype control 

individual. Homozygous variant remained undigested in proband (IV: 5), 

while heterozygotes were digested to 596, 467 and 129 bp. 

GG    TG   TT   TG    TG   TG    TG    TT     TT    TT     TT   TT     TG   TT  
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Table 3.2. Fisher‟s exact probability test for the association of genotype with the 

expression of the disease. 

Genotype 

Frequency 

Normal 

Individuals 

N=6 

Affected 

individuals 

N=7 

p(z-test) p-value 

GG 0 (0%) 1(14.3%) >0.05(0.96) 

<0.001 TG 0 (0%) 6 (85.7%) <0.005(3.01) 

TT 6 (100%) 0 (0%) <0.001(3.6) 

Allele 

Frequency 

Normal 

Individuals 

Affected 

individuals 
p-value 

 G 0 (0%) 8 (57.2%) 
0.001 

 T 12(100%) 6 (42.8%) 

  

Table 3.3. The lipid profile of the family HC24 members along with genotype and 

clinical symptoms. The lipid profile is mentioned in mmol/l. 

Pedigree 

ID 
Age Gender Trig TC LDL-C HDL-C Genotype 

Clinical 

Symptoms 

III:1 50 Female 1.77 4.56 3.11 1.17 TT 
 

III:4 57 Male 1.22 6.19 4.87 1.27 TG 
 

III:9 29 Male 0.66 4.71 2.9 1.97 TT 
 

IV:1 30 Male 0.92 3.81 2.51 1.17 TT 
 

IV:2 19 Male 2.03 4.66 3.21 1.11 TT 
 

IV:3 19 Male 0.89 4.53 3.26 1.09 TT 
 

IV:5 51 Male 1.32 9.63 5.54 2.25 GG CABG 

IV:6 44 Female 1.39 5.67 3.75 1.24 TT 
 

IV:7 54 Male 1.63 5.75 3.81 0.96 TG 
 

IV:9 20 Male 2.05 6.45 4.84 1.24 TG 
 

V:1 20 Male 1.86 6.83 5.33 1.19 TG 
 

V:2 17 Male 2.19 7.25 5.67 1.4 TG 
 

V:3 16 Male 1.3 6.6 4.63 1.24 TG 
 

*Elevated levels are indicated in bold. Trig, triglyceride; TC, total cholesterol; LDLC, 

low density lipoprotein-cholesterol; HD-L, high density lipoprotein cholesterol 
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Graph 3.1. The relationship of LDL-C (mmmol/l) and age of the individuals with 

respect to the indentified mutation (c.1916 T>G, p. (V639G)) in LDLR 

exon 13. 

 

 

Figure 3.7. The conservation of valine at 639 position in LDLR in different species. 

The conserved amino acids are in white with dark back ground. The 

diagram shows that p.(V639G) is not highly conserved among the 

different species.  
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Figure 3.8. A 3-D model of the LDLR. A) LDLR model with the adduct site 

(indicated in purple). B) a magnified image showing the amino acid 

valine side chain in green. C) The substituted glycine with no side chain 

may provide additional space for the other amino acids leading to the 

disruption of hydrogen bonding in the vicinity. D) The structural 

presentation of the valine and glycine residues.  
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at this specific site in different species, which is a non polar amino acid and larger 

than glycine and thus probably form stable hydrogen bonds.  The pathogenicity of the 

substitution is further reinforced by Polyphen “in silico” analysis, which predicted 

p.(V639G) substitution as “probably damaging” with a PSIC score of 2.176.   

3.1.3 Family HC25  

This family was comparatively larger than the other families in the current study and 

also had consanguineous marriages (Figure 3.9). The proband (IV: 4) had suffered 

from pCAD at the age of 37 years and had a successful CABG, he was on statin 

therapy at the time of blood sampling. His post treatment TC level was (IV: 4) 

5.17mmol/l, while one of his child (V: 6) had 23.7mmol/l TC level at the age of 4½ 

years with the development of tuberous xanthomas on the arm and buttocks (Figure 

3.9). LDLR sequencing of the proband revealed an insertional mutation 

(c.2416_2417insG) in exon 17 (Figure 3.10). The inserted nucleotide guanosine lies in 

a stretch of 5Gs (c.2412_2416) and results in frame-shift, which results in the 

expression of a truncated LDLR. The segregation analysis in this family identified 9 

individuals who were heterozygous and also had raised TC levels as compared to 24 

healthy individuals of the family, while one child (V: 6) was found to be homozygous 

for this mutation and had five-fold raised TC level (Figure 3.11). Proband with 

heterozygous genotype, had TC level in the normal range because of statin therapy, 

his pretreated lipid levels were not available. While the rest of the affected individuals 

with heterozygous genotypes exhibited typical heterozygous FH TC levels (7.75-

12.9mmol/l), except V: 6 who was homozygous for this variation and had TC level of 

23.7mmol/l (Table 3.4). 

To compare the frequency of genotypes between the normal and affected individuals 

of the family, Fisher‟s exact probability test was performed using the online statistical 

tool (http://faculty.vassar.edu/lowry/odds2x2.html). The dominant model analysis 

showed that the 6G/6G genotype was significantly associated with the development of 

FH (Table 3.5). On comparing the frequency distribution of 100 normolipidemic 

control individuals with the affected individuals, a statistically significant association 

was observed of the 6G genotype with FH disease status (Table 3.5).  

  

http://faculty.vassar.edu/lowry/odds2x2.html
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Figure 3.9. Segregation of the identified variant (c.2416_2417insG) in family HC25 members. The circles and squares indicate female and male, 

respectively. The completely filled signs indicate homozygous mutant while half filled indicate heterozygous individuals. The empty 

signs are wild type normal. The signs with cross lines depict the deceased individuals (M = c.2412_2416InsG, p.(V806Gfs*11, += 

wild type allele) .  
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Figure 3.10. Development of tuberous xanthoma on the arms (A) and back of the 

individual (V: 6) (B, C), which is a typical of FH. 
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Figure 3.11. The LDLR chromatogram of family HC25. A) Homozygous normal B) 

heterozygous affected individual and C) homozygous mutant individual. 

Arrow indicates the insertion of G just after a stretch of 5Gs in exon 17 

of LDLR. 
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Table 3.4. The complete lipid profile of the family HC25 members along with 

genotype and clinical symptoms. 

Pedigree 

ID 
Age Gender Trig TC LDL-C HDL-C Genotype 

Clinical 

Symptoms 

III:1 58 Male 2.47 5.17 3.05 0.9 5G/5G 

 III:2 60 Female 3.53 10.93 8.18 0.8 5G/6G 

 III:4 48 Female 2.72 5.28 3.36 1 5G/5G 

 III:6 50 Female 4.48 5.54 2.79 1 5G/5G 

 III:7 45 Male 1.07 4.63 2.69 1.3 5G/5G 

 III:8 40 Female 1.48 4.78 3.02 1.2 5G/5G 

 IV:1 25 Female 0.62 4.09 2.09 1.7 5G/5G 

 IV:2 30 Female 1.14 5.67 3.67 1.2 5G/5G 

 IV:3 29 Male 2.1 6.11 4.14 1.1 5G/5G 

 IV:4 37 Male 1.96 7.09 5.2 0.9 5G/6G CABG 

IV:5 29 Female 2.06 11.29 9.21 0.9 5G/6G 

 IV:6 21 Female 2.03 10.2 7.611 1.1 5G/6G 

 IV:7 25 Female 1.36 5.64 3.26 1.7 5G/5G 

 IV:8 20 Female 1.18 10.89 8.46 1.3 5G/6G 

 IV:9 40 Male 1.45 3.59 1.99 0.7 5G/5G 

 IV:10 18 Male 1.12 8.36 6.24 1.2 5G/6G 

 IV:11 21 Male 1.16 6.24 4.35 1.3 5G/5G 

 IV:12 23 Male 2.47 9.52 7.27 1 5G/6G 

 IV:13 26 Male 1.06 3 1.47 0.9 5G/5G 

 IV:14 19 Male 0.84 3.65 2.04 1 5G/5G 

 IV:15 24 Female 1.64 5.51 3.21 1.3 5G/5G 

 IV:16 16 Female 0.91 4.53 2.61 1.1 5G/5G 

 IV:17 22 Female 1.17 5.2 2.71 1.4 5G/5G 

 IV:18 17 Female 1.03 4.94 2.92 1.3 5G/5G 

 IV:19 14 Female 2.74 4.55 2.22 1.1 5G/5G 

 IV:20 11 Male 0.93 4.03 2.4 1.1 5G/5G 

 V:1 6 Female - - - - 5G/5G 

 V:2 4 Male - - - - 5G/5G 

 V:3 10 Male 0.71 4.61 2.33 1.7 5G/5G 

 V:4 7 Male 0.97 8.93 6.6 0.9 5G/6G 

 V:5 6 Female 2.03 8.33 6.13 1.2 5G/6G 

 
V:6 5 Male 1.55 23.74 18.84 0.6 6G/6G 

Tuberous 

xanthoma 

V:7 9 Male 1.74 3.98 2.48 0.6 5G/5G 

 V:8 5 Male 0.86 4.5 2.89 1 5G/5G 

 

         *Elevated levels are indicated in bold. Trig, triglyceride; TC, total cholesterol; LDLC, 

low density lipoprotein-cholesterol; HD-L, high density lipoprotein cholesterol 
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Table 3.5. Fisher‟s exact probability test for the association of genotype with the 

expression of the disease in family HC25. 

 Genotype Frequencies 
Unaffected 

Family Members 
FH patients p-value 

     

 5G/5G 24(100%) 0 (0%) 

7.62E-9  5G/6G 0 (0%) 9 (90%) 

 6G/6G 0 (0%) 1 (10%) 

     

 Dominant  Model    

 5G/5G 24 (100%) 0 (0%) 
7.62E-9 

 5G/6G+6G/6G 0 (0%) 10 (100%) 

     

 Recessive Model    

 5G/5G+5G/6G 24 (100%) 9(90%) 
0.294 

 6G/6G 0 (0%) 1(10%) 

     

 Allele Frequency    

 5G 48 (100%) 9(45%) 
1.09E-7 

 6G 0 (0%) 11(55%) 

     

 Genotype 

Controls + 

Unaffected 

Family Members 

FH patients p-value 

 5G/5G 124 (100%) 3 (23%) 
6.24E-13 

 5G/6G+6G/6G 0 (0%) 10 (77%) 
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The mean TC level of the non-carriers (4.6 ± 0.17 mmol/l) was significantly different 

(p-value = 1.62E-06) from the carriers (9.16 ± 0.46 mmol/l) and TC level was found 

to increase with the age of the carriers compared to the non carriers. The same trend 

was observed in the LDL-C level and age of the individual with respect to genotype 

(Graph 3.2). 

 

3.1.4 Family HC35 

Family HC35 is another large consanguineous family consisting of 36 individuals, 

including 21 affected and 15 normolipidemic individuals. The proband TC level was 

8.5mmol/l with clinical signs of xanthelasma and pCAD at the age of 41. Out of the 

21 affected individuals, three individuals (mean age of 16 years) had two to three fold 

elevated  TC level as compared to the normal individuals and had clinical presentation 

of xanthoma. A batch of probands including from family HC35 were analyzed by 

high resolution melting (HRM) assay, which revealed a shift in the melting curve in 

exon 11 of LDLR in HC35 proband (Figure 3.12). Direct sequencing of the proband 

and one of his family members revealed a substitution mutation (c.1634G>A, p. 

(G545E)) in exon 11 of LDLR (Figure 3.13). The segregation analysis of HC35 family 

revealed three (V:5, V6 and V7) homozygous mutants (p.E545/E545), eighteen (III:3, 

III:6, IV:2, IV:3, IV:5, IV:6, IV:7, IV:9, IV:13, IV:14 IV:15, IV:18, IV:19,  V:1, V:2, 

V:8, V:10 and V:14) heterozygous carrier (p.G545/E545) and fifteen (III:1, III:2, 

III:7, IV:1, IV:4, IV:10, IV:11, IV:12, IV:17, V:3, V:4, V:9, V:11, V:12 and V:13) 

non-carriers (p.G545/G545) (Figure 3.13 and 3.14). Heterozygotes had raised TC 

levels (5.1-9.3 mmol/l), while the homozygote mutants had high TC levels (9.7-

12.7mmol/l). All the carriers had raised TC level compared to the unaffected, but not 

as raised as typical FH patients (Table 3.6). 

In order to determine the association of the frequency of the identified variant in the 

normal and affected individuals of the family, Fisher‟ exact probability test was 

performed using online statistics tool (http://faculty.vassar.edu/lowry /odds2x2.html). 

The dominant model showed that the A /A genotype was significantly associated with 

FH (Table 3.7).  

 

http://faculty.vassar.edu/lowry%20/odds2x2.html
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Graph 3.2. The relationship of LDL-C (mmol/l) and age of the individuals with 

respect to the identified mutation (c.2416_2417InsG, p.(V806Gfs*11)) 

in LDLR exon 17.  
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A. 

 

B. 

 

Figure 3.12. High Resolution Melting (HRM) assay. A) The overall presentation of 

HRM including PCR amplification and melting steps for exon 11 of 

LDLR. B) The graph shows the shift in melting curve for HC35 proband 

and other members of the family as compared to the wild type allele.  
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Figure 3.13. The chromatogram and RFLP analysis of exon 11 of LDLR. A) Wild 

type allele showing normal sequence B) Proband sequencing showing 

variation as heterozygous. C) Segregation of alleles using RFLP. The 

wild type allele is in lane 1, 5, 7 and 9. The heterozygous are in lane 2, 

3, 4 and 6. The homozygous mutant is in lane 8. Negative control is in 

lane 10 and undigested product is in lane 11. 

GG     GA   GA    GA   GG  GA  GG   AA   GG 
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Figure 3.14. Segregation of identified variant (c.1634G>A, p. (G545E)) in HC35 family members. The circle and square indicated females and 

males, respectively. The signs with cross line depict the deceased individuals. The individuals with superscript (*, #, $, +) are 

drawn two times for ease of drawing of the complex pedigree. (M= c.1634G>A, p. (G545E), + = wild type allele). 
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Table 3.6. The complete lipid profile of the family HC35 members along with 

genotype and clinical symptoms. 

Pedigree 

ID 
Age Gender Trig TC LDL-C HDL-C Genotype 

Clinical 

Symptoms 

III:1 72 Female 2.27 4.07 2.17 0.85 GG 
 

III:2 70 Female 0.88 2.18 1.18 0.6 GG 
 

III:3 76 Male 1.58 6.03 4.57 0.74 GA 
 

III:6 65 Male 1.74 9.84 8.1 0.94 GA 
 

III:7 60 Female 1.8 4.43 2.63 0.98 GG 
 

IV:1 52 Female 1.71 2.69 0.9 1.01 GG 
 

IV:2 50 Male 1.51 6.45 4.8 0.96 GA 
 

IV:4 38 Female 0.99 4.97 2.56 1.95 GG 
 

IV:5 30 Male 1.21 7.67 6.41 0.71 GA 
 

IV:6 46 Male 1.02 9.66 8 1.19 GA 
 

IV:7 45 Female 1.22 6.99 5.15 1.29 GA 
 

IV:9 41 Male 1.57 8.55 6.79 1.04 GA 
Xanthelasma, 

pCAD 

IV:10 39 Female 1.12 4.56 3.15 0.89 GG 
 

IV:11 32 Male 1.57 4.43 2.66 1.05 GG 
 

IV:13 38 Female 1.54 6.35 4.42 1.22 GA 
 

IV:14 42 Male 1.95 5.31 3.42 1 GA 
 

IV:15 38 Male 2.62 7.28 5.36 0.72 GA 
 

IV:16 30 Female 1.51 4.35 2.74 0.92 GG 
 

IV:17 32 Male 3.04 4.43 2.09 0.94 GG 
 

IV:18 43 Female 3.49 9.22 6.31 1.31 GA 
 

IV:19 41 Male 1.95 6.5 4.7 0.9 GA 
 

IV:20 42 Female 1.44 6.09 4.41 1.02 GA 
 

V:1 22 Male 1.47 5.83 3.79 1.36 GA 
 

V:2 23 Male 1.4 6.84 5.18 1.02 GA 
 

V:3 12 Male 0.93 4.14 2.4 1.31 GG 
 

V:4 20 Female 0.99 4.22 2.55 1.22 GG 
 

V:5 15 Male 1.14 10.72 9.28 0.92 AA 
 

V:6 18 Female 1.4 10.77 9.06 1.07 AA xanthoma 

V:7 16 Female 2.25 12.72 11.05 0.63 AA xanthoma 

V:8 13 Female 1.63 6.09 4.1 1.24 GA 
 

V:9 12 Male 1.22 3.73 2.24 0.93 GG 
 

V:10 9 Male 1.05 5.1 3.68 0.94 GA 
 

V:11 13 Female 1.11 3.76 2.14 1.11 GG 
 

V:12 10 Female 1.18 4.04 2.69 0.81 GG 
 

V:13 1.5 Male - - - - GG 
 

V:14 24 Female 1.22 5.98 4.04 1.39 GA 
 

*Elevated levels are indicated in bold. Trig, triglyceride; TC, total cholesterol; LDLC, 

low density lipoprotein-cholesterol; HD-L, high density lipoprotein cholesterol 
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Table 3.7. Fisher Exact Probability Test for the association of the variant allele “A” in 

family HC35 with the phenotype. 

 Genotype Frequencies 
Unaffected 

Family Members 
FH patients p-value 

     

 G/G 13 (92.8%) 2  (9.1%)  

 G/A 1   (7.1%) 17 (77.3%) 0.000001 

 A/A 0   (0%) 3   (13.6%)  

     

 Dominant  Model    

 G/G 13 (100%) 2   (9.1%) 
5.84 e-7 

 G/A+A/A 1   (0%) 20 (90.9%) 

     

 Recessive Model    

 G/G+G/A 14 (100%) 19 (86.3%) 
0.21 

 A/A 0   (0%) 3   (13.6%) 

     

 Allele Frequency    

 G 27 (96.4%) 21 (47.7%) 
0.000007 

 A 1   (3.6%) 23 (52.3%) 

     

 

 

  



 

77 

 

The mean TC levels of the non-carriers (4.1 ± 0.88 mmol/l) was significantly different 

(p-value = 2.6E-07) from the heterozygote carriers (6.9 ± 1.5 mmol/l). The correlation 

of LDL-C and age with respect to genotype showed that the TC level decreases with 

increasing age among the wild type individuals, while the heterozygotes showed an 

opposite trend i.e., LDL-C level increasing with age (Graph 3.3).  

 

3.1.5 Family HC39  

HC39 was also a consanguineous family consisting of six generations (Figure 3.15). 

The proband (VI: 1) is a two year old child with clinical presentation of tendon and 

tuberous xanthoma (Figure 3.16). His post treatment TC level was 24.2 mmol/l, while 

his mother (V: 1) had 10.8 mmol/l TC, which is typical for heterozygous dominant 

FH. The genetic screening of the proband and his mother on high resolution melting 

assay (HRM) revealed a shift in the melting curves in exon 7 of LDLR (Figure 3.17). 

The sequencing of the LDLR of the proband and his mother revealed a novel 2bp 

substitution (c.1019_1020delinsTG) leading to the p.(C340L) change at the protein 

level (Figure 3.18). The segregation analysis of the identified variant using  RFLP 

analysis revealed that three individuals (IV:4, V:3, V:4) were homozygous wild type 

(p.C340/C340), three individuals (IV:3, V:1, V:5) were heterozygotes (p.C340/L340) 

and one individual was (VI:1) homozygous mutant (p.L340 / L340). All the 

heterozygotes had TC levels (9.97-10.69 mmol/l) typical of FH and their mean TC 

level (10.42 ± 0.39 mmol/l) was significantly higher (p=0.003) than non-carriers (6.23 

± 1.02 mmol/l). The regression analysis of the LDL-C and age of the family members 

with respect to genotype indicated that all the heterozygote had higher levels with 

increasing age compared to the wild type family members (Graph 3.4). 

Fisher‟s exact probability test was also performed to determine the association of the 

frequency of the identified variant genotype in the normal and affected individuals. A 

significant difference was observed in the genotype of the patients and healthy 

persons of the family (p=0.02). Furthermore, the dominant model for the variant allele 

was significantly associated (p=0.02) with the phenotype of the disease (Table 3.8).  

In silico analysis using polyphen and SIFT online tools indicated this substitution to 

be “probably damaging” with a PISC score 1.000 (sensitivity: 0.00; specificity: 1.00)  
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Graph 3.3. The relationship of LDL-C (mmol/l) in family HC35 and age of the 

individuals with respect to the genotype of the identified mutation 

(c.1634G>A, p.(G545E)) in LDLR exon 11.  
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Figure 3.15. The segregation of the identified variation (c.1019_1020delinsTG, 

p.(C340L)) in the family members of HC39. The squares represent 

males and circles represent females. The half filled symbols indicate 

the heterozygous status, while the completely filled represent 

homozygous mutant. The diagonal lines across the symbols represent 

the deceased persons. (M= c.1019_1020delinsTG, p.(C340L), + = wild 

type allele). 
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A. B. 

 

 

 

Figure 3.16. Clinical presentation of tendon and tuberous xanthoma in proband of 

HC39. A) Tuberous xanthoma on the inner side of the right hand. B) 

Development of tendon xanthoma on the rear side of the ankle joint of 

the left foot of the proband.  
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A. 

 

B. 

 

Figure 3.17. High resolution melting assay of LDLR exon 7. A) The diagram shows 

the different steps of HRM. B) The melting curves showing a shift in the 

HC39-6 individual containing the mutation.  
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Figure 3.18. The chromatogram and RFLP analysis of the identified variant in family 

HC39. A) Chromatogram of the proband‟s mother (V: 1) showing the 

heterozygous status of the variant (c.1019_1020delinsTG, p.(C340L)). 

B) Chromatogram of the proband (VI: 1) showing the variant as 

homozygous. C) RFLP analysis of the identified variant in the family 

members. The amplified product of 236bp was digested into 144 and 92 

bp in homozygous ancestral allele (Lane 2, 4, 5, 8), heterozygotes had 

three fragments of 236,144 and 92 bp (Lane 1, 3, 6), while homozygous 

mutant remained uncut and gave a band of 236 bp (Lane 7).  

GC/TG       GC/GC     GC/TG     GC/GC    GC/GC      GC/TG       -           GC/GC 

A.

.. 

B. 

C. 
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Graph 3.4. The relationship of LDL-C (mmol/l) and age of the individuals with 

respect to the genotype identified in exon 7 of LDLR. 
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and “damaging”, respectively. Another online tool “mutation taster” also predicted 

this substitution to be “disease causing”. The conservation of the amino acid at this 

position also indicated p.C340 to be highly conserved among the vertebrates from 

human to the zebra fish (Figure 3.19). 

 3.1.6 Sporadic HC Individuals 

Out of the 70 sporadic HC patients, 27 samples were selected for the HRM screening. 

The mean TC levels of these 27 patients was 6.71 ±  2.5 mmol/, Tg levels were 1.61 ± 

0.42 mmol/l, HDL-C levels were 1.14 ± 0.13 mmol/l and LDL-C levels were 4.46 ± 

1.41 mmol/l. Screening of these selected individuals for LDLR and PCSK9, gave a 

shift in the melting curve was observed in exon 9 of LDLR in HCS39 sample. This 

and a normal sample were then sequenced by Sanger sequencing, the results revealed 

a del/ins mutation (c.1211_1214 delins TCAC) in LDLR exon 9. This current 

variation was found to be heterozygous for both positions (c.1211 and c.1214). In 

order to determine the status of these two variations on the alleles i.e. cis or trans 

effects, the fragments were cloned. The results indicated that these two variants were 

on the same allele. The in silico analysis polyphen predicted p.T404I substitution to 

be “probably damaging” with score of 0.930 (sensitivity: 0.80; specificity: 0.94) and 

substitution of p.N405T to be “probably damaging” with a score of 0.695 (sensitivity: 

0.86; specificity: 0.92).   

 

3.2 Multiplex ligation dependant probe amplification (MLPA)  

Thirteen families screened on HRM for the LDLR variations including the families 

with identified variations were also selected for the screening of major gross insertion 

/ deletion through MLPA. No gross insertion/deletion in the LDLR of probands was 

found. 

3.3 Myosin regulatory light chain interacting Protein (MYLIP) 

screening 

For screening the role of MYLIP variations in the studied HC family, exon 4 and 7 of 

the HC families were sequenced directly, which revealed no significant variant that 

may be involved in the progression of the disease. 
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Table 3.8. Fisher‟s Exact Probability Test for the association of genotype with the 

phenotype of the family members. 

Genotype 
Normal 

N=3 

FH patients 

N=5 
p-value 

GC/GC 3 (100%) 0 (0%) 

 GC/TG 0 (0%) 4 (80%) <0.05 

TG/TG 0 (0%) 1 (20%) 

 

    DM 

   GC/GC 3 (100%) 0 (0%) 
<0.05 

GC/GT+TG/TG 0 (0%) 5 (100%) 

RM 

   GC/GC+GC/TG 3 (100%) 4 (80%) 
>0.05 

TG/TG 0 (0%) 1 (20%) 

    Allele Frequency  

  GC 6 (100%) 4 (40%) 
<0.05 

TG 0 (0%) 6 (60%) 

     

 

Figure 3.19. Multiple alignment for the conservation of the p.C340 of LDLR across 

the different vertebrates from human to zebra fish.   
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Table 3.9. The lipid profile of the random sporadic HC samples used candidate gene 

screening through HRM assay. 

 
Sample ID Gender 

Trig 

(mmol/l) 

TC 

(mmol/l) 

LDL-C 

(mmol/l) 

HDL-C 

(mmol/l) 

1 HCS-02 Female 1.35 5.56 3.83 1.11 

2 HCS-03 Female 1.24 5.90 4.16 1.16 

3 HCS-05 Female 1.44 5.92 4.09 1.13 

4 HCS-06 Male 1.24 5.56 3.90 1.08 

5 HCS-07 Female 1.96 7.66 5.72 1.03 

6 HCS-08 Male 2.32 6.42 4.27 1.08 

7 HCS-09 Male 1.22 5.85 4.22 1.06 

8 HCS-14 Male 1.23 8.15 3.13 1.55 

9 HCS-15 Male 2.42 5.17 4.68 0.98 

10 HCS-16 Female 2.32 6.11 4.16 1.08 

11 HCS-21 Female 1.36 7.71 3.98 1.34 

12 HCS-25 Male 2.13 5.28 4.45 0.93 

13 HCS-27 Male 1.46 7.89 2.53 0.91 

14 HCS-29 Female 2.00 7.53 5.33 1.26 

15 HCS-30 Female 1.52 6.23 4.32 1.21 

16 HCS-32 Female 2.05 6.05 4.11 1.08 

17 HCS-36 Female 1.26 5.69 4.45 1.13 

18 HCS-37 Female 1.41 5.74 4.16 1.06 

19 HCS-39 Female 1.58 6.16 4.29 1.11 

20 HCS-102 Male 1.23 5.82 4.09 1.16 

21 HCS-107 Female 1.84 5.79 3.80 1.13 

22 HCS-110 Female 1.29 5.48 3.80 1.08 

23 HCS-111 Male 1.55 6.39 4.45 1.26 

24 HCS-112 Female 1.14 6.73 4.84 1.346 

25 HCS-114 Female 2.35 18.43 10.89 1.24 

26 HCS-118 Male 1.18 5.82 4.45 1.16 

27 HCS-127 Male 1.44 6.21 4.29 1.24 

Trig, triglyceride; TC, total cholesterol; LDLC, low density lipoprotein-cholesterol; 

HD-L, high density lipoprotein cholesterol 
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A. 

 

B. 

 

Figure 3.20.  The diagrammatic presentation of HRM of LDLR exon 9. A). Overall 

the graphical presentation of HRM showing PCR and melting curves. 

B). Normalized melting graph compared to a standard. A shift was 

observed in HCS-39 sample. 
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Figure 3.21. The chromatograms of LDLR for HCS-39. A) Wild type exon 9 

chromatogram. B) Original HCS-39 sample sequencing showing the 

heterozygous status of the sample. C) Cloned fragment from HCS-39 

confirming that one allele carries both variations. Arrows indicates the 

appropriate base position.  
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Figure 3.22. The typical presentation of MLPA assay for the 

determination of gross Ins/Del of exons in LDLR. The 

result showed no insertion or deletion of LDLR exons.   
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3.4 PCSK9 Variations 

3.4.1 Family HC29  

Family HC 29 is a medium sized family with a history of pCAD, the proband (II: 2) 

and one of his brother‟s offspring (III: 3) had undergone LAD at early ages (Figure 

3.23). The screening of the proband and his brother on HRM revealed a shift in the 

melting curve of exon 2 of PCSK9 (Figure 3.24).  The sequencing of the proband 

revealed a novel mutation at c.314G>A, p.(R105Q) in PCSK9 (Figure 3.25). 

Segregation analysis showed five individuals (II:2, II:3, II:5, III:2, III:4) to be 

heterozygous compared to homozygous wild types (II:1, II:4, II:6, III:1, III:3, III:5). 

The mean TC level for the heterozygotes (3.18 ± 0.45 mmol/l) was 19 % less than that 

of individuals with the wild type genotype (3.94 ± 0.95 mmol/l), but this was not 

significantly different (p=0.08). The trend line for the LDL-C and age of the 

individual with respect to genotype also showed that the heterozygotes had lower 

LDL-C levels as compared to wild type individuals (Graph 3.5).  

Polyphen analysis of the protein conservation for this site revealed this site to be 

“probably damaging” with a score of 0.989 (sensitivity: 0.71; specificity: 0.96), while 

SIFT predict it to be “tolerated”. The conservation spectrum of arginine residue at 

position 105 in PCSK9 showed this site is not highly conserved from mammals to 

zebra fish with the replacement of histidine residue in opossum and xenopus. Both 

arginine and histidine residues belong to polar amino acids and are replaced 

conservatively with no effects on the protein functionality (Figure 3.26).    
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Figure 3.23. The segregation of identified variant (c.314 G>A, p. (R105Q)) in PCSK9 

in the family HC29. The squares represent males and circles represent 

females. The half filled symbols are heterozygous while the wild types 

are unfilled. The symbols with cross line are deceased individuals. (M= 

c.314G>A, p.(R105Q), + = wild type allele) 
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A. 

 

B. 

 

Figure 3.24. The diagrammatic presentation of HRM for PCSK9 exon 2. A). Overall 

the graphical presentation of HRM showing PCR and melting curves. B). 

Normalized melting graph compared to a standard. A shift was observed 

in HC-29 selected samples. 
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Figure 3.25. The chromatogram and RFLP analysis of identified variant in PCSK9 in 

family HC29. A) Chromatogram of the healthy control showing wild 

type status. B) Chromatogram of the proband showing the variant (c.314 

G>A, p. (R105Q)) as heterozygous. C) RFLP analysis of the identified 

variant in the family members. The amplified product of 337bp digested 

into 175,162 bp in the homozygous ancestral allele (Lane 2, 3, 10), 

heterozygotes have three fragments of 337, 175 and162 bp (Lane 1, 4, 6, 

8 and 9). Control sample (Lane 11) and undigested PCR product (Lane 

12).  

GA    GG    GG  GA     -     GA    -     GA   GA  GG   Ctrl  Ctrl 
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Graph 3.5. The relationship of LDL-C (mmol/l) and age of the individuals with 

respect to the genotype identified in exon 2 of PCSK9. 

 

 

Figure 3.26. The multiple alignment for the protein conservation of PCSK9. The 

amino acid with arrow points to the identified variant in the family 

HC29 and its conservation status among the vertebrates.  
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3.4.2 Family HC26 

HC26 is a small family with a history of FH and hypertension. The screening of 

proband and one of the relative by HRM revealed a shift in the curve for exon 3 of 

PCSK9 (Figure 3.27). The sequencing of the proband revealed a novel mutation at 

c.464 C>T, (p. P155L). The segregation analysis of this variant in the family members 

revealed three individuals to be heterozygous compared to seven homozygous wild 

types (Figure 3.28 and 3.29). The mean TC level for the heterozygotes (5.2 ± 1.61 

mmol/l) was 10.7 % raised compared to the normal genotype individuals (4.76 ± 1.31 

mmol/l), but not significantly different (p>0.05) among the affected and non-affected 

individuals.  

On carrying out the multiple sequence alignment analysis for PSCK9, the Proline 

residue at position 155 was found to be highly conserved from lower vertebrates to 

chordates. This amino acid is one of the autocatalytic site recognition sequence of the 

protein, which leads to the maturation of the PCSK9 (Figure 3.30). In silico analysis 

using “polyphen” predicts this site to be “probably damaging” with score of 

0.991 (sensitivity: 0.70; specificity: 0.97), while SIFT predict it to be “damaging”. 

Mutation Taster also predicted this mutation to be “disease causing”.  

3.5 Un-Solved FH Families 

Out of thirteen families suffering from hypercholesterolemia, six families remained 

unsolved. Among these families, no autosomal recessive pattern of inheritance was 

observed. (Figure 3.31-3.36). The candidate gene screening excluded LDLR, APOB, 

and PCSK9 in these families.  
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A. 

 

B. 

 

Figure 3.27. The graphical presentation of HRM assay for PCSK9 exon 3. A) Overall 

presentation of HRM. B) The shift in the melting curve for HC26-2 for 

exon 3 of PCSK9.  
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Figure 3.28. The chromatogram and segregation of identified variant in PCSK9 in 

family HC26. A) Chromatogram of the healthy control showing wild 

type status. B) Chromatogram of the proband showing the variant 

(c.464C>T, p.(P155L)) as heterozygous. C) Segregation of the 

identified variant among the family members. The amplified product of 

360bp digested into 177,157, 27 bp in homozygous ancestral allele 

(Lane 3, 4, 6, 7, 8, 10), heterozygotes have four fragments of 

184,177,157, 27 bp (lane 1, 2, 5). The undigested PCR product was in 

lane 11. 

CT    CT   CC   CC  CT  CC  CC    CC   -     CC    - 
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Figure 3.29. The segregation of identified variant (c.464 G>A, p. (P155L)) in PCSK9 

in the family HC26. The square represents males and circles represent 

female. The half filled are heterozygous compared to wild type with 

unfilled. The symbols with cross line are deceased individuals (M = 

c.464 G>A, p. (P155L), + = wild type allele). 

 

 

Figure 3.30. The PCSK9 multiple sequence alignment revealed the conservation of 

Proline at position 155 to be highly conserved. This amino acid lies 

within the autocatalytic sequence site and plays an important role in the 

maturation of protein. 



 

99 

 

 

 

 

 

 

 

Figure 3.31. Pedigree of family HC23. The square represents male while circle 

represents female. The filled symbols have raised cholesterol levels. 

The diagonal line represent deceased individual. Asterisks below the 

symbols indicate individuals included in this study.  
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Figure 3.32. Pedigree of family HC27. The square represents male while circle 

represents female. The filled symbols have raised cholesterol levels. 

The diagonal line represent deceased individual. Asterisks below the 

symbols indicate individuals included in this study.  
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Figure 3.33. Pedigree of family HC30. The square represents male while circle 

represents female. The filled symbols have raised cholesterol levels. 

The diagonal line represent deceased individual. Asterisks below the 

symbols indicate individuals included in this study.  

 

 

 

Figure 3.34. Pedigree of family HC32. The square represents male while circle 

represents female. The filled symbols have raised cholesterol levels. 

Asterisks below the symbols indicate individuals included in this 

study.  
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Figure 3.35. Pedigree of family HC33. The square represents male while circle 

represents female. The filled symbols have raised cholesterol levels. 

The diagonal line represent deceased individual. Asterisks below the 

symbols indicate individuals included in this study.  
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Figure 3.36. Pedigree of family HC36. The square represents male while circle 

represents female. The filled symbols have history of raised cholesterol 

levels. The diagonal line represent deceased individual. Asterisks 

below the symbols indicate individuals included in this study.  
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3.6 MI Case Control Studies 

For the screening of SNPs associated with MI, a cases control study was conducted. 

For this purpose, MI cases were recruited on the basis of WHO criterion and normal 

healthy controls were also recruited. The anthropometric data are summarized in 

Table 3.10. The mean age of MI cases was 53.1 years and there were more smokers 

(51.2%) among the MI cases as compared to the healthy controls, which was 

significantly different (p<0.0001, χ
2
=18.3 and Odds Ratio (OR) 2.67(95% CI= 1.69-

4.62). Body mass index and obesity were not found to be risk factors for MI in the 

current study as no significant difference was observed between the MI cases and 

healthy controls. However, diabetes mellitus was found to be significantly associated 

with the disease (p<0.0001, χ
2
= 34.9, OR= 12.3 [95% CI=4.4-34.4]). Hypertension, 

another risk factor for MI, was also significantly associated with the cases p<0.0001, 

χ
2
 =42.2, OR 6.84(95% CI= 3.61-12.96). Breathlessness after mild exertion was also 

observed to be significantly higher in MI cases (43.4%) as compared to the healthy 

controls (18.8%) (p<0.0001, χ
2 

= 16.98, OR = 3.3 [95% CI=1.83 - 5.95]). A positive 

CAD family history was not associated with MI cases as compared to the healthy 

controls (p>0.05, χ
2
 =0.13, OR=0.92 [95% CI=0.61-1.40]). The lipid profile of the 

cases was observed to be lower as compared to the healthy controls; this was because 

the patients were on statin therapy at the time of blood sampling. 

3.7 Genetic Analysis 

In order to determine the impact of SNPs in the onset of MI in the Pakistani 

population, a case control association study was conducted. For this purpose, eight 

SNPs from six different genes (rs1333049, ANRIL; rs10920501, FAM5C; Intron 4 

VNTR, eNOS; rs4646994, ACE and rs1042579, THBD) were selected. 

3.7.1  ANRIL (rs1333049) 

In MI patients (Male + Female) the genotype distribution of rs1333049: C>G was 

22% homozygous GG, 57% heterozygous CG and 21% homozygous CC, which was 

significantly different from control (Male + Female), where the distribution was 30% 

GG, 62% CG and 8% CC (p<0.001, χ
2
=22.3). The difference between the two groups 

being because of the significantly higher proportion of CC risk genotype in patients as 

compared to healthy controls (z test=4.6, p<0.001; Table 3.11).  
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Table 3.10. The anthropometric information about the MI cases and healthy control 

individuals.  

 

Controls 

N=317 

MI cases 

N=308 
OR (95%CI) p(χ

2
) 

AGE 40 ± 12 53.1 ± 11.3 

  Male (%) 59.8 70.1 

 

>0.05 

BMI 24.1 ± 3.2 24.6 ± 4.2 

 

>0.05 

Smoker (%) 22.2 51.2 2.67(1.69-4.62) <0.0001(18.3) 

Obesity (%)* 7.4 9.4 1.69(0.71-3.99) >0.05(1.5) 

Diabetes (%) 3.4 30.6 12.3(4.4-34.4) <0.0001(34.9) 

Hypertension (%) 10.5 45.3 6.84(3.61-12.96) <0.0001(42.2) 

Breathlessness (%) 18.8 43.4 3.3(1.83-5.95) <0.0001(16.9) 

CAD history (%) 44.4 42.54 0.92(0.61-1.40) >0.05(0.13) 

     Lipid Profile  

    TC (mg/dL) 177.5 ± 30.2 171.6 ± 48.5 

 

>0.05 

HDL-C (mg/dL) 50.8 ±  12.6 37.0 ± 9.1 

 

<0.001 

LDL-C (mg/dL) 104.3 ± 21.3 98.1 ± 40.1 

 

<0.05 

Tg (mg/dL) 154.0 ±77.8 161.1 ±84.1 

 

>0.05 

     

 

* Persons having more than 30 BMI were considered to be obese. 
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Under the recessive model, the logistic regression analysis also revealed association 

of the CC genotype with the onset of MI (OR=3.17 [95% CI= 1.85-5.44], p<0.001). 

Similarly, the frequency of the risk allele “C” was also significantly different in the 

two groups: 49.7% in MI patients as compared to 39% in healthy individuals 

(χ
2
=13.5, p<0.001, OR=1.55 [95% CI=1.22-1.96], p<0.001; Table 3.11). 

3.7.1.1 Gender based analysis 

To investigate the gender specific association of risk allele C with the onset of MI, the 

data of the male and female samples were analyzed separately. The CC genotype was 

found to be associated with MI in both the sexes but its frequency was higher in the 

females (27%) as compared to the males (19%), though not at a statistically 

significant level (z test=1.5, p>0.05). In addition the risk allele C was also found at a 

higher frequency in the female patients (52%) as compared to the male patients 

(48.5%) though this difference was also not statistically significant (χ
2
=0.6, p>0.05, 

OR=1.15 [95% CI=0.81-1.65], p>0.05). 

3.7.1.2 Genotype association with the lipid levels 

The genotype association of the lipid profile of the healthy individuals (unaffected 

males [UM] and unaffected females [UF]) and MI patients (affected males [AM] and 

affected females [AF]) was determined (Table 3.12A). Among the sporadic MI 

population, genotypes had a non significant effects on  the TC level of both MI cases 

and controls, while on the other hand in familial cases affected by high cholesterol 

and normolipidemic members of the same family,  a significant  effect of genotype 

(p<0.05) on TC, LDL-C and Tg was observed (Table 3.12B). 

Individuals carrying CC genotype had lower TC, LDL-C and Tg levels compared to 

GC and GG carrying individuals. In the case control comparison, gender affected the 

HDL levels in MI cases and controls with female having significantly (p=0.03 MI 

cases; p=0.00 control) higher HDL level compared to male. Tg levels were observed 

to be significantly higher (p<0.05) in males as compared to healthy female controls 

(194 ± 134.3 mg/dL, 135 ± 62.7 mg/dL in healthy male and female, respectively).   
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Table 3.11. Genotype and allele frequency of ANRIL (rs1333049) in MI patients and 

healthy controls. 

Genotype 

Frequency 

UM+UF 

N=290 (%) 

AM+AF 

N=294 (%) 
p(z-test) p(χ

2
) OR (95%CI) 

G/G 87 (30%) 65 (22%) <0.05(2.17)  DM=1.5 (1.02-2.23) 

C/G 180 (62%) 166 (57%) >0.05 (1.37) <0.001(22.3) RM=3.17(1.85-5.44) 

C/C 23 (8%) 63 (21%) <0.001 (4.6)   

Allele 

Frequency 
Controls MI cases p(χ

2
) OR(95%CI)  

G 354 (61%) 296 (50.3%) <0.001 

(13.5) 
1.55(1.22-1.96) 

 

C 226 (39%) 292 (49.7%)  

      

Genotype 

Frequency 

UM 

N=192 (%) 

AM 

N=197 (%) 
p(z-test) p(χ

2
) OR(95%CI) 

G/G 55 (29%) 43 (22%) >0.05 (1.54) 

0.01(8.84) 

DM=1.44(0.88-2.34) 

C/G 120 (62%) 117 (59%) >0.05 (0.62) RM=2.38(1.24- 4.6) 

C/C 17  (9%) 37 (19%) <0.01 (2.83)  

Allele 

Frequency 
UM AM p(χ

2
) OR(95%CI)  

G 230 (60%) 203 (51.5%) <0.05 

(5.52) 
1.44(1.05-1.89) 

 

C 154 (40%) 191 (48.5%)  

      

Genotype 

Frequency 

UF 

N=98 (%) 

AF 

N=97 (%) 
p(z-test) p(χ

2
) OR(95%CI) 

G/G 32 (33%) 22 (23%) >0.05(1.5)  DM=1.65(0.84-3.28) 

C/G 60 (61%) 49 (50%) >0.05(1.51) <0.001(15.46) RM=5.62(2.05-16.1) 

C/C 6 (6%) 26 (27%) <0.001(3.89)   

      

Allele UF AF p(χ
2
) OR(95%CI)  

G 124 (63.3%) 93 (48%) <0.01 

(9.2) 
1.87(1.22-2.86) 

 

C 72 (36.7%) 101 (52%)  

 

UM=Unaffected Males, UF=Unaffected Females, AM=Affected Males, AF=Affected Female 

DM=Dominant Model for” C” allele, RM=Recessive model for “C” allele.   
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Among healthy and affected individuals with a positive family history of HC, CC 

genotype was found to be responsible for lowering of TC and  LDL-C levels in 

affected family members (p=0.02). The Tg level was also observed to be lowered 

significantly both in affected and normolipidemic individuals with HC positive family 

history (p=<0.05). The effect of gender was non-significant except for Tg levels in 

affected HC family members with males having higher Tg levels than females (172.8 

± 58 mg/dL and 106 ± 72 mg/dL, respectively). 

3.7.2 FAM5C (rs10920501) 

The genetic frequency of rs10920501 revealed that 132 (48.7%) individuals were 

homozygous AA, 125 (46.1%) had AT and 14(5.2%) had TT genotypes in the MI 

patients as compared to the healthy controls, who had 120 (44.9%) AA, 135 (50.6%) 

AT and TT 12 (4.5%) genotypes, which was not significantly different between the 

two groups (p>0.05, χ
2
=1.05). Logistic regression analysis for both dominant and 

recessive model also revealed no significant difference among the MI cases and 

healthy controls (DM = p>0.05, OR=0.86 [95% CI = 0.03-1.92], RM = p>0.05, 

OR=1.18 [95% CI 0.84-1.66]), respectively (Table 3.13). The frequency of risk allele 

“A” was similar among the MI cases and healthy controls (71.7% and 70.2%, 

respectively) and also showed no significant difference between the MI cases and 

healthy controls (p>0.05, χ
2
=0.24). 

3.7.2.1 Gender based analysis 

Gender specific role of risk allele “A” of rs10920501 was assessed with no significant 

difference being observed among MI cases and healthy controls (both males and 

females). For the male patients, the genotype frequency of AA was 49.7%, 45% were 

AT and 5.3% were TT as compared to the healthy controls where these frequencies 

were; 41.2% AA, 53.4% AT and 5.3% TT with no significant difference between the 

two groups (p>0.05, χ
2
=2.86). The linear regression analysis revealed both the 

recessive and dominant models to have no association in males (RM= p>0.05, 

OR=1.4(95%CI 0.93-2.11) and DM=p>0.05, OR=1.01(95%CI 0.41-2.48). Similarly 

in female MI cases, the genotype frequency of AA was 46.3%, 48.7% were AT and 

5% were TT  as compared healthy female controls who had  53.8% AA, 43.6% AT 

and 2.5% TT genotypes with no significant difference(p>0.05, χ
2
=1.3).
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Table 3.12A. Lipid profile (Mean ± SD) and ANRIL SNP rs1333049 genotype correlation. 

 

 
Sporadic MI Cases Familial HC Cases 

  TC HDL-C LDL-C TG LDL/HDL TC HDL-C LDL-C TG LDL/HDL 

UM 178±36.1 36±8.6 105±28.4 194±134.3 2.98±0.88 178±36.8 42.56 ±9.77 114±32 119±52 2.8±0.88 

UF 180±31.3 49±11.6 104±26.8 135±62.7 2.25±0.79 174±31.5 45.2±11.37 104±45.9 109.7±47.3 2.45±0.83 

AM 167±48.1 35±9.3 96±41.9 164±92.6 2.76±0.87 244.8±68.96 56.3±39.4 152.5±65.6 172.8±58 3.3±1.3 

AF 180±54.6 38±9.3 102±49.2 163±76.1 2.62±0.95 225.5±95.3 56.5±15.3 145.5±71.95 106±72 2.58±1.13 

           

           GG(U) 170±26.2 38.7±11.3 95±20.4 172.1±138.7 2.6±0.8 173.4±24.8 46.5±15.3 102.5±25.9 129.6±56.2 2.4±0.8 

GC(U) 181.5±36 42.2±10.6 107.8±29.4 167±91.1 2.7±0.9 180.4±36.1 42.4±9.5 112.8±31 123.8±49.9 2.8±0.9 

CC(U) 186.4±29.6 45.9±21 109±26.3 200±223 2.8±1.1 168.4±31.8 46.4±10.8 102.6±25.5 87.1±34.8 2.3±0.8 

           GG(A) 178.6±51.7 35.5±9.2 104.9±42.4 174.3±109 2.9±0.9 284 47 201 234 4.28 

GC(A) 169.4±46.7 36.6±8.9 99.1±44.2 152.5±79 2.7±0.9 274.9±57.5 52.3±12.5 182.3±37.9 173.3±56.6 3.6±0.7 

CC(A) 164.4±55.7 34.8±10.7 89.1±44.4 178.9±82.2 2.6±0.8 185.3±68.1 63.3±54.1 100±67.5 117.5±52.5 2.3±1.6 

           
 

A= Affected MI, U= Unaffected Normal, UM=Unaffected Males, UF=Unaffected Females, AM=Affected Males, AF=Affected Female, 

TC=Total Cholesterol, LDL-C=Low Density Lipoprotein-Cholesterol, HDL-C=High Density Lipoprotein-Cholesterol. 



110 
 

Table 3.12B. Multiple linear regression analysis on the effects of gender and ANRIL 

(rs1333049) genotypes on lipid profile levels of sporadic MI cases and 

controls and familial HC cases and controls. 

   Sporadic MI Samples and Controls  Familial HC Cases and Controls 

   Adj. 

R2 

F 

(p-value) 

β 

95%CI (p-value) 

Adj. 

R2 

F 

(p-value) 

β 

95%CI (p-value) 

TC Cases Gender   0.12 

-4.0 – 31.8 (>0.05) 

0.26 3.49 

(0.06) 

-0.17 

-108 – 53.4 (>0.05) 

  Genotype 0.01 1.95 

(>0.05) 

-0.11 

-19.04 – 3.72 (>0.05) 

  -0.6 

-131 – 11.3 (<0.05) 

 Controls Gender   0.02 

-12 – 14.8 (>0.05) 

-

0.02 

0.39 

(0.68) 

-0.05 

-19.5 – 12.6 (>0.05) 

  Genotype 0.004 1.2 

(>0.05) 

0.2 

-2.8 – 22.02 (>0.05) 

  -0.09 

-18.4 – 8.5 (>0.05) 

HDL-C Cases Gender   0.18 

0.4 – 7.1 (<0.05) 

-

0.13 

19 

(0.8) 

0.02 

-44.9 – 47.6 (>0.05) 

  Genotype 0.02 2.5 

(>0.05) 

-0.03 

-2.6 – 1.7 (>0.05) 

  0.18 

-24.6 – 44 (>0.05) 

 Controls Gender   0.53 

8.7 – 16.4 (<0.01) 

-

0.01 

0.67 

(0.52) 

0.12 

-2.4 – 7.5 (>0.05) 

  Genotype 0.29 22.80 

(<0.01) 

0.15 

-0.28 – 6.9 (>0.05) 

  0.05 

-3.2 – 5.1 (>0.05) 

LDL-C Cases Gender   0.06 

-9.4 – 22.1 (>0.05) 

0.31 4.2 

(0.04) 

-0.1 

-83 – 53.96 (>0.05) 

  Genotype 0.01 1.53 

(>0.05) 

-0.13 

-18.1 – 1.9 (>0.05) 

  -0.64 

-118 – -16 (<0.05) 

 Controls Gender   -0.02 

-11.6 – 9.8 (>0.05) 

0.00

4 

1.1 

(0.33) 

-0.17 

-23.2 – 3.9 (>0.05) 

  Genotype 0.02 1.8 

(>0.05) 

0.18 

-0.4 – 19.6 (>0.05) 

  -0.05 

-13.5 – 9.2 (>0.05) 

TG Cases Gender   -0.01 

-33 – 30.8 (>0.05) 

0.45 6.8 

(0.01) 

-0.51 

-137 – 10.9 (<0.05) 

  Genotype -0.01 0.02 

(>0.05) 

0.02 

-18.5 – 22.18 (>0.05) 

  -0.57 

-108 – 14.9 (<0.05) 

 Controls Gender   -0.26 

-102.96 – 15.5 (<0.05) 

0.08 4.1 

(0.02) 

-0.07 

-29 – 15 (>0.05) 

  Genotype 0.05 3.6 

(<0.05) 

0.03 

-33.9 – 47.6 (>0.05) 

  -0.31 

-43.6– 6.7 (<0.05) 
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The linear regression analysis for females revealed no significant association with the 

dominant and recessive model of the MI cases (DM=p>0.05, OR=0.5(95%CI 0.08- 

2.81) and RM=p>0.05, OR=0.7 (95% CI 0.39-2.11), respectively). 

3.7.2.2 FAM5C and CAD family history 

The genotype frequencies of individuals suffering from MI and with a positive family 

history of CAD among first or second degree relative were also analyzed. The 

individuals with a positive CAD history had 41.6% AA genotype, 51.0% AT and 

7.3% TT compared to 52.2% AA, 44.02% AT and 3.73% TT genotype in patients 

with a negative CAD family history (Table 3.14). Overall, no association was 

observed among the genotype and CAD history (p>0.05).  

The linear regression analysis, on the other hand, revealed a significant association of 

AA genotype with negative CAD family history (p<0.01, χ
2
=6, OR= 0.5 [95%CI 

0.29-0.84]). The allele frequencies were also not significantly different between the 

two groups (p>0.05, χ
2
=2.73). 

 

3.7.2.3 FAM5C and age of onset of MI  

In order to understand the impact of genotypes on the age of onset of the disease in 

the cases, all the individuals were classified based on their genotype and age. 

Individuals carrying the AA genotype had a mean age of onset of 53.1 ± 11.4 (years), 

AT genotype individuals had 52.8 ± 10.7 (years) and TT carrying individuals had a 

mean age of 48.5 ± 9.9 (years). ANOVA revealed no significant difference between 

the groups (p>0.05).  

On the gender basis, male individuals carrying the AA genotype had a mean age of 

onset 52.9 ± 10.2 (years), AT individuals had 52.8±10.8 and TT individuals carry 

mean age of onset of 48.6 ± 8.9 years compared to female MI individuals carrying 

AA genotype who had 57 ± 13.6 years mean age, while AT had 52.9 ± 10.6 years and 

TT individuals had mean age of onset of 48.2 ± 13.5 (years), comparison between 

both genders gave no significant difference (p>0.05) (Table 3.15).  
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Table 3.13. The genotype and allele frequency of rs10920501 (FAM5C) among MI 

cases and healthy controls.  

Genotype 

Frequency 

Control 

N=267 

(%) 

MI Cases 

N=271 

(%) 

p-Value 

(z-test) 

p-Value 

(χ
2
) 

OR(95%CI) p(OR) 

AA 
120 

(44.9%) 

132 

(48.7%) 
>0.05(0.87) 

0.5 

(1.05) 

DM=0.86(0.03-1.92) >0.05 

AT 
135 

(50.6%) 

125 

(46.1%) 
>0.05(1.02) RM=1.18(0.84- 1.66) >0.05 

TT 12 (4.5%) 14 (5.2%) >0.05(0.36) 
 

 

      
 

Allele 

Frequency 

Control 

N=534(%) 

MI Cases 

N=542(%) 

p-Value 

(χ
2
) 

OR(95%CI) 

A 
375 

(70.2%) 

389 

(71.7%) 
>0.05 (0.24) 1.07(0.82-1.40) 

T 
159 

(29.7%) 

153 

(28.2%) 

      
 

Male 
     

 

Genotype 

Frequency 

Control 

N=189(%) 

MI Cases 

N=191(%) 

p-Value 

(z-test) 

p-Value 

(χ
2
) 

OR(95%CI)  

AA 
78 

(41.2%) 

95 

(49.7%) 
>0.05(1.65) 

>0.05 

(2.86) 

DM=1.01(0.41-2.4) >0.05 

AT 
101 

(53.4%) 
86 (45%) >0.05(1.64) RM=1.4(0.9-2.1) >0.05 

TT 10 (5.3%) 10 (5.3%) >0.05(0.02) 
 

 

      
 

Female 
     

 

Genotype 

Frequency 

Control 

N=78(%) 

MI Cases 

N=80(%) 

p-Value 

(z-test) 

p-Value 

(χ
2
) 

OR(95%CI)  

AA 
42 

(53.8%) 

37 

(46.3%) 
>0.05(0.95) 

>0.05 

(1.3) 

DM=0.5(0.8-2.8) >0.05 

AT 
34 

(43.6%) 

39 

(48.7%) 
>0.05(0.65) RM=0.7(0.3-2.11) >0.05 

TT 2 (2.5%) 4 (5%) >0.05(0.42) 
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Table 3.14. The genotypic frequency of rs10920501 among the MI patients with respect to 

CAD history among the first or second degree relatives.  

 

Genotype 

Negative 

CAD Family 

History 

Positive 

CAD Family 

History 

p-value 

(z-test) 

p-value  

(χ
2
) 

OR(95%CI) p(OR) 

Frequency N=134 N=96 
    

AA 70 (52.2%) 40 (41.6%) >0.05 (1.58) 
>0.05 

(3.25) 

DM= 0.9(0.15-1.61) >0.05 

AT 59 (44.0%) 49 (51.0%) >0.05 (1.05) RM=0.6(0.38-1.1) >0.05 

TT 5 (3.7%) 7 (7.3%) >0.05 (1.19) 
  

  
 

    

  
 

    

Allele 

Frequency 

Negative CAD 

Family History 

N (%) 

Positive 

CAD Family 

History 

N (%) 

p-value (χ
2
) OR(95%CI)  

A 199(74.2%) 129(67.1%) >0.05 

 (2.73) 
1.4 (0.9-2.1) 

 

T 69(25.7%) 63(32.8%)  

 

 

Table 3.15. ANOVA analysis revealed no relationship of rs10920501T>A with the early 

onset of myocardial infarction in the patients.  

Genotype 
MI-Male AGE 

Mean ± SD 

MI-Female AGE 

Mean ± SD 

MI-Overall AGE 

Mean ± SD 

AA 52.9±10.5 57±13.6 53.9±11.4 

AT 52.8±10.8 52.9±10.6 52.8±10.7 

TT 48.6±8.9 48.2±13.5 48.5±9.9 

    

p-value >0.05 >0.05 >0.05 

F- crit 3.04 3.12 3.03 
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3.7.3 ACE (rs 4646994) 

The genotype frequency of angiotensin converting enzyme (ACE) rs 4646994 was 

studied in 310 MI cases and 307 unaffected controls, the MI cases had 69 (22.2%) 

homozygous DD, 143 (46.1%) ID and 98 (31.6%) homozygous II as compared to the 

healthy controls where the frequencies were 72 (23.4%) homozygous DD, 124 

(40.4%) heterozygous ID and 111 (36.1%) homozygous II, with no significant 

difference in the genotype frequency between the MI cases and healthy controls 

(p>0.05, χ
2
=2.21). Linear regression analysis also revealed no significant association 

under the dominant and recessive models (DM=p>0.05, OR= 1.22 [95%CI 0.87-

1.71]) and (RM=p>0.05, OR=0.76 [95%CI 0.53-1.09]). In MI case, the allele 

frequencies were 281 (45.3%) D-allele and 339 (54.6%) I-allele as compared to 268 

(43.6%) D-allele and 346 (56.4%) I-allele in normal controls (p>0.05, χ
2
=0.35). There 

was no significant difference in the allele frequencies between MI cases and healthy 

controls (p>0.05, χ
2
=0.35). 

3.7.3.1 Gender based analysis 

For the purpose of gender based association of rs4646994 with the disease, the data 

were analyzed on the basis of their gender and disease status. Among the healthy 

female individuals, 28 (24.5%) were homozygous DD, 45 (39.5%) were heterozygous 

ID and 41 (35.9%) were homozygous II as compared to the MI female cases where 

the distribution was 22 (22%) homozygous DD, 48 (48%) heterozygous ID and 30 

(30%) homozygous II with no significant difference between the female MI cases and 

healthy controls (p>0.05, χ
2
=1.61). The dominant and recessive models also revealed 

non significant association with the disease (OR=1.31 [95%CI 0.73-2.32] and 

OR=1.15 [95%CI 0.61-2.18], respectively; Table 3.16). 

Similarly, among the healthy males 44 (22.8%) were homozygous DD, 79 (40.9%) 

were heterozygous ID and 70 (36.2%) were homozygous II compared to MI cases 

where these frequencies were 47 (22.4%) homozygous DD, 95 (45.2%) heterozygous 

ID and 68 (32.3%) homozygous II with no significant difference between the groups 

(p>0.05, χ
2
=0.88). Logistic regression analysis revealed both dominant and recessive 

models not to be associated with the disease (OR = 1.18 [95% CI 0.78-1.79] and (OR 

= 0.97 [95% CI 0.61-1.55], p>0.05) (Table 3.16). 
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Table 3.16. The genotypic and allelic frequency of ACE gene polymorphism rs4646994 among the MI cases and healthy control individuals. 

Genotype 

Frequency 

Controls 

N=307 

MI Cases 

N=310 

p-value 

(z-test) 

p-value 

(χ
2
) 

OR(95%CI) p(OR) 

D/D 72 (23.4%) 69 (22.2%) >0.05 (0.35) 

>0.05 (2.21) 

DM=1.22(0.87-1.71) >0.05 

I/D 124(40.4%) 143 (46.1%) >0.05 (1.43) RM=0.76(0.53-1.09) >0.05 

I/I 111 (36.1%) 98 (31.6%) >0.05 (1.19)   

 Allele 

Frequency 

Controls 

N=614 

MI Cases 

N=620 
p-value(χ

2
) OR(95%CI)  

 D 268 (43.6%) 281 (45.3%) 
>0.05 (0.35) 1.07(0.85-1.33) 

 I 346 (56.4%) 339 (54.6%) 

 

   

 

   FEMALE 

  

 

 

  

 Genotype 

Frequency 

Controls 

N=114 

MI Cases 

N=100 

p-value 

(z-test) 

p-value 

(χ
2
) 

OR(95%CI) p(OR) 

D/D 28 (24.5%) 22 (22%) >0.05 (0.44) 

 

DM=1.31(0.73-2.32) >0.05 

I/D 45 (39.5%) 48 (48%) >0.05 (1.25) >0.05 (1.61) RM=1.15(0.61-2.18) >0.05 

I/I 41 (35.9%) 30 (30%) >0.05 (0.92) 
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Allele 

Frequency 

Controls 

N=228 

MI Cases 

N=200 
p-value (χ

2
) OR(95%CI)  

 D 101 (44.3%) 92 (46%) 
>0.05 (0.72) 1.07(0.73-1.50) 

 I 127 (55.7%) 108 (54%) 

 

   

 

 

  

 MALE 

  

 

 

  

 Genotype 

Frequency 

Controls 

N=193 (%) 

MI Cases 

N=210 (%) 

p-value 

(z-test) 
p-value (χ

2
) OR(95%CI) p(OR) 

D/D 44 (22.8%) 47 (22.4%) >0.05 (0.1) 

 

DM=1.18(0.78-1.79) >0.05 

I/D 79 (40.9%) 95 (45.2%) >0.05 (0.87) >0.05 (0.88) RM=0.97(0.61-1.55) >0.05 

I/I 70 (36.2%) 68 (32.3%) >0.05 (0.82) 

 

  

 

   

 

 

  

 Allele 

Frequency 

Controls 

N=386 

MI Cases 

N=420 
p-value( χ

2
) OR(95%CI) 

 D 167 (43.2%) 189 (45%) 
>0.05 (0.61) 1.07(0.81-1.41) 

 I 219 (56.7%) 231 (55%) 

  

 



117 
 

3.7.3.2 ACE and CAD family history 

In order to assess the impact of rs4646994 on the CAD family history of the subjects, 

the data were stratified with respect to CAD among the first or second degree relatives 

of the MI patients. The genotype frequency revealed that in the MI patients with a 

negative family history there were 30 (19.4%) homozygous DD, 69 (44.8%) 

heterozygous ID and 55 (35.7%) homozygous II compared to MI patients with a 

positive family history who had 29 (25%) homozygous DD, 60 (51.7%) heterozygous 

ID and 27 (23.2%) homozygous II, with no significant difference between the groups 

(p>0.05, χ
2
 = 4.96). Linear regression analysis revealed association with the disease 

under the dominant model (OR= 1.83 [95%CI 1.06-3.14], p<0.05) but not under the 

recessive model (OR=1.37 [95%CI 0.77-2.45], p>0.05). The risk allele “D” was 

present at a higher frequency (50.8%) in the positive CAD family history group 

compared to the negative CAD family history (41.8%), which was statistically  

significant (p=0.03, χ
2
=4.3;Table 3.17). 

3.7.3.3 ACE and age of onset of MI  

In order to determine the role of rs4646994 with the age of onset of disease, MI cases 

were categorized with respect to genotype (Table 3.18). Among MI cases (Male + 

Female), homozygous DD genotype individuals had a mean age of 53.1 ± 10.5 

(years), heterozygous ID individuals had 53.9 ± 11.3 (years) and homozygous II 

individuals had 53.2 ± 11.7 (years) with no significant association of age of onset with 

the different genotypes (p>0.05). Gender based of the genotype in MI males gave a 

mean age of 52.2 ± 9.3 (years) for the homozygous DD genotype, while heterozygous 

ID had a mean age of 52.8 ± 11.3 (years) and homozygous II genotype individuals 

had mean age of 52.4 ± 10.2 (years) with no significant difference in the age of onset 

in the three groups (p>0.05). Similarly, the female MI cases had a mean age of onset 

of MI, 55.1 ± 12.8 (years) for homozygous DD genotype individuals, 56.1 ± 11.2 

(years) for heterozygous ID individuals and 54.8 ± 14.4 (years) for homozygous II 

individuals with no significant difference in the age of onset of MI among the three 

genotypes (p>0.05; Table 3.18). 
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Table 3.17. Genotypic and allelic frequencies of ACE gene polymorphism rs4646994 

with respect to CAD History among the MI patients. 

Genotype 

Frequency 

Negative  

CAD History 

N=154 (%) 

Positive  

CAD History 

N=116 (%) 

p-value 

(z-test) 

P-value 

(χ
2
) 

OR(95%CI) p(OR) 

DD 30 (19.4%) 29 (25%) 0.2(1.08) 
 

DM=1.83 (1.06-3.14) <0.05 

ID 69(44.8%) 60 (51.7%) 0.2(1.12) 
>0.05 

(4.96) 
RM=1.37(0.77-2.45) >0.05 

II 55 (35.7%) 27 (23.2%) 0.02(2.2) 
   

   
 

   

Allele  

Frequency 

Negative  

CAD History 

N=308 (%) 

Positive  

CAD History 

N=232 (%) 

p-value 

(χ
2
) 

OR(95%CI) 
 

D 129 (41.8%) 118 (50.8%) <0.05 

(4.3) 
1.43 (1.01-2.02) 

 

I 179 (58.1%) 114 (49.1%) 
 

   
 

   
 

 

Table 3.18. ANOVA test revealed no significant impact of DD genotype on the early 

onset of MI in MI patients. 

Genotype 
Overall-MI 

Cases 

Male-MI 

Cases 

Female-MI 

Cases 

DD 53.1 ± 10.5 52.2 ± 9.3 55.1 ± 12.8 

ID 53.9 ± 11.3 52.8 ± 11.3 56.1 ± 11.2 

II 53.2 ± 11.7 52.4 ± 10.2 54.8 ± 14.4 

    
p-Value >0.05 >0.05 >0.05 

F-critc 3.03 3.04 3.09 
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3.7.4 eNOS (Intron 4 VNTR)  

In order to determine the genetic association of eNOS Intron 4 VNTR with the onset 

of MI, the genotype and allele frequency of studied VNTR were statistically analyzed 

(Table 3.19). The results showed that in the healthy controls 11 (3.4%) individuals 

were homozygous a/a, 55 (17.3%) heterozygous b/a and 251 (79.2%) homozygous b/b 

compared to the MI cases who had 6 (1.9%) homozygous a/a, 59 (19.2%) 

heterozygous b/a and 243 (78.8%) homozygous b/b with no significant difference 

between the two groups (p>0.05, χ
2
=1.61).  

Linear regression analysis also revealed that under both dominant and recessive 

model there was no association with the disease (OR=1.01[95% CI 0.69-1.49]) and 

(OR=0.55 [95%CI 0.2-1.51], respectively). The allele frequency analysis showed that 

77 (12.1%) had “A” risk allele in the healthy controls compared to 71 (11.5%) A-

allele in MI patients with no significant difference between the two groups (p>0.05, χ
2
 

=0.6). 

3.7.4.1 Gender based analysis 

The gender based distribution of Intron 4 VNTR also revealed a non-significant 

difference across the genders. Among the healthy male individuals, 10 (4.2%) 

individuals were a/a, 45 (19.1%) individuals were b/a and 181 (76.7%) individuals 

were b/b as compared to the MI male patients who had 6 (2.7%) a/a, 42 (19.2%) b/a 

and 170 (77.9%) b/b with no significant difference between the healthy controls and 

MI patients (p>0.05, χ
2
 =0.74). 

Logistic regression analysis also revealed that for both dominant and recessive 

models, there was no significant association with the disease (OR = 0.92 [95%CI 

0.59-1.44] and OR= 0.6 [95%CI 0.22-1.79], respectively (Figure 3.18). Similarly, 

female individuals in the healthy controls and MI patients also showed no significant 

differences (p>0.05, χ
2 

= 2.41). Among the female healthy controls, 1 (1.2%) 

individuals were a/a, 10 (12.3%) were b/a and 70 (86.4%) were b/b compared to the 

MI female cases who had 0 (0%) a/a, 17 (18.9%) b/a and 73 (81.1%) b/b with no 

significant difference between the two groups (p>0.05). The dominant model also 

revealed no significant association with the disease (OR=1.48 [95%CI 0.64-3.38], 

p>0.05). 
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Table 3.19. Genotype and allelic frequencies of intron4 VNTR polymorphism of eNOS 

among the MI cases and the healthy control individuals. 

Genotypic 

Frequency 

Controls 

N=317 

MI Cases 

N=308 

p-value 

(χ
2
) 

OR(95%CI) p(OR) 

a/a 11 (3.4%) 6 (1.9%) 
>0.05 

(1.61) 

DM=1.01(0.69-1.49) >0.05 

b/a 55 (17.3%) 59 (19.2%) RM=0.55(0.2-1.51) >0.05 

b/b 251 (79.2%) 243 (78.8%) 
  

      
Allele 

Frequency 

Controls 

N=634 

MI Cases 

N=616 

p-value 

(χ
2
) 

OR(95%CI) 
 

A 77 (12.1%) 71 (11.5%) >0.05  

(0.6) 
0.9(0.66-1.32)  

B 557 (87.8%) 545 (88.5%) 
 

      
Male 

     
Genotypic 

Frequency 

Controls 

N=236 

MI Cases 

N=218 

p-value 

(χ
2
) 

OR(95%CI) p(OR) 

a/a 10 (4.2%) 6 (2.7%) 
 

DM=0.92(0.59-1.44) >0.05 

b/a 45 (19.1%) 42 (19.2%) 
>0.05  

(0.74) 
RM=0.6(0.22-1.79) >0.05 

b/b 181 (76.7%) 170 (77.9%) 
   

      
Allele 

Frequency 

Controls 

N=472 

MI Cases 

N=436 

p-value 

(χ
2
) 

OR(95%CI) 
 

A 65 (13.8%) 54 (12.4%). 
>0.05 (0.27) 0.88(0.6-1.30)  

B 407(86.2%) 382 (87.6%) 
 

      
Female 

     
Genotypic 

Frequency 

Controls 

N=81 

MI Cases 

N=90 

p-value 

(χ
2
) 

OR(95%CI) p(OR) 

a/a 1 (1.2%) 0(0%) 

>0.05 (2.41) 

DM=1.48(0.64-3.38) >0.05 

b/a 10 (12.3%) 17 (18.9%) RM= NA - 

b/b 70 (86.4%) 73 (81.1%) 
  

      
Allele 

Frequency 

Controls 

N=162 

MI Cases 

N=180 

p-value 

(χ
2
) 

OR(95%CI) 
 

A 12 (7.4%) 17 (9.4%) 
>0.05 (0.23) 1.3(0.6-2.82)  

B 150 (92.5%) 163 (90.5%) 
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3.7.4.2 eNOS and CAD family history  

In order to determine the association of CAD family history with the genotypes, all 

the MI cases were categorized on the basis of positive or negative CAD family history 

in the first or second degree relatives. Among the negative CAD family history, 5 

(3.1%) individuals were homozygous a/a, 23 (14.5%) heterozygous b/a and 131 

(82.4%) homozygous b/b compared to individuals with a positive CAD family history 

who had 1(0.82%) homozygous a/a, 33 (27.2%) heterozygous b/a and 87 (71.9%) b/b 

with significant difference between the two groups (p=0.01, χ
2
=8.33). The dominant 

model also showed a significant association of the positive CAD family history with 

the genotypes between the groups (OR= 1.82 [95% CI= 1.03-3.22], p<0.05), but not 

under the recessive model (OR= 0.25 [95% CI= 0.22-2.22], p>0.05; Table 3.20). The 

risk allele “a” frequency was higher (14.5%) in the individuals with a positive CAD 

family history compared to the individuals with negative family CAD history 

(10.3%), but not at s statistically significant level (p>0.05, χ
2
=2.15; Table 3.20). 

3.7.4.3 eNOS and age of onset of MI 

In order to assess the impact of risk genotype “a/a” on the age of onset of MI in the 

Pakistani population, the data were categorized with respect to the genotype (Table 

3.21). Among the MI patients (Male + Female), homozygous a/a genotype individuals 

had a mean age of 47.3 ± 6.4 (years), heterozygous b/a had a mean age of 53.1 ± 13.0 

(years) and homozygous b/b had a mean age of 54.0 ± 10.4 (years). The statistical 

analysis revealed that individuals carrying a/a genotype were significantly younger as 

compared to b/b or b/a (p<0.05).  

Gender based analysis showed MI males with a/a genotype had a mean age of onset 

of MI of 47.3 ± 6.4 (years), heterozygous b/a had a mean age of 52.2± 12.3(years) and 

homozygous b/b genotype had 53.1 ± 10.1 (years) with a significant association of 

a/a/ genotype with early onset of MI (p<0.05) compared to b/b genotype. While the 

female MI patients with a mean ae of onset of MI for heterozygous individuals b/a 

was 55.3 ± 15.1 (years) compared to homozygous b/b individuals 56.0 ± 10.8 (years) 

with no significant difference between the two groups.  
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Table 3.20. The genotypic and allelic frequency of eNOS intron4 VNTR gene 

polymorphism with respect to CAD family history in the MI patients. 

Genotype 

Frequency 

Negative 

CAD 

Family 

History 

N=159 

Positive 

CAD Family 

History 

N=121 

p-value 

(z test) 

p-

value 

(χ
2
) 

OR(95%CI) P(OR) 

a/a 5 (3.1%) 1 (0.82%) 
>0.05 

(1.37) 

<0.05 

(8.33) 

DM=  1.82  

(1.03-3.22) 
<0.05 

b/a 23 (14.5%) 33 (27.2%) 
<0.05 

(2.65) 

RM= 0.25 

(0.22-2.22) 
>0.05 

b/b 131(82.4%) 87 (71.9%) 
<0.05 

(2.09)  
 

   
 

  
 

Allele 

Frequency 

Negative 

CAD 

Family 

History 

N=318 

Positive 

CAD Family 

History 

N=242 

p-value 

(χ
2
) 

OR(95%CI) 

a  33(10.3%) 35 (14.5%) 
>0.05(2.15) 1.46 (0.87-2.42) 

b  285(89.6%) 207(85.5%) 

 

Table 3.21. The impact of a/a genotype on the age of onset of MI in Pakistani 

population. 

Over-all 
AGE 

(Mean ± SD) 
Comparisons p(T-test) 

a/a 47.3±6.4 a/a vs b/b <0.05 

b/a 53.1±13.0 a/a vs b/a <0.05 

b/b 54.0±10.4 b/b vs b/a >0.05 

     

 

Male MI case 

   

 

a/a 47.3±6.4 a/a vs b/b <0.05 

b/a 52.2±12.3 a/a vs b/a >0.05 

b/b 53.1±10.1 b/b vs b/a >0.05 

     

 

Female MI cases 

   

 

a/a - a/a vs b/b - 

b/a 55.3±15.1 a/a vs b/a - 

b/b 56.0±10.8 b/b vs b/a >0.05 
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3.7.5 Thrombomodulin (THBD)  

The genotype frequency of THBD (thrombomodulin) rs 1042579 was studied in 304 

MI cases and 262 unaffected controls, the MI cases had no homozygous TT, 175 

(57.5%) CT and 129 (42.4%) homozygous CC as compared to the healthy controls 

which were 6 (2.3%) homozygous TT, 143 (54.6%) heterozygous CT and 113 

(43.1%) homozygous CC, with a significant difference in the genotype frequency 

between the MI cases and healthy controls (p<0.05, χ
2
=7.2). Linear regression 

analysis also revealed no significant association for the dominant model (DM=p>0.05, 

OR=1.02 [95%CI= 0.73-1.43]), while for the recessive model, the association could 

not be determined. The allele frequencies showed 175 (28.7%) T-allele and 433 

(71.2%) C-allele in MI cases as compared to 155 (29.5%) T-allele and 369 (70.4%) 

C-allele. There was no significant difference in the allele frequencies between MI 

cases and healthy controls (p>0.05, χ
2
=0.09). 

3.7.5.1 Gender based analysis 

For the purpose of gender based association analysis of rs1042579 with the disease, 

the data were analyzed on the basis of their gender and disease status. In the healthy 

male individuals, 5 (3.2%) were homozygous TT, 85 (54.8%) were heterozygous CT 

and 65 (41.9%) were homozygous CC as compared to the MI male cases where the 

distribution was 0 (0%) homozygous TT, 119 (58.1%) heterozygous CT and 86 

(41.9%) homozygous CC with a significant difference between the male MI cases and 

healthy controls (p<0.05, χ
2
=6.78). The dominant model also revealed non- significant 

association with the disease (OR= 0.92 [95%CI= 0.6-1.42] and for the recessive 

model OR could not be determined (Table 3.22). Similarly, among the healthy 

females 1 (0.9%) were homozygous TT, 58 (54.2%) were heterozygous CT and 48 

(44.9%) were homozygous CC compared to MI cases which had no homozygous TT, 

56 (56.6%) heterozygous CT and 43 (43.4%) homozygous CC with no significant 

difference between the groups (p>0.05, χ
2
=1.1). 

3.7.5.2 THBD and CAD family history 

In order to assess the association of rs1042579 with CAD family history of the 

subjects, the data were stratified with respect to CAD among the first or second 

degree relatives of the MI patients. The genotype frequency revealed that in the MI
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Table3.22. Genotype and allelic frequencies of rs1042579 polymorphism of THBD 

among the MI cases and the healthy control individuals. 

Genotype  

Frequency 

Controls 

N=262 

MI Cases 

N=304 

p-value 

(χ
2
) 

OR(95%CI) p(OR) 

TT 6 (2.3%) 0 (0%) 
<0.05 

(7.2) 

DM=1.02(0.73-1.43) >0.05 

CT 143 (54.6%) 175 (57.5%) RM= N.A NA 

CC 113 (43.1%) 129 (42.4%) 

  

      

      Allele 

Frequency 

Controls 

N=524 

MI Cases 

N=608 

p-value 

(χ
2
) 

OR(95%CI) 
 

T 155 (29.5%) 175 (28.7%) >0.05 

(0.09) 
0.96(0.24-1.24) 

 C 369 (70.4%) 433 (71.2%) 

 

      Male 

     Genotype 

Frequency 

Controls 

N=155 

MI Cases 

N=205 

p-value 

(χ
2
) 

OR(95%CI) p(OR) 

TT 5 (3.2%) 0 (0%) 
<0.05 

(6.78) 

DM=0.99(0.6-1.42) >0.05 

CT 85 (54.8%) 119 (58.1%) RM= N.A. NA 

CC 65 (41.9%) 86 (41.9%) 

  

      Female 

     Genotype 

Frequency 

Controls 

N=107 

MI Cases 

N=99 

p-value 

(χ
2
) 

OR(95%CI) p(OR) 

TT 1 (0.9%) 0 (0%) >0.05 

(1.1) 

DM=  

0.92(0.52-1.63) >0.05 

CT 58 (54.2%) 56 (56.6%) RM= NA NA 

CC 48 (44.9%) 43 (43.4%) 
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patients with a negative CAD family history there were no homozygous TT, 82 

(54.3%) were heterozygous CT and 69 (45.7 %) homozygous CC compared to MI 

patients with a positive CAD family history who also had no homozygous TT and had 

68 (57.6%) heterozygous CT and 50 (42.3%) homozygous CC, with no significant 

difference between the two groups (p>0.05, χ
2
 =0.3). Linear regression analysis 

revealed association with the disease under the dominant model (OR= 1.14 [95%CI= 

0.7-1.82], p>0.05) but the recessive model could not be determined. The risk allele 

“T” was present at similar frequency in both positive and negative CAD family 

history groups, which was also statistically non significant (p>0.05, χ
2
=0.18) (Table 

3.23). 

3.7.5.3 THBD and age of onset of MI  

In order to determine the role of rs1042579 with the age of onset of disease, MI cases 

were categorized with respect to their genotype and compared with mean age (Table 

3.24). Among MI cases (Male + Female), homozygous CC genotype individuals had a 

mean age of 53.1 ± 11.5 (years) and heterozygous CT individuals had 53.8 ± 10.8 

(years) with no significant association of age of onset of disease with the different 

genotypes (p>0.05). Gender based analysis of the age of onset with genotypes in MI 

males gave a mean age of 52.0 ± 10.4 (years) for the homozygous CC genotype, while 

heterozygous CT had a mean age of 53.4 ± 10.6 (years) with no significant difference 

in the age of onset in the two groups (p>0.05).  Similarly, the female MI cases had a 

mean age of onset of MI, 55.4 ± 13.2 (years) for homozygous CC genotype 

individuals and 54.4 ± 11.3 (years) for heterozygous CT individuals with no 

significant difference in the age of onset of MI among the genotypes (p>0.05; Table 

3.24). 

 

 

 

 

  



126 
 

Table 3.23. Genotype and allele frequencies of THBD gene polymorphism rs1042579 

with respect to CAD family history within the MI patients. 

Genotype 

Frequency 

Negative CAD 

family history 

N=151 

Positive CAD 

family history 

N=118 

p-value 

(χ
2
) 

OR(95%CI) 

TT 0 (0%) 0 (0%) 
>0.05 

(0.3) 
 CT 82 (54%) 68 (57.6%) 1.14(0.7-1.82) 

CC 69 (46%) 50 (42.3%) 

 

     
Allele 

Frequency 

Negative CAD 

family history 

N=302 

Positive CAD 

family history 

N=236 

p-value 

(χ
2
) 

OR(95%CI) 

T 82 (27%) 68 (28.8%) >0.05 

(0.18) 
1.08(0.74-1.58) 

C 220 (73%) 168 (71.1%) 

      

Table 3.24. Age of onset of MI in different genotypes of THBD in the Pakistani 

population. 

Gender CC CT p(t-test) 

Male + Female 53.1 ± 11.5 53.8 ± 10.8 >0.05 

Male 52 ± 10.4 53.4 ± 10.6 >0.05 

Female 55.4 ± 13.2 54.4 ± 11.3 >0.05 
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4. Discussion 

Cardiovascular diseases (CVDs) are the leading cause of morbidity and mortality in 

the developing countries, whereas in the developed countries the mortality rate has 

declined after good practices over the last two to three decades (Hong, 2009). In 2005, 

17.5 million deaths due to CVDs were estimated worldwide, which may rise to 20 

million by the year 2015, a major part of this burden will be borne by the developing 

countries. Of this estimate, 80 % mortalities will be in low and middle income 

countries like Pakistan (Ismail et al., 2004). There is a difference in the traditional risk 

factors for CVDs among the Western and Asians countries, which thus lead to the 

variation in the morbidity and mortality rates e.g., hypertension and diabetes play a 

major role in the onset of heart diseases in Asian communities. Due to the higher 

prevalence of CVDs in poor families, a higher economic burden may aggravate its 

complications (Joshi et al., 2007; Hong, 2009). CVDs being a multifactorial disease 

has been shown to be influenced by genetic predisposition as well as by 

environmental factors. The genetic predisposition also tends to cluster within families, 

rendering the whole family at risk (Horne et al., 2006). Pakistani population has a 

higher level of consanguinity due to which the genetic predisposition of the 

individuals to genetic disorders like CVDs is higher (Bittles, 2001; Shieh et al., 2012). 

Due to this genetic predisposition, individuals of South Asian origin have a higher 

morbidity and mortality even if they live overseas. Yusuf et al. (2001) reported a high 

incidence of morbidity in Indian’s residing in the UK, with a higher impact of risk 

factors like impaired glucose tolerance, obesity, raised triglycerides, low HDL-C 

levels as compared to the traditional risk factors like smoking, diabetes and 

hypertension, which are associated with the onset of the disease in the native south 

Asians (Hong, 2009). 

In Pakistan the occurrence of CVDs especially MI has increased at a very rapid pace 

in the different communities over the last few decades (Jafar et al., 2008). Beside the 

traditional risk factors like smoking, diabetes mellitus and hypertension, 

hypercholesterolemia is another factor responsible for the atherogenesis leading to 

vulnerable plaque formation, which is a typical precursor for the onset of CVDs. 

Hypercholesterolemia may be attributable to raised serum cholesterol level, especially 

LDL-C with triglyceride levels within normal range. This plasma LDL-C level is 
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maintained by a negative feedback mechanism of LDLR which is expressed on all 

sorts of cells, but mostly on hepatocytes. These LDLR in association with ApoB100 

and LDLR-AP1 are involved in the endocytosis of the serum LDL-C, thus lowering 

the circulating cholesterol. Mutations in any of the three genes coding for LDLR, 

ApoB100 and LDLR-AP1 may disrupt the normal endocytosis leading to 

hypercholesterolemia. Besides this PCSK9 mutations have also been shown to be 

involved in the onset of hypercholesterolemia. UK FH database on mutation in lipid 

metabolism genes causing FH (http://www.ucl.ac.uk/ldlr/Current/) reports 1121 

unique mutations in LDLR, 32 variant of LDLR-AP1 and 101 variant of PCSK9.  

LDLR is a transmembrane protein responsible for the endocytosis of LDL-C from the 

serum with the help of ApoB26 and PCSK9. This protein is classified in different 

domains depending upon its sequence homology and functions. The first domain is a 

ligand binding domain, also known as class A domain, which is composed of seven 

sequence repeats of ~40 amino acids long with six cysteine residues. These cysteine 

residues form disulfide bonds leading to the development of an octahedral lattice, 

which is responsible for the binding of the ligand (LDL-C). The cysteine rich repeat 

units 2-7 are considered to be responsible for the binding of ApoB, while repeat 5 is 

responsible for binding ApoE. After the ligand binding domain, three epidermal 

growth factor (EGF) repeats are present, two of these repeats i.e., A and B, are in 

close proximity while repeat C is separated by a β-propeller motif. The β propeller 

motif is responsible for the release of the ligand from the receptor in the acidic (pH 

5.0) condition within the endosomes. The EGF domain is followed by an O-linked 

oligosacchrides domain, which plays an important role in the display of the receptor 

in the extracellular matrix. The last hydrophobic trans-membrane domain of LDLR 

crosses the plasma membrane and communicates with LDLR-AP1 (low density 

lipoprotein acceptor protein-1), which is responsible for the internalization of LDLR. 

In the current project, thirteen probands including 27 sporadic HC samples were 

screened for the determination of the mutation spectrum in hypercholesterolemia 

patients from Pakistan. The results revealed two nonsense mutations, p.V806GfsX11 

and p.C296X, and six mis-sense mutations p.R88S, p.C340L, p.T404I/p.N405T, 

p.G545E and p.V639 in LDLR, and two mutations in PCSK9 i.e., p.R105Q and 

p.P155L (Figure  4.1). 

http://www.ucl.ac.uk/ldlr/Current/
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Figure 4.1. Pictorial presentation of identified LDLR variants with respect to different 

domains of LDLR (adapted from Al-Allaf et al., 2010). 
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4.1 LDLR variations 

Pakistan is a multi ethnic nation, which has a high level of consanguinity, in addition 

over the recent years there has been a massive increase in CVDs in the country. Thus 

it is a prime population for the study of LDLR variations. In the current study five 

families out of thirteen possible FH families were identified with a definite genetic 

cause of FH giving a detection rate of 38% (5/13), which is similar to the reported 

detection rate of 20-30% in possible FH group in UK (Miltiadous et al., 2001). 

Tendon xanthoma or xanthelasma are the alternate criterion for defining FH, which 

was observed in two families only, which is also similar to previous reports (Marks et 

al., 2003). The mutation spectrum of the LDLR has previously been reported with 

54% of FH causing mutations in the LDL binding domain as compared to 34% FH 

mutations within the YWTD β-propeller repeats (Jeon et al., 2001). In our study on 

Pakistani population, the prevalence of EGF and β-propeller mutations were similar 

(25%). 

In family HC21, two novel mutations were found in the proband, who had also 

undergone premature stenting of the left anterior descending artery (LAD) at the age 

of 26 years. The first novel mutation c.264G>C, p. ( R88S) lies in the Lp A domain of 

LDLR which is responsible for the ligand binding and has typical cysteine repeats, 

while the second mutation (c.887_889GCA>AGC, p.C296*) lies in the exon 6 of 

LDLR. The pathological role of c.264G>C, p.(R88S) in the family members could not 

be determined, because of the small family size and individual to individual 

variations. Previous studies have also shown that due to these variations, the typical 

symptoms for FH like development of xanthoma and/or premature coronary artery 

disease (pCAD) may not be observed (Cheng et al., 2009). These phenotype 

variations may be because of adaptation of a healthy diet and suitable lifestyle that 

resulted in the non expression of disease in the carriers of the p.R88S variation, which 

is in agreement with previous studies (Amundsen et al., 2004). Besides that the amino 

acid conservation for this site across different species revealed the replacement of 

arginine with lysine, which has no impact on the protein function because both of the 

amino acids belong to positive charged side chain group. In the identified mutation 

p.R88S, arginine is replaced by serine, which belongs to uncharged polar amino acid 

group and may thus affect the 3D structure of LDLR by the disruption of the H-
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bonding. As this variation lies in the vicinity of the 2
nd

 cysteine rich repeat unit, thus 

disruption of the 3D structure of the binding site may affect in the binding efficiency 

of LDLR with the ligand.  

The second novel variation (c.887_889 GCA>AGC) found in the proband of family 

HC21 (III:5) was responsible for the creation of a premature termination leading to 

the development of a truncated protein. Due to this truncation, the translated protein 

may be devoid of the amino acids coded by exons 7 to exon 18. As this truncated 

protein lacks the O-linked glycosylation domain, which is also important for the 

sorting of LDLR from the Golgi complex to cell surface. This premature truncated 

LDLR may lead to degradation in the proteasome through ubiquitination (Melman et 

al., 2002). Thus non-availability of LDLR may result in the development of FH like 

condition. Due to the substitution of three base pairs i.e., c. 887_889 GCA>AGC, a 

premature termination occurs at 296 position, which is not conserved in different 

species. This unique triple nucleotide polymorphism (TNP) was our novel finding in 

the LDLR that has an association with the clinical presentation. Rosenfeld et al. 

(2010) also reported the presence of di and tri nucleotide polymorphisms in the 

human genome, but these were present at a very low frequency (<1%) when studying 

different genome databases. In the Chinese genome database only 3 TNPs were found 

in the exonic region compared to 2154 intergenic TNPs. This low frequency of TNPs 

in the genome is due to the higher selection pressure that decreases the rate of 

simultaneous substitution of three base pairs. Beside that the development of lethal 

variation due to di and tri nucleotide substitutions also rule out the TNPs from the 

common gene pool. A detailed literature search has shown three examples of 

pathogenic TNPs in the coding sequence which were responsible for the onset of 

different disease i.e., factor XI in hemophilia B (Knoll et al., 1996), GUCY2D in cone 

rod dystrophy (Yoshida et al., 2006) and FGFR2 in Pfeiffer disease (Oldridge et al., 

1997). On the other hand besides our study no pathogenic TNP in the LDLR has 

reported till date. This TNP was not observed in any of the normolipidemic and MI 

patients confirming its pathogenic status. 

The proband’s raised TC level (10.4 mmol/l) and non response to statin mono-therapy 

(responsible for the inhibition of de novo cholesterol production by limiting the 

HMG-CoA production and increase in expression of LDLR), also support the fact of 
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unavailability of normal LDLR to act in lowering the LDL-C levels in the proband. 

While on the other hand, combination therapy ezitimibe/ atorvastatin 80mg per day 

helped in attaining the suitable levels. A similar phenotypical presentation of a case 

has been previously reported with statin resistance in a 26 year old MI patient who 

had FH history and in whom ultimately a double heterozygous mutations in LDLR 

exon 6 and 9 in cis was identified (Alkofer et al., 2005), as opposed to that study a 

double heterozygous mutations was identified in the trans state in our study i.e., each 

of the mutation segregated separately from the paternal and maternal side. The two 

cases have different double heterozygous mutations in LDLR, but the severity of the 

disease was similar in both cases indicating double heterozygote may experience 

unusual FH phenotype along with resistance to statin therapy.  

In family HC39, the proband was found to be homozygous for the mutation 

c.1019_1020delinsTG, p.C340L and had raised TC levels with clinical presentation of 

xanthoma, while his parents were heterozygotes with intermediate TC levels. The 

identified mutation lies in exon 7 of LDLR, which encodes a part of the epidermal 

growth factor (EGF) domain and was found to be conserved among vertebrates from 

mammals to zebra fish. Although this cysteine residue is not a part of the seven 

cysteine repeats of the ligand binding domain, which are responsible for the LDL-C 

binding to the receptor, but is involved in the displacement of LDL-C in the acidic 

environment of the endosome (Innerarity, 2002). In normal LDLR protein the 

cysteine residue positioned at 340 is also involved in forming disulphide bond with 

cysteine residue at position 352 and thus stabilize the EGF like domain. The 

interaction of EGF-A with R7 of the ligand binding domain also gives a rigid 

conformation in the acidic environment and subsequent release of LDLR from LDL-C 

and recycle back to the surface (Kwon et al., 2008). Beside this it is postulated that 

the mutation identified in the current study, lies in the EGF-A repeat, which not only 

affects the EGF domain stability and functionality but may also result in the creation 

of new salt bridges with PCSK9 leading to the degradation of LDLR in the endosome. 

Thus, due to a low clearance rate of LDLR from the endosome acidic environment, 

less LDLR are available for LDL clearance from the plasma. Mozas et al. (2004) 

reported a different mutation for this site c.1019G>A, p.C340Y in the Spanish 

population, which was found to be responsible for hypercholesterolemia. This further 
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supports the finding that the identified mutation is actually the major cause in the 

onset of disease in the current family.   

 In family HC35, the proband was heterozygous for the mutation c.1634G>A, 

p.(G545E) with raised TC levels and clinical presentation of xanthelasma and 

premature coronary artery disease. Three members of this family were also found to 

be homozygotes with even higher TC. This variation lies in exon 11 of LDLR, which 

encodes for EGF spacer domain of the protein and is highly conserved across 

different species except zebra fish. The correlation of genotypes with clinical 

presentation of lipid levels is also in agreement with raised levels in the variant 

carriers as compared to non carriers. In silico analysis SIFT and Polyphen predict this 

variant as damaging. The variation at the protein level for this site has been reported 

in the European population c.1633G>A, p.(G545R), which was found to be 

responsible for the raised cholesterol level (Leigh et al., 2008).  

The 3-D model of this protein revealed that the identified change p. (G545E) lies in 

the 4
th

 blade of the six bladed β-propeller YWTD repeats, which are packed tightly 

against the EGF domain resulting in a compact structure. β-propeller six bladed 

structures are involved in the displacement of LDL particle from the LDLR at acidic 

pH within the endosomes, where the β-propeller scaffolding may attain a compact 

“closed structure” from an “open configuration” leading to the displacement of LDL 

from the receptor (Jeon et al., 2001). During this unloading process, R4 and R5 

repeats in Lp-A repeats get close to the  β-propeller leading to the release of the LDL 

from LDLR, which then returns back to the surface for the uptake of more LDL 

particles. Mutations within the repeats and the allied regions have been reported to 

cause hypercholesterolemia. Davis et al. (1987) reported that LDLR without the 

YWTD repeats and EGF domains may bind with β-VLDL but not LDL, leading to the 

raised TC levels. In the current identified mutation p. (G545E), glycine is substituted 

by glutamic acid, which is comparatively larger in size and has a relatively more 

positive charge, in addition it provides an additional site for H-bonding. All these 

factors may disturb the symmetry of the β-propeller, due to which the efficiency of 

LDLR clearance rate within the lysosome is decreased leading to less recycling of 

LDLR to the cell surface due to which there is less availability of LDLR to bind with 

the LDL-C.  
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In family HC24, the proband was identified to be homozygote for the variation 

(c.1916T>G, p.(V639G) with a clinical history of premature coronary artery disease. 

All the heterozygotes had raised TC levels compared to the normolipidemic family 

members. The identified site has been previously reported in a couple of studies to 

cause FH in Dutch and German population (c.1916T>A, p.(V639D)), indicating the 

important role of Valine at position 639 (Nauck et al., 2001; Fouchier et al., 2005). In 

silico analysis revealed that both the variations p.V639D and p.V639G are involved in 

disrupting H-bonding important for the 3D structure and function of the protein. This 

variation lies in exon 13 of LDLR, which constitutes a part of the β-propeller -EGF3 

domain. All the three EGF like domains help in the stabilization of the six bladed β-

propeller repeat, which is responsible for the LDLR clearance and subsequent 

recycling to the cell surface. So, the lesser availability of LDLR is postulated to result 

in the onset of disease in the current Pakistani family, where the homozygote had 

higher TC level as compared to heterozygotes.   

In the sporadic HC patient (HCS-39), two mutations were identified in the 

heterozygous state in exon 9 of LDLR (c.1211C>T, p. (T404I), c.1214 A>C, p. 

(N405T)), which constitutes the second blade of the first YWTD repeat of the β-

propeller. The current mutations disturb the typical repeat of YWTD, which affects 

the functionality of the β-propeller leading to the low clearance of LDLR from the 

LDL. These variations were found to be in cis state, which results in the expression of 

both mutations as single heterozygous FH with the availability of one normal copy of 

LDLR. This genetic variation is in agreement with phenotype presentation of the 

patient’s plasma cholesterol level, which was in the range of cholesterol levels for 

heterozygous FH. Beside that both sites were found to be conserved in mammals to 

zebra fish. Cao et al. (2003) reported a mutation at c.1211C>T, p.(T404I) in a Chinese 

family with clinical history of FH, while Kotze et al. (1997) reported a different 

mutation from our finding at c.1215C>G, p.(N405K) in the African population, which 

was found to be responsible in the onset of FH. Both of these works also indicate the 

crucial role being played by these amino acids in the physiology and functionality of 

the LDLR at the respective sites, which seems to be crucial in our family also. 

In family HC25, the proband was found to be heterozygous for the insertion mutation 

(c.2416_2417 Ins G, p.(V806Gfs*11)) with clinical history of pCAD and typical 
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raised cholesterol levels. One of his offspring was found to be homozygous for the 

mutation with development of tuberous xanthoma at the age of 4 ½ years. The 

identified variation lies in the exon 17 of LDLR, which constitute a part of the 

transmembrane and C terminal cytoplasmic domain of the receptor. This cytoplasmic 

domain is involved in a number of activities like LDLR clustering in the clathrin 

coated pits and sorting of the receptor to the plasma membrane (Burden et al., 2004). 

Due to the current identified mutation, the last fifty amino acid residues (811_860) are 

deleted due to premature termination, which results in the deletion of NPXY sequence 

that is responsible for the internalization of the receptors (Chen et al., 1990). Besides 

that low density lipoprotein receptor-adaptor protein 1 (LDLR-AP1), an autosomal 

recessive hypercholesterolemia gene, was observed to initiate the clustering of LDLR 

in clathrin coated pits followed by endocytosis. This assisted endocytosis requires 

FDNPVY motif on the LDLR, which directly communicates with LDLRAP1 for 

binding (Garuti et al., 2005). Mutation identified within this region has clustering 

defects followed by internalization. In vitro and in vivo experiments on transfected 

Chinese Hamster ovary cells revealed 80% decrease in internalization of LDLR due to 

the mutation in the cytoplasmic domain of the protein. The disruption in the 

internalization process results in less availability of LDLR leading to raised plasma 

cholesterol, because of improper negative feedback mechanism, which is involved in 

the stoppage of cholesterol biosynthesis (Stanley, 2008). Till date, this mutation have 

been reported in five different populations where it has been shown to be involved in   

the onset of hypercholesterolemia (Ekstrom et al., 1998; Nobe et al., 1999; Fouchier 

et al., 2001; Kuhrova et al., 2002; Yu et al., 2002).  These findings also confirm the 

disease causing role of the identified variation in the Pakistani family. 

The phenotype expression of FH with respect to the identified mutations and the 

LDL-C level were correlated with respect to age and genotypes. In the studied HC 

families with a sufficient number of carriers and normal individuals, all heterozygotes 

had raised LDL-C levels, which either increased with increasing age or had no 

change. While homozygous normal individuals had lower levels of LDL-C as 

compared to the carriers but there was variability in the trends. This phenotype 

variation of LDL-C level in the family members with the identified mutation has also 

been observed in Tunisian FH families, indicating that some other factors might be 

responsible for the variations (Slimani et al., 2012). Thus in the current study we also 
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postulate that the LDL-C level is affected by different genetic factors besides LDLR 

variations. 

4.2 PCSK9 Variations 

 Proprotein convertase subtilisin/kexin type 9 is another protein involved in the 

metabolism of cholesterol, this belongs to the serine protease proprotein convertase 

family, which has the ability of autocatalysis like other members of the family, but is 

different in respect of not cleaving the second site, which is required for the activation 

of the protease in the rest of the family members. This protein is composed of four 

different segments i.e., signal peptide, prodomain, catalytic domain and C terminal 

domain. The prodomain plays a crucial role in the folding of the protein by acting as a 

chaperon and also by inhibiting the catalytic activity of PCSK9. After the 

autocatalysis between Gln152 and Ser153, the prodomain remains attached to the 

catalytic domain and thus occluding the catalytic site.  

In vitro physiochemical studies on the functioning of PCSK9 revealed that the hepatic 

cells had a drastic reduction in the LDLR after the expression of recombinant PCSK9. 

The secreted PCSK9 attaches with the LDLR and is internalized by the activity of 

LDLR-AP1, which communicates with LDLR C-terminal domain for the initiation of 

a cascade of internalization (Lagace et al., 2006). This binding of PCSK9 to the 

LDLR depends on a calcium dependant binding to the first EGF repeat (EGF-A) of 

the EGF precursor homology domain. Thus, the EGF integrity is crucial for the proper 

formation of LDLR:PCSK9 complex and normal turnover. A number of variants 

within the EGF have been shown to have an increased hindrance in the recycling of 

LDLR, which results in FH (Hobbs et al., 1992). Varret et al. (1999) reported the first 

genetic variation in PCSK9, which was found to be responsible for FH in French 

families. The natural variants in PCSK9 result either in “gain of function mutation” 

leading to hypercholesterolemia or “loss of function mutation” causing 

hypocholesterolemia, based on the location of the variant. The most common gain of 

function mutation like D374Y has been shown to have an increased affinity of PCSK9 

for the LDLR (~5 to 30 folds) by forming a salt bridge with EGF histidine positioned 

at 306 in LDLR (Cunningham et al., 2007; Fisher et al., 2007). The substitution in 

PCSK9 at 374 to tyrosine leads to the formation of another hydrogen bond, which 

thus forms a strong bond with LDLR causing an increased degradation of the LDLR 
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(Kwon et al., 2008). Similarly, loss of function mutation plays a crucial role in the 

determination of plasma cholesterol levels.  

In the current study, family HC29 was found to have a history of premature coronary 

artery bypass grafting (CABG) in the proband carrying novel mutation c.314G>A, 

p.R105Q in exon 2 of PCSK9. The carriers of the variant had 19% lower TC levels as 

compared to non carriers, the results thus suggest this variant to be a loss of function 

mutation. A number of studies have shown a variety of variations in PCSK9 to be 

responsible for lowering TC due to lower degradation of LDLR and subsequent 

availability of more LDLR for cholesterol lowering. This variation lies in the 

prodomain, which remains attached to the catalytic domain even after autocatalysis at 

the Q152 - S153 catalytic site. More than 80% reduction in the autocatalysis activity 

has been observed in carriers, who had prodomain variations (Benjannet et al., 2004; 

Cameron et al., 2006). Cameron et al. (2006) also reported 32% more LDLR on the 

cell surface in individuals who had prodomain variation p.G106R along with more 

than 71% LDL-C clearance from the plasma. Thus, variations in PCSK9 also help in 

maintaining TC level within desirable range. The correlation of plasma TC levels with 

respect to genotype and age of the studied individuals also lead us to the inference 

that the current identified variation is a loss of function mutation. The development of 

cardiovascular complications in the HC29 family members may be due to the 

involvement of other factors.  

The second variation identified in family HC26 is also a novel mutation p.(P155L) 

located in the prodomain and catalytic domain cleavage site VFAQ152 SIP. Due to this 

variation, the autocatalytic ability of the protein is severely compromised, which 

results in a decrease in secretion of PCSK9 and ultimately affects the degradation of 

LDLR in the endosome. In the current family, the impact of the identified variant at 

the protein level could not be determined due to the small family size. Mayne et al. 

(2011) reported a loss of function mutation p.(Q152H) in PCSK9 in members of a 

French Canadian family. Due to this loss of function mutation p.Q152H, 79 % 

decrease in serum levels of PCSK9 was observed and upto 48% lowering of TC was 

seen in the carriers compared to non-carriers, indicating the significance of these 

amino acids at the autocatalytic site. Similarly, the proline residue at position 155 is 

also important, presumably because of the β-turn following this residue, which is 
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important for the autocatalytic activity and subsequent release of the mature PCSK9 

in the cell (Benjannet et al., 2004). In silico analysis also predicted both the identified 

variations in PCSK9 to be damaging with respect to their normal physiochemical 

functions. But it could not be determined using various softwares, if the identified 

mutation is a loss of function mutation or a gain of function mutation.  

In conclusion, the current study was conducted to determine the genetic spectrum of 

dyslipidemia in the Pakistani population. A number of novel mutations were 

identified, which indicated the genetic heterogeneity of Pakistani patients, which is 

different from the European population. All these efforts will help in the 

understanding of the disease progression and develop a DNA based system for the 

identification of the disease and development of novel therapeutic techniques, in order 

to cope with the disease burden and complications caused by raised TC levels 

including CVDs at later stages of the disease.  

4.3 SNPs based MI studies 

In the current era of genetics, a number of genome wide association studies (GWAS) 

have pointed out a range of genes to be responsible for the onset and progression of 

CVDs including MI. In these studies a number of single nucleotide polymorphisms 

(SNPs) have been found to be associated with MI in different populations, but the 

results are not reproducible in other populations, this is either due to differences in 

racial or ethnic background prevailing in different populations of the world 

(Castellano, 2006). Modifiable risk factors also play a major role in the prevalence 

and progression of the disease. So, in order to find out the role of SNPs associated 

with the progression of MI, a number of case control studies were conducted for 

selected SNPs in the Pakistani population. Each of the SNPs will be discussed 

separately below because of their involvement in different pathways responsible for 

the disease onset and progression. 

4.3.1 Anti sense non-coding RNA at INK4 locus (ANRIL)  

Anti sense non-coding RNA at INK4 locus (ANRIL), located on 9p21.3, has been 

reported in a number of studies to be responsible for the onset of MI in different 

populations. This 58Kb segment of the non coding RNA (ncRNAs) does not harbor 

any coding genes involved in atherosclerosis, but contains the CDKN2A, CDKN2B 
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and MTAP genes, which have been shown to be involved in cell proliferation 

(Jarinova et al., 2009). The role of ncRNAs in the transcriptome has not been fully 

understood, in neurodegenerative diseases like Alzheimer and Parkinson, ncRNA 

were observed to be involved in post transcriptional gene silencing during the 

progression of the disease via a RNA interference mechanism (St, III et al., 2009). 

Animal model studies have indicated that deletion of a 70 kb segment from the mouse 

chromosome 4, a region corresponding to 9p21 in humans, resulted in a higher weight 

gain when the mice were fed a high fat diet leading to premature death of the animals 

(Visel et al., 2010). In mice with a deletion of this fragment, CDKN2A and CDNK2B 

expression was reduced in the major tissues including the vascular tissue. In addition 

an unimpeded cell proliferation was also observed, especially in the embryonic 

fibroblast and in primary aortic smooth muscle cells (Vickers et al., 2010; Vickers 

and Remaley, 2010). Besides this enhancers of the inflammatory pathway genes have 

also been identified within 9p21 region. It has been reported that disruption in the 

binding of STAT1 to the enhancer sequence located in ncRNA region plays a crucial 

role in the expression of CDKN2A/B (O'Donnell and Nabel, 2011). This enhancer 

locus containing the CAD locus directly communicates with CDKN2A/B, MTAP and 

IFNA21, a gene coding interferon γ in the endothelial cells. The activation of 

interferon γ has a strong effect on transcriptional regulation of the 9p21 locus with 

altered expression of the genes residing in the neighboring area (Harismendy et al., 

2011). Our current findings also highlight the importance of this ncRNA region in the 

progression of MI.  

Different GWA studies have reported the involvement of a number of polymorphisms 

in 9p21 locus with the onset of CAD, with the most significant association being that 

of rs1333049:C>G (Samani et al., 2007). The comparison of the reference and risk 

haplotype block containing the SNPs rs9632884:C>G, rs10757272:C>T, 

rs4977574:A>G, rs2891168:A/G, rs6475606:C>T, rs1333048:A>C and 

rs1333049:C>G by Jarinova et al. (2009) has shown that altered expression of the 

ANRIL transcript is dependent on these sequence variations with a significant 

association of rs1333045:C>T and rs1333049:C>G with CAD. Apart from the known 

genetic factors, the ANRIL locus still stands out as a novel genetic risk factor that is 

associated with the onset of CAD/MI.  
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In the current study we observed an association of the homozygous risk genotype CC 

of rs1333049: C>G with MI (p<0.001, χ
2
=22.3). This SNP is now considered to be a 

genetic marker for the predisposition of MI in different populations (McPherson et al.,  

2007), while studying the 9p21 region in MI patients from a southern Pakistani 

population, a strong association of the locus was observed with the onset of disease 

(Saleheen et al., 2010). We observe similar findings in subjects from the northern 

Pakistan who are ethnically different from the previously studied southern Pakistani 

population; in addition we found a higher level of significant association of the risk 

genotype CC in females as compared to males. Our findings are in agreement with a 

number of studies conducted in different populations.  

We further determined the impact of the ANRIL genotype on the lipid profile of the 

individuals, but no clear effect of genotype was observed in MI patients compared to 

normal control individuals, while in individuals from HC families with raised 

cholesterol levels and no history of CVDs, the affected patients carrying the CC 

genotype were found to have lower TC and LDL-C levels as compared to the normal 

family members. Carotid Intima Media thickness (CIMT) has been reported to be a 

major risk factor for CVDs, this thickening of the arteries directly correlates with 

plasma cholesterol and may initiate at early stages of life indicating a strong genetic 

predisposition. During the progression of CIMT, local remodeling of endothelial of 

the arteries occur, which may lead to a plaque formation. A number of studies have 

been conducted to find the impact of genotype on the development of CIMT and 

subsequently plaques formation. Most of the studies showed no association of 

genotype on the progression of CIMT in MI patients. However, Lin et al. (2010) have 

reported a significant association of rs1333049 with CIMT and plaque formation in 

healthy individuals having no history of stroke and CVDs in Hans Chinese 

population. So, it is the CC genotype of rs1333049 that responsible for decrease 

plasma TC levels and development of CIMT. In our study, TC levels were also found 

to be lower in HC patients with no MI history but carrying the CC genotype, 

significantly so in female. Similar findings were found in the case of LDL-C levels, 

which tend to be lower in female FH cases with the CC genotype. This finding also 

indicated the pleiotropic role of ANRIL in the development of CIMT as well as in the 

lowering of TC in female. This impact of genotype in lowering the lipid level could 

not be discriminated among MI patients due to these being on statin therapy.   
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4.3.2 Family sequence similarity 5 member C (FAM5C) 

Family sequence similarity 5 member C (FAM5C) was initially found to be associated 

with MI in a couple of studies with a genetic predisposition of the polymorphism with 

MI that lead to the identification of a 40 Mb region on chromosome 1q25-31 (Hauser 

et al., 2004; Connelly et al., 2008). FAM5C was identified as a major gene 

responsible for the onset of MI in unrelated samples (Connelly et al., 2008). On 

functional basis, the FAM5C has been shown to be responsible for the proliferation, 

migration and invasion of non tumorgenic pituitary cells, thus fulfilling the typical 

requirements for the vulnerability of plaques (Clarke et al., 2006). Connelly et al. 

(2008) have reported an association of the TT genotype with a decrease in FAM5C 

expression leading to protection from MI in sporadic samples from North Carolina. 

The functional analysis also support the fact that FAM5C production also correlates 

with the senescence of aortic smooth muscles cells (AoSMC) indicating its possible 

role in the development of MI.  

In the current case control study, we were not able to find any association of FAM5C 

(rs10920501) with MI in the Pakistani population (p>0.05). This finding is different 

from the observations of Connelly et al. ( 2008), who found a significant difference in 

the genotype frequency of FAM5C between MI patients and healthy controls 

(p<0.05). Similarly, the stratification of MI patients based on MI family history 

revealed no significant difference between the groups. When the data were analyzed 

to find the impact of genotype on the age of onset of MI, no significant difference was 

observed in the age of onset of MI within the three genotypes (P>0.05) in the male 

plus female data. The observation was also reported by Cline (2010), who found the 

mean age of 55.5±7.7 (years) in individuals with the AA genotype as compared to 

61.5±10 (years) AT genotype females and TT genotype carrying individuals, with no 

significant statistical difference between the genotypes. From this finding, the role of 

the T allele in the late onset of MI in females could not be determined. This difference 

in the age of onset of MI may be due to a number of risk factors beside the ethnic 

differences between the two groups. 

In two different GWAS, the involvement of FAM5C in different cardiac 

complications like atrial fibrillation (AF) and left atrial size (LAS) was also reported, 

(Larson et al., 2007; Vasan et al., 2007). Both of the above pathologies are different 
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from MI, but on the other hand it also indicates the role of FAM5C in the local 

remodeling of cardiac tissue that can lead to a disease condition. So, a detailed study 

is essential to determine the role of FAM5C (rs10920501) in the development of 

atherosclerotic plaques leading to MI.    

4.3.3 Angiotensin Converting Enzyme (ACE) 

A number of studies have been conducted in the last two decades in order to 

determine the role of Angiotensin converting enzyme (ACE) in the onset of CVDs 

including MI. Raised levels of ACE in the serum has also been associated with a 

higher risk of CVDs, this higher activity of ACE results in the development of lesion 

in acute coronary artery syndrome, besides the development of neovascularization 

(Gardemann et al., 1998; Hoshida et al., 2001). Use of ACE inhibitor has shown 

promising result when used either as a primary or secondary preventive therapy in a 

large clinical trial (Yusuf et al., 2000; Danchin et al., 2006). One of the 

polymorphism in intron 16
th

 of ACE, an Alu repeat of 287 bp, has been previously 

reportedly to be associated with the onset of MI in different population (Zintzaras et 

al., 2008), with the D allele found to be associated with raised levels of circulating 

ACE leading to the onset of MI and ischemic heart failure (Kitsios and Zintzaras, 

2007). All the available studies on the genetic association of ACE with MI are not in 

agreement about disease development, either due to insufficient data or due to 

variation in sampling strategies and genotyping procedures (Zou and Zhao, 2004). 

In the current case control study, no association was observed in MI cases as 

compared to healthy controls. The frequency of the risk allele in MI cases was 

comparable with the controls; in addition the gender based analysis also revealed no 

sex dependant association of the risk allele between the MI cases and controls. These 

findings are in agreement with the finding of Saha et al. (1996), who observed no 

association of the disease in two Asian populations with the frequency of the D allele 

in Chinese MI patients or the Indian population, both of those frequencies were 

comparable to our population. Thus, indicating that some other factors may be 

involved in the progression of the disease. Similarly, other studies have also indicated 

the lack of association of the D allele with the onset of MI in Japanese and Mauritian 

Indians (Ramasawmy et al., 1996; Fujimura et al., 1997). Rallidis et al. (2009) also 

reported a lack of association of the risk allele “D” with MI, but on the other hand 



144 
 

found the risk DD genotype to be higher in hypertensive patients as compared to non 

hypertensive (62.5% vs.35.6%, p<0.05) when they stratified the MI patients based on 

their hypertension status.  

In the current study, the stratification of the data based on the MI family history of the 

patient revealed, a significant association of a positive family history with the risk D 

allele. This finding supports the assumption that genetic factors responsible for MI 

tend to cluster within families. Similarly, the impact of risk genotype on the age of 

onset of MI was also determined, but no significant differences were found between 

all the three genotypes. In conclusion, the impact of risk genotype of ACE gene 

polymorphism as a sole risk for the onset of MI could not be determined in the 

Pakistani MI patients.  

4.3.4 Endothelial Nitric Oxide Synthase (eNOS) 

Altered expression of endothelial Nitric Oxide Synthase (eNOS) has been shown to 

play a crucial role in the pathobiology of the vascular system in animal models. These 

studies have shown that eNOS knockout mice develop systemic and pulmonary 

hypertension, impeded angiogenesis and perturbation in hemostasis (Murohara et al., 

1998; Lee et al., 1999). In the normal expression of eNOS within the arteries, NO 

plays a major role in vasodilation, reduced platelets and leukocyte adhesion and 

inhibit the low density lipoprotein oxidation (Schmidt and Walter, 1994). In addition 

during the development of atheromatous plaques, the expression of eNOS was found 

to be down regulated. In murine model for induced infarction, the over expression of 

eNOS was found to lead to the attenuation of pulmonary and cardiac dysfunctions 

besides improving the survival from congestive heart failure (Jones et al., 2003). So, 

the regulation of eNOS may play a crucial role in the pathophysiology of the 

individuals. Intron 4 a/b VNTR has also been found to be associated with the 

variations in expression of eNOS, leading to disease condition (Wang et al., 1997; 

Matyar et al., 2005). But the results are contradictory with reports of in having no 

impact of Intron 4 VNTR in the onset of MI in Spanish and Taiwanese populations 

(Hwang et al., 2002; Via et al., 2003). 

In the current case control study for the association of MI with eNOS intron 4VNTRs, 

no significant difference was observed among the MI cases as compared to the age 

and gender matched healthy controls. The frequency of the risk allele “a” in MI 
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patients as compared to the normal controls revealed no significant difference 

between the two groups. This finding is in agreement with the observations of 

Granath et al. (2001), who found no association of intron 4 VNTR of eNOS with 

CAD in Caucasian population. The frequency of a/a risk genotype in Caucasian 

patients was 1.9 %, which is similar to our findings. This similarity in the genotype 

frequency of the risk allele between the two populations might be due to a common 

genetic background of Caucasians and the Pakistani population, an observation 

previously reported in genetic screening of different Pakistani ethnic groups 

(Mohyuddin, 2000; Qamar et al., 2002). Upon stratification of the data based on their 

CVDs family history, a significant difference was observed between the two groups, 

thus indicating a possible genotype association with disease in familial cases. 

Similarly, when the age of onset of MI was compared with the genotypes, a 

significant difference was observed with the a/a genotype individuals suffering from 

an MI at much younger ages. Till date no significant finding regarding the age of 

onset of MI due to polymorphism within the eNOS has been reported. This finding 

also confirms the role of eNOS as one of the risk factors responsible for the 

progression of MI in the Pakistani population. This finding has the potential of 

helping in the development of some novel therapeutic strategies in treating 

cardiovascular morbidities.  

4.3.5 Thrombomodulin (THBD) 

Thrombomodulin (TM) is a glycoprotein, which is an important molecule of the vaso-

protective and thrombo-resistant system expressed on the surface of endothelial cells. 

Polymorphisms present within the intronless THBD may play a crucial role in the 

structure and function of the protein. One of the polymorphism, a transition from 

cytosine (C) with thymidine (T) leads to the substitution of alanine (A) to valine (V), 

which has been reported to be associated with myocardial infarction (Norlund et al., 

1997; Wu et al., 2001). Wu et al.  (2001) reported a 6 times higher risk of MI due to 

this variation in the Blacks as compared to the Whites who did not show any 

association of this polymorphism with MI. This difference in these two races might be 

due to selection bias, as the number of samples for Blacks was much lower as 

compared to the White population. Thus, there could be contradictory roles of 

rs1042579 polymorphism in the onset of MI in different ethnic groups.  
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The polymorphism (rs1042579) lies in the EGF like domain of the extracellular 

region of TM, which contains six EGF like repeats of which the last three are 

functionally important for the activation of Protein C and thrombin binding. It was 

observed that soluble TM is inversely associated with the risk of CHD (Salomaa et 

al., 1999). TM expression was observed to be negatively associated with the 

expression of cytokines, which play an important role in CHD (Ridker et al., 2000). 

The role of the genotype of rs1042579 in the variation in the expression of soluble 

TM has shown to have no association (Wu et al., 2001).   

In our study, genotype frequency of the CC genotype were similar in MI patients as 

compared to healthy controls and showed no significant difference when regression 

analysis was applied. This finding is in agreement with Wu et al. (2001), who 

observed no genotype association in White MI patients. Similarly, the impact of CAD 

positive history in the occurrence of MI was also analyzed and no significant 

difference was observed between individuals with a CAD positive and negative 

family history. The results also showed no impact of genotype on the age of onset of 

MI, indicating some other factors to be responsible for the occurrence of MI in the 

Pakistani population. 
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