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     ABSTRACT 
 

Familial Hypercholesterolemia is caused by a mutation within the low density 
lipoprotein receptor (LDLR) gene. The mutation impairs proper function of LDLR 
and results in very high level of plasma cholesterol. Such levels result in early and 
severe atherosclerosis and hence substantial excess mortality from coronary heart 
disease. Diagnosing FH on clinical grounds is relatively difficult, and previous genetic 

methods are too cumbersome for routine use. Thus, there is a need to develop 
screening strategies to ensure that more patients are being correctly diagnosed and 
treated. In this study, restriction enzymes were used to digest hypermutable CG region 
of some PCR-amplified exons to increase the sensitivity of multiplex SSCP. These RE 
digested-PCR products were selectively combined and analyzed by multiplex SSCP. 
Moreover, the multiplex SSCP was analyzed in gradient polyacrylamide gel to 
increase the resolution. The conditions of these multiplex-SSCP analyses were 
optimized until individual exon of each multiplex set was separately apparent. Six 
combination sets of PCR-multiplex SSCP were set up and five of them were validated 
by known mutations (M412T, S554L and IVS3+1G>T) and known polymorphisms 
(G1414A). No validation in combination set 3 was made because no mutation or 
polymorphism was available in this combination set. The common AvaII (exon13 in 
combination set 4), HincII (exon12 in combination set 5) and a novel polymorphism 
in exon 8 (in combination set 5) were readily detected in these samples using the 
PCR-multiplex SSCP protocols developed in this study. These optimized PCR-
multiplex SSCP protocols are expected to be useful for screening mutations and 
polymorphisms in the whole coding region (plus promoter) of LDL receptor gene. It 
was rapid, simple, sensitive and was expected to be a potential tool for mutation 
screening of large numbers of clinical samples. 
 
KEY WORDS: Familial Hypercholesterolemia, LDLR, PCR-multiplex SSCP, 

gradient polyacrylamide gel, Novel polymorphism 
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บทคัดยอ 
 
 Familial hypercholesterolemia (FH) เปนโรคทางพันธุกรรมที่เกิดจากการกลายพันธุ
ในยีน low density lipoprotein receptor (LDLR) สงผลใหการทําหนาที่ของ LDLR ผิดปกติ
ไป ทําใหเกิดการเพิ่มขึ้นของระดับโคเลสตอลรอลในกระแสเลือด ระดับโคเลสตอลรอลที่เพิ่มขึ้นนี้
จะทําใหเกิดกระบวนการตีบตันของหลอดเลือด (Atherosclerosis) และเสียชีวิตเพราะโรคหลอด
เลือดหัวใจอุดตันในที่สุด การตรวจพบความผิดปกติของยีน LDLR ตั้งแตเริ่มแรก (early 
diagnosis) จะทําใหสามารถปองกันการเกิดโรคหลอดเลือดหัวใจได ปจจุบันการวินิจฉัยโรคโดย
อาศัยขอมูลทางคลินิกเพียงอยางเดียวนั้นยังไมเพียงพอ จึงไดมีการวินิจฉัยยืนยัน FH ดวยเทคนิคทาง 
Molecular Biology อีกดวย อยางไรก็ตามเทคนิคเหลานี้คอนขางยุงยากและใชเวลามากสําหรับยีน 
LDLR ซึ่งเปนยีนที่คอนขางใหญ การศึกษาในครั้งนี้จึงไดพัฒนาเทคนิค PCR-multiplex SSCP 
ขึ้น โดยใชเอ็นไซมตัดจําเพาะ ตัดตรงบริเวณที่เปน CG (ซึ่งเกิดการกลายพันธุไดงาย) ของชิ้นสวนดี
เอ็นเอ และ ทาํ gradient polyacrylamide gel electrophoresis เพื่อเพิ่มความไวใหกับเทคนิค 
SSCP อีกดวย จนกระทั้งไดสภาวะที่เหมาะสมและแยกแยะความแตกตางไดอยางชัดเจน จาก
การศึกษา สามารถจัดจําแนก PCR-multiplex SSCP ได 6 กลุม สําหรับการวิเคราะห promoter 
และ exons ทั้งหมดของยีน LDLR และพิสูจนวาวิธีนี้ใชไดจริงดวยการนําตัวอยางของผูปวยที่
ทราบวามีความผิดปกติทางพันธุกรรมหรือมีการเปลี่ยนแปลงของลําดับเบสมาทดสอบ นอกจากนี้ยัง
ใช screen ผูปวยจํานวน 13 คน และสามารถตรวจพบการเปลี่ยนแปลงของความหลากหลายทาง
พันธุกรรมชนิด AvaII และ HincII และยังคนพบการเปลี่ยนแปลงความหลากหลายทางพันธุกรรม
ชนิดใหมใน exon 8 อีกดวย คาดวาวิธี PCR-multiplex SSCP นี้จะเปนประโยชนในการตรวจ
กรองความผิดปกติของยีนหรือการเปลี่ยนแปลงลําดับเบสทั้งหมดของยีน LDLR ซึ่งคิดวาจะเปนวิธี
ที่รวดเร็ว งายและมีความไวสูงเหมาะสําหรับใชตรวจกรองตัวอยางที่มีปริมาณมากๆได 
 99 หนา . ISBN 974-04-6661-3      
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CHAPTER I 

INTRODUCTION 

 
            

 Coronary artery disease (CAD) is a multifactorial disorder resulting from the 

interplay of genetic and environmental factors. It is a major cause of morbidity and 

mortality in most Western countries. In Thailand it is also a major cause of death in 

our population. This multifactorial disease presents a particular challenge to different 

medical disciplines and is frequently associated with acquired familial 

hypercholesterolemia. It is clearly that the increase in plasma LDL (Low density 

lipoprotein) cholesterol is due to genetic alterations of LDLR (Low density lipoprotein 

receptor) gene specifying the formation of the LDLR, leading to defective catabolism 

of LDL (1). The LDLR gene spans 45 Kb on the short arm of chromosome 19 and 

consists of 18 exons and 17 introns. RNA splicing results in an mRNA of 5.3 Kb, with 

a coding region of 2.5 Kb and a protein product of 860 amino acids (2). Mutations in 

two other genes also cause the clinical FH phenotype. One of these is the 

apolipoprotein B-100 gene (APOB), located on chromosome 2p23-24, that codes for 

the protein component of LDL particles. In contrast to LDLR, only a small number of 

functional mutations have been identified in APOB. The third gene, proprotein 

convertase subtilisin/kexin type 9 (PCSK9), was recently identified on chromosome 

1p32. To date, no epidemiologic research has investigated mutations in PCSK9.  
 LDLR mutations can be classified according to the effect they have on LDL 

receptor protein function. The LDLR protein is a cell surface receptor that removes 

LDL particles from the plasma by way of receptor-mediated endocytosis. In class 1 

mutations, the LDLR protein is not synthesized; in class 2 mutations, the LDLR is not 

transported to the Golgi; in class 3 mutations, the LDLR does not properly bind with 

the LDL particles; in class 4 mutations, bound surface receptors are not internalized; 

and in class 5 mutations, the internalized LDL particles are not released in the 

endosome (3).In most populations, the prevalence of heterozygous FH is 1 in 500; 1 in 

106 is found to be homozygous. Heterozygous patients carry a high risk of coronary 
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artery disease or myocardial infarction in their fourth or fifth decade of life and 

homozygous or compound heterozygous patients in their first or second decade of life 

(4). Early diagnosis of at-risk individuals will allow early pharmacologic and dietary 

treatment with the potential of reducing the risk of CAD. Diagnosis of FH is currently 

based on clinical, biochemical, and genetic criteria rather than on the identification of 

disease-causing mutations. Molecular diagnosis of FH by the identification of disease-

causing mutation is labor-intensive, time consuming, and expensive because of the 

large size of the LDLR gene (45kb encoding 18 exons for a 5.3 kb mRNA). In 

addition, there are many rare or “private” mutations, including deletions in 

approximately one third of patients that add to the complexity of the molecular 

genotype. Consequently, very few clinical laboratories offer general molecular testing 

for FH, and those that do limit the analysis to a subset of mutations that are prevalent 

in certain ethnic groups (6).  

 Different strategies for mutation screening in the LDLR gene have been 

described. Most defects have originally been detected by restriction fragment length 

polymorphism (RFLP) analysis, but the method limited in the detection of point 

mutations, small deletions or insertions. Therefore, other, more sensitive 

methodologies such as analysis by denaturing gradient gel electrophoresis (DGGE) or 

single strand conformational polymorphism (SSCP), followed by DNA sequence 

determination, are more appropriate (2, 5). SSCP analysis was originally described by 

Orita et al. (13). This technique is a method capable of identifying most sequence 

variations in a single strand of DNA, typically between 150 and 250 nucleotides in 

length. Under nondenaturing conditions a single strand of DNA will adopt a 

conformation (presumably dependent on internal base-pairing between short segments 

by fold back) that is uniquely dependent on its sequence composition. This 

conformation will usually be different if even a single base is changed. Most 

conformations seem to alter the physical configuration or size sufficiently that, even 

though the variant sequence has the same charge, the configuration-to-charge (size-to-

charge) ratio is different enough to be detectable as a mobility difference upon 

electrophoresis through a retarding matrix such as acrylamide gel (8). The optimal 

length of DNA for SSCP analysis appears to be from 150 to 200 nucleotides with 

mutation detection sensitivity for fragments size ranging from 70-90%. Sensitivity of 
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this technique decreases with increasing size of the fragment (7). Many modifications 

to the original protocol were developed (9-12).  

 At present, blood cholesterol levels tend to increase in Thai populations leading 

to high risk of coronary artery disease (37). This incident may be due to life style and 

genetic factor such as LDLR gene mutations. In case of genetic abnormality at the 

LDLR locus, DNA-based tests can provide unequivocal diagnosis of FH (5, 19). These 

DNA-based tests require a database of mutations, which are mostly ethnic specific. 

However, in Thai ethnic populations, database for LDLR gene mutations is not 

available. To establish a database of LDLR gene mutations for Thai ethnic 

populations, molecular analysis of the LDLR gene in Thai people should be essentially 

undertaken. However, molecular analysis using previous genetic methods such as 

PCR, PCR-RFLP, and large gel SSCP analysis are too cumbersome for routine 

screening (14). To avoid these problems and to obtain efficient and rapid genetic 

testing for all mutations in the LDLR gene, method of high sensitivity and rapid 

screening is essentially required. This project is thus proposed to develop such a 

method for identification of polymorphisms and mutations of the LDL receptor gene 

in population of Thai ethnic background. 

 In this development, restriction enzymes were used to digest hypermutable CG 

regions of some PCR-amplified exons to increase the sensitivity of multiplex SSCP. 

These RE digested-PCR products were selectively combined and analyzed by 

multiplex SSCP. Moreover, the multiplex SSCP was analyzed in gradient 

polyacrylamide gel to increase the resolution. The conditions of these multiplex-SSCP 

analyses were optimized until individual exon of each multiplex set was separately 

apparent. Therefore, abnormal mobility shift in an exon could be specified in each 

multiplex set and then subsequent DNA sequencing analysis could be made for that 

specified exon. Six combination sets of PCR-multiplex SSCP were set up and five of 

them were validated by known mutations (M412T, S554L and IVS3+1G>T) and 

known polymorphisms (G1414A). No validation in combination set 3 was made 

because no mutation or polymorphism was available in this combination set. These 

optimized multiplex-SSCP protocols were subsequently used to screen for 

polymorphisms and mutations in the whole coding region (plus promoter) of LDL 

receptor gene in a number of hypercholesterolemic patients (n=13). The common 
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AvaII (exon13 in combination set 4), HincII (exon12 in combination set 5) and a novel 

polymorphism in exon 8 (in combination set 5) were readily detected in these samples 

using the PCR-multiplex SSCP protocols developed in this study. These optimized 

PCR-multiplex SSCP protocols are expected to be useful for screening mutations and 

polymorphisms in the whole coding region (plus promoter) of LDL receptor gene. It 

was a rapid, simple, sensitive and was expected to be a potential tool for mutation 

screening of large numbers of clinical samples. 
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OBJECTIVES 

 

             
1. To optimize multiplex SSCP method. 

 2. To investigate polymorphisms and mutations in whole coding region of the 

LDL receptor gene in Thai subjects with primary hypercholesterolemia, using the 

developed multiplex SSCP method. 
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CHAPTER   II 

LITERATURE   REVIEW 
 

 

1. Cholesterol Metabolism 

 Cholesterol is an important structural component of cell membranes and a 

precursor molecule for the synthesis of steroid hormones, bile acids and vitamin D. 

The cellular requirement for cholesterol is satisfied either by de novo synthesis within 

the cell, or by being supplied from extra-cellular sources. Cholesterol accumulating 

within the cell above the amount capable of being utilized by the cell is esterified with 

a long-chain fatty acid and stored within the cytoplasm as cholesteryl ester droplets. 

Efflux of excess cholesterol from the peripheral tissues occurs via reverse cholesterol 

transport, a pathway necessary to maintain cellular cholesterol homeostasis (15). 

 1.1 Lipoproteins 

  Both de novo synthesized cholesterol and cholesterol derived from the 

diet are transported in the plasma predominantly as cholesteryl esters associated with 

lipoprotein particles. Lipoprotein particles are spherical with a central core of nonpolar 

lipids (primarily triglycerides and cholesteryl esters) and a surface monolayer of polar 

lipid (primarily phospholipids) and noncovalently bound apoproteins (Fig.1). 

 
Figure 1 Low density lipoprotein structure  

(http://www.med.unibs.it/~marchesi/biotec/slides/lipoproteine/LDL.gif) 

 

Lipoproteins are classified by the type and ratio of protein and lipids that they contain, 

which determines their size and density (Table 1) 
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Table 1 Composition of the major human plasma lipoproteins 

Lipoprotein Source Apoliporoteins % 
Protein

Core lipids 
%TG/%CE 

Diameter 
(nm) 

Density
(g/ml) 

Chilomicrons Intestine A(I, II, IV),  
B-48, 

C(I, II, III), E 
 

2 86/3 75-100 <0.95 

VLDL Liver B-100, 
C(I, II, III), E 

8 55/12 30-80 0.93-
1.006 

IDL VLDL B-100,  
C(I, II, III), E 

19 23/29 25-35 1.006-
1.019 

LDL VLDL B-100 22 6/42 18-25 1.019-
1.063 

HDL2,HDL3 Intestine,liver: 
Chylomicrons, 

VLDL 

A(I, II, IV), 
C(I, II, III), D, 

E 
 

40-55 3-5/13-17 5-12 1.063-
1.21 

 

 1.2 Lipoproteins Metabolism 

  Dietary lipids are packaged in intestinal mucosal cells and secreted into 

the lymph as large triglyceride-rich particles called chylomicrons. Cholesterol 

absorption is mediated in part by the ABCG5 and ABCG8 transporters. Upon entering 

the circulation, lipoprotein lipase (LPL) rapidly lipolyzes the chylomicrons, thereby 

delivering free fatty acids (FFAs) to tissues such as muscle and adipose. The LDL 

(apoB/E) receptor and the LDL receptor-related protein (LRP) mediate the rapid 

uptake of the resulting remnant particles by liver (Fig.2) (16). 

  The liver actively synthesizes triglycerides and cholesterol, which, 

along with intestinally derived lipids, are packaged and secreted as very low-density 

lipoproteins (VLDLs). Like chylomicrons, VLDL particles are large and triglyceride-

rich, but they have a different metabolic fate. VLDLs undergo lipolysis in the 

circulation and give rise to intermediate-density lipoproteins (IDL). Hepatic receptors 

remove a significant fraction (about half) of IDLs from the circulation, and the 

remainder undergo further lipolysis by LPL and hepatic lipase (HL) to produce LDLs. 

LDLs have a long half-life in the circulation and, in most individuals, are the 

predominant cholesterol-carrying particles. The LDL (apoB/E) receptor, which is 
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present in both liver and peripheral tissues, largely mediates the removal of LDL from 

the circulation. 

  HDLs are formed in the circulation from precursors secreted by liver 

and intestine, and from chylomicron and VLDL surface remnants. HDLs facilitate the 

removal of cholesterol from cells, a process mediated in part by ABCA1. The 

cholesterol is then esterified by lecithin cholesterol acyl transferase (LCAT) and 

transported to the liver, the only tissue capable of metabolizing and excreting excess 

cholesterol. The liver’s uptake of HDL cholesterol is mediated partially by the 

scavenger receptor class BI (SR-BI). Hepatocytes can oxidize cholesterol to bile acids 

by a pathway involving cholesterol 7α-hydroxylase (7-α-hydroxylase) (16). 

 

 
Figure 2 Lipoprotein metabolism (16) 
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 1.3 Lipoprotein Disorder 

  Lipoprotein disorders are some of the commonest metabolic diseases 

seen in clinical practice. Currently there is no satisfactory comprehensive 

classification of lipoprotein disorders. Genetic classifications have been attempted but 

are becoming increasingly complex as different mutations are discovered.  

 

Table 2  Some genetic causes of dyslipidaemia (17) 

Disease Genetic defect Fredrickson Rick 
Familial 
hypercholesterolaemia 
 
 

Reduced numbers  
of functional 
LDL receptors 

IIa or IIb CHD 

Familial 
hypertriglyceridaemia 
 

Possibly  
single gene defect 

IV or V  

Familial combined 
Hyperlipidaemia 
 

Possibly  
single gene defect 

IIa, IIb,  
IV or V 

CHD 

Lipoprotein lipase 
deficiency 
 

Reduced levels of 
functional LPL 

I Pancreatitis 

Apo C-II deficiency 
 
 
 

Inability to synthesize  
apo C( cofactor for  
lipoprotein LPL) 

I Pancreatitis 

Abetalipoproteinaemia 
 
 
 
 
 

Inability to synthesize 
apo B 

Normal Fat soluble 
vitamin 
deficiencies, 
neurological 
deficit 

 

In practice, lipoprotein disorders are simplistically classified as being: 

  Primary-when the disorder is not due to an identifiable underlying 

disease. The Fredrickson or World Health Organization classification is the most 

widely accepted for the primary hyperlipidaemias (Fig.3). It relies on the findings of 

plasma analysis, rather than genentics. As a result, patients with the same genetic 

defect may fall into different groups, or may change grouping as the disease 

progresses or is treated. The major advantage of this classification is that it is widely 

accepted and gives some guidance for treatment (Table 2). The six types of 
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cholesterol can potentially increase the amount of cholesterol stored in the liver. This, 

in turn, can result in increased VLDL secretion, and subsequent LDL formation, and 

also down regulation of hepatic LDLR activity. Such events will potentially increase 

plasma LDL-cholesterol levels. Defects in the cholesterol metabolism can further 

induce accumulation of cholesterol in the periphery causing cardiovascular disease. 

  Atherosclerosis is a life-long process that begins with innocuous fatty 

streaks in childhood and progresses through several stages of plaque formation and 

gradual narrowing of the large arteries to subsequent heart attacks, strokes and 

peripheral vascular disease. As a major cholesterol-carrying lipoprotein in human 

plasma, LDL plays a major role in the development of atherosclerosis. The central 

process in the development of atherosclerosis is the infiltration of atherogenic 

cholesterol-rich lipoproteins, including LDL and VLDL, into the artery wall where 

subendothelial macrophages are activated by oxidized LDL particles via the scavenger 

receptor pathway. Total cholesterol levels of >6 mmol/l in the circulation are 

associated with substantially increased risk of CHD. According to the current 

hypotheses, a priming factor in the development of atherosclerotic plaques is 

endothelial dysfunction due to oxidative stress, inflammation, infectious micro-

organisms, or shear stress. 

  Generally atherogenesis is considered a polygenic disease and 

numerous candidate genes are proposed. In addition to environmental factors, gene 

mutations affecting any of the metabolic pathways involved in the development of 

atherosclerosis may contribute to the risk of CHD. Not all cardiovascular diseases are 

polygenic in nature, and among patients with CHD onset before the age of 55, about 

5% of cases are attributable to heterozygous FH (15).  
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2. Familial Hypercholesterolemia 

 2.1 Clinical features 

  FH was the first genetic disease of lipid metabolism to be clinically and 

molecularly characterized. It is a dominantly inherited autosomal disease characterized 

by extremely high levels of plasma cholesterol and LDL, which contribute to the 

formation of cutaneous and tendon xanthomas, arcus corneae and premature 

cardiovascular disease. Clinically identified FH usually results from defects in the 

LDLR gene. Homozygous deficient patients with two abnormal LDLR genes, either 

identical or different mutant genes, typically exhibit life-threatening coronary 

atherosclerosis and subsequent myocardial infarction before age 30 (15). 

 2.2 Prevalence of FH 

  FH is the most common and most severe form of monogenic 

hypercholesterolemia. In most countries the prevalence of the heterozygous form of 

FH, in which a defective gene for the LDLR is inherited from one parent and a normal 

gene from another, is 1:500 and that of the homozygous form of FH is 1: 1,000,000 

individuals, which renders FH probably the most common disease caused by a single-

gene mutation in humans. It has been estimated that worldwide there are 10,000,000 

people with FH of whom less than 10% are diagnosed, and less than 25% treated with 

LDL-lowering drugs. In many cases the diagnosis is missed until a dramatic clinical 

event occurs. In small number of genetically relatively isolated communities the 

prevalence of heterozygous FH is much higher than in most populations. In these 

populations, few LDLR mutations predominate. Increased prevalence of FH due to the 

founder effect can be detected in such populations as Ashkenazi Jews, Afrikaans-

speaking white South Africans, French Canadians, Lebanese Christian Arabs, 

Icelanders and Finns (15). 

 2.3 Diagnostic of FH 

  Three groups have developed diagnostic tools for FH: The US MedPed 

Program, the Simon Broome Register Group in the United Kingdom, and the Dutch 

Lipid Clinic Network (18). 
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2.3.1 Biochemical diagnostic 

         The MedPed criteria use cutpoints for total cholesterol levels 

specific to an individual’s age and family history. Cholesterol levels vary with age, 

and in men and women, and they are population specific. The cut-off level for 

diagnosis of hypercholesterolaemia should thus ideally be gender, age and population 

specific. In FH patients HDL-levels are within the normal range (or low), and so it is 

more specific to make the diagnosis using LDLcholesterol levels. LDL-cholesterol is 

usually calculated using the Friedewald formula, and consequently a fasting lipid 

profile is required, which is less convenient and more costly, and so the diagnosis is 

usually made using total cholesterol levels in the first blood measurement (often non-

fasting), and then LDL-cholesterol measurements for a second (fasting) test. However, 

cholesterol levels alone are not sufficient to confirm a diagnosis of FH because the 

range of blood cholesterol levels in FH overlaps with that of people with non-genetic 

polygenic hypercholesterolaemia, leading to a false positive and false negative rate of 

between 8 and 18% (19). 

2.3.2 Clinical diagnostic 

 A diagnostic definition of FH, which supplements cholesterol 

measurements with clinical signs and family history has become widely used (Table 

3.). The Simon Broome Register criteria in the UK, take into account that total and 

LDL levels differ for adults and children.  
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Table 3   Simon Broome Familial Hypercholesterolemia Register diagnostic criteria 

for familial hypercholesterolemia  

  Description 
Criteria   

A Total cholesterol concentration above 7.5 mmol/liter 
(290 mg/dl) in adults or a total cholesterol 
concentration above 6.7 mmol/liter(260 mg/dl) in 
children aged less than 16 years, or 

  Low density lipoprotein cholesterol concentration 
above 4.9 mmol/liter(190 mg/dl) in adults or above 
4.0 mmol/liter(150 mg/dl) in children 

B Tendinous xanthomata in the patient or a first-degree 
relative 

C DNA-based evidence of mutation in the LDLR or 
APOB gene 

D Family history of myocardial infarction before age 
50 years in a second-degree relative or before age 60 
years in a first-degree relative 

E Family history of raised total cholesterol 
concentration above 7.5 mmol/liter(290 mg/dl) in a 
first- or second-degree relative 

Diagnosis   
A "definite" FH† diagnosis 
requires either criteria a and 

b or criteria c   
A "probable" FH diagnosis 
requires either criteria a and 

d or criteria a and e   

   The criteria also take account of evidence of dominant 

transmission and the age of onset of coronary disease in the kindred. Using this 

approach, cases are categorised as ‘definite’ and ‘probable’. The presence of tendon 

xanthomata is the key feature in the ‘definite’ diagnosis of FH according to the criteria 

of the Simon Broome Register. These are most commonly found in the knuckles and 

in the Achilles tendons, and they are a result of cholesterol accumulation. Tendon 

xanthoma are usually not present until the fourth decade of life, and are therefore not 

helpful in systematic case finding among younger relatives. A family history of 

hyperlipidaemia or of premature coronary heart disease does not confirm a genetic 

cause or a monogenic pattern of inheritance. The specificity of family history of CHD 
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as indicating a genetic risk depends strongly on the prevalence of coronary heart 

disease in the population being studied. A similar diagnostic tool has been developed 

by the Dutch Lipid Clinic Network. This includes similar features to the Simon 

Broome criteria, but adds the calculation of a numeric score (19). 

2.3.3 Genetic diagnostic 

 A definitive diagnosis of FH may be made using DNA-based 

mutation screening methods. At present these methods are relatively expensive. 

However, once the causative mutation in the patient has been found, relatively cheap 

molecular testing in relatives is possible. Molecular testing is relatively easy in 

countries with only one or a few different mutations causing FH, but in the majority of 

countries with high genetic heterogeneity at the present time the mutation screening 

methods available fail to identify a mutation in all patients with a clinical diagnosis of 

FH, with detection rates in general being 30–50%. In the UK up to 5% of FH patients 

are reported to have large deletions of the LDLR gene, and deletions in the gene have 

been widely reported, and these are routinely detected with time-consuming Southern 

Blot methods, although PCR based methods have been reported for deletion screening. 

In a study using Single Strand Conformation Polymorphism (SSCP) screening, 

Southern blotting, DNA sequencing and RNA analysis, only 66% of patients had 

detected mutations. SSCP analysis is routinely reported to have a sensitivity of 75–

85%, suggesting that a mutation may have been missed for technical reasons in 

possibly 15–25% of patients (15). Although the low detection rate in genetic testing 

may be due in part to the insensitivity of the methods or because not all of the LDLR 

and APOB genes are screened, it is probably also the result of misdiagnosis using the 

clinical and blood cholesterol criteria. Finally, in some patients mutations may not be 

present in the LDLR or APOB but occur in the unidentified FH3 gene on chromosome 

1, and to date the relative contribution of mutations at this locus to FH is unknown 

(20,21). 
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 2.4 Current treatment method 

  2.4.1 Dietary intervention  

   Diet alone is not sufficiently effective for the treatment of 

heterozygous or homozygous FH. However, it should be the starting point of any 

management program. Dietary intervention relies upon the reduction of LDL-C by 

changing the type of fatty acids, reducing dietary cholesterol, including foods rich in 

soluble fiber that bind bile acids, and weight loss when indicated. Reducing 

cholesterol absorption with foods containing plant stanol- and sterol-esters may also 

prove effective. Both LDL-C production and removal rates appear to be affected by 

these dietary changes. Estimates suggest that a diet consisting of whole grains, 

legumes, fruits, vegetables, nuts, fishs, and fat-free dairy products, and no more than 

100 mg/day of cholesterol, 20% of calories from fat and 6% from saturated fatty acids 

reduces plasma LDL-C levels by between 18 and 21% in heterozygous FH adults and 

children. LDL-C reductions of 30% from an initial mean of 260 mg/dl were seen in 

FH subjects changing from a diet rich in butter (34% fat calories) to diets rich in either 

salmon or safflower oil. Thus, FH patients, despite their genetically elevated LDL-C, 

are as responsive to diet as other hypercholesterolemic subjects (22). 

  2.4.2 Pharmacotherapy 

   The primary aim of drug therapy is to decrease plasma LDL-C. 

This may be achieved by increasing LDL removal via an increase in LDL receptors on 

the surface of hepatocytes and/or a decrease in LDL production. Treatment strategies 

that deplete liver cholesterol stores will upregulate LDL receptor gene transcription 

via the sterol-regulatory element-binding protein (SREBP) pathway. The bile 

sequestrants were the first class of drugs to exploit this pathway by preventing the 

absorption of bile acids from the ileum. Increased excretion of bile acids produces an 

increase in the conversion of cholesterol into bile salts, a decrease in liver cholesterol 

and a compensatory rise in LDL receptor synthesis by the liver. Although bile acid 

sequestrants have been shown to reduce plasma LDL-C levels by between 15 and 30% 

in heterozygous FH individuals, their effectiveness is limited by a simultaneous 

increase in de novo cholesterol synthesis which is also mediated by SREBP. Statins 

provide the most dramatic reductions in plasma LDL-C levels in heterozygous FH 
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adults and children when compared with other lipid-reducing therapies. The statins act 

by blocking the HMG-CoA reductase enzyme, which catalyses the rate limiting step in 

de novo cholesterol synthesis. Competitive inhibition of this enzyme by the statins 

decreases hepatocyte cholesterol synthesis, which causes the heptocytes to synthesize 

more HMG-CoA reductase and LDL receptors. Although the increase in HMG-CoA 

reductase ensuring a steady state is maintained between cholesterol synthesis and 

utilization, the level of plasma LDL-C is reduced due to the increase in LDL-C 

receptors. There is clear evidence that statins also reduce the production of very low-

density lipoprotein (VLDL) in the liver, and this may add to their LDL-C and 

triglyceride lowering effects (22). 

  2.4.3 Other treatment options  

   Patients with homozygous FH respond poorly to treatments 

known to be effective in heterozygotes because they produce few functional LDL 

receptors. Current treatment options for these individuals and nonresponsive 

heterozygous FH patients include LDL apheresis and liver transplantation. LDL 

apheresis uses a continuous-flow blood cell-separator to directly remove LDL from 

plasma. Data suggest that repeating this procedure every 1–2 weeks, in combination 

with nicotinic acid therapy, produces a reduction in the mean plasma cholesterol level 

of around 50%. Liver transplantation can successfully reduce plasma LDL-C levels by 

providing an external source of LDL receptors. However, this procedure is associated 

with substantial risks and recipients require life-long treatment with 

immunosuppressive drugs (22, 23). 

 

 

 

 

 



Patthamawadee Charoensuk                                                                                   Literature Review /   
 

18

3. Low density lipoprotein receptor (LDLR) 

 3.1 LDLR protein and domain structure  

  The LDL receptor is a cell surface glycoprotein that contains 

approximately two asparagines-linked (N-linked) oligosaccharide chains of the 

complex type and approximately 18 serine/threonine-linked (O-linked) 

oligosaccharide chains. About two-thirds of the O-linked sugars are clustered in one 

region of the molecule (24). The receptor is first synthesized in the rough ER and then 

sent to the Golgi apparatus. The Golgi apparatus subsequently targets the LDLR to the 

cell surface, where they gather in clathrin-coated pits. Clathrin coated pits are 

specialized regions of the plasma membrane that are lined on the cytoplasmic surface 

by a protein called clathrin. After the LDLR binds to LDL, the coated pits internalize 

and the clathrin coat disintegrates. Multiple endocytic vesicles fuse to form endosomes 

where the pH begins to fall below 6.5. At this acidity, the LDL dissociates from the 

receptor while the LDLR returns to the cell surface. LDL that is dissociated from the 

receptor is delivered to the lysosome where hydrolytic enzymes degrade LDL for 

metabolic use (25). 

 
Figure 4 Cellular pathway of the LDLR  

(http://www.med.unibs.it/~marchesi/biotec/slides/lipoproteine/LDL-receptors.jpg) 
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The LDLR protein consists of five distinguishable domains (Fig.5).  The first domain 

of the LDL receptor consists of the NH2-terminal 292 amino acids, which is composed 

of a sequence of 40 amino acids that is repeated with some variation seven times. Each 

of the seven 40-amino acid repeats contains six cysteine residues. A striking feature of 

each cysteine-rich repeat sequence is a cluster of negatively-charged amino acids near 

the COOH-terminus of each repeat. The charges on these sequences are 

complementary to a cluster of positively-charged residues that are believed to occupy 

one face of a single α-helix in apo E, the best studied ligand for the LDL receptor. The 

second domain of the LDL receptor, consisting of - 400 amino acids, is 35% 

homologous to a portion of the extracellular domain of the precursor for epidermal 

growth factor (EGF). The third domain of the LDL receptor lies immediately external 

to the membrane-spanning domain and consists of a stretch of 58 amino acids that 

contains 18 serine or threonine residues. This domain is encoded within a single exon. 

Proteolysis studies reveal that this region contains the clustered O-linked sugar chains. 

The fourth domain consists of a stretch of 22 hydrophobic amino acids that is believed 

to anchor the receptor in the cell surface by spanning the membrane. The fifth domain 

is the cytoplasmic tail. It contain a COOH-terminal segment of 50 amino acids that 

projects into the cytoplasm. The cytoplasmic domain of the LDL receptor plays an 

important role in clustering in coated pits, either through interaction with clathrin itself 

or with some protein that is associated with clathrin on the cytoplasmic side of the 

membrane (24, 26). 
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Figure 5 LDLR domains  

(http://www.iemrams.spb.ru:8100/english/molgen/fh-en/domain-e.htm) 

 

 3.2 LDLR gene 

  The LDL receptor gene is located on the short arm of chromosome 19. 

It consists of 18 exons and 17 introns that span 45 kilobases (kb) (Fig.6). The gene 

encodes a single-chain transmembrane polypeptide of 839 amino acids, which consists 

of five functional domains. The amino-terminus of the protein contains the LDL-

binding elements the recognize apolipoprotein B (apo B), the major apolipoprotein in 

LDL. The correspondence between gene exons and functional domains of the mature 

protein is well established. Exon 1 encodes the 21 amino acids of the signal sequence 

which is cleaved from the protein during translocation into the endoplasmic reticulum 

(ER). Exons 2–6 encode the ligand-binding domain, which is made up of seven 

repeats of 40 amino acids each. Exons 7–14 encode a 400 amino acids sequence that is 

33% identical to a portion of the human epidermal growth factor (EGF) precursor 

gene. Exon 15 encodes 58 amino acids that are enriched in serine and threonine 
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residues, which serve as attachment sites for O-linked sugar chains. The 3’ end of 

exon 16 and the 5’ end of exon 17 encode the 22 hydrophobic amino acids of the 

membrane-spaning domain. The remainder of exon 17 and the 5’ end of exon 18 

encode the 50 amino acids that make up the cytoplasmic domain. The remainder of 

exon 18 specifies the 2.6 kb 3’ untranslated region of the mRNA (27). 

 
 

Figure 6 LDLR gene  

(http://www.people.virginia.edu/~rjh9u/ldlrecep.html) 

 3.3 Mutations of LDLR gene 

  In general, mutations causing a premature stop codon, or a frame-shift 

mutation or a large deletion or re-arrangement of the gene, are all likely to result in the 

generation of a truncated protein which in almost all cases will be dysfunctional. If 

such a mutation is detected, it is almost undoubtedly the cause of FH in this patient. 

For missense mutations two types must be distinguished. The first are those that alter a 

critical amino acid, for example one that changes or adds a residue such as cysteine, or 

substitutes a large bulky amino acid such as Tryptophan for a small one such as 

Glycine (19). Mutations causing such substitutions are very likely to result in a 

defective LDL-receptor and therefore to be the cause of FH in the patient (19). The 

second group are those missense mutations that cause a conservative amino acid 

change, or that occur in a non-critical region of the protein, and these may not be FH-

causing and their effect must be interpreted with caution (19). The analysis of the 

updated data gives the following informations: (i) 63% of the mutations are missense, 

and only 20% occur in CpG dinucleotides; (ii) although the mutations are widely 

distributed throughout the gene, there is an excess of mutations in exons 4 and 9, and a 

deficit in exons 13 and 15; (iii) the analysis of the distribution of mutations located 
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within the ligand-binding domain shows that 74% of the mutations in this domain 

affect a conserved amino-acid, and that they are mostly confined in the C-terminal 

region of the repeats. Conversely, the same analysis in the EGF-like domain shows 

that 64% of the mutations in this domain affect a non-conserved amino-acid, and, that 

they are mostly confined in the N-terminal half of the repeats. The database is now 

accessible on the World Wide Web at http://www.umd.necker.fr (28, 29). 
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 Mutations in the LDLR gene have been classified into five functional groups 

based on the characteristics of the LDLR produced (Table 4.) (22,27).   
 
Table 4 Classification of LDL receptor gene mutations  
      

Class of mutation Nature of the mutation 
1 Gene fails to produce immunoprecipitable protein 
  (null alleles).Variety of mutations including promoter 
  deletions, splice site mutations, frameshift mutations 
  and other large deletions. Some nonsense mutations 
  may cause accelerated receptor protein degradation. 
2 Proteins are encoded that are blocked, either com- 
  pletely (2a) or partially (2b), in transport between the 
  endoplasmic reticulum and Golgi complex  
  (transportdefective alleles). Abnormal folding of the  
  protein appears to be the basis of the blocked transport.  
  Most defects are in the binding and EGF precursor  
  homology domains. 
3 Gene encodes proteins that are synthesized and 
  transported to the cell surface normally, but fail to 
  bind LDL (binding-defective alleles). Defects are in 
  the binding and EGF precursor homology domains. 
4 Proteins are encoded that move to the cell surface and 
  bind LDL normally, but are unable to cluster in 
  clathrin-coated pits and thus do not internalize LDL 
  (internalization-defective alleles). Defects are in the 
  Cytoplasmic domain. 
5 Gene encodes receptors that bind and internalize 
  ligand in coated pits, but fail to discharge the ligand 
  in the endosome and do not recycle to the cell surface 
  (recycling-defective alleles). Defects are in the EGF 
  precursor homology domain. 

4. Mutation detection methods 

 Analysis of DNA variation (polymorphisms and mutations) is one of the most 

common challenges faced by molecular biologists. Studies of polymorphisms and 

mutations as molecular markers of or underlying causes of disease have confirmed the 

importance of mutations and polymorphisms detection. With mutation detection 

currently being so important for the study of genetic diseases, gene discovery, and 
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solving problems of basic biology, there is a large demand for quick and relatively 

cheap methods for mutation detection. Therefore, many different methods have been 

developed for detecting new mutations and screening populations for known mutations 

or polymorphisms (29). Mutation detection can be performed in two fundamental 

processes.  

  -To detect mutations for the first time in a piece of DNA: This is a 

search and is referred to as screening for, or discovery of, mutations. 

  - To detect on subsequent occasions mutations in DNA once they have 

been detected initially. This may be for diagnosis of disease in a family, when the 

methods are referred to as diagnostic methods, or in the case of population studies 

when assessing single nucleotide polymorphism for linkage or other studies, when the 

methods are called genotyping methods (30). 

  4.1 Single-Strand conformation polymorphism (SSCP) 

   Single-strand conformational polymorphism (SSCP) is one of 

the most widely used mutation scanning techniques because of its simplicity. The 

principle of this method is based on the fact that the electrophoretic mobility of nucleic 

acids in a non-denaturing gel is sensitive to both size and shape. Unlike double-

stranded DNA, single-stranded DNA is flexible and will adopt a conformation 

determined by intramolecular interactions and base stacking that is uniquely dependent 

on sequence composition (Orita et al., 1989). This conformation can be affected when 

even a single base is changed. Conformational changes can be detected as alterations 

in the electrophoretic mobility of the single-stranded DNA in non-denaturing 

polyacrylamide gels. SSCP is still largely empirical because of the absence of a robust 

theory for predicting the dependence of conformation on sequence, and of mobility on 

conformation. SSCP is, nonetheless, a convenient mutation screening method.  

Detection levels of 70% to greater than 95% in certain model systems have been 

achieved. Achieving such high detection rates by SSCP may require running gels 

under several conditions, because the conformation of single-stranded DNA is 

sensitive to a number of parameters, including ionic strength, the type of gel matrix, 



Fac. of Grad. Studies, Mahidol Univ.                                                               M.Sc. (Biochemistry) /  25

fragment length, and temperature. Originally, SSCP was performed on large 

sequencing gels in a cold room to control temperature and using radioactive 

nucleotides. The procedure was cumbersome and not always reproducible. The 

developments of non-radioactive techniques and temperature-controlled 

electrophoretic units, and the modification of the technique for standard and mini-gels, 

have increased the simplicity and reproducibility of this method. Basic Protocol: The 

target sequence from genomic DNA or cDNA is amplified by PCR. The amplicon is 

denatured to single-stranded DNA and electrophoresed on a non-denaturing gel. Bands 

of the single-stranded DNA at positions in the gel different from the wild-type indicate 

the presence of a mutation. In general, a wild-type sample will generate two SSCP 

bands. Similarly, a homozygous mutant sample will also generate two SSCP bands, 

but these will migrate differently from the wild-type. If it is a heterozygous mutant, 

four bands will be generated: two with the same mobility as the wild-type and two 

with different mobility. There may be only three bands if the mutation changes the 

conformation of one strand but not the other. Generating the product DNA products 

used for SSCP is generally amplified by PCR. The sensitivity of PCR-SSCP tends to 

decrease as fragment length increases. For fragments of about 200 bp, greater than 

90% of single-base changes can be detected; whereas for fragments of 400 bp, the 

detection rate is lowered to 80%. Although mutations have been detected in fragments 

as large as 800 bp, the sensitivity of the assay will probably not be as high. Sequences 

longer than 400 bp should be divided into shorter segments before analysis by SSCP. 

This can be done by generating over-lapping subfragments separately or by amplifying 

the intact fragment and then digesting it with restriction enzymes. It is important that 

PCR conditions be optimized for stringency, as artifacts will interfere with the assay. 

The PCR product should be checked prior to SSCP analysis (38).  
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Figure 7 Mutation detection with SSCP (38) 

 

   Takao Maruyama et al. (1995) developed simple SSCP methods 

for detecting these mutations and investigated four Japanese FH homozygotes and 

identified five point mutations: a splice site mutation in intron 12 (the 1845+2 T C 

mutation), a missense mutation in exon 7 (the C317S mutation), a nonsense mutation 

in exon 17 (the K790X mutation), a missense mutation in exon 14 (the P664L 

mutation), and a missense mutation in exon 4 (the E119K mutation)(32). Humphries et 

al. (1997) developed SSCP for high-throughput mutational analysis and applied screen 

for mutations in the LDL receptor gene in patients with familial hypercholesterolemia 

(33). Using SSCP, Lee et al. (1998) also detected mutations in exon 4 of the LDLR 

gene in 15 of 80 of these individuals; 7 of 15 had the same C163Y mutation (34). 

Jensen et al. (1996) performed the PCR-SSCP analysis. This method was as sensitive 

and efficient as DNA sequencing in the ability to identify the sequence variations in 

the LDLR gene of patients with heterozygous and in 2002, they have shown that the 
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PCR-SSCP analysis is a highly efficient and sensitive technique for detection of 

mutations in the 18 exons including intronic splice-site sequences and the promoter 

region of the LDL receptor gene in FH patient in Denmark (35, 36). 
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CHAPTER   III 
MATERIALS AND METHODS 

 

                           

MATERIALS  

1. Subjects 

 DNA samples from a group of unrelated patients with primary 

hypercholesterolemia from Departmaent of Preventive Medicine, Siriraj Hospital 

(N=11) and Navy hospital (N=13) were invited to participate in this study. Diagnosis 

of primary hypercholesterolemia (hyperlipidemia type IIa) was based on the presence 

of increased plasma total cholesterol and LDL-cholesterol before lipid-lowering 

therapy: total cholesterol levels ≥ 290 mg/dl, LDL-cholesterol levels ≥ 190 mg/dl and 

triglyceride levels ≤ 200 mg/dl. Patients with secondary causes of hyperlipidemia such 

as diabetes, hypothyroidism or hyperthyroidism and nephrotic syndrome were 

excluded. The normalipidemic subjects (N=100) with total cholesterol levels ≤ 200 

mg/dl, LDL-cholesterol levels ≤ 130 mg/dl and triglyceride levels ≤ 200 mg/dl were 

recruited as control. Informed, written consents were obtained from all participants. 

The study was approved by the Committee on Human Rights Related to Human 

Experimentation Mahidol University and the Ethical Committee on Research 

Involving Human Subject, Faculty of Medicine Siriraj Hospital, Mahidol University. 

2. Oligonucleotide Primers 
 The whole coding region of the LDL receptor gene (promoter and 18 exons) 

were amplified by PCR. For the amplification reactions, we used oligonucleotide 

primers designed by Charlotte et al. (promoter), Pocsai et al. (exon 4), Leitersdorf et 

al. (exon 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 16, 17) and Hobbs et al. (exons 15 and 

18). The primer sequences, size of amplicons, and respective annealing temperatures 

were listed in Table 5. 
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Table 5 Sequences of oligonucleotides used in PCR assay for amplifying     all exons 
and the promoter region of the LDLR gene. 
 

Region/ 
Exon 

Primer 
Name 

Oligonucleotide sequence 
(Sense & antisense, 5’ to 3’) 

Size 
(bp) 

Ta 
(°C) 

Promoter Forward GAG GCA GAG AGG ACA ATG GC 380 
 Reverse CCA CGT CAT TTA CAG CAT TTC AAT G  

62 

Exon 1 SP90 CAT TGA AAT GCT GTA AAT GAC GTG G 210 
 SP91 TTC TGG CGC CTG GAG CAA GCC TTA C  

58 

Exon 2 SP57 CCT TTC TCC TTT TCC TCT CTC TCA G  183 
 SP58 AAA ATA AAT GCA TAT CAT GCC CAA A  

58 

Exon 3 SP59A TGA CAG TTC AAT CCT GTC TCT TCT G  178 
 SP60B AAT AGC AAA GGC AGG GCC ACA CT   

58 

Exon 4 P4.1 TGC AGC CCC CAA GAC GTG CT 386 
 P4.2 CGC AGT TTT CCT CGT CAG AT   

58 

Exon 5 SP62 CAA CAC ACT CTG TCC TGT TTT CCA G  173 
 SP63 GGA AAA CCA GAT GGC CAG CGC TCA C  

68 

Exon 6 SP64 TCC TTC CTC TCT CTG GCT CTC ACA G  173 
 SP65 GCA AGC CGC CTG CAC CGA GAC TCA C   

58 

Exon 7 SP66 AGT CTG CAT CCC TGG CCC TGC GCA G  169 
 SP67 AGG GCT CAG TCC ACC GGG GAA TCA C   

68 

Exon 8 SP68 CCA AGC CTC TTT CTC TCT CTT CCA  176 
 SP69 CCA CCC GCC GCC TTC CCG TGC   

62 

Exon 9 SP70 CCT GAC CTC GCT CCC CGG ACC CCC A  223 
 SP71 GGC TGC AGG CAG GGG CGA CGC TCA C   

70 

Exon 10 SP72 ATG CCC TTC TCT CCT CCT GCC TCA G  278 
 SP73 AGC CCT CAG CGT CGT GGA TAC GCA C   

68 

Exon 11 SP74 CAG CTA TTC TCT GTC CTC CCA CCA G  173 
 SP75 TGG CTG GGA CGG CTG TCC TGC GAA C   

68 

Exon 12 SP76 TCT CCT TAT CCA CTT GTG TGT CTA G  188 
 SP77 CTT CGA TCT CGT ACG TAA GCC ACA C   

58 

Exon 13 SP78 GTC ATC TTC CTT GCT GCC TGT TTA G  219 
 SP79 GTT TCC ACA AGG AGG TTT CAA GGT T   

54 

Exon 14 SP80 CCT GAC TCC GCT TCT TCT GCC CCA G  204 
 SP81 ACG CAG AAA CAA GGC GTG TGC CAC A   

60 

Exon 15 FH16 GAA GGG CCT GCA GGC ACG TGG CAC T  246 
 FH35 GTG TGG TGG CGG GCC CAG TCT TTA C   

68 
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Table 5 Sequences of oligonucleotides used in PCR assay for amplifying     all exons 
and the promoter region of the LDLR gene. (Continued) 
 
 
Exon 16 SP84 CCT CAC TCT TGC TTC TCT CCT GCA G  128 
 SP85 CGC TGG GGG ACC GGC CCG CGC TTA C   

62 

Exon 17 SP86 TGA CAG AGC GTG CCT CTC CCT ACA G  207 
 SP87 TGG CTT TCT AGA GAG GGT CAC ACT C   

58 

Exon 18 FH19 TCC GCT GTT TAC CAT TTG TTG GCA G  135 
 FH38 AAT AAA ACA AGG CCG GCG AGG TCT C   

68 

 

3. Enzymes 
 All of the enzymes used in this study were molecular biology grade. HaeIII and 

HpaII restriction endonucleases were purchased from BioLabs, USA. Taq DNA 

polymerase used for PCR and PCR-multiplex SSCP was expressed from a 

recombinant plasmid according to the Protocol of Pluthero (39). Commercial Taq 

polymerase perchased from Fermentus (Germany) was used to confirm the results and 

to perform DNA sequencing. 

 

4. Chemical substances 

Table 6 List of chemical substances 

Chemical substances      Molecular Weight  Source 
Acrylamide (C3H5NO)    71.08   BDH, England 
Absolute ethanol (C2H2OH)   46.07   Merck, Germany 
Agar-C      -   Bio Basic Inc., 
          Canada 
Agarose      -   SeaKem, USA 
Ammonium acetate      -   Sigma, USA 
Ammonium chloride     53.49   Sigma, USA 
Ammonium Persulfate ((NH4)2S2O8)  228.20   Sigma, USA 
Ampicillin (C16H18N3ONaO4S)  371.4                           Bio Basic Inc., 
          Canada 
Boric Acid (H3BO3)     61.83   Merck, Germany 
Bromophenol Blue(C19H9Br4O5SNa)  691.9   USB, Austria  
Bromophenol Blue-Xylene Cyanole Dye solution   Sigma, USA 
Calcium Chloride     147   Sigma, USA 
Deionized Formamide    -   Bio Basic Inc,  
          Canada 
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Table 6 List of chemical substances (Continued) 
          
Chemical substances      Molecular Weight  Source 
2’-Deoxynucleotide 5’ triphosphate (dNTP) -   BioBasic Inc,  
          Canada 
DL-Dithiothreitol (DTT)(C4H10O2S2)           154.25                      BioBasic Inc,  
          Canada 
DNA Ladder Marker      -   Fermentus,  
          Germany 
Dimethyl Sulfoxide (DMSO) (CH3)2SO  78.13   Merck, Germany 
Ethidium bromide (C21H20N3Br)  394.31   Sigma, USA 
Ethylenediamine tetraacetic acid (EDTA) 372.24   Bio Basic Inc., 
 ( disodium salt, dehydrate)     Canada 
37% Formaldehyde (CH2O)   30.0   Merck, Germany 
Formamide dye mix     -   Amresco, USA 
Glacial Acetic Acid (CH3COOH)  60.05   Merck, Germany 
Glycerol (HOCH2CH (OH) CH2OH)  92.09   Merck, Germany 
Guanidine-HCl (NH2)2-C=NH.HCl)  95.53   Sigma, USA 
Hydrochloric      36.46   Merck, Germany 
IGEPAL      -              Sigma, USA 
Isopropyl-β-D-Thiogalactopyranoside (IPTG)   -   Sigma, USA  
(C9H18O5S)                                            238.31               Sigma, USA 
Lysozyme      -   BioBasic,Inc,  
          Canada 
Magnesium Sulfate (MgSo4 .7H2O)  246.5   Sigma, USA 
Magnesium Chloride (MgCl2.6H2O)  203.30   Sigma, USA 
N, N'-methylene-bis acrylamide  154.2   Sigma, USA 
     (C7H10N2O2) 
N, N,N' N'-Tetramethyl-ethylenediamine 116.2              Bio Basic Inc., 
     (TEMED)        Canada 
PCR purification Kit     -   QIAGEN,  
          Germany 
Potassium chloride     74.5   Sigma, USA 
Proteinase K      -   Invitrogen,  
          Germany 
Silver Nitrate (AgNO3)    169.87   Merck, Germany 
Sodium carbonate (Na2 CO3)   105.99   Merck, Germany 
Sodium chloride     58.44   Bio Basic Inc., 
          Canada 
Sodium dodecyl sulphate    288.4   Sigma, USA  
     (SDS, C12H25O4SNa)  
Sodium hydroxide (NaOH)   40.0   Merck, Germany 
Tris (hydroxymethyl)aminomethane,  121.4   Research  
 (C4H11NO3)         Organics,USA 
Tryptone powder     -   Bio Basic Inc., 
          Canada 
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Table 6 List of chemical substances (Continued) 
          
Chemical substances      Molecular Weight  Source 
Tween 20      -   Research  
          Organics, USA 
Xylene cyanol  FF     554.6   Research  
          Organics, USA 
 
Yeast Extract      -   BioBasic Inc., 
          Canada   
 
5. Instruments 

Table 7 List of instruments 

Instruments        Source 
Autoclave        Hirayana, Japan 
Centrifuge        Heraeus Sepatech, USA 
DNA Thermal cycler (Gene Amp PCR system 2400, 9700)  Perkin Elmer, USA 
Horizontal agarose gel electrophoresis set    Mupid II, Japan 
Hoefer SE260        Pharmacia Biotech, USA 
Hotplate stirrer SM22      Stuart Scientific, UK 
Hot air oven        Memmert, Germany 
Incubator        Heraeus, Germany 
Microcentrifuge       Hettich, Germany 
pH meter        Orion Research, USA 
Pipetteman        Gilson, France 
Poraloid Camera (Fotodyne)     - 
Power supply        Pharmacia Biotech, USA 
Refrigerator        Sharp, Japan 
Spectrophotometer      Shimudzu, Japan 
Spin down       - 
UV-Transilluminator      Herolab, Germany 
Vortex mixer        IKA Work Inc., USA 
Vertical electrophoresis set     Thailand 
Water bath       Precision Qualitron Inc., 
        USA 
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6. Miscellaneous 

Table 8 List of miscellaneous 

Miscellaneous           Source 

Cellophan membrane     Thailand 
Camera film (Polaroid)    USA 
Glove        Thailand 
Microcentrifuge tube (0.6, 1.5ml)   Scientific Plastic, USA 
Parafilm      Chicaco,USA 
Plastic centrifugue tube (15, 50 ml)   Elkay, UK 
Plastic trays      Thailand 
Thin wall PCR reaction tube (0.2 ml)   Scientific Plastic, USA 
Micropipette tips (0.2, 200, 1000 µl)   Sorenson, Promega, USA  
Nalgene filter      Pall Corporation, USA 
Whatman Filter paper     Whatman Ltd, England 
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METHODS 
1.  Determination of lipid profiles 

 Lipid profiles were analyzed by Department of Clinical Pathology, Faculty of 

Medicine Siriraj Hospital, Mahidol University. Venous blood (5-10 ml) was taken 

after 12-14 hours of fasting. Plasma cholesterol and triglyceride levels were 

determined with automation by Hitachi 917 Autoanalyzer. The concentration of 

plasma HDL was measured after precipitation of LDL and VLDL fractions with 

dextran sulfate and MgCl2 and plasma LDL level was calculated using the formula 

described by Friedewald et al (40).   

        The experimental design presented in Fig.8. The methods used in this study are 

described as followings. 
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2.  Genomic DNA extraction 

 2.1  Reagent preparations 

  2.1.1  10 N NaOH 

   The preparation of 10 N NaOH involved a highly exothermic 

reaction which can cause breakage of glass containers. This solution was prepared 

with extreme care in plastic breakers. To 200 ml of sterile water for injection slowly 

add 100 g of NaOH pellets was slowly added with continuous stirring in a breaker 

placed on ice. When the pellets have dissolved completely, the volume was adjusted to 

250 ml with sterile deionized water. The solution was stored in a plastic container at 

room temperature. Sterilization was not necessary. 

  2.1.2  5%EDTA, pH 7.4 

  25 g of EDTA disodium salt was weighed and dissolved in 400 

ml of sterile deionized water. The pH of the solution was adjusted to 7.4 with 10 N 

NaOH. The volume of the solution was adjusted to 500 ml. The solution was sterilized 

by autoclaving. 

  2.1.3  Solution A, pH 7.2  

          6.35 g of NH4Cl, 1.33 g of EDTA and 0.92 g of Trizma base 

were weighed and dissolved with 800 ml of distilled water. The pH of the solution was 

adjusted to 7.2 with HCl and the volume was adjusted to 1 liter. The solution was 

autoclaved. Working solution A was prepared by diluting solution A with 2 volume of 

sterile deionized water before use. 

  2.1.4  Proteinase K (10mg/ml)  

   A lyophilized powder of proteinase K was dissolved at a 

concentration of 10 mg/ml in sterile deionized water. The stock solution was into 

small aliquots and stored at -20°C until use. 

  2.1.5  10% SDS  

  10 g of SDS was weighed and dissolved with sterile deionized 

water. The solution was stirred until it was homogeneous and the volume was adjusted 

to 100 ml. The solution was incubated at 56 0 C for 1-2 hours until it was dissolved. 

This solution was used with no need to be autoclaved. 
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 2.1.6  1 M Tris-HCl, pH 7.6 

  60.6 g of Tris-HCl was weighed and dissolved with sterile 

deionized water. Approximately 13 ml of 6 M HCl was added to the solution to adjust 

pH to 7.6. The volume of the solution was adjusted to 500 ml. The solution was 

sterilized by autoclaving. 

 2.1.7  7.5 M Guanidine-HCl, pH 7.6  

  72.0 g of Guanidine-HCl was weighed and approximately 10 ml 

of 1 M Tris-HCl was added to adjust the pH to 7.6. The volume of the solution was 

adjusted to 100 ml with autoclaved sterile deionized water. The solution was filtered 

by 0.2 µm Nalgene filter. 

    2.1.8  0.5 M EDTA, pH 8.0  

              93.0 g of EDTA disodium salt was weighed and approximately 

400 ml of sterile water for injection and 10.0 g of NaOH pellets were added. The pH 

of the solution was adjusted to 8.0 with 10 N NaOH. The solution was sterilized by 

autoclaving.    

  2.1.9  TE 10-1 buffer 

  10 ml of 1 M Tris-HCl, pH 7.6 and 2 ml of 0.5 M EDTA, pH 

8.0 were diluted in sterile deionized water and the volume were adjusted to 1 Liter. 

The solution was sterilized by autoclaving. 

2.2  Procedure 

 Genomic DNA was isolated from peripheral leukocytes in 10 ml EDTA 

blood samples by Guanidine-HCl method described previously (UCLA,1993). Ten 

millilitres of whole blood were collected into 50 ml capped tube which contained 400 

µl of 5%EDTA. Two volumes of working solution A was added to the whole blood, 

mixed by vortex the pellet to prevent clumping and left for 10 minutes at room 

temperature. The pellet was collected by centrifugation at 3,000 rpm for 10 minutes. 

The supernatant was discarded. Two volumes of working solution A was added to the 

pellet and the previous step was repeated until supernatant was clear. This step was not 

repeated more than three times. The supernatant was discarded and the packed WBC 

was added by the following reagents. First, 400 µl of sterile water and 40 µl of 

Proteinase K was added into the packed WBC and then mixed with 1ml pipette-tip in 

order to thoroughly mix the content. Second, 400 µl of autoclaved sterile water was 
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added and resuspended further. Third, 300 µl of 10% SDS was added, and the sample 

was mixed gently by rocking the tube back and forth, air-bubble was avoided. After 

mixing, the solution was incubated at 37 0C for overnight. Finally, 300 µl of 7.5M 

Guanidine-HCl was added and gently mixed. The whole solution was mixed 

vigorously and incubated at 68-70 0C for 1 hour. The mixture was centrifuged at 3,000 

rpm for 10 minutes at 4 o C. Only the above clear solution was gently mixed and 

reincubated at 68-70 0C for additional 30 minutes. The mixture was recentrifuged as 

above. The supernatant was transferred to the new labeled 50 ml cap tubes with 5 ml 

of cold absolute ethanol. The tube was gently rock back and forth until cotton- like 

strands of DNA was appearent and then the mixture was stored at –20 0C for 1 hour. 

The cotton-like strand of DNA was transferred with 800 ul of cold absolute ethanol to 

a new 1.5 ml eppendorf tube. The mixture was centrifuged at 10,000 rpm for 5 

minutes and the alcohol supernatant was discarded. 800 µl of 70% ethanol was added 

to the sample. The sample was then inverted to loosen the pellet and the sample was 

let strand for 1 minute.  The mixture was centrifuged at 10,000 rpm for 5 minutes and 

let stand the supernatant was discarded. The DNA sample  was then subjected to air 

dry at 37 0 C for 2 hours or at room temperature until the sample was dry with the cap 

open to evaporate the ethanol. 100-250 µl of TE 10-1 buffer was added to the sample 

and the sample was incubated at 37 0C for overnight. The sample was stored at –20 0C 

until use. To determine the integrity of DNA, 3 µl of DNA was mixed with 2 µl 

loading dye and analyzed on 1% agarose gel electrophoresis in 1X TBE buffer 

comparing with λDNA/HindIII fragment. The agarose gel was then stained with 

ethidium bromide and visualized by UV Transilluminator. The gDNA quality was 

verified by Polymerase Chain Reaction and agarose gel electrophoresis.  

3. Polymerase Chain Reaction (PCR) 

 3.1  For multiplex PCR assay 

  3.1.1  Reagent preparation 

  3.1.1.1  10XPCR buffer (20mM MgCl2) 

   80 µl of 25 mM MgCl2 stock and 20 µl of 10X Taq 

Bufer with KCl were mixed in 600ml eppendorf tube. 

  3.1.1.2  10mM dNTPs 
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   10 µl of each 100 mMdNTPs (dATP,dGTP, 

dTTP,dCTP) were aliquoted and diluted to 100 µl with autoclaved sterile deionized 

water. 

  3.1.1.3  Taq DNA polymerase 

  As described in Appendix A. 

 3.1.2  Procedure 

  Each 25 µl reaction mixture consists of 0.1-0.3 µg of genomic 

DNA, 1X PCR buffer (2 mM MgCl2), 2 mM each of dNTP, 1µM of each 

oligonucleotide primer and 1U Taq polymerase. After initial denaturation, 35 cycles 

were performed in a programmable DNA thermal cycler (ThermoHybaid PCR) using 

the temperature profile of 1 min at 94°C, 1 min at 49°C (annealing temperature) and 2 

min at 72°C. The primer extension of the 35th cycle was extended to 12 min. The 

multiplex PCR products were electrophoresed on a 2% agarose gel in 1X TBE buffer 

for 30 min at a voltage of 100V. The fragments were dyed with ethidium bromide and 

were visualised by ultraviolet illumination. And the multiplex PCR products from 

DNA samples of primary hypercholesterolemia and control subject were subsequently 

used for SSCP analysis. 

 3.2  For multiplex SSCP assay 

  3.2.1  Reagent preparation 

   3.2.1.1  10XPCR buffer (15mM MgCl2) 

   60 µl of 25 mM MgCl2 stock and 40 µl of 10X Taq 

Bufer with (NH4)2SO4 were mixed in 600ml eppendorf tube. 

  3.2.1.2  10XPCR buffer (20mM MgCl2) 

   80 µl of 25 mM MgCl2 stock and 20 µl of 10X Taq 

Bufer with (NH4)2SO4 were mixed in 600ml eppendorf tube. 

  3.2.1.3  10mM dNTPs 

   10 µl of each 100 mMdNTPs (dATP,dGTP, 

dTTP,dCTP) were aliquoted and diluted to 100 µl with autoclaved sterile deionized 

water. 

  3.2.1.4  Taq DNA polymerase 

 As described in Appendix A. 
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 3.2.2  Procedure 

   Each 25 µl reaction mixture consists of 0.1-0.3 µg of gDNA, 1X 

PCR buffer (1.5-2mM MgCl2), 0.2 mM each of dNTP, 0.4µM each of oligonucleotide 

primer and 0.5U Taq polymerase. After initial denaturation at 95°C 5 min, 35 cycles 

was performed in a programmable DNA thermal cycler (GeneAmp PCR System 

2400 or 9700) using the temperature profile of 1 min at 95°C, 1 min at annealing 

temperature (Table. 5) and 1 min at 72°C. The primer extension of the 35th cycle was 

extended to 5 min. The PCR products will be electrophoresed on a 2% agarose gel in 

1X TBE buffer for 30 min at a voltage of 100V. The fragments will be dyed with 

ethidium bromide and visualised by ultraviolet illumination. PCR products from DNA 

samples of primary hypercholesterolemic and control subjects were subsequently 

combined into a set of multiplex for SSCP analyses. Each set was composed of 3 or 4 

exons in 1:1:1 or 1:1:1:1 ratio, respectively. (For RE-digested amplified exon, 2 

volumes were applied in the relevant combination set.)   

4.  Restriction digestion 
 Restriction endonucleases are enzymes that cleave DNA at specific sequences, 

yielding defined fragments of DNA molecules. They can be used to cleave a DNA 

molecule at unique site. In this study, there were two reasons to use this technique; 

first to generate the optimal sensitivity for SSCP of LDLR gene. Second, LDLR gene 

is a large gene which contains many hypermutable CG regions. RE digestion of 

hypermutable CG regions in the LDLR gene is expected to find new mutations and 

polymorphisms in this gene.   

 4.1  Procedure 

  Ten µl of PCR reactions were digested with the relevant restriction 

enzymes in the buffer recommended by the manufacturer. The reaction mixture will be 

incubated at 37°C for over night.  

5.  Electrophoresis 

 5.1  Agarose gel electrophoresis 

  5.1.1  Reagent preparation 

   5.1.1.1  10XTBE 
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    108 g of Trisma base, 55g of Boric acid and 9.3 g of 

EDTA disodium salt were weighed and dissolved with sterile deionized water. The 

volume of the solution was adjusted to 1 liter and mixed. 

   5.1.1.2  1X TBE buffer  

    100 ml of 10x TBE buffer was diluted to 1 litre with 

distilled water. 

   5.1.1.3  1X loading dye 

   0.125 g each of bromophenol blue and xylene cyanol FF 

were weighed and 15 ml of glycerol was added. The volume of the mixture was 

adjusted to 50 ml with autoclaved sterile water for injection. 

   5.1.1.4  100 bp DNA Ladder marker 

   5 µl (0.5µg) of stock Ladder Marker and 5 µl of 6X 

loading dye solution were taken and then 20 µl of steriled water was added. 

   5.1.1.5  1% Agarose gel electrophoresis 

   1 g of agarose was weighed and dissolved in 100 ml of 

1X TBE buffer. The mixture was heated. The melting gel was poured into an 

electrophoresis chamber set with a comb inserted. The agarose gel was left to 

polymerize at room temperature for 30 min.   

   5.1.1.6  2% Agarose gel electrophoresis 

   2 g of agarose was weighed and dissolved in 100 ml of 

1X TBE buffer. The mixture was heated. The melting gel was poured into an 

electrophoresis chamber set with a comb inserted. The agarose gel was left to 

polymerize at room temperature for 30 min.   

   5.1.1.7  Ethidium bromide solution (10 mg/ml)  

    1 g of ethidium bromide was weighed and dissolved in 

100 ml of reverse osmosis water. The container was wrapped in aluminum foil or the 

solution was transferred to a dark bottle and store at room temperature. 

   5.1.2  Procedure  

   5.1.2.1  Analysis of PCR amplification 

    PCR products were checked for successful amplification 

on 2% (w/v) agarose gel in 1XTBE buffer. The gel was allowed to cool and solidify 

for 30 min. The gel was immersed in 1xTBE buffer at a depth of 1-2 mm. 5 µl of PCR 
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amplified products were pipetted and mixed with 2 µl of gel loading buffer. The 

mixtures were loaded in each well on 2% agarose gel and electrophoresed for 20-30 

minutes at 100 volts. After electrophoresis, the PCR products were stained with 

ethidium bromide solution for 1-2 minutes and visualized under ultraviolet light. The 

size of fragment was estimated by comparison with 100 bp DNA ladder marker under 

the same condition.  

   5.1.2.2  Analysis of PCR product purification 

   PCR products were purified on 1% agarose gel in 1X TBE. The 

gel was allowed to cool and solidify for 30 min. The gel was immersed in 1xTBE 

buffer at a depth of 1-2 mm. 100 µl of PCR amplified products were pipetted, mixed 

with 10 µl of gel loading buffer and 10 µl of ethidium bromide solution. The mixtures 

were loaded in each well on 1% agarose gel and electrophoresed for 20-30 minutes at 

100 volts. After electrophoresis, the PCR products were visualized under ultraviolet 

light.    

 5.2  Acrylamide gel electrophoresis 

  5.2.1  Reagent preparation 

   5.2.1.1  50% (49:1) stock acrylamide solution  

   49 g of acrylamide and 1 g of N, N’-methylene-bis-

acrylamide were weighed and dissolved in 100 ml sterile water for injection. The 

solution was filtered through Whatman paper no.1, kept away from light and stored at 

4 0 C. 

   5.2.1.2  20% ammonium persulfate 

      0.2 g of ammonium persulfate was weighed and 

dissolved in 1 ml of sterile water for injection. The solution was freshly prepared, kept 

away from light and stored at 40 C. 

  5.2.2  Procedure 

   Polyacrylamide gel for determination of PCR products was 

prepared by dilution of the stock 50% acrylamide solution (49:1(w/v) of acrylamide 

and N, N'-methylene-bis-acrylamide) to give 8% polyacrylamide solution. For Hoefer 

SE260 apparatus : 1.6 milliliters of  the 50% acrylamide stock solution and 0.5 ml of 

10xTBE buffer were pipetted  and adjusted to a total volume of 10 ml with sterile 

water for injection. After mixing, the solution was added with 50 µl of 20% 
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ammonium persulfate and 5 µl of TEMED and mixed. The gel solution mixture was 

immediately poured between the minigel glass plates using 1000 µl pipette until the 

glass plate sandwich was full. A comb was placed in the assembled gel sandwich. The 

gel was left to polymerize for at least 30 minutes at room temperature. 2 µl of loading 

buffer and 5 µl of digested PCR products were mixed, and then the mixtures were 

loaded in each well of 8 % polyacrylamide gel. An electric current was applied at 100 

volts for 60 minutes to resolved DNA fragments. After electrophoresis, the gel was 

stained by ethidium bromide solution for 1-2 minutes and visualized under ultraviolet 

light. The size of PCR fragment was estimated by comparison with 100 bp DNA 

ladder marker under the same condition.  

6.  Single strand conformation polymorphism (SSCP) 

 Single-strand conformational polymorphism (SSCP) is one of the most widely 

used mutation scanning techniques because of its simplicity. The principle of this 

method is based on the fact that the electrophoretic mobility of nucleic acids in a non-

denaturing gel is sensitive to variation of both size and shape. Unlike double-stranded 

DNA, single-stranded DNA is flexible and will adopt a conformation determined by 

intramolecular interactions and base stacking that is uniquely dependent on sequence 

composition (Orita et al., 1989). This conformation can be affected when even a single 

base is changed. Conformational changes can be detected as alterations in the 

electrophoretic mobility of the single-stranded DNA in non-denaturing polyacrylamide 

gels. 
 6.1  Reagents preparation  

 6.1.1  50% (49.25:0.75) acrylamide stock solution with 1.5% cross link 

  49.25 g of acrylamide and 0.75 g of N, N’-methylene-bis-

acrylamide were weighed and dissolved in 100 ml sterile water for injection. The 

solution was filtered through Whatman paper no.1, kept away from light and stored at 

4 0 C. 

 6.1.2  50% (49:1) acrylamide stock solution with 2% cross link 

  As described in 4.2.1.1 

          6.1.3  4% acrylamide with 1.5% crosslink 
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   4.54 ml of 50% (49.25:0.75) Acrylamide stock solution with 

1.5% cross link and 0.5 ml of 10XTBE were mixed and adjusted to the total volume of 

6 ml with sterile water. 

  6.1.4  6% acrylamide with 1.5% crosslink 

   0.72 ml of 50% (49.25:0.75) Acrylamide stock solution with 

1.5% cross link and 0.5 ml of 10XTBE were mixed and adjusted to the total volume of 

6 ml with sterile water.   

           6.1.5  8% acrylamide with 2% crosslink  

    5.02 ml of 50% (49:1) Acrylamide stock solution with 2% cross 

link and 0.5 ml of 10XTBE were mixed and adjusted to the total volume of 6 ml with 

sterile water. 

  6.1.6  10% acrylamide with 2% crosslink 

   1.2 ml of 50% (49:1) Acrylamide stock solution with 1.5% 

cross link and 0.5 ml of 10XTBE were mixed and adjusted to the total volume of 6 ml 

with sterile water. 

 6.1.7  20% ammonium persulfate 

  As described in 4.2.1.2 

 6.1.8  1X Loading dye 

  As described in 4.2.1.3 

  6.1.9  Formamide dye (Bromophenol blue – Xylene cyanol stock 

solution) 

   200µl of Bromophenol blue-Xylene cyanol FF solution, 800µl 

deionized formamide, 200 µl of 0.5 M EDTA were aliquoted. The solution was 

homogeneously mixed and kept at -20°C in dark. 

6.2  Glass plate preparation for mini gel 

 The plates were cleaned with tap water and detergent and then 

thoroughly rinsed with distilled water to remove residual detergent. The plates were 

then washed with 70% ethanol. For each sandwich, one notched glass plate one 

rectangular glass plate and two spacers were required. The notched plate was laid on 

the flat surface and each spacer was placed along each edge extending along the side 
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of notch. The glass plates were fit onto the spacers. The top of the T of spacers were 

rested along the sides of the gel sandwich. On a flat surface, the spacers were aligned 

with the sides and also bottom of the glass plates. The sandwich was hold into the 

clamp assembly, making sure the bottom edge of the sandwich was rested on the flat 

surface. While holding the sandwich in place, slide each clamp into position and 

gently tighten the screws. The bottom- edge alignment of the sandwich was checked 

and adjusted the glass and spacer to ensure that the bottom edges were completely 

flushed.  The caster was standing upright or hung from the Hoefer chamber. 

6.3  8% Non-denaturing polyarylamide gel preparation 

 1.6 milliliters of 50% (49:1) acrylamide stock solution and 0.5 ml of 

10X TBE was mixed and adjusted to the total volume of 10 ml with sterile water for 

injection. 50 µl of 20% ammonium persulfate and 5 µl of TEMED were added and 

mixed gently. The gel solution mixture was immediately poured between the minigel 

glass plates using 1000 µl pipette until the glass plate sandwich was full. A comb was 

placed in the assembled gel sandwich. The gel was left to polymerize for at least 30 

minutes at room temperature. The electrophoresis was pre-run for 10 min at 100 volts 

before samples were loading.  

6.4  4%-8% gradient non-denaturing polyarylamide gel                            

(1.5%-2%crosslink) 

   The glass plate was set as previously described (6.2). The gradient 

maker was set up with a stirrer in the downstream chamber and tubing leading from 

the gradient maker to the top of the gel plates. The top middle of the glass plates was 

attached by a yellow tip. The valve separating the two sides of the gradient maker and 

the tubing valve were initially close. Before pouring the gel 40µl of 20 % ammonium 

persulfate and 4µl of TEMED were added to both 4%and 8% acrylamide solution and 

the gel solution were mixed gently. The high percent gel mix was poured into the 

down stream chamber and low percentage gel mix into the upstream chamber of the 

gradient maker. The stirrer was ensured to mixing well in the downstream side. The 

valve between the two site of the gradient maker was then opened and also the valve in 

the tubing that leads to the gel plates. In the gradient maker, the 4 % gel mix flowed 

into the 8% gel mix forming the linear gradient of decreasing percentage concentration 

(in order to decrease percentage of gel from bottom to top). After the sandwich plates 
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were full with gel, insert the comb without trapping small bubbles, under the wells.  

After pouring the gel, the gradient maker was immediately rinsed with distilled water. 

The comb was removed after the gel was polymerised. The electrophoresis was pre-

run for 30 min at 100 volts before samples were loading.  

6.5  6%-10% gradient non-denaturing polyarylamide gel                            

(1.5%-2%crosslink) 

  The glass plate was set as previously described (6.2). The gradient 

maker was set up with a stirrer in the downstream chamber and tubing leading from 

the gradient maker to the top of the gel plates. The top middle of the glass plates was 

attached by a yellow tip. The valve separating the two sides of the gradient maker and 

the tubing valve were initially close. Before pouring the gel 40µl of 20 % ammonium 

persulfate and 4µl of TEMED were added to both 6%and 10% acrylamide solution 

and the gel solution were mixed gently. The high percent gel mix was poured into the 

down stream chamber and low percentage gel mix into the upstream chamber of the 

gradient maker. The stirrer was ensured to mixing well in the downstream side. The 

valve between the two site of the gradient maker was then opened and also the valve in 

the tubing that leads to the gel plates. In the gradient maker, the 6 % gel mix flowed 

into the 10% gel mix forming the linear gradient of decreasing percentage 

concentration (in order to decrease percentage of gel from bottom to top). After the 

sandwich plates were full with gel, insert the comb without trapping small bubbles, 

under the wells.  After pouring the gel, the gradient maker was immediately rinsed 

with distilled water. The comb was removed after the gel was polymerised. The 

electrophoresis was pre-run for 30 min at 100 volts before samples were loading.  

 6.6  Procedure 

  SSCP was performed by the method as described by Orita et al. (13). 

One µl of each set of PCR products was mixed with 10 µl of 5x formamide dye mix, 

incubated in a boiling water-bath for 10 min before loading. Electrophoresis was 

carried out in 8% non-denaturing polyarylamide gel or 4%-8%, 6%-10% gradient non-

denaturing polyarylamide gel and 0.5XTBE buffer without glycerol at 100 volts for 

2.30-4 hour at 4οC with Hoefer (MIGHTY SMALL II SE260, Amersham Biosciences, 

USA) electrophoresis unit. Then SSCP was visualized by silver staining (14). 
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7.  Silver staining 

 Highly sensitive detection of nucleic acids in the nanogram range has been 

achieved by the specific chemical reduction of silver ions. The methods for silver-

staining nucleic acids of employ either a histologically derived procedure that uses 

ammoniacal solutions of silver, or a photochemically derived reaction in which silver 

binds to nucleic acid bases and is then selectively reduced by chemical agents or light. 

These silver staining protocols can be as sensitive as radioisotopic methods. However, 

they are complex and time consuming and require the preparation and handling of 

several solutions. In an attempt to simplify the routine use of silver stains to detect 

nucleic acids, Bassam et. al. (52) optimized the photochemically derived silver stain 

originally introduced by Merril et. al. (53) for protein staining and later applied to 

nucleic acids which uses formaldehyde to selectively reduce silver ions to metallic 

silver under alkaline conditions (41).  

7.1  Reagent preparation  

 Reagents for silver staining method comprise three solutions, fix and 

stop solution (10% glacial acetic acid), staining solution, and developing solution. 

  7.1.1  Fix/stop solution (10% glacial acetic acid) 

   100 ml of glacial acetic acid was added to 900 ml of 

distilled water.  

   7.1.2  Staining solution (0.2% AgNO3)  

   2 g of silver nitrate was weighed and homogeneously 

dissolved in 1 L of sterile deionized water. 

  7.1.3  Developing solution (3%NaCO3 with 37% formaldehyde; 

100ml: 150µl) 

   3 g of sodium carbonate was weighed and dissolved in 

100 ml of sterile water for injection. The solution was chilled to 100 C in the 

refrigerator. Immediately before use, 150 µl of 37 % formaldehyde was added. 

7.2  Procedure 

 The staining procedure consists of just a few steps. After 

electrophoresis, the gel frames were removed from the electrophoretic apparatus. The 

screws were loosening, and the plates were removed out of the frame. The glass plates 

were separated by spacer at a lower corner. The short glass plates adhered with the gel 
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was placed in a plastic tray, fixed with 100 ml of fix solution, the glass plate was taken 

out and the gel in the fix solution. The gel was agitated well for 30 minutes or until the 

tracking dyes were no longer visible. Fixative was saved for later use in terminating 

the development reaction. The gel was rinsed three times in sterile water for injection 

with two minutes of agitation each time. After the gel was completely rinsed, it was 

transferred to 100 ml of staining solution and was agitated for 30 minutes. The gel was 

removed from the staining solution and rinsed for no longer than 5-10 seconds to 

remove an excess of silver nitrate in sterile water for injection. The gel was then 

placed in a chilled tray containing cold developing solution and was agitated again. As 

soon as the bands were clearly resolved, the fixative solution from the first step was 

poured directly into the developer, and the mixture was agitated for 3 min. The gel 

was rinsed twice in distilled water. The gel was collected by wrapping with cellophane 

membrane, and then air dried for over night at room temperature.    

8.  DNA sequencing  

 When SSCP variants were detected, the original genomic template was used 

for DNA sequencing analysis. The original DNA template was amplified and purified 

using QIAquick Gel Extraction Kit (QIAGEN, Germany), and automated DNA 

sequencing by automatic sequencer 3730x (DNA Sequencing Services of Macrogen 

Inc, Korea). 

 8.1  DNA template preparation  

  The PCR products was used as sequencing templates have to be 

cleaned to remove primers, nucleotides, Taq polymerase and salts which affect the 

sequencing reactions. 100 µl of PCR products were run on 1%gel electrophoresis (as 

described in 4.1.2.2).The DNA band was purified by using QIAquick Gel Extraction 

Kits. The QIAquick Gel Extraction protocol for DNA purification from agarose gels 

was described as followings. The DNA fragment was excised from the agarose gel 

with a clean, sharp scalpel. The excised DNA fragment in agarose gel was transferred 

to 1.5 ml microcentrifuge tube and weighed. Three volumes of Buffer QG were added 

to 1 voloume of gel (100 mg ~ 100 µl). An incubate was made at 50°C for 10 min or 

until the gel slice was dissolved completely. To assist dissolve gel, the gel mixture was 

mixed by vortexing the tube every 2-3 min during the incubation. One gel volume of 

isopropanol was then added to the sample and mixed. A QIAquick spin column was 
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placed in a provided 2 ml collection tube. The sample was applied to the QIAquick 

column and centrifuged for 1 min at 13,000 rpm. For the gel mixture volumes of more 

than 800µl, the excess volume of the gel mixture was simplyed load and spun again. 

Flow -through was discarded and QIAquick column was placed back in the same tube.  

A 0.5 ml of Buffer QG was added to QIAquick column and centrifuged for 1 min at 

13,000 rpm. To wash the column, 0.75 ml of buffer PE (150µl of PE and 600µl of 

absolute ethanol) was added to QIAquick and centrifuged for 1 min at 13,000 rpm. 

The flow-through was discarded and the QIAquick column was centrifuged for an 

additional 1 min at 13,000 rpm. The Place QIAquick column was placed into a clean 

1.5 ml microcentifuge tube. To elute DNA, 30 µl of buffer EB or H2O was added to 

the center of the QIAquick membrane, let stand for 1 min and then the column 

centrifuged for 1 min.  
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CHAPTER   IV 

RESULTS 
 

 

Multiplex assay 

 Multiplex assay is the assay in which several parts of gene are co-analyzed in 

one assay. It can be performed by two ways. First, multiplex at the PCR step and 

second multiplex at the SSCP step. In this study, multiplex PCR-SSCP was initially 

proposed to develop. Only three DNA fragment (exon 3, exon 4 and exon 13) of 

LDLR were performed multiplex PCR prior SSCP analysis. This multiplex PCR- 

SSCP technique was applied in 11 unrelated patients with primary 

hypercholesterolemia from Department of preventive medicines. The others DNA 

fragment of LDLR were not performed multiplex PCR because there were not the 

optimal condition for multiplex PCR. Therefore, PCR-multiplex SSCP was thus 

subsequently developed. Multiplex assay in this study was shown in figure 9. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 Multiplex assay of LDLR gene in this study 
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 1. Multiplex PCR assay 

  We have been attempting to develop a rapid, effective screening assay 

enabling the simultaneous analysis of DNA alteration in the LDL receptor gene. 

Reaction conditions, including both reagent components and cycle condition were set 

up to optimize the assay. For preliminary experiment, multiplex PCR-SSCP has been 

developed for simultaneous analysis of mutation in exons 3, 4 and 13 of LDLR gene in 

primary hypercholesterolemia patients. The temperature profile of 1 min at 94°C, 1 

min at 49°C (annealing temperature) and 2 min at 72°C were found to be optimal to 

co-amplify DNA fragments of exon 3, exon 4 and exon 13 in one PCR reaction. The 

amplification fragment of multiplex PCR products was shown in Figure 10. One µl of 

multiplex PCR products was mixed with 10 µl of 5x formamide loading dye, 

incubated in a boiling water-bath for 10 min before loading. Electrophoresis was 

carried out in 8% polyacrylamide gel with 1.3%crosslink and 0.5XTBE without 

glycerol at 100 volts for 2.5 hour at 4οC with the Mini PROTEAN II cell 

electrophoresis unit (BioRAD). And then SSCP gel was visualized by silver staining, 

wrapped by cellophane and air dried. Multiplex PCR-SSCP pattern of exons 3, 4 and 

13 at the LDLR gene locus of hypercholesterolemic patients and control subject was 

shown in figure 11. Two identical mobility shift was observed in PH2 and PH5 

samples. These differences were confirmed by SSCP analysis of individual exon (data 

not show) and further characterized by automated DNA sequencing. There were AvaII 

polymorphism in exon 13 of  PH2 and PH5. 
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Figure 10 The amplification fragment of multiplex PCR of exons 3, 4 and 13 of 

LDLR gene. Lane 1 was 100 bp ladder markers. Lanes 2-7 were multiplex PCR 

fragments of N, PH1, PH2 , PH3 , PH4 and PH5  , respectively. 

  

  

 
Figure 11 Multiplex PCR-SSCP pattern of exons 3, 4 and 13 at the LDLR gene locus 

of hypercholesterolemic patients and control subject. Electrophoresis was carried out 

in 8% polyacrylamide gel with 1.3%crosslink at 100 volts for 2.5 hours at 4°C. 

 

 

   N   PH1  PH2   PH3 PH4  PH5 

Mobility shift 

100bp  N   PH1  PH2   PH3  PH4  PH5 
 

Exon 4 
Exon 13
Exon 3

1 2 3 4 5 6 7
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 2. Multiplex SSCP assay 

  2.1 Optimum PCR-multiplex SSCP condition 

   PCR-multiplex SSCP was developed for diagnosis of FH. The 

specific PCR primers that amplified all 18 exons and the promoter region were listed 

in Table 5. During the design of the combination sets, we combined different 

migrating bands of each exon in the multiplex SSCP analysis. All PCR products of 18 

exons and promoter of the LDLR gene were multiplexed into 6 combination sets. 

Some amplicons of the combination sets were digested with RE for two purposes. 

First, it was expected that exon with abnormal pattern would be specified right away 

from the multiplex SSCP pattern. Second, the RE digestion was expected to increase 

sensitivity of the multiplex SSCP. Webcutter or NEBcutter were used to identify site 

cut of some exons. Combination of amplified exons or RE-digested amplified exons 

for multiplex SSCP analysis was shown in Table 9.  

  
Table 9 Combination of amplified exons or RE-digested amplified exons for 
multiplex SSCP analysis 
 
 

Restriction Modification Set Exons in combination 

Exon(s) Enzyme 

1 9,11,14 11 Hae III 

2 3,4,15 3,4,15 HpaII 

3 Promoter,1,5 Promoter HpaII 

4 2,6,13,18 2 HhaI 

5 7,8,12 7 Hae III 

6 10,16,17 - - 
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 To determine the best resolution setting, we evaluated different gradient 

polyacrylamide gel and time. Optimal combination sets were achieved by testing 

under non-gradient (8%T) or gradient [4%T(1.5%C)-8%T(2%C) or 6%T(1.5%C)-

10%T(1.5%C)] polyacrylamide gel electrophoresis. The gradient polyacrylamide gel 

was of better resolution than non-gradient polyacrylamide gel. The 4%T(1.5%C) to 

8%T(2%C) gradient polyacrylamide gel electrophoresis was used in PCR-multiplex 

SSCP combination set 1, 2, 5, 6 and the 6%T(1.5%C) to 10%T(1.5%C)  was used in 

PCR-multiplex combination set 2 and 4. The optimal running time was 2.30-4 hours 

depending on DNA fragment. The conditions for these multiplex SSCP assays were 

summarized in Table 10. 

 

Table 10 The conditions for multiplex SSCP assays 

Combination 

Set 

PCR product : 

formamide dye 

(µl) 

% gradient 

polyacrylamide 

gel 

Running 

Time 

(hrs.) 

Voltage 

1 1: 5 4-8 3 100 

2 1.5: 3 4-8 3 100 

3 1: 3 6-10 4 100 

4 1: 3 6-10 4 100 

5 1.5: 3 4-8 2.30 100 

6 1.5: 3 4-8 3 100 

 

  2.2 Validation of PCR-multiplex SSCP setup in LDLR gene 

   There were 6 combination sets of PCR-multiplex SSCP. Only 5 

combination sets can be validated. They were combination sets 1, 2, 4, 5 and 6. 

Previously reported known mutations M412T and S554L were used to validate 

combination set 1. IVS 3+1 G > T (313+1G>T) was used to validate combination set 

2. G1414A common polymorphism was used to validate combination set 6. The 

common AvaII and HincII polymorphisms can detect in exon 13 and exon 12 by PCR-

multiplex SSCP combination set 4 and 5, respectively. Twenty four unrelated patients 

with FH were screened for mutations and polymorphisms in all 18 exons and the 

promoter region of the LDLR gene. We did not observe any mutation or 
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polymorphism in promoter, exon 1 or exon 5 of these 13 unrelated patients with 

primary hypercholesterolemia from Navy Hospital. Therefore, we can not show the 

validation of combination set 3. 

 2.2.1 PCR-multiplex SSCP of the combination set 1 

   This combination set 1 was validated with M412T (exon 

9) and S554L (exon11) mutations. The M412T mutation caused by a transition of T to 

C at nucleotide position 1235 in exon 9. This nucleotide change was predicted to cause 

the substitution of a threonine for methionine at codon 412. The amino acid at this 

position has been changed from an amino acid with nonpolar side chain (M) to 

uncharged polar side (T). The S554L mutation caused by a transition of C to T at 

nucleotide position 1666 in exon 11. This nucleotide change was predicted to cause 

the substitution of serine to leucine at codon 554. The amino acid at this position has 

been changed from an amino acid with uncharged polar side chain (S) to nonpolar 

aliphatic side chain (L). The abnormal SSCP patterns of M412T and S55L were shown 

below. 

 
 
 

 

 
 
 
 

Figure 12 Silver staining of 4-8% gradient polyacrylamide gel of PCR-multiplex 

SSCP combination set 1. DS in lane 1 was double stranded DNA. Lanes 2-4 were 

individually amplified PCR fragments of exon 9, HaeIII digested exon 11 and exon 14 

of normal control. Lanes 5-9 were fragments of PCR-multiplex SSCP of normal 

DDss      EE99        EE1111      EE1144      NN        DDNN      PPPP      HH000011    HH000022  

HaeIII 
digested 

MP

M412T 

S554L 

11            22            33            44                55              66              77              88              99  
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control, DN, PP, H001 and H002, respectively. DN, PP, H001 and H002 were patients 

with FH phenotype. 

 2.2.2 PCR-multiplex SSCP of the combination set 2 

       The combination set 2 was validated with IVS3+1G>T 

of exon 3. The IVS 3+1 G>T mutation caused by the G to T transversion at position 1 

of intron 3. The GT dinucleotide at 5’ end of an intron is highly conserved serving as 

part of the consensus recognition signal for mRNA splicing in vertebrate genes. The 

multiplex SSCP of the combination set 2 showing the abnormal SSCP pattern of  

IVS3+1 G>T. The data was shown in figure 13. 

 
 
 
 
 

 
 
 

 
Figure 13 Silver staining of 4-8% gradient polyacrylamide gel of PCR-multiplex 

SSCP combination set 2. DS in lane 1 was double stranded DNA. Lanes 2-4 were 

individually amplified PCR fragments of HpaII digested exon 3, HpaII digested exon 

4 and HpaII digested exon 15 of normal control. Lanes 5-9 were fragments of PCR-

multiplex SSCP of normal control, PS, H001, H002 and H003, respectively. PS, H001, 

H002 and H003 were patients with FH phenotype. 
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      11              22            33              44              55              66                77              88              99  
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   2.2.3 PCR-multiplex SSCP of the combination set 6 

    The common polymorphism G1414A in exon 10 was 

used for validation of this multiplex set. G225 was a 14 years old girl previously 

diagnosed as homozygous FH patient. This patient has homozygous A at this 

polymorphic site. This nucleotide alteration did not change amino acid ( arginine to 

arginine) at codon 471 of  the LDLR gene. G1414A( R471) polymorphism has been 

reported in NCBI database.  

 

 

 

 
 

Figure 14 Silver staining of 4-8% gradient polyacrylamide gel of PCR-multiplex 

SSCP combination set 6. DS was double stranded DNA. Lanes 2-4 were individually 

amplified PCR fragments of exons 10, 16 and 17 of normal control. Lanes 5-7 were 

fragment of PCR-multiplex SSCP of normal control, G225 and H001. G225 and H001 

were patients with FH phenotype. 

 

 

 

 

 

 

 

 

        DDss      EE1100    EE1166    EE1177      NN    GG222255  HH000011    
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(A)                                                            (B) 

                 
Figure 15 Nucleotide sequences from amplified exon 10 of the LDLR gene, after 

direct sequencing of PCR products. (A) Heterozygous for a G to A transition at 

nucleotide position 1414 (26463 including intron) of normal control. (B) Homozygous 

A at the same nucleotide position of G225 and H001. 
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  2.2.4 PCR-multiplex SSCP combination set 3 

    No mutations or polymorphisms in Exon 1, Exon 5 or 

promoter in our FH patients. Furthermore, we did not found mutations or 

polymorphisms in promoter, exon 1 or exon 5 of 24 unrelated patients with FH.   

Therefore, we can not show the validation of the PCR-multiplex SSCP combination 

set 3. Although, there were not mobility shift in this combination set but SSCP 

patterns were clearly and should be useful for screen mutations and polymorphisms in 

E1, E5 and promoter of LDLR gene.  

 

 

 

 

 
  

Figure 16 Silver staining of 6-10% gradient polyacrylamide gel of PCR-multiplex 

SSCP combination set 3. Lanes 1-3 were individually amplified PCR fragments of 

exon 1, exon 5 and HpaII digested promoter of normal control. Lanes 4-8 were 

fragment of PCR-multiplex SSCP of normal control, H003, H005, H006 and H007, 

respectiy. H003, H005, H006 and H007 were patients with FH phenotype. 
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   2.2.5 PCR-multiplex SSCP combination set 4 

    The abnormal SSCP pattern was observed in exon 13 of 

H007. The data have been shown as below. 

 

 

 

 

 
 

Figure17 Silver staining of 6-10% gradient polyacrylamide gel of PCR-multiplex 

SSCP combination set 4. Lanes 1-4 were individually amplified PCR fragments of 

HhaI digested exon 2, exon 6, exon 13 and exon 18 of normal control. Lanes 5-9 were 

fragment of PCR-multiplex SSCP of normal control, H002, H003, H013 and H007, 

respectively. 
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 Then sequence variations were confirmed by direct sequencing. There were 

heterozygous for a T to C transition of H007 at nucleotide position 33039. The 

nucleotide change did not disturb amino acid sequence (GTT/GTC→Val/Val). The 

other subjects i.e., H002, H004 and H013 were of homozygous T at this nucleotide. 

This nucleotide change was the common AvaII polymorphism (SNP) in exon 13 of 

LDLR gene. The representative sequence results have been shown as below.  

 

(A)                                                            (B) 

          
     

Figure 18 Nucleotide sequences from amplified exon 13 of the LDLR gene, after 

direct sequencing of PCR products (A) Heterozygous for a T to C transition at 

nucleotide position 1959 (33039 including intron) of H007. (B) Homozygous T at the 

same nucleotide position of H013. 
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  The PCR products of E13 were digested with AvaII to confirm the presence 

of this common SNP in our subjects. The amplified product of this region was 219 bp. 

The digestion of the amplified product with the restriction enzyme AvaII reveal two 

fragments of 182 and 37 bp, indicating the presence of the restriction site. The AvaII 

restriction map and the RFLP result were shown in figure 19. 

(A) 

                      CAGAG GATATG GTTC TCTTCCACAA 

 

 

 

                                  CAGAG GATATG   GTCC TCTTCCACAA 

 

 

 

(B) 

 

 

 
Figure 19 (A) The schematic drawing of AvaII digestion site in the PCR product of 

exon 13 of LDLR gene. (B) Agraose gel electrophoresis of AvaII polymorphism in 

exon 13 of the LDLR gene. 

 

  From RFLP result, we conclude that H007 was heterozygous for T to C 

transition and the other subjects i.e., H002, H004 and H013 were homozygous T 

corresponding with the DNA sequence data. This AvaII polymorphism was recorded 

100bp    Normal   H002 H004  H007   H013

Uncut Cut

 219 bp 
 182 bp 
 37 bp 

AvaII (5’GGWCC3’) 

Mutant 
Allele 

182 bp 37 bp 

Wildtype 
Allele 219 bp 
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in the LDLR database (Appendix B). The allele specific frequency of this 

polymorphism of C is 0.37. 

  2.2.6 PCR-multiplex combination set 5 

    The PCR-multiplex SSCP gel of combination set 5 was 

shown in figure 16. We found that H004 had the same SSCP pattern as normal control, 

H001was the same as H002 and H003 was different from the others.  The mobility 

shifts were apparent in exons 8 and 12. Therefore, exons 8 and 12 of these DNA 

samples were subjected to DNA sequencing. 

 

 

 

 
 

Figure 20 Silver staining of 4-8% gradient polyacrylamide gel of PCR-multiplex 

SSCP combination set 5. DS in lane 1 was double stranded DNA. Lanes 2-4 were 

individually amplified PCR fragments of HaeIII digested exon 7, exon 8 and exon 12 

of normal control. Lanes 5-9 were fragment of PCR-multiplex SSCP of normal 

control, H001, H002, H003 and H004 respectively. H001, H002, H003 and H004 were 

patients with FH phenotype. 

 

 From DNA sequencing results of E8, there were heterozygous for a G to A 

transition at nucleotide position 24494 in normal control, H001, H002, H003 and 

H004. The nucleotide change did not disturb amino acid sequence 

(GAA/AAA→Lys/Lys). It might be novel polymorphism. In exon 12, there were 

    DDSS        EE77          EE88      EE1122      NN      HH000011  HH000022  HH000033 HH000044  

  HaeIII 
digested 

MP

    11              22              33              44              55                66            77              88              99  
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heterozygous for a C to T transition at nucleotide position 29800 in H003 and 

homozygous C in normal control, H001, H002 and H004. The nucleotide change did 

not disturb amino acid sequence (AAC/AAT→Asn/Asn) as well. Previous study in our 

lab shows that this is HincII polymorphism.   

     

                                        
Figure 21 Nucleotide sequence from amplified exon 8 of the LDLR gene, after direct 

sequencing of PCR products. Heterozygous for a G to A transition at nucleotide 

position 1167 (24494 including intron). 

 

(A)      (B) 

   
Figure 22 Nucleotide sequence from amplified exon 12 of the LDLR gene, after direct 

sequencing of PCR products. (A) Heterozygous for a C to T transition of H003 of 

nucleotide position 1773 (29800 including intron) (B) Homozygous C of normal 

control. 

24494 

29800 29800 
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CHAPTER   V 

DISCUSSION 
                     

                             

 In most populations in the world, the frequency of heterozygous FH is 

estimated to be 0.2%. At the molecular level, FH is a heterogeneous disorder caused 

by more than 900 different mutations in the LDLR gene and the number of identified 

mutations is increasing steadily (4). Identification of a LDL receptor gene mutation in 

an FH individual is of value for several reasons. An unequivocal diagnosis can be 

made, and affected relatives can be identified at an early age, when a clear-cut 

diagnosis based on clinical criteria is not possible. Mutation detection can be divided 

into two categories: a scanning mode, where a stretch of DNA is searched for 

unknown mutations, and diagnostic mode, where specific tests are designed to detect 

known mutations (42). To answer the questions in a genetically heterogeneous 

population, new molecular genetic techniques had to be established that allow a rapid 

and sensitive screening for new mutations. SSCP analysis of PCR-amplified genomic 

DNA fragments (Orita et al 1989) has become a simple and sensitive standard method 

for the detection of small genetic alteration. We further modified this technique by 

performing PCR-multiplex SSCP. In this study, we devised a PCR-multiplex SSCP to 

reduce the workload involved in performing mutation analysis in large regions of 

LDLR gene. The protocols were validated via   known mutations or polymorphisms. 

In the analysis of DNA segments of which no genetic variation existed, validation was 

made by performing DNA sequencing when abnormal SSCP pattern or mobility shift 

was apparent.   

 Multiplex assay is the assay in which several parts of gene are co-analyzed in 

one assay. It can be performed by two ways. First, multiplex at the PCR step: more 

than one primer pairs were simultaneously used in one PCR reaction mixture prior to 

SSCP analysis.  Pocsai et al developed multiplex PCR assay for screening deletions in 

the LDLR in 2001 (1). In this study, multiplex PCR and subsequently followed by 

SSCP was initially tried. However, it did not work because in multiplex PCR 



Patthamawadee Charoensuk                                                                                               Discussion / 66 

condition, primers of some exons co-amplified with other part of gene so non-specific 

PCR product was apparent.  For successful multiplex PCR assay, the relative 

concentration of primers, PCR buffer, balance between MgCl2 and dNTP, cycling 

temperature, amount of DNA template and Taq DNA polymerase are important (43). 

Second, multiplex at the SSCP step: PCR for individual exons or for individual part of 

the gene were performed and then these PCR products were pooled in multiplex assay 

by SSCP. Previous study, the former students used both techniques in the EGF 

precursor homology domain (E7-E14) and the ligand binding domain (E2-E6) of the 

LDLR gene (48, 49). In this study, multiplex PCR-SSCP was initially proposed to 

develop. After several trials of multiplex PCR-SSCP upon various combinations of 

amplified exons, only the combination of exons 3, 4 and 13 of LDLR gene gene was 

successfully optimized (as presented in Fig. 10). Therefore, PCR-multiplex SSCP was 

thus subsequently developed. The development was fairly successful and the protocol 

was applicable to investigate the whole regions of LDLR gene (promoter plus 18 

exons). PCR fragments of some amplified exons were digested with restriction 

enzymes to increase sensitivity of the multiplex assay. There were 6 combination sets 

of amplified exons or RE-digested amplified exons for multiplex SSCP analysis. 

Several factors such as temperature, pH, running time, gel composition and size of the 

DNA fragments can influence the sensitivity of SSCP analysis (35). Many 

modifications to the original protocol developed by Orita et. al. include variables that 

affect the gel matrix, e.g., percentage of acrylamide monomer, cross-linking ratio, 

buffer systems, addition of neutral compounds to the gel and electrophoresis 

temperature. The most preferred gel characteristics for successful differential 

separation of single strand conformers in the range of 200-300 bp, where the method 

should be most sensitive and reliable, are 12% acrylamide and cross-linking ratios 

(%C) between 1 and 3 (10). Several publications have detailed the different effects 

that different conditions can have on resolving a particular sequence variation. 

Reduced cross linker ratio (bis:acrylamide 1:49) and 50-100 ml/l glycerol are popular 

(44). The sensitivity of the multiplex SSCP was also increased by using gradient 

polyacrylamide gel electrophoresis. To determine the best resolution setting, different 

gradient polyacrylamide gel and running time were evaluated. For PCR-multiplex 
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SSCP, the gradient [4%T(1.5%C)-8%T(2%C) or 6%T(1.5%C)-10%T(1.5%C)] 

polyacrylamide gel revealed better resolution than non-gradient (8%T) polyacrylamide 

gel. The optimal running time of these multiplex SSCP in gradient gel was 3-4 hours 

depending on DNA fragments. So far no publication reported gradient acrylamide gel 

electrophoresis in SSCP analysis. This study in our laboratory is thus the first report 

on multiplex SSCP analysis for mutation screening at the LDLR gene locus.  

 The sensitivity of a mutation detection method has usually been evaluated by 

the rate of detection of already known mutation (35). We have demonstrated the use of 

PCR-multiplex SSCP method for detection of M412T (exon 9) and S554L (exon 11) 

in combination set 1, IVS 313+1 G > T (exon 3) in combination set 2 and G1414A 

(exon 10) common polymorphism in combination set 6. In the combination set 1 

(figure 9), abnormal mobility shifts of DN and PP samples were observed. Mobility 

shifts in exon 9 of M412T mutation and in exon 11 of S554L mutation were observed 

in the corresponding exonic banding patterns of the multiplex SSCP set 1. In the 

combination set 2 (figure 10), abnormal mobility shift of PS sample was observed. 

This mobility shift was correspondingly apparent in the region of banding pattern of 

exon 3. In the combination set 6 (figure 11), the multiplex SSCP banding pattern of 

G1414A (exon 10) in normalipidemic subject was apparently different from the 

banding pattern of homozygous A in FH patients (G225 and H001). For the multiplex 

SSCP in the combination set 3 (figure 13), there was no genetic variation for 

validation at present time. However, the profile of this combination set 3 was fairly 

clear. It should have revealed the mobility shift pattern for any genetic variation if it is 

existing in any DNA segment of this multiplex set and it should thus be applicable for 

screening mutations and polymorphisms in exon 1, exon 5 and promoter of the LDLR 

gene. On the other hand, the profiling of these DNA segments can be collected as 

genetic profile for each FH patient. The common AvaII (exon 13) and HincII (exon12) 

polymorphisms could be detected by PCR-multiplex SSCP combination set 4 and 5, 

respectively. In combination set 4 (figure 14), the heterozygous T to C transition in 

exon 13 is the common AvaII single nucleotide polymorphism (SNP). It is the 

variation at nucleotide position 33039 with an allele frequency of C is 0.37(Appendix 

B). Previous study, the genotype frequencies at AvaII sites of Thai population were 
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57.9%, 36.6% and 5.5% for the (-/-), (+/-), and (+/+) genotypes, repectively (50). In 

combination set 5 (figure 17), the heterozygous for C to T transition in exon 12 is the 

common HincII polymorphism (SNP). In addition, there was a heterozygous G to A 

transition at nucleotide position 24494 in exon 8. This polymorphism did not change 

amino acid (GAA/AAA→Lys/Lys) and it has not been reported elsewhere. From 

LDLR database (http://www.ucl.ac.uk/fh/), only StuI polymorphism in exon 8 has 

been reported. Therefore, this G→A transition is a novel polymorphism observed via 

PCR-multiplex SSCP analysis in this study.  

 In this study, we tried to optimize PCR multiplex-SSCP condition and used 

known mutation to validate this technique. The optimized PCR-multiplex SSCP were 

subsequently applied in 13 unrelated patients with primary hypercholesterolemia. The 

multiplex SSCP screening was performed for all 18 exons and promoter region in 

these patients. The mutations and polymorphisms used for validation of the PCR-

multiplex SSCP assays and the genetic variations observed by the multiplex SSCP 

assays were summarized in Table 11.  
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Table 11 Mutations and Polymorphisms in 13 unrelated patients with primary 

hypercholesterolemia using PCR-multiplex SSCP technique. 

PCR-multiplex 

SSCP of the 

combination 

set 

 

Exon 

Change in  

nucleotide 

sequence 

Nucleotide 

No. 

Change in 

amino 

acid 

sequence 

Mutation name 

1 9 ATG>ACG 1235 Met/Thr M412T 

 11 TCG>TTG 1666 Ser/Leu S554L 

 14 - - - - 

2 3 IVS 3+1 G>T 313 ---------- 313+1 G>T 

 4 - - - - 

 15 - - - - 

3 1 - - - - 

 5 - - - - 

 promoter - - - - 

4 2 - - - - 

 6 - - - - 

 13 GTT/GTC 1959 Val/Val AvaII 

polymorphisma 

 18 - - - - 

5 7 - - - - 

 8 GAA/AAA 1167 Lys/Lys Novel 

polymorphismb 

 12 AAC/AAT 1773 Asn/Asn HincII 

polymorphismc 

6 10 AGG/AGA 1414 Arg/Arg G1414Ad 

 16 - - - - 

 17 - - - - 

 

 

a= Heterozygous T/C in patient H007, Homozygous TT in patients H002, H004, H013 
b= Heterozygous G/A in normal control and patients H001, H002, H003, H004   
c= Heterozygous C/T in patient H003, Homozygous CC in normal control and patients H001, H002, H004 
d= Heterozygous G/A in normal control, Homozygous AA in patients G225 and H001 
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The patients under this study were primarily tested for the ApoB common R3500Q 

mutation prior to the LDLR gene screening. These patients have not been screened for 

the mutations in the PCSK9 gene (45) which also causes FH-like phenotype. Although 

new and recurrent mutations were not found in these patients, the polymorphisms 

observed in this study should be useful. In the general population, LDL receptor gene 

polymorphisms have been shown to be associated with variations in cholesterol levels 

(46) as well as a wide variation in the age of onset and the expression of coronary 

heart disease in FH patients (47).  

 SSCP analysis is reported to have a sensitivity of 75-85%, suggesting that a 

mutation may have been missed for technical reasons in 15-25% patients. This 

technical problem should be partly solved by trying the other optimal conditions. In 

case that several optimal SSCP conditions fail to reveal any mobility shift or mutation, 

the patients may be deserved to search for large insertion, deletion or large 

rearrangement by other appropriate techniques. SSCP is suitable for screening only 

one base change or small deletion or insertion.     

 The multiplex SSCP method developed in this study can considerably reduce 

cost (such as chemical reagents for polyacrylamide gel preparation, staining solution, 

etc.) and time involved in mutation detection by more than 50%. The availability of 

new methods that speed up the process of finding genetic aberrations in genes should 

allow the identification of an ever-increasing number of LDLR gene variants that 

cause hypercholesterolemia. 
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CHAPTER   VI 

CONCLUSION 
                     

                              

 For establishing a molecular diagnosis, the whole LDL receptor gene of each 

individual patient has to be screened for new and recurrent mutations. The 6 

combination sets of PCR-multiplex SSCP analysis developed in this study seem to be 

a suitable method. It is relatively rapid, simple, sensitive and has been successfully 

applied for known mutation detection. The comparison between original SSCP method 

(51) and PCR-multiplex SSCP in this study was summarized in Table 12.  

Table 12 Comparison of original SSCP method (Orita et. al.) and PCR-multiplex 

SSCP developed in this study.  

Method 

Property 

Original SSCP PCR-multiplex SSCP 

Rapid - screening 1 DNA  

fragment/ lane/SSCP gel 

 

- screening 3 or 4 DNA 

fragments/lane/SSCP gel 

( 3-4 times more rapid) 

Simple - large gel (20×40×0.2 cm) 

 

- hybridization detection 

( using 32P-labled DNA 

probes cumbersome, dangerous 

and expensive) 

- minigel (10×10.5×0.075 cm) 

(easy to handle) 

- detection by silver staining 

(avoid hazardous radioactive, 

inexpensive) 

Sensitive - restriction endonuclease - restriction endonuclease in 

hypermutable CG region 

(increase sensitivity of multiplex 

SSCP gel, expect to find new 

mutation at CG region) 

- gradient SSCP gel 
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Table 12 (Cont.) Comparison of original SSCP method (Orita et. al.) and PCR-

multiplex SSCP developed in this study.  

 

Method 

Property 

Original SSCP PCR-multiplex SSCP 

   (increase sensitivity and resolution) 

 

 The new technique has a great potential for mutation screening of large 

numbers of samples in clinical diagnosis. We can use this multiplex assay to screen 

mutation and polymorphism in DNA sample and can also create a DNA profile for an 

individual subject. At an individual level, when an individual tested positive for a 

mutation, we can use that mutation to screen his or her family members so that 

preventive treatment for the family members at risk can be made and/or therapeutic 

intervention for patient can be managed in the right direction. At population level, 

identification of mutations in our population will generate a database. Availability of 

such database for LDLR gene mutations can likely lead to an implementation for 

population-based genetic screening program such as those programs established in 

Scotland and Netherland (18). Now, CAD is the leading cause of death in many 

countries, including Thailand. In the future by the year 2020, CAD is predicted by 

WHO to be a major cause of death for global population, especially in developing 

countries. So if we have our own mutation database, we can use possibly this database 

for diagnosis and prevention in our population. 

 In conclusion, this knowledge will be integrated in our routine molecular 

diagnostic strategy for FH. This should simplify diagnostic testing, facilitate genetic 

counseling and make it possible to diagnose FH at the molecular level at a 

presymptomatic early age. 
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APPENDIX 

 

 

A.  Taq DNA polymerase preparation 

 A.1  Reagents Preparation 

  A.1.1  LB broth  

  5 g of Bacto-tryptone, 2.5 g of yeast extract and 2.5 g of NaCl 

were weighed and the volume was adjusted to 500 ml with sterile deionized water. 

The solution was sterilized by autoclaving. 

 A.1.2  LB agar (LB broth +1.5% agar) 

          3 g of the agar was weighed and dissolve in 200 ml of the LB 

broth. 

 A.1.3  Ampicillin stock (10 mg/ml) 

   0.1 g of ampicillin was weighed and dissolved in 1ml of 

autoclaved sterile water. 

 A.1.4  50 mM CaCl2 and 10 mM Tris-HCl, pH 8.0 solution 

               200 µl of 1 M CaCl2 and 40 µl of 1M of Tris-HCl, pH 8.0 were 

aliquoted. The volume was adjusted to 4 ml of autoclaved sterile water. 

 A.1.5  SOB solution 

              2 g of Bacto-tryptone, 0.5 g of yeast extract and 0.005 g of NaCl 

were weighed and the volume was adjusted to 100 ml with sterile deionized water. 

The solution was sterilized by autoclaving. The solution was stored at 4 0C until used. 

  A.1.6  1 M glucose  

        1.8 g of glucose was weighed and dissolved in 10 ml of 

autoclaved sterile water. The solution was filtered by 0.2 µm Nalgene filter. 

 A.1.7  1M MgSo4 
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                24.65 g of MgSo4 was weighed and dissolved in sterile 

deionized water and the volume was adjusted to 100 ml. The solution was filtered by 

0.2 µM Nalgene filter. 

 A.1.8  SOC solution 

              200 µl of 1 M MgSO4 and 200 µl of 1M glucose were aliquoted 

into 10 ml of SOB. The solution was mixed and stored at 4 0C until used. 

 A.1.9  Buffer A solution  

              1 ml of 1M Tris-HCl (pH8), 2 ml of 1 M glucose and 80 µl of 

0.5 M EDTA were aliquoted and diluted in sterile deionized water. The volume was 

adjusted to 40 ml of autoclaved sterile water. 

 A.1.10  Prelysis buffer  

               0.004 g of lysozyme was weighed and dissolved in 10 ml of 

buffer A. 

 A.1.11  1 M KCl 

  7.455 g of KCl was weighed and dissolved in sterile deionized 

water and the volume was adjusted to 100 ml. The solution was sterilized by 

autoclaving. 

 A.1.12  100 mM PMSF 

               0.0174 g of PMSF was weighed and dissolved in 1ml of 

absolute ethanol. The solution was stored at –20 °C until use.  

  A.1.13  Lysis buffer  

              100 µl of 1 M Tris-HCl (pH 8.0), 500 µl of 1 M KCl, 20 µl of 

0.5 M EDTA, 100 µl of 10 mM PMSF, 50 µl of autoclaved Tween 20 and 50 µl of 

IGEPAL were aliquot and diluted in sterile deionized water. The volume was 

adjusted to 40ml of autoclaved sterile water.      

 A.1.14  1 M DTT 

               0.1543 g of DTT was weighed and dissolved in 1ml of 

autoclaved sterile water. 
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 A.2  Preparation of fresh competent E.coli cells 

  The following procedure was modified from that of Sambrook et al. 

Frozen stock of E. coli cells (DH5&) were inoculated in LB broth and then incubated 

overnight at 37 °C with shaking. The 500 ul fresh overnight inoculum was subcultured 

into a further 50 ml LB broth and incubated with shaking for approximate 2.50-3 hrs at 

37 °C until the cells reached logarithmic phase, optimal density at 550 nm was 0.5. 

Three milliliters of inoculum was aliquot into Focal tubes, chill on ice for 10 min and 

centrifuge at 2,000 rpm for 5 min at 4 °C in a pre cooled rotor. The E.coli cell pellet 

was resuspended in 1.5 ml ice-cold steriled solution of 50 mM CaCl2 and 10 mM Tris-

HCl (pH 8.0) and stand on ice bath for 15 min. This suspension was centrifuged for 5 

min at 2,000 rpm in a pre cooled rotor. The E.coli cell pellets were then resuspended 

in 200 µl of ice-cold steriled solution of 50 mM CaCl2 and 10 mM Tris-HCl (pH 8.0), 

then the cells were transferred to 1.5 ml eppendorf tube. 

  A.3  Transformation of competent E.coli cells  

  The recombinant molecules of pTaq plasmid (2 µl) were mixed with 

200 µl of competent E.coli cells. The mixture was incubated on ice bath for 30 min, 

then heated at 42 °C for exactly 2 min and let stand on ice again for 1 min. One 

mililiter of SOC/LB medium (with 100 mg /ml Ampicilin) was added to the mixture 

and incubate for 1 hr at 37 °C. After incubation, the cells suspension was centrifugue 

at 5,000 rpm for 1 min. The supernatant was discard about 900 µl and then vortex and 

gently resuspended with pipette tips to disperse cells. The cells then were spreaded on 

LB agar plate with ampicillin (100 mg/l) and incubated at 37 °C overnight.  

           3.3  Gene Expression 

A single colony (or 3-5 colonies) is used to innoculate 2 ml LB broth, with 

ampicillin (100 mg/l) and then incubated overnight at 37 °C with shaking. The 100 µl 

fresh overnight inoculum was subculture into a further 10 ml LB broth with ampicillin 

(100 mg/l) in a 125 or 250 ml flask. The incubation of the culture is made at 37 °C 

until the OD 550 is 0.2 (usually 2-3 hrs) with shaking. The culture is cooled in on ice 

bath to prevent overgrowth until use. 1.25 mg of IPTG was dissolve to 1 ml LB broth, 

and then take to 10ml of inoculum and incubate it at 37 °C for 12 hrs (should be 
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exactly).  The inoculum was transferd to Folcol tube and chill on ice bath. This 

inoculum was centrifuqed for 5 min at 2,000 rpm, 4 °C in a pre–cooled rotor. The 

E.coli cells pellet were resuspended and vortex gently in 5 ml buffer A. The cell 

suspesion were centrifuqed for 5 min at 2,000 rpm, 4 °C. The supernatant were discard 

and the pellet cells were resuspended in 0.5 ml of prelysis buffer (0.5ml buffer A + 2 

mg lysozyme). The cell suspension was mixed gently and place at room temperature 

for 15 min. 5ml of lysis buffer were added and mixed gently. The mixture were 

transferred into glass tube and incubated at 75 °C for 1 hr. The mixture was transferred 

into 1.5 ml eppendrof tubes and place on ice bath for 5 min then centrifuge at 1,200 

rpm at 4 °C for 10 min. The supernatant were transferred into new 1.5 ml eppendorf 

tubes. 100 µl of 10 mM DTT was added in a 1 ml of the lysate. The Taq DNA 

polymerase was assay activity by PCR. 
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B. LDLR database  
[Accession Number: AY 324609] 
[Available from: http://droog.gs.washington.edu/parc/data/ldlr/ldlr.ColorFasta.html ] 
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