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To study the impact of apolipoprotein B and E polymorphisms and mutations on plasma lipid levels, the 171
subjects were obtained from Dyslipoproteinemia Clinic at Siriraj Hospital. The study of exon 1 in apolipoprotein
(apo) B signal peptide insertion (I)/ deletion (D) polymorphism by PCR in 171 Thai population has shown that the
allele frequencies of I and D were 0.78 and 0.22, respectively. The Thai population was subdivided into 103
hyperlipidemia, and 68 normolipidemia groups. The D allele frequencies in hyperlipidemia (I=0.74, D=0.26) was
significantly higher than that in normalipidemia (I=0.83, D =0.17) (p <0.05). Comparison of these allele
frequencies with those reported for several other population samples showed that the Caucasian populations were
significantly higher in D allele frequencies but similar in Asian populations. To detect point mutation in exon 26 of
apo B-100 by PCR-RFLP in Thai population, the Arg3500Gln and Arg3531Cys were not identified in 171 Thai
samples. However, the heterozygotes of Arg3611Gln were identified in 2 hyperlipidemic subjects which showed no
significant reduction on lipid profiles after treatment with lipid-lowering drugs. The apo E polymorphisms were
also studied by PCR-RFLP and found that the apo E2, E3, and E4 allele frequencies were 0.08, 0.80, and 0.12,
respectively. Comparison of these allele frequencies between the hyperlipidemia (E2=0.08, E3=0.76, E4=0.16) and
normolipidemia (E2=0.08, E3=0.85, E4= 0.07) showed that the E4 allele frequencies were significantly higher by
an increase of 86% than that of normolipidemia (p<0.05). We also compared these allele frequencies with those
reported for several other population samples. The results showed that there were marked significant differences in
Thai and other racial populations, e.g. Finnish, Sudanese, Swedish, Trinidadian and Greenlander (p<0.05). These
differences in apo E allele frequencies appeared to be mainly due to differences of an increased E4 allele
frequencies in Finnish, Sudanese, and Swedish. The difference of Trinidadian from Thai populations was due to an
increase in apo E2 allele frequency (60%) whereas there was a decrease (70%) in the Greenlander population. From
the study of the relationship between apo B Ins/Del polymorphism and lipid profiles in plasma, the results showed
that significant differences of these polymorphisms and lipid profiles were observed in only ID genotypes of
hyperlipidaemia. These significant differences may be due to the influence of exacerbating factors which is
particularly strong in old age. However, comparison between before and after treatment with lipid-lowering drugs
for 3-5 years showed that IT and ID genotypes significantly decreased TC and LDL-C after treatment. (p<0.001).
DD genotypes showed no decreased in plasma lipids. The association of apo E polymorphism and plasma lipid
profiles showed that the E4 allele was associated with the higher levels of TC and LDL-C (p<0.05) whereas E2
allele was associated with a higher level of TG (p<0.001) as compared with the normal E3. We also compared the
effects of lipid-lowering drugs before and after treatment on plasma lipid levels in individuals with various apo E
polymorphisms. The results showed that only homozygous E3/E3 significantly reduced TC, LDL-C, and TG after
treatment for 3-5 years, (TC, LDL-C; p<0.001; TG; p<0.01). The genotypes containing E4 allele showed
significantly decreased TC and LDL-C levels (p<0.05). The genotype coritaining E2 allele showed no significant
differences of lipid levels before and after treatment.
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CHAPTER 1

INTRODUCTION

Introduction

Coronary heart disease is the result of progressive thickening of the arterial wall,
due in part to lipid infiltration and smooth muscle cell proliferation, presumably in
response to injury to the endothelium”. Atherosclerosis and coronary heart disease
make major increasing contributions to the morbidity and mortality of developing
populations. The higher rate of coronary heart disease has also currently been reported
in That population. Epidemiplogical studies and clinical trials have determined that
plasma lipid levels are significant risk factors for the development of disease.
Information about the plasma apolipoprotien levels may be the better predictors of this
disease risk. The score for severity of atherosclerosis is strongly associated to the low-
density lipoprotein (LDL) cholesterol and apolipoprotein (apo) B concentrations.
Increasing evidence suggests that triglyceride rich lipoprotein such as very-low density
lipoprotein (VLDL) cholesterol and intermediate density lipoprotein (IDL) cholesterol
or VLDL remnant play a significant role in the pathogenesis of atherosclerosis®. The
level of high-density lipoprot'ein. (HDL) cholesterol was found to inversely correlated
with the severity of disease. LDL, IDL and VLDL concentrations are elevated in a
number of diseases, e.g. type III hyperlipoproteinaemia, renal disease, hyperthyroidism,

and diabetes that the developing stages were associated with the
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rapid and premature development of atherosclerosis. These lipoproteins have high
capacity for interacting with cells like skin fibroblasts and arterial smooth muscle cells
leading to the accumulation of cholesterol esters and triglyceride in the wall of arteries
and forms bulky plaques called atherosclerotic plaques. This plaques obstruct the flow
of blood and might lead to a heart attack (coronary heart disease or CHD) or a stroke
(cerebrovascular accident or CVA). In general, the lipoproteins that subdivided into
VLDL and IDL was primarily derivéd through triglyceride metabolism whereas LDL
was primarily derived through cholesterol metabolism. The hepatic recognition and
subsequent metabolism of VLDL, IDL, and LDL are largely dependent on the presence
of apo E and apo B, respectively. The quantitative importance of a partial deficiency of
apo E and apo B may reflect to the catabolism of VLDL, IDL, and LDL leading to the
development of coronary artery disease. These defects may come from the fact that
these two lipoproteins can not mediate the clearance of VLDL, IDL, and LDL from
plasma by binding to its B/E (LDL) receptors at the liver and extrahepatic tissues. Of
all the established risk factors that mentioned above for coronary artery disease are the
strongest predictor of atherosclerotic plaque initiation and progression. However, aging
as an index of changes in lipid metabolism may influence the onset of coronary artery
disease. At present, traditional epidemiological studies of hyperlipidaemia, the risk
factors of coronary artery disease, have focused on identifying intermediate biochemical
factors that may contribute to the prediction of presence of disease®. Thus, a central
question of genetic studies of coronary artery disease is whether knowledge about
variation in the genome (polymorphism) or gene mutation will be useful for the

prediction of disease onset, rate of progression and severity®. Measured genotype
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information has the potential to contribute the ability to predict hyperlipidaemia onset,
rate of progression and severity because genotypes are typically not altered by the
disease process or time, and ‘may represent information about a biochemical trial that
can not be measured. In addition, measured genotype information may be easier and
less expensive to obtain than biochemical and physiological information®. The genetic
variations in apolipoproteins are therefore associated with the abnormal lipid

metabolism causing in the susceptibility to coronary artery disease.

Objectives of this study

1. To investigate the genotypes and allele frequencies of polymorphisms and
mutations of apo B and a;;o E genes in Thai general population.

2. To investigate the genotypes and allele frequencies of apo B and apo E
polymorphisms between genders in this general populations.

3. To study the influence of genetic variations in apo B and apo E genes on
quantitative variation of plasma lipid levels in Thai general po;;ulation.

4. To compare apo B, apo E genotypes and allele frequencies between Thai and other
populations.

5. To study the effect of lipid-lowering drugs in hyperlipidaemic subjects with genetic
variation of apo B and apo E genes on plasma lipid levels between before and after

freatment.
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CHAPTER II

LITERATURE REVIEW

Lipoproteins

Lipoproteins are the macromolecular complexes of lipid and protein, an major
function of which is to trangpon lipids through the vascular and extravascular body
fluids®’. Classical studies by using the analytical ultracentrifuge in the 1950s and 1960s
revealed for the first time of the heterogeneous nature of the complexes in plasma that
were responsible for lipid transport™.

Lipoprotein classes'"*'?.

The five major classes of lipoproteins are named either by their density (table
2.1) or by electrophoretic mobility (Figure 2.1).

(1)  Chylomicrons which are in origin on electrophoresis are triglyceride-rich

lipoproteins synthesized from intestinal absorption of triacylglycerol; they
have a density (d) of approximately 0.98 g/ ml.

(2)  Very low-density lipoproteins (VLDL) (d < 1.006 g/ml) are triglyceride-
rich lipoproteins derived by the liver for the export of triacylglycerol; on
electrophoresis they show prebeta mobility.

(3) Intermediate-density lipoproteins (IDL) (d = 1.006-1.019 g/ml) are

produced by the catabolism of VLDL.
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4) Low-density lipoproteins (LDL) (d = 1.019-1.063 g/ml), which are
derived by catabolism of IDL, are major cholesterol-carrying lipoproteins
of serum and representing a final stage in the catabolism of VLDL; they
have beta mobility on electrophoresis.

(5) High-density lipoproteins (HDL) (d =1.063-1.21 g/ml) which have alpha
mobility, comprise several components derived from various sources

such as liver, intestine, other lipoproteins, and other tissues.

Table 2.1 Classification of lipoproteins®®

CLASSIFICATION OF LIPOPROTEINS

LIPOPROTEIN DENSITY(g/ml) SOURCES
Chylomicrons ~0.98 intestine
Very low-density lipoproteins ~1.006 liver

(VLDL) (prebetalipoprotiens)

Intermediate-density 1.006-1.019 catabolism of VLDL
lipoproteins (IDL)
Low-density lipoproteins | =~ 1.019-1.063 ~ catabolism of IDL

(LDL) (betalipoproteins)

High-density lipoproteins 1.063-1.21 liver, intestine, other

(HDL) (alphalipoproteins) tissues
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Lipoprotein structure. (" *'”

The basic structures of all lipoproteins are similar; they all contain a core of
neutral lipids consisting of cholesterol esters and triglycerides, a surface coat of more
polar lipids such as unesterified cholesterol, phospholipids and apoproteins  (Figure

2.2)
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Lipoprotein function (" *'”

Lipoproteins carry out three main functions. One is transport the dietary fat
from the intestinal mucosa, where it is absorbed, to the other tissues. Chylomicrons and
chylomicron remnants perform this function. The second is to transfer triglyceride from
the liver to other tissues, where the lipid can be either stored or oxidized for energy.
VLDLs carry out this role. @ftgr the VLDLs deliver their triglyceride to the tissues,
their remaining constituents are returned to the liver in the form of IDL and LDL. The
third system mediates reverse cholesterol transport. This system, which involves HDL
and LDL, returns excess cholesterol from extrahepatic tissues to the liver. However,
the lipoprotein composition is considerably greater complexity. The major lipoprotein
classes are heterogeneous as shown in Table 2.2
Apolipoprotein classes (7% > 1),

The surface coat of” lipoprotein particle, whose lipids provide a covering
structure that resembles the typical plasma membrane of cell, serves as an interface
between the aqueous plasma and the inner nonpolar lipid core. This polar surface thus
make possible the transport of the highly insoluble cholesterol esters and triglycerides in
plasma. One or more apolipoproteins are present in each lipoprotein. According to the
ABC nomenclature, the major apolipoprotein of HDL (alpha lipoprotein) is designated
A. The major apolipoprotein of LDL (beta lipoprotein) is apolipoprotein B and is also
found in VLDL and chylomicrons. Apolipoprotein C-I, C-II and C-III, are smaller
polypeptides and are freely "tra.nsferable between several different lipoproteins. The

properties and characteristics of each lipoprotein were shown in table 2.3.
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Table 2.2 Composition of Human Lipoproteins

M.Sc. Biochemistry/ 9

(1,9

Percentage by Mass
Cholesterol Apoproteins (% of Protein mass)
Paticle Mass(mDa) TG | Total® | Free CE | PL Prot Al All B C D E
Chylomicron | 150-1000+ 88 |3 1 3 5 1-2 520 | 3-5 2-30 50-60 | 0 6-9
VLDL 5-130 59 |12 5 12 |16 | 7110 | 1-2 <1 50-60 3040 | <01 | 58
IDL 3.5-4.0 20 | 29 9 3 20 | 11417 | <1 <1 80-90 10415 | <01 | 1-3
LDL 2.5-3.0 4 35 1 41 | 21 | 23 0.5 0.25 | 90-95 3-5 <01 | 14
HDL, 0.36-4.0 5 13 5 13 | 35 | 3342 | 85 8 0 7 129 |0
HDL; 0.20 3 12 3 15 | 23 | 56 72 22 0 5 152 | 04
Lp(a) 5.5 3 30 9 36 |18 | 34 0 0 3090° |0 0 0
B-VLDL(hep) | 38 39 | 22 7 26 |19 |9 1 <1 55 27 17
-VLDL(int) | 82 43 | 26 7 32 |14 | 4 0 0 34 31 34
Lpx 5-10 3 28 26 5 61 | 6 1-2 <1 0 50 2-4 0

* Calculated from free and esterified cholesterol fractions. Cholesterol contribution from cholesterol

ester =CE x387/650 where 387 is the molecular weight of cholesterol and 650 is the average molecular

K

weight of cholesterol esters. °Also contains apoprotein (a) at 10-20%. © Present as B48. Other

lipoproteins contain B100. TG. triglyceride; CE, cholesterol ester; PL, phospholipid; Prot, protein;

VLDL,very low density lipoprotein; IDL, intermediate density lipoprotein; LDL, low density

lipoprotein; HDL , high density lipoprotein; Lp(a), lipoprotein (a); LpX, lipoprbtein X ; hep, hepatic

origin; int, intestinal origin.
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Table 2.3 Apolipoproteins of human plasma lipoproteins.

Literature Review/ 10

(9-11)

Molecular
Apolipoprotein | Mass (Da) o Comments

Apo A-1 28,000 'Main structural protein of HDL and ligand for HDL receptor.
Required activator of lecithin cholesterol acyltransferase
(LCAT). Identical to prostacyclin stability factor. Inhibits lysosomal
cholesterol ester hydrolase

Apo A-II 17,000 Structural protein in HDL. May inhibit cholesterol mobilization
from cells. Enhances hepatic triglyceride lipase activity.

Apo A-IV 46,000 Associated with the formation of triacylglycerol-rich lipoprotein.
Found in HDL. May mediate binding of HDL to hepatocytes and
peripheral cells. Can enhance lecithin cholesterol acyltransferase
activity.

Apo B-100 550,000 | Major structural protein for VLDL and LDL. Ligand for LDL
receptor. Synthesized in liver.

Apo B-48 260,000 | Major structural protein for chylomicron. Made only in intestine in
man. Lacks binding site for LDL receptor.

Apo C-I 7,600 Minor activator of lecithin cholesterol acyltransferase. Inhibits
clearance of B-VLDL by LDL receptor-related protein (a remnant
receptor). Blocks phospholipase A-II.

Apo C-II 8,916 Required activator of lipoprotein lipase. Inhibits removal of
triglyceride-rich lipoproteins from plasma.

Apo C-I11 8,750 Stabilizes surface. Provide negative charge. Inhibits lipoprotein
lipase. Inhibits removal of triglyceride-rich lipoproteins from
plasma.

Apo-D 19,300 Appears to be involved in cholesterol ester exchange with pre-B
HDL.
Apo-E 34,000 Binds to remnant and apo B-E (LDL) receptors. Normal function

required for conversion of VLDL to LDL. Three major isoforms are
seen ( E2, E3 and E4). Defect or deficiency results in accumulation
of B-VLDL in type III hyperlipidacmia.
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The apolipoproteins of the surface coat serve several important functions

1. They are required for the synthesis and secretion of specific lipoproteins.

2.They act to stabilize the surface coat and hence the whole lipoprotein

particle.
3. They are cofactors in the activation of enzymes that modify the lipoproteins.
4. They can interact with specific cell surface receptors that remove lipopro-
teins from the ciréule;tion

Lipoprotein metabolism‘"'*"

1. Chylomicron catabolism

Over 98% of di‘etary fat is typically absorbed. This occurs in the duodenum and
jejunum. After a fatty meal, pancreatic lipase hydrolyzes ingested triglycerides to free
fatty acids, mono-and diglycerides, and glycerol. Together with bile acids, these
hydrolysis products form migelles in the lumen of the gut. The micellar contents are
then absorbed into mucosal epithelial cells. Triglycerides are then resynthesized in the
mucosal cells while most absorbed cholesterol is esterified. The cholesterol esters and
triglycerides in the ER are then packaged into the core of chylomicra. After completion
of assembly with proteins in the Golgi apparatus, nascent chylomicrons are secreted
into the interstitium of intestinal villi and enter lacteals and then entry into the blood.
There, on the surface of the chylomicron are found phospholipids (primarily lecithin),
free cholesterol and apolipoproteins B- 48, A-I, A-II and possibly, small amounts of A-
IV all acting as detergents to solubilize the hydrophobic core molecules for transport in

the aqueous blood stream. Apo B-48 is a structural protein that remains with the
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particle during its sojourn through the plasma. Its unique structure allows portions to
dip down into the hydrophob;c c;ore while hydrophilic parts of the protein interact with
the aqueous environment. Apo A-I and A-II can be removed, and other apoproteins
such as apo C and apo E are acquired or exchanged during subsequent steps.

Newly synthesized chylomicra collect in intestinal lymphatics and are
transported into the blood stream via the thoracic duct. Once in the blood stream,
chylomicra travel to capillaries of tissue that either burn or store fat mainly, skeletal
muscle, heart, and adipose. Within the lumen of such capillary beds, chylomicra
encounter lipoprotein lipase, .a hydrolytic enzyme bound to the endothelial wall by a
heparin-like molecule. Lipoprotein lipase cleaves free fatty acids from the core
triglycerides. Most of the free fatty acids are taken up into the tissue and reesterified
into triglyceride while some free fatty acids are swept away into the blood stream after
binding to albumin.

During lipolysis of chylomicra, components making up the surface shell of the
chylomicron particle become redundant and pinch off to become new particles in the
plasma or adsorb onto other lipoproteins. HDL are formed in this way utilizing the
redundant phospholipids, free cilolesterol, and apo A-I and A-II from the surface of
chylomicra. A good deal of cholesterol is also stored in adipose tissue. Apo C-II is
required for activation of lipoprotein lipase and is supplied by HDL prior to the
chylomicron’s encounter with lipoprotein lipase. After. removal of most of the core
lipids, apo C-II and C-III are recycled back to HDL. During their trip through the
blood stream, chylomicra also acquire apo E which has transfered from HDL. After

repeated encounters with lipoprotein lipase, a remnant particle is formed. Once
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sufficiently reduced in size, chylomicron remnants can penetrate to the sinusoids of the
liver and interact with receptors on liver parenchymal cells. Both tfle apo B-E receptor
(also called the LDL receptor) and another remnant receptor (possibly LDL receptor-
related protein) appear to remove large amounts of chylomicron remnants rapidly from
the circulation. In addition to its role in hydrolysis of core triglycerides in triglyceride-
rich lipoproteins, lipoprotein lipase may adsorb onto the lipoprotein and become an
important cofactor for binding to the LDL receptor-related protein, thus promoting
rapid removal of remnants. Apo C-III inhibit removal of remnants, thereby possibly
protecting nonhydrolyzed particles from premature removal into the liver. Apo C-I was
shown to specifically inhibit binding of chylomicron and VLDL remnants to the LDL
receptor-related protein. Once in the liver, the chylomicron remnant is degraded to its
constituent parts in lysosomés, }eleasing free fatty acids, free cholesterol, and amino
acids after degradation of the lipoproteins.
2. VLDL catabolism

Between meals, another means must be available to provide fat fuel. This
involves, essentially, transport of fat from adipose storage to active tissues such as
muscle, liver, and heart. Rather than mobilize free fatty acids directly from adipose to
the general circulation for utilization by heart and muscle, most of the fatty acids
released from adipose betwefan .meals travel to the liver for packaging into very low
density lipoproteins (VLDL). Virtually all of the necessary free fatty acids for VLDL
triglyceride synthesis are provided by free fatty acid flux to the liver, mainly from
adipose tissue. In fact, only 25 to 30 % of the free fatty acids taken up by the liver daily

need to be esterified into VLDL triglyceride to supply the 30 to 100 g of VLDL
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triglyceride flux observed daily in normal man. Most free fatty acids in the liver are
burned as fuel or are partially burned, forming ketone bodies. Together with cholesterol
ester, triglycerides make up the core of the VLDL, while free cholesterol,
phospholipids, and apoproteins form the solubilizing surface constituents. For newly
secreted VLDL, the structural apolipoprotein is B-100, while other apoproteins
secreted with the nascent VLDL include the apo C and apo E. The size of secreted
VLDL may be influenced by"thé availability of triglyceride, with larger VLDL being
secreted when relatively more triglyceride is available. Increased cholesterol in the
hepatocyte may also stimulate VLDL secretion. However, cholesterol may stimulate
net secretion of VLDL because of reduced early removal of nascent VLDL by the LDL
receptor, rather than supply a limiting substrate for secretion.

VLDL undergoes a virtually identical degradation process as the chylomicron,
whereby core triglycerides are stripped out of the particle as free fatty acids and
glycerol. Interactions of VLQL with HDL particles are also shown in Figure 2.3. Once
most of the triglyceride has been removed from VLDL they become intermediate
density lipoproteins (IDL). Further conversion to LDL can occur when VLDL are
incubated in vitro with lipoprotein lipase. However, in the intact animal or in humans,
conversion of VLDL to LDL appears to require the liver and normal apo E. Much, of
the cholesterol ester found in VLDL and LDL is acquired from HDL via the action of
cholesterol ester transfer protein. Cholesterol ester transfer protein mediates the
transfer of cholesterol esters from HDL in exchange for triglycerides and
phospholipids. A portion of VLDL or IDL cholesterol may be removed by the liver

possibly mediated by hepatic lipase and / or apo E at the step of conversion to LDL.
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Some VLDL or IDL is removed and degraded directly in the liver by way of the LDL

pathway after binding to the LDL receptor. Larger VLDL appear to be preferentially

removed by the liver prior to conversion to LDL.
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3. LDL catabolism

Once LDL has been formed from VLDL, very little triglyceride remains in the
particle, and the only apoprotein is B-100. Thus, VLDL gives up all its C
apolipoproteins and apo E ei‘thgr to HDL or other lipoproteins before conversion to
LDL. LDL carries about two-thirds of the total cholesterol in normal plasma. LDL may
be used by any tissue requiring cholesterol such as for cell membranes during
proliferation, for synthesis of steroid hormones, or for production of cholesterol-
containing lipoproteins by the liver or intestine. A portion may also be removed by
macrophages after modifications, such as oxidation or aggregation with proteoglycans
or antibodies. In this fashion, LDL is thought to contribute significantly to the
accumulation of foam cells in atherogenesis.

The overall removal' rate of LDL is directly proportional to the LDL
concentration with no obvious saturation in human studies. Nevertheless, a large
fraction, about 50 to 70% of LDL, has been shown to be removed in man by way of a
saturable mechanism called the LDL receptor pathway. The most important tissue for
bulk removal of LDL is li;/er, possibly followed by intestine. Both these organs use
cholesterol in production of lipoproteins. Most of the rest of LDL is removed by way
of so-called scavenger pathways, which do not exhibit feedback control like the LDL

pathway.

The LDL pathway for LDL uptake and degradation has been elegantly
described by Michael Brown and Joseph Goldstein . LDL uptake and degradation by
way of the LDL receptor is closely coupled to cholesterol needs within each cell. When

cholesterol is plentiful in a cell, an oxidized cholesterol derivative migrates to the
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nucleus and interacts with a specific DNA-binding protein acting at sites called sterol
regulatory element, thereby suppressing the synthesis of new LDL receptors. When the
cell 1s depleted of cholesterol, new LDL receptors are synthesized and migrate to the
cell membrane. After LDL receptors are transported to the surface of cells, and from
there they migrate to special regions on the cell surface called coated pits, where they
aggregate and wait for LDL particles to arrive. When the LDL receptors bind to a
specific amino acid sequence bn apo B-100 in circulating LDL, these calthrin-rich areas
of cell membrane invaginate and pinch off to form phagocytic vacuoles within the
cytoplasm. The vacuoles then fuse with lysosomes and the receptor-ligand complexes
are internalized into lysosomes. A rapid drop in pH within the vacuole releases the LDL
from its receptor. The receptors are recycled back to the cell surface to be used again.
The cholesterol esters of LDL are hydrolyzed to unesterified cholesterol by cholesterol
ester hydrolase, and apo B-100 is degraded to amino acids. If excess free cholesterol
accumulates, it is esterified by the enzyme acyl-CoA:‘ cholesterol acyl-transferase
(ACAT). ACAT is also re,c;ulz;ted by sterol regulatory elements, as is HMG-CoA
reductase, the rate-limiting step in cholesterol synthesis. Linoleic acid is most
commonly found esterified to cholesterol in LDL, whereas intracellular ACAT esterifies
oleic acid to cholesterol. When cholesterol is needed again, the cholesterol ester is

hydrolysed by cholesterol ester hydrolase.

4. HDL metabolism and reverse cholesterol transport.
HDL are found in various sizes with two or three principal density subtypes.

Both the liver and small intestine secrete small or nascent HDL particles. These include
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both a disc-shaped form of HDL and a round form sometimes called small HDL;. The
liver secretes particles containing apolipoprotiens Al, AIl, and apo E. The intestinal
product contains only apo Al and some apo AIV. Nascent HDL (disc and spheres) are
rapidly converted in plasma to HDL;. This occurs by adsorption of free cholesterol and
phospholipids onto the surface of the HDL with subsequent synthesis of cholesterol
ester by the enzyme lecithin-cholesterol acyltransferase, which requires apo Al as an
activator. Lecithin-cholesterol acyltransferase is complex with HDL and transfers a
fatty acid from lecithin to free cholesterol to form cholesterol ester, which is then
sequestered within the core of the growing HDL particle. HDL; is more active than
HDL, in promoting choleste;ol .removal from cells. Free cholesterol appears to be the
main form of cholesterol removed by HDL; . This occurs by passive diffusion of free
cholesterol from the cell membrane to the HDL particle. A key determinant of this
diffusion process is the ratio of free cholesterol to phospholipid in both the donor cell
and the acceptor particle with free cholesterol diffusing down the gradient of this ratio.
Lecithin-cholesterol acyltransferase plays a key role in maintaining a low free
cholesterol concentration in HDL, favoring free cholesterol efflux from cells to HDL.
After repeated interactions with cells and lecithin-cholesterol acyltransferase, HDL;
expands to become HDL,. Some investigators divide the HDL, subfraction into still
smaller divisions of HDL,, and HDL,,. The HDL,, appears to arise from HDL; after
accumulation of additional cholesterol. When HDL,, interacts with plasma cholesterol
ester transfer protein, cholesterol ester is transferred from HDL to triglyceride-rich
particles such as chylomicra, VLDL, or remnants. Triglyceride is transferred to HDL in

exchange for the cholesterol ester. The enrichment of HDL,, with triglyceride and



Fac. of Grad. Studies, Mahido! Univ. M.Sc. Biochemistry/ 19

depletion of cholesterol ester may produce HDLy,. These triglyceride-rich particles are
then thought to interact with hepatic lipase, resulting in removal of excess triglyceride
and regeneration of HDL;. Furthermore, degradation of HDL phospholipids by hepatic
lipase may drive free cholesterol into hepatic cells. Another possible fate for HDL, is
the acquisition of apo E, " pl;ospholipid, and cholesterol from cholesterol-laden
macrophages, thus yielding apo E-HDL or HDL, (HDL,). HDL. is found in the blood
of diet-induced hypercholesterolaemic animals. It is rich in cholesterol and its sole
apolipoprotein is apo E. This HDL. has an even greater affinity for the LDL receptor
than LDL. Therefore, these particles can be directly remove and degraded by the liver
of other cells with an active LDL receptor pathway without regeneration of HDL.. In
rabbits, 90% of plasma cholesterol ester was found to originate in the HDL fraction
(from esterification of free cholesterol by lecithin-cholesterol acyltransferase). About
70% of HDL cholesterol ester was then cleared from the plasma compartment after
transfer to LDL and VLDL (via cholesterol ester transfer protein or CETP). The
another 20% of HDL cholesterol ester was cleared by “selective uptake”. This process
involves transient uptake of HDL particles in cholesterol needy cells, removal of some
cholesterol ester, and subsequent release of the particle without degradation of the
apoproteins. The remaining 10% of cholesterol ester in HDL was cleared in HDL
particle containing apo E by direct degradation. In man , with about 25% of the
cholesterol ester transfer acti'vitil of rabbits, aproportionately smaller portion of HDL
cholesterol transport would be expected to occur by way of transfer to other particles,

and a larger portion may occur by way of selective uptake.
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Hyperlipidaemias"®

Hyperlipidaemia is a conditions reflected an increase in blood lipoprotein levels
which is either derived from increased synthesis due to a diet high in saturated fat and
/or a genetically determined reduction in removal from blood (Table 2.4) as followings:

i. Anincrease in chylomicron or VLDL leads to increase in plasma

triglyceride.

2. An increase in IDL.or LDL leads to increase in plasma cholesterol.

Diseases of lipoprotein metabolism &'

The most common lipoprotein abnormalities due to the gene polymorphism or
defect in lipoprotein metabolism will lead to the accumulation of excessive lipids in the
blood plasma. These diseases collectively are known as the hyperlipidaemias, or more
properly, the hyperlipoproteinaemias which cause the development of coronary artery
disease.

Table 2.5 lists the" pflenotypic abnormalities of some apoprotein gene
polymorphisms occur in patients with hyperlipoproteinaemias. Several of these
diseases are risk factors for atherosclerosis and coronary heart disease. Table 2.6 shows
the diseases of lipoprotein metabolism caused by single gene defects. However, these
single gene defects will cause specific lipoprotein abnormalities and also are the risk

factors of atheroscerlosis and coronary heart disease.
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Table 2. 4 Hyperlipidaemia.

2,12)
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. Lypical lipid levels (mmol/L)

WHO Inherit- Choles- | Triglyce- | Lipopoteins Clinical signs
pheno- ance terol ride
type
Lipoprotein lipase I AR <6.5 10-30 | ChylmicraT Eruptive xanthoma,
deficiency xanthelasma, lipaemia
retinalis,
Hepatosplenomegaly
Polygenic hyper - i1 Polygenic 6.5-9 <23 LDLT Xanthelasma, corneal
cholesterolaemia arcus
Familial hyper Ila AD - 7.5-16 <23 LDL?T Tendon xanthomas,
cholesterolaemia corneal arcus,
xanthelasma
Familial defective Ta AD 7.5-16 <23 LDLT Tendon xanthomas,
apoprotein B-100 corneal arcus,
xanthelasma
Familial combined | Ia,IIb, IV AD 6.5-10 2.3-12 LDLT, Arcus, xanthelasma
hyperlipidaemia orV vLDL?T
HDL{
Remnant particle m Polygenic | 9-14 9-14 DLt Palmar striae,
disease i tuberoeruptive xanthomas
Familial v,v AD 6.5-12 10-30 VLDLT Eruptive xanthelasma,
hypertrigly- chylomicraT lipaemia retinalis,
ceridaemia Hepatosplenomegaly

WHO, World Health Organization; AR, autosomal recessive; AD, autosomal dominant, LDL, low-density

lipoproteins; VLDL, very-low-density lipoproteins, HDL, high-density lipoproteins.
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Table 2.5 Apoprotien gene polymorphism
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2,12)

Gene lucus

Associated abnormalities

Apo-A-L, C-II, A-IV

Apo-A-II

Apo-B

Apo-E, C-I,C-II

Hypertriglyceridaemia, low HDL
Coronary heart disease

Familial combined hyperlipidaemia
Hypertriglyceridacmia
Hypercholesterolaemia

Coronary heart disease
Hypertriglyceridaemia
Dysbetalipoproteinaemia

Coronary heart disease

Table 2.6 Disease of lipoproieiri metabolism caused by single gene defects'?

Discase Lipoprotein Lipid
abnormality abnormality Metabolic basis

Familial hyper- LDL elevated Cholesterol Decrease clearance of LDL from

cholesterolemia elevated plasma, deficiency or abnormality
in LDL receptor

Familial defective LDL elevated Cholesterol Decrease clearance of LDL from

apolipoprotein B-100 elevated plasma. Familial result from
genetic defect in-apoB

Famial hypertri- LDL elevated Triglyceride Uncertain; VLDL overproduction

glyceridemia elevated or decreased catabolism

Familial dysbetali- B-VLDL and Cholesterol and | Decreased clearance of remnants;

poproteinemia IDL elevated triglyceride defective binding of apo E to LDL

elevated receptor
Familial lipoprotein Chylomicrons Triglyceride Deficiency of lipoprotein lipase or
lipase deficiency and VLDL elevated apo C-II
elevated
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Apolipoprotein B (apo B) and apolipoprotein E (apo E) as previously described
are two of most a dozen protein constitutions of plasma lipoproteins that serve various
function. They include the maintenance of the structure of lipoprotein particles and thus
play a crucial role in lipid metabolism of several different lipoproteins. Not only their
important roles in lipid metabolism, but apo B and apo E particularly in their
polymorphisms also show the association with cardiovascular conditions™* . The
epidemiological studies in w9rld-wide populations have been shown that the rates of
cardiovascular morbidity and mortality are increasing in each year"'®. Since the increase
of blood lipid levels leading to hyperlipidaemia is multifactorial, it results from the
interaction between a lifestyle and the genetic constitution. From the reason that, the
genetic information is not altered by the disease process, time, or lifestyle, so the
distribution of apoB and apo E allele frequencies and genotypes should be examined as
genetic markers in Thai population. This may be the advantage to prevent the onset of
hyperlipidaemia.

The genetic disorder of 'apo B and apo E gene are two of many the genetic
disorder of hyperlipidaemia. Therefore, diagnosis based on genetic information of apo

B and apo E genes have been a prime target for this study.
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Apolipoprotein B

Apolipoprotein B is the main apolipoprotein of chylomicrons, very low density
lipoprotein (VLDL) and low density lipoproteins (LDL). In 1980 it was found in the
plasma in 2 main forms, apoB-48 and apoB-100. The two isoforms are important
proteins in human lipoprotein metabolism. Apo B-48, so named because it appears to
be about 48 % the size of apo B-100 on sodium dodecyl sulfate (SDS)-polyacrylamide
gels, is synthesized by the intestine in humans’”. Knott et al."® has reported the
primary structure of apo B. T‘he‘precursor contains 4,563 amino acids; the mature apo
B-100 has 4,536 amino acid residues. This represents a very large mRNA of more than
16 kb. Apo B-48 is necessary for the assembly of chylomicrons and therefore has an
obligatory role in the intestinal absorption of dietary fats and fat soluble vitamins. Apo
B-100, which is produced in the liver in humans, is required for the synthesis and
secretion of VLDL, LDL which contain about two thirds of the cholesterol in human
plasma. The most of LDL apoprotein particles are metabolic products of VLDL. Apo
B-100 is virtually the only ;')roltein component of LDL. Elevated concentrations of
cholesterol and LDL cholesterol in plasma are recognized as risk factors for developing

atherosclerotic coronary artery disease!**”,

Since, the two isoforms of apo B in lipoprotein are the central roles in
metabolism and in the atherogenic potential of apo B-containing lipoproteins, apo B

has been a prime target for study in the lipoprotein and arteriosclerosis field.
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Over the past 10 years, significant progress has been made in understanding  apo B,
including the determination of the primary structure of the two isoforms of apo B, the
organization of the apo B gene, and the delineation of the important functional domains
of apo B®Y.

A substantial amount of heterogeneity in the apo B gene has been documented,
and multiple apo B gene mutations that affect the plasma cholesterol level have been
reported. In the past few years, progress has been made in understanding the kinetics of
apo B synthesis and secretion by cells and also the cellular pathways for the catabolism
of apo B-containing lipoproteins. Additionally, in the past 10 years it has become
apparently that biological modifications of apo B-containing lipoproteins may be

important in understanding their atherogenicity.

Structure of apo B

In 1980 it was found that there are two primary forms of apo B in human
plasma and thoracic duct lymph. One, found in LDL and VLDL, had an apparent
molecular mass of 549 kDa, wherease the other, found in chymicrons of thoracic duct
lymph and plasma had an apparent molecular mass of 264 kDa. The amino acid
compositions were distinct, but immunochemical cross-reactivity was prominent. In
order to facilitate comparisoﬁ of apparent molecular weights of apo B species, a centile
system of nomenclature was proposed in which the predominant form of apo B in
human LDL is termed “apo B-100" and each other species or fragment of apo B is
assigned a centile designation reflecting its apparent Mr relative to apo B-100. In this

system the smaller species of human apo B was designated “apo B-48"",



Saiphon Poldee Literature Review/26

In 1986 Cladaras et al ®® has reported the complete nucleotide sequence for the
apo- B complementary DNA (cDNA) , along with the deduced amino acid sequence.
The cDNA is 14,121 nucleotides in length, with 5' and 3' untranslated regions of 128
and 304 base pairs (bp) , respectively. The cDNA codes for a 27 -amino-acid
hydrophobic signal peptide, which is cotranslationally cleaved, followed by a mature
protein of 4,536 amino acids. Visvikis and Chan® have confirmed the existence of a
3-amino-acid insertion/deletion polymorphism in the apo B signal peptide, which is of
no human functional significance. The sequence of the apo B-100 polypeptide chain is
unique, although computer-assisted searches have identified remote but statistically
significant internal amino acid repeats within apo B-100 . Computer sequence
alignment programmes have also identified remote but statistically significant amino
acid homologies with other lipproteins. These sequence homologies were predicted to
form ampbhipathic helices. In fld@ition, Weisgraber and Rall®* have shown that apo B-
100 binds strongly to heparin. Heparin binding sites on apo B may serve to promote the
binding of triglyceride-rich lipoproteins to the capillary endothelium, where there lipid
cores are digested by lipoprotein lipase.

Apo B-100 contains numerous hydrophobic domains throughout its length that
are believed to be important in lipid binding®. In addition, Knott et al."® and others
@9 have identified nine amphipathic helices, each one contains 22 amino acids in
length, that are similar to amphipathic a-helices found in the putative lipid-binding
domains of other apolipoproteins. Computer analysis of the predicted secondary
structure of the protein showed that some of the potential o helical and B sheet

structures are amphipathic. Cladaras et al®® concluded that, these regions may
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contribute to the formation of lipid binding domains of apo B-100. However, all of the
apo B-100 sequences having the capacity to form amphipathic a-helices are located in
the carboxyterminal containing half of the apo B-100 molecule. In addition, apo B
contains multiple proline-rich sequences predicted to form amphipathic B-sheets and B-
turns; these are located throughout the apo B sequence except for the amino terminal
1,000 amino acids. Although amphipathic P-sheets are not found in other
apolipoproteins, these structures are thought to have high lipid-binding potential.
Thus, apo B has many potegtia_l lipid-binding regions throughout its length, a result
thought to be adequate for explanation of the fact that apo B never exchanges between
lipoprotein particles, in contrast to the other apolipoproteins, which have one or two
putative lipid-binding domains and readily exchange between lipoproteins®®. Chen and
coworkers®” have reported experimental evidence that many different apo B peptides
are capable of binding to lipoprotein particles.

In 1989 Phillips et al.*® and others® examined the apo B-100 of LDL
particles by electron microscopy (EM) after the particles had been treated with
glutaraldehyde and their lipid”extracted; the images thus produced strongly suggestion
that apoB-100 may indeed encircle LDL particles, as shownin  Figure 2.4.

New EM techniques have recently been developed the visualize apo B on the
surface of LDL particles. The binding of apo B-specific monoclonal antibodies whose
epitopes have been precisely localized can also be directly visualized. These studies

should improve our understanding of apo B on LDL particles.
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Figure 2.4 Schematic of apolipoprotein (apo) B-100 structure
on low-density lipoprotein particle®® .
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For the apo B-100 binding domain of LDL receptor, it has been observed in
the carboxyterminal portion of the molecule. The receptor-binding region of apo B-
100 has been recently studied in detail by Milne and coworkers®®. They determined the
location of the epitopes of more than 30 apo B-specific monoclonal antibodies and
which of the antibodies were capable of inhibiting the binding of LDL particles to the
LDL receptor. The antibodies with epitopes located between amino acids 2,980 and
3,780 completely block the specific binding of LDL to the LDL receptor when bound
to LDL. Antibodies that bind to epitopes immediately flanking this region partially
block binding of LDL to its receptor, whereas monoclonal antibodies binding elsewhere
in the molecule had for the most part little or no receptor-blocking activity. A
summary of the efforts of Milne and coworkers is shown in Figure 2.5. The regions of
apo B containing the clusté;s 6f positively charged amino acids are known to be
evolutionarily well conserved. Positively charged regions of apo B are thought to bind
to the many negatively charged amino acid residues within the cysteine-rich repeats of
the ligand-binding domain of the LDL receptor 2.

Finally, as discussed above, the missense Arg—Gln, Arg—Cys, and Arg—Gln
mutations in the codon for apo B-100 at amino acid 3,500, 3,531 and 3,611,

respectively are associated with defective binding of LDL to the LDL receptor.
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Figure 2.5 Schematic of proposed structure of the putative binding domain of

apolipoprotein (apo) B®”

Specificity of Apo B synthesis in liver and intestine.

The nature of the B apoproteins synthesized by human liver and intestine has
been the subject of several studies. Deeb et al®"” used a hybridization probe to detect
homologous sequences in both flow-sorted and in situ metaphase chromosomes. They
found that RNA isolated from monkey small intestine contained sequences
homologous to the cDNA of apolipoprotein B-100. These results were interpreted as
indicating that intestinal (apo B-48) and hepatic (apo B-100) forms of apo B are coded

by a single gene.
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Apo B-100 (the full-length form of the protein) is by far the predominant form
of apo B in plasma LDL and VLDL. Only apo B-100 has been found to accumulate in
the culture medium of a human hepatoma cell line (Hep G2)®?. Furthermore, newly
synthesized apo B in samplés (;f human liver consists exclusively of apo B-100, in
fetuses as well as adults ®”. Apo B-48 is the predominant form of apo B in human

(17)

thoracic duct lymph chylomicrons””. However, from several data we conclude that the

specific of apo B-100 and apo B-48 are synthesize in liver and intestine, respectively.

Apo B Gene

In 1985 Lusis et al®® identified cDNA clones for human apoB; examination of a
somatic cell panel indicated that the apo B gene resides on chromosome 2. Mehrabian
et al® localized APOB to 2p24-p23 by somatic cell hybridization and in situ
hybridization. Filter hybridization studies with genomic DNA and with hepatic and
intestinal mRNA suggested that hepatic and intestinal apoB are derived from the same
gene. The apo B gene, which is located on chromosome 2, spans approximately 43 kb
and contains 29 exons and 28 introns; two of the exons, exons 26 and 29, are
extremely long (7,572 and 1,906 bp, respectively) (Figure 2.6). Exon 26, which codes
for amino acids 1,379-3,903, is threefold longer than any previously reported exon of
an mammalian gene. Whether the two large exons arose from fusion of smaller exons is
unknown. Six “ Alu-type” repetitive sequences are present in all the introns of the
gene. The first there are in the 5’ 3’ orientation, and the other there in the opposite
orintationThere is an AT-rich hypervariable region within 200 bp of the

polyadenylation site of the last amino acid codon that consists of a variable number of



Saiphon Poldee Literature Review/32

15-bp hypervariable elements. There are at least 14 different 3' hypervariable
minisatellite region alleles containings 25-52 repeats, and about 75% of the population
is heterozygous for different alleles at this site. The number of repetitive elements at the
hypervariable regions can be rapidly and accurately assessed with polymerase chain
reaction-based techniques; Therefore, the utility of these regions for epidemiological

and family studies is large.
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Figure2.6 RNA editing of apo-B mRNA. The apo-B mRNA produced in the liver has the same

sequence as the exons in the primary transcript. This mRNA is translated into Apo B-100,
which has two functional domains: a N-terminal domain (black) that associates with lipids
and a C-terminal domain that binds to LDL receptors in cell membranes. In the apo B
mRNA produced in the intestine, the CAA codon in exon 26 is edited to a UAA stop
codon. As a result, inte;tinz‘xl cells produce apo B-48, which corresponds to the N-terminal

domain of apo B-10049,
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Mechanism of apo B-48 formation: Two proteins from a single gene
In addition to the structural relation of apo B-48 to apo B-100, the mechanism for

apo B-48 formation was almost simultaneously determined in 1987 by Chen et al®”

and
Powell et al®® and later by Hsopattankar et al®®. These investigators demonstrated
that apo B-48 is produced from the apo B-100 gene by a novel mechanism involving
mRNA editing. In sequencing the apo B cDNA isolated from human intestinal cDNA
libraries, they found that the intestinal apo B cDNA contained a T at nucleotide 6,666,
in contrast to the C found at the position in the liver apo B cDNA clones (Figure 2.6).
The substitution of the T fo; a.C at nucleotide 6,666 yields an in-frame stop codon
(TAA) that replaces the CCA codon specifying apo B-100 amino acid Gln at position
2,153. The location of the stop codon predicts that apo B-48 found in plasma would
contain the amino terminal 2,152 amino acids of apo B-100; this prediction was
strongly supported by the protein-sequencing efforts of Chen et al®” as well as by the
studies of Hardman et al“”. This substitution at nucleotide 6,666 was present in the
intestinal mRNA but not in intestinal genomic DNA, so it was clearly the result of a
specific form of posttranscriptipnal editing of the intestinal apo B mRNA. Apo B
mRNA editing to create an in-frame stop codon has been shown to occur in rat and
rabbit intestinal apo B mRNA and rat liver, which is known to produce both apo B-48
and apo B-100. A fraction of the human intestinal apo B mRNA is 7-8 kb in length
because of the use of alternate polyadenylation signals after the edited nucleotide
(Figure 2.6). The process in humans appears to be developmentally regulated; intestinal
organ cultures drawn from fetuses in early gestation primarily make apo B-100,

whereas the adult intestine makes apo B-48 and very little, if any, apo B-100. The

44852 1 uygaad
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efficiency of apo B mRNA editing in rat liver has recently demonstrated modulation by
fasting / refeeding and thyroid hormone.

The exact mechanism for apo B mRNA editing remains unclarified, but the
most plausible hypothesis is that a tissue-specific enzyme recognizes a specific
sequence within the apo B mRNA and deaminates position 4 of cytosine-6,666,
creating a uracil residue. A reasonable hypothesis suggests that a specific RNA editing
process would require conservation of the nucleotide sequence surrounding nucleotide
6,666 through evolution. Indeed, sequencing studies of the apo B gene from several
species have shown that the sequence of the region flanking nucleotide 6,666 is highly
homologous (90%) among the mouse, rat , rabbit, and human genes. However, Chen
et al®” have recently used site- directed mutagenesis techniques to introduce 22
different mutations into a nine-base region flanking nucleotide 6,666. Unexpectedly,
they discovered that most of the constructs were edited, implying that the editing
mechanism may be at least partially lax. Two groups have reported data on the length
of the apo B sequence required for apo B editing. Bostrom and coworker? inserted
two lengths of the apo B ¢cDNA flanking nucleotide 6,666 into the protein - coding
sequence of an apo E expression vector. When a 354-bp segment of apo B cDNA
flanking nucleotide 6,666 was inserted into the expression vector and the expression
vector transfected into an intestinal carcinoma cell line, editing of the mRNA at
nucleotide 6,666 occurred. However, no editing was observed when a 63-bp portion of
apo B c¢DNA flanking nucleotide 6,666 was inserted into the expression vector.
Davies and coworkers“? have also examined the question of sequences required for

the apo B editing process. They transfected constructs containing eight different
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lengths of apo B cDNA flanking nucleotide 6,666 (ranging in size from 26 to 2,385
bases) into McArdle 7777 cells, a rat hepatoma cell line that synthesizes and secretes
apo B-48. They found that mRNA editing occurred with each of the constructs,
revealing that as few as 26 nucleotides surrounding base 6,666 were sufficient for
mRNA editing to occur. Davies et al®”?  reported that an RNA-folding computer
programme predicted that thfa efiited nucleotide exists in a conserved eight-nucleotide
loop in an mRNA stem loop structure.

Driscoll and coworkers®®

have demonstrated that the RNA editing mechanism
can be observed in vitro with cytoplasmic extracts from McArdle 7777 cells. They
inserted various lengths of the apo B ¢cDNA surrounding base 6,666 into appropriate
plasmid vectors, and various lengths of the apo B RNA were synthesized in vitro.
Editing of the synthetic RNAs containing as few as 55 bases of the apo B sequence was
demonstrated with cytoplasmic extracts, Editing was specific for RNA but not DNA
and was destroyed by proteinase K, suggesting that the editing activity involves a
protein. Results of gel retardation assays using extracts from an apo B-48-producing
cell line have suggested the presence of a factor that binds specifically to the
appropriate region of the apo B mRNA . Efforts to purify this activity are under way in
several laboratories. Scott and coworkers“” have recently developed transgenic mice
containing a 2-3- kb construct spanning the apo B-48 editing site. Apo B mRNA was
identified in multiple tissues, and substantial amounts of editing activity were

documented in the intestine, spleen, and lung. Lower levels of editing activity were

documented in the liver, brain, and heart. The physiological rationale for editing in this
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broad spectrum of tissues is not }mown, but these data certainly present the possibility
that editing might occur for gene products other than apo B.

Editing of the intestinal apo B mRNA to create an in-frame stop codon was
unprecedented in the molecular biology of mammals, and its existence raises many
questions. Is the C at base 6,666 simply deaminated to produce a U, or is it possible
that the base is modified in some other way so that it is read by the ribosome and
reverse transcriptase as a U? Outside the nine-base region examined by Chen et al, “*
what are the nucleotide specifications of the editing process? What process signals the
use of alternate polyadenylation sites after the edited nucleotide in the human intestine?
Is RNA editing the result of a single protein or a complex comprising several proteins?
Does the RNA editing process exist only for the apo B mRNA , or is it 2 mechanism
that is used for other transcripts in other tissues? These questions are important , and at
least some of the answers will probably forthcoming in the next 2-3 year. However, a
more fundamental question for the lipoprotein metabolism field should also be
considered. Why is there a need to make two forms of apo B, and why has the process
been so conserved through evolution? Currently, there is no clear answer to third
question. Apo B-100 seems i;ert.‘ectly capable of participating in the assembly of large,
triglyceride-rich particles. What physiological role does apo B-48 have in the intestine
that would not be equally well served by apo B-100? Perhaps apo B-48 can
accommodate more apo E molecules than can apo B-100 particles, resulting in more
efficient and rapid delivery of dietary fats to the liver. Scott et al “¥ recently postulated
that apo B-48 may have evolved for the purpose of efficient delivery of antioxidants to

the liver, where they may protect nascent hepatic lipoproteins from free radical attack.
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Apo B gene polymorphism
The gene coding for apoB is highly polymorphic, including the insertion/
deletion polymorphisms and sonte other mutations “® . An insertion or deletion of three

“7) within exon 1 of the

codons involving three amino acids, leucine-alanine-leucine
apoB gene cause variation in the length of the signal peptide of the apoB protein
(Figure 2.7). This amino terminal cleavable signal sequence directs the emerging
protein to translocate through the endoplasmic reticulum membrane. Thus this signal
peptide polymorphism within the apoB gene may play a role in affecting the
translocation of the apoB polypeptide into the endoplasmic reticulum. Formally, the
only way to prove that a detected DNA sequence change is of functional importance is
by in-vitro expression studie;, z;nd to date, these have only been carried out on apo B
signal peptide variants. Using a yeast expression system, constructs were made in
which signal peptide variants (SP27 and SP24) were fused to the yeast secretory
protein, invertase, and the secreted invertase activity and overall secretion efficiency
were measured. Relative to SP27, the SP24 variants mediated inefficient translocation
into the endoplasmic reticulum. One prediction from these data would be that plasma
lipid levels in individuals with the SP24 allele are less responsive to increase in dietary
fat®**? The SP24 allele showed a much smaller change in plasma lipids in response to
dietary fat manipulation compared with individuals with the SP27 allele. The signal
peptide length polymorphism have shown an increased frequency of the SP24 allele in
patients compared with control individuals. The interpretation of these inconsistencies

is that the apoB signal peptide variation is associated with and may be of direct
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functional importance in determining differences in plasma lipids %%, Several
previous studies have investigated the impact of this polymorphism on plasma lipid
levels. Some studies have found the correlations between the ins/del polymorphism and

(56-59)

lipid levels
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Figure 2.7 Cartoon of the apolipoprotein B (apoB). The filled box depicts the LDL
receptor binding domain. SP represents the signal peptide of the 27 and 24
amino acid (aa) variants of the peptide. Restriction fragment length
polymorphism detected by restriction enzymes (RE) are ApaLl, Alul, Xbal,
Mspl and EcoRI. R3500Q, the substitution of Arg by Gln at aa residue
3500; R3531C, the substitution of Arg by Cys at aa residue 3531. The
method of detecting the base change at the DNA level is by RE, which is

specified®.

Mutation in apo B gene associated with high blood cholesterol levels
The majority of LDL particles are removed from plasma by the interaction of
apo B with the cellular DL receptor. Goldstein, Brown, and coworkers"?

demonstrated that the gene for mutation in the LDL receptor protein can retard the
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clearance of LDL particles and lead to an accumulation of LDL particles in the plasma.
Vega and Grundy®” showe:d t.hat some patients have reduced clearance of LDL not
because of decreased activity of LDL receptors but because of a defect in the structure
(or composition) of LDL that reduces its affinity for receptors. In 5 of 15 patients,
turnover rates indicated that clearance of autologous LDL was significantly lower than
that for homologous normal LDL. In these 5 patients, autologous LDL appeared to be
a poor ligand for LDL receptors.

A defect in the LDL metabolism not only is there delayed receptor-mediated
clearance of LDL particles from plasma, but the rate of LDL particle production is
increased. LDL production rate is increased because the apo E-mediated hepatic
uptake of LDL precursors is delayed as a result of decreased LDL receptor activity;
consequently, an increased fraction of these precursor particles is metabolize to a LDL.
Most patients with familial hypercholesterolaemia have total cholesterol levels well
above 300 mg/dl. For years lipoprotein investigators speculated that a specific inherited
defect in apo B could abolish its ability to bind to the LDL receptor and therefore cause
delayed LDL clearance and an accumulation of LDL particles in the plasma. Such a
defect would not be expecte& to produce the same degree of increase in the plasma
LDL concentration as that observed in familial hypercholesterolaemia. Although the
removal of LDL from the plasma would be retarded because of the defect in the apo B
protein on LDL particles. The predicted production rate of LDL would be essentially
normal because the apo E-mediated removal of LDL precursor particles would be

predicted to proceed at a normal rate.
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The genetic defect in apo B that interferes with its capacity to bind to the LDL
receptor has been characterized. The several observations were made by Vega and
Grundy®” during lipoprotein turnover studies that were designed to understand the
metabxolic basis for moderate hypercholesterolaemia. For their study, they selected
subjects with total cholesterol levels of 250-300 mg/dl, deliberately excluding subjects
with overt clinical signs of familial hypercholeaterolaemia. In metabolic ward studies,
they compared the fractional catabolic rate of each patient’s autologous LDL with that
of homologous LDL obtained from normolipidaemic control subjects. In five subjects,
the clearance of the patient’s own LDL was significantly slower than that of the control
LDL, resulting in the speculation that these patients had abnormal LDL that was not
removed at a normal rate by the LDL receptor. Later, in collaboration with Vega and

Grundy"®”, Innerarity and coworkers®”

examined the ability of these five subjects
showed defective binding to the LDL receptor, this defect having only about 32% of
the normal receptor-binding activity. Studies with partially delipidated LDL showed an
identical binding defect, strongly suggesting that the defect resided in the protein
moiety of apo B on LDL particles. An identical binding defect was identified in the
LDL of several hypercholesterolaemic family members. In 1987 FDB (Familial
defective apolipoprotein B-100) was first described as a genetic disorder by Innerarity

and coworkers®?.

They proposed that all of the affected family members were
heterozygotes for a defect in apo B that prevented its interaction with the LDL
receptor, and they designated the disorder familial defective apo B-100 (FDB),

characterized by delayed clearance of LDL from plasma. Weisgraber et al®® found an

antibody, whose epitope is between residues 3350 and 3506 in exon 26 of apoB, that
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distinguishes abnormal LDL from normal LDL in this disorder; the antibody MB47
bound with a higher affinity to abnormal LDL. Thus, an assay was provided for
screening large populations for this disorder. Illingworth et al® found that LDL
cholesterol was reduced after administration of lovastatin in 12 hypercholesterolemic
patients from 10 unrelated families with familial defective apo B-100. By extensive
sequence analysis of the 2 alleles of the apo B gene of a subject heterozygous for
familial defective apolipoprotein, Soria et al® demonstrated a mutation in the codon
for amino acid 3500 that results in the substitution of glutamine for arginine. This same
mutant allele was found in 6 others, unrelated subjects and in 8 affected relatives in 2 of
these families. A partial haplotype of this mutant apo B-100 allele was constructed by
sequence analysis and restriction enzyme digestion at positions where variations in the
apo B-100 are known to occur. This haplotype was found to be the same in 3 probands
and 4 affected members of 1 family and lacks a polymorphic Xbal site whose presence
has been correlated with hig}! ct_xolesterol levels. Thus, it appears that the mutation in
the codon for amino acid 3500 (CGG-to-CAG), a CG mutational 'hotspot' defines a
minor apo B-100 allele associated with defective low density lipoproteins and

© and Motti et al®® used 10 markers for haplotyping

hypercholesterolaemia. Ludwig
at the apo B locus in cases of familial defective apolipoprotein B-100: 8 diallelic
markers within the structural gene and 2 hypervariable markers flanking the gene. In 14
unrelated subjects heterozygous for the mutation, 7 of 8 unequivocally deduced
haplotypes were identical, and 1 revealed only a minor difference at one of the

hypervariable loci. The genotypes of the other 6 affected subjects was consistent with

the same haplotype. Familial defective apolipoprotein B-100 (FDB) results from a G-
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to-A transition at nucleotide 10708 in exon 26 of the APOB gene. These data are
consistent with the existence of a common ancestral chromosome.

In a screening for the Apo B-3500 mutation by PCR amplification and
hybridization with an allele-specific oligonucleotide. Loux et al®” have found only 1
case among 101 French subjects with familial hypercholesterolaemia. The son of this
individual, a 45-year-old man, was also found to have the mutation. Bryong et al® was
found 9 heterozygous in 432 hyperlipidaemic subjects, which attended in lipid clinics in
Scotland and Wales. Haplotype analysis revealed strict identity to that previously
reported by Ludwig and Mc'Ca.rthy(“), thus supporting a unique European ancestry.
The family lived in the southwest of France and had no knowledge of Germanic origin.
Rauh et al® stated that the frequency of the arg3500-to-gln mutation has been found
to be approximately 1/500 to 1/700 in several Caucasian populations in North America
and Europe. On the other hand, Friedlander et al”® found no instance of this mutation
in a large screening programme in Israel. They pointed out that the mutation has also
not been found in Finland and is said to be absent in Japan. Tybjaerg-Hansen and
Humphries”® gave a review suggesting that the risk of premature coronary artery
disease in the carriers of the’mutation is increased to levels as high as those seen in
patients with familial hypercholesterolaemia; at age 50, about 40% of males and 20%
of females heterozygous for the mutation have developed coronary artery disease. Data
from “C MRI studies suggest that the mutation has effects on the disposition of
charged residues in apo B of much greater potential consequence to ligand function
than would be expected with the loss of a single unit of cationic charge at a receptor-

interactive site™ Definitive proof of this will ultimately require the characterization of
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the apo B-containing lipoproteins produced by cells transfected with a human apo B-
100 expression vector and the lipoproteins produced by cells transfected with an apo B
expression vector differing only in the codon for amino acid residue 3,500. In dual-
label fibroblast binding assay, LDL from the eight subjects with the mutation had an
affinity for the LDL receptor that was 63% that of control LDL. LDL from eight
unaffected family members had an affinity of 91%. By way of comparison, LDL from
six patients heterozygous for the Arg3500GIn mutation had an affinity of 36%*.

To date, all subjects with familial defective apo B-100 have been heterozygous
for the mutation; typical total cholesterol levels for these subjects are 250-300 mg/dl
elevated, the average of levels reported for 61 individuals in four surveys was 260
mg/dl but lower than that of familial hypercholesterolaemia heterozygotes. However, a
recent study from Europe ha$ demonstrated that some affected subjects may have the
extremely elevated cholesterol level characteristic of patients with familial
hypercholesterolaemia. As a result of the high cholesterol levels, it is most probable
that these individuals will have an increased incidence of atherosclerotic disease.
However, the exact frequency of the amino acid substitution at the residue 3,500
mutation has been reported between 1 in 500 and 1 in 700 individuals of European and
North American descent “”. A high prevalence of FDB in Switzerland @ (11in 210
individuals), suggests the origins of this mutation to be in central Europe. From the
screening of miscellaneous p';)pllllations, many investigators have reported that one in
every 500 people of this mutation has been found”"”. This frequency might be in the
same range as the LDL receptor gene mutations. The mutation in amino acid residue

3,500 as in several of the mutations caused by a mutation in a CG dinucleotides. CG
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dinucleotides are hot spots mutation in higher animals, and base substitution in CG
dinucleotides are important in the pathogenesis of many inherited diseases in humans.
An important question about the amino acid 3,500 mutation is whether this mutation
occurred independently in different human populations, as has been documented with
specific thalassemia mutations, or only once in a single “founder” and then
subsequently propagated among subgroups in the general population. In a patient
homozygous for the Arg3500Gin mutation, Schaefer et al™® found LDL cholesterol
and apo B concentration approximately twice normal, whereas apo E plasma level was
low. Using a stable-isotope labeling technique, they obtained data showing that the in
vivo metabolism of apo B-100-containing lipoproteins in FDB is different from that in
familial hypercholesterolaemia, in which LDL receptors are defective. Although the
residence times of LDI apo B-100 appeared to be increased to approximately the same
degree, LDL apo B-100 synthetic rate was increased in FH and decreased in FDB. The
decreased production of LDL apo B-100 in FDB may originate from enhanced removal
of apo E-containing LDL pré‘cu.rsors by LDL receptors, which may be upregulated in
response to the decreased flux of LDL-derived cholesterol into hepatocytes. Almost all
individuals with familial defective apo B-100 are of European descent, and in almost all
cases the mutation is on a chromosome with a rare haplotye at the apo B locus,
suggesting that all probands are descended from a common ancestor in whom the
original mutation occurred. Distribution of the mutation is consistent, with an origin in
Europe 6,000 to 7,000 years ago. Ludwig and McCarthy ® have performed apo B
haplotyping studies with the amino acid 3,500 mutation on nine unrelated subjects and

their families have determined that this mutation is invariably found on the same apo B
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haplotype. These data suggest that the mutation has probably occurred only once. If
there was only one founder for the amino acid 3,500 mutation, then it is probable that
future studies will reveal that this mutation will occur with greater regularity in selected
countries or ethnic populations.

The region of the apo B molecule interacting with the LDL receptor may be
quite large (Figure 2.5); thus, it seems probable that other apo B amino acid
substitutions could interfere with its ability to bind to the LDL receptor, thereby
producing the familial defective apo B-100 phenotype”’”. The other mutations in exon
26 of apo B -100 gene have been identified such as Arg3531Cys and Arg3611GIn,

which are associated with a minor decrease in LDL receptor binding %

Hypercholesterolemia due to ligand-defective apolipoprotein B (apo B)
Arg3531Cys.

Suspecting that mutations in the APOB gene other than the arg3500-to-gln
mutation may cause familial hypercholesterolaemia, Pullinger et al.” used single-
strand conformation polymorphism analysis to screen genomic DNA from patients
attending a lipid clinic and looked for mutations in the putative LDL receptor-binding
domain of apoB-100. They found a novel arg353 1-to-cys mutation, caused by a C-to-T
transition at nucleotide 10800, in a 46-year-old woman of Celtic and Native American
ancestry with primary hypercholesterolaemia and pronounced peripheral vascular
disease. After screening 1,560 individuals, one unrelated 59-year-old man of Italian
ancestry was found to have the same mutation. He had coronary heart disease, a total

cholesterol of 310 mg/dl, and an LDL cholesterol of 212 mg/dl. A total of 8 individuals
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were found with the same defect in the families of these 2 patients. The age- and sex-
adjusted TC and LDL-C were 240 and 169, respectively, for the 8 affected individuals,
as compared with 185 and 124, respectively, for 8 unaffected family members. In a
dual-labeled fibroblast binding assay, LDL from the 8 subjects with the mutation had an
affinity for the LDL recepfor that was 63% that of control LDL. LDL from 8
unaffected family members had an affinity of 91%. By way of comparison, LDL from 6
patients of heterozygotes for the arg3500-to-gln mutation had an affinity of 36%.
Deduced haplotypes using 10 APOB gene markers showed the arg3531-to-cys alleles
to be different in the 2 kindreds and indicated that the mutations arose independently.
This was the second reported cause of familial ligand-defective apoB.
Arg3611Gln of apo B-100 gene

The study of an Mspl polymorphic site in exon 26 of the apo B gene was
reported by Huang et al®”. The DNA change from CGG to CAG causes an amino acid
substitution of glutamine for arginine at residue 3611 of the mature apo B and causes
loss of an Mspl restriction site. Demant et al®® found a significant association between
a particular RFLP of the apo B gene and the total fractional clearance rate of LDL.
Presumably, this effect acts through variable binding of this region to the LDL receptor
(LDLR) and is a significant factor in the rate of catabolism of LDL. Williams et al®®
demonstrated association of specific alleles for the apo B gene with obesity, high blood
cholesterol levels, and incre;sea risk of coronary artery disease. This variations in
serum cholesterol level were associated with functional allele corresponding to amino
acid variants at positions 3611, which lie near the LDLR binding region of apo B.

Products of the apo B gene with high or low affinity for the MB-19 monoclonal
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antibody can be distinguished. Gavish et al®® used this antibody to identify
heterorzygotes and detect allele specific differences in the amount of apo B in the
plasma. A family study confirmed that the unequal expression phenotype was inherited
in an autosomal dominant manner. However, in the repot of Xu et al®® no significant
association was found between this RFLP and serum cholesterol and apo B level. From
these studies, a simple relationship between apo B mutation at codon 3611 and

atherosclerotic risk has not yet been clearly established.

Apolipoprotein E (apo E)

Human apolipoprotein E (apo E) is a constituent of plasma very low density and high
density lipoproteins and is important in modulating the catabolism of remnants of
triglyceride-rich lipoproteins. Apo E is recognized by hepatic B/E or LDL receptors
which mediates the clearance of apo E containing lipoprotein particles®”.
Apolipoprotein E (apo E) polymorphism is a genetic determinant of plasma
lipid levels and of coronary heart disease risk. Three common alleles E2, E3, and E4
control the polymorphism of apolipoprotein E. These code for proteins which differ in
functional properties, e.g. receptor binding activity and in vivo catabolism. This
explains the significant effect of the apoE gene locus on the variability of plasma
lipoprotein concentrations and moreover the implication of apoE alleles in the aetiology
of multifactorial forms of hyperlipidaemia, e.g. familial type III hyperlipidaemia (apo E

2; arg158--cys) and polygenic hypercholesterolaemia  (apo E 4; cys112--arg)®¢)
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Apolipoprotein E gene

The apo E gene occurs on chromosome 19 and is closely linked to apo C-I, and
apo C-II. In addition, the LDL receptor has also been mapped to this chromosome,
but apparently they are not closely linked to apo E. The apo E gene is 3.7 kilobase in
length and contains four exons. The apo E messenger RNA (mRNA) is 1163 bp in
length. The primary translation product comprises 317 amino acids, with the 18 N-
terminal amino acids serving as a signal peptide. Thus, the mature apo E is secreted as

299 amino acid protein with a Mr of 34,200

Structure and function of a;)olipoprotein E

Apolipoprotein E, a protein with a relative molecular mass (Mr) of 34,200, is a
constituent of several plasma lipoproteins, including chylomicrons, chylomicrons
remnants, VLDL, IDL, and a subclass of HDL, which participates in the transport of
lipids among various tissues and cells. A major physiological role for apo E in
lipoprotein metabolism is to mediate the high affinity interaction of apo E containing
lipoprotein with lipoprotein receptors, including the LDL receptor (apo B, E receptor)
and a postulated chylomicron remnant or apo E receptor®*?.

Lipoprotein binding to the receptors initiates the cellular uptake and
degradation of lipoproteins, which leads to the use of the lipoprotein cholesterol in the
regulation of intracellular cholesterol metabolism. Apolipoprotein E shares this function
with apo B, the protein constituent of LDL particle .

The predicted secondary structure of apo E, based on the Chou-Fasman

algorithm, is shown in Fig 2.8. The o-helix, B-sheet, B-turn, and random structure are
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predicted to make up 62%, 9%, 11%, and 18% of the protein, respectively. The a-

helical content has been determined experimentally for human and rabbit apoE to be

~65% and ~70%, respectively®>.

oA ﬁ& §§ 5 % ;‘:‘
pshoot: AN
5°§§£er E }

Figure 2.8 Predicted secondary structure of apo E, showing o -helixes, B -sheet

structure, and 3 -turns. The remainder of the molecule is predicted to have

a random structure®.

The three dimensionat structure of apo E3 and variants apo E2 and apo E4 is
providing unique insights into the structure of the receptor binding domain and other
functional domains of apo E. The N-terminal two-thirds (residues 1 to 191) of the apo

E-3, containing the receptor binding domain, occurs as a four-helix bundle ®*.
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An important observation is that residuel58 of apo E (the site for the common
variant that is defective in receptor binding) lies outside the patch of positive potential.
Previously, Innerarity et al® had speculated that the substitution of cysteine for
arginine at residue 158 disrupts receptor binding secondarily by altering the interaction
of this part of the molecule with the critical basic residues in the 136 to 150 region. The
crystal structure of apo E3 versus apo E2 (the variant) confirms this postulate®®. In
apo E3 the arginine at residue 158 is involved in two salt bridges, one with aspartic
acid 154 in helix 4 and the other with glutamic acid 96 in helix 3. However, in apo E2,
where cysteine is substituted for the normally occurring arginine at residue 158, the
aspartic acid 154 now forms a salt bridge with arginine 150 and swings the side chain
of argingine 150 into the new plane: The reorganization of the salt bridges undoubtedly
exerts an impact on the structure within the 136 to 150 region. Thus, it is envisioned
that basic residues within the 136 to 150 region interact directly with the LDL
receptor.

The structural properties of apo E also affect the distribution of its different
isoforms among the different plasma lipoproteins. Apo E3 and apo E2 are
preferentially associated with HDL, whereas apo E4 is preferentially associated with
VLDL. At residue 112, apo E4 differs from apo E3 and apo E2. Apolipoprotein E4 has
arginine at this position; apo E3 and apo E2 have cysteine. Thus, it appears that residue
112 modifies lipoprotein distribution®”. However, it is known that the major lipid
binding domain of apo E occurs in the C-terminals of the molecule (residues ~200 to
280)®. These observations have led to the postulate that the N-terminal and C-

terminal domains of apo E interact in some way to determine lipid binding specificity
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and that residue 112 or residues in the vicinity of 112 are involved in this interaction.
The crystal structure of apo E4 reveals that the arginine-cysteine interchange at residue
112 causes a profound local change in the structure of the molecule. The occurrence of
arginine at residue 112 in apo E4 results in the formation of a salt bridge between
arginine 112 and glutamic acid 109. This ionic interaction causes the side chain of
arginine 61 in the adjacent helix to swing into a new plane. By comparison, the cysteine
at residue 112 of apo E3 results in a different orientation for glutamic acid 109 and
arginine 61. These structural changes could influence the interaction of the N- and C-
terminal domains of apo E and thus alter lipoprotein specificity. The association of the
specific isoforms with different- lipoproteins would be expected to alter lipoprotein
metabolism. In association with the occurrence of specific apo E mutations that affect
receptor binding, the distribution of apo E (VLDL vs. HDL preference) has an impact

on the expression of type III hyperlipoproteinaemia.

Polymorphism of apolipoprotein E

Studies of apo E phenotype and allelic frequency among various populations
around the world have revealed interesting ethnic differences and demonstrated that the

apo E genotype has major effect on plasma lipid levels and possibly on cardiovascular

risk"> 1% The polymorphic nature of apo E was establised by Utermann and

1) (102-

coworkers"" using isoelectric focusing, as further clarified by Zannis and Breslow

'%) using two-dimension electrophoresis. The three major isoforms of apo E, refered to

apo E2, E3, and E4, which are products of three alleles E2, E3 and E4 at a single gene

locus.
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The molecular basis for apo E polymorphism has been established by Mahley
and coworker'®”. They determined the primary structure of apo E and found that the
isoforms E4, E3 and E2 differed from one another by single amino acid substitutions at
two sites in the protein (Figure 2.9). The existence of the single amino acid
substitutions confirmed that E2, E3 and E4 arose from separate alleles at a single gene
locus. These substitutions also explain the single unit change differences among the
three isoforms since they involve the substitution of the neutral amino acid cysteiné for
the basic amino acid arginine.

Amino acid substitutions accounted for the differences among apo E4, E3, and
E2. Apolipoprotein E4 differs from apo E3 in that in apo E4 arginine is substituted for
the normally occurring cysteine at amino acid residue 112. The most common form of
apo E2 differs form apo E3 at residue 158, where cysteine is substituted for the
normally arginine. The cha;ge. differences among the three isoform detected by
isoelectric focusing is explained by the single amino substitutions. A secondary form of
apo E polymorphism is explained by posttranslational glycosylation. The glycosylated
(sialylated) isoforms of apo E apparent in plasma resulted from the attachment of a
carbohydrate chain to a single site at theronine residue 194 in apo E. The asialo
isoform, which accounts for about 80 percent of the total apo E in plasma, was found
to have no carbohydrate moiety at all. It is unclear whether the major apo E isoform
without carbohydrate repres?nt§ product of deglycosylation. It is possible that the
minor glycosylated isoforms, including those sialylated, are products of a subset of cells

synthesizing apo E.
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Figure 2.9. Isoelectric focusing of apo-VLDL demonstrating the three homozygous
apo E phenotypes. The amino acid substitutions that account for the charge
differences among .the isoforms are shown. The minor, more acidic apo E
isoforms in each case represent sialylated isoforms. The E2/E2 phenotype is

from a type 11 hyperlipidaemic subject™®®.

Three isoforms of apo E are commonly produced by genetic polymorphism,
which are referred to as apo E2, apo E3 and apo E4. The corresponding gene
polymorphisms are termed €2, €3, and e4. There is one allele on each chromosome
containing the apo E gene, so that an individual may possess three similar

(homozygotes) or three differeﬁt (heterozygotes) apo E gene polymorphisms. The
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following genotypes are thus possible: €2/e2, £2/e3, €2/e4, €3/e3, €3/e4, ed/e4. The
corresponding lipoprotein phenotypes are E2/E2, E2/E3, E2/E4, E3/E3, E3/E4, E4/E4.
The distribution of the phenotypes in general populations of other countries are shown

in table 2.7.

Table 2 .7 Apolipoprotein E phenotype and frequencies in various vopulations

Phenotype Allele

E4E4 E4/E3 E3E3 E3E2 E2E2 E4/E2 | ¢4 &3 ¢2
USA (n=152) 3.0 140 580 220 1.3 2.0 11.0 76.0 13.0
Canada (n=102) 3.9 206 61.8 9.8 2.0 20 | 152 770 738
Germany (n=1000) | 2.3 202 627 110 038 3.0 13.9 783 178
Germany (n=1031) | 2.8 229 598 120 1.0 1.5 15,0 773 17
Austria (n=469) 2.1 173 64.0 132 1.3 2.1 11.7 789 9.0
Scotland (n=400) 10 - 248 583 128 05 2.8 150 770 8.0
Hungary (n=202) 1.0 228 653 7.9 20 1.0 129 80.7 64
Iceland (n=185) 32 232 600 103 0 3.2 16.5 768 638
Finland (n=615) 6.3 319 540 67 03 08 [ 227 733 4.1
Newzealand 0.9 25.1 514 200 1.4 12 141 739 120
(n=426)
Sigapore (Malay) 34 16.1 602 169 1.5 0.8 11.9 767 114
(n=118)
Sigapore (Indian) 1.4 218 683 7.0 0.7 0.7 127 827 46
(n=142)
Sigapore (Chinese) 1.1 116 695 153 1.6 1.1 74 828 97
(n=190)
Japan (n=319) 1.3 113 721 138 06 0.9 74 846 8.0
Sudan (n=103) 8.7 359 3938 9.7 1.0 49 1291 619 8.1

The most common phenotype is apo E3/E3 (typically ~50 to 70 percent of the

population) and the most common allele is €3 (typicaly ~70to 80 percent); therefore -

apo E3 is considered to be the parent form of the protein. The less frequently occurring
&4 and £2 alleles nonetheless contribute significantly to the gene pool (typically with 10

to 15 percent for 4 and ~5 to 10 percent for €2). As a result of the lower frequencies
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of the €4 and €2 alleles, the phenotypes E4/E4, E4/E2, and E2/E2 are relatively rare
(Table 2.7).

Initially, the prominence of apo E3 suggested that it was the wild-type of the
protein and that apo E4 and apo E2 were variants. However, it now appears that E4 is
most likely the ancestral allele. Almost all animals including the higher primates such as
the baboon, possess the equivalent of apo E4 homozygosity (arginine at the residue
corresponding to amino acid 112 in the sequence). In addition, aboriginal human
groups, such as the Huli of the Papua New Guinea highlands, have €4 as the most
common allelic form. The evolution of the allelic forms of apo E is of considerable
interest to population geneticists and suggests that there is a selective advantage to the
occurrence of apo E3 and possibly apo E2 in humans. Alternatively, genetic drift could
be responsible for the disparities in allelic frequency between the lower species and

humans.

(105) (106-107)

Boerwinkle et al and others also observed statistically significant

differences in apo E allele frequencies among different ethnically and/ or geographically
distinct population. As illustrated in Table 2.7, allelic frequency has interesting
variations in different racial groups. The apo E gene frequency in most European and
North American populations is rather homogeneous (E3, 76 to 79 percent; E4, 11 to
15 percent; and E2, 6 to 9 percent). An obvious exception is the Finnish population*®
109)

, in which E4 is much more prevalent (23 to 24 percent). On the other hand, Asians

(19 19 (specifically Chinese and Japanese) have a relatively higher frequency of E3

(110) (111)

(~82 to 85 percent). By contrast, African nationals from the Sudan"''” and Nigeria

have lower E3 (~61 percent) and higher E4 (~30 percent). A study comparing the apo
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(12 revealed that blacks

E genotype in black and white men in the United states
resembled the Sudanese and Nigerians (E3, 80.3 percent in white vs. 65.3 percent in
blacks; E4, 11.9 percent in whites vs. 23.2 percent in blacks; E2, 7.7 percent in whites
vs. 11.5 percent in blacks)">'*¥ One of the interesting population studies compares
the apo E phenotypes of two isolated cultural groups in Papua New Guinea, the Huli
and the Pawaia’'>. The Huli are characterized by an extremely high frequency of the
E4 allele and low frequency of the E3 allele (E4, 49.0 percent; E3, 35.6 percent; E2,
15.4 percent). The Pawaia have a very different apo E phenotype pattern, more similar
to that of blacks (E3, 60.3 pe;ceﬁt; E4, 25.9 percent; E2, 13.8 percent).

Apolipoprotein E polymorphism is one of the common genetic factors
responsible for inter-individual differences in lipid and lipoprotein levels. While the E3
allele showed no deviations from the populations mean, Sing and Davignon™® found
that the e4 and €2 alleles had significant effects on various lipid and lipoprotein
parameters.

The €2 allele has been shown to be associated with lower levels of plasma
cholesterol, LDL cholestergl as compared with levels in individuals with &3.
Conversely, the €4 allele is associated with higher levels of total cholesterol and LDL
cholesterol. Utermann et al"’? have reported that apo E2 is found significantly more
frequently in hypertriglyceridaemic subjects, while apo E4 is observed more frequently
in hypercholesterolaemic subjects. The original observations made by Utermann et
al “Y and Davignon et al. "' have evaluated the data in seven different studies that

included Caucasian and Asian populations and have demonstrated a remarkably

consistent pattern: individuals with the E2/E2 phenotype have the lowest plasma
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cholesterol levels, while those with the E4/E4 phenotype have the highest (the
difference between cholesterol levels for E2/E2 vs. E4/E4 individuals ranges from 25 to
66 mg/dl).

For these same populations, Davignon et al'”

calculated the average
cholesterol effect of each of the common alleles (€2, €3, and €4). The difference in the
average effects for €2 versus €4 ranged from 13 to 30 mg/dl. Compared to the
cholesterol-elevating effect of the 4 allele, the €2 allele was shown to have a greater
impact on lowering plasma cholesterol. This is considered to be an unusually large
effect from a single gene on an individual trait. Because of the two different high
affinity to bind to receptor of lipoproteins that contain the difference apo E genotype.
The situation in apo E2 homozygotes seems to be paradoxical. Because of the failure
of apo E2 (Arg158 to Cys) t(; bind to LDL (B/E) and apo E receptors, an accumulation
of remnant lipoproteins and hence hyperlipidaemia as expected to result. However,
most of E2 homozygotes have subnormal rather than elevated cholesterol and low
LDL. This may be explained by the fact that because of the delayed catabolism of
lipoprotein that contain apo E, less cholesterol of exogenous origin (remnants) and
from the periphery (apo E-HDL) enters the liver through apo E mediated uptake. For
compensation LDL (B/E) receptors may be up regulated, resulting in an enhanced
uptake LDL and hence a lowering of LDL in plasma. Furthermore, a delay in the
interconversion of IDL to LDL may also contribute to the low LDL in the plasma of
E2 homozygotes. Because of this, it has been proposed that apo E2 may even be

protective against development of cardiovascular disease in the absence of exacerbating

factors. Some of these exacerbating factors include high fat and calorie diet, age,
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obesity, hyperthyroidism, diabestes, and (in woman) oestrogen' status. A similar
thought of opposite mechanism was account for the association of the E4 allele with

al M®  have

hypercholesterolemia. The in vivo | turnover studies by Gregg et
demonstrated that apo E4 has a greater preference for association with triglyceride-rich
lipoproteins compared with apo E2 and E3, which both prefer HDL. As this result, apo
E4 is catabolized more rapidly than apo E3. Because of the enhanced catabolism of
lipoproteins that contain apo E4, more cholesterol is delivered to liver cells by apo E4
mediated uptake in subjects with an E4 allele. This theoretically should result in a down
regulation of LDL (B/E) receptors in apo E4/E4 and possibly also E4/E3 subjects and
in turn in an elevation of LDL in their plasma. Thus the gene E4 may be one factor
involved in the pathogenesis of polygenic or multifactorial forms of
hypercholesterolaemia. In every study, the ranking of the apo E phenotypes from the
lowest to the highest cholesterol levels was E2/E2, E3/E2, E3/E3, E4/E2, E4/E3, and
E4/E4. Dallongeville and E:oworkers 9 have confirmed and extended these
observations using meta-analysis to compare data in 45 pupulations in 17 countries.
Consistently, regardless of differences in ethnicity and in metabolic conditions, they
confirmed that the E2 allele was associated with lower plasma cholesterol levels, and
that compared to the E3 allele, E4 was associated with higher cholesterol levels.

In a number of studies, E2 has been shown to be significantly associated with
hypertriglyceridaemia, and Sing and Davignon'® have found that the E4 allele was

129 have

associated with lower plasma triglyceride levels. Gregg and coworkers
shown that apo E2 is catabolized slower in vivo than apo E3. An intriguing observation

is that individuals with the E4/E3 phenotype also have elevated triglyceride levels.
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Apolipoprotein E4, which is preferentially associated with triglyceride-rich lipoproteins

may interfere with lipolysis"‘ of lipoprotein lipase or with higher uptake of these

lipoproteins.
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CHAPTER III

MATERIALS AND METHODS

1. Subjects
All of the subjects used for this study were selected mainly based on the plasma
total cholesterol or triglyceride levels as followings:
1.1 Control subjects
Sixty-eight healthy normal control subjects obtained from the Department of
Preventive and Social Medicirle, Faculty of Medicine Siriraj Hospital , Mahidol
University, Bangkok, Thailand, were recruited with: Total cholesterol < 200 mg/dl
and Triglyceride < 200 mg/dl, subdivided into 44 women and 25 men aged from 21 to
76 years (mean age 38.3+£12.4 years)
1.2 Hyperlipidaemic subjects
One hundred and three primary hyperlipidaemic subject obtained from
Dyslipoproteinaemia and Obesity clinics, Department of Preventive and Social
Medicine, Faculty of Medicine Siriraj ﬁospital , Mahidol University, Bangkok,
Thailand were selected with ‘: either Total cholesterol > 200 mg/dl or Triglyceride >
200 mg/dl, subdivided into 68 women and 35 men aged from 33 to 76 years (mean
age 52.261+9.07 years). Subjects with hypertension, diabetes mellitus, coronary heart

disease, renal failure, and endocrine or other metabolic disorders were excluded.
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Chemicals
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Chemicals used in this study were analytical and molecular biological grades

Chemical name Chemical Molecular Company Country
structure weight
1. Absolute ethanol ~ C,HsOH 46.07 E. Merck Germany
2. Acrylamide -. - Biorad USA
3. Agarose - - Sigma USA
4. Ammonium chloride NH,ClI 53.49 Sigma USA
5. Ammonium persulfate (NH;),S,0s 228.19 BDH England
6. Boric acid H;BO; 61.85 E.merck Germany
7. Bromophenol blue - - BDH England
8. Deoxyribonucleotide - - Qiagen Germany
triphosphates (ANTP)
9. Ethidium bromide = C;;HoN;Br  394.31 Sigma USA
10. Ethylene diamine  C;0H;4N;Na,Og 32.24 E.merck Germany
tetraacetic acid(EDTA)
11. Guanidine Hydrochloride CHsN;HCI 95.53 Sigma USA
12. Isopropanol C;H3OH 60.10 Sigma USA
13. Magnesium chloride MgCL2H,0 303.30 BDH England
14. N,N’-methylenebis - - Biorad USA
acrylamide '
15. Mineral oil - - Sigma USA
16. Sodium acetate =~ CH;COONa 82.3 BDH England
17. Sodium chloride ~ NaCl 58.4 BDH England



Saiphon Poldee .o Materials and Methods/ 62

Chemical name Chemical Molecular Company Country
structure weight

18. Sodium citrate CsHsNa;O; 294.1 Sigma USA

19. Sodium dihydrogen NaH,PO,2H,0 156.01 BDH England
phosphate

20. Sodium dodecyl ~ C,H,504SNa 288.38 Sigma USA
sulfate(SDS) |

21. Sodium hydroxide NaOH 40 BDH England

22. N,N,N’,N’ -tetramethyl - 116.21 Fluka Japan

ethylene diamine (TEMED)

23. Tris [hydroxymethyl- C,H;;NO; 121.10 Sigma USA
aminomethane]
24. Tris [hydroxymethyl- C4H;;NO3.HCl 157.6 Sigma USA

aminomethane Jhydrochloride

25. Urea CH4N,O 60.06  Sigma USA

3. Enzymes
Restriction enzymes used were as followings:
1) Hhal, Pharmacia, USA
2) Mspl,Pharmacia, USA
3) Proteinase K, Gibco BRL, USA
4) Taq DNA polymerase, Qiagen, Germany
5) Fspl, Pharmacia, USA

6) Taql, Pharmacia, USA
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4. Oligonucleotides
1) Oligonucleotide primers are listed in Table 3.1

Table 3.1 The oligonucleotide primers of apo B and apo E

Setof Code Type Site of Sequence
_primer annealing S 3
Signal peptide of apo B

BID P1 Sense  120-141 -CAGCTGGCGATGGACCCGCCGA-

P2 Antisense 213-191 -ACCGGCCCTGGCGCCCGCCAGCA-

Arg3531Cys of apo B
BM31 PS5 Sense 10,551-10,569 -GACCACAAGCTTAGCTTGG-
P6  Antisense 10,884-10,866 -GGGTGGCTTTGCTTGTATG-

P7 Sense  10,774-10791 -GAGAAGCCACACACTCAAAT-

Arg3500GIn and Arg3611Gln of apo B
BMP P3 Sense 10,675-10,698 -CTTACTTGAATTCCAAGAGCACCC-

P4 Antisense 11,151-11,128 -GTAGGATGATATTTTTGAGGAACC-

Apo E polymorphism
EMP El Sense  3,650-3,669 -AACAACTGACCCCGGTGGCG-
E2 Antisense 3,941-3,922 -ATGGCGCTGAGGCCGCGCTC-

E3 Sense  3827-3846  -CCCACCTGCGCAAGCTGCGC-

44852
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5. Equipments
1) DNA thermocycler 480, Perkin Elmer Cetus, USA
2) Hot-plate/stirrer, Branstead/thermolyne,USA
3) Microcentrifuge, Fotodyne, USA
4) Mini-PROTEAN II electrophoresis cell, Biorad, USA
5) pH meter, Beckman, USA
6) Pipetman, Gilson, France
7) Polaroid camera, Fotodyne, USA
8) Sterilizer-autoclave, Tomy Seiko, Japan
9) UV-transilluminator, Fotodyne, USA
10) Vortex mixer, Scientific Industries, USA

11) Water bath, Lab-Line, USA

6. Miscellaneous
1) Microcentifuge tube Treff AG, Switzerland
2) Pipette tips (for Pipetman P20, P100, P200), Treff AG, Switzerland
3) pipette tips (for Pipetman P1000), Elkary products, USA

4) Polaroid films, Berle Jucker , Thailand

7. Reagents
All of the solutions were prepared in sterile distilled water, unless otherwise

indicated. They were sterilized by autoclaving, except organic solvents and

unsterilizable solutions.
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7.1 Reagents for DNA extraction from human blood sample
1) Absolute ethanol
2) 0.5 M EDTA, pH 8.0: EDTA sodium salt 93 g, distilled water 400  ml.
NaOH pellets 10 g, adjust pH to 8.0 with 10 N NaOH. Autoclave.
3) Lysis buffer: pH 7.2 ; Weigh NH,CI 6.35 g, EDTA 1.33 g and Trizma base
0.92 g. Add 500 ml of distilled water, adjust the pH to 7.2 and add distilled water
upto 1.0L
4) Proteinase K solution: 10 mg/ml (stored at -20 °C )
5) Protein precipitate: 7.5 M Guanidine HCL, pH 7.6, 1 M Tris HCI, pH 7.6, filter
with 0.2 um Nalgene filter and transfer into labeled glass container.
6) 10% (w/v) SDS solution: 10 g of SDS was dissolved in 100 ml sterile distilled
water.
7) 10x TBE buffer, pH 8.0: Trizma base 108 g, Boric acid 55 g, 0.5 M EDTA,
pH 8.0; 40 ml, add distilled water up to 1,000 ml, mixed well.
8) 1 M Tris-HCI, pH 7.6: Weigh Tris-HCI 60.6 g, add 400 ml of distilled water,
add approximately 13 ml of concentrated HCI, then to adjust the pH to 7.6, add
distilled water up to 500 ml. Sterilized by autoclaving.

7.2 Reagents for polymerase chain reaction (PCR)
1) Deoxyribonucleotide triphosphate mixture:100 mM dGTP,100 mM dATP,100
mM dCTP, and 100 mM dTTP
2) 10 x PCR buffer : 100 mM Tris-HCI, 500 mM KCl, 15 mM MgCl, pH 8.7
3) Q-solution: 5x concentrated ( Qiagen, Germany)

4) MgCl;, solution : 25 ‘mM
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5) Mineral oil
6) Primer: The oligonucleotide primers were synthesized by Gibco BRL , USA.
Each primers was later dissolved in sterile distilled water.
7) Taq DNA polymerase (5 units/pl ) : commercially from Qiagen, Germany.
7.3 Reagents for agarose and polyacrylamide gel electrophoresis
7.3.1 Reagents for agarose gel electrophoresis
1) Agarose
2) Electrophoresis running buffer : 1x TBE buffer, diluted 100 ml of 10x TBE
with 900 ml of distilled water for use in tanks and gels.
3) Ethidium bromide ( 1 mg/L in sterile distilled water)
4) Gel loading buffer: 0.25% bromophenol blue, 0.25% xylene cyanol, 30%
glycerol in 50 ml of water.
5) 10x TBE buffer, pH 8.0: Trizma base 108 g, Boric acid 55 g, 40 ml 0.5 M
EDTA, pH 8.0 adjust to 1000 ml. with distilled water.
7.3.2 Reagents for polyacrylamide gel preparation
1) N,N’- methylenebis-acrylamide
2) 10% (w/v) ammonium persulfate (APS)
3) Electrophoresis running buffer : 1x TBE buffer, dilute 100 ml of 10x TBE in
900 ml of distilled water.
4) Ethidium bromide ( 1 mg/l in sterile distilled water)
5) Gel loading buffer: 0.25% bromophenol blue, 0.25% xylene cyanol, 30%
glycerol in 50 ml of water.

6) N,N,N’,N’-tetramethylethylene diamine (TEMED)



Fac.of Grad. Studies, Mahidol Univ. M..Sc.(Biochemistry)/ 67

7)10x TBE buffer, pH 8.0 : Trizma base 108 g, Boric acid 55 g, 0.5 M EDTA,

pH 8.0 40 ml, add distilled water upto 1,000 ml. Mix well.

Methods

1. Determination of lipid profiles

Lipid profiles were analyzed by Clinical Laboratory Service Department,
Faculty of Medical Technology, Mahidol University. Venous blood 10 ml was taken
after 12-14 hours of fasting. Plasma total cholesterol and triglyceride levels were
determined by Hitachi 917 Autoanalyzer. The concentration of plasma HDL was
measured after precipitation of LDL and VLDL fractions with dextran sulfate and
MgCl,, and plasma LDL level was calculated using the formula described by
Friedewald et al ¥ and VLDI: lével was calculated by this formula: VLDL-C = Total-

cholesterol ~ (LDL-C + HDL-C).

2. DNA extraction from whole blood

DNA was extracted from peripheral blood leucocytes using UCLA method.
EDTA can be used as anticoagulant. All of the processes must be absolutely aseptic. Five
to ten millilitres of anticoagulated blood was centrifuge at 1,800 rpm for 10 minutes,
plasma was removed and transfer 250-500 ul of buffy coat of ficoll pellet to a 1.5 ml
microcentrifuge tube. Added 1.0 ml of red blood cell lysis reagent, vortexed and let stand
for 2 minutes. The nuclei pellet was collected by centrifugation at 5,000 rpm for 10

minutes, discarded the supernatant, repeated this step until all red blood cells were lysed,
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however, did not repeat this step more than 3 times. The nuclei were vortexed to prevent
clumping. Approximately 40 pl of Proteinase K (10mg/ml) was added, vortexed the
sample and added 800 ul of distilled water, vortexed it again. Three hundred ul of 10%
sodium dodecyl 'sulphate (SDS) was added to the solution. This detergent lysed the
nuclear membrane and the solution became viscous as the DNA was released. The
sample was mixed gently by rocking the tube. The protein was precipitated by adding 7.5
M Guanidine HCL , mixed the sample gently and incubated at 68-70 °C for 10
minutes. After 10 minutes, the sémple was mixed vigorously obtaining the homogeneous
mixture. Tried to avoid creating bubbles while mixing with pipettes and incubated the
sample at 68-70°C for additional 5 minutes. After the 5 minutes, the sample was spinned
at 10,000 rpm for 4 minutes (-If the pellet is compacted and the supernatant is clear and
free of debris, continue to the next step. If the pellet is diffused and the supernatant is
cloudy, repeat incubated and spin it again). The supernatant was transferred to a clean 50
ml plastic tube by decanting or pipetting. The DNA was precipitated by slowly adding
approximately 4 ml of cold a‘?so-lute ethanol. The solution of absolute ethanol was kept
at -20°C overnight to complete DNA precipitation. The tube was gently rocked the tube
back and forth until cotton-like strands of DNA appeared. (If the amount of DNA was
enough to be visualized by naked eyes after precipitation). The precipitated DNA was
collected by transfer the DNA to another labeled 1.5 ml Eppendorf tube with drawing
800 pl of DNA-ethanol, spinned at 10,000 rpm for 2 minutes and discarded the alcohol
supernatant. The ethanol was removed by adding 500 pl of 70% ethanol to the sample,
vortexed to loosen the pellet and let the sample stand for 1 minute. The DNA was

collected by centrifugation af 10,000 rpm for 2 minutes and discarded as much of the
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supernatant as possible. The DNA pellet was dissolved with 200 ul sterile distilled
water, vortexed and incubated at 68-70°C for 5 minutes with the cap open to evaporate
the ethanol. Finally, the quality of DNA was verified by 0.7% agarose gel

electrophoresis.

3. Polymerase Chain Reaction (PCR)
Principle
The polymerase chain reaction (PCR) is method of amplifying a target sequence

of DNA. PCR provides a sensitive, selective, and extremely rapid means of amplifying a
desired sequence of DNA. Specificity is based on the use of two oligonucleotide primers
that hybridize to complemeﬁtaw sequences on opposite strands of DNA and flank the
target sequence. The DNA sample is first heated to separate the two strands, the primers
are allowed to bind to the DNA, and each strand is copied by a DNA polymerase,
starting at the primer site. The two DNA strands each serve as a template for the
synthesis of new DNA from the two primers. Repeated cycles of heat denaturation,
annealing of the primers to their complementary sequences, and extension of the
annealed primers with DNA polymerase result in the exponential amplification of DNA
segments of defined length. This-process is repeated for multiple cycles
3.1 Analysis of apo B signal peptide insertion/deletion polymorphism

The rapid and efficient method of typing an insertion/deletion polymorphism in the
signal peptide region of the human apo B gene are the polymerase chain reaction and
synthetic oligonucleotides closely flanking the region of interest, alleles differing by only

nine base pairs were readily distinguishable”~®. The primer set BID (P1/P2) was used
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to amplify 93 bp (insertion) and 84 bp (deletion) of DNA fragment covering a part of
noncoding and encoding 5’ region. This segment located within nucleotide 120 to
nucleotide 213 in exon 1 of apo B gene.

To generate double-stranded amplified DNA, the polymerase chain reaction(PCR)
was modified from the methods of Visvikis et al® and Saha et al®® This procedure
was carried out in 100 pl ﬁ;al .volume in 0.6 ml microcentrifuge tube. The reaction
mixture contained 0.5-1.0 pg of genomic DNA, 1x PCR buffer and  0.65 ug of each
oligonucleotide primer (Gibco BRL ,USA). The four dNTPs (dGTP, dATP, dCTP, and
dTTP) were present in final concentration of 150 pM , then added 1.5 units of Taq
DNA polymerase. The mixture was mixed for 2-3 second by vortexing and overlaid
with 60 pl of mineral oil to avoid evaporation during amplification. The optimized
procedure for amplification was carried out using a DNA thermal cycler. (Perkin Elmer
Cetus Instruments). A total’ of 50 cycles were run under a following condition:
denaturation at 96°C for 6 minutes in the first cycle and 95 °C for 1 minute in each
subsequent cycle. The annealing and extension step was carried out simultaneously for
1.5 minutes at 65°C . The annealing temperature at 65°C was used for sets of primers
BID with good outcomes, the specific DNA fragments as defined by the primers were
amplified and the length of the amplified DNA products would be determined by the
extension between the two primers.

3.1.1 Examination of the PCR products of insertion/ deletion in signal peptide of
apo B gene by electrophore.sis

Electrophoresis in an polyacrylamide gel separates the DNA fragments by size.

DNA is negative charge and will migrate towards the anode when an electrical field is



Fac.of Grad. Studies, Mahidol Univ. M.Sc.(Biochemistry)/ 71

applied. Smaller DNA fraginent migrate through the polyacrylamide matrix more
quickly than larger fragments. Amplified DNA was subjected to electrophoresis in 8%
polyacrylamide gels. Before pouring the gel, the gloves must be worn when preparing
and handing the gel solutions since acrylamide was a known neurotoxin. Twenty ml of
8% polyacrylamide solution, containing 4 ml of bis-acrylamide, 1.6 ml of 10x TBE
buffer, 14.4 ml of distilled water, 160 pul of 10% ammonium persulfate  (To initiated
free radicals which an important for chain reaction) and 15 pl of TEMED were mixed
gently. TEMED accelerated ‘the polymerization of acrylamide and bis-acrylamide by
catalyzing the formation of free radicals from ammonium persulfate. The free radicals
would drive the polymerization. The gel was poured as soon as possible after TEMED
had been added to the beaker. The polyacrylamide solution was slowly pushed by using
syringe into the gel mold. The solution was poured in continuous stream to prevent the
formation of air bubbles. The comb was immediately placed to make the sample wells
into the top of the gel. The gel was left to polymerize at room-temperature or
incubated for 30-60 minutes. After the gel had polymerized, the comb was carefully
removed. The gel mold was ‘;tta;ched to the electrophoresis apparatus. Then 1,000 mi
of 1x TBE buffer was prepared and 500 ml was filled to the lower chamber and
approximately 300 ml to the upper chamber. The solution of DNA markers (1ug/pl of
10 bp DNA Ladder, Gibco BRL, USA) was mixed with 2 pl of gel loading buffer and
applied into the first well using an automatic pipette. Ten ul of the amplified DNA was
similarly mixed with 2 pl of the gel loading buffer and applied into a well in the same
manner. When all of the samples had been loaded, the electrode was connected to

power supply and electrophoresis was carried on at 90 volts for 90 minutes at room
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temperature. After the electrophoresis was ended, the gel was soaked in a solution of
ethidium bromide ( 1mg/L in distilled water) for 1-2 minutes. The stained agarose gel
was then placed on a short wavelength UV transilluminator (254 nm). The amplified
DNA segment was observed and photograph of the gel might be taken. The size of the
amplified DNA was estimated by comparing it with that of the DNA markers.

3.1.3 Statistical analysis for apo B ins/del polymorphisms

Statistical analyses were performed using the software package SPSS and Statview.
Allele or gene frequencies was determined by using the gene counting method. Chi-
square analysis was carried out to test deviation of genotype frequencies from these
predicted by the Hardy-Weinberg equilibrium hypothesis. The data obtained were
compared within the varions éroijps in this study or with the other published
frequencies. Chi-square analysis was also tested the significant variation among these
frequencies. Differences in mean lipid level, among Ins/Del polymorphism of each
subgroup were evaluated by non-parametric test of Kruskal-Wallis. Mean and standard
errors of adjusted quantitative parameters of difference of serum lipid levels in before
and after treatment with lipid-lowering drug were estimated by the pair Student’s t-test.

The nominal level of statistical significance for all analyses was p< 0.05.

3.2 Determination of Arg3531Cys mutation by polymerase chain reaction.

The Arg3531Cys mutation is caused by the substitution of thymine for cytosine at
position10,791, in exon 26 of apo B gene. The presence of this mutation was
determined in pooled samples by the polymerase chain reaction (PCR). The primers set

BM31 (P5,P6 and P7) as shown in table 3.1 was used to amplify a common band of
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334 bp and a mutation-specific band 111 bp in case of Arg3531Cys. The DNA segment
located within nucleotide 10,551-10,884 for common band and nucleotide 10,774 -
10,884 for a mutation at Arg3531Cys, in exon 26 of apo B gene.

The polymerase chain reaction (PCR) to amplification of Arg3531Cys was
modified from the methods of Anne Tygjaer-Hensen, et al®®. This procedure was
carried out in a final volume 6f 50 ul containing approximately 0.1-0.2 pug of genomic
DNA and 200 pmol of each deoxynucleoside triphosphate per litre, 1.5 mmol of
magnesium chloride per litre, 1x PCR buffer (200 mM Trié- hydrochloride, pH 8.4, and
500mM potassium chloride) and three oligonucleotide primers as shown in Table 8
with 0.025 pumol per litre for PS5, 1.0 umol per litre for P6, and 1.0 umol per litre for P7
and 1 unit of the Taq polymerase. The mixture was mixed by vortexing and overlaid
with 30 ul of mineral oil before amplification. The optimized procedure for
amplification was carried out using a DNA thermal cycler (Perkin Elmer Cetus
Instruments). A total of 35 cycles was run under the condition: denaturation at 96 °C
for 5 minutes in the first cycle and 95 °C for 1 minute in each subsequent cycle,
annealing at 55°C  for 1 minute. The extension of oligonucleotide chains was
performed at 72 °C for 1 minute in all cycles and for 7 minutes in the last cycle.

3.2.1 Examination of the PCR products by electrophoresis

The amplified DNA was analyzed by electrophoresis in 4 % agarose gel.
Practically, a 4% agarose gel was prepared by boiling 4 g agarose powder in 100 ml of
agarose gel buffer ( 1x TBE l;uﬁ:er ). After agarose was melted, let it cool to about 55°
C. Then 10 ml of the gel was poured into a plastic mold (7 cm x10 ¢m ) in which a

comb with 8 teeth (1 mm thick, and 6 mm wide) was previously placed to make the
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sample wells near one edgé; of the gel. The gel was left to polymerize at room
temperature for 30 minutes and the solid gel with 6 mm thick was formed. The comb
was then removed and the gel was transferred into a electrophoretic chamber filled with
Ix TBE. The gel was submerged under the buffer. The solution of DNA markers, (25
bp DNA Ladder, Gibco BRL,USA) was mixed with 2 ul of the gel loading buffer and
applied into the first well using an automatic pipette. 10 ul of the amplified DNA were
similarly mixed with 2 pl of the gel loading buffer and applied into a well in the same
manner. When all of the samples had been loaded, the electrode was connected to
power supply and electrophoresis was carried on at 90 volts for 1 h at room
temperature in submarine fashion. After the electrophoresis was end, the gel was
soaked in a solution of ethidium bromide ( 1mg/L in distilled water) for 1-2 minutes.
The stained agarose gel was then placed on a short wavelength UV transilluminator
(254 nm). The amplified DNA segment was observed and photograph of the gel might
be taken. The size of the amplified DNA was estimated by comparing it with that of the

DNA markers.

3.3. Detection of mutation Arg3500GIn and Arg3611GIn which cause familial
defective apolipoprotein B-100 by Mutagenic Polymerase Chain Reaction Primers
and Restriction Fragment length Polymorphism
3.3.1 Restriction endonuclease digestion of PCR products
Digestion of DNA with restriction endonuclease generates  different
restriction maps or patterns of DNA fragments from homologous genes that contain

different base sequence. This phenomenon is termed “Restriction Fragment Length
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Polymorphism or RFLP”’. The differences in DNA sequence site can result in variation
of restriction sites and thus in the length of restriction fragments. An inherited difference
in the pattern of restriction i's known as a restriction fragment length polymorphism.
RFLPs result from single base changes on DNA into a restriction fragment and are
providing to be useful for diagnostic tool .

A single nucleotide mutation in codon 3500 in exon 26 of the apo B gene (CGG
to CGA) leads to substitution of glutamine for arginine in the variant gene product.
Individuals carrying the mutant allele in the heterozygous state are affected by a
disorder termed “familial defective apo B-100” (FDB). FDB are characterized by
delayed clearance of LDL particle from plasma, hypercholesterolemia, and high
concentration of apo B in plasma. This mutation supposedly alters the structural
conformation of the protein in the vicinity of the receptor-binding domain, thus it may
be preventing the binding of LDL particle to the LDL receptor.

The method that further simplifies and rapid detection of the point mutation on
codon Arg3500GIn of the apo B gene was used in this study. This method is based on
the selective creation of an artificial Mspl restriction site in the wide-type allele, but not
in the mutation allele, by the use of sequence modifying PCR primers. In addition,
because an Mspl restriction fragment length polymorphism (RFLP) of apo B has been
identified in codon 3611.%% ;?Ve. used a single PCR to combine the detection of both
polymorphic sites, allowing rapid and reliable decision on the cis- or trans- localization
of the two mutations on chromosome 2 without a pedigree analysis. In the cis-
localization both mutant recons are on one homologue and both wild type are on the

other (- -/+ +). The phenotype observed is wild type. In the trans- localization each



Saiphon Poldee Materials and Methods/ 76

homologue has a mutant and a nonmutant recon (- +/- +), and the mutant phenotype is
observed.

Two oligonucleotides 24 base long used as primers (BMP of P3 and P4 in table
3.1) for PCR amplification, they were synthesized on a Gibco BRL, USA. The
sequence of 5 PCR primer, which correspond to nucleotides 10,675-10,698 of the apo
B sequence was modified in"thé next to last base of its 3 end (nucleotide 10,697),
where a C was introduced instead of an A. The terminal 3’ nucleotide corresponds to
the first base of codon 3500. The 3’ PCR primers includes nucleotides 11,128-11,151.
A polymerase chain reaction was carried out in 100 pl reaction volumes containing
approximately 0.3-0.5 ug of genomic DNA and 200 pmol per liter of each
deoxynucleotide triphosphate and 0. 1 umol of each of the two primers, 1x PCR buffer.
The reaction mixture was denatured at 96°C for 6 minutes before the addition of 2.5 U
of Taq polymerase. The mixt'l‘xre‘ in each tube was overlaid with 50 pl of mineral oil to
prevent condensation during amplification. PCR amplification was done by 30
repetitions of denaturation at 96°C for 2 minutes, annealing at 60°C for 1 minute, and
primer extension at 70°C for 1 minute. A further extension time of 7 minutes was
added at the end of the last cycle. PCR was performed in an automated Perkin Elmer
Cetus Instruments. The total length of the resulting 477 bp of PCR f)roduct was
estimated by compairing it with that of the DNA markers on polyacrylamide gel
electrophoresis. A 10 pl aliquot of the PCR product was mixed with 1.5 pl of
restriction enzyme buffer [106mfnol/L Tris-HCI buffer containing 50 mmol of MgCl,, 1

mol of NaCl, 10 mmol of 2-mercaptoethanol per liter, pH 8 at 37 °C ( Pharmacia) ]
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and brought to a final volume 20ul with sterile distilled water and added 0.5 pl (5.5 U)
of Mspl (Pharmacia, USA), and incubated at 37°C for 2 h or overnight.

3.3.2 Examination of Mspl restriction fragment length polymorphism reaction
product by electrophoresis.

Ten pl of the reaction product was subjected to electrophoresis in 5%
polyacrylamide gels: 25 ml of 5% polyacrylamide solution containing 3.125 ml of bis-
acrylamide, 2.5 ml of 10x TBE buffer, 19.375 ml distilled water, 160 ul of 10 %
ammonium persulfate and 15 ul of TEMED. When all of the samples and 25 bp DNA
ladder marker( Gibco BRL), had been loaded , the electrode was connected to power
supply and electrophoresis was carried on at 90 volts for 1.5 h. After the
electrophoresis was end, the gel was soaked in a solution of ethidium bromide. The
stained polyacrylamide gel was then placed on UV transilluminator. The result of an
electrophoretic fragment length after cleavage with Mspl was estimated by comparing

it with that of the DNA ladder markers.

3.4 Determination of apo E phenotypes by polymerase chain reaction-restriction
fragment length polymorphism ( PCR-RFLP )

The three common alleles £2,€3 and €4 are inherited co-dominantly and code for
three apo E proteins ( Isoforms): E2,E3 and E4. The isoforms differ at amino residues
112 and 158 . Isoform E2 has Cysteine residues at both sites, E4 has Arginine residues
at both sites, and E3 has a Cysteine at position 112 and an Arginine at position 158.
The molecular biology techniques which specific and rapid of determination of apo E

polymorphism are the Polymerase Chain Reaction followed by Hhal digestion’ '2*'2".
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Two specific sequences of exon 4 were designated on the basis of the known nuclotide
sequence of the apo E gene. The primer set EMP ( E1/E2) as shown in table 13.1 was
used to amplify the PCR1, 292 bp DNA segment. This segment located within
nucleotide 3,650 to nucleotiae 3-,941 and PCR 2 was done with primer E3 and E2 to
amplify 115 bp DNA segment, located within nucleotide 3,827 to nucleotide 3,941 in
exon 4 of apo E gene.

The amplification consisted of PCR buffer (Qiagen, Germany), 0.2-0.3 ug of
genomic DNA, 40 pmol of each primer, 8 mmol of each dNTP, 100 ml/L dimethyl
sulfoxide, 1x Q solution (Qiagen) and 3.5 U of Taq DNA polymerase (Qiagen) in final
volume of 100 pl. The reaction mixture was denatured at 96 °C for 12 minutes before
the addition of 3.5 U of TaqDNA polymerase. The mixture in each tube was overlaid
with 30 pl of mineral oil to avoid evaporation during amplification. The amplification
began by 5 cycle of 1 minute at 95°C (for denaturation), followed by 3 minutes at 72°
C (for primer annealing and extension). Then series of 30 cycles (95 °C for 1 minute,
65°C for 1 minute and 72°C for 1 minute) was carried out. The total length of
resulting 292 bp (PCR1) and 115.bp (PCR2) of PCR product was estimated by
comparing with the 25 bp DNA ladder markers (Gibco BRL) on 10% polyacrylamide
gel. It was then placed on ultraviolet light, and photographed on Polaroid film to
distinguish the expected ampiimers from nonspecific amplifications.

3.4.1 Endonuclease restriction digestion of PCR products.

Each PCR product (90 pl) after amplification was precipitated by 3 mol/L sodium

acetate (4.5 pl) and frozen absolute ethanol (180 ul) and left for a night at -20 °C.

The precipitate was washed with frozen 700 ml/L ethanol, solubilized in steriled water.
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The amplified products were 292 bp and 115 bp for PCR1 and PCR2, respectively. The
PCR 1 and PCR 2 were digested with 250 kU/L enzyme Hhal at 37°C for 4 h. The
digested PCR product was then loaded on a 100 g/L polyacrylamide gel electrophoresis
for 1h at 25 W constant . The DNA fragments separated after digestion were revealed
by ethidium bromide under ultraviolet illumination. Their sizes were determined by
comparison with 25 bp DNA {adder markers.
3.4.2 Statistical analysis of apo E polymorphisms

Statistical analyses were performed using the software package SPSS and
Statview. Allele or gene frequencies were estimated using the gene-counting method.
The genotype frequencies were analysed for adherence to Ha‘rdy-Wienberg equilibrium
hypothesis by a chi-square test. Differences in apo E genotype distribution between
different population samples were also determined by chi-square analysis. These data
obtained were compared with the other published frequencies for the apo E genotypes
and tested for significant vé;‘iat.ion by chi-square analysis. Differences in mean lipid
levels between apo E phenotypic groups were evaluated by non-parametric test of
Kruskal-Wallis (H-test). Mean and standard errors of adjusted quantitative parameters
of difference of serum lipid levels in before and after treatment with lipid-lowering drug
were estimated by the pair Student’s t-test. The nominal level of statistical significance

for all analyses was p< 0.05.
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CHAPTER IV

RESULTS

Lipid levels in Thai population

Table 4.1 showed the mean lipid levels of Thai population which subdivided
into normolipidaemia and hyperlipidaemia. The lipid profile of total cholesterol, LDL-
cholesterol, triglycerides, and VLDL-cholesterol were highly significant increased in
hyperlipidaemia than that in normolipidaemia (p<0.001). HDL-cholesterol showed no
significant difference betweex} these two groups. In general, high levels of cholesterol
and triglyceride have been considered to play a part in coronary heart disease.
Additional risk factors also include high blood pressure, tobacco smoking, age, male
gender, obesity (particularly abdominal obesity), lack of exercise, drinking soft as

opposed hard water, and genetic defects of apolipoprotein.

Table 4.1. Plasma total cholesterol, LDL-cholesterol, triglyceride, HDL-cholesterol in Thai
population (data expressed as mean + SE, TC = total cholesterol, and TG = triglyceride ).

Type of subjects TC LDL-C TG HDL-C | VLDL-C | TC/HDL-C
(mg/dl) | . (mg/dl) | (mg/dl) | (mg/dl) | (mg/dl)

Thai population

(n=171) 23715 15914 14417 50+1 29+1 4.7
Normolipideamia

(n=68) 17543 105+2 9915 51+2 201 3.52
Hyperlipidaemia

(n=103) 27814 195£5% 173+9* 49+1 3512% 5.67

* level of significance (p<0.001) as compared with normolipidaemia estimated by unpaired Student's t-test.
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Elevation of plasma free fatty acids will also lead to increase VLDL secretion in liver,

involving extra triglyceride and cholesterol output into the circulation. Factors leading
to higher or fluctuating levels, of free fatty acids include emotional stress, nicotine from
cigarette smoking, caffeine from coffee drinking, and partaking of a few large meals of
diet high in saturated fat and calories, high in sugar, low in fruits and vegetables rather
than continuous feeding. Premenopausal woman appear to be protected against many
of these deleterious factors, possibly because they have higher concentrations of HDL
due to the influence of oestrogen than to men and post- menopausal women. From the
other study *?, they have reported that the risk of coronary heart disease in most of
both men and women is rare in the first two decades of life, becoming more prevalent
after the age of 30 and much more marked beyond the age of 60 years. Coronary heart
disease in females beyond 60 years increases at an accelerated rate and after the

seventh decade the rate approaches that in males (figure 4.1).
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Figure 4.1 CHD death rates as a percentage of all deaths in men and women at

different ages in Scotland, 1994 ¢*?
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In addition, the exercise level required to improve a patient’s risk factor profile has hot
been fully established but an excess energy expenditure of approximately 2000
kilocalories per week is thotight to provide the same protection as that observed in
athletes. It is of interest that studies have shown are association between moderate
alcohol concentration and a lower incidence of coronary heart disease. This may be due
to elevation of HDL concentration, but it has been claimed that red wine is particularly
beneficial, perhaps become of itg contents of antioxidants.

Since the highly significant increases of LDL-cholesterol and triglyceride levels
in hyperlipidaemia as significant risk factors of CHD were observed in this study, the
genetic information of apo B and apo E which contained in LDL and VLDL particles
should be further investigate;i tc.> predict the causes of lipid elevation as another risk
factors in Thai population. The genetic information are the potential risk factors to
predict hyperlipidaemia better than other risk factors because it is not altered by the
disease process, life style, or time and can be represented the information from
biochemical and physiological risk factors, as shown in table 4.1 The presence of these
polymorphisms may lead to the early development of CHD and this may adversely

affect survival and longevity.

DNA extraction.

The genomic DNA (gDNA) was extraced from peripheral blood leucocytes of
normal individuals and primary hyperlipidaemia subjects by guanidine-HCL extraction
as described in Materials and Methods. Size fractionation and DNA quality was

analyzed by electrophoresis on 0.7% agarose gel in 1X TBE buffer. The gDNA band
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were verified under the UV transilluminator after ethidium bromide staining (Figure

4.2).

Figure 4.2 Ethidium bromide staining patterns of genomic DNA extracted from
peripheral blood leukocytes by guanidine-HCl extraction. Lane M was

HindIII-digested ADNA marker. Lane 1to 5 were gDNA from different

individuals.

Apo B-100 insertion/deletion polymorphism

An insertion or deletion of three codons involving three amino acids, leucine-alanine-
leucine, within exon 1 of the apoB gene has been investigated in this study. This amino
terminal cleavable signal sequence directs the emerging protein to translocate through
the endoplasmic reticulum membrane. Thus, this signal peptide polymorphism within

the apoB gene may play a rdle in affecting the translocation of the apoB polypeptide
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into the endoplasmic reticulum. Several previous studies have investigated the impact
of this polymorphism on plasma lipid levels. Some studies have found the correlations
between the ins/del polymorpbisr:n and the lipid levels.

The PCR product of the apo B signal peptide insertion/deletion genotypes after
polyacrylamide gel electrophoresis was shown in Figure 4.3. The two alleles are easily
visualized by UV transillumination, the larger (Ins) allele is 93 bp and the smaller allele
(Del) is 84 bp. The upper band in heterozygote is the heteroduplex of 93 and 84 bp,
which occurred during the PCR cycle. Genotype frequencies of the apo B signal
peptide insertion/deletion polymorphism in 171 Thai population of both 68
normolipidaemia and 103 hyperlipidaemia subjects are shown in Table 4.2. The allele
frequencies of the apo B signal peptide polymorphism obtained from table 4.3 in these
samples were used to calculate the x* value to test the deviation of genotype
frequencies from the criteria of Hardy-Weinberg equilibrium. From x* method, it was
shown that the distribution of these three genotypes (I, ID and DD) was in Hardy-
Weinberg equilibrium (x*= 1.95; p=0.325; df =2) (Table 4.2).

Table 4.2. The genotype frequencies distribution of apo B sigha;l’ peptide

insertion/deletion polymorphism (x*= 1.95; p = 0.325; df = 2).

Genotype Ins/Ins* Ins/Del Del/Del
Observation 103 60 8
(60%) (35%) (5%)
Hardy-Weinberg expectation 104 59 8
(61%) (34%) (5%)

* No. in parenthesis refers to relative genotype frequencies
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Figure 4.3 Polymerase chain reaction products of the apo B signal peptide insertion /
deletion polymorphism genotypes. (lane M is marker, lane. 1,2 are
homozygous insertion, lane 3, 4 are homozygous deletion and lane 5,6 are

heterozygous insertion/deletion).

The allele frequencies of insertion (Ins) and deletion (Del) alleles estimated by
gene counting method in Thai population were found to be 0.78 and 0.22, respectively
(Table 4.3). The distribution of apo B signal peptide Ins/Del polymorphism in relation

to serum total cholesterol or triglyceride levels in hyperlipidaemia (>200 mg/dl) and
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normolipidaemia (<200 mg/dl) is also presented in Table 4.3. The frequency of the Del
allele was significantly higher (0.26) in the hyperlipidaemic group than that (0.17) in
subjects with normolipidaemic group (x°=3.82; p<0.05; df=1). However, the
comparison of allele frequegciqs between Thai population and hyperlipidaemia and
normolipidaemia showed no significant difference as shown in table 4.3 (x? for Thai
population vs hyperlipidemia =1.147; p=0.284; x> for Thai population vs

normolipidemia =1.49; p=0.22).

- Table 4.3 Allele frequencies of apo B signal peptide insertion/deletion polymorphism in

Thai population which subdivided into hyperlipidaemia, normolipideamia.

Type of allele Thai population Hyperlipidaemia Normolipidaemia
n=171" n=103 n=68

Insertion (Ins) 0.78 0.74 0.83

Deletion (Del) 022 0.26 0.17

%* for Thai population vs hyper =1.144; p=0.285
%* for Thai population vs normal =1.49; p=0.222

%” for hyper vs normal =3.82; p=<0.05

These genotype frequencies and allele frequencies between hyperlipidaemia and
normolipidaemia were summarized in table 4.4. The result from this study was agreed
with the previous report of Saha et al®” who study in the Chinese in Singapore. The
Del allele in Chinese was significantly higher (0.26) in hypercholesterolaemic group (>
250 mg/dl) than that (0.18) in subjects with normal serum cholesterolaemia (< 250

mg/dl). However, in the French series there was no significant association of the
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polymorphism with hypercholesterolaemia (Del = 0.368) and normolipidaemia (Del =
0.345)®™. This is due to the high Del allele frequency as compared with the Thai and

Chinese populations.

Table 4.4 Distribution of apo B signal peptide insertion/deletion polymorphism in

relation to serum total cholesterol and triglyceride levels.

Genotypes Allele frequencies
Group of subjects II ID | DD All I D
Hyperlipidemia 57 39 7 103 0.74 0.26
Normal 46 21 1 68 0.83 0.17

x> =1.95: p=0.32; df = 2 for genotype frequencies

%’ = 3.82: p<0.05; df=1 for allele frequencies

The study of Ins/Del allele and the genotype distribution from this Thai
population samples was also compared with other racial populations (Table 4.5).
Significant differences were observed in the Ins/Del genotypes between the Thai and
the various Caucasian and Indians in Singapore®®. A chi-square test of heterogeneity
indicated the statistically significant differences in apo B allele frequency distribution
between the different populations. Two-sample x* analysis showed that the allele
frequencies of the Thai population differ highly significantly from those of the French
7, Norwegian®, Indians in Singapore ©? (p<0.001), Finnish® and American®” (p<
0.05). In Indians in Singapore, the significant difference of apo B allele frequency differ
from the others, i.e., this population contained significantly high frequency of Ins allele

and low of Del allele whereas other Caucasian populations contained significantly low
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Ins allele and high Del allele. No significant differencefrom Thai population were found

with the Chinese in Taiwan®®, South Asains in UK.®®, Nigerian®, and Chinese in

Singapore®*Y. This study suggesting that the origins of this Del allele may be in

central Europe because of the high prevalence of Del allele in Finland, France and

Norway.

Table 4.5 Comparison of the frequency distributions

insertion/deletion polymorphism in different racial populations.

of apo B signal peptide

Population sample | No. of sample | Ins | Del | p value Reference
Thailand 171 0.78 | 0.22 - Present study
Singapore (Indians) 181 0.89 | 0.11 | <0.001 Saha et al (1993)
UK (South Asians) 107 080 | 020 | 0.7 Renges et al (1991)
Singapore (Chinese) 269 0.80 | 0.20 | 0475 Saha et al (1992a)
Singapore (Chinese) 221 080 | 0.20 | 049 Saha et al (1992b)
Finland 55 0.68 | 0.32 | <0.05 Xuetal (1990)
French 194 0.66 | 0.34 | <0.001 Visvikis et al 1990
Nigeria 1202 075 1 025 | 0.228 Anderson et al (1997)
Norway 547 0.63 | 0.37 | <0.001 Bohon et al (1994)
Taiwan (Chinese) 319 081 1019 | 0263 Wu JH et al (1994)
American 71 0.68 | 0.32 | <0.05 | Boerwinkle et al (1992)
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The observed apo B.phenotype distribution and corresponding apo B allele

frequencies between gender in 171 Thai population was - presented in Table 4.6. The

apo B signal peptide Insertion allele in Thai female might have a trend to be lower than

that in Thai male ( 0.76 and 0.81, respectively). However, the Ins/Del genotypes

distribution between both genders showed no significant difference.

Table 4.6 Distribution of apolipoprotein B genotypes and estimated allele frequencies

between gender in Thai population (=171).

Genotype Male ] Relative Female Relative
No. observed frequencies(%) No. observed frequencies(%)
II 40 66.7 62 559
ID 17 283 44 39.6
DD 3 5 5 4.5
Total 60 100 111 100
Gene (allele ) frequencies
Allele Male Female
I 0.81 0.76
D 0.19 0.24

Male vs Female x= 1.126; p=0.289; df=1
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Sample from hyperlipidaemic subjects, normolipidaemic subjects and this Thai
populations were also analysed for differences in plasma lipid level in subjects with
these genotypes of II, ID, and DD, respectively.

Mean lipid levels of t'i1es.e biochemical and physiological risk factors were not
significantly different in this Thai population and normolipidaemia but showed
significant difference in hyperlipidaemia as shown in table 8. Mean total cholesterol,
LDL-C and triglyceride were significantly higher in heterozygote (/D) of
hyperlipidaemia but not in normolipidaemia and this Thai population. This variation
may be due to the influence of age, sex, life style, and BMI as the parameter were
regressed for these covariates. Nevertheless, no significant differences in plasma lipid
levels were found in this Thgi population and normolipidaemia suggesting that other
risk factors rather than genetic risk factors may also play an important role in the

fluctuation of plasma lipid levels.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry)/ 9]

Table 4.7 Mean + SE of lipids in this Thai population, hyperlipidaemia and
normolipidaemia of different genotypes in insertion/deletion (I/D) polymorphism in the

signal peptide region of DNA at the apo B locus.

Mean + SE levels in population with genotype

Thai populations

Parameter

DD (n=8) ID (n=60) II (n=103) H p-value
Total cholesterol (mg/dl) 243110 24548 23246 2.6 0.28
LDL-C (mg/dl) 16210 16618 1545 2.0 0.36
Triglycerides (mg/dl) 139433 153413 13917 0.57 0.75
HDL-C (mg/dl) 53+l 4842 50+1 2.1 0.34
VLDL-C (mg/dl) 2846 3043 2842 0.56 0.75
Hyperlipidaemia

Parameter DD (n=7) ID (n=39) II (n=57) H p-value
Total cholesterol (mg/dl) 24949 28446 27816 6.3 <0.05
LDL-C (mg/dl) 19545 20118 19416 1.6 <0.05
Triglycerides (mg/dl) 142438 18218 171411 1.6 0.46
HDL-C (mg/dl) 5543 4642 5142 4.4 0.11
VLDL-C (mg/dl) 2848 36+4 3442 L6 0.44

~ Normolipidaemia

Parameter DD (n=1) ID (n=21) II (n=46) H p-value
Total cholesterol (mg/dl) 198 17545 17613 13 0.53
LDL-C (mg/dl) 136 10444 10613 2.1 0.34
Triglycerides (mg/dl) 117 100+9 9946 0.50 0.78
HDL-C (mg/dl) 39 5143 5042 1.0 0.6
VLDL-C (mg/dl) 23 2042 20+1 0.50 0.78

Using non-parametric test of Kruskal-Wallis (H- test) to test lipid levels among II, ID and DD.
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Table 4.8 representeq the lipid profile of hyperlipidaemic patients before and
after treatment with lipid-lowering drugs and with lipid-lowering dietary
recommendations. The homozygous Ins and heterozygous Ins/Del can significantly
reduce total cholesterol, LDL-cholesterol and triglycerides about 34-37 mg/dl, 29-
31mg/dl, and 34-44 mg/dl, respectively after treatment for a long period of 3-5 years.
The homozygous deletion genotype showed no significant differences in lipid levels
after treatment for a period of 3-5 years but might show a trend to increase in total
cholesterol and LDL cholesterol. Moreover, the HDL-cholesterol level decreased
significantly. This result implied ‘that patients contain homozygous deletion allele were

not responsive to the lipid-lowering drug treatment.

Table 4.8 Effect of lipid-lowering drug@ on lipid levels in apo B signal peptide
insertion/deletion polymorphism.

Lipid profile Ins/Ins (n=57) Ins/Del (n=38) Del/Del (n=6)
Before After Before After Before After
Total cholesterol 27816 | 24445%*% | 28646 | 249+7*%* | 25548 | 25749
LDL cholesterol 19416 ~ | 165+5%* 20448 | 17348%* 169+1 18048
VLDL-cholesterol 3442 3346 3644 27+3 3148 28+3
HDL-cholesterol 5192 | 5242 4622 | 5012 5544 | 4544
Triglycerides 17111 | 13789%* | 18018 | 136x12% | 156441 | 142+15

(@=lipid-lowering drugs used such as Lopid, Mevalotin, Questran, Lipantil, Simvastatin including

lipid-lowering diet for 3-5 years in these patients. (*** =p <0.0001; ** =p <0.001; * =p <0.05).
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Apo B-100 point mutation

Apo B-100 has two functional domain: a N-terminal domain that associates
with lipids and a C-terminal domain that binds to LDL receptors on cell membranes.
The genetic defect often forni in'the C-terminal, which contains two large exons (exon
26 and exon 29) (Figure 2.6) of apo B-100 that interferes with its capacity to bind to
the LDL receptor. This defect was result from a G-to-A transition at nucleotide 10708
or at codon 3,500 in exon 26 of apo B gene. Because of this, the name of disorder was
named familial defective apolipoprotein B-100 (FDB)®". However, the region of the
apo B molecule interacting with the LDL receptor may be quite large, thus it seems
probable that other apo B amino acid substitutions could interfere with its ability to
bind to the LDL receptor. The other mutations in exon 26 of apo B-100 gene have
been identified such as Arg ‘3531Cys and Arg3611Gln, which are associated with a
minor decrease in LDL receptor binding”* *”,

The 5’ primer carries a substitution (C instead of A) one base before the 3’
nucleotide that corresponds to the first base of codon 3500 has been modified as shown
in Figure 4.4. The mismatched base is incorporated in all products resulting from PCR
amplification with this primer. Thus, an Msp I cutting site (CCGG) is introduced in all
wild-type allele products; by contrast, no such cutting site is generated in PCR
fragments for which the mutant allele, coding for glutamine (CAG), has served as a
template (Figure 4.4).

The 3’ primer was placed downstream of a naturally occurring polymorphic
Msp I site in codon 3611 of apo B. Incubation of the resulting 477-bp-long fragment

with Mspl and subsequent electrophoretic determination of fragment length gave

44852
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simultaneous information on the polymorphisms in codons 3500 and 3611. Figure 4.4
shows the expected fragment lengths after cleavage and the deduced hapotypes.
Results from the analysis of the 171 Thai population with 103 hyperlipidaemic
subjects and 68 normolipidaemic subjects were shown in Figure 4.6. In this study only
two haplotypes of 3611 were observed from ten of expected haplotypes of 3500 and
3611. The homozygous for wild-type allele at codon 3500 and at codon 3611,
contain  333-, 121- and 23-bp fragments after digestion (Figure 4.5 lane 1-5). The
two heterozygosities at the 3611 site were only found in this study which is
characterized by the presence of the 454-, 333-, 121- and 23-bp (Figure 4.5 lane 6, 7).
In this haplotype no Mspl cleavage sites are present at the one allele of codon 3611, the
454-bp fragments are formed. In addition, the small fragment 23-bp was too small to be

clearly visible in all analyses.

Normal allele Mutant allele

C C
* I I I I s
5’ CTTACTTGAATTCCAAGAGCAC C 3’ 7 STRCTGAATZCEAAGAGCAC "C3

3".GAATGAACTTAAGGTTCTCGTGTGCCAGAAG..S' 3-GAATGAACTTAAGGTTCTCGTGTGCCAGAAG. S

Before PCR amplification

5° CTTACTTGAATTCCAAGAGCACECGGICTTC. 3" 5* CTTACTTGAATTCCAAGAGCACECAG|ICTTC. 3°
3’ GAATGAACTTAAGGTTCTCGTGGGCOAGAAG..5 3".GAATGAACTTAAGGTTCTCGT GAAG..5
After PCR amplification

Figure 4.4 Principle of the use of sequence-modifying primers for the detection of apo B (3500:Arg) Upper part:
the situation at the beginning of the PCR reaction; a 24-base-long synthetic oligonucleotide that is mismatched
with the apo B wild-t)i)e sequence in one position is used as an upper-strand primer for amplificatin of the
nonnal (left) as well as the mutation (right) allele. The two bases that distinguish between the normal and the
mutant allele are boxed. Lower part: the situation after completion of PCR amplification; the vast majority of PCR
product contains the sequence introduced by the mismatched primer. The difference between the normal and the
mutant allele is conserved in the PCR product The base change introduced by the mismatching primer in
conjunction with the wild-type sequence in codon 3500 produces and Msp I restriction site (boxed), whereas the

amplification product of the mutant allele does not contain this site (bracketed)®® .
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Figure 4.5 Principle of haplotypé determination Top: schematic drawing of the region spanning

codons 3500 and 3611 of the apo B gene; arrows indicate positions of the PCR primers. The

length of the resulting PCR fragment is 477 bp. Below: fragments expected after cleavage at

the polymorphic cutting sites and deduced haplotypes (at codon 3500; A, Arg and G, Gin, at

codon 3611, +, frequent allele and - , rare allele). The two smaller restriction fragment of

23 bases are not regularly seen in the 5% polyacrylamide gel(“).
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Figure 4.6 Haplotype determination: result of an electrophoretic fragment length
determination after cleavage with Mspl, lane M contains a fragment-
size marker, lane 1-5 are result for wild-type, lane 6,7 show result for

subject Arg3611 Gln mutation, the last lene is uncut PCR products.

The Arg3531Cys mutation is caused by the substitution of thymine for
cytosine at position 10,791, in exon 26 of apo B gene. The presence of this mutation
was determined in pooled samples by the polymerase chain reaction (PCR). The
primers set BM31 (P5,P6 and,P7) as shown in table 3.1 was used to amplify a common
band of 334 bp and a mutation-specific band 111 bp in case of Arg3531Cys. The DNA
segment located within nucleotide 10,551-10,884 for common band and nucleotide
10,774 -10,884 for a mutation at Arg3531Cys, in exon 26 of apo B gene. The

polymerase chain reaction (PCR) to amplification of Arg3531Cys was modified from
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the methods of Anne Tygjaer-Hensen, et al(1998)®” (Figure 4.7). From this study, the
Arg3531Cys mutation in exon 26 of apo B gene has not been found in all samples of

population studied.

Figure 4.7 Polymerase chain reaction products of three primers amplification for apo
B Arg3531Cys mutation .The only common band 334 bp PCR fragment was
present and not found a mutation specific band 111 bp in the case of

Arg3531Cys mutation in all of samples.
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Frequencies of Apo B mutations

The Arg3500Gin and A'rg3531Cys mutations were not identified among the
171 subjects in Thai population with 103 subjects of hyperlipidaemia and 68 subjects of
normolipidaemia. The Arg3611GlIn mutation was identified in 2 of the 171 subjects in
Thai population. The distribution of the normal R3611 and Q3611 mutant apo B
genotypes was shown in table 4.9. There were no significant differences in the
frequencies of the normal and mutant alleles between these two groups (p=0.095). This

may be due to the small sample size of normal control.

Table 4.9 Distribution of the Arg3611 (R3611) to GIn3611 (Q3611) mutation in the
apo B-100 gene.

Normolipidaemia Hyperlipidaemia
Genotype
No. observed | Frequency(%) | No. observed | Frequency(%)
apo B R3611/R3611 | 68 100 102 98
apo BR3611/Q3611 |0 0 2 2
apo B Q3611/Q3611 | 0 0 0 0
Gene (allele) frequencies

Allele Normolipidaemia | Hyperlipidaemia

R3611 1.00 0.98

Q3611 0.00 0.02

x? for normal and mutant alleles =2.793; p= 0.095; df=1.

All 2 subjects (1 male and 1 female) were heterozygous for the mutations and
also contain the heterozygous insertion/deletion in signal peptide of apo B gene. For
the apo E genotype, a male subject was E3/E4 phenotype, whereas female subject was
E3/E3 genotype. All both subjects were in the hyperlipidaemic groups. The compa’rison
of lipid levels between before and after treatment of lipid-lowering drugs was no

significantly difference in these subjects (table 4.10).
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Table 4.10 Lipid level of subjects contain Arg3611GIn mutation

Subjects S. K (female) P. P (male) Average

Genotype Arg3611GIn, ID, E3/E3 | Arg3611Gln, ID, E3/E4 Mean + SE
Lipid Before after Before after Before after
Cholesterol (mg/dl) 304 | 294 247 212 276128 253421
LDL-C (mg/dl) 227 229 158 132 192434 180148
Triglyceride (mg/dl) 167 122 321 202 2441£77  162%40
HDL-C (mg/dl) 44 41 25 40 3410 40+0.5
VLDL-C (mg/dl) 33 24 64 40 48+ 16 32+8

(@=lipid-lowering drugs used such as Lopid, Mevalotin, Questran, Lipantil, Simvastatin including

lipid-lowering diet for 3-5 years in these patients.

Apo E polymorphisms

The molecular basis for apo E polymorphism has been established by Mahley
and coworkers®”. The primary structure of apo E was determined and found that the
isoforms E4, E3 and E2 of exon 4 differed from one another by single amino acid
substitutions at two sites in the protein. The existence of the single amino acid
substitutions confirmed that E2, E3 and E4 arose from separate alleles at a single gene
locus. These substitutions also explained the single unit change differences among the
three isoforms, since they invélvé the substitution of the neutral amino acid cysteine for
the basic amino acid arginine.

Amino acid substitutions accounted for the differences among apo E4, E3, and

E2. Apo E4 differs from apo E3 in that in apo E4 arginine is substituted for the

normally occurring cysteine at amino acid residue 112. The most common form of apo
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E2 differs form apo E3 at residue 158, where cysteine is substituted for the normally

arginine.

Result of apo E genotype

The strategy of the apoE genotyping based on the Hhal restriction fragment
lengths polymorphism of an amplified DNA fragment is illustrated in Figure 4.8. It
relies on the analysis of two specific sequences of the apo E gene. During the PCR |, the
first pair of amplification primers (P1,P2) as shown in table 3.1 directs the generation
of a DNA fragment 292 bp long (PCR1). This fragment contains seven constant Hhal
sites, which yield 61, 18-, 16-, 7, 11-, and 5-bp. The latter pair of amplification primer
(P2, P3) directs the generation of a DNA fragment 115-bp longs (PCR2). This
fragment contains five constant Hhal site which yield 9-, 9-, 7-, 11-, and 5-bp (Fig 4.8).
The polymerase chain reaction products 292 bp and 115 bp for PCR1 and PCR 2 were
shown in Figure 4.9. In addition, Hhal cleaves this fragment whenever a cleavage site
(nucleotide sequence GCGC) occurs at codon 112 or 158, i.e., when this codon codes
for arginine instead of cysteine. In restriction identification, each of the six genotypes
yielded a characteristic restriction fragment pattern in addition to the constant
fragments of 61-, 18-, 16-, 11-, 7-, and 5-bp. The small invariant 18-, 16-, 11, 7-, 15-,

and 5- bp fragments were too small to be clearly visible in this analyses.
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Figure 4.8. Strategy for differentiation of common apo E allele by restriction_site
analysis on PCR1 and PCR2 products. P1, P2, P3 are primer 1, primer 2, primer 3.
Hhal cutting site is GCGC. Numbers in circles indicate vairable amino acids. numbers

shown sizes in base pairs of visible restriction fragments formed®2*12V.
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The €2/e2 genotype is characterized by the presence of the 91- ,83- and 61-bp
fragments (Figure 4.10 lane 3, 5). Because in this genotype no Hhal cleavage are
present at the two polymorphic (112 and 158 ) sites, the 72-, 48-, and 35-bp fragment
are not formed. The genotype €2/e3 shows an additional 48-, and 35-bp fragment
(Figure 4.11 lane 3, 4 ) whereas the genotype €3/€3 lacks the 83-, and 72-bp fragments
(Figure 4.12 lane 3, 5). In the genotype e4/e2 a 83-, and 72-bp fragments are formed,
owing to the presence of the Hhal cleavage site at position 112 ( Figure 4.13 lane 2).
In the genotype €4/e3 (Figure 4.14 lane 3, 5) the 83-bp fragment is absent because
both alleles have an arginine residue and thus Hhal cleavage site at position 158;
however, a 91-bp fragment present in the €4/e3 genotype is, in turn, lacking in the
genotype €4/e4 (Figure 4.15 lane 3)

For the other DNA f}agment, PCR2 was performed with P3P2 primers and
Hhal digestion to confirmed the Arg 158 containing site. The corresponding
nucleotide sequence is TGCGCC from one mismatch that contains at 3> end of primer
P3, which contains only an Hhal site. The €2/62 genotype is characterized by presence
of only 74-bp, fragments (Figure 4.10 lane 4, 6). Because in this genotype no Hhal
cleavage site, the 39- and 35-bp fragments are not formed. The genotype £3/62, £3/¢3
and e4/€2, shows an additional 74-, 39- and 35-bp fragments (Figure 4.11 lane5, Figure
4.12 lane 4, 6 and Figure 4.13 lane 1, 3; respectively), whereas the genotype e4/e4

and e4/€3, lacks the 74-bp fragments (Figures 4.14 lane 4,and 4.15 lane 4, 6)
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Figure 4.9 Polymerase chain reaction products of PCR 1 of 292 bp in lanes

1-3 and PCR 2 of 115 bp in lanes 4-6 respectively.



Saiphon Poldee Results/ 104

Figure 4.10 PCR products of E2/E2 genotypes: products were separated in 8%
polyacrylamide gel stained with ethidium bromide. M, size marker 10 bp
ladder; lane l‘, gndigested PCR1 product (292-bp); lane 2, undigested
PCR2 product (115-bp); lanes 3 and 5 are PCRI digestion with Hhal,
which present 91-, 83-, and 61-bp fragments; lanes 4 and 6 are PCR2

digestion with Hhal, which present only 74-bp fragment.
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Figure 4.11 PCR products of E2/E3 genotypes: lanes 3 and 4 are PCR1 digestion with
Hhal, which present 91-, 83-, 61-, 48-, and 35-bp fragments; lanes 5 and 6
are PCR2 digestion with Hhal, which present 74-, 39-, and 35-bp

fragments.
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Figure .12 PCR products of E3/E3 genotypes: lanes 3 and 5 are PCR1 digestion with
Hhal, which present 91-, 61-, 48-, and 35-bp fragments; lanes 4 and 6 are

PCR2 digestion with Hhal, which present 39-, and 35-bp fragments.
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Figure 4.13 PCR products of E2/E4 genotypes: lanes 2 is PCRI1 digestion with Hhal,
which present 91-, 83-, 72-, 61-, 48-, and 35-bp fragments; lanes 1 and 3

are PCR2 digestion with Hhal, which present 74-,39-, and 35-bp fragments
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Figure 4.14 PCR products of E3/E4 genotypes: lanes 3 and 5 are PCR1 digestion
with Hhal, which present 91-,72-, 61-, 48-,and 35-bp fragments; lanes 4
and 6 are PCR2 digestion with Hhal, which present 39-, and 35-bp

fragments.
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Figure 4.15 PCR products of E4/E4 genotypes: lanes 3 is PCR1 digestion with Hhal,
which present 72-, 61-, 48-, and 35-bp fragments; lanes 4 is PCR2

digestion with Hhal, which present 39-, and 35-bp fragments.
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The samples of 171" normal healthy subjects of both normolipidaemia and
hyperlipidaemia, were randomly selected from department of Preventive and Social
Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University. For apo E
identification. The apo E distribution and calculated apo E allele frequencies of general
population, which subdivided into hyperlipidaemia and normolipidaemia, respectively
are presented in tables 4.11, 4.12, 4.13.

The allele frequencies of apo E that were estimated by gene counting method
using the criteria of Hardy—\‘Ne.inberg equilibrium were also used for calculated the
expected number. Differences in genotype distribution from that expected for Hardy-
Weinberg equilibrium were estimated by the chi-square ( %) test. A chi-square test of
heterogeneity in the apo E genotype distribution between this general study population
and hyperlipidaemic population indicates statistically significant differences (df = 5, >
=27.27, p< 0.001 and df =5, x* =34.9 ; p< 0.001 (Tables 4.11 and 4.12, respectively).
These implied that Thai general and hyperlipidaemic populations were deviated from
Hardy-Weinberg equilibrium. This may be due to the high frequency of E2/E2
genotype. However, the apo E genotype distribution in normolipidaemic group was in

Hardy-Weinberg equilibrium (x> =2.99; p=0.700; df=5) (Table 4. 13).
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Table 4.11 Apolipoprotein E genotype distribution and calculated allele frequencies in

Thai population studied. y* of Hardy-Weinberg distribution is 27.27; p<0.001; (df=5).

Genotype No. observed‘ (n) No. expected Relative frequencies (%)
E3/E3 114 109 66.7
E3/E4 32 33 18.7
E3/E2 13 22 7.6
E2/E2 6 1 35
E4/E4 4 3 23
E4/E2 2 3 1.2
Total 171 171 100

) Gene (allele) frequencieé
Allele Observed Expected
E3 0.80 0.80
E4 0.12 0.122
E2 0.08 0.078
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Table 4.12. Apolipoprotein E phenotype distribution and calculated allele frequencies in Thai

hyperlipidaemic population studied. x2 of Hardy-Weinberg distribution is 34.9; p<0.001 (df=5)

Genotype No. observed (n) No. expected Relative frequencies (%)
E3/E3 64 59 62
E3/E4 25 25 24
E3/E2 5 | 5
E2/E2 4 12 4
E4/E4 3 3 3
E4/E2 2 3 2
Total 103 103 100

Gene (allele) frequencies
Allele Observed Expected
E3 0.76 0.77
E4 . 0.16 0.16
E2 0.08 0.07
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Table 4.13 Apolipoprotein E“gehotype distribution and calculated allele frequencies in

Thai normolipidaemia. > of Hardy-Weinberg distribution is 2.99; p=0.70 (df=5)

Genotype No. observed (n) No. expected Relative frequencies (%)
E3/E3 50 50 73.5
E3/E4 7 7 10.3
E2/E2 1 0.5 L5
E2/E3 9 9 13.2
E4/E4 1 0.5 1.5
E4/E2 0 1 0
Total 68 68 100

Gene (allele) frequencies
Allele Observed Expected
E3 0.85 0.85
E4 0.07 0.07
E2 0.08 0.09

The observed apo E genotype distribution and corresponding apo E allele

frequencies between gender in Thai population, hyperlipidaemic, and nomorlipideamic

population were also presented in Tables 4.14, 4.15, and 4.15. The apo E3 allele

frequency was found to be the highest of both genders, whereas the allele frequency of

apo E4 in male is higher and apo E2 is lower than that in female in all of these three

groups. However, the chi-square test of heterogeneity in the apo E allele frequency of

female and male in Thai population, normolipidaemia, and hyperlidaemia were

significantly difference (p<0.05). this may be due to the high allele frequency of E3 and



Saiphon Poldee .. Results/ 114

low allele frequency of E4 in female. This suggested that degree of prevalence of

hypercholesterolaemia in men is higher than that in woman.

Table 4.14 Distribution of apolipoprotein E genotypes and estimated allele frequencies

between gender in Thai population (n=171).

Male Female
Allele No. observed (n) Relative No. observed (n) Relative
< ftequencies (%) frequencies (%)
E3/E3 37 62 80 69
E3/E4 15 25 17 15.6
E2/E2 1 1.6 5 4.5
E3/E2 2 33 8 11
E4/E4 3 4.9 1 1
E4/E2 2 33 0 0
Total 60 100 111 100
Gene (allele) frequencies
Allele Male Female

E3 0.76 0.83

E4 0.19 0.09

E2 0.05 0.08

x* for male vs female =7.71; p<0.05; df=2
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Table 4.15 Distribution of apolipoprotein E genotypes and estimated allele frequencies

between gender in Thai hyperlipidaemic population (n=103).

Male Female
Genotype No. observed (n) Relative No. observed (n) Relative
frequencies (%) frequencies (%)
E3/E3 22 64 42 61
E3/E4 9 25 16 24
E2/E2 0 0 S 7.5
E3/E2 0 0 4 6
E4/E4 2 55 1 1.5
E4/E2 2 5.5 0 , 0
Total 35 ., . loo 68 100
Gene (allele) frequencies
Allele Male Female

E3 0.76 0.76

E4 0.21 0.13

E2 0.03 0.11

X2 for male vs female =6.4; p<0.05; df=2
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Table 4.16 Distribution of apolipoprotein E genotypes and estimated allele frequencies

between gender in Thai normolipidaemic population (n=68).

Male Female
Genotype | No. observed (n) Relative No. observed (n) Relative
frequencies (%) frequencies (%)
E3/E3 15 ‘ 60 38 89
E3/E4 6 24 1 2
E2/E2 1 4 0 0
E3/E2 2 8 4 9
E4/E4 1 4 0 0
E4/E2 0 0 0 0
Total 25 100 43 100
Gene (allele) frequencies
Allele Male Female

E3 0.76 0.94

E4 0.16 0.01

E2 0.08 0.05

Xz for male vs female =12.55; p< 0.01; df=2

In the study of Yamamura et al."*, the heterogeneity of apo E in very low

density lipoprotein from hyperlipidaemic subjects with or without atherosclerosis and

patients with ischaemic heart disease and apparently healthy individuals was analysed.

The distribution of six common apo E phenotype and allele frequencies in the groups of

hyperlipidaemia and ischaemic heart disease was similar to that in the healthy group. In

this present study the sample of hyperlipidaemia and normolipidaemia were randomly
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selected from hyperlipidaemic clinic in Siriraj Hospital. The gene frequencies in Thai
hyperlipidaemia (x* = 1.79, df =2, p= 0.409) and normolipidaemia (x> = 2.5, df=2, p=
0.27) are not significantly different as compared to the Thai population. However, the
allele frequencies of hyperlipidaemic and normolipideamic subjects was significantly
different (3’=6.18, df=2, p<0.05) (Table 4.17 ). From this table we also calculated the
separate contribution of the total x* value. It was shown that the E4 allele in

hyperlipideamia significantly differed from normolipidaemia by an increased E4 86%.

Table 4.17 The allele frequencies of apo E in Thai population

Population sample No.of | Apo E allele frequency Hardy-Weinberg
subjects distribution
E2 E3 E4 2 p
df=5
Hyperlipidemia 103 0.08 0.76 0.1 349 p<0.001
©0%) | 1a%w | 868
Normolipidaemia 68 0.08 0.85 0.07 2.99 p=0.70
Thai population 171 0.08 0.8 0.12 27.27 p<0.001

x* =6.18, df=2, p<0.05 for hyperlipidaemia vs normolipidaemia. No. in parenthesis showed
the deviation of E2, E3, and E4 alleles from normolipidaemia.

x*=1.79, df=2, p= 0.409 for hyi)eriipidaemia vs Thai population

x’=2.5, df=2, p= 0.27 for Thai population vs normolipidaemia

Since apo E allele frequencies in Thai population were not agreement to the
report of Japanese population, the apo E allele frequencies obtained in this present
study were also compared with those observed in other racial population (Table 4.18).
A chi-square test of heterogeneity indicates statistically significant differences in the
apo E allele frequency distribution between the different populations (df = 44;

¥’ =167, p<0.001). Two-sample ¥* analysis showed that the allele frequencies of
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the Thai population differ highly significantly from the populations of Sudan,
Greenland, Sweden, and the two populations of Finland (p<0.001), and less significant
difference was also observed in population of Trinidad (p<0.05). No significant
differences from Thai population were found with the population of Japan, Germany,
Netherland, Canada, the United States, Australia, Scotland, Spain, Morocco, and the

Chinese, Indian, and Malay from Singapore.
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Table 4.18 Apo E gene frequencies in several random population samples. x” values at

df = 2 and P values of 0.01 and 0.001 are, 9.21 and 13.95.

Population | No. E2 | E3 | E4 Hardy- Different from Reference
sample |subjects Weinberg the Thai

Distribution | population

CORA=5 @) | (OdE=2 (p)
Thai 171 0.080 10.800 10.120 |127.27 {<0.005 | - - |This study
Australia 424 0.068 10.759 10.172 {33.3 | <0.005| 3.0 | NS [Wanget al (1995)
Austria 469 0.090 {0.789 [0.117 |4.13 |NS 0.34 | NS |Hallmannetal (1991)
Canada 203 0.078 [0.77 10.152{1.61 | NS 1.61 | NS |Davignon etal (1984)
Finland 615 0.041 [0.733 10.227 |7.09 | NS 24.9 | <0.001 |Ehnholm et al (1986)
Finland 203 0.062 10.695 |0:244 12.26 | NS  |18.92{<0.001 |Menzel etal (1983)
Germany 1000  |0.078 [0.783 {0.139 |7.15 | NS 0.90 } NS |Menzeletal (1983)
Greenland {178 0.014 10.781 |0.205 [4.0 | NS 24.2 1<0.001|Gerdes et al (1996)
Hungary 202 0.064 10.807 10.129 {14.8 | <0.05 | 0.8 | NS [Hallmannetal (1991)
Iceland 185 0.068 [0.768 [0.165 |2.14 | NS 3.01 | NS |(Hallmannetal (1991)
Japan 319 0.081 10.849 [0.067 |3.51 | NS 7.98 | NS |Utermann (1987)
Morocco 100 0.065 [0.850 {0.085 14.5 |NS 22 | NS [Valvenyetal (1997)
Netherlands [2018 }0.082 |0.751 ]0.167 {2.84 | NS 531 NS |Smit et al (1988)
New Zealand 1426 0.119 {0.739 |0.141 |14.4 |<0.05 | 546 | NS [Wardell etal (1982)
Scotland 400 0.083 10.77 [0.14513.7 NS |[140| NS [Cumming etal (1984)
Singapore 118 0.114 [0.767]0.119}5.27 | NS 192 ] NS [Hallmannetal (1991)
(Malay)
Singapore {142 0.046 0.82; 0..127 201 | NS 298 | NS |Hallmann et al (1991)
(Indian)
Singapore 190 0.097 0.828 10.074 |2.24 NS 475 NS |Hallmann et al (1991)
(Chinese)
Spanish 120 0.046 10.871 10.083 |1.3 NS 5.1 NS |Valveny et al (1997)
Sudan 103 0.081[0.619 0.291 ]10.27 | NS | 26.3 | <0.001 [Hallmann etal (1991)
Sweden 407 0.07810.719 [0.23 162.5 |<0.001]16.99{<0.001 |[Hallmann etal (1991)
Trinidad 268 0.14710.694 10.159 {12.3 1 <0.05 | 13.2 | <0.05 [Hegele et al (1999)
USA 1204 10.075]0.786 [0.135 {15.3 | <0.01 [ 0.68 | NS |Ordovasetal (1987)
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From the tables generated from the respective two-sample %’ analyses (Table

.

not shown), we were able to calculate the separate contribution of the total % value
(Table 4.19). From the data presented in Table 4.19, it was obvious that 60% and 80%
of the differences in apo E allele frequencies, measured as y* value, between the Thai

199 were due to the relatively high E4

population and the two Finnish populations
allele frequencies. The Sudanese"'” and Swedish"'® populations also differed from the
Thai population in apo E allele frequencies by an increased E4 allele (80%). However,
the Trinidad population was different from Thai population by an increased E2 allele

(60%), but in contrast to Greenland this difference was occurred by a decreased E2

allele (68%).

Table 4.19 Relative contribution of the different apo E alleles to the x> value as
estimated for the difference in allele frequencies between the Thai and other
populations. The contribution to the total x° is due to an increased or decreased Q ,+)

allele frequency, respectively.

Apo E allele Population (reference)
Finland Finland Sudan Sweden Trinidad | Greenland
(Ehnholmet | (Menzelet | (Hallmann (Hallmann | (Robertet | (Gerdes et
al, 1986) al, 1984) | etal, 1991) | etal, 1991) al, 1999) al, 1996)
E2 0331 § 0.046 & 0.0001 & 0.003y 059 & 10677y
E3 0.066 + 0.148 + 0.204 * 0.196¥ 0.24 + 0.003 +
E4 0.602 f 0.806 * 0.796 f 0.800* 0.168+ 0.319$

Two-sample y° analysis showed a significant difference in apo E allele frequencies among Thai and
both of Finland, Sudan, Sweden, Trinidad, and Greenland population samples. Comparison between

two Finnish populations showed no significant difference (y* = 3.45; p=0.178; df= 2).
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To evaluate whether the allelic variation at the apo E gene locus significantly

affects the serum lipid levels. Plasma total cholesterol, triglycerides, HDL-C, LDL-C

and VLDL-C were determined. Table 4.20 presented the mean total cholesterol,

triglyceride, LDL-C, HDL-C and VLDL-C levels in the different apo E genotype

groups. The nonparametric test of Kruskal-Wallis (H-test) was used for examining the

equality of the mean values among apo E phenotypes. The statistical analyses showed

that plasma cholesterol, LDL-C, triglyceride and VLDL-C levels significantly differ

among apo E genotype groups, but not HDL-C.

Table 4.20 Lipid levels in Thai population of different genotypes in apo E
polymorphism (data expressed as mean + SE).
Parameter E2/E2 E2/E3 E2/E4 E3/E3 | E3/E4 E4/E4 H P
m=6) | (@=14) | @=2) | (@=114) | (@=32) (n=4)
Cholesterol 265424 | 195411 27614 24316 | 255%17 23745 11.9 <0.05
(mg/dl)
LDL-C 161423 | 122%1 l 20414 15745 175411 182+17 | 11.8 0.05
(mg/dl)
Triglyceride | 307483 | 113413 | 194438 1357 157£15 135826 | 14.7 <0.05
(mg/dl)
HDL-C 4246 50:t5’ 3248 511 4912 4246 74 0.19
(mg/dl)
VLDL-C 62+£17 2243 3848 2741 3143 2745 14.6 <0.05

(mg/dl)
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Since the genotypes of apo E2 and E4 of this study were rather small, the
combination 6f apo E gcnétypes was adjusted as indicated in table 4.21. This
combination is only based on the influence of apo E allele on plasma cholesterol level
as compared with the most common E3 allele, i.,e. the E4 allele leads to elevated
plasma cholesterol and LDL-C levels, whereas the E2 allele is associated with an
increased plasma triglyceride and decreased plasma cholesterol level as described in
chapter 2. By using unpair student’s t-test, it showed that apo E genotypes containing
E2 allele or A in the table have only triglyceride significantly higher than apo E3/E3
genotypes or B in this table. As compared with apo E genotypes containing E4 allele or
C in this table, the plasma total cholesterol and LDL-C are significantly higher. In
comparison of E3/E3 genotype (B) with apo E genotypes containing E4 (C), only
plasma total cholesterol and LDLC are significantly higher. From this study, we can
conclude that the lipid levels in this study are agreement with the other reports as
mentioned above. In addition, in group A and C as indicated in this table, the plasma

lipid levels had a trend to increase whereas the HDL-C had a chance to decrease.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry)/ 123

Table 4.21 Mean plasm lipid levels among different apo E phenotypes

Group  of | Total choleste- LDL-C Triglyceride HDL-C VLDL-C
genotype rol (mg/di)® (mg/d))® (mg/d)® | (mg/dh)'® | (mg/an®
A (n=19) 218+13 13611 175434 47+4 3547
B (n=115) 23446 V 1565 13417 5141 27+1

C (n=38) 256+10 17949 15613 4742 3143

A = combination of E2/E2 and E2/E3
B = only E3/E3
C = combination of E4/E4, E4/E3 and E4/E2

@ A vs B; p=0.3 @A vs C, p<0.05 ®BvsC, p<0.05
©AvsB.p=0.15 ®AvsC;p<0.05 ®BvsC;p<0.05
©@AvsB:p<0.05 ©AvsC; p=0.5 ©“BvsC;p=0.1

“AvsB:p=02 “@AvwsC;p=09 @BvsC;p=0.1
©AvsB:p=0.5 ©Bvs C; p=0.1

© A vs C; p=0.5

o

Table 4.22 presents the mean plasma total cholesterol, triglyceride, LDL-C,
HDL-C and VLDL-C levels of hyperlipidaemic subjects in before and after treatment
with lipid-lowering drugs for a period of 3-5 years in the different apo E genotype
groups. We used the pair student’s t-test to compare these lipid levels before and after
treatment in hyperlipidaemic patients. The statistical analyses showed that plasma total
cholesterol, triglyceride and LDL-C significantly reduced in only homozygous E3/E3
genotype after treatment (p"<0.‘05). In the other genotype (E2/E2, E2/E4, E2/E3,
E3/E4, and E4/E4) only showed a trend to decrease the lipid levels after treatment,

but no significant difference was observed.
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Table 4.22 Effect of Lipid-lowering drug © on lipid levels in apo E polymorphism

Apo E Total cholesterol LDL-C Triglyceride HDL-C VLDL-C

phenotypes (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Before After | Before  After | Before After | Before After | Before After
E2/E2 (n=5) | 280423 215+16 | 169427 143117 | 333196 125417 | 4447 4744 | 67119 2544
E2/E3 (n=4) | 25419  242+10 | 178414 1607 | 144129 114+19 | 4749 6012 | 2946 2314
E2/E4 (n=2) | 27614  195+28 | 20545 98420 | 195438 214411 | 3319 54430 | 3948 43122
E3/E3 (n1=62) | 28245 24745%** | 49946 17145%** | 166110 13248** | 5012 5042 3382 2642
E3/E 4n=25) [ 278+10 2586 | 19511 17747 | 166+18 149+17 | 5043 5343 | 33+4 42413
E4/E4 (n=3) 1 269+12 244421 | 198£10 164425 | 141426 141x50 | 4349 5749 | 28+7 28%10

@ = lipid-lowering drugs used in these patients were Lopid, Mevalotin, Questran, Lipantil |

Simvastatin including diet recomendation for 3-5 years during genetic analysis.

*¥% = p <0.0001, ** = p <0.01

Due to the small number of apo E2 and E4 genotypes, the combination of apo

E2 and E4 genotypes was performed as indicated in table 4.23. By using pair student’s

t-test, the statistical analysis showed that apo E genotypes containing E2 allele (or A)

showed no significantly decrease total cholesterol, LDL-C, triglyceride, and VLDL-C.

Whereas the E3/E3 genotype (B) was significantly decreased total cholesterol, LDL-C,

and triglyceride. For the genotype containing E4 allele (or C), it was significantly

decreased total cholesterol, LDL-C but triglycerides tended to decrease. The results

showed that lipid-lowering drug and calorie-lowering dietary manipulation can also

significantly decrease plasma total cholesterol, LDL-C and triglyceride, only in normal

apo E and apo E containing E4 allele.
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Table 4.23 Effcet of lipid-lowering drug on lipid levels in apo E polymorphism.

ApoE Total cholesterol LDL-C Triglyceride HDL-C VLDL-C

genotypes (mg/dl) (mg/dl) (mg/dl) ~ (mg/dl) (mg/d])
Before After { Before After | Before After | Before ~ After Before After

A (n=9) 268+13  227+10 | 173415 150410 | 249462 120412 45+5 5313 50+12 2442

B (n=62) 282:+5 247£5*** | 19946 17115%** | 166110 13248%* | 5042 5042 3382 2682

C (n=30) 27719 253+6% | 19619 1718* | 166116 152416 | 4843 5243 | 33+3  40+11

A = combination of E2/E2 and E2/E3

B = only E3/E3

C = combination of E4/E4, E4/E3 and E4/E2
¥ = p <0.0001, ** = p<0.01, *= p<0.05

rd

Effect of apo B and apo E polymorphisms on plasma lipid levels

To assess the influence of apo B and apo E polymorphisms that significantly
affects on the serum lipid levels. Plasma total cholesterol, triglycerides. HDL-C,
VLDL-C, and LDL-C in various types of apo B and E polymorphisms were
determined. Table 4.24 showed the mean total cholesterol, triglycerides, LDL-C,
VLDL-C, and LDL-C in the different combination of apo B and apo E genotype
groups. The non-parametric Kruskal-Wallis test (H-test) was used for determining the
equality of the mean value ainong these combination groups. The statistical analyses
showed that no significant difference among apo B and apo E combination groups.
However, from this table we observed that in apo B containing II genotype group, the
apo E containing E2/E2 genotype has a higher triglyceride level whereas apo E
containing E4/E4 genotype has higher cholesterol than that in other genotypes. In apo

B containing ID genotype group, the apo E containing E2/E2 genotype has both total

cholesterol and triglyceride higher than the other groups. For the combination of apo B
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containing DD genotype and apo E genotypes, the amounts of this group was rather

small. Therefore, we could not observe the difference of lipid levels.

Table 4.24 Mean plasma lipid levels among the apo B and apo E combinations.

ApoBand E Total cholesterol LDL-C Triglyceride HDL-C VLDL-C
genotypes (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/d)
II and E3/E3 (n=71) 22847 168+11 13549 5141 2742
H and E2/E2 (n=3) 278451 182437 262454 4314 53+10
IT and E2/E3 (n=38) 176+10 10310 107421 5147 21+4
II and E2/E4 (n=2) 27614 204+4 194138 3248 3818
IIand E3/E4 (n=17) 258117 17716 14519 5244 29+4
IT and E4/E4 (n=2) 27919 206£10 121451 49+11 24410
ID and E3/E3 (n=39) 245411 168+11 131411 5042 2612
ID and E2/E2 (n=3) 25244 140130 353x171 41413 71434
ID and E2/E3 (n=4) 215422 145424 125+14 4545 2543
ID and E3/E4 (n=17) 252459 172417 180125 4414 3615
ID and E4/E4 (n=1) 248 181 182 31 36
DD and E3/E3 (n=3) 235+14 14343 191483 5441 38+17
DD and E2/E3 (n=1) 251 160 95 72 19
DD and E3/E4 (n=2) 25014 17741 105+46 5244 2149
DD andE4/E4(n=1) 1'98 ‘ 136 117 39 23

As mentioned in the earlier data that some genotypes of apo B and apo E were

rather small, these combinations were recombined as indicated in table 4.25. The

results showed that no significant difference of these plasma lipid levels in this
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combination of apo B and apo E genotype groups. Since hyperlipideamia is
multifactorial (multiple risk factors) as mentioned in chapter 1, we could not conclude
in this study that which risk factors between life style or genetics is prominent in
leading to the high blood lipid levels. Reasons for these discrepancies are not well
understood and are likely to be complex. However, this finding is confirmed to the fact
that aging may influence the disturbance of plasma lipid levels causing the elevated

plasma lipid in both the normal and variant type of these polymorphisms.

Table 4.25 Mean plasma lipid levels among the apo B and apo E combinations.

ApoBand E Total cholesterol LDL-C Triglyceride HDL-C VLDL-C
genotypes (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/d})
A (n=72) 22847 15016 13419 511 2312
B (n=34) 239+12 15911 148+14 5143 3013
C (n=36) 24912 17411 133£12 4842 2742
D (b=21) 243+11 162412 191£29 4313 3816
E (n=8) 243£10 T 162+10 13943 5314 2816

A =1l and E3/E3, B = II and non E3/E3, C = ID and E3/E3, D = ID and non E3/E3, E = DD and all

apo E genotypes

Table 4.26 presents the mean plasma cholesterol, triglyceride, LDL-C, HDL-C
and VLDL-C levels of hyperlipidaemic patients before and after treatment with lipid-
lowering drugs in the combination of apo B and apo E phenotype groups. We used the
pair student’s t-test to compare these lipid levels before and after treatment in

hyperlipidaemic patients. The statistical analyses showed that plasma total cholesterol,

triglyceride, LDL-C and VLDL-C were decreased afier treatment in the case of
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homozygous Insertion for apo B signal peptide and homozygous E3/E3 phenotype. In
the case of heterozygous Insertion/deletion in apo B signal peptide and homozygous
E3/E3 or E2/E2 genotype were significantly reduced only cholesterol after treatment
with lipid-lowering drugs. However, as mentioned earlier the genotypes of apo E2 and
apo E4 were rather small, the combinations of these genotypes with II, ID, and DD
were adjusted as indicated in the Table 4.27. From these combinations we found that
the commbn genotypes (I and E3/E3 or A) were significantly decreased total plasma
cholesterol, LDL-C, triglyceride, and VLDL-C whereas the other combinations of

variant showed significant decrease only total plasma cholesterol.

Table 4.26 Effect of Lipid-lowering drug @ on lipid levels in apo E polymorhism

Apo B and E TC (mg/dl) LDL-C(mg/dl) | Triglyceride (mg/dl) | HDL-C (mg/dl) | VLDL-C (mg/d])

genotypes Before After Before  After Before After Before  After Before Afier

I and E3/E3 (n=36) 27616 242145%%+ 19246 165£5%*% | 170413  132:+12* 51+2 512 3443 2632+

II and E2/E2 (n=2) 322147 217444 | 213434 135347 | 303160 153140 | 4810.5 5145 61£12 3148

Il and E2/E3 (n=1) 233 268 153 177 228 161 34 59 46 32

Il and E2/E4 (n=2) 27614 195128 2055 98+20 195438 214+114 | 3319 54430 3948 43422

Il and E3/E4 (n=14) 279417 2597 19516 18018 154123 13315 5414 5313 3145 48422

Il and E4/E4 (n=2) 27919 247136 20610 158442 121450 156183 | 49+11 58t1t 20110 317

ID and E3/E3 (n=23) 29518 205E10X* | 215410 223144 155£14 133413 4812 4913 3183 2783

ID and E2/E2 (n=3) 25244 213£13* | 140330  148%12 353170 16016 41£13 4417 71834 2112

ID and E2/E3 (n=2) 25610  229+10 199£15 15110 126110 89423 4143 6115 2582 1845

ID and E3/E4 (n=9) 28313 253f11* | 20016  168+18* | 200433  168+40 43115 5216 4017 3418

ID and E4/E4 (n=1) 248 237 181 178 182 111 31 37 36 22

DD and E3/E3 (n=3) 259417  248%13 167427 17139 | 211169 125122 5014 4411 42414  25+4

DD and E2/E3 (n=1) 251 243 160 160 95 118 72 60 19 24

DD and E3/E4 (n=2) 25144 277£11 17741 202%1 105246 17845 5345 4011 219 361

{@ = lipid-lowering drugs used in these patients were Lopid, Mevalotin, Questran, Lipantil , Simvastatin including diet control for 3-5

years during genetic analysis. *** =p <0.0001 , **= p<0.01, *= p <0.05
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Table 4.27 Effect of Lipid-lowering drug @ on lipid levels in apo E polymorhism.

ApoBand E Total cholesterol LDL-cholesterol Triglyceride HDL-choles- VLDL-choles-
genotypes (mg/dl) (mg/dl) (mg/dl) terol (mg/dl) terol (mg/dl)
Before After Before  After Before After | Before After { Before After

A (n=36) 276+ 6 24245%** 19246 165£5** 170£13 132%12* 5182 5182 3443 2612%*

B (n=21) 281%12 248+8* ‘ 1961 16519 172419  146£15 | 5043 5444 | 3444 44114
C (v=23) 295+8 255110** 21510 223414 | 15514 133%13 4312 4943 | 3043 2643
D (b=15) 27249 24148** | 187412 162%10 219440 141125 4244 5044 | 4448 2845
E (n=6) 2558 25749 169112 18048 156441 142115 | 5414 45i4* 3148 2843

A =1II and E3/E3(n=36), B =1II and non E3/E3 (n=21), C = ID and E3/E3, D = ID and non E3/E3,

E=DD and all of apo E genotypes *** =p <0.0001, **= p<0.01,

*=p <0.05
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CHAPTER V

Discussion

Dyslipidaemia and Atherosclerosis

Epidemiological and experimental evidence links the more common
dyslipidaemia, especially high total and LDL-cholesterol including triglycerides levels
and low levels of HDL-cholesterol, to an increase risk of developing coronary artery
disease (CAD)®D. Angiographic studies have also demonstrated a positive
relationship between the presence of CAD and serum levels of apolipoprotein B and
E ®*? The correlation between the genetic forms of hypercholesterolaemia, such as
familial hypercholesterolaemia"* ™, familial defective apo B-100@00: 67. 69) signal
peptide insertion/deletion polymorphisms of apo B***®_ and apo E polymorphisms ®”
17 and the early onset of coronary events strongly supports a causal relation between
hypercholesterolaemia and CAD. In addition, several clinical trials have firmly
established that aggressive manipulation and normalization of elevated total and LDL
cholesterol reduces the progression of atherosclerosis ¥ and increases the disease-
free intervals for overall mortality. Based on these finding, it appears logical that
cholesterol and triglycerides reductions are warranted to be decreased the CAD
morbidity and mortality in hyperlipidaemia patients®**.

The United States National Cholesterol Education Program (Adult Treatment

Panel IT) (NCEP, ATP-IT) ©*® and the European Atherosclersis Society (EAS) B have
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published two documents on the prevention of CAD through the control of
dyslipidaemia. These documents underline the great importance of LDL-cholesterol
and HDL-cholesterol values which suggest that a plasma LDL-cholesterol level
between 155 and 175 mg/dl will be satisfactory for those subjects with a moderately
elevated risk, i.e., patients with total cholesterol levels below 300 mg/dl, with no other
nonlipid risk factors (hypertension, cigarette smoking, diabetes, etc.), and a ratio of
total cholesterol/ HDL cholesterol between 4.5 and 5, which indicates normal positive
or high HDL levels. Since LDL-~cholesterol is considered to be the real marker for the
lipid profile, and thus is the primary factor to be taken into account for any
dyslipidaemic therapy. In addition, these documents also suggest that HDL-cholesterol
levels below 35 mg/dl in men and 42 mg/dl in women must be treated aggressively.
From the guidelines for the prevention of coronary artery disease of these two
documents, the lipid profile as shown in table 4.1 suggested that dyslipidaemia in Thai
population is increasing as the same rate as in developing population and may be the
increasing cause of death in Thailand. However, in hyperlipidaemic group the ratio of
total cholesterol /HDL-cholesterol is higher than 5 suggesting that plasma LDL-
cholesterol levels are in high risk of developing coronary disease. At present, the
genetic risk factors have been considered that the individual risk evaluation should
start from the genetic information to predict the onset of hyperlipidaemia because
genotypes are not altered by the disease process or time. Since hyperlipidaemia is a
triggering event for atherogenesis thus, it’s prevention in advance is one of the most

efficacious means for halting or retarding the onset of CAD.
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As apo B and apo E polymorphisms have been claimed to associate with
dyslipidaemia and thus this study was concentrated on this polymorphisms. This
genetic information may be useful for prediction and preventing the onset of
dyslipidaemia in the future.

Apo B-100 insertion / deletion polymorphisms

The apo B signal peptides are transmitted in a manner consistent with an
autosomal codominant mode of inheritance with two alleles. An insertion or deletion
of three codons involving three amino acids, leucine-alanine-leucine®”, within exon 1
of apo B gene causes variation in the length of the signal peptide of the apo B protein.
This amino terminal cleavable signal sequence directs the emerging protein to
translocate through the endoplasmic reticulum membrane. This mutation may affect
the three-dimentional structure or the hydrophobicity of the leader peptide, which has
a crucial role in membrane translocation. Thus this signal peptide polymorphism
within the apo B gene may play a role in affecting the translocation of the apo B
polypeptide into the endoplasmic reticulum. However, further studies on the role of
this variation on apo B synthesis and metabolism, and its effect on lipid levels will
elucidate the role of signal peptides in protein function and metabolism.

Several previous studies have investigated the impact of this polymorphism on
plasma lipid levels. Some studies have found correlations between the Ins/Del
polymorphism and lipid levels “* “f’z’ 3%, 39 and some other studies have not found
this association®”. Reasons for these discrepancies are not well understood.

The present study was determined the extent of distribution and genotypic

effects of apo B signal peptide Ins/Del polymorphism on lipid levels in Thai
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population of both hyperlipidaemia and normolipidaemia. The comparison of apo B

Ins/Del allele frequencies between hyperlipidaemia and normolipidaemia was
significantly different. The significant correlation of Ins/Del polymorphism with
hyperlipidaemia in the present series confirms a similar association observed in the
Indian and Chinese in Singpore®!?, This finding also showed that Deletion allele
was higher in the hyperlipidaemia than that in normolipidaemia. This suggested that
the deletion allele may affect the three dimentional structure or the rate of
translocation of newly synthesized of apo B from the cytoplasm into the endoplasmic
reticulum. This in turn might alter the transport of LDL-cholesterol as apo B is a
major constituent of LDL particle.

In addition, the observed genotype frequencies presented in table 4.2 are not
different from those expected assuming Hardy-Weinberg equilibrium. Comparison of
the apo B insertion/ deletion allele frequencies estimated in this study with those
reported for other population samples (table 4.5) showed that there are marked
differences between Caucasian and Asian populations. The differences are mainly due
to an increase in Del allele and a decrease in Ins allele in Caucasian populations.
These indicated that the populations in Asia and Europe are different in ethnic
background and geographical isolation. For tﬁe population in America, this difference

may be due to a combination of population admixture and genetic drift.

Mean lipid levels were significantly different in total cholesterol and LDL-C

between various Ins/Del genotypes in hyperlipidaemic group but not in

44852
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normolipidaemic group (table 4.7). This finding suggests that the influence of the
polymorphism of apo B on distributions of plasma lipid is complex and related to the
other influential or nongenetic factors. However, these associations are still not well
understood but it seems to be very complex. In this study the correlation between
Ins/ Del genotypes and lipid levels are not pertinent to the genotypes observed. This
may be due to the small sample sizes or genetic risk factors is particularly strong in
early age as has been shown in family and twin studies®®. Nonetheless, it seems likely
to be that in Thai population individuals with the deletion allele might tend to have

higher lipid levels than those insertion allele.

Since as much as two-thirds of total body cholesterol in individuals is
of endogenous origin™?, Meta-analysis of randomized trials including cholesterol-
lowering drugs, e.g. resins, fibrates, statins, nicotinic acid or diet has shown a decrease
in overall incidence of CAD with reduction of hypercholesterolaemia. The lipid
lowering drugs used in this study were resins, fibrates and statins for observation the
efficacy of these drugs in reduction the lipid levels of subjects containing various apo
B and apo E polymorphisms. An attractive way to lower levels of plasma cholesterol
is to inhibit its biosynthesis, which consists of several enzymatic conversion steps
(Figure5.1)"3®. 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase is the
rate-limiting step in cholesterol synthesis, thus providing an attractive target for
pharmacological intervention. A number of cholesterol-lowering drugs are currently

available for human use®> %9 Iy the last decade, a new class of agents was



Fac. of Grad. Studies, Mahido! Univ. M.Sc. (Biochemistry)/ 135

developed that specifically inhibits HMG-CoA reductase, the rate-limiting enzyme in

cholesterol biosynthesis"*”. Four HMG-CoA reductase inhibitors are available for

(140) (141) (142)

clinical use: lovastatin , simvastatin

, pravastatin , and fluvastatin®®, In
addition to statins, administratin of sequestrant resins (cholestyramine or Questran)
which bind bile acids strongly results in a decrease in plasma cholesterol levels was

also use in this study. The effects of these manoeuvers on plasma lipid levels
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+
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Figure5.1 Mevalonate pathway of cholesterol synthesis in mammalian cells®*>.

are secondary to the liver’s compensatory response of generating more bile acids to
maintain  efficient lipid absorption from the intestine. Loss of bile acids from the

portal return to the liver leads' to activation of cholesterol-7-alpha
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7-alpha Acetyl-CoA hydroxylase to synthesize bile acids from cholesterol (Figure
5.2). Synthesis of bile acids goes up several folds and the result is a decrease in
intracellular cholesterol levels”*?. Administration of fibrates (lopid or lipantil) results
in a decrease of both plasma cholesterol and triglycerides. The mechanisms to explain
the influence of fibrates on VLDL metabolism have been proposed. It is known that
the supply of fatty acids to hepatocytes is a principal determinant of the rate of VLDL

assembly and secretion. When cells are deprived of this lipid source, apo B, which
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Figure 5.2 Biosynthesis and degradation of bile acids®.
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is made continuously, is degraded intracellularly; an abundant supply of fatty acids, on
the other hand, stabilizes apo B and promotes the formation of large, triglyceride-rich
particles. It has been shown that fibrates inhibit the formation of large VLDL and
promotes the conversion of larger VLDL to smaller VLDL by activation the
lipoprotein lipase activity. Fibrates also have a complex effect on the concentration,
composition, and metabolism of LDL. It has become clear that LDL is composed of a
number of distinct subfractions, namely:

LDLT1 - the least dense, most lipid rich

LDLII - the most abundant

LDL HI - the smallest and densest subfraction.
A preponderance of LDL III in the LDL profile is associafed with a three to seven fold
increase in the risk of coronary heart disease. It has been shown that fibrates perturb
the LDL subfraction pattern, shifting the dfstribution from smaller to larger particles
probably as the result of the alteration in plasma triglycerides, since the concentration
of this lipid has a profound influence on the LDL subfraction profile. Small, dense
LDL bind poorly to receptors whereas the larger LDL species have a higher affinity;
thus when fibrates shift the spectrum away from small, dense LDL the nature of the
binding lipoprotein changes and, conceivably, it is this action that promotes clearance
of the lipoprotien through the LDL receptor pathway*>. The major effects of these
lipid-lowering drugs used on the plasma lipoprotein profile have been shown in

table 5.1
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Table 5.1 Lipid-lowering drugs®*?
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Class Marketed agents UK trade names Indication Range of response
to therapy
Bile acid Cholestyramine Questran Raised LDL 10-25% decrease
sequestrant colestipol (Questran-light) in LDL
resins Colestid
Statins Fluvastatin Lescol Raised LDL 15-35% decrease
Pravastatin Lipostat, in LDL
Mevalotin
Simvastatin Zocor
Fibrates Bezafibrate Bezalip Mono Raised LDL LDL change
Clofibrate Atromid-s Raised TG +40% to -35%
Ciprofibrate Modalim TG decrease in
Fenofibrate Lipantil Micro 15-70%
Gemfibrozil Lopid
Nicotinic acid Acipimox Nicotinic acid Raised LDL LDL decrease
Nicofuranose (generic) Raised TG 10% -20% TG
Olbetam, Bradilan decrease 15-70%
Fish oil Maxepa Raised TG TG decrease
10-50%
Probucol Lursglle Raised LDL LDL decrease

0-20%
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The recently reported Scandinavian Simvastatin Survival Study (4S) evaluate
the effect of HMG-CoA reductase inhibitor on mortality and morbidity in patients with
CAD. A total of 4,444 men and women from 35-70 years of age with angina or
previous myocardial infarction and serum cholesterol of 212-230 mg/dl received
simvastatin or placebo for 5.4 years. The results of this trial showed that a 25%
reduction in plasma cholesterol concentrations results in 30% fewer deaths from all
causes and 42% fewer coronary death*.

In this study we found that homozygous Insertion and heterozygous Ins/Del can
reduce total cholesterol, LDL-cholesterol and triglycerides after treatment with lipid-
lowering drugs for 3-5 years. Homozygous deletion can not reduce lipid after
treatment (table 4.8). This result signified that patients cohtaining homozygous
deletion allele were not responsive to the all lipid-lowering drugs treatment. This is
the first report to show that homozygous Del allele has a potential to reduce plasma
lipid levels less than the Ins allele. However, this study is consistent with several
reports showing beneficial effects on coronary atherosclerosis within two years of
effective lipid-lowering drug therapy. This result may suggest that the alteration of apo
B three dimensional structure as a result of the deletion in signal peptide might alter
apo B conformation and decrease the binding to its receptor or the inefficient
translocation of deletion signal peptide might stimulate the excessive hepatic synthesis
of apo B containing lipoproteins through the increase of VLDL or VLDL remnant

leading to high level of LDL.
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Apo B mutation

The interaction between LDL and the LDL receptor plays a major role in
determining plasma cholesterol levels in humans®®. Apo B-100 is the major protein
component of LDL and is responsible both for maintaining the structural integrity of
the particle and for the binding of these lipoproteins to the LDL receptor ”. The
relevance of this catabolic pathway is best illustrated by the genetic disorders familial
hypercholesterolaemia (FH) and familial defective apo B-100 (FDB), in which high
levels of LDL accumulate in the circulation because mutations in the LDL receptor
(FH) or in the ligand (FDB) disrupt the binding of LDL to its receptor’>, Many
different mutations in the LDL receptor cause FH,"*” but FDB is associated with a
single site mutation, the substitution of glutamine for the normally occurring arginine
at residue 3,500 of apo B-100. With exception of an arginine to cysteine mutation at
residue 3,5317%, the arginine for glutamine at residue 3,611%" is associated with a
minor decrease in LDL receptor binding.

The frequency of the Arg3500GIn mutation has been found to be approximately
1/500 to 1/700 in several Caucasian populations in North America and European®.
The highest frequency was found in the Swiss population (approximately1/210)7.
On the other hand, the frequency of this mutation was slightly lower in population of
Denmark, (approximately 1/1250) and found no instance of this mutation in a large
screening programme in Israel, Finland and Japan 7%V,
Because of the binding of LDL to its receptor is important in the lipid

transported pathway and the frequencies of this mutation in the ligand which disrupt
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the binding of LDL to LDL receptors are different in many reports . In this study, we

estimated the frequency of this ligand defective in Thai populations.

Arg 3500GIn , Arg3531Cys

The frequencies of Arg 3500 Gln and Arg 3531Cys mutations were not
identified among all of the 171 subjects in Thai populations with 103 hyperlipidaemic
and 68 normolipidaemic subjects. This indicates the lower frequency of these
mutations in Thai population or the sample sizes used in this study are rather small to
detect these mutations. From this study, we conclude that these mutations may be not
a common cause of elevated plasma cholesterol in Thai population corresponding with
the other Asian populations from Israel and Japan™® 7. This supports the hypothesis
that these mutations may occur in the central Europe and are rare in Asia.

Arg 3611Gin

The Arg 3611 Gin mutation was found in 2 of the 103 hyperlipidaemic
subjects but not identified in 68 normolipidaemic subjects (table 4.9). All 2 subjects
were heterozygous for this mutation which was commonly found in other populations
agreement with the report of Xu et al®”. In addition, they also showed that no
significant association was found between this RFLP and serum cholesterol and apo B
level. They concluded that this mutation has no significant effect on apo B function.
Nevertheless, the sample sizes of their population studied were rather small, i,e., 60
from London, 98 were Finnish and 101 were Italian, thus the correlation of lipid levels
with this polymorphisms may not be found owing to the influence of other risk factors.

In this study, the comparison of lipid levels before and after treatment of lipid-
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lowering drugs showed no significant differences (table 4.10). This implied that the
three dimensional structure (conformation) of apo B may change and bind poorly to
the LDL receptors leading to a slow clearance of lipid from the circulation after
treated with lipid-lowering drugs. This finding was agreed with the other reports
which demonstrated that the variant of apo B at position 3611 were associated with
obesity, high blood cholesterol levels and increased risk of coronary artery

disease®>®

Apo E polymorphism

Apo E genotypes are transmitted in a manner consistent with an autosomal
dominant mode of inheritance with two alleles. Apo E is a structural component of
chylomicrons, very-low-density lipoproteine (VLDL), and high-density lipoprotein
(HDL). It has a major regulatory role in the lipid metabolism of these lipoprotein
particles via specific apo E receptors and receptors for low-density lipoprotein (LDL,
containing apo B, E) in the liver and peripheral tissues.

The apo E gene locus on chromosome 19 is polymorphic, with three common
protein isoforms, E2, E3, and E4, which are encoded by three different alleles, €2, €3
and €4. The E2 and E4 variants differ from the more common E3 isoform by single
amino acid substitution. Whereas apo E3 has cysteine at position 112 and arginine at
position 158, apo E4 has arginine at position 112 and apo E2 has cysteine at both sites.
These substitutions affect ligand binding of triglyceride rich lipoprotein to the

chylomicron remnant and LDL receptors.
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In this study the observed genotype frequencies in Thai population presented in
table 4.11 were significantly deviated from those expected assuming Hardy-Weinberg
equilibrium (x* = 27.27, df =5, p<0.001). Nevertheless, the populations from
Australia, Hungary, New Zealand, Sweden, Trinidad, and USA were also deviated
from Hardy-Weinberg equilibrium (table 4.18). Without supporting evidence, we did
not believe this deviation is due to selection. Initially, we suspected technical
laboratory reasons. We have retyped all of these samples and corroborated their
genotypes again. The observed genotypes also did not support this methodological
hypothesis. Thus we have subdivided all of these subjects into hyperlipidaemic and
normolipidaemic groups (tables 4.12 and 4.13). The genotype frequencies from
hyperlipidaemic samples significantly deviated from the Hardy-Weinberg expectations
(o = 349, df = 5, p<0.001). In nomolipidaemic samples the genotype frequencies
were in accordance with Hardy-Weinberg expectation (x> =299, df =5,
p=0.70). It is for these reasons that we believed that in the sample of Thai population
the deviation of the apo E genotype frequencies from Hardy-Weinberg expectations
was due to chance. This was occurred from the high frequencies of E2/E2 genotypes.
This finding supported the hypothesis that in subjects with E2/E2 genotype the
environmental factors may be necessary for expression of the hyperlipidaemia after
challenging the exacerbating factors. The reason for the higher prevelence of E2/E2
genotypes in hyperlipidaemic subjects is not clear, but it could be speculated that this
allele may delay the onset of CHD at early age (under 40), and in turn possibly
supporting the attainment of old age. Hence this genotype is mostly found in old age

and may be associated with longevity(m).
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Since apo E genotype frequencies calculated from Hardy-Weinberg
distribution between hyperlipidaemia and normolipidaemia were significantly
differences. The apo E allele frequencies between hyperlipidaemia and
normolipidaemia were compared (table 4.17). The results showed that the apo E4
allele frequencies of hyperlipidaemia is significantly higher by an increase 86% than
that of normolipidaemia corresponding to the high prevalence of
hypercholesterolaemia in Thai population. This study confirmed that the prevalence of
apo E4 in hyperlipidaemia lead to the higher levels of plasma cholesterol and LDL-C
that recognizes as the significant risk factors in developing CAD. This finding was
corresponded with present study of Canadian population by Nassar et al*>. However,
in both normolipidaemia and hyperlipidaemia, the apo E allele frequencies were not
significantly differences from Thai population. The result from these three alleles,
termed E2, E3, E4 in Thai population occurred with a frequency of about 8, 80, and 12
%, respectively, which agreed to the several population studied (E2 = 8%, E3 = 77%,
and E4 = 15%)(10% 113.12¢-126)

Comparison of the apo E allele frequencies estimated in this study with those
reported for other population samples (Table 4.18) showed that there are marked
differences between the Thai population and that of two populations of Finland,
Sweden, Greenland, Trinidad and Sudan. These differences are mainly due to
differences in frequencies of the E2 allele (decreased in Greenland and increased in
Trinidad) and E4 allele (increased in two populations of Finland ,Sudan and Sweden),
whereas the frequencies of the E3 allele appear to be rather similar for all population

considered.
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The differences in apo E allele frequencies among the Thai, Finnish, Swedish,
Trinidadian , Greenlander, and Sudanese populations may be due to the differences in
ethnic background and geographical isolation. The similarities of these apo E allele
frequencies were also observed between Thai population and other Asian populations.
This may be due to the similarities in ethnic and social cultural background and
geographical distribution. For the populations from Austria, Germany, Hungary,
Iceland, Netherlands, and Scotland the similarities of apo E allele frequencies with
Thai populations may be due to a genetic drift maintained by national-geographic or
social-cultural isolation. The similarities of apo E allele frequencies from Australian,
Canadian, New-Zealander, and American to the Thai population may be due to a
combination of population admixture and genetic drift. It should, however, be noted
that for the Australia, New Zealand, Sweden, Trinidad and USA population samples
the observed apo E genotype distributions differ significantly from the expected
Hardy-Weinberg distributions (table 4.18). These differences can be attributed to
differences between the observed and expected number of genotypes exhibiting the E4
and E2 alleles (table 4.19). In particular, for the Finnish, Swedish, and Sudanese
populations the apo E 4 allele frequency was significantly deviated from Thai
population sample corresponding to the Thai hyperlipidaemic sample (table 4.17).
From this study, it seems likely to be that apo E4 allele frequency has a chance to
increase and apo E2 and E3 have a chance to decrease. For Trinidadian the apo E2 and
E4 alleles frequencies have a trend to increase and apo E3 allele frequency has a trend
to decrease. In contrast to the Greenlander the apo E2 has a trend to decrease whereas

apo E4 has a trend to increase (table 4.19). Boerwinkle et al'% also observed these



Saiphon Poldee Discussion/ 146

statistically significant differences in apo E allele frequencies among different
ethnically and/or geographically distinct populations corresponding to this report.
Several population studies have shown that subjecst with the E2 allele
usually have lower LDL-C or total cholesterol and apo B but higher triglyceride levels
and those with E4 allele have higher LDL-C or total cholesterol and apo B levels
compared with subjects with the E3. Reciprocally, the apo E4 allele is associated with
a reduced plasma apo E level, whereas the apo E2 allele leads to a highly significant
increase in plasma apo E concentrations 1> 116117 119 Tpe o echanioms underlying
these associations are the result of (I) a more efficient catabolism of chylomicron and
VLDL remnants by the liver in individuals with the apo E4 allele will lead to the
enhanced uptake by the liver, thereby reducing the hepatic receptbr activity and these
elevating plasma LDL levels. (II) A less efficient catabolism of these lipoprotein
particles in subjects exhibiting the apo E2 allele due to a defect in binding of apo E2
to hepatic lipoprotein (apo E2 has less than 2% binding activity) receptors leads to a
diminished uptake of lipoprotein remnants by the liver. This will lead to an enhanced
hepatic LDL receptor activity and eventually to lower plasma LDL concentration.

In this study we also confirmed the effect of allelic substitution at the apo E
locus oﬁ total plasma cholesterol, LDL-C , VLDL-C, HDL-C and triglyceride levels in
Thai population. Statistically significant differences was observed in mean levels of
plasma cholesterol , LDL-C, Triglyceride and VLDL-C among several apo E
phenotype groups. As compared with the most common E3 allele, the E4 allele leads

to elevate plasma cholesterol and LDL-C levels, whereas the E2 allele is associated
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with increased plasma triglyceride and decreased plasma cholesterol levels (Tables
4.20 and 4.21).

Statistically significant differences in apo E genotype distribution between
hyperlipidaemic and normolipidaemic subjects were mentioned before in tables 4.12
and 4.13). These differences is mainly due to the differences in frequencies of the E4
allele. These differences in apo E4 allele frequencies may lead to the differences in
the plasma lipid levels. This result is similar to the previous studies which showed the
association of the apo E4 allele and elevated plasma cholesterol levels. In addition, the
contribution of genetic variance in Thai population associated with the apo E locus to
the total phenotypic variance of plasma lipid profile is different when compared with
the results from Caucasian populations and similar when compared with the results
from Asian populations ‘% % This difference can be ascribed almost exclusively to
the pronounced total genotypic variance of these parameters in Thai population
compared with Caucasian population samples. Consequently, we concluded that the
total genetic variance of apo E locus associated with total lipid profile leading to
coronary artery disease is low in Thai population compared with the Caucasian
population. This result is consistent with the incidence of coronary heart disease
which is the single most important cause of death and, more importantly, the single
biggest cause of premature death in modern, industrialized countries"*? .

The mean total plasma cholesterol, triglyceride, LDL-C, HDL-C and VLDL-C
levels of hyperlipidaemic patients were evaluated before and after treatment with
lipid-lowering drugs in the various apo E phenotype groups (table 4.22, 4.23). The

statistical analyses showed that plasma cholesterol, triglyceride, LDL-C and VLDL-C
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were significantly reduced after treatment in homozygous E3/E3 genotype, whereas
other genotypes containing E4 allele were significantly reduced only cholesterol but
triglycerides have a chance to decrease. The effect of lipid-lowering drugs on apo E4
- or E2- bearing individuals can be explained by the fact that the drug will either
inhibit cholesterol synthesis or activate lipoprotein lipase depending on the kinds of
drug received leading to the lower cholesterol levels in plasma. If the LDL-C
maintained in plasma are only moderately elevated after treatment, the hepatic LDL-
receptor activity was inrceased leading to a more efficient catabolism of chylomicrons
and VLDL in individuals with apo E4 allele. By this way, the lipid-lowering drug may
be useful to treat the patients with apo E4-bearing. In individuals with the apo E2
allele, the LDL-C levels are low due to an impaired VLDL ;md chylomicron remnant
catabolism. These individuals are at lower risk as long as the levels of the atherogenic
remnant particles remain below the level at which atherosclerotic risk increases. Once
the atherosclerotic risks increase, the lipid-lowering drugs used may not be effective
due to its defect in binding to LDL-receptors.

From this study we conclude that:

1. Individuals with variant alleles of apo B and apo E polymorphism have a
trend to increase lipid profile in plasma faster than that with normal alleles in these
polymorphisms.

2. The influence of environmental risk factors in individuals with variant

alleles of apo B and apo E polymorphisms may enhance the plasma lipid levels faster

than that with normal alleles.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry)/ 149

3. The lipid-lowering drugs used to decrease plasma lipid levels may be less
effective in individuals with variant alleles of apo B and apo E polymorphisms than
that of normal alleles.

4. The best way to reduce plasma lipid levels in individuals with variant alleles
is to avoid the environmental risk factors as long as possible because genetic risk
factors shows a trend to elevate the plasma lipid levels after challenging with the
exacerbating factors.

5. Genetic risk factors should be detected in the early age of life to predict the

early onset of dyslipidaemia, especially, in one with a family history of dyslipidaemia.
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APPENDIX 1

DNA sequence of Apo E

3601 TCTGCCTCTG CCCTCTGCAT CTGCTCTCTG CATCTGTCTC TGTCTCCTTC TCTCGGCCTC

3661 TGCCCCGTTC CTICTCTCCC TCTTGGGTCT CTCTGGCTCA TCCCCATCTC GCCCGCCCCA

3721 TCCCAGCCCT TCTCCCCCGC CTCCCCACTG TGCGACACCC TCCCGCCCTC TCGGCCGCAG
3781 GGCGCTGATG GACGAGACCA TGAAGGAGTT GAAGGCCTAC AAATCGGAAC TGGAGGAACA
3841 ACTGACCCCG GTGGCGGAGG AGACGCGGGC ACGGCTGTCC AAGGAGCTGC AGGCGGCGCA
3901 GGCCCGGCTG GGCGCGGACA TGGAGGACGT GCGCGGCCGC CTGGTGCAGT ACCGCGGCGA
3961 GGTGCAGGCC ATGCTCGGCC AGAGCACCGA GGAGCTGCGG GTGCGCCTCG CCTCCCACCT
4021 GCGCAAGCTG CGTAAGCGGC TCCTCCGCGA TGCCGATGAC CTGCAGAAGC GCCTGGCAGT
4081 GTACCAGGCC GGGGCCCGCG AGGGCGCCGA GCGCGGCCTC AGCGCCATCC GCGAGCGCCT
4141 GGGGCCCCTG GTGGAACAG‘G C;CCGCGTGCG GGCCGCCACT GTGGGCTCCC TGGCCGGCCA
4201 GCCGCTACAG GAGCGGGCCC AGGCCTGGGG CGAGCGGCTG CGCGCGCGGA TGGAGGAGAT
4261 GGGCAGCCGG ACCCGCGACC GCCTGGACGA GGTGAAGGAG CAGGTGGCGG AGGTGCGCGT
4321 CAAGCTGGAG GAGCAGGCCC AGCAGATACG CCTGCAGGCC GAGGCCTTCC AGGCCCGCCT
4381 CAAGAGCTGG TTCGAGCCCC TGGTGGAAGA CATGCAGCGC CAGTGGGCCG GGCTGGTGGA
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APPENDIX 2

DNA sequence of apo B

3481 GAA TAT TCA GGA ACT ATT GCT AGT GAG GCC AAC ACT 10676
3493 TAC TTG AAT TCC AAG AGC ACA CGG TCT TCA GTG AAG 10712
3505 CTG CAG GGC ACT TCC AAA ATT GAT GAT ATC TGG AAC 10748
3517 CTT GAA GTA AAA GAA AAT TTT GCT GGA GAA GCC ACA 10784
3529 CTC CAA CGC ATA TAT TCC CTC TGG GAG CAC AGT ACG 10820
3541 AAA AAC CAC TTA CAG CTA GAG GGC CTC TTT TTC ACC 10846
3553 AAC GGA GAA CAT ACA AGC AAA GCC ACC CTG GAA CTC 10882
3565 TCT CCA TGG CAA ATG TCA GCT CTT GTT CAG GTC CAT 10918
3577 GCA AGT CAG CCC AGT TCC TTC CAT GAT TTC CCT GAC 10954
3589 CTT GGC CAG GAA GTG GCC CTG AAT GCT AAC ACT AAG 10990
3601 AAC CAC AAG ATC AGA TGG AAA AAT GAA GTC CGG ATT 11026
3613 CAT TCT GGG TCT TTC CAG AGC CAG GTC GAGCTT TCC 11062
3625 AAT GAC CAA AAG GCA CAC CTT GAC ATT GCA GGA TCC 11098
3637 TTA GAA GGA CAC CTA AGG TTC CTC AAA AAT ATC ATC 11134

3649 CTA CCA GTC TAT GAC AAG AGC TTA TGG GAT TTC 11167



M sc. (Biochemistry)173

Fac. of Grad. Studies, Mahidol Univ.

14 €e 21 051 802 8l 45 06 cee L0€ €3/€3 - al ge UNNLEMIEE EMBLRLI 8L
9l €5 08 oct 681 A 0s 18 osi ive €3/e3 - ai 14 sube ToLesLh "L
143 cs 0. (444 88¢ Sl 12°] €L 144 c6e €3/€3 - al 514 UKISSUWHM MMEBRLTL "OL
€l 19 99 9zl 00z 33 18 2] S0¢ 15744 €3/€3 - ai 65 mra_&?cm.&:qrx G1
L2 ey 8L 691 6eC 69 ¥S gye 6€l 292 £3/€3 - aa ¥9 2RLLOY AOMITBRLNI ‘vl
lE 144 51 A1 2ee e €9 691 124" 822 €3/€3 - aa 6¢ SRQMITLAMY TULLULLIL ‘EL
9l 147 8 881 1714 €2 54 A% 0ee g8e €3/€3 - aa 34 FUAMY LEBBBILT T
59 124 Gee 8. 191 of |44 cee 602 622 y3/23 - I 12°] gl reg .thrrarz. iy
14 8 €0} 8l €ce lE 54 451 00C cle v3/e3 - I 29 LULIIE BRIIAMGLH 0L
4 6S 19t 12! 89¢ )4 ve 82¢ egl €ee €3/23 - i 0S hswa\@_« shlmeein 6
€l 59 99 191 6€C e 144 9EL 8l gGe €3/¢3 - al L9 Wt_mﬁ.ahts rwliLn g
24 95 Ll vl 6i2 £g 8¢t Sit 1474 S/e €3/23 - al 09 .Tv,\.h_\.#w Wtzrvr: L
ve 09 8t 091 eve 6l 2l S6 09l (374 €3/¢3 - aa £G snMzRty wch?zzvr_; 9
6¢ 14 €61 88 €Ll €l 8v £9¢€ YAZ4 89¢€ ¢33 - H oy am:rs EMRE BN °G
€¢ 9S €l 28l 192 6v VA4 £ve 641 §ic 23/23 - il 6v zchszw«ot\@ LRSEROLM
ve le 8li 0st S0¢ LEL ze ¥89 08 5144 ¢33 - al ¥9 ELBTUELY TULEMBBYUMLLY '§
6L 153°] 8 Scl 161 4] 124 86¢ P VAZ4 ¢33 - al cs YRLWYLM FUSEMEMILIL °C
24 6 €0l 891 8¢eC 1574 19 o9t 691 66 ¢33 - at (8] WERUILLLIT LMIULLLELI ')
010 | O1aH o1 o147 oyd | 010N | O-1aH o1 o-1a7 ouyo sdkiousd | uonenw | wsiyd -toukiog | Leak)
(Ip/Bw) yuswieal Jaye sjong| pidin (Ip/Bw) yusunes.) a10j8q s|aAg| pidi 3 ody g ody g ody aby swep

sy8iqns osiwoepidiyadAy




Appendix/174

Saiphon

6l (¥ €6 61 62¢ 59 o¥ €ee 192 cle €3/e3 - ai 2S sigeull wnn.w.aa ‘9€
9l S9 64 €€z 1433 S¥ 14 €ee €61 982 €3/€3 - ai £ sunbnsy usuLubiun ge
¥4 99 0L €611 ove a4 09 cle (1%4 123 €3/€3 - ail 8y pLLby vva_..:ur:. vE
8l PAS] 16 el PAZ4 oy oe 861 vee 414 €3/e3 - al oy a\m\aﬁaﬁg BHUMILMIBLIM EE
ve 134 ccl 62¢ 1+14 €e 144 91 a2 poe £3/€3 - ai G9 russisy YunempLr ze
9€ 514 8.1 861 yA4 €e 144 A 891 G9¢ €3/€3 - al 0s vm.,m_v..wvc MILBOLI ‘LE
1€ 6€ 951 €61 €9¢ ce 154 13:1% e8¢ 1S€ €3/e3 - al 19 BULTE LRIEWILIL '0E
59 144 Pra 87 91 Le 6€ 96t 09¢ oee £3/e3 - al €9 Fmriawg BLUUBMLLN ‘62
0C 8¢ 66 09} 8€C e 15 €61 00C 882 €3/€3 - ai FA4 MEIEN MM B (g2
g€ 62 6.1 451 ace oe VA4 161 8ic §6¢ €3/e3 - al 2¢] ruestRMUL TULE[ELY /2
A4 £9 0ic 951 192 og 89 oSl vee cle £3/£3 - al (34 gure LuLenin "oz
€e 8z €91 Gee 98¢ 6¢ ov i A4 4 €3/€3 - ai Sy E.mzaﬂ.._ bEVIRLI "GC
2 414 veEl coe 8.2 2 89 ¥el 141 992 £€3/€3 - ai 6S LPIEn cw._:aw#rz. e
Ll {914 18 413 (444 2 Sv PEL 9/l 5144 £3/€3 - al €5 mr_rrccz.r:.z. B1LEN €
9e 14 :74% €61 7k 14 SE °14 vic vie €3/€e3 - ai 14 BUMREY ERILEMLI 22
¥e Ly 6Lt ya%4 88¢ 144 134 443 961 €92 €3/€3 L19E al 3] bUNLBN szmz._vr: ‘I
zh &Y 85 092 o0ze ez ze 601 90¢ 09€ £3/63 - ai 8y upreLans peleMypL 02
LE 193] /Gt €0¢ 8¢ 0c 14 004 12 €0e £3/€3 - at 95 suLnl WRRITWMN 61
O 107 | O-1QH oL 01at oysc | O10A | OIGH o1 0101 oyd adAjousb | uoteinw | wsiydiowAjod | (Jeak)
(1p/Bw) Jusunesal) soye sjpAs| prdi (Jp/But) Jusiyess} 810j8q SiBAS) PIdIT 3 ody g ody g ody sby swepN

spalgns onueepidipadAy




M.sc. (Biochemistry)175

Fac. of Grad. Studies, Mahidol Univ.

144 2s ¥4 €el 82¢c 62 89 148 95¢ Eve €3/€3 - ] LS v.vaﬂ._ﬁwc YIRBLT PG
8l A4 06 181 1424 8¢ 8¢ oyt 00¢ 99¢ £3/€3 - N 09 BMLUNEWA BURLAK 'EG
14 14 L2l 174 oce 2 89 sel 6.1 12%4 €3/€3 - i ov piseeLy rcs.mcrvrs 25
14 144 §01 10¢ x4 9c L oegl Sil (424 €3/e3 - H 09 v&:..:.: .dm_rw.z: WS
14 17 174 csih 714 114 8 124! s62 £0¥ £3/€3 - I 85 zcaw: LmbibLn 05
¥l 9s cL 181 282 154 yAs] 9l 061 0.2 €3/€3 - Il 6€ Aomdie sbmsn 6y
4 184 L9 €51 902 €¢ 44 1422 yog 69¢ €3/€3 - ] VA BLIbIM TULL[IRLTL "BF
8l A 68 1G1 [4%4 114 99 401 vee Lie €3/€3 - i 59 mnz._.s._ Fwné?.z:. Ly
L2 12°] et 084 19¢ 24 0§ 901 ¥4 ¢6e £3/€3 - il ¥9 wrsmcam._na ULLLBRLY "gF
ve oS 14 Sie 68¢ 114 L9 SO0t G9l VAZ4 €3/€3 - i (44 LRLMEL GQ@%;.zﬁ.m«.
8¢ 14 8cl gve 6L 0c 85 10} yA%4 G562 €3/€3 - Il 8y ngsy ﬁcrcw?ﬁ 44
14 6. 69 irl ore 0c €9 66 S61 8.¢ £3/e3 - I {5 [LSEIY=LT BLLLBOLIL ‘EY
9l 69 64 991 (374 0c¢ 14°] 86 €41 174 €3/€3 - Il 09 wcn.ccw RERINNLN 2y
Si 8G iL 161 474 8l V. 4] 691 192 €3/€3 - il €9 smswsihcc YERUMBURLN LY
%4 (44 ¥olL °1:1% 8ye pA 12°] 18 9.1 PAZA €3/e3 - I 8§ [isriysen S.:wmrx oY
L 18 SS 0s1 (444 Ll 85 €8 /161 cle €3/e3 - il VA4 nﬂh@w&w@ MLBRLN '6E
14 Sy A48 ¢l ve Si €9 S €0¢ 18¢ €3/€3 i 85 SUMBIEN DBULIIDLY 'BE
PA> GS 8L 9l 80¢ 59 9z T4 59 002 £3/€3 - al €€ EWRBLIE EUTLLBLIBR LE
O-1Q7A | O-1QH Ol o-1d1 oy3 | O1dIA | OICH Ol o147 04D | edAiousB |uoneinw] wsiyd -1owhiod | (1e8A)
(Ip/6w) Jusuneau; seye sjors| pidy ewse|d (1p/Bw) Jueunesl) elojaq sjens| pidy ewse|d 3 ody g ody g ody afy swepN

s)9algns oiweepidipadAH




Appendix/176

Saiphon

ot 173 1S ¥0l S8l €9 o Sie St yec €3/€3 - ] 09 Uk neufshaun -0/
vi 14 %3 1213 e €5 6C S92 602 162 €3/€3 - i A rSuwc_uo.__ a,us?@vrz. ‘69
114 ov 2ol coc 89C €5 44 £92 vl 69 £3/€3 - ] 1S a\@vusr RYLMORLM'8Y
Zl 8¢ €8 14 ooc 8y 09 1374 L6l 66¢ £3/e3 - I 9€ awa:.@ subfusRun L9
174 144 90l SGl 0ce VA4 Ly €ec 922 yiE £3/€3 - Il GS aw.vm_\.zshi £IUBILI ‘99
€L 0s £9¢€ 347 1414 44 44 114 061 vic £3/€3 - H 65 | SUNMBTULLLI PBUNRBUIRLI '
ov 6¢ 661 148 144 oy 6¢ 661 £142 Gec €3/€3 - i 9s swwnm.c LULBRLR P9
A 95 091 SGL eve 9€ 0s 13:13 161 €8¢ £3/€3 - i FA4 3@3.@? .hrtcp..e:. ‘€9
Ll 99 98 261 §/¢ S€ 134 (2% 3074 6¥C €3/e3 - ] 147 w_\.cz‘«vr.ﬁ LIENIZO
A 134 G982 981 474 ee 6E 291 061 29¢ €3/€3 - It 09 zcrsc&hxe BLOR LM 'LY
ce 44 413 8L 86¢ 4 (A4 29t 8l 852 €3/e3 - 1l 14 LURMGME WUMRSE[LREMBLIL “09
144 1 81z 691 ore ze 8¢ 294 991 92 £3/e3 - 1 Sy v ub roceouloun 6g
SE 9§ (743 €61 1444 4 59 191 ¢l 692 €3/€3 - it A4 zaﬁ_mc mSmwmri 8S
14 0§ 69 () 6l 4 187 091 S0¢ 8/¢ £3/e3 - il 09 mz\z.n.wc,ws RYIGBM "G
9¢ 09 8cl oElL 124 ce 12°] 6S1 181 19¢ €3/€3 - I 65 REnep fofircesonun o5
St 134 € £el 68l Le 147 A 0zt 14744 €3/€3 - I 14 BEIVIGE LMBLLILN "GG
O1aIA | 014K o1 0101 oyo O1aA | O1aH 91 o-1a1 ouo odAtoust | uoneinw | wsiydiowAjog | (ieak)
(1p/Bw) yusunes; seye sjeAs) pidl BWSE|d (Ip/Bw) yuswies.; a10jeq sjoAs) pidl| Bwseld 3 ody q ody g ody aby awep

spslgns oruaepidipadAy




M.sc. (Biochemistry)177

Fac. of Grad. Studies, Mahidol Univ.

14 26 el el 153124 61 98 €6 Vi€ 6.v /€3 - H PAS] TUMMLEILE BWUIRLT '98
124 0s 801 0sz 2ce €l S 9 961 ¥8c ¥3/€3 - i £e wbth BUMLUTL B 'GB
06 o€ 0S¥ - £01 L2z 51 e v.€ 8Li 8ze v3/e3 - ai (84 snuMilge wamheaLn vg
oy ov 404 2el r4%4 ¥9 14 12€ 861 ive ¥3/€3 119e ai eid LRUPIALLIMY ‘_.uz?rs._ur:. ‘€8
9l 4] 08 ol 80¢C 15°] . 62 15¢ L0C 182 ¥3/€3 - ai 144 ELURLTILMHEY m\_.:rﬁuca_..: ‘28
8 ot 88 ¥0C 8G¢ 1594 12°} FAT4 SeT cee y3re3 - al €5 Zmz:dr. 81 b Lg
144 S 444 cel [3°14 e 6€ 091 90¢ yor4 ¥3/€3 - al 14 BWAM BILIOLA 08
14 6€ 2. €9¢ gle oe o€ Zst 2se cie y3/€3 - al €9 fagutun WrgLgenLn ‘6L
oy 19 861 991 €ic 9c 1S 8cl 192 vve v3/€3 - ai v9 msartmw EMLER BT '8/
014 0/ 4015 681 6.2 61 ¥9 56 €81 144 y3/e3 - ai cs UM BUGLDLMELIL /L
0z A ol SZL A4 8l 29 43 €0¢ €8¢ v3/e3 - al 0§ w:am#w LRBILBILT "9/
Se 62 15743 2oe 99¢ o€ 8y LGl 9/l vse y3/e3 - aa 85 LRUBUIM UIIAMEMDLTL "G/
9t 0S [4:13 qv4 88¢C el PA] 6G 8.1 ive ¥3/e3 - aa 9t BLIEN SBRBOLT V.
33 6€ €51 13147 1424 82 iy 88¢ 041 562 £3/e3 - Il 59 FISELBRMUI SULTILLMRLY '€/
0c ov 001 oL (44 69 8¢ gve (347 5144 £3/€3 - I €9 PRGN MMM
6V oy Va4 AN 90¢ 99 e 8¢t evl ove €£3/e3 - Il S vm,m.:,.wvc LYIBLH "L L
O107A | O-10H o1 o-1aN oyo O1Q7A | O1aH o1 0-1a1 oud wsiyd
adAjousb |uoneinuw| -JowAjod | (1esA)
(Ip/Bw) Juswieal; seye sjoag| pidi] Buiseld (Ip/Bw) wsuwieas) a1040q sjons) pidy ewse|d 3 ody g ody g ody aby aweN

spolgns osiwsepidipodAH




Appendix/178

Saiphon

4} 95 65 8yl 9z €3€3 - aag v |bufbeemmmyt WERUIBURLI'EDL

zs ov 852 bt €02 €3¢€3 - al IS AoneBze ngulpLn Zol

St 69 €2 661 €8¢ ve 8€ bLL 1% 882 Y3rv3 - " 4] rueemenLe Lbbgeun Lol
114 VA4 6€c gt (3%4 14 09 0L 961 042 ¥3/¥3 - il Ly | ELUBTLLMILEY BALLBLIRLY '00L
(44 lE LitL 8.4 JARS 9€ L€ 284 312 8yc y3/v3 - ai 99 LM LPBRLM 66
LS LE 562 €2l s0¢ 18 LE 90¥ €8 S61 ¥3/€3 - il Ge WAL EMEBL BT 86
FA4 1 PANA 91 1374 514 oy 144 29l (314 ¥3/€3 - I} 09 FOLLEMIT[IZNE] Ewrovr3 16
%4 8y ¥ol 00¢ 69¢ ve 1314 (7A% 681 99¢ ¥3/€3 - Il 0S m.msﬁh??whm s_uarzwvrﬁ ‘96
44 0§ 0L 164 29c ve 194 691 (124 98¢ y3/e3 - Il 1S a.mgacw LWTMOLTL 'G6
i VA4 /8 €02 892 Le 44 1413 0Ll eve ¥3/€3 - It 14°] HG.ErE\.wwc PeLEMBLY ¥6
14 34 144 (1194 9/2 o€ ¥S 6vi ¥61 8.2 ¥3/€3 - ! 09 HEMEN UBWIRLN €6
LEE 6€ 181 681 G892 8¢ 8y 44" Avr4 8.2 ¥3/€3 - I GE Bifunte w...«z.:rar: ‘26
€C LS yiL 8L 8G¢ 9c 1S 6ci 88l 59¢ y3/€3 - i S9 mr_id? MRAUNBUNLI "L6
1522 SS 49 991 yee 14 A4 €2t 244 062 ¥3/€3 - It 9/ R.K.._a? Brugusin ‘06
14 12°] L2l 041 5174 14 SS SoL 04! ove y3/€3 - i 6G BLM LB LFLELIELIL 68
yx4 8. vel 01 §/2 ¥4 49 voi 481 7x4 ¥3/€3 - ] 8G nﬁa_.._.:m 3.wn=.mr3 ‘88
pxe4 L Gel £G1 (3274 0¢ 74 66 121 cle y3/€3 - il LS PULELEY LiWBbLY “/8

O1aA | O1aH o1 0107 oyo O1a7A | OQH Ol o141 oyo sdkous | voneinu | wsiudiowAlod | (eek)
(Ip/Bw) Jusuwieal; soye s|ans| pidlj ewse|d (ip/Bw) Juawieal) a10jaq sjoAd| pid)| ewse|d 3 ody g ody g ody aby aweN

sj00lgns onwusepidipedAy




M.sc. (Biochemistry)179

Fac. of Grad. Studies, Mahidol Univ.

61 09 96 LEL V24 €3€3 - I (34 BRoLe B /)
zh 09 85 S0l L €3€3 - I e wufligeiytt, LhessLn gy
Tl 8g 9e 9kl 181 €3¢3 - 1 62 TUEEE WINBLE VML Gl
L €§ €8 ezt €6t €3e3 - H Le mBLsBU BLBLLTL Bt 1L
14 SS 89 601 8/1 €3€3 - Il 9€ cczcvzaaw—ﬁ HACMRBRELN S
St 19 4L AR €61 €3€3 - It e araegﬂs\mizﬂ?z i
8l 6€ c6 87 el €3€3 - H e ULRDBU FEMIRBRLE "L
144 9E 801 POl 29l €3€3 - i €C Weutb WHIBRLT 0L
61 Sy ¥6 6 19t €313 - i 44 RLELBLY BELLIBLY 6
zz 55 oLl 8. SSL £3¢3 - i 22 NLGE WELRLN 8
0z 0s 001 00l 041 €3¢3 - i 4 sumflh regypeuBLI 2
(V4 A4 <0l €01 G991 €3v3 - i 44 uncz.aw EMIBLAL 9
8¢ 14 6el 16 ol €3€3 - I (44 Mt c\_.\.vacx. ‘S
ve %4 61l 68 9GL £3¢€3 - it 14 REVLIT ‘_mhg.z..rmrﬁ R4
oz G9 cel 101 861 €3€3 - Il 144 HUAB WHBRLI €
14 VA4 4% 08 cst €313 - Il ¥e cresft LUUPRLI g
L 144 /8 £6 ¥51 €323 - I 4 PBMLY YUYFMBLNL 'L
o-1QTA O-1QH 94 0-1a1 oyo woneinw| wsud owkiog | Ueek)
(Ip/Bw) sjans| pidl BwsE|d adAjouab 3 ody | g ody g ody aby sWEN

s300(gns J1wapidioWIoN



Appendix/180

Saiphon

Sl Sg 9L 0zL 061 €33 - al 9 Bewwy sunbrun ve
T4 144 8zl vZi 6l £3¢3 - a vz fohwewhk LrimgerLn ec
4} 19 29 10t viL €3€3 - I ov ruesoebey Litgloin ze
26 8. 214 98 €l €3¢3 - I 114 Ut BYINLY BT LE
8l 59 06 88 L €3¢3 - Il 95 BB FUSLPLUTBLYL 08
8'8 GS 144 g8 6¥L €3e3 - i 8y SRYI BLIDBUNLIL ‘62
Ll 69 9s 98 991 €3€3 - I 124 BMURgELLT ‘82
4’ 19 89 0l 6.1 €3e3 - I 0§ vl LruggrLn /2
8l S§ 06 €9 o€l €323 - ] ey am«; rz:?vr: R4
143 59 89 Lt 961 £3¢e3 - 1 e ceufla LruggeLrge
L €9 GG 16 ¥A3 £3€3 - i 09 BLS MRRY B ¥C
9l Sy 28 8€l 661 £3€3 - Il ce _95.{.: LBNBRLN €2
8l 1] 88 L €81 €3¢3 - ] 9Z rﬂ&bccwg Lgny s 22
€¢ 6% SLL 601 3219 £3¢3 - 1l 194 ?c\mrvaw sHLe
oL 6 0S vl 002 €3€3 - I ov TBRMEI BYINENNLA 07
8t VA4 681 S0l 061 £€3€3 - Il oe WS ZEMOLTL ‘6L
Ll oy €8 7A 8EL €3¢e3 - ] 44 Lreeflivusn gy
O1aA O~ 1aH oL W 3 adAjouab uoneinw | wsiyd -1owAjod | (Jeah)
(Ip/6w) s|ens| pidy| ewse|d 3 ody g ody g ody aby aweN

s109(qns sjwsepldijouLoN




M.sc. (Biochemistry)181

Fac. of Grad. Studies, Mahidol Univ.

Ge 44 9/l 8Ll 181 £3/€3 - al vz :wc_,._. ealmun 'Lg
9'6 v 14 9t ooc €3/23 - i 1€ EMME B 05
6¢ 9€ el 4 L 421 €3/€3 - ] 85 3%2% wavasvr:. By
€2 6€ 21 ocl 861 EIE - aa £2 fge 2rurbumLn gy
43 §S 8g 2oL 691 £3€3 - al 14 wa RBBMMN "/t
ol S9 4] 43 101 €3e3 - ai 144 Bt LWLTUNLN "oF
8 es ov .8 iy £3¢e3 - at 9E RBEL LMUNLILI "GF
96 29 8 bt €8l £3¢3 - al s¢ fogy 1L bLn v
21 A4 98 LEL 06l £3¢3 - al iy vw ﬁch.nowopﬁ R4
St 65 ve g8 651 Z3e3 - al 144 mflaget RBEMINLIL 2P
LE §§ §S1 86 78l €343 - al 0§ ¥k BLEBRLM LY
61 8¢ v6 c8 6El €3¢€3 - al {44 FIBO LURE[NLN OF
9l At 64 (1% 8l £3€3 - a 8¢ 11 SUNLLMOLR ‘6E
8l 09 06 00} 8/l €3¢€3 - al 9z LBIUD LELL BN ‘ge
2> 1§ 6yl 901 /81 €3¢3 - al 82 WURMI "B/ €
e 44 601 vEL 002 va/e3 - al 44 WSWEY [LIBRLM '9E
0c 8y 86 Sob €.l £3€3 - ai 6¢ BN TMRBLBRLY ‘G
O-107A O-10H Ot o-1at oyo uonejnw | wsiyd -Jowkjog | (1e8Ah)
(Ip/Bw) siare] pidi| ewsed adAjousb 3 ody | qody g ody aby awepN

s109fgns onusepidijouLoN




Appendix/182

Saiphon

Lz 144 €el 904 y¥AS €3/€3 - Il VA4 BMURLE SUTLELIERLTL "89
FAS 6¢ €8 142 091 £3/e3 - al PAS ns.rhow:.s\.m urbflicupun 29
2 o€ s8 vl S61 £3/€3 - [ 8y WUBMES  LTBZEL'BM 99
oy 0E 00¢ €8 €51 €3/¥3 - al 14 YLHLEWE SMBLNA "59
Yk o€ vEL bbb 89l z3/e3 - I €s Laudrl ghreeun vg
LZ 6C el 9kl ¢l c¢3/e3l - ft 0s it  tenBRLR €9
144 £e 601 86 152212 £3/e3 - I LS Srsguy  wsLeeLn co
0C ov {0] 66 651 €3/¢e3 - ai 214 TULERLLYN BLIRARBILI L9
9e se 6.1 ozt 161 z3re3 - I €§ wufreg ruehmyaLn 09
62 ve yids sel 88l €3/e3 - I Ly nby Lwbeiin s
144 6¢€ 0zl 94 6€l £3/£3 - It LG BLBTLE TULE[IELI "8G
gl 6. 59 801 002 £3/e3 - a or | reecBgLub  winlwboun g
6l 06 €6 16 00¢ £3/€3 - al £9 Tﬁv,\.n.mrz.mq B‘er:mm
14 85 89 8¢t 00¢ £3/€3 - i 19 v\mu.ss seutlion ‘gg|
ka4 L€ 602 1z 002 £3/€3 - I IS geneg  ehzeninun vs
¥4 FAZ 901 el 002 £3/e3 - I 59 slent  Lrefshisun 'gg
8z 95 kAl 9Ll 00z €3/e3 - " 6€ plewt  LnebfiLusen s
O-1aA O-1aH o1l o101 oud uonenw | wsiyd -iowikjog | (1esk)
(Ip7Bw) sieAe| pidl eUwSElq adAlousb 3 ody | g ody q ody aby awieN

sjo8lgns onwsepidijoulonN




Fac. of Grad. Studies, Mahidol Univ, M.Sc. Biochemistry)/ 183

BIOGRAPHY

0 s

/4
NAME SAIPHON POLDEE Hhingy oSS

DATE OF BIRTH 7 August 1971

PLACE OF BIRTH  Srisaket, Thailand

INSTITUTIONS ATTENDED

Rajabhat Institute Bansomdejchaopraya, 1993-1996:
Bachelor of Science (Health Education)
Mahidol University, 1997-2000:

Master of Science (Biochemistry)

POSITION & OFFICE

1993-Present, Department of Biochemistry,
Faculty of Medicine Siriraj Hospital,
Mahidol University Bangkok, Thailand.

Position; Medical Science Technician
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