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ABSTRACT

Childhood obesity has become the public health problem worldwide. It is an
important risk factor of many chronic diseases. Dyslipidemia, which is a risk factor of
cardiovascular disease, is a serious complication of childhood obesity. Dyslipidemia
results from disorder of lipoprotein metabolism. Microsomal triglyceride transfer
protein (MTTP) and apolipoprotein B (APOB) genes have important roles in
lipoprotein metabolism. The aim of this study was to study the association between
single nucleotide polymorphism (SNP) of MTTP and APOB genes and plasma low-
density lipoprotein cholesterol (LDL-C) level in obese Thai children. Subjects were
children aged between 4 to18 years. Their BMI for sex and age were above the 95
percentile. Polymerase chain reaction (PCR), restriction fragment length
polymorphism (RFLP) and amplification-refractory mutation system (ARMS) were
used for gene analysis. This study found that the presence of 891C/G SNP in MTTP
gene was significantly associated with elevated plasma LDL-C level but it found no
significant association of APOB SNP with elevated plasma LDL-C level in obese
children. The MTTP and APOB SNPs had no effect on abnormal LDL-C level.
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CHAPTER I
INTRODUCTION

Background and significance of the problem

Childhood obesity is a public health problem worldwide. Its prevalence is
increasing in Thailand and many countries at an alarming rate. The fundamental cause
of obesity is an energy imbalance due to excessive food intake and decreased physical
activity, both of which are significantly influenced by environmental factors and
lifestyle changes.* Genetic factors also play important roles in energy regulation and
nutrient metabolism. Obesity is one of the major risk factors of many chronic diseases
such as type 2 diabetes, hypertension, dyslipidemia, cardiovascular disease,
musculoskeletal problems, cancer, and psychological problem.™ ® Obese children also
have increased risk to become obese adults.” Therefore, obese children suffer from
both short-term and long-term complications.

Dyslipidemia is caused by disorders of lipoprotein metabolism,® which result
from genetic factors, diseases or drugs.” The other cause includes environmental
factors, namely excess saturated fat diet and sedentary lift style. Dyslipidemia affects
cardiovascular system because fat accumulation in the arterial wall leads to narrow
artery which interrupts blood flow resulting in cardiovascular disease, coronary artery
disease, cerebrovascular disease, and stroke. Increased low-density lipoprotein
cholesterol (LDL-C) is one of the main risk factors of cardiovascular disease (CVD).
Low-density lipoprotein (LDL) transports cholesterol from the liver to peripheral
tissues. The interaction between LDL and the LDL receptor is essential for the
regulation of plasma cholesterol.®

Obesity affects lipoprotein metabolism, leading to dyslipidemia, i.e. increased
triglyceride, LDL-C and decreased HDL-C.> '° In addition, dyslipidemia in obesity
may result from SNPs of some genes that influence lipoprotein metabolism such as
genes which code for microsomal triglyceride transfer protein (MTTP), apolipoprotein
B (apoB), and low density lipoprotein receptor (LDLR).
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Microsomal triglyceride transfer protein and apolipoprotein B are lipid transfer
protein and lipid carrier, respectively. MTTP is important for the assembly and
secretion of apoB-containing lipoproteins.** The polymorphism or mutation in MTTP
gene causes abnormal function of apoB leading to diseases such as
abetalipoproteinemia.'> APOB gene polymorphism or mutation is a cause of abnormal
lipid profile.** ** The recent study found that apoB concentrations had effect on small,
dense LDL particles in plasma.”

Previous studies suggested that polymorphisms in MTTP and APOB genes may
lead to hyperlipidemia in obese children.’® *’ In Thailand, there has been no study
regarding the effect of single nucleotide polymorphisms (SNPs) in MTTP and APOB
genes on obesity and dyslipidemia. Therefore, this study was undertaken to assess the
influence of MTTP and APOB SNPs on the occurrence of dyslipidemia in Thai obese

children.

Research objectives
Primary objective

To assess association between single nucleotide polymorphisms (SNPs) of
MTTP and APOB genes and plasma LDL-C level in obese children and adolescents,
by comparing mean LDL-C between genotypes of polymorphisms.

Secondary objective

To assess association between single nucleotide polymorphisms (SNPs) of
MTTP and APOB genes and abnormal LDL-C

Expected benefits and application

We postulated that (1) SNP frequencies of MTTP and APOB genes in obese
pediatric patients are not different from those of the general population and (2) obese
children with elevated LDL-C level have higher prevalence of SNPs than those

without dyslipidemia.

The results from this study should provide data for future research concerning

genetic influence and management of dyslipidemia in childhood obesity.
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CHAPTER I
LITERATURE REVIEW

2.1 Obesity

2.1.1 Definition and classification

Obesity is defined as excessive fat accumulation in the body. Body
mass index (BMI) is a simple criteria to identify and classify overweight and obesity
in adults.”® BMI is calculated as a person’s weight (in kilograms) divided by the
square of his or her height (in meters) as following.

BMI = Weight (kg)/ Height® (m?)

The cut-off point of BMI in Asian population is proposed to be lower
than those of the WHO (Table 2.1). The waist-hip ratio (WHR), another method to
classify obesity in adults, is the ratio of the circumference of the waist to the hip. It is
calculated by measuring the waist circumference, above the upper hip bone, and
dividing by the hip circumference, the widest part of hip (waist circumference /hip
circumference). High waist-hip ratio (WHR>1 in men and WHR>0.85 in women) can
indicate abdominal fat accumulation'® which is related to cardiovascular disease and

. . 20
chronic diseases.

Table 2.1 Comparison of the WHO’s and the Asian BMI cut-off points'®

Classification BMI cut-off point (kg/m?)

WHO Asian
Underweight <18.5 <18.5
Normal 18.5-24.9 18.5-22.9
Overweight 25-29.9 23-24.9

Class I obesity  30-34.9 25-29.9
Class IT obesity  35-39.9 >30
Class III obesity >40
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In children, classification of obesity is based on BMI reference for age and sex.
The 85" percentile is a cut-off point of overweight and the 95" percentile is a cut-off
point of obesity?' (Table 2.2). The WHO 2007 reference BMI charts are shown in
Figure 1 and Figure 2.

Table 2.2 Classification of childhood obesity

Classification BMI(kg/m?)

WHO CDC and AAP”
Underweight <2SD  <5" percentile
Normal 5th_gsh
At risk overweight g5 95
Overweight >+1SD  >95™
Obesity >+2SD

AAP, the American Academy of Pediatrics; CDC, the Centers for Disease Control and
Prevention; SD, standard deviation; WHO, the World Health Organization

A
E
=
-
=
@

Moths 3686 369 366 3686 368 388 3686 388 368 368
Years 5 ] ¥ 8 a 10 11 12 13 14 15
Age (completed months and years)

Figure 2.1 The WHO 2007 reference chart of BMI for age in boys.*
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Figure 2.2 The WHO 2007 reference chart of BMI for age in girls.22

The severity of childhood obesity is determined by the percentage of ideal
body weight for height (Table 2.3).

Table 2.3 Severity of childhood obesity

Severity of obesity Percent ideal body weight for height

Mild 120-139%

Moderate 140-159%

Severe 160-199%
Morbid >200%

2.1.2 Causes of obesity
Obesity results from genetic, environmental, and behavioral or lifestyle
factors, which are involved with energy imbalance.”* * Excess dietary intake,
particularly of unhealthy foods and drinks such as fast food, junk food, solf drink, and
high calorie diet, leads to childhood obesity." ** Physical activity and exercise are
main components of energy output factor. Lacking physical activity and exercise also

causes childhood obesity." *’ Lifestyle change is another primary cause of obesity.
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Twenty years ago, portion sizes and energy intake of diet were smaller than at
present.”® Nowadays, children have less physical activity than in the past. For
example, they use cars and elevators rather than walking or climbing stairs and spend
time sitting in front of television rather than playing outside.”” The other cause is
genetics. For example, morbid obesity results from mutations in human genes coding
for leptin (LEP), leptin receptor (LEPR), proopiomelanocortin (POMC), and

3932 11 the Quebec Family Study, analysis of the

melanocortin-4 receptor (MC4R).
markers in the ~2-, 82-, and B3-adrenergic receptor genes (ADRs) found that ADR
genes contribute to body fat and plasma lipid variability in abdominal obesity.* In
Denmark, the study in twins regarding hereditary influence found that twin analysis
indicates a heritability of fat mass.* Adoption study found that adopted children did
not have BMI and fat mass that correlated to their adoptive parents.”> From past
studies, findings have suggested that both environmental and genetic factors play
important roles in the origin and consequences of childhood obesity.*®
2.1.3 Obesity and other diseases

Hypertension: Collection of fat in the blood vessel wall is the major
cause of hypertension because the heart must pump blood through narrow arteries with
increased resistance. The recent study suggests that an obese or overweight person is
more hypertensive than normal person.’” The study of obese Irish children found that
subjects who had BMI above the 95t percentile for age had blood pressure
measurements in the hypertensive range. In boys, correlation was found between
degree of obesity and systolic blood pressure.*®

Type 2 diabetes mellitus: Obesity is the major cause of type 2 diabetes
that results from the failure of respond to insulin or insulin resistance. The increasing
prevalence of overweight and obesity is parallel to the increasing prevalence of type 2
DM. A study in Costa Rica found that children with obesity (BMI > 95" percentile for
age) and high body fat tissue had higher serum insulin level as well as insulin
resistance. One study in Israel found that obese children and adolescents had high
prevalence of insulin resistance.

Heart disease: Atherosclerosis develops from accumulation of plaque
in arteries. Arteries will be narrow and reduced blood flow to the heart can cause chest

pain (angina) or a heart attack. The obese person has fat in vessels that catch plaque in
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blood circulation. The study regarding abdominal obesity found that abdominal
obesity is associated with accelerated progression of atherosclerosis, supporting the
view that it is an important cardiovascular risk factor.”

Osteoarthritis: Obesity is a common cause of osteoarthritis because
excess weight overloads joints, particularly of knees and hips. The joints are damaged
by stress placed on them.*’

Sleep apnea and respiratory problems: Sleep apnea is stopping
breathing while a person is sleeping. During sleep, excess weight of chest presses the

lungs and respiratory system of obese patients.

Cancer: Overweight women have increased risk for some cancers such
as cancer of breast, colon, gallbladder, and uterus than normal weight women.!
Overweight men have higher risk of colon and prostate cancers than normal weight

men.

Metabolic syndrome: Metabolic syndrome is a defined risk factor for
cardiovascular disease and type 2 diabetes. Metabolic syndrome consists of six major
components: abdominal obesity, dyslipidemia, hypertension, insulin resistance with or
without glucose intolerance, proinflammatory state, and prothrombotic state.*> Obese
children have higher risk to develop metabolic syndrome because obesity is the cause
of some components of metabolic syndrome. The study in childhood obesity found

that the prevalence of metabolic syndrome increased with the severity of obesity.*

2.2 Dyslipidemia

2.2.1 Definition and classification
Dyslipidemia is defined as unusual level of lipid profile, i.e. high level
of total cholesterol, LDL cholesterol (LDL-C), triglyceride, and reduced HDL-
cholesterol (HDL-C).** In adults, lipid levels are classified according to the Adult
Treatment Panel III (ATP III)*, as shown in Table 2.4. In children, the classification
of lipid levels is based on the adaptation from the National Cholesterol Education

Program (NCEP)* as shown in Table 2.5.
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Table 2.4 ATP III classification of triglyceride, total cholesterol, LDL-C and HDL-

c®
Lipid profile (mg/dl) Low Normal Borderline high High
Triglyceride NA <150 150-199 200499
Total cholesterol NA <200 200-239 >240
LDL cholesterol NA <100 130-159 >160
HDL cholesterol <40 40-60 NA >60




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

Table 2.5 Adaptation from National Cholesterol Education Program (NCEP)
classification of triglyceride, total cholesterol, LDL-C and HDL-C in children aged 5-

19 years23
Lipid profile (mg/dl) Age Percentile
(year) 50 50™ 75M 95"
Boy Girl Boy Girl Boy Girl Boy Girl
Triglyceride

5-9 31 33 53 57 67 73 104 108

10-14 33 38 61 72 80 93 129 135

15-19 38 40 71 70 94 90 152 136
Total cholesterol

5-9 125 130 164 168 180 184 209 211

10-14 123 128 160 163 178 179 208 207

15-19 116 124 150 160 170 177 203 209

LDL cholesterol
5-9 65 70 93 101 106 118 133 144
10-14 66 70 97 97 112 113 136 140
15-19 64 61 96 96 112 114 134 141
HDL cholesterol

5-9 39 37 56 54 65 63 76 75
10-14 38 38 57 54 63 60 76 72
15-19 31 36 47 53 54 63 65 76

2.2.2 Causes of dyslipidemia
Causes of dyslipidemia are disorders of lipoprotein metabolism,
including lipoprotein overproduction and deficiency that result from genetic disorders,
diseases, or drugs that affect lipoprotein metabolism. These factors lead to increasing
total cholesterol, low-density lipoprotein cholesterol, and triglyceride levels or
reducing high-density lipoprotein cholesterol level.
Dyslipidemia is closely associated with cardiovascular diseases, stroke,

and atherosclerosis. The prospective study on dyslipidemia and coronary heart disease


http://en.wikipedia.org/wiki/Atherosclerosis
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in women found that women with obesity, metabolic syndrome, or diabetes had lipid

profiles that affected CHD risk.*

2.3 Dyslipidemia and obesity

Obesity has association with increasing of plasma triglycerides, LDL-C, total
cholesterol and decreasing of HDL-C. Analysis of data from the Second National
Health and Nutrition Examination Survey (NHANES II) suggested that increasing
obesity in white men and women was associated with increased triglyceride levels,
LDL-C levels and decreased HDL-C levels.” °

The recent study regarding BMI and dyslipidemia found that subjects having
BMI over 25 had higher cholesterol level than those with BMI below 25.* One study
found that each 1 unit of increasing BMI resulted in 3 mg/dl decreasing in HDL-C
level.*” Another study showed that the effect of 1-unit increase in BMI was equal to
5.5-mg/dl increase in LDL-C levels.* The recent studies conclude that obesity has
strong association with dyslipidemia.*® ***° In addition, many genes have association

with obesity and dyslipidemia (Table 2.6).
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Increased triglycerides: Very-low-density lipoprotein (VLDL) is over
produced by liver defect in obesity and the insulin-resistance state. Insulin resistance
in liver, muscle, and adipose tissue results from the incapability to extinguish hepatic
glucose production, impaired muscle glucose uptake and oxidation, and the
incapability to extinguish release of nonesterified fatty acids (NEFA) from adipose
tissue, respectively. Hepatic VLDL production are regularized by increase NEFA and
glucose flux to the liver.”*

The rate of apolipoprotein B-100 (apoB-100) degradation is another factor of
regulation of VLDL secretion. The apoB-100 is translocated into the lumen and
incorporated into lipid-poor VLDL precursors or is degraded by ubiquitin/proteasome
system.

Lipids and microsomal triglyceride protein are important factors in the
translocation of apoB-100. Microsomal triglyceride protein is heterodimeric lipid
transfer protein that is required for the assembly of apoB-containing lipoproteins. The
apoB -100 is degraded because translocation does not happen.™

Triglyceride-rich lipoproteins (TRLs) decrease in obesity. Lipoprotein lipase
(LPL) activity is stimulated by insulin. In skeletal muscle of insulin-resistant people,
LPL activity is lower than normal. The decreased LPL activity is resulting from
decreased clearance of VLDL.” VLDL particles are cleared by LDL receptor (LDLR).
In obesity, LDLR activity dose not work, so VLDL particle clearance delays.

Increased small, dense low-density lipoprotein: The formation of small,
dense LDL depends on the metabolism of VLDL particles. Therefore, small, dense
LDL concentration is associated with fasting triglyceride levels. In obesity, an
increased exchange between cholesterol esters in LDL and triglycerides in VLDL
results from increased concentration and delayed clearance of VLDL particles that
cholesterol ester transfer protein (CETP) is the mediator.

In triglyceride, this exchange process produces LDL particles that are
immediately lipolyzed by hepatic lipid. The CETP activity and hepatic lipolysis
activity are increased. The exchange process leads to high VLDL particles. The small,
dense LDL particles are more prone to modification. The modifications result from a

decreased LDLR-mediated clearance of small, dense LDL particles.”
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Decreased high-density lipoprotein cholesterol: In obese person with insulin
resistance, the decreased HDL-C can be explained by many mechanisms. Inverse
relationship between VLDL triglycerides and HDL cholesterol was shown in
lipoprotein studies. The decreased transfer of apolipoproteins and phospholipids from
TRL to the HDL compartment is the causes of decreased TRL lipolysis leading to
reduced HDL concentration. Additionally, the delayed clearance of TRLs helps the
CETP-mediated exchange between cholesterol esters in HDL and triglycerides in
VLDL. In obesity, the increased of hepatic lipids activity produces smaller HDL
particles and helps HDL clearance.’’

2.4 Lipoprotein metabolism
2.4.1 Structure and classification

A lipoprotein is a macromolecule that contains proteins and lipids. The
general structure of a lipoprotein contains a central core consisting of nonpolar lipid
(triacylglycerols and cholesteryl esters) and a surface monolayer that consists of polar

lipids (phospholipid) and apolipoproteins.™

SURFACE LIPID

C Free cholesterol
Ph  Phospholipid
P Protein

CORE LIPID

TG  Tnglyceride
CE Cholesteryl ester

Figure 2.3 Structure of lipoprotein™
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The classification of lipoprotein is based on its density (Table2.7).

Chylomicrons carry dietary triglyceride from the small intestine to the

liver, skeletal muscle, and adipose tissue.

Very-low-density lipoproteins (VLDL) carry endogenously synthesized

cholesterol and triglycerides from the liver to adipose tissue.

Intermediate-density lipoproteins (IDL) are intermediate between

VLDL and LDL.

Low-density lipoprotein (LDL) transports cholesterol from the liver to

peripheral tissues. Sometimes it is called the bad cholesterol.

High-density lipoprotein (HDL) is involved in reverse transport of
cholesterol from peripheral tissues to the liver. Sometimes it is called the good

cholesterol.

Table 2.7 Classification of lipoproteins ®

Lipoprotein Density (g/dl) Diameter (nm) Lipid (%)

TG Chol PL

Chylomicron 4 g5 75-1200 80-95 27 39

VLDL 0.95-1.006 30-80 5580 5-15  10-20
IDL 1.006-1.019 25-35 20-50  20-40  15-25
LDL 1.019-1.063 18-25 40-50  40-50  20-25
HDL 1.063-1.210 5-12 1525 1525 20-30

TG, triglyceride; Chol, cholesterol; PL, phospholipid

Functions of lipoprotein are the first transport of dietary fat after
digestion and absorption at intestinal mucosa to the other tissues in form of

chylomicron. The second transfer of triglycerides from liver to other tissues is in the


http://en.wikipedia.org/wiki/Chylomicron
http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Skeletal_muscle
http://en.wikipedia.org/wiki/Adipose_tissue
http://en.wikipedia.org/wiki/Very_low_density_lipoprotein
http://en.wikipedia.org/wiki/Intermediate_density_lipoprotein
http://en.wikipedia.org/wiki/Low_density_lipoprotein
http://en.wikipedia.org/wiki/High_density_lipoprotein
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form of VLDLs. After VLDLs release triglyceride to tissues, VLDLs go back to the

liver in the form of IDL and LDL. The last is removal of cholesterol from the tissues

and return to the

liver.

2.4.2 Apolipoproteins

Apolipoprotiens are the protein components of lipoproteins which play

an important role in lipid transport and metabolism. Classification and presentation of

each lipoprotein are shown in Table 2.8.

Table 2.8 Properties of some human apolipoproteins®

1

Apolipoprotein Molecular Site of Lipoprotein  Function
weight synthesis
ApoA-I 28,100 Intestine, liver CM ,HDL Activates
lecithin:cholesterol
acyltransferase (LCAT)
ApoA-II 17,400 Intestine, liver HDL
ApoB-48 241,000  Intestine CM Triglyceride transport
ApoB-100 512,000  Liver LDL, VLDL Binds to LDL receptor
ApoC-I 7,600 Liver VLDL, CM Activates LCAT
Liver Activates lipoprotein
ApoC-II 8,900 VLDL,CM
lipase
ApoC-IIT 8,700 Liver VLDL, CM Inhibits lipoprotein lipase
Liver,
ApoE 34,000 intestine, HDL Binds to LDL receptor
macrophage

ApoA-I, apolipoprotein A-1; ApoB-48, apolipoprotein B-48; ApoB-100, apolipoprotein

B-100; ApoC-I,

apolipoprotein C-I;

ApoC-Il,

apolipoprotein C-1l; ApoC-Ill,

apolipoprotein C-111; ApoE, apolipoprotein E; CM, chylomicron


http://cancerweb.ncl.ac.uk/cgi-bin/omd?protein
http://cancerweb.ncl.ac.uk/cgi-bin/omd?component
http://cancerweb.ncl.ac.uk/cgi-bin/omd?lipoproteins
http://cancerweb.ncl.ac.uk/cgi-bin/omd?play
http://cancerweb.ncl.ac.uk/cgi-bin/omd?role
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LIPOPROTEIN
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Figure 2.4 Lipoprotein metabolisms®

2.4.3 Metabolism of lipoprotein®

There are 3 main pathways responsible for the lipoprotein metabolism.
These pathways include the exogenous pathway, the endogenous pathway, and the
pathway of reverse cholesterol transport.

Exogenous lipid pathway: After digestion and absorption of dietary
fat, triglyceride and cholesterol are packaged to chylomicron form in the epithelial
cells of the intestines. Chylomicrons are secreted into lymphatic system and sent to
bloodstream. In blood circulation, chylomicrons are hydrolyzed with lipoprotein lipase
(LPL) enzyme at the capillaries of adipose tissue and muscle cells to release
triglyceride to the adipose tissue to store for the body’s energy.

Endogenous lipid pathway: The endogenous pathway involves the
liver synthesizing lipoproteins. Triglyceride and cholesterol esters are generated by the
liver and packaged into VLDL form and then released into the blood circulation. In
tissues, VLDL is hydrolyzed by LPL to release fatty acids and glycerol. VLDL
becomes IDL and then IDL particles are hydrolyzed by hepatic-triglyceride lipase to
LDL form that is the main carrier of circulating cholesterol within the body.

Reverse cholesterol transport: Reverse cholesterol transport involves
HDL. In this pathway, cholesterol is removed from the tissues and returned to the

liver.
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2.5 Microsomal triglyceride transfer protein (MTTP) gene

2.5.1 Structure

Microsomal triglyceride transfer protein (MTTP) gene, at chromosome
4 location 4q24, encodes MTTP protein which is heterodimer lipid transfer protein.
MTTP has a large unique 97 kDa subunit (M subunit) that is essential for the lipid
transfer and small unique 55 kDa subunit (P subunit). P subunit is ER resident enzyme
protein disulfide isomerase (PDI).*> MTTP is found in high concentration in the
endoplasmic reticulum (ER) lumen of liver and intestinal cells.”> MTTP protein plays
important role in the assembly of lipoprotein, allowing apoB to fold correctly and
assembly lipoprotein with a neutral lipid core before secretion

The M subunit is a single polypeptide that has 894 amino acids®* and
contains 3 domains: N-terminal B-barrel, middle «-helical domain, and C-terminal

12, 65 N-terminal, B-barrel at residues 22-297, mediates the

lipid-binding cavity.
interaction with the N terminus of apoB (MTTP binding domain).®> Middle, -helical
at residues 298-603, mediates the interaction with both PDI and apoB.*® C-terminal
domains, residues 604—894, mediate the lipid-binding and transfer catalytic activity of
MTTP. The B-barrel domain and «-helical domain are globular.

2.5.2 Function and polymorphism

MTTP transfers lipids by a shuttle mechanism.®” MTTP molecule
momentary interacts with a membrane, lipid molecules are extracted and dissociated
from the membrane. MTTP molecule binds transiently with another membrane and
lipids are delivered to the second membrane."'

Variation of MTTP gene may have impact on plasma lipoprotein
level® © as shown in Table 2.9. Polymorphisms of MTTP gene involve with
accumulation of adipose tissue®® and polymorphisms of the MTTP promoter gene
regulate the development of dyslipidemia and atherosclerotic disease in overweight
subjects.'® Absence of MTTP causes abetalipoproteinemia, a disease characterized by
a defect in the assembly and secretion of apolipoprotein B (apoB) containing plasma

lipoproteins.
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2.6 Apolipoprotein B (APOB) gene

2.6.1 Structure (Figure 2.5)

Apolipoprotein B, at chromosome 2 location 2p24-p23, is a non-
exchangeable apolipoprotein associated with plasma lipoproteins and consists of 29
exons. In the human genome, apoB has 45 kb. It consists of 2 isoforms. The first
isoform is apoB-48 which is produced by small intestine which apoB mRNA is post-
transcriptionally edited, resulting in the conversion of a glutamine codon into a stop
codon. The edited mRNA is translated into a single polypeptide of 2,152 amino acids.
The second isoform is apoB-100 which is produced in the liver. ApoB-100 is
transcribed into a single mRNA of 15 kb and is translated into a single polypeptide of
4,536 amino acids’>. ApoB-100 contains 3 amphiphatic a-helical domains
interchanging with 2 amphiphatic B-sheet domains in NH2-a1-81-42-2-43-COOH.
The Bal domain consists of a B-barrel at residues 1-263 and an a-helical at residues
294-592. This domain contains MTTP binding site. The =1 domain, at residues 58—
795 is globular shape that comprises of 12 cysteine residues. The disulfide bond
formation between some cysteine residues is essential for the assembly of apoB-
containing lipoproteins.”” The B1, «2, B2 and a3 domains consist of several short
amphiphatic B-strands and «-helices. The 31 domains, at residues 827-2001 and 32
domains, at residues 25714032 are essential for lipoprotein assembly and lipid
binding. The B2 domain has LDL receptor binding and heparin binding sites. ApoB-48
contains only B1 domain that is used for chylomicron assembly. ApoB-100 contains
B1 and B2 domains that are used for VLDL assembly. The «2, at residues 2045-2587
and =3, at residues 4017-4515 domains consist of several amphiphatic helices that
associate with property of exchangeable apolipoproteins. Their role in lipoprotein

- 11
assembly is not clear.
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ApoB-48
MTTP binding
domain LDL-receptor
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Figure 2.5 Structure of apoB '*

2.6.2 Function and polymorphism

The interaction between LDL and the LDL receptor has association
with plasma cholesterol levels in humans.”* The LDL-receptor-binding domain has
been localized to the carboxyl-terminal site of apoB-100 that is a component of LDL
and is a ligand for binding to the LDL receptor.”” ApoB-100 binds to the LDL receptor
at residues 3359-3369. Conformation change is associated with interaction between
amino acid residues Arg-3500 and Trp-4369 which is important to induce the structure
of apoB-100 necessary for binding to the LDL receptor. It leads to increasing LDL-C
level in plasma. Mutation of the arginine or the tryptophan inhibits receptor binding,
which is the cause of familial defective apolipoprotein B-100 (FBD).”®

The interaction at apoB-MTTP binding is the cause of absence of
apoB-containing lipoproteins in the plasma, leading to reduced plasma lipid.'"* The
recent study suggests that serum level of apolipoprotein B was predictor for
dyslipidemia and metabolic syndrome.” Single nucleotide polymorphism of APOB
gene was the cause of abnormal plasma lipid level and coronary artery disease (CAD),

as shown in Table 2.10.
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CHAPTER I
MATERIALS AND METHODS

3.1 Subjects
3.1.1 Inclusion criteria
Studied subjects were obese children aged 4 tol8 years who attended
pediatric nutrition clinic, Department of Pediatrics, Faculty of Medicine, Ramathibodi
Hospital during April-October 2007. Their body mass indexes were above the 95"
percentile for age and sex of the WHO 2007 reference.
3.1.2 Exclusion criteria
Subjects were excluded if they had underlying causes of obesity (e.g.
Prader Willi syndrome, Down’s syndrome, hypothyroidism, and growth hormone
deficiency) or regularly took medication which affected blood pressure, glucose level,
and lipid profiles.
The study protocol was approved by the Ethical Committee of the
Faculty of Medicine Ramathibodi Hospital, Mahidol University. Written informed
consent was obtained from parents or guardians of all subjects
3.1.3 Sample size analysis
Sample size calculation was performed based on testing correlation
coefficient (or slope) of genotypes and LDL-C level. Type I & II errors were set at
0.05 and 0.2 respectively. The slopes that we wanted to detect for correlation were set
at 5 and 10. Power and Sample Size Calculation (version 2.1.31) was used and

estimated sample size for each SNP is shown in Table 3.1.
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Table 3.1 Sample size of each SNP
SNPs Sample size (n)
Slope (A\)=5 Slope (A\) =10

MTTP

453T/C 370 94
IVS6 - 116A/G 518 131
891C/G 360 91
APOB

T711 1050 264
(293C/T)

T2488T 1402 352
(7545C/T)

R3611Q 22104 5527
(10913G/A)

IVS18 + 1708C/A 592 150

3.2 Methods
3.2.1 Anthropometric measurement
3.2.1.1 Body weight
Body weight of each subject was measured by the researcher,
using Seca scale. Before measurement, the scale was calibrated with standard weight
and checked for zero-balance. The subject wore light-clothing without shoes and stood
straight with minimal movement during the measurement. The body weight was
distributed between both feet. The measurement was recorded to the nearest 100 g.
3.2.1.2 Height
Height was measured by using Seca scale. The subject stood
with the back and head straight and the eyes were focused forward. His or her feet,
knees, buttocks and shoulder blades were in contact with the vertical surface of the
scale. The arms hanged loosely with palms facing the thighs. The subject took a deep
breath; shoulders relaxed and took off their shoes. The headboard of the scale touched

the crown of the head. The measurement was recorded to the nearest 0.1 cm.
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3.2.1.3 Waist circumference
The subject stood straight with abdomen relaxed, arms at the
sides, feet together. The tape was placed around midway between the lower rib margin
and the iliac crest. The horizontal plane of the tape was parallel to the floor and the
tape was snug, but did not compress the skin. The measurement was performed at a
normal respiration. The measurement was recorded to the nearest 0.1 cm.
3.2.1.4 Hip circumference
The subject stood erect with arms at the sides, feet together, and
the gluteal muscles relaxed. The researcher sat at the side of the subject. The tape was
placed around the buttocks in a horizontal plane. The tape contacted with the skin but
did not compress it. The measurement was recorded to the nearest 0.1 cm.
3.2.2 Collection of subject information
History taking and physical examination were performed in each
subject by one pediatrician. Symptoms and signs of obesity complications such as
acanthosis nigrican, bone and joint deformities were assessed. Then, subjects and their
parents were asked to fill in the questionnaires their family information, dietary
information and physical activity. The information was checked and completed by the
researcher using interviewing technique. Questionnaires are shown in appendix.
3.2.3 Blood sample collection
Each subject was fasted for 8 hours before blood sample collection. The
subject sat and put their relaxed arm on a table. Twenty-one ml of venous blood was
gently withdrawn from the forearm by a nurse. Fifteen ml of fasting blood was sent to
central laboratory of Ramathibodi Hospital for analysis of C-reactive protein, insulin
level, lipid profiles, and oral glucose-tolerance test (glucosel.75 g/kg, maximum 75 g).
Three ml of blood was put into an EDTA tube for genetic study and another 3 ml was
put into a non-EDTA tube for collected serum.
Three ml of blood from the regular blood donors of Ramathibodi Hospital
blood bank was collected in EDTA tubes.
3.2.4 DNA extraction from human blood sample by phenol-chloroform
extraction method
On the first day, blood lysis was performed by adding 3 ml of buffer to
3 ml of whole blood in an EDTA tube. The EDTA tube was rotated for 15 min and
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centrifuged at 4,500 rpm for 10 min at 20°C. The supernatant (blood waste) was
removed from the EDTA tube and 7 ml of Nonidet was added into EDTA tube. Then,
EDTA tube was rotated for 30 min and centrifuged at 4,500 rpm for 10 min at 20°C.
The supernatant was removed from the EDTA tube. One ml of sterile water, 25 ul of
proteinase K, 25 ul of 10% SDS, and 50 ul of 10X STE were subsequently added and
then mixed by vortex machine and incubated overnight at 56°C in a water bath.

On the second day, 1 ml of saturated phenol was added into the EDTA tube
and the tube was rotated for 30 min, and then centrifuged at 4,500 rpm for 10 min at
4°C. The supernatant was transferred from the EDTA tube into a microtube and 0.5 ml
of chloroform was added. Then, the microtube was rotated for 10 min and centrifuged
at 6,000 rpm for 10 min at 4°C. The supernatant was transferred into a new microtube
and 50 ul of sodium acetate plus 1 ml of absolute ethanol was added. Then, the
microtube was gently shaked until the DNA precipitated. The microtube was
subsequently centrifuged at 14,000 rpm for 10 min at 4°C. Supernatant was removed
from the microtube and 70% ethanol was added. The microtube was centrifuged at
14,000 rpm for 10 min at 4°C. Supernatant was removed from the microtube and DNA
was dried by heat box. The TE buffer was added into DNA and then incubated
overnight at 56°C in a water bath. On the last day, the DNA concentration was
measured in a spectrophotometer.

3.2.5 Polymerase chain reaction (PCR)
3.2.5.1 Principle

The polymerase chain reaction (PCR) is a technique for
amplifying a particular piece of target DNA in the test tube. The cycle of PCR has 3
steps. The first step (denaturation) is heating at high temperature to separate double
strand to single strand. The second step (annealing) is cooling to temperature about 50-
60°C for primer (short DNA strand) to find complementary base on single strand to
bind. The final step (extension) is heating temperature to 72°C which each single
strand is duplicated by tag DNA polymerase. The amplification of DNA is started at
denaturation and then annealing and extension and back to the denaturation step again.
The process of amplification of DNA is repeated for multiple cycles of PCR.” * The

polymerase chain reaction is determined by agarose gel electrophoresis technique.
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3.25.2 Polymerase chain reaction of MTTP and APOB
polymorphism
The following polymorphisms were amplified by PCR: the
453T/C, in exon 4 of MTTP gene; the Ivs6-116A/G, the 891C/G, in exon 7 of MTTP
gene; the 293C/T (T71I), in exon 4 of APOB gene; the 7545C/T (T2488T) and the
10913G/A (R3611Q), in exon 26 of APOB gene, The primers, forward primer, and
reverse primer were designed by primer 3 program. The primer sequences are shown
in Table 3.2. The primers were used to amplify the whole PCR product. The amplified
PCR product sizes were 334 bp (453T/C), 467 bp (Ivs6-116A/G and 891C/G), 546 bp
(T71I), 453 bp (T2488T), and 274 bp (R3611Q).
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SNPs
Oligonucleotide primers ~ Annealing Forward primer Reverse primer
temperature  5’............... 3 S 3
MTTP primers
453T/C 60 °C GAATCTGACC CATAGGCAAAT
TTGCCTGACA  GCGACTTCA
IVS6 - 116A/G 51°C TGTTGCTCCAG GCTGTCATCAC
AAAGACTTCA AACTCTGTGG
891C/G 51°C TGTTGCTCCAG GCTGTCATCAC
AAAGACTTCA AACTCTGTGG
APOB primers
T711 65 °C CACTCCTAGTC CAAGTTCATAC
TGCAGCGCTTC CTCAGCGGACA
C
T2488T 60 °C GATGAAACCA AACAGTGAACC
ATGACAAAAT CTTGCTCTACC
CC
R3611Q 60 °C AGAACATACA GAGGAACCTTA
AGCAAAGCCA GGTGTCCTTC

A, adenine; C, cytosine; G, guanine; T, thymine

The polymerase chain reaction (PCR) was modified from the method of

Bentzen et al®' and Marianne et al.** The PCR master mix, as shown in Table 3.3, was

carried out in 20 pl final volume.
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Table 3.3 Composition of polymerase chain reaction master mix

PCR master mix 1X volume

Sterile water 10.3 ul

NH,4 buffer 2 ul

MgCl, 0.6 ul

dNTPs 2 ul

Forward primer 2 ul

Reverse primer 2 ul

Tag DNA polymerase 0.1 pul

DNA 0.1 pl

DNA, deoxyribonucleic acid; dNTPs, deoxyribonucleotide triphosphate; MgCls,

magnesium chloride; NH4, ammonium

The master mix was mixed for few seconds by vortex machine. A total of 30
cycles were run under this condition, then denaturation at 95 °C for 1 minute. The
annealing followed (Table 3.2) for 1 minute and the extension at 72 °C for 1 minute.

PCR product of the 453T/C, the Ivs6-116A/G, and the 891C/G of MTTP gene,
the T711, the T2488T, and the R3611Q of APOB gene were determined by agarose gel
electrophoresis technique as following. The DNA was run in plate that had 1.5%
agarose mixed with 1X TBE for about 30 minutes. Then, gel was put into ethidium
bromide for about 10 minutes and subsequently put into clean water for about 10
minutes. Then, gel photo was taken by UV transilluminator.*

3.2.6 Restriction fragment length polymorphism (RFLP)

3.2.6.1 Principle
Restriction fragment length polymorphism (RFLP) is a
technique that uses restriction endonuclease which can recognize and digest DNA at
spacific site. The variation of sequence base of DNA can distinguish different
fragment length of interesting DNA from another DNA. The size of DNA restriction

fragment is separated by agarose gel electrophoresis.*


http://www.everythingbio.com/glos/definition.php?ID=826
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3.2.6.2 Restriction fragment length polymorphism of MTTP and APOB
genes

The 453T/C, the Ivs6-116A/G, and the 891C/G of MTTP gene, the T711, the
T2488T, and the R3611Q of APOB gene were digested by restriction enzyme (Table
3.4).

Table 3.4 Restriction enzymes of MTTP and APOB SNPs

SNPs Restriction enzyme

MTTP
453T/C Stul
IVS6 - 116A/G Bmg BI
891C/G Bsrl
APOB

T711 ApaLl

T2488T Xbal

R3611Q Mspl

The final volume of master mix was 10 pl. The RFLP master mix is shown in
Table 3.5. The master mix was mixed for few seconds by vortex machine and put into

56°C water bath overnight.
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Table 3.5 Composition of restriction fragment length polymorphism master mix

RFLP master mix 1X volume
Sterile water 3.6 ul
Buffer 1 ul
Restriction enzyme 0.4 ul
PCR product Sul

Agarose gel electrophoresis technique was used for separating DNA
restriction fragment by size. The DNA was run in a plate that had 2% agarose mixed
with 1X TBE for about 60 minutes. Then, gel was put into ethidium bromide for about
10 minutes and subsequently put into clean water for about 10 minutes and then photo
was taken by UV transilluminator.*® Genotype distribution of SNPs was counted by 3
researchers.

3.2.7 Amplification-refractory mutation system (ARMS)

3.2.7.1 Principle
Amplification-refractory mutation system (ARMS), known as
allele-specific polymerase chain reaction (ASPCR) or PCR amplification of specific
alleles or allele-specific amplification (ASA), is a method that easily and rapidly
detects single nucleotide polymorphism (SNP) or small changes of base. This
technique uses specific sequence PCR primers that amplifies only target allele and will
not amplify non-target allele. The presence or absence of PCR product from ARMS
reaction is used to diagnose the presence or absence of target allele.**
3.2.7.2 Amplification-refractory mutation system of IVS18 +
1708C/A
IVS18 + 1708C/A, in intron 18 of APOB gene was amplified by
PCR. The primers, i.e. forward primer, normal reverse primer and mutant reverse
primer, were designed by primer 3 program. Primer sequences are shown in Table 3.6.
The primers were used to amplify the whole PCR product. The amplified PCR product
size was 283 bp.
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Table 3.6 Oligonucleotide primers of IVS18 + 1708C/A

Forward primer Normal reverse primer ~ Mutant reverse primer

GGAGTAGAAAGGA  TCAAATCAATATGT TCAAATCAATATGT
AAGATTCCGGGTTA TCTTAGGTATTTTTC TCTTAGGTATTTTTC
CCT T G

The final volume of master mix was 25 pl. The ARMS master mix for normal

tube and mutant tube are shown in Table 3.7.

Table 3.7 Composition of amplification-refractory mutation system master mix

Amplification-refractory mutation system master mix  1X volume

Normal tube Mutant tube

Sterile water Sterile water 11.3 ul
NH4 buffer NH4 buffer 2.5 ul
MgCl, MgCl, 1.5 ul
dNTPs dNTPs 2.5 ul
Forward primer Forward primer 1 ul
Normal reverse primer Mutant reverse primer 1 ul
Forward primer control* Forward primer control* 2 pl

Reverse primer control** Reverse primer control** 2 ul
Tag DNA polymerase Tag DNA polymerase 0.2 ul
DNA DNA 1 ul

* |71T Forward primer; ** 171T Reverse primer

The mixture was mixed for few seconds by vortex machine. A total of 30
cycles were run under this condition, and then denatured at 95 °C for 1 minute.
Subsequently, the annealing was performed at 58 °C for 1 minute and the extension
followed at 72 °C for 1 minute.

PCR products of the IVS18 + 1708C/A were determined by agarose gel

electrophoresis technique. The DNA was run in plate that had 1.5% agarose mixed
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with 1X TBE for about 30 minutes and then the gel was put into ethidium bromide for
about 10 minutes and picked into clean water for about 10 minutes. Then gel photo
was taken by UV transilluminator. Genotype distribution of SNPs was counted by 3
researchers.

3.2.8 Statistical analysis

Continuous data (e.g. age, height, weight, waist-hip ratio (WHR), lipid
profile) were described using means and standard deviations whereas categorical data
were describe using frequency and percentage. Hardy-Weinberg equilibrium was
assessed using Exact test.

The means of LDL-C levels according to genotype was compared using
one-way ANOVA or unpaired t-test where only two genotypes were identified.
Logistic regression was used to estimate association between SNPs and abnormal
LDL-C in obesity. Analyses were performed using SPSS version 13 and STATA

version 10. P value of less than 0.05 was considered as statistically significant.


http://www.google.co.th/search?hl=th&sa=X&oi=spell&resnum=0&ct=result&cd=1&q=hardy+weinberg+equilibrium&spell=1
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CHAPTER IV
RESULTS

4.1 Subject characteristics
A total of 103 subjects were initially screened and 4 were excluded because
their BMI for age and sex were below the 95" percentile of WHO 2007 reference.

Figure 4.1 shows diagram of subject recruitment in this study.

Obese children aged 4-18 years,
attending pediatric nutrition clinic,Ramathibodi Hospital
during April-October 2007

Subject: 99 obese children
The rest were excluded because of the following.

BMI for age and sex < 95™ percentile of the WHO 2007
reference

Underlying causes of obesity

LDL-C level < 95" percentile LDL-C level > 95" percentile
for age and sex for age and sex

Figure 4.1 Diagram of subject recruitment



Nisachol Cetthakrikul Results/ 34

Characteristics of subjects were described as in Table 4.1. Their age range was

5-17 years and most of them were adolescents (72.7%). The majority of them were
males (58.6%) and all had abdominal obesity.

The family history revealed that 93.9%, 68.7%, 64.6%, and 37.4% of the

subjects had obesity, diabetes, hypertension, and dyslipidemia, respectively, in their

family.

Table 4.1 Subject characteristics

Characteristic Mean + SD
Age(yr) 11.1+2.7
Sex, number (%)

Male 58(58.6%)

Female 41(41.4%)
Weight (kg) 70.2 £24.1
Height (cm) 151.5+15.6
Waist (cm) 90.5+12.6
Waist-hip ratio (WHR) 0.89 £0.07

Table 4.2 shows cooking oil that was consumed by subjects. The majority of
them consumed soybean oil (78.79%). Five subjects consumed both soybean oil and
palm oil; 6 subjects consumed soybean oil and rice-bran oil; 1 subject consumed
soybean oil and olive oil; 1 subject consumed soybean oil, rice-bran oil, and olive oil;
1 subject consumed soybean oil and corn oil; 1 subject consumed palm oil and olive

oil.
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Table 4.2 Consumption of cooking oil in obese children

Cooking oil N %
Soybean 78 78.79
Rice-bran 10 10.10
Coconut 0 0.00
Palm 13 13.13
Lard 0 0.00
Sunflower 4 4.04
Olive 3 3.03
Corn 1 1.01
Unknown 6 6.06

Lipid profile was described as in Table 4.3. We found that mean total
cholesterol, triglyceride, HDL-C, and LDL-C were 183.5 (SD = 29.9) mg/dl, 105.8
(SD = 64.2) mg/dl, 44.6 (SD = 8.2) mg/dl, and 118.4 (SD = 26.2) mg/dl, respectively.
Among these 99 subjects, proportions of hypertriglyceridemia and
hypercholesterolemia were quite high, 24.24% and 21.21% respectively.

Table 4.3 Lipid profile of obese children

Lipid profile Mean + SD  Subjects with abnormal lipid profile, number (%)

TC(mg/dl) 183.5+29.9 21(21.2)
HDL-C(mg/dl) 44.6+8.2 17 (17.2)
LDL-C(mg/dl) 118.4+26.2 20 (20.2)
TG(mg/dl) 105.8 + 64.2 24 (24.2)

The severity of obesity was classified using percentage of ideal weight for
height. We found that the majority of subjects were moderately and severely obese,
45.5% and 35.5%, respectively. The LDL-C levels according to severity of obesity
were shown in Table 4.4. Surprisingly, mildly obese subjects had the highest mean
LDL-C level (124.5+ 25.2 mg/dl) whereas those with moderate obesity had the lowest
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mean LDL-C level (113.5 + 30.2 mg/dl). However, these means were not significantly

different among various classes of obesity severity.

Table 4.4 LDL-C levels according to severity of obesity

Severity of obesity N (%) LDL-C (mg/dl) P-value
Mild 10 (10.1%) 124.5+25.2 0.391
Moderate 45 (45.5%) 113.5+30.2
Severe 35 (35.5%) 121.97+19.3
Morbid 9(9.1%) 122.84+29.2

Values are mean + SD

4.2 Single nucleotide polymorphism of 453T/C in MTTP gene
PCR product containing 453T/C site, in exon 4 of MTTP gene, is shown in
Figure 4.2

92 93 94 95 96 97 98 99 100 101 102 103

MTTP_E.4
334 bp
S e T O S Wt Gew oEp SEm (VS

Figure 4.2 Polymerase chain reaction product of 453T/C, in exon 4 of MTTP gene

PCR products of exon 4 of MTTP gene was digested by Stul. The Stul is
restriction enzyme that cut 5°.....AGG Y CCT.....3". The largest fragment or wild type
(334 bp) was defined as WT/WT. The homozygote (MT/MT) had 2 bands, 188 bp and
146 bp. The heterozygote (WT/MT) had 3 bands, 334 bp, 188 bp, and 146 bp. Figure
4.3 showed pattern of PCR-RFLP of the 453T/C SNP. The 453T/C SNP creates a Stul

restriction site while the wild type allele remains uncut.
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WT 334 bp
12i8
MT | 334 bp
I
| | 146
bp Undigested WT/WT MT/MT WT/MT
550 =
500 m—
450 =
400 m——
350 mm—m I 334 _334 _334
300 m—
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100 =
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Figure 4.3 Diagram showing PCR-Stul digest of 453T/C SNP

(NC) (PC)

Figure 4.4 Restriction fragment length polymorphism of 453T/C in MTTP gene. Lane
M23 is 100 bp marker. Lane OB1 (normal control, NC) represents undigested product.
Lane N1 is positive control (PC). Lanes OB2, OB3, and OB4 are homozygous mutant.
Lanes OBI1, OBS5, and OB7 are heterozygous mutant. Lane OB6 had only wild type

allele.
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4.3. Single nucleotide polymorphism of 1VS6 - 116A/G in MTTP gene
PCR product containing IVS6 - 116A/G site, in exon 7 of MTTP gene, is

shown in Figure 4.5.

OB
91 92 93 94 95 96 97 98 99 100101 102 103

467 bp
i B TR —

MTTP_E.7

Figure 4.5 Polymerase chain reaction products of IVS6 - 116A/G and 891C/G, in
exon 7 of MTTP gene

PCR products of IVS6 - 116A/G were digested by BmgBI. The BmgBI is
restriction enzyme that cut 5°.....CACYGTC .....3’. The largest fragment or wild type
(467 bp) was defined as WT/WT. The homozygote (MT/MT) had 2 bands, 400 bp and
67 bp. The heterozygote (WT/MT) had 3 bands, 467 bp, 400 bp, and 67 bp. Figure 4.6
showed pattern of PCR-RFLP of IVS6 - 116A/G SNP. The IVS6 - 116A/G SNP

creates a BmgBI restriction site while the wild type remains uncut.
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Figure 4.6 Diagram showing PCR-BmgBI digest of IVS6 - 116A/G SNP
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M23 OB50 N1 50 76 77 78 79 go g1 82 83 L

. - =t

- BmgBI_cut (IVS6-116A/G in MTTP_E.7)

Figure 4.7 Restriction fragment length polymorphism of IVS6 - 116A/G in MTTP
gene. Lane M23 is 100 bp marker. Lane OB50 (uncut) represents undigested PCR
product. Lane N1 is positive control (PC). Lanes OB78 is homozygous mutant. Lanes
OB50, OB76, and OB79-OB83 are heterozygous mutant. Lane OB77 is homozygous
wild type. The upper most band in OB77 and 78 probably represent nonspecific

products.

4.4 Single nucleotide polymorphism of 891C/G in MTTP gene

PCR containing 891C/G site, in exon 7 of MTTP gene, were shown in Figure
4.4. PCR product of 891C/G was digested by Bsrl. The Bsrl is restriction enzyme that
cut 5°...ACTGGNY..3". The largest fragment was undigested (467 bp). Wild
type (WT/WT) had 2 bands, 393 bp and 74 bp. The homozygote (MT/MT) had 3
bands, 313 bp, 80 bp and 67 bp. The heterozygote (WT/MT) had 4 bands, 393 bp, 313
bp, 80 bp and 67 bp. Figure 4.8 showed pattern of PCR-RFLP of 891C/G SNP. The
891C/G SNP creates an additional Bsrl cut site, while the wild type allele has only one

cut site.
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Figure 4.8 Diagram showing PCR-Bsrl digest of 891C/G SNP
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Figure 4.9 Restriction fragment length polymorphism of 891C/G in MTTP gene. Lane
M23 is 100 bp marker. Lane OB50 (uncut) represented undigested PCR product. Lane
N1 is positive control (PC). Lanes OB50, OB76, OB78, OB80, OB81 and OBS83 are
homozygous mutant. Lanes OB77, OB79, OB82 and OB84 are heterozygous mutant.

There is no homozygous wild type shown in this picture.

4.5 Single nucleotide polymorphism of 293C/T (T71l) in APOB gene
PCR containing T711 site, in exon 4 of APOB gene, are shown in Figure 4.10.

M 47 48 49 50, 51

— - - - -

Figure 4.10 Polymerase chain reaction product of 293C/T (T711), in exon 4 of APOB
gene; Lane M is 100 bp marker; Lane.47-51 are subjects’ PCR products.

PCR product of T711 was digested by ApaLl. The ApaLl is restriction
enzyme that cut 5°...G" TGCAC...3’. The largest fragment was undigested (546 bp).
Wild type (WT/WT) had 3 bands, 225 bp 168 bp and 153 bp. The homozygote
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(MT/MT) had 2 bands, 378 bp and 168 bp. The heterozygote (WT/MT) had 4 bands,
378 bp, 225 bp, 168 bp and 153 bp. Figure 4.11 showed pattern of PCR-RFLP of the
293C/T (T711) SNP. The wild type allele contains two ApaLl restriction site. The
293C/T allele abolishes an ApaLl restriction site.

550
500
450
400
350
300
250
200
150

100
50

WT

=
=

| 225 153 ‘ 546 bp
liS
|
| 378 546 bp
undigested WT/WT MT/MT WT/MT

— 1 68
— 53

Figure 4.11 Diagram showing PCR-ApaLlI digest of 293C/T (171T) SNP
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Figure 4.12 Restriction fragment length polymorphism of T711 in APOB gene. Lane
M is 100 bp marker. Lane uncut represent undigested PCR product. Lanes OB95 is
homozygous mutant. Lanes OB93, OB94, OB96 and OB97 are heterozygous mutant.
Lane OB80-OB92 and OB98 are wild type.

4.6 Single nucleotide polymorphism of 7545C/T (T2488T) in APOB gene
PCR containing T2488T site, in exon 26 of APOB gene, are shown in Figure

4.13.

Figure 4.13 Polymerase chain reaction product of 7545C/T (T2488T), in exon 26 of
APOB gene; Lane M is 100 bp marker; Lane 57-61 are subjects’ PCR products.

PCR product of T2488T was digested by Xbal. The Xbal is restriction
enzyme that cut 5°...T" CTAGA...3". The largest fragment or wild type (453 bp) was
defined as WT/WT. The homozygote (MT/MT) had 2 bands, 238 bp and 215 bp. The
heterozygote (WT/MT) had 3 bands, 453 bp, 238 bp and 215 bp. Figure 4.14 showed
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pattern of PCR-RFLP of the 7545C/T (T2488T) SNP. The mutant creates an Xbal

restriction site.

WT 453 bp

218

MT I I
| | 215 453 bp

bp undigested WT/WT MT/MT WT/MT
550 o
500 m—
450 _453 _453 _453
400 m——
350 =
300 =
250 m— e 238 e 238
200 mm— f——15 —215
150 mem
100 m—

_—

50

Figure 4.14 Diagram showing PCR-Xbal digest of 7545C/T (T2488T) SNP

Figure 4.15 Restriction fragment length polymorphism of T2488T in APOB gene.
Lane M is 100 bp marker. Lane uncut represent undigested PCR product. Lanes OB51
is homozygous mutant. Lanes OB53 is heterozygous mutant. Lane OB48-OBS50,
OB52 and OB54-OB57 are wild type.
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4.7 Single nucleotide polymorphism of 10913G/A (R3611Q) in APOB gene
PCR containing R3611Q site, in exon 26 of APOB gene, were shown in

Figure 4.16.

26 27 28 29

Figure 4.16 Polymerase chain reaction product of 10913G/A (R3611Q), in exon 26 of
APOB gene; Lane M is 100 bp marker; Lane 25-30 are subjects’ PCR products.

PCR product of R3611Q was digested by Mspl. The Mspl is restriction
enzyme that cut 5°...CYCGG...3’. The largest fragment or homozygote (274 bp) was
defined as MT/MT. The Wild type (WT/WT) had 2 bands, 170 bp and 104 bp. The
heterozygote (WT/MT) had 3 bands, 274 bp, 170 bp, and 104 bp. Figure 4.17 showed
pattern of PCR-RFLP of the 10913G/A SNP. The mutant lose Mspl restriction site.
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Figure 4.17 Diagram showing PCR-Mspl digest of 10913G/A SNP
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Figure 4.18 Restriction fragment length polymorphism of R3611Q in APOB gene.
Lane M is 100 bp marker. Lane uncut represent undigested PCR product. Lanes
OB49-0OB59 are wild type.

4.8 1IVS18+1708 C/A single nucleotide polymorphism of APOB by ARMS
The extracted DNA was prepared 2 tubes per 1 sample. One tube was normal
tube and another tube was mutant tube. Both tubes were amplified by polymerase

chain reaction (PCR) at same condition.
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The wild type (WT/WT) had band only in normal tube and the homozygouse
mutant (MT/MT) had band only in mutant tube. The heterozygote (WT/MT) revealed
PCR product in both tubes. Figure 4.19 showed pattern of PCR product of IVS18 +
1708C/A.

bp WT/WT MT/MT WT/MT
550 mmmm WT MT 46 WT MT a6 WT MT 46
500 =
450 ==
400 ==
350 m—
300 mm— — 283 — 3] — — )33
250 =
200 m—
150 o=
100 m
50 —

Figure 4.19 Diagram showing pattern of verified PCR amplification produced by
amplification-refractory mutation system (ARMS). The 546 bp product represent

internal control.

Figure 4.20 Restriction fragment length polymorphism of IVS18 + 1708C/A in APOB
gene. Lane M is 100 bp marker. Lanes 85 and 89 are homozygous mutant. Lanes 87

are heterozygous mutant.

4.9 Allele frequencies of SNPs in MTTP and APOB genes
We had conducted a pilot study by performing genotyping MTTP and APOB
polymorphisms in 100 blood donors at Ramathibodi Hospital. This was aimed to make
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sure that those interested polymorphisms were able to identify in our setting
population. Genotype and allele frequencies of the pilot and studied subjects were
quite similar, as described in Table 4.5. Hardy-Weinberg equilibrium (HWE) was
assessed for each SNP and found that all SNPs were complied with HWE rule except
APOB IVS18+1708 polymorphism (p=0.011).

Table 4.5 Genotype distribution and allele frequencies of MTTP and APOB SNPs in

regular blood donors and obese children

SNP Blood donors Obese children HWE*
(N=100) (N=99)
MTTP
453T>C
Number of individual TT 19 23
TC 53 42
CC 28 34
Allele frequency T 0.45 0.44 0.16
C 0.55 0.56
IVS6-116A>G
Number of individual AA 38 48
AG 51 42
GG 11 9
Allele frequency A 0.64 0.70 1.000
G 0.36 0.30
891C>G
Number of individual CC 21 22
CG 47 41
GG 32 36
Allele frequency C 0.45 0.43 0.15
G 0.55 0.57

*Exact significance probability
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SNP Blood donors Obese children HWE*
(N=100) (N=99)
APOB
T711
Number of individual CcC 70 70
CT 27 27
TT 3 2
Allele frequency C 0.84 0.84 1.000
T 0.16 0.16
T2488T
Number of individual CcC 81 80
CT 18 17
TT 1 2
Allele frequency C 0.9 0.89 0.29
T 0.1 0.11
R3611Q
Number of individual GG 100 98
GA 0 1
AA 0 0
Allele frequency G 1 0.99 1.000
A 0 0.01
IVS18+1708C>A
Number of individual CC 57 71
CA 37 21
AA 5 7
Allele frequency C 0.76 0.82 0.011
A 0.24 0.18

*Exact significance probability
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4.10 Relationship between MTTP and APOB genes and LDL-C level

Relationships between genes and LDL-C were assessed as described in
Table 4.6. Only MTTP 891C/G polymorphism was significantly correlated with LDL-
C level (p=0.016). Multiple comparison using Scheffe method was applied and found
that mean LDL-C levels were higher for CG and GG genotypes than CC genotype (p =
0.016 for both).

Although the genetic effect of MTTP 453T/C polymorphism was not
statistically significant (p=0.057), there was a trend of correlation. This was mean
LDL-C were higher in TC, and TT genotypes (mean = 124.3 mg/dl and 118.3 mg/dl,
respectively) compared with CC genotype (mean = 108.0 mg/dl).
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Table 4.6 LDL-C levels according to genotypes

SNP N LDL-C (mg/dl) P-value
MTTP
453T/C
TT 23 108.04+27.15 0.057
TC 42 124.3+26.3
CcC 34 118.3+£23.98
IVS6 - 116A/G
AA 48 115.6+27.98 0.585
AG 42 121.2+25.5
GG 9 120.8+20.01
891C/G
Ccc* 22 106.5+£26.73 0.016
CG* 41 126.04+25.93
GG 36 117.1£23.8
APOB
T711
CcC 70 117.2+26.8 0.485
CT/TT 29 121.3£25.1
T2488T
CcC 80 119.1+£26.2 0.634
CT/TT 19 115.8+26.7
IVS18 + 1708C/A
CcC 71 119.6+27.2 0.653
CA 21 117422.5
AA 7 110.4+28.6

* Scheffe’s test, P=0.016
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4.11 Association between MTTP and APOB polymorphisms and abnormal LDL-
C

LDL-C level was classified as abnormal if the level was higher than the 95™
percentile for sex and age. There were 20 and 79 subjects classified as abnormal and
normal LDL-C, respectively. Most subjects in normal and abnormal groups were
adolescents (70.9% and 80%, respectively). The majority of both groups were males
(55.7% and 70%, respectively).

Table 4.7 Comparison of characteristics between obese children with normal and

abnormal LDL-C levels

Characteristics Normal (n=79) Abnormal (n=20) P-value

Age(yr) 10.9+2.6 11.6+2.8 0.35
Sex

Male 44 (55.7%)* 14 (70%)*

Female 35 (44.3%)* 6 (30%)*
Weight (kg) 69.8+24.1 72.0+£24.7 0.72
Height (cm) 151.2+15.6 152.5+15.8 0.72
Waist (cm) 90.7+£12.2 91.4£14.4 0.84
WHR 0.9+0.07 0.89+0.06 0.83

Values are mean + SD
*N(%), number

The association between genotype frequencies of polymorphisms and
abnormal LDL-C were described (Table 4.8). Although there was no statistically
significant association between polymorphisms and abnormal LDL-C, there was a
trend of association for some polymorphisms. For instance, the MTTP 453T/C
polymorphism with TC was about 1.5 times more likely to have abnormal LDL-C than
TT genotypes. For the MTTP IVS6 -116A/G polymorphism, the AG genotype was
about 33% lower risk to have abnormal LDL-C than AA genotype. For MTTP 891C/G
polymorphism, CG and GG genotypes were 2.3 and 1.3 times more likely to have
abnormal LDL-C than CC genotype. For the APOB at [71T and 2488T polymorphism,
the CT and TT genotypes were about 1.5 times higher risk of having abnormal LDL-C
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than CC genotype. For the APOB IVS18 + 1708C/A polymorphism, CC and CA
genotype were 1.6 and 1.4 times more likely to have abnormal LDL-C than AA
genotype.

Table 4.8 Association between SNPs and abnormal LDL-C in obesity

SNP LDL-C OR(95%CTI) P-value
Normal (N=79) Abnormal (N=20)

MTTP
453T/C

TT 19 4 1

TC 32 10 1.48(0.41-5.40)  0.54
cC 28 6 1.02(0.25-4.1) 0.98
IVS6 - 116A/G

AA 37 11 1

AG 35 7 0.67(0.23-1.93)  0.46
GG 7 2 0.96(0.17-5.31)  0.96
891C/G

cC 19 3 1

CG 30 11 2.32(0.57-9.41) 0.4
GG 30 6 1.27(0.28-5.68)  0.76
APOB

T711

cC 57 13 1

CT/TT 22 7 1.4(0.49-3.96)  0.53
T2488T

cC 65 15 1

CT/TT 14 5 1.55(0.48-4.96)  0.46
IVSI8 + 1708C/A

cC 56 15 1.61(0.18-14.39)  0.67
CA 17 4 1.41(0.13-1527)  0.78
AA 6 1 1

Values are numbers of subjects.
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CHAPTER V
DISCUSSION

The results of this study have demonstrated the effect of MTTP SNPs and
APOB SNPs on plasma LDL-C level of obese children. Moreover, the results in this
study indicate that one SNP in MTTP gene was associated with high plasma LDL-C

level. However, SNPs did not affect the occurrence of dyslipidemia in obese children.

5.1 Effect of obesity on LDL-C level

In 99 obese children of this study, approximately one-fifth of them had
abnormal blood lipids. However, the mean values of LDL-C were not significantly
different among various classes of obesity. A case-control study in Mexican school

children found that obesity was associated with abnormal values for cholesterol,

triglycerides, LDL-C, and HDL-C.*

5.2 Effect of MTTP SNPs on LDL-C level

There have been few studies regarding the association between MTTP SNPs
and cholesterol and betalipoprotein levels. Almost all of the studies were conducted in

adults.

In this study, 3 SNPs of MTTP gene, the 453T/C (I128T) in exon 4 and the
IVS6 - 116A/G, the 891C/G (H297Q) in exon 7 were tested. The results indicated that
the heterozygous 891C/G had significantly higher plasma LDL-C level. The 453T/C
and IVS6 - 116A/G had no significant effect on LDL-C level. However, homozygous
mutant (GG) of 891C/G SNP was not associated with high LDL-C level. All the same
in Sweden, study concerning stability and ligand binding properties of Ile128Thr
polymorphism in MTTP gene found that Ile128 Thr polymorphism reduced structural
stability, which leads to decreased binding of MTTP to APOB.*
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As shown in Table 5.1, it seems that the 453C (T>C) and the 891G (C>QG)
alleles are more prevalent in Thai population (0.56 and 0.57, respectively) than in

European population (0.24 and 0.23-0.32, respectively).®"*’

Table 5.1 Comparison of allele frequencies of MTTP SNPs between Thai and other

population
SNP This study Author/year/ study population
Ledmyr H et al/2002/ Talmud PJ et al./2000/
Swedish *’ UK"
453C 0.56 0.24 NA
IVS6-116G 0.3 NA NA
891G 0.57 0.23 0.32

NA, not available

A study in Canada found that 891C>G was association with visceral obesity®®.
In a British study, individual with homozygous mutation of 891C>G had higher
triglyceride levels, and carriers of 493T allele tended to have higher level of apoB.
Functional study of 453T>C polymorphism revealed a reduced structural stability in
the N-terminal domain, leading to reduction of MTTP and LDL particles binding

capacity of the mutant apoB.**

5.3 Effect of APOB SNPs on LDL-C level

There were few studies of mutation in patients with familial
hypercholesterolemia. We have studied 4 SNPs of APOB gene, 293C/T (T71I) in
exon 4, 7545C/T (T2488T) and 10913G/A (R3611Q) in exon 26 and IVSI18 +
1708C/A in intron 18. The results indicate that the SNPs of APOB gene are not
significantly associated with LDL-C level.

As shown in Table 5.2, the allele frequencies of 4 SNPs of APOB gene in this
study were lower than those found in Danish, Senegal and thai.®" ¥ *! This
discrepancy may be explained by the difference in allele frequencies in each race and

the smaller sample size of this study.
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For IVS18 + 1708C/A of APOB deviated from Hardy-Weinberg expectation

because of selection subject group was small.

Table 5.2: Comparison of allele frequencies of APOB SNPs between Thai and other

population
SNP Author/year/ study population
This study/ Saiphon P Chauffert  Bentzen Marianne
Thai /2000/ M et al. JJT et al B et al
Thai®' /1997/ /2002/ /2008/
Senegal®  Danish *' Danish
711 0.16 NA NA 0.64 0.67
2488T 0.11 NA 0.79 0.47 0.48
3611Q 0.01 0.02 0.04 0.91 0.91
Ivs18+1708A  0.18 NA NA NA 0.45

NA, not available

Table 5.3 shows the comparison of APOB SNP effect on lipid levels between
this study and the Danish study. This study found no effect of APOB SNPs on LDL-C
level but the Danish study found that for the APOB I71T polymorphism, I-allele was
associated with increased LDL-C level. For the APOB T2488T polymorphism, C-
allele reduced LDL-C. For the APOB R3611Q polymorphism, Q-allele was associated
with increased LDL-C level. For the APOB IVS18 + 1708C/A polymorphism, A-allele
was associated with increased LDL-C level.*" ** This study was different from the
Danish study because the sample size of this study (n=99) was much smaller than the
Danish study (n=2,656 and n=9,259, respectively) and the ethnics were different

between studies.
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lipid level: comparison

SNP This Study Bentzen et Marianne et al./2008/
al./2002/ Danish®  Danish *

T711 LDL-Clevelsin LDL-C and TC TC, LDL-C, and
I-allele and T- levels in I-allele APOB of I-allele were
allele were not were higher than T- higher than T-allele.
significantly allele. T711 was associated
different. I-allele raised LDL- with increased LDL-C

C and TC levels. level.

T2488T LDL-Clevelsin  LDL-C, VLDL-C, TC, LDL-C, and
C-allele and T- TC, and TG of T- APOB in T-allele were
allele were not allele were higher ~ higher than C-allele.
significantly than C-allele. T2488T was associated
different. C-allele reduced with increased effect

LDL-C, VLDL-C,  LDL-C level.
TC, and TG level.

R3611Q LDL-Clevelsin  In Q3611Q, TC, LDL-C, and
A-allele and G- subjects who APOB in Q- allele were
allele were not smoked >25 g higher than R-allele.
significantly tobacco/wk had R3611Q was associated
different. lower BMI than with increased LDL-C.

those who never
smoked.
IVS18+1708C>A LDL-Clevelsin  NA Ivs18+1708C>A was

C-allele and A-
allele were not
significantly
different.

associated with

increased LDL-C level.
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Previous studies suggested that I71T polymorphism was associated with APOB
levels but not with lipids because the region containing codon 71 of APOB is
responsible for assembly and secretion of VLDL particles in the liver.”” ** Because of
I71T polymorphism, MTTP protein cannot bind apoB. Thus, secretion of VLDL was

reduced.

Regarding the association of T2488T polymorphism with lipid levels, recent
study found that the C allele is associated with lower levels of triglyceride’,
cholesterol, and LDL-C. The heterozygous mutant is associated with the highest
triglyceride but the lowest cholesterol and LDL-C.”®

5.4 Summary

From the result of the present study, we found that 1 SNP (891C/G) of MTTP
gene and no APOB SNPs were associated with elevated plasma LDL-C level in obese
children. This study found no effect of MTTP and APOB SNPs on abnormal LDL-C

level.

5.5 Limitation of this study
The study enrolled 99 subjects because of limited time and budget. Small

numbers of participants can cause unclear association between SNP variation and

abnormal LDL-C level.

5.6 Suggestion for future research

The association between these SNPs with other lipid types, i.e. triglyceride
and total cholesterol, as well as with apolipoprotein B levels and metabolic syndrome
should be studied.

The statistical powers in this study are shown in Table 5.4. With our sample
size of 99 subjects, the statistical power ranges from 0.11-0.54 and 0.07-0.83 for the
slopes of 5 and 10, respectively.
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Table 5.4 Statistical power of association study for SNPs and LDL-C levels

SNPs Statistical power
Slope (A\)=5 Slope (A\) =10

MTTP

453T/C 0.30 0.82

IVS6 - 116A/G 0.23 0.68

891C/G 0.31 0.83
APOB

T711 0.13 0.40

T2488T 0.11 0.31

R3611Q 0.54 0.07

IVS18 + 1708C/A 0.20 0.62
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CHAPTER VI
CONCLUSION

Conclusion
The presence of 891C/G SNP of MTTP gene was associated with increased

plasma LDL-C level in obese children.

Limitation of this study
The study enrolled 99 subjects because of limited time and budget. Small
numbers of participants can cause unclear association between SNP variation and

abnormal LDL-C level.



Nisachol Cetthakrikul References/ 62

REFERENCES

1.Dehghan M, Akhtar-Danesh N, Merchant AT. Childhood obesity, prevalence and
prevention. Nutr J 2005;4:24.

2.Langendijk G, Wellings S, van Wyk M, Thompson SJ, McComb J, Chusilp K. The
prevalence of childhood obesity in primary school children in urban Khon
Kaen, northeast Thailand. Asia Pac J Clin Nutr 2003;12:66-72.

3.Doak CM, Visscher TL, Renders CM, Seidell JC. The prevention of overweight and
obesity in children and adolescents: a review of interventions and programmes.
Obes Rev 2006;7:111-36.

4.Dehghan M, Akhtar-Danesh N, Merchant A. Childhood obesity, prevalence and
prevention. Nutr J 2005;4:24.

5.Schonfeld-Warden N, Warden CH. Pediatric obesity. An overview of etiology
and treatment. Pediatr Clin North Am 1997;44:339-61.

6.Shils ME, Shike M, Ross AC, Caballero B, Cousins RJ. Modern nutrition in
health and disease. 10th ed. Philadelphia (PA): Lippincott Williams &
Wilkins; 2006.

7.Cuchel M, Qasim A, Rader DJ. Genetic disorders of lipoprotein metabolism.
In: Davidson MH, editor. Therapeutic lipidology. Ist ed. Totowa (NJ):
Humana Press; 2008. p. 23-35.

8.Grundy SM, Wilhelmsen L, Rose G, Campbell RW, Assman G. Coronary heart
disease in high-risk populations: lessons from Finland. Eur Heart J
1990;11:462-71.

9.Denke MA, Sempos CT, Grundy SM. Excess body weight. An under-recognized
contributor to dyslipidemia in white American women. Arch Intern Med
1994;154:401-10.

10.Denke MA, Sempos CT, Grundy SM. Excess body weight. An underrecognized
contributor to high blood cholesterol levels in white American men. Arch
Intern Med 1993;153:1093-103.

11.Hussain MM, Shi J, Dreizen P. Microsomal triglyceride transfer protein and its role



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Nutrition) / 63

in apoB-lipoprotein assembly. J Lipid Res 2003;44:22-32.

12.Narcisi TME, Shoulders CC, Chester SA, Read J, Brett DJ, Harrison GB, et al.
Mutations of the microsomal triglyceride-transfer-protein  gene in
abetalipoproteinemia. Am J Hum Genet 1995;57:1298-310.

13.Kallel A FM, Elasmi M, Souissi M, Sanhaji H, Omar S, Haj Taieb S, Jemaa R,
Kaabachi N. Apolipoprotein B signal peptide polymorphism: distribution and
influence on lipid parameters in Tunisian population. Physiol Res
2007;56:411-7.

14.Whitfield AJ, Barrett PH, van Bockxmeer FM, Burnett JR. Lipid disorders and
mutations in the APOB gene. Clin Chem 2004;50:1725-32.

15.0nat A, Can G, Hergenc G, Yazici M, Karabulut A, Albayrak S. Serum
apolipoprotein B predicts dyslipidemia, metabolic syndrome and, in women,
hypertension and diabetes, independent of markers of central obesity and
inflammation. Int J Obes 2007;31:1119-25.

16.Sposito AC, Gonbert S, Turpin G, Chapman MJ, Thillet J. Common polymorphism
in the MTP promoter attenuates the dyslipidemic and proatherogenic effects of
excess body weight. Arterioscler Thromb Vasc Biol 2004;24:143.

17.Jemaa R, Mebazaa A, Fumeron F. Apolipoprotein B signal peptide polymorphism
and plasma LDL-cholesterol response to low-calorie diet. Int J Obes Relat
Metab Disord 2004;28:902-5.

18.Kantachuvessiri A. Obesity in Thailand. ] Med Assoc Thai 2005;88:554-62.

19.Han TS, Seidell JC, Currall JE, Morrison CE, Deurenberg P, Lean ME. The
influences of height and age on waist circumference as an index of adiposity in
adults. Int J Obes Relat Metab Disord 1997;21:83-9.

20.Han TS, Richmond P, Avenell A, Lean ME. Waist circumference reduction and
cardiovascular benefits during weight loss in women. Int J Obes Relat Metab
Disord 1997;21:127-34.

21.Dietz WH, Robinson TN. Overweight children and adolescents. N Engl J Med
2005;352:2100-9.

22.WHO. Growth reference 5-19 years [Online]. 2007, Available from:
URL:http://www.who.int/growthref/en.

23.Watkins JB, Duggan C, Walker WA. Nutrition in pediatrics basic science and



Nisachol Cetthakrikul References/ 64

clinical application. 3rd ed. London: BC Decker, Inc.; 2003.

24 Lin, B-H., J. Guthrie, and E. Frazao. Nutrient contribution of food away from
home. In: Frazao E, editor. American’s Eating Habits: Changes and
Consequences. Washington, DC: U.S. Department of Agriculture, Economic
Research Service; 1999. p. 213-42.

25.Bleich S, Cutler D, Murray C, Adams A. Why is the developed world obese? Annu
Rev Public Health. 2008;29:273-95.

26.James J, Kerr D. Prevention of childhood obesity by reducing soft drinks. Int J
Obes 2005;29:S54-7.

27.Hill JO, Peters JC. Environmental contributions to the obesity epidemic. Science
1998;280:1371-4.

28.Nielsen SJ, Popkin BM. Patterns and trends in food portion sizes, 1977-1998. Jama
2003;289:450-3.

29.Livingstone MB, Robson PJ, Wallace JM, McKinley MC. How active are we?
Levels of routine physical activity in children and adults. Proc Nutr Soc
2003;62:681-701.

30.Clement K, Vaisse C, Lahlou N, Cabrol S, Pelloux V, Cassuto D, et al. A mutation
in the human leptin receptor gene causes obesity and pituitary dysfunction.
Nature 1998;392:398-401.

31.Montague CT, Farooqi IS, Whitehead JP, Soos MA, Rau H, Wareham NJ, et al.
Congenital leptin deficiency is associated with severe early-onset obesity in
humans. Nature 1997;387:903-8.

32.Farooqi IS, Yeo GS, Keogh JM, Aminian S, Jebb SA, Butler G, et al. Dominant
and recessive inheritance of morbid obesity associated with melanocortin 4
receptor deficiency. J Clin Invest 2000;106:271-9.

33.Ukkola O, Rankinen T, Weisnagel SJ, Sun G, Perusse L, Chagnon YC, et al.
Interactions among the alpha2-, beta2-, and beta3-adrenergic receptor genes
and obesity-related phenotypes in the Quebec Family Study. Metabolism
2000;49:1063-70.

34.Poulsen P, Vaag A. The impact of genes and pre- and postnatal environment on the
metabolic syndrome. Evidence from twin studies. Panminerva Med

2003;45:109-15.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Nutrition) / 65

35.Maes HH, Neale MC, Eaves LJ. Genetic and environmental factors in relative body
weight and human adiposity. Behav Genet 1997;27:325-51.

36.Miller J, Rosenbloom A, Silverstein J. Childhood obesity. J Clin Endocrinol Metab
2004;89:4211-8.

37.Barrett-Connor E, Khaw KT. Is hypertension more benign when associated with
obesity? Circulation 1985;72:53-60.

38.Finucane FM, Pittock S, Fallon M, Hatunic M, Ong K, Burns N, et al. Elevated
blood pressure in overweight and obese Irish children. Ir J Med Sci
2008;177:379-81.

39.Lakka TA, Lakka HM, Salonen R, Kaplan GA, Salonen JT. Abdominal obesity is
associated with accelerated progression of carotid atherosclerosis in men.
Atherosclerosis 2001;154:497-504.

40.Felson DT. Weight and osteoarthritis. Am J Clin Nutr 1996;63:430-2.

41.Schindler AE. Obesity and cancer risk in women. Arch Gynecol Obstet.
1997;261:21-4.

42.Third report of the National Cholesterol Education Program (NCEP). Expert panel
on detection, evaluation, and treatment of high blood cholesterol in adults
(Adult Treatment Panel III) final report. Circulation 2002;106:3143.

43.Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, Yeckel CW, et al.
Obesity and the metabolic syndrome in children and adolescents. N Engl J
Med 2004;350:2362-74.

44 Krauss RM. Atherogenicity of triglyceride-rich lipoproteins. Am J Cardiol
1998;81:13B-7B.

45.Bittner V. Perspectives on dyslipidemia and coronary heart disease in women. J
Am Coll Cardiol 2005;46:1628-35.

46.Brown CD, Higgins M, Donato KA, Rohde FC, Garrison R, Obarzanek E, et al.
Body mass index and the prevalence of hypertension and dyslipidemia.
Obesity 2000;8:605-19.

47.Anderson KM, Wilson PW, Garrison RJ, Castelli WP. Longitudinal and secular
trends in lipoprotein cholesterol measurements in a general population sample.
The Framingham Offspring Study. Atherosclerosis 1987;68:59-66.

48.Shekelle RB, Shryock AM, Paul O, Lepper M, Stamler J, Liu S, et al. Diet, serum



Nisachol Cetthakrikul References/ 66

cholesterol, and death from coronary heart disease. The western electric study.
N Engl J Med 1981;304:65-70.

49.Garces C, Gutierrez-Guisado J, Benavente M, Cano B, Viturro E, Ortega H, et al.
Obesity in Spanish schoolchildren: relationship with lipid profile and insulin
resistance. Obesity 2005;13:959-63.

50.Howard BV, Ruotolo G, Robbins DC. Obesity and dyslipidemia. Endocrinol Metab
Clin North Am 2003;32:855-67.

51.Porchay I, Pean F, Bellili N, Royer B, Cogneau J, Chesnier M-C, et al. ABCA1
single nucleotide polymorphisms on high-density lipoprotein-cholesterol and
overweight: the D.E.S.I.LR. Study. Obesity 2006;14:1874-9.

52.Huang AQ, Hu YH, Zhan SY, Xu B, Pang ZC, Cao WH, et al. Lipoprotein lipase
gene S447X polymorphism modulates the relation between central obesity and
serum lipids, a twin study. Int J Obes 2006;30:1693-701.

53.Henningsson S, Hakansson A, Westberg L, Baghaei F, Rosmond R, Holm G, et al.
Interleukin-6 Gene polymorphism -174G/C influences plasma lipid levels in
women. Obesity 2006;14:1868-73.

54.Sparks JD, Sparks CE. Insulin regulation of triacylglycerol-rich lipoprotein
synthesis and secretion. Biochim Biophys Acta 1994;1215:9-32.

55.Miyashita Y, Shirai K, Itoh Y, Sasaki H, Totsuka M, Murano T, et al. Low
lipoprotein lipase mass in preheparin serum of type 2 diabetes mellitus patients
and its recovery with insulin therapy. Diabetes Res Clin Pract 2002;56:181-7.

56.Lund-Katz S, Laplaud PM, Phillips MC, Chapman MJ. Apolipoprotein B-100
conformation and particle surface charge in human LDL subspecies:
Implication for LDL receptor interaction. Biochemistry 1998;37:12867-74.

57 Frenais R, Nazih H, Ouguerram K, Maugeais C, Zair Y, Bard JM, et al. In vivo
evidence for the role of lipoprotein lipase activity in the regulation of
apolipoprotein Al metabolism: A kinetic study in control subjects and patients
with type II diabetes mellitus. J Clin Endocrinol Metab 2001;86:1962-7.

58.Havel RJ, Kane JP. Introduction: structure and metabolism of plasma lipoproteins.
In: Scriver CR, Beaudet AL, Sly WS, Valle D, editors. The metabolic and
molecular bases of inherited disease. 7th ed. New York: McGraw-Hill; 1995.
p.1841-51.



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

59.Durrington PN. Hyperlipidaemia: Diagnosis and Management. 2nd ed. Oxford:
Butterworth-Heinemann; 1995.

60.Vance DE, Vance JE. Biochemistry of lipids, lipoproteins and membranes. 4th ed.
Amsterdam: Elsevier Science; 2002.

61.Gaw A, Murphy MJ, Cowan RA, O'Reilly DSJ, Stewart MJ, Shepherd J. Clinical
biochemistry: An Illustrated colour text. 3rd ed. UK: Churchill Livingstone;
2004. p. 126-7.

62.Wetterau JR, Combs KA, Spinner SN, Joiner BJ. Protein disulfide isomerase is a
component of the microsomal triglyceride transfer protein complex. J Biol
Chem 1990;265:9801-7.

63.Nielsen LB, Veniant M, Boren J, Flynn L, Vanni-Reyes T, Gunn MD, et al. Genes
for apolipoprotein B and microsomal triglyceride transfer protein are expressed
in the heart: evidence that the heart has the capacity to synthesize and secrete
lipoproteins. Circulation 1998;98:13-6.

64.Sharp D, Blinderman L, Combs KA, Kienzle B, Ricci B, K.Wager-Smith, et al.
Cloning and gene defects in microsomal triglyceride transfer protein associated
with abetalipoproteinemia. Nature 1993;365:65-9.

65.Mann C, Anderson TA, Read J, Chester SA, Harrison GB, Kochl S, et al. The
structure of vitellogenin provides a molecular model for the assembly and
secretion of atherogenic lipoproteins. J Mol Biol 1999;285:391-408.

66.Rehberg E, Samson-Bouma M-E, Kienzle B, Blinderman L, Jamil H, Wetterau JR,
et al. A novel abetalipoprotein genotype. Identification of a missense mutation
in the 97-kDa subunit of the microsomal triglyceride transfer protein that
prevents complex formation with protein disulfide isomerase. J Biol Chem
1996;271:29945-52.

67.Atzel A, Wetterau JR. Mechanism of microsomal tri-glyceride transfer protein
catalyzed lipid transport. Biochemistry 1993;32:10444-50.

68.Berthier MT, Houde A, Paradis AM, Couture P, Gaudet D, Despres JP, et al.
Molecular screening of the microsomal triglyceride transfer protein:
association between polymorphisms and both abdominal obesity and plasma
apolipoprotein B concentration. J Hum Genet 2004;49:684-90.

69.Ledmyr H, Karpe F, Lundahl B, McKinnon M, Skoglund-Andersson C, Ehrenborg



Nisachol Cetthakrikul References/ 68

E. Variants of the microsomal triglyceride transfer protein gene are associated
with plasma cholesterol levels and body mass index. J Lipid Res 2002;43:51-8.

70.Chen S, Lam KS. Effect of the microsomal triglyceride transfer protein -493 G/T
polymorphism and type 2 diabetes mellitus on LDL subfractions.
Atherosclerosis 2003;167:287-92.

71.0hashi KS, Ishibashi J, Osuga R, Tozawa K, Harada N, Yahagi F, et al. Novel
mutations in the microsomal triglyceride transfer protein gene causing
abetalipoproteinemia. J Lipid Res 2000;41:1199-204.

72.Segrest JP, Jones MK, De Loof H, Dashti N. Structure of apolipoprotein B-100 in
low density lipoproteins. J Lipid Res 2001;42:1346-67.

73.Huang XF, Shelness GS. Identification of cysteine pairs within the amino-terminal
5% of apolipoprotein B essential for hepatic lipoprotein assembly and
secretion. J Biol Chem 1997;272:31872-6.

74.Goldstein JL, Brown MS, Anderson RGW, Russell DW, Schneider WJ. Receptor-
mediated endocytosis: concepts emerging from the LDL receptor system. Annu
Rev Cell Biol 1985;1:1-39.

75.Innerarity TL, Mahley RW, Weisgraber KH, Bersot TP, Krauss RM, Vega GL, et
al. Familial defective apolipoprotein B100: a mutation of apolipoprotein B that
causes hypercholesterolemia. J Lipid Res 1990;31:1337-49.

76.Boren J EU, Agren B, Nilsson-Ehle P, Innerarity TL. The molecular mechanism for
the genetic disorder familial defective apolipoprotein B100. J Biol Chem
2001;276:9214-8.

77.Sposito AC, Gonbert S, Turpin G, Chapman MJ, Thillet J. Common promoter
C516T polymorphism in the apoB Gene is an independent predictor of carotid
atherosclerotic disease in subjects presenting a broad range of plasma
cholesterol levels. Arterioscler Thromb Vasc Biol 2004;24:2192-5.

78.Benn M, Nordestgaard BG, Jensen JS, Grande P, Sillesen H, Tybjaerg-Hansen A.
polymorphism in APOB associated with increased low-density lipoprotein
levels in both genders in the general population. J Clin Endocrinol Metab
2005;90:5797-803.

79.Sing CF, Zerba KE, SL R. Traversing the biological complexity in the hierarchy



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Nutrition) / 69

between genome and CAD endpoints in the population at large. Clin Genet
1994;46:6-14.

80.Kendrew J. The encyclopedia of molecular biology. polymerase chain reaction.
Oxford : Blackwell Science; 1994. p. 864.

81.Bentzen J, Jorgensen T, Fenger M. The effect of six polymorphisms in the
Apolipoprotein B gene on parameters of lipid metabolism in a Danish
population. Clin Genet 2002;61:126-34.

82.Benn M, Stene MC, Nordestgaard BG, Jensen GB, Steffensen R, Tybjaerg-Hansen
A. Common and rare alleles in apolipoprotein B contribute to plasma levels of
low-density lipoprotein cholesterol in the general population. J Clin Endocrinol
Metab 2008;93:1038-45.

83.Jarcho J. Restriction fragment length polymorphism analysis. In: Haines JL, editor.
Current protocols in human genetics. John Wiley and Sons, Inc; 2007 p. 2.7.1-
2.7.15.

84.Little S. Amplification-refractory mutation system (ARMS) analysis of point
mutation. In: Haines JL, editor. Current protocols in human genetics. John
Wiley and Sons, Inc; 200. p. 9.8.1-9.8.12.

85.Romero-Velarde E, Campollo-Rivas O, Celis de la Rosa A, Vasquez-Garibay EM,
Castro-Hernandez JF, Cruz-Osorio RM. Risk factors for dyslipidemia in obese
children and adolescents. Salud Publica Mex 2007;49:103-8.

86.Ledmyr H, Ottosson L, Sunnerhagen M, Ehrenborg E. The Ile128Thr
polymorphism influences stability and ligand binding properties of the
microsomal triglyceride transfer protein. J Lipid Res 2006;47:1378-85.

87.Talmud PJ, Palmen J, Miller G, Humphries SE. Effect of microsomal triglyceride
transfer protein gene variants (—493G > T, Q95H and H297Q) on plasma lipid
levels in healthy middle-aged UK men. Ann Hum Genet 2000;64:269-76.

88.Ledmyr H, McMahon A, Ehrenborg E, Nielsen L, Neville M, Lithell H, et al. The
microsomal triglyceride transfer protein gene -493T variant lowers cholesterol
but increases the risk of coronary heart disease. Circulation 2004;109:2279-84.

89.Chauffert M, Larghero J, Ngohou-Botum K, Cisse A, Chevenne D, Trivin F. DNA
polymorphisms of apolipoprotein B in the population of Senegal. Ann Hum
Genet 1997;61:525-9.



Nisachol Cetthakrikul References/ 70

90.Wu JH, Wen MS, Lo SK, Wu D. DNA polymorphisms of apolipoprotein B in the
population of Taiwan. J Formos Med Assoc 1993;92:330-5.

91.Poldee S. Polymorphisms and mutations of apolipoprotein B and apolipoprotein E
genes in Thai subject. Thailand: Mahidol 2000.

92.Benn M, Stene MC, Nordestgaard BG, Jensen GB, Steffensen R, Tybjaerg-Hansen
A. Common and rare alleles in apolipoprotein B contribute to plasma levels of
low-density lipoprotein cholesterol in the general population. J Clin Endocrinol
Metab 2008;93:1038-45.

93.Tikkanen MJ. Immunogenetic polymorphism of apolipoprotein B in humans:
studies with a monoclonal anti-Ag(c) antibody. Am Heart J 1987;113:428-32.

94 Mann CJ, Anderson TA, Read J, Chester SA, Harrison GB, Kochl S, et al. The
structure of vitellogenin provides a molecular model for the assembly and
secretion of atherogenic lipoproteins. J Mol Biol 1999;285:391-408.

95.Turner PR, Talmud PJ, Visvikis S, Ehnholm C, Tiret L. DNA polymorphisms of
the apoprotein B gene are associated with altered plasma lipoprotein
concentrations but not with perceived risk of cardiovascular disease: European

Atherosclerosis Research Study. Atherosclerosis 1995;116:221-34.



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

APPENDIX



Nisachol Cetthakrikul Appendix/ 72
APPENDIX

Reagents that used in this study were laboratory and molecular biological grade.
Reagents for DNA extraction from human blood sample
1. Lysis buffer
2. 0.1% Nonidet
3. Proteinase K
4.10% SDS

5. 10X STE
6. Phenol
7. Chloroform
8. Sodium acetate
9. Absolute ethanol
10. 70% ethanol
11. TE buffer
Reagents for polymerase chain reaction (PCR)
1. Sterile water
2. 10X NH4 buffer
3. 50mM MgCl;
4.2mM dNTPs
5. 5uM forward primer
6. 5uM reverse primer
7. 5U tag DNA polymerase
8. 100 ng/ul DNA
Reagents for restriction fragment length polymorphism (RFLP)
1. Sterile water
2. 10X buffer
3. Restriction enzyme
4. 5U primer
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Reagents for Amplification-refractory mutation system (ARMYS)

1.

© o o g B~ w D

Sterile water

10X NH4 buffer

25mM MgCl,

2mM dNTPs

5uM forward primer

5uM reverse primer normal
5uM reverse primer mutant

5uM forward primer control (171T)

10. 5uM reverse primer control (171T)

11. 5U tag DNA polymerase
12. 100 ng/ul DNA

Reagents for agarose gel electrophoresis

1. Agarose
2. 1x TBE
3. Ethidium bromide
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SNPs in this study

SNP rs

MTTP

453T/C 991811

Ivs6-116A/G 2306984

891C/G 2306985
APOB

T71l 1367117

T2488T 693

R3611Q 1801701

Ivs18+1708C>A 3791980
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Subject data
D Age Sex Weight Height Waist Hip TG Chol HDL-C LDL-C
(year) (kg)  (cm) (cm) (cm) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
OB-001 10 1 1114 162 112 113 173 169 33 102
0B-002 11 1 82.1 1585 109 109 77 163 38 109
0B-003 14 1 1047 1754 110 117 107 198 53 124
OB-004 7 1 46.1 132 84 83 128 168 44 99
OB-005 8 2 382 1282 72 81 292 213 42 113
OB-006 6 1 33.9 119 725 80 60 166 46 108
OB-007 11 2 947 1558 107 125 113 225 65 137
0B-008 11 1 68.8 1545 90 995 92 196 46 132
OB-009 11 1 55.5 152 83 90 1 217 38 171
0B-010 12 1 55.2 1424 865 94 140 197 39 130
0B-013 11 1 625 1583 813 985 57 150 33 105
OB-014 15 1 82.2 174 92 106 33 163 53 104
OB-015 5 2 456 121 9 91 75 153 39 100
OB-016 10 2 504  148.8 84 945 39 147 39 100
0B-017 15 1 88.7 167.6 104 105 455 198 32 112
0B-018 14 2 704 1614 84 1015 152 163 35 98
0B-020 14 1 659  153.7 87 97 78 181 37 129
0B-021 14 2 859  160.9 9 115 78 217 49 153
0B-022 13 2 87.2 1672 865 119 112 166 35 109
0B-023 10 1 468 145 795 84.9 106 225 44 159
OB-024 8 2 63.9 133 964 105 81 198 4 142
OB-025 13 1 79.5 161  99.4 105.2 68 165 38 114
0B-026 8 2 39 130 805 81 98 161 34 108
0B-027 16 1 1006 175 109 119 113 219 48 149

0OB-028 9 1 46.3 141 82.2 85 57 154 49 94




Nisachol Cetthakrikul

Appendix/ 80

Age Sex Weight Height Waist Hip TG Chol HDL-C LDL-C

(year) (kg) (cm) (cm) (cm) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

0OB-029 13 1 200 172 144 170 138 139 44 68
0OB-030 9 1 52.4 142.4 90.1 914 150 132 41 61
0B-031 16 2 90.6 167.8 88 114 47 153 49 95
0B-032 8 1 419 129 756 85 77 159 45 98
0OB-033 12 2 77.8 166 87.2 1079 57 124 36 77
OB-034 5 2 38.5 114.5 776 815 123 184 37 122
0OB-035 10 2 43.5 137.4 724 827 190 201 37 127
OB-036 17 2 90.7 167 105.5 117 79 183 47 120
0OB-037 5 1 33.3 112.7 79 78 79 164 43 106
0OB-038 13 2 88.7 158.2 915 116.5 81 175 41 118
0B-039 10 1 52.7 148 845 88 73 166 46 105
0OB-040 9 1 45.1 135 68.9 87.8 97 184 51 114
0OB-041 14 2 837 1684 885 105.9 67 152 46 93
OB-043 9 2 48.8 142.3 779 874 66 162 40 109
OB-044 10 1 54.5 142 81.7 935 36 159 59 92
OB-045 11 1 69.5 145 95.6 102 115 203 45 136
OB-046 11 1 72.6 150 95.4 100.5 79 187 46 125
OB-047 8 1 69.5 137.3 105.2 106.9 206 188 36 111
0B-048 12 1 816 1602 945 107.8 51 172 38 124
0OB-049 7 2 34.5 125.9 67.2 79.8 72 225 55 156
OB-050 12 2 76.6 162.2 86.5 106.4 116 165 30 112
0B-051 15 1 975 1738 1038 113 66 180 45 122
0OB-052 8 2 58.7 149.3 925 98 127 235 56 159
OB-053 7 2 49.1 135 84.7 88.9 48 151 37 105
0OB-054 8 1 46.3 139.7 785 87.2 51 188 53 125
OB-055 8 1 39.3 127.2 775 822 55 134 32 91




Fac. of Grad. Studies, Mahidol Univ.

M.Sc.(Nutrition) / 81

Age o Weight Height Waist Hip TG Chol HDL-C LDL-C

(year) (kg) (cm) (cm) (cm) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
OB-056 8 2 341 1252 69.2 788 104 174 47 107
OB-057 6 1 315 1173 707 762 91 211 42 151
OB-058 13 1 71.8 164 887 103.6 138 129 34 68
OB-059 8 1 545 1344 864 935 80 169 61 92
OB-060 12 1 90.9 166 106 112 119 196 53 119
OB-061 12 1 95 1696 102.7 116.6 107 202 38 143
OB-062 6 1 322 1237 669 745 55 246 48 187
OB-063 11 1 78.4 164 1014 100 89 189 39 132
OB-064 13 1 64.8 148 914 98.3 73 217 53 150
OB-065 7 2 38.8  129.8 76 845 93 186 55 113
OB-066 11 1 617 1494 952 96.4 91 129 40 70
OB-067 12 1 71.2 168 89 1025 70 192 39 139
OB-068 7 1 432 1266 833 88 113 189 34 132
OB-069 11 1 50.5 1515 90 92 82 171 47 107
OB-070 12 2 823 156.6 995 112 58 145 43 91
0B-071 11 2 88.7 159.1 110 113 202 163 52 71
OB-072 9 2 748 1455 1045 107 239 202 4 114
OB-073 13 2 87.9 159.2 97.2 1128 99 138 28 91
OB-074 11 1 68.5  156.2 97 962 329 181 42 74
OB-075 11 1 914  171.8 9 1152 61 140 44 84
OB-076 10 2 55.8 1432 804 97.8 74 139 47 78
OB-077 11 1 67.8 1576 90 995 136 207 44 136
OB-078 11 1 58.3 1415 94 974 86 209 43 149
OB-079 14 1 125 1724 1235 134.2 66 208 44 152
OB-080 8 1 57.6 145 863 954 42 195 53 133
OB-081 11 2 727 1638 834 102 104 197 46 131
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Age Sex Weight Height Waist Hip TG Chol HDL-C LDL-C

(year) (kg) (cm) (cm) (cm) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

0OB-082 12 2 78.7 158.6 90 107 50 243 44 189
0OB-083 12 2 735 156.4 91 101 89 194 49 127
OB-084 12 2 74.8 155 85 107 62 205 53 139
0OB-085 13 2 89.6 156.9 98 118.4 184 202 36 129
OB-086 13 2 69.5 153 82 103.8 95 125 36 70
OB-087 12 1 67.3 160  85.7 99 37 198 57 133
OB-088 12 2 78.3 160.8 915 107.5 86 192 49 125
OB-089 13 2 99.3 162.8 111 116.5 202 244 67 137
0OB-090 12 2 66.7 149 81 995 75 181 44 122
0OB-091 14 1 70.3 159 916 985 84 182 34 132
0B-092 13 1 89.2 163.6 98 111 181 230 46 148
0B-093 11 2 66.6 152 87 995 79 193 44 134
0OB-094 13 1 77 172.8 99 105.2 113 192 46 124
0OB-095 13 2 85.8 150 98 115 105 226 49 156
OB-096 14 1 77.3 158 95.7 104 100 231 70 142
OB-097 13 1 81.9 166.4 100 108.2 86 156 52 88
OB-098 13 2 70.4 155.4 83.5 1034 115 206 53 131
0OB-099 14 1 106.6 178.8 105 120.5 112 148 36 90
OB-100 14 1 71.6 160.4 84 104 146 222 56 138
OB-101 13 2 79.8 156.7 88.8 105.5 96 214 43 151
OB-102 12 1 97.2 155 113.2 107 256 242 54 137
OB-103 14 1 714 162 90 103 151 181 54 97

ID: identify number, Sex 1: boy, Sex 2: girl



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Nutrition) / 83

BIOGRAPHY
NAME Miss. Nisachol Cetthakrikul
DATE OF BIRTH 21 March 1983
PLACE OF BIRTH Nan, Thailand
INSTITUTIONS ATTENDED King Mongkut’s Institute of Technology

Ladkrabang, 2001-2004:
Bachelor of Science
(Biotechnology)

Mahidol University, 2005-2008:

Master of Science (Nutrition)

HOME ADDRESS 16/561 Pibunsongkram Rd. Nonthaburi
11000, Thailand

E-mail: poybungin@yahoo.com



	Intro.pdf
	Background and significance of the problem 

	Liter.pdf
	Cancer: Overweight women have increased risk for some cancers such as cancer of breast, colon, gallbladder, and uterus than normal weight women.41 Overweight men have higher risk of colon and prostate cancers than normal weight men. 

	Result.pdf
	RESULTS 




