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Project Title The role of exercise on serum lipid concentrations
varies with Apo E genotype : A study in Thais subjects.
Name of the Investigators  Dr. Nuntaree Chaichanawongsaroj

Year July 2004

Apolipoprotein E {apn ' 158re of seyeral ¢ enes involved in cardiovascular

risk. However, the lntf: atit 7 e ‘. enwmmnental factors, such as
exercise, dietary and Lighd g r * ¢ affected the incidence of the
disease. Our aim wagffc ; \ sical activity (PA) and apo E

polymorphism on plasgia an dipl: \\ \ els in 273 healthy, adult Thais,
Plasma lipid and glucos€ c@ncenwstiohsdyere de -' ined by enzymatic—colorimetric

L i
methods and apo E phenot r{'- By PC P. A PA index was calculated from

i ?.ﬁl:_ /e ‘ -.,'nl
exercise data whi o oty

of 273 subjects, apo E genotype
frequencies were 87 ok 2/E4, 8.8% for E3/E4, and

|
0.7% for E4/E4. Aﬂl‘E genotypes were associated W th total cholesterol (TC) and

low-density ﬂaulﬂ fngﬁ}q, ﬁﬂﬁﬁ;‘ww allele was related to

higher TC am?'LDL (P<0.05). TGrand LDL regponses to exercigg varied with apo E
phen{%pma ﬁﬂﬂ'fjtmrma_’; mg alﬂpu E phenotype
partly determines the effect of PA on plasma TC and LDL in healthy, adult Thais with

regular PA.



Introduction
Atherosclerosis is the cause of heart attacks, stioke, aortic aneurysms, and
peripheral vascular disease, which together represent the most frequent causes of
death in the industrialized world. Serum lipid concentrations have been linked to early

arterial lesions in the aorta and corgnary arteries. An atherogenic lipid profile is

important function is#lo fmediale “peéeis ke of plasma very-low-density

Naat

lipoproteins (VLDL), chylomiczan and intermediate-density lipoprotein

(IDL) by the liver, Thre . @nd E4 exist in plasma. These

isoforms are cnde. \ 1. ’
. f!'

J
. E3/2, E472, E3/3, E4/3, ind E4/4. Apo E4 isoform is

d E4, resulting in six major
apo E phenotypes:

associated \ﬂwﬁﬁmﬁmé{w E’.@aﬂrﬁa’s in most but not all

populations. a'lreviﬂus interventign studies haye shown thatgan increase in PA
dmfﬂ%md’] agﬂmm ubm'}lz}mﬂrlﬁﬂm B, TG, and
insulin concentrations and increases serum HDL-C and apo A-l concentrations.
Responses to exercise may be mediated in large part by variation in genes. The aim of
this study was to evaluate the effect of PA on plasma lipids in different apo E

phenotype in Healthy adult Thais.



Survey of Related Literature

1. Lipoprotein
Lipoproteins are globular particles of varying size and composition. Their outer
surface is hydrophilic and their inner core, which contains immiscible lipids, is

hydrophobic. The surface of lippprotein particles contains an amphipathic

.l
¥

phospholipids bilayer, nonse |, and apolipoproteins. The core

consists of cholesteryl esiess e synthesized in the liver, in the
intestine, arise from r ar lipoproteins, or are assembled at

the cell membranes ngenous lipoproteins or apolipoproteins

(1).
1.1 Lipoprotei

Lipo i actefiged by 1€ir size, density flotation constant

Lipoprotein rate | Electrophoretic

diameters mobility
Chylomicrogs 3% 19900/ J 400 Origin
VLDL 0.95-1.006 30-80 Pre-beta

¢ o Qs

o) W AT U1 VRN Q ) | prose
oL 1 1.019-1.063 18-25 0-20 Beta
HDL 1.063-1.21 5-12 0-9 Alpha

Ultracentrifugation separates lipoproteins in plasma into five classes which are

chylomicrons, very low-density lipoprotein (VLDL), intermediate-density



lipoprotein (IDL), low-density lipoproteins (LDL), and high density lipoproteins
(HDL).
1.2 Apolipoproteins

The apolipoproteins found in plasma are classified into two broad
types: the non-exchangeable and the exchangeable (or soluble) apolipoproteins.
Apolipoprotein  B-100 ] f)g ﬂ apo B48, the principle protein
p(a micron are non-exchangeable

H

apolipoproteins. Theseaf-exchange -,,_-,;- oteins circulate bound to the

7/

elabolic transformations in plasma,

A2, apo Cs, apoE) have much
smaller molecular MMas8e 1 ﬂ A 04 100 o B48, are more or less soluble in
water in their dclipiate‘ S, CAf sfer between lipoprotein particles, and
can aﬂquire vhile “in ‘cil kb 7 nmmun function of all
apulipopmlel ; ‘Fl

n the circulation. Major

U

human apolipopfoteins are shown in Table 2.

ﬂmﬁ@%ﬁ%f;’ww@ﬂﬁmm in lipid binding

and soiulalllizatiun. modulatiop of enzymatia.antivities, andig:cptur recognition.
&mtﬁﬁﬂ ﬁmmmw} a ﬂn implicated in
inq situ nerve repair and regeneration, as well as in plaque formation in
Alzheimer,s disease. Apo(a) may have a function in the clotting process, while
apo A4, produced in the intestine and hypothalamus, may have a role in

signaling satiety in the fed state (2-4).



Table 2. Major human apolipoproteins

Apolipoprotein Molecular weight Lipoprotein class Concentration  in
plasma (mg/dl)

Apo Al 28,100 HDL, CM 130

Apo A2 17,400 HDL 40

Apo A4 44,500 15

Apo (a) 0.1-40

Apo B100 250

Apo B48

Apo Cl 3

Apo C2 12

Apo C3 12

Apo D 12

Apo E . HDL 7

1. 3 Lipoprotein &
gendt WLinetabolism is presented in
A glie _hetabol p d

' IH
Figure 1. The are three pathway of hpopmte

“"“g"'ﬂsﬁﬂ“’i PP ARG e o

tran5pu athway. The exogeneous pathwa}" involves tranJon of dietary lipid

VRN I L Tt ek T R—

I:p:ds synthesized in the hepatocytes to peripheral tissues. The two pathways

‘metabolism consisting of the

overlap at the stages of hydrolysis by lipoproteinlipase (LPL) in the periphery,
and by hepatic triglyceride lipase (HTGL) in the liver. Reverse cholesterol
transport is the pathway of cholesterol removal from the peripheral tissues to the

liver.
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Figure 1. H \ctabolisimi,
D. r ' J . .- i N\ .

ietary” tgifcylolieerd holes e r, and phospholipids are
emulsified in thgfingestis ) ‘ the i fatty acids are hydrolyzed by
pancreatic  lipasg it molecules  (fatty acids, 2
monoacylglycerols, . ;13:-'3* u;g are taken up by intestinal cells.

e s

e i e L e S

< eholesienyd eoter otz refonned
packaged inﬁch c intak 7mph and then blood. Apo B-

48, A-l, and Afl¥kare on the surfage of chylomicrons. Apo B-48 is essential

o LU ANENI NN, o i
AW RETS T INe "'rﬁ’fzj o 1L

fAchylomicrons, a process facilitated by apo A-IV. Triacylglycerols in

Triacylgl' in the intestinal cells and

chylomicrons are hydrolyzed within minutes by LPL, which is located on the
surface of endothelial cells lining the capillaries of adipose and other
pcrip.heral tissues, such as muscle. As the triacylglycerols are hydrolyzed.
chylomicron remnants are produced, which are rapidly taken up by the liver

through the interaction of apo E on the surface of the chylomicron remnant



with the chylomicron receptor. The released fatty acids are either taken up and
stored in adipose tissue for future use or utilized by rauscle for energy.

Once inside the liver, the cholesteryl esters in the chylomicron remnants
are hydrolyzed and the liberated unesterified cholesterol down-regulates the

genes for both the LDL receptor and the rate-limiting enzyme of cholesterol

biosynthesis, hydroxymet aluwed A (HMG-CoA) reductase. Thus, the

potential effect of dittar ’ 'c LDL concentrations is offset

\\\‘“
individuals, H \\ sulated as efficiently, leading
to higher con \ \ saturated fatty acids from the

chylomicron rghnani; 0r ?iv at \4\\‘\ ually mobilized from adipose
tissue, appear @ dg % ot

by the inhibitiog thes:s However, in 1 in 4

th l} eptor, leading to an increase in
LDL concentrations.

In liyes ¢ assembled and secreted as
T Y

particles Cental Steryl ester in the core,
7 J
surrounded by '::Pu B-100, E, C-1. C I1. and C-TII. The fatty acids attached to

the efstéfol E}ﬂ' ) e W’ﬂ ks Jerived from cither the

| endoga‘!uus synthesls nf fcuy acjds froaac:tyl CoA whe mobilization of
%éwgﬁéimiMsu m’lqenﬂm (Q.JA derived from
amino acids, sugars. and fatty acid oxidation can be used to synthesize fatty
acids. Apo B-100 is essential for the secretion of VLDL. Once in the
circulation, the triacylglycerol in VLDL is hydrolyzed by LPL and apo C-II,
producing fatty acids and the VLDL remnant. The triacylglycerol in the VLDL

remnant can be further hydrolyvzed to smaller particles called intermediate



density lipoproteins (IDLs), which are either taken up by the interaction of apo
E with the LDL (B, E) receptor on the surface of the liver or converted by the
action of hepatic lipase (hepatic triacylglycerol lipase) into the cholesteryl
ester—-rich LDL (1-5).

d internalized as the result of the interaction of

LDLs are then bound 3

promote atherogéficsis by, Causing e A I dysfunction, proliferation of
arterial smooth muscle“gelis, and rsion of monocytes into macrophages
in the arteriahyva (@) HDL is secreted

from both Tdes : 10 “- These nascent particles

contain phospholipids and some unesterified cholesterol in the core,

o B Y F By e e s

mnhiiilyun electrophoresig: and 9 subﬁss&s of nascent HDL have been
ik £ bhd B Gl tabddfeob drbra G otk lomverted t0 3
;ature form of HDL through the interaction of the enzyme
phosphatidylcholine-sterol O-acyltransferase (also called lecithin-cholesterol
acyltransferase, or LCAT) and its cofactor, apo A-I. Unesterified cholesterol is
removed from peripheral cells and esterified through the action of LCAT and

apo A-I, producing cholesteryl ester in the core of more mature HDL particles.



During the process of lipolysis, apo C-1, C-II, and C-III can be transferred,
along with phospholipids, from VLDL to the mature HDL particle. As more
cholesteryl ester is formed, the subfraction of HDL called HDL; is converted
to HDL;. The structure and chemical composition of HDL can also be

modified by cholesteryl ester transfer protein (CETP), in which a molecule of

be converted back to HDL;

/ &\\\ .

can be delivered to sterol-

& livi é?\\\ J ‘ovary, and testis, through the

interaction of #pc A-Iﬂ%ﬁ_ '. .\ ADL receptor known as SRB-I

f : -a"; .
ass B type is process, often referred to as reverse

is often h:gher b
through hydro
The chg

producing cell

(scavenger receptor,

cholesteral™transport, promotes t of, 5 olesteryl ester to the cell.

HDL is subdeq Biinto the bloodstream 1o gather
I r||

l ester. At some pumL the entife HDL particle is internalized

more cholesl

f‘“ﬁ’%ﬂ?ﬂﬂﬂ‘iﬂﬂﬂﬂﬁ
“amamm UA1INYAY

Atherusclcrosm is the leading cause of morbidity and mortality in the
industrial world. CHD is now thought to be primary a problem of dysfunctional
coronary endothelium rather than a simple accumulation of lipids as was thought
previously. This dysfunctional endothelium then leads to inflammation, lipid

accumulation, and fibromuscular hyperplasia, the foundation for a coronary



atherosclerotic plaque formation. The risk factors for artherosclerotic cardiovascular
disease are as follows (8).
2.1 Hypercholesterolemia
Lipoproteins are high-molecularweight complexs that contain both

lipid and protein. The role of lipoproteins in normal physiology includes

its effect on the iz . , the vessel wall. Inaddition,

increased LDI @ rombus formation, which is
the final step J other lipoprotein, HDL is
beginning to seg -‘ zction against atherosclerosis
progression. HDW pr ; ¢ \\>\ om atherosclerotic lesions. In

addition, HDL inhibits subsequent accumulation of LDL.

2.2 Hypertensic

IncreaSedl s tablished clinically as a

1 E
risk factor fo atherosclcmnc hea:t disease.

oo L8] G P4 s s

dFSfﬂJ}C?llﬂl‘L High blood pregsures attenuglg the coronary ygssels’ response to
AN TUNNA LUAR Bt o

macromolecules including LDL. In addition, high blood pressures increase the

ypertension increases the

production of endothelin, which plays an important role in artherogenesis.
Diabetes Mellitus
Insulin resistance in patients with Type 2 diabetes or in patients with

poorly controlled Type 1 diabetes leads to hyperinsulinemia. This pathology
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elevates certain growth factors such as insulin growth factor 1. These growth
factors, in the presence of hyperglycemia, promote proliferation of the
fibromuscular components of the growing atherosclerotic lesion. Although
absolute levels of LDL-C may be normal in patients with diabetes mellitus,

LDL function is often abnormal due to glycosylation in the blood. The typical

lipid profile in patients wi sists of elevated total triglycerides

pﬁ causes abnormal triglyceride-

modlf‘tes LDL structure. This

with low levels of IPDE-C. Thi
rich lipoprotein
modification ich are known to be markedly

atherogenic. p(a) are common in patients who

77

Obesity is a sigmitieant rish or for cardiovascular disease. It is a
primary riskyfag AT asspeiated with established risk
factors suchAs Wain other patients. Physical

1 T
activity favorably alters lipid profiles, lowers ip-nsit}r and blood pressure,

and lﬁzﬁs %ﬁ"ﬂﬁ gﬂﬂﬂﬂﬁmmmes. In addition,

physica"l fitness, a conditiop that is amtﬁtble to being Wﬁd in an exercise
bl B e it G
2.4 Family history
It is clear that single gene mutations influence lipid metabolism.
Complex polygenic disorders including hypertension, diabetes, and

homocysteinemia also portend significant risk for CHD. Interestingly,
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currently mapped genetic abnormalities only partially account for the risk
predicted by a positive family history for premature CHD.
2.5 Smoking

Several observational studies have demonstrated that smoking increases

atherosclerotic risk by incregsing, fibrinogen levels in the blood, enhancing

the endotheliuga : wers HBL-C and promotes oxidation of
LDL-C. Th d profile is thought to be the

exposure of L O e ; - nt in cigarette smoke.

3. ApoE poly
3.1.1 apoE gen
4 The APO E gene. located on hu chmmnsnrm: 19, is 3.7 kb
A e .
in lengliane :’f
] J
similar tn‘;hat of the APO ﬁs and APO C gene families, suggesting that

m&; ’Jr 'ﬂ E’m m&qﬁf"] § gene duplication. The

B’ mary {rﬂduct of the APO E géne is a 317-anflifo acid protein that

QA WARN 0l MRS AT EAD Bl o s

amino acid signal peptide. Apo E is a constituent of TG-rich

ic organization of APO E is

chylomicrons, VLDL particles and their remnants, and a subclass of
HDL. The primary role of apo E in plasma lipid metabolism is to mediate
the interaction of chylomicron remnants and intermediate density

lipoprotein particles with lipoprotein receptors, including the LDL
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receptor and the chylomicron remnant or apo E receptor. The remnant
receptor appears to be the LDL receptor-related protein. Three major apo
E isoforms are coded by three alleles at the APO E locus, designated E2,
E3, and E4, giving rise to six common phenotypes. The most common

isoform, E3, is characterized by a cysteine at amino acid residue 112 and

an arginine at residue 15 a# jsoform has a cysteine at residues 112
vIiBreas-the F4 éﬁﬂ an arginine at residues 112

e E2 allele is consistently
associated will al plasma cholesterol, LDL-C, and apo
B a, | # pared with the €3 allele.
Eieva e 318 ‘ t with impaired clearance

JJ
P esumably due to defective

44 ﬁ@’ﬁ‘ﬂ*ﬁ%ﬁﬂﬂﬂﬁ}ﬂﬁmm The basis for the

ced apo B and LR-C levels in APO E2/3 and 2(2 individuals is less

QRAMAAI UAIININAL) o o524

intestinal VLDL particles impairs their conversion to LDL by interfering

of remnd l panu:ll.‘:a cuntmmng apo E2,

with normal lipolytic processing. Conversely, the e4 allele is associated
with higher levels of total and LDL cholesterol and apo B and lower
levels of apo E. These observations are consistent with the faster rate of

catabolism of particles containing apo E4 compared with those
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containing apo E3 (12). In general, the lower plasma total cholesterol
levels observed in subjects carrying the €2 allele correlate with reduced
coronary and peripheral artery atherosclerosis, and the higher cholesterol
levels seen in €4 carriers are associated with a higher prevalence of

cardiovascular disease ') disease. However, the effect of APO E

variation on clifit “glaffsis is not completely explained by its

nt studies have demonstrated
sherosclerosis (13) and coronary artery
here is convincing evidence
that the #€latibrn APO E génotype and plasma lipoprotein-
lipid levgls i : a¢ Significantly influenced by age
(15), sex (16, hi € stribution (17). Recent evidence

also indicates € of plasma lipoprotein-lipid levels to

¢ affected by an individual’s

prificince of gene-environment
I
i

differen li
APO "’_“n ,

interactions.

‘a Y
@R RERTNEINT
- Epidemiologic studits have invegtigated the direef impact of apo E on
L QL3 0l i ed L) OLBLE), savesin
contribution of apo E to CHD, reported that about ~6% of the variation in risk
for CHD in North America can be aitributed to this locus. Another study of
middle-aged men from nine populations estimated a ~40% increased risk for

CHD mortality for €4 carriers compared with E3/3 genotype or €2 carriers

(19). Some studies have also suggested that €4 carriers are particularly prone
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to developing disseminated coronary lesions or to have an increased risk of
death from CHD (20, 21, 22). It has been proposed that the biochemical
mechanism is related to dys-function of the E4 isoform in lipoprotein
metabolism and an increased concentration of serum cholesterol and TG (23).

Studies from Finland, Scotland, and Northern Ireland have shown that

populations with higher ¢ho , and higher CHD mortality rates also

have a higher fregUSHey- o ﬁ 24). Other studies have also

been known -I _ \\\r\ haracterized by increased
/i _’ \\\_

I hyperlipoproteinemia has

e of B-VLDL (cholesterol-
enriched remnant€ o intesifizal Shfl@microfs and hepatic VLDL), xanthomas,
and premature vascular & ",;“""":\ 1D and peripheral artery disease. Overt

hyperlipoprot&is 1-5 per 5,000, whereas

i

homuzygnsi o J.5-1 per 100 in Caucasian

'I ,-J
i
populations (23 Thus, this genmyge’mmnhules to the hyperlipoproteinemia

m phcﬂ%%? FrblE B3

Sirams of apo E defiient and apasE-overexpressimg transgenic mice
FRLANL AAMAATANLINL b s
processes. Apo E-deficient mice accumulate VLDL and remnant particles in
plasma and develop atherosclerosis, even on low-fat diets (25). Increased
expression of human apo E3 in transgenic mice results in hypertriglyceridemia

(26).
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In addition to being studied in association with cardiovascular disease
outcomes and intermediate phenotypes, the apo E polymorphism has been
investigated as a risk factor for other chronic diseases, such as diabetes
mellitus, B- thalassemia, rheumatoid arthritis, Alzeimer’s disease, Parkinson’s

disease, schizophrenia, and 515 [2?].

4. Genes and environ

Regular exerci® “eontrol of lipid abnormalities,

diabetes mellitus, hypertefisigor greatest benefits realized by
sedentary individuals m xercise may be mediated in
large part by variation in g lenes and exercise can interact to
modify a phenotypic trait ¢ : sary to consider multiple levels
of interaction. Figure 2 illuste T J /4 pmplex ways in which genes and

exercise, both tuge'“"'“‘“ epataiciyscan-infiucneedhe U th status of an individual.

In this model, exercn can prode et and mmtc effects on health status,
without nec ene expressiovbr function. Such is the case in exercise-
induced Hl!ﬁn Il:i m’lﬂajrc resu]tmg from rapid
R RTANT ‘ﬂ‘fﬂ’ﬂ'ﬁ’T“ﬁ PEITETE: e
genetlca!}r susceptible individuals. Another example of an acute exercise effect is that
of exercise-related sudden cardiac death occurring in individuals with genetic defects
leading to hypertrophic cardiomyopathy or coronary artery anomalies. These examples

are illustrative of gene-environment interactions in which the same environment (i.e..

exercise) produces differential effects in genetically different individuals. Exercise can
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also affect health status indirectly by altering the expression or action of one or more
genes that influence intermediate phenotypes (e.g., cholesterol level) that ultimately
produce disease outcomes. This is an example of biological interaction, in which two
or more factors influence a phenotype interdependently. Biological interaction, in

which multiple genetic and environmental factors are interconnected in complicated

Intermediate ﬂ::inr Environméntal

e VR ERINEINS
Fiawe W“‘ra ST T AT T

among eXercise, genes, and other environmental factors in overall determination of

health status.

Several strategies have been used to detect genes whose effects may be altered
by exercise. Many studies have investigated the effect of exercise on intermediate

traits related to chronic diseases such as hypertension, obesity, and cardiovascular
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disease. Although the positive effects of exercise on reducing hyperlipidemia, high
blood pressure, obesity, and related factors are well documented, there is typically a
great amount of heterogeneity in the responsiveness to exercise intervention. A limited
number of studies have investigated the role of genetic variation in the control of traits

such as blood pressure and lipid processing within the context of exercise, and several

The firste8 : asmia lipopt lein-lipid responses to exercise
training might begn@ab AR IR B provided by Taimela et al.
(29). They asses _ cinklipid profiles of ~1,500 Finnish
children and youn o ‘ leisure-time physical activity

W

was assessed by questionna me physical activity levels did not

affect plasma lipoprotéin-Tipid profile aales: However, in the males, in

addition to p vac: alipc protein-lipid profiles, the

interaction bet “ apo E phenotype and physicﬁa:ﬁvity also affected plasma
¢

|ipc.pmtﬁ%ﬁa§ lﬂnﬂ W%W‘Eﬂ ﬂﬁy levels did not affect

plasma ]l&protem -lipid levelsy whereas in A E3/4 and 3:" en, there was an
AT Nﬁﬂ@ﬂﬁlﬁaﬂ Ein&i and a posiive
cf’fect on HDL-C /TC ratio. In Apo E2/3 men there were even stronger
relationships between physical activity levels and these same components of the
plasma lipoprotein-lipid profile. However, there are a number of inconsistencies
between the text and figures in Taimela et al, (29) with respect to these apo E

phenotype-physical activity interaction effects on plasma lipoprotein-lipid
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levels. Thus, bearing in mind these inconsistencies, these data, though cross-
sectional, may be consistent with the possibility that exercise training does not
affect plasma lipoprotein-lipid levels in Apo E4 individuals, has a moderate
effect in Apo E3 individuals, and has an even greater effect in Apo E2

individuals. More recently, in another cross-sectional study St.-Amand et al. (30)

concluded that plasma lipaprotein 5 of Apo E2 individuals appear to
' However, while this does appear

to be the case fufrl '
//_;’ \\\

possibility that the g#€rail p

more consistent with the

pid rofiles of APO E3 men and
women appear to g \ itness than those of Apo E2
and E4 men and il ;tudy, we recently reported
that Apo E genotypgfwal nc \- [@sma lipoprotein-lipid levels in
sedentary postmenopaus : ostmenopausal women who had
undergone 5 60 K of Tow: tonic asity-aerobic activity for the
previous 12 yr.: ' Ldrthermore, postme X " letes with only Apo E3
or E4 alleles Whﬂ'ﬂﬂ an average of 3t} mxlesfwkar the preceding 15 yr had

s A YR YT g

HDL, and DL; cholesterol apd TG ]evels than the sade or physically
maewmmammmmma& E2 allle had
beltcr plasma lipoprotein-lipid profiles than the sedentary and physically active
women. Women athletes with at least one Apo E2 allele also had better overall
plasma lipoprotein-lipid profiles than women distance runners with only APO
E3 or E4 alleles, despite the fact that they were otherwise similar in terms of

training mileage and history, body composition, diet, and hormone replacement
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therapy status. The middle-aged and older Apo E2 genotype men had larger
overall plasma lipoprotein-lipid profile improvements with prolonged endurance
exercise training than otherwise comparable Apo E3 and E4 genotype men (31).
Men in all Apo E genotype groups generally reduced body weight and percent

body fat to the same degree wit exercise training. The Apo E2 and E3 men

genotype men incres nur times more than E3 and E4

genotype men. / d plasma HDL; cholesterol

dramatically morg po E3 and E4 genotype men.

Apo E2 and E3 g d ‘plasma TG more with exercise

training than E4 n a HDL and HDL; cholesterol

rences 1n plas
B \.
Apo E genotype groups remained

increases with exe

significant aften, cc ling for bods pEGS: whereas the reduction in

\F .

plasma TG in ﬂ be greater than inthe Apo

[I

E4 men after 7 ght (P = 0.09). Thus these

lungimdﬂ!ulﬂ'é?}m ﬁﬁé’wﬁqﬂﬁm S

canclusmalthat the plasma lngpmtem-hmd&mﬁles of Apo individuals may

oepilhed R obahd e Eiﬂﬁwﬂm ipoprten-

hpld profiles of Apo E4 individuals do not appear to change as a result of

]
.i t‘ro]iing for changes in body

exercise training, whereas Apo E3 individuals appear to have responses

intermediate between those of E2 and E4 individuals (9).
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Procedure

Study population
Two-hundred seventy three adult Thais residing in the Bangkok Metropolitan

area were interviewed about their personal information (sex, age, body weight) and

] intensity of participation in

PA. An index of lei PA was  -‘ sd from the product of intensity times

activity, 6 (some sweating dhd—beco ning breathless) corresponding to moderate

aerobic activity, an ] =_z.9 cathless) corresponding to

intense acrobic actitily. 6,410 10 for different levels of

]

intensity were chuscn ? estimate the metaboltc cost of each intensity level. A mean

value of 3ﬂrrﬂ.| wﬁji@% (E]:%lﬁ (1A} s ubelt i he case of PA other than

supervised exermse In the case of supervised exgrcise (participation in a sports club
Rssia.ﬁnlﬁaﬂﬂfimlumMnnMiﬁ EJS} was used. A
coefficient value of 0 for duration was used in case of no leisure-time PA. Coefficient
values for monthly frequency of activity were 0.5 (< once per month), 1 (once per
month), 2.5 (two to three times per month), 4.3 (once per week), 17 (two to six times

per week). and 30 (once per day).



Blood sampling and lipid analysis

Blood samples were obtained in EDTA tubes from individuals after fasting for
12-16 h. Concentrations of plasmaTC, TG and HDL were measured by enzymatic
colorimetry methods (bioMerieux. France) and a VITALAB FLEXOR automated

chemistry analyzer. LDL levels were calculated using Friedewald formula (33). Two

milliliter of plasma samples w w) for DNA extraction.

Total genomigel oxadied\ froo™Bleod using FlexiGene DNA. kit
 a thermocycler (PTC-200, MJ
apo E primers are
GCACGGCTGTCCAA CAGGC and GECGCTCGCGATGGCGCTGAG
, respectively. wl containing 7 pmole of forward
and reverse primeri20( 1 dNTP. 15 | 49 'metyl sulfoxide (DMSO), 1
‘ & r— < |
units of Taq DN# po I Xbuffer supplied by the

] ]

manufacturer. The P R candmnns of apo E gene were as follows: denaturation for 5

i a gsncﬂsug FAABIIA T YR PAY Fuoesting for 1 min a6

°C, and extensmn for 2 min at 72°C. The PCR=product was digested at 37 DC for3h
wit ) B b e bkl 14 1) B pcm produ
was resolved on 15% native polvacrvlamide gel with ethidium bromide staining and
visualized on a UV transluminator. The fragment sizes from polymorphic Hhal were
as follows; E2/E2: 91 bp and 83 bp, E2/E3: 91 bp, 83 bp and 48 bp, E2/E4: 91 bp, 83

bp,72 bpand 48 bp E3/E3: 91 bp, 48 bp and 35 bp, E3/E4: 91 bp, 72 bp and 48 bp,
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E4/E4: 72 bp, 48 bp and 35 bp. From the PCR results, the genotypes and allele

frequencies were calculated.

Statistical analyses

Statistical analysis was carried out using SPSS sofiware. Allelic frequencies

were estimated by gene cound “ thy Pile, biochemical characteristics of the

Vity index were expressed in term

of mean+SD. Comparisons-Hci feen plasma ipic each gender were tested by

\E\,\§l\\ varience (ANOVA) test was

performed to compare ngas ipid parameters, among different genotypes
except LDL and total clyfestrdl in fmelts and\ DL iy total subjects were compared

by using Kruskal-Walligfes Ooaite } was accepted at the P = 0.05

level. Association between sélsinr fapo E alleles was analyzed using
Pearson’ corre]aﬁn te > mulfiple lit i cre used to determine the
concurrent effects bt ab _ .’_r‘_'-»"! plasma glucose. The PA

X apoE phenotype int€raction was tested by linear rc‘ssiun analyses. Dependent

variables wcﬂ %1%%%}%%1“ mﬂ]ﬁ and glucose. The

independent vaMables included main effects thAFA (log PA .i}ldex) and apo E

prenife kb s bbdd 1 X s 1 e e eracion e

(interaction between presence of €4 a[l_:leil._ 9
« ;ﬁ. WR

g
-‘ﬁ.
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Results

Clinical characteristics and plasma lipid concentration in 273 healthy Thais
subjects (age between 20-45 years) are as followed: BMI |, 21.943.9 Kg/m®; Total
cholesterol, 188.3+£35.6 mg/dl; Triglyceride, 75.5+56.6 mg/dl; HDL, 58.5+12.5 mg/dl;

LDL, 117.3+35.5 mg/dl; Glucose, 77.7£12.2 mg/dl and Log PA index, 2.2+1.5 (Table

zg was associated with higher toial
A. The distribution of apo /7

genotypes were 78% fo v_ 9% I o fOr E2/E4, 8.8% for E3/E4, and

0.7% for E4/E4 (Table 30" 4 } \ 859 for €3, 0.1085 for €4 and
0.0645 for €2 (Table 6) he \\\ L tiun. ApoE genotypes were
significantly associated with ot ch‘ ol and tudy population,

p < 0.05 (Table 7). WhilefPAfwas sib ed with total cholesterol, 1.DI.

550

e .
and glucose, p < 0.05 (Table 83— of lipid and glucose concentrations

between apo E polyridyphisms (Table 9.5 w {f€ E4 genotypes (E2/4, E3/4

-- L than the E3 genotypes

and E4/4) had signi ‘:[

J
(E3/3 and E2/3) (p < 0. %) The stepwise mcreases in total cholesterol and LDL from

E2/3, E3/3, Eﬂ%%ﬂ&} %§ WCEJ‘T’} ﬂl% total cholesterol and

LDL were ubscrved in E4/4 genotypé (260.5+84.}5, 183.5+95.46)and lowest in E2/3
s A oL ot € bl M Lo VLD BN i ot e
any lipid and glucose concentrations (Table 10 and 11.) while the presence of &4 allele
resulted in increased total cholesterol and LDL in study population (Table 12.). Results
of regression analyses with apo E entered separately as predictors of total cholesterol
and LDL are presented in Table 13. Using stepwise regression analyses to assess the

simultaneous effects of age, exercise and apo E polymorphism on plasma lipid and
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plasma glucose, it was found that exercise and apo E polymorphism was positively
associated with total cholesterol and LDL (Table 14.). Exercise also had a positive role

on plasma glucose. For age, it was the predictor of triglyceride and HDL only. Due to
no association of plasma lipid and plasma glucose was found in €2 and €3 allele,
therefore we presented results for €4 allele only. No effect of exercise on total

cholesterol and LDL in &4 carrie

AuEINENINeINg
ARANTUNINAY
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Table 3. Clinical characteristics of plasma lipid and plasma glucose concentrations in

273 healthy Thais subjects.

parameters Males Females Total
(n=73) (n=200) (n=273)
Age (Year) 28.247.3 30.8+8.1 30.13£7.9

BMI (Kg/m%) 544 21.7543.8 21.9+3.9

Total cholesterol (mg/dl) 188.3£35.6
Triglyceride (mg/dl) 75.5456.6
HDL (mg/dl) 58.5+12.5
LDL (mg/dl) 117.3£35.5
Glucose (mg/dl) 77.7£12.2
Log PA index 2.21.5

AULINENTNEINS

RN TAUNNINGIAE
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Table 4. Comparison of plasma lipid and plasma glucose concentrations in different

age groups.
Age (years) 20-25 26-35 36-45 P-value
(N =102) (N=9]) N =80
BMI (Kg/m*) 20.7 22.0£3.47 23.38+3.68 0.000
Total cholesterol (mg/dl) | _ T7+38.12 | 193.88+£27.93 0.015
Triglyceride (mg/dl) 1.86 7.37 | 94.54+87.04 0.006
HDL (mg/dl) +123 92 | 5596+£12.74 | 0.008
LDL (mg/dl) _ 80| .14 | 122.15£34.38 | 0.004
Glucose (mg/dl) ‘ 79.45£17.89 0.067
Log PA index : , 2.2%1.52 0.043
P values calculated usi skal-
=
A

AULINENINYINT
ARIANTAUUNINGIA Y



Table 5. Distribution of apo E genotypes in males and females.

27

Apo E genotype

E3/E3 | EME3 | EXE4 | E3/E4 E4/E4 E2/E2

Males (n =73) 57 9 1 4 2 0
(78.0%) | (123%) | (1.4%) | (5.5%) (2.7%) (0%)

Females (n=200) 156 1 Il 20 0 0
(78%) | (10%) (0%) (0%)

Total (n=273) 213 -4 24 2 0
(78.0%)mt™ (5 ) (0.7%) (0%)

Table 6. Allele frequenci

€3

AULINENINYINT
RN TUAMINAY



Table 7. Correlations between BMI, plasma lipid and plasma glucose concentrations

and apoE genotype in study population.

BMI a(gfm*
Total chorema

L
Table 8. Correlations betwe

and PA in study populatios

N

..I
i

(n=

it
|
2 1

NN<

.

Triglyceride (mg/dl)
HDL (mg/dl)
LDL (mg/dl)

Glucose (mg/dl)

FLE‘UEJ’JVIEWI )

MI(Kgm’)

[ Trdbidsdobbaedd 1] 13 Yolode

0.054
=

-0.088
0.024
0.184

0.194

0.377

0.147
0.697
0.002

0.001

28
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Table 9. Comparison of plasma lipid and plasma glucose concentrations among apoE

genotypes in study populations.

N | MeantSD p
Total cholesterol (mg/dl) E3/3 213 185.8967+32.4617 | 0.002

E2/3 19 | 180.8421239.6376
E2/4 192.5333+48.0296
06.3333+38.1218

Triglyceride (mg/dl) 0.635
HDL (mg/dl) 0915
LDL (mg/dl) 0.025%

| |3? 750039.9513

Glucose (mg/dI) E3/3 213 77.9765+13.0045 | 0515
E2/3 19 76.5789+8.9027
E2/4 15 | 81.2000+7.7201
E3/4 24 74.5000+9.1366
E4/4 2 74.5000+10.6066
Total 273 77.7253£12.2229

= P values calculated using Kruskal-Wallis test.
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Table 10. Comparison of plasma lipid and plasma glucose concentrations in study

population with and without £2 allele.

With E2 Without E2 p
(n=19) (n=254)
IBMI (Kg/m”) 22.4438+4.7330 | 21.9117+3.8644 | 0.569

Total cholesterol (mg/dl) | 180.8421+39.6376 | 188.8071+35.3337 | 0.348

Triglyceride (mg/dl) Wll 90005, | 7478742558713 | 0.419

L (mg/dl) :e 8.6417£12.3006 | 0.476

ILDL (mg/dl) - / //ﬂ ‘-\\\\J .8701+35.4267| 0.359

Glucose (mg/dl) j//' /ﬁ i \\\\‘T 11{&12 4448 | 0.673

Table 11. Cﬁmparisﬂn 0

0ge concentrations in study

population with and withg

Without E3 p
(n=60)
9k56+3.6726 | 0.94]

BMI (Kg/m?)

- - - L
-
L5

-
Total cholesterokifng HL67+44.4340 | 0.085

Triglyceride (mg/d i 0.387

0.994

0.065
0.523
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Table12. Comparison of plasma lipid and plasma glucose concentrations in study

population with and without £4 allele.

With E4 Without E4 P
(n=41) (n=232)
BMI (Kg/m?) 21.6708+3.1017 | 21.9979+4.0547 | 0.623

Total cholesterol (mg/dl) |203.9268+45.0801 | 185.4828+33.0370| 0.016

Triglyceride (mg/dl) | 74.9310£56.1132 | 0.670
HDL (mg/dl) _msEaD024] 2, 58.3362+12.4969 | 0.619
LDL (mg/dl) : 0+£32.8431| 0.012
Glucose (mg/dl) 312: | 21+£12.7095 | 0.661
v &
‘No v
Table 13, Regression cienig ¢ f 1t n _ E polymorphism, plasma
lipids and plasma glucose y
N
Total chelgsterol (mg/dl) 0.012

AULABEN
LR

9
Glucose (mg/dl) -0.059 | 0.333
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Table 14. Regression coefficients from stepwise multiple linear regression analyses of
the relation between age. log PA, apoE polymorphism and plasma lipids, plasma

glucose in study population.

Age Log PA apoE genotype
¥ P B P
Total cholesterol (mg/dl) 0.031 0.191 0.001
Triglyceride (mg/dl) - NS
HDL (mg/dl) - NS
LDL (mg/dl) 0.199 | 0.001
Glucose (mg/dl) - NS
Table 15. Regression coelli _-,_‘;-“- : _ plasma glucose and PA and their

interaction terms with £4 allele g ﬁ*"yf’l’y‘ ad plasma glucose.

=3

Total I (me/d )
’élwafﬁﬁ‘ﬂ"iﬁu
DL (mg/dl)

LDL (mg/dl)

Glucose (mg/dl)
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Discussion

Human ape E alleles are polymorphic with significant different frequencies
among different ethnic groups and have been associated with increased risk of coronary
heart disease. The allele frequencies of our study population were similar to previously

report in Asian populations including Chinese, Mongolian, Taiwan, Japanese, and

-aﬂele in different race of Chinese
E3/4 11.33-13.2%, E2/4 1.38-
2%, E4/4 0-1.38%, E2/2"0 200 4,626, 63-80.9°87.5% and o4 4.9-16.4%) (34,
35).The allele frequencigs®ir {l : N | Chinese, Malays and Asian
Indians) in the Singapog e 5%, £3 71.5-85.3% and €4 8.5-
18% (36). However, the es in previous healthy Thais
study were E3/3 81.1%, E4/4 0.9%, E2/2 5.5% which
slightly different from our study o £E¢ e inconsistent data, partly due to the

common pitfalls in these b inadequate sample size

and population stratifieat) “imns, Germans) tend to have
J ';'J

higher frequencies of e 54 allele than southem uropeans (French, Italians).

Nigerians, Japaﬂ%’}ﬂw %dWTH q ﬂ1§s have relatively low

ﬁ*“"“““?qijﬁié’mmu PN DD e

correlate with stepwise increases in TC and LDL. In Caucasian population, TC and
LDL increased in the order E2/2<E2/3< E2/4<E3/3<E3/4 in both genders, and HDL
and apo A-l levels decreased in that order in women, but not in men (39). €4 carriers

have higher TC and LDL while E3/3 has lower TC and LLDL. High levels of LDL have

been associated with increased risk of CHD. Apo E contributes more to normal
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cholesterol variability than any other gene identified thus far in cholesterol metabolism
(40). In general, €2 lowers TC levels and €4 raise them. However, no effect of £2 was
found in our study. Ilveskoski el al concluded that 4 is a significant genetic risk factor
for coronary artherosclerosis in early middle age but that it loses its importance with

age (41). Myocardial infarction survivors carrying the €4 allele have an 80% increased

risk of dying compared with o - H
— 1 &id& is influenced by apo E

The association befween-PPA apd

{otal ch hol ssterol and LDL in our study.

\\\ cagriers. Cholesterol adsorption

-

\\\\

Y>E3/3>E4 (43). Moreover, apo

phenotype. PA was posilive
The effect of PA on plasg

efficiency from the i <E3/3<E4 and the LDL

catabolic rate from plasiy

" \
E4 binds to VLDL with ifghét affinftv-compa \ apo E2 and apoE3 (44). The
'r L) . . .
mechanism in €4 carriers is effec {“"_—&1 override the possible metabolic effect
7)) 778

of PA on TC and LDT} 1 Te had significantly greater

LY
g %
§ :'; quent to exercise training.

U
Conversely, another studi' reported that h rtensive individuals with a £2 allele

exhibited s nessﬂrﬁslo&&% mmmm fobpressre afer exercise

training ﬁ} ﬂﬁﬁh 3% Ej allele. It was
suggestedgthat apo gennf E an interac positively and ne atively with exercise

(45).

increases in HDL ‘uf-?
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Conclusion

Apo E was one of the first polymorphisms associated with cardiovascular
disease 1o be studied thoroughly in both health and disease. It influences lipoprotein

metabolism and the plasma concentration of TC, LDL and confers a risk for CHD.

Asian populations including Thais h [ e|atively lower frequencies of €2 allele than

Caucasian populations. TC and Ll A i f‘apo E phenotypes which increased in

the order E2/3<E3/3<E2% mee of 4 allele is associated with

higher TC and LDL. Tae"0€et00s in plasma TCand LDL between subjects with
different apo E phenef¥p /

Exercise did not affeeftheft Sterp| 3 | DD Lyin'e4 carriers.

AULINENINYINS
RN TUAMINAY
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Suggestion for further work

Due to gene-exercise interactions is essential to improving human health and
performance both in healthy subjects and patients. The effect of PA on plasma lipid
and apolipoprotein should be further studied in subjects with various types of

a. exercise in fitness center, aerobic dance,

supervised exercise training such a

genes involved in lipi as-apolipoprotein All (apo All),
apolipoprotein AI-CIl e £ Juster po fw\“ i), apolipoprotein E (apoE),

-

1lesteroly7 a-hydroxylase (CYP7a),

\
hepatic lipase (HL), \ “{ M should also be studied in our

Thai population.

AULINENINYINS
RINNTUUNININY
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