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ABSTRACT Apalipo prolcins play an importang rode
in Hpid trnnspon s humes body; storting from absdnp-
s of processed deetary lipids from the saogenous
T R T e e e A
wolving extra i cells Promssing in
liver. Aloag with vamous enzymes ihe binding chami:
tenistics of apolipoproteing are the main delerminenis
in lipid metabolizm sn the body, The bimding charncer-
isiscs are niwm dependant on the sming &l iequence
amd msolecular siructure of the apolipoprotein. The
venious apo proteins identifeed 1o dase, thelr sinscture
amd genetics are discussed. The polymorphisms sl the
apo protein locn deteciod al bsochensical level and re-
paired for various world populations are listed. The
elfect to genelic hoterogengity an the lipid level in
bealth and disesss s alio delineaied.

ESTRODLCTHOM

The plasma lipid levels in man are determined
by the net wumover of all the exogenous and
endogenous lipid transport and metabolism, This
lipid transport as well as metabolism are effected
through the intervention of various prodeins viz.
the apolipoproteins, the lipo protein modifying
enzymes, (he receplors and the enzymes in-
wolved in cellular lipid metabolism. The complex
interaction between all these genes and envi-
ronmental factors viz. diet, exercise and life style
efc. account for the quantitative variation in
plasmn lipid levels as well as the susceptibility
to variows diseases. It is only recently that we
have been able to delineate some of these inter-
actions. This review i3 confined to the genetic
heteropzneity of apolipoprotzing at biochemi-
cal level, reporied among various populations
and its role in the quantitative variability ob-
served in lipid level. Firstly an outline of the role
of apolipoproteins in lipid transpont in man.

Exogenous lipid transport involves the ab-
sorption of processed dietary triglycerides (TG)
and cholesterol {Ch) in the intestines and their

packaging into the intestinal epithelial cells as
large TG and Ch containing chylomicrons. The
chylomicrons are constituted from intestinal
forms of apolipoprodeins apoB-48, A-Tand A-TV.
In the blood circulation they acquire apo C-11,
which is a cofactor for lipo protein lipase (LPL)
enzyme. The LPL present in the endothelial cells
of the capillaries, hydrolyses the chylomicron
core TG to chodestery] ester (CE-rich chylo mi-
crom rempant; with transfer of apoE from HDL 1o
the remnant, Other surface components of
chylomicron viz, phospholipids and apolipo pro-
teins get fransfered to HDL duning lipolysis. The
chylomicron remnants are catabolised in the
hepatic cells. The catabolism is focilitated by
the recognition of apoE present on the surface
of the remnant by s receplors on the hepatic
cells.

Endogenous lipid transport comprises of
production and secretion of very low density
lipoprateins (VLDL ) by liver and thedr iranspsort
in the plasma. The YLDL are constituted from
the liver form of apoB- 100, C-11 and apoE. The
YLDL iriglycerides are hydrolysed by LPL form-
ing intermediate density lipo proteins (IDL)
which are either cleared from plasma by hepatic
LDL receptors which recognize and bind apoE
or IDL. IDL. are lipolysed by hepatic inglycends
lipase (HTGL ) resubting in formation of Low Den-
sity Lipo proteins (LDL). The LDL genermed is
gither cleared by liver which recognizes apoB
and the mediation of LDL recepiors on liver or il
is modified. The modified LDL is then lipolysed
by mediation of recepiors on macrophages and
endalbelial cells (these two types of cells are
also involved in the initial stages of atheros
clerosis),

Reverse Cholesterol transport refers to the
liver as the main clearing house for cholesterol,
The process involves nascent HIXL. attracting
free Ch from extra hepatic cells, The Ch is
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esterified in the plasma by lecithin cholesterol
acyliransferase (LCAT), which utilizes apoaAld
from HDWL as a gofactor. Along with Cholesteryl
ester (CE}, new surface components are added
o0 HOL to form mature HOL. The HDL-CE i1
rransferred to VLDL, IDL 10 LDL with the medis-
tion of chlorestery| ester transfer protein (CETP).
The lipoproteins are inturn catabolised by liver
{Breshow, 1988,

The molecular structure of the apo prolein
determines its lipid binding characteristics and
consequently the fate of the lipid, Lipid trans-
port e it inthe form of VDL, LDL of HDL thus
imvolves genetic endowment of the individual
to a significant extent. The apolipoprotein con-
stitucnis delineated so far are listed in able |
according to their eccurrence in various lipopro-

Tatkde 1: Constitwents of variows lipoprotein Trac-

lisng
Wery low  Low dessiny Migh deesiry
densiry
lipwprorein lipeprowin  Bpaproteia
{VLEHL) (LI} (HLL)
Elcetraphoretic  Pre-f B B
mobility
Apolipa- ApcB-l00  Apajad Apad-l
prodeim ApoC-1  ApoB-100 ApoA-ll
crmpnailion Apel-11 Apal-1 Apod-1¥
ApoCadll ApoC-l] AupeniCal
Apald ApaC-111 Apel-11
ApoE ApaC-Il
ApaH Apal
ApoE
Apanl
Triglyceride - &R =10 - 1L 5%
Cholesacernl =17% =H0% -31%
Fhospholipad -2% -30%: -50%

tein fractions obtained by oltra centrifugations
wiz, the very low density lipoprotein (VLDLY, the
low density lipoprotein (LDL) and the high den-
sty ipoprotein (HDL ).

The distinctive apolipoprotcins character-
fed 1o date on the basis of their molecular weight,
amino acid composition, [soeleciric point, con-
centration in plasma and the chromosomal lo-
calisation of their genes are listed in table 2. Thair
physio-chemical charncteristics and genetic het-
erogensity is discussed by listing them in an
alphabetical order, The generally accepied
"ABC pomenclature (Alaupovic 1971 ) as lisied
intable 3 has been followed, The table also gives
synonyms used in the lilerature.

Apofa) is a major apolipo protein found in
the Lpia) lipe protein particle (Uterman et al.
1989}, The Lp(a) particle is a genetic variant of
LDL, in which ApoB is associoted with apofa)
which carries the antigen Lpia), Lpia) gene has
been localised to chromaosome 6 and found o
bee linked to the plasminogen gene. Al structural
level too it shows sequence homology 1o
plasminogen. Iis structure shows 38 blocks of
repeating units of |14 amino acids. The first 37
resemble closely the kringle TV and repeat 38
resembles kringle V of plasminogen. After the
repeats lie the protease domain which has the
His/Asp/Ser catalylic domain as seen in
plasminogen, In addition to their structural ho-
medogy the 1wo penes are linked on the chromo-
some 6{Lindal e al. 1989, Several studies have
reported an association between clevated lev-
els of Lpia) and premature development of
athero- sclerozis (Brown and Goldstein, 1987).

Table I: Properiies af human serum apolipsproieing

Apaiipaprotein Molecular plaf major Conc. in Plarsea B F i i e[
wrigphi (D) {roforms [ M pdiy localing

#-l 18,016 5.6 100150 Iigl3
Apo Al 17.414 4.9 0.7 Lq]l -2 2
Apo A1V 46,000 5 15-5.65 d-i5 11gla
Apo B- 100 S0, DO - E0-121 224
Apo B-48 150, Q0 - L8] Igls
Apo C-] & 630 10 5-10 19cem-yl3.2
Apo C-11 814 4.7 1.5 |9cen-gll1.2
Apo C-111 £ 764 4.4 7-12 I1gl3
Apo [ 19,303 53 T-12 3
Apo E 14,128 13 4-14 I9cen-gll1.2
Apo H 43, 04K 9.5 Ta 2
Apa ) 14 Ok 39 000 449.%4 io
Apo ial . i-150 &




APOLIPOFROTEIN POLYMORPHISM 1N MAN-IT'S ROLE IN HEALTH AND DISEASE 105

Tahle 31 Classification of Apolipoprateins

AR - Tersminal Synomyms
namen-
elutuFe
Apo A-l  Gletamine Frachion 111 apo-LP-Gin-1
Apn A-ll  Gleiamine Praction [V apo:LP-Gln-11
Apo B Serine apo=LP-Ser
Apa C-1  Sefine Fraction ¥ apa-LP-Ser
Apo C-11  Glummic Frection ¥ apo=LIF-Gilu
neul
Apo C-111 Alonime  Fraction W apo-LP-Ala
fpo I Thin line
polypeptide
Apa E Alanine Arginane meh
peptide

Cuantitative Lpia) levels in human plasma var-
ies from 1-15 mg/dl, determined directly by a
mieltiallelic polymorphism at the APO(a) stnac-
neral locus, Kamboh et al_ {1991) detected at least
24 alleles with an estimated mean heterozy gosity
of 94%, which remains the highest value yet re-
ported for any protein coding locus due to an
expressed hyper variable region within the cod-
ing region of the gene (Table 4). In a recent
Kikuchi et al, {1993) have reported 26 alleles ai
the locus amongst Japanese and Chinese
populations wsing gradient PAGE. Apo(a) ge-
netic variants have been observed 1o effect HDL
levels (Hegele et al | 1991,

Apo-Al is a major component of the HDL

fraction. lis serum concentration have been
Fournd 1o be inversaly comelated with atheroscle-
rigis (Blangero el al., 195900, It is one of the genes
of the AI-CII-ATV cluster on Chromosome 11,
Study of rare mutations af Al locus indicate that
apo Al 15 required for normal HDL assembly
{Karathanasis, 1992). Apo-Al is secreted as pro
apo Al and matured by extacellular cleavage of
an amino terminal hexapeptide by hethero un-
known propeptidase. By stodying Apo - Al vari-
ants in which proline residues at positions 3 or 4
were substituted by other aminoacids it was es-
tablished that these were imporiant structwral
requirements for the normal processing of the
apo=Al {von Eckandsiein et al.. 1939, The Apo-
Al has been found 1o be monomeorphic inall the
populations studied todate. Its vaniants have
been associated with high inglyeeride levels and
CHD,

Apa-AlY another component of HDL frac-
tion may be invelved in the transfer of Apo-CII
1o chiylomicrons (Goldberg etal., 1990) and thus
in the reverse cholesterol transport, Tis level were
ohserved 1o be reduced in abstalipoproieinemia
and Tangier's disease. It is also chserved to be
an activator for plasma enzyme becithin choles-
terl acyitransferise (LCAT). Sepehmia and co-
warkers (1988 have reported polymorphism at
the locus amongst various populations of the
world (Table 4). Apo-AIV exhibiis genetic

Tuble 4: Disiribution of apolipspratein () sllele frequencies amangst varfous populatiens of the

warld
Papaletinn Alfele frequencier
UEA (il WN=0.0&1; =0, 007 2=0.047;
Apo{a) J=0.014; d=0.061; S=0.0ES; =043
Tel) 023, H=il.118; LB ELH 10=4.093;
1 1= 048 12={.029; 13=0.057; 14=0.021;
15=000E2; 16=0.032; 1 Tel) 154 I B=1. 046
19=0.004; 20=10.004; I =0.004; 2=01.014;
23=00.004,
lapasese inully MN=0.098; 3=0.007; T=p D%
B=0000%, U=, 0007 10=0.025; 1 =0.008;
13=0.043; 13=0.029; ld=0.03k; 15=0.076;
1 elh (59 17w 134 18 =ih 84, 10=4).10%;
=0 103; I1=0.064; 22=0 63, 23={) 24
Ta4=0.012; =) 002
Chenese (mully MNel.094; | =005, A=0.01%;
dlb DY ; =11 00%; [, DH1E; Tl 161 5 ;
B0 0035, 9=0.034; 1 0=00.0%4; I b= 02,
13=00%; 13=41025; | 4=l 054, 1 5= 048
I Bl D66 17=0.065; 1 8=0. 04 1%=0. | 3i;
s0={F.0E1,; T =4L195; 21w 048 23=0L024,;

2ad={.010.
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pelymorphism. The two most common alleles
show a single G to T substitution at codon 360
leading to a repiacement of glutamine with a
histidine {Lohse et al., 19900 Other less frequent
alleles idenified are Apo- ATV, Apo-ATY 3, Apo-,
Apo-AIVE, Apo-ATVE and Apo- ATV T among the
Migerian population (Menzel et al,, 1988). Apo B
15 a major apa prodein in the LDL, VILDL and
Chylomicron fraction. Apo B occures naturally
in twa closely related forms apo B- 100 and apoB-
48 encoded by the same gene. Apo B- 100 is syn-
thesized by the liver and is required for the as-
sembly and secretion of the VDL, It is also &
constituent of the LP{a) particle where it is
covalently linked to the apo (a) {Ganbatz et al.,
1983 It also functions as a physiological ligand
for LDL receptor and is responsible for receptor
mediated catabolism of LDL., The apo B-100 gene
shows only partial hemology 1o the soluble
apelipoproteins (De Louf etal., 1987). Apo B-48
associated mainly with chylomicrons and
chylomicron remnants is synthesized solely by
intestines, Apo B- 100 consists of 4536 amino
acids in a single polypeptide chain. The Apo B-
B represents the amino-lerminal 47% of Apo B-
DO, Grenetic abmormalities of Apo B- 100 result
in adecreased “in viire" binding of LDL o their
receptor and hence reduced “in viva™ catabo-
lism of LDL as identified in some hyper
chobesterolemic patients {Innerarity e al., 1987),
Among these patients it was identified that a
single substitution ot base 11039 (0 o A) leads
10 an argining to ghetamine change in a mature
protein st an 33,

Apo-Cl s a constituent common 10 all the
lipo prodein fractions of the serum and is a mem-
ber of the apolipoprotein cluster 11 located on
chromosome 19 cen-q 13.2, Itis a TKD protein
with apl 7.5 and a serine residue at its c-terminal
{Herbert et al., 1971). It has been assigned the
function of LCAT (Lecithin cholesterol
acyliransfernse) activation,

Apo C-11is a 98D protein with a pl 4.9, found
in the HDL and VILDL fractions. lis carboxy fer-
minal aming acid is glutamic acid (Herbertetal.,
19715 It is an essential cofacior for hydrolysis
of irighyceride rich particles by LPL as they are
responsible for activation of LPL (Goldberg el
al., 19900, Mutation at this locus may result in
Familial hyper chylomicronamia {Type 13 The

protein has been found 1o be monomorphic
amongst the Cavcasian populations. Four alleles
Apo C-T1 1,2,3 and 4 (Table 4) unigue 1o Migenan
Blacks and U.5. Blacks have been reported
{Sepherniaet al_, 1988a). Apo C-111 is a 9KD pro-
tein with its isoforms at pl 4,7-5.0, [ts genc is a
member of the Apo A-l, C-1II, and A-IV gene
chuzter (McKusick, 1987) on chromosome 11g13.
It functions as a Lipase inhibitor, In a family ex-
hibiting Hyper alphalipo proteinemia a lowered
serum C-[11 was observed, The apo C-111 vaniant
{Lys 58-Gilu) isoprotein was present of o lowered
concentration resulting in incressed lipolysis
and a consequential increase in HDL.,

ApoDis a I3ED protein with isoproteins in
the range of pl5.0-5.2. Iis function is not very
well undersiood but it has a stabilising effect on
LCAT and hence may be involved in cholesterol
esterification and its transport to liver for ca-
tabolism. The gene has been localized 1o chro-
mosome 3. The protein has been found 1o be
monomorphic amongst all the populations stud-
ied so far except Migerian and U5, Blacks
{Kamboh et al., 1991a) amoagst whom two alleles
Apo D1 and Apo D2 were observed {Table 43,

Apo-E is an arginine rich glycoprotsin made
up of a single polypeptide chain of 3BKD with
isoproteins with the pl 5,7-6.0 (Rall etal., 1981).
Apo E is a component of VLDL., IDL and HDL
fractions of the plasma. [t serves as o ligand for
the chylomicron remnant receptor and LDL
receptor present on the liver cellplasma mem-
brane {Pitas et al,, 1981 ). The gene for Apo E is
located in the apolipoprotein cluster I on chro-
mosome 19 cen-13.2, Three common alleles (Ta-
bie 4} have been detected al the locus by
ispelectric focusing Apo E2, Apo E3 and Apo
E4 {Kambaoh ctal., 1988). Apo B2 frequency was
found to be increased in hyper lipoproteiremia
Type I {Utermann et al., 1978). Apo E genoiype
has been observed (o effect the plasma choles-
terol level in man. In all reported studies amongst
various populations, the average effect of Apo
EZ allele is to lower total cholesterol and that of
Apo E4 to raise total cholesterol level (Hallman
ecal., 1991 ; Kniffeq al., 1993),

APD EA allele has been implicated in the com-
mon late onset familial and sporadic forms of
Alzheimer's disease, The risk was found to in-
crease from 209% o 90% and mean age al onsel
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Table 5: Distribution of apelipopretein allele frequencles amongsi various popalstions of ihe world

Locwus Popalaiion Alleler
Apo A1 Apo A-1V1 Apa A-IW2 Obsere
US. Whiles 0.90% D.OEE 0,03
U.S, Blacks 0961 0035 0004
Germans 923 0.oTs ko2
Maiwef lass 1950 n.osa -
Migerians 984 0003 0003 A-1V4
015 A-I¥S
0003 AIWE
{LORZ A-1¥T
Apa C-T1 Apa C-101 Apo C-117 Apo C-113 Apo C-lla
Migerian Blacks 0.o41 o.0%54 0.0 [1 01 [x]]
Whines Monomarphic
Apo v Apo DI Apo DZ
LS, Hlacks 987 Dols
Migeriam Blacks 0978 D.O2z
S, Whies ¥
Dogrils Indians )
Mayan Indinns ) Monomaomphic
Aleuio ]
Eskimas ]
Apn E Apo BI Apo B3 Apo E4
Derman B.0ORD 0,770 0. 150
USA. 0.009 0,770 o, 140
Mew Fealand 120 0. 740 o, 1440
Eootland 0.0OBD 0,770 0,150
Fimland 080 0,730 0,130
lapanose 040 0.E50 RN ]
Megrnes 0027 0677 0,2%
Migerian Blacks 0027 0.&7T 0,204
Apa H Apo HI Apa HE Apa HA Apa H4
L&, Whibes .060 080 0.060 .
L5 Blacks 0,020 0,901 0,070 Q.00
Migerian Blacks 0oL 0.E0S 0.07% 0021
Apa ) Apo 11 Apa 1T Apan I3
L%, Whites Monomorphic
L1.5. Blacks 0, T 0,237 0,003
Migerian Blacks 0,720 0,230 0,00}
from B4 10 68 vears with increasing number of REFEREMCES

Apo E4 alleles. Homozy gosity for Apo E4 was
seen as a sure indicator of development of the
condition by age 80,

Apo H gene has been provisionally Jocal-
ised to chromosome 17, The protein has been
found to be polyvmorphic { Table 4) amongst vari=
ous populations studied {Breslow, 1988).

Apo J is found associated with HDL fraction
in the plasma (de Silva et al., 1990}, lis a
glycoprotein with two sulfide linked subunits apo
Ja{34-36KD) and apo J4 (36- 39KD) with a pl 4,9-
5.4. The genctic polymorphizm was detectable
only amongst the populations of African origin
possessing two unique alleles Apo J1 and Apo
J2 (Table 53, for other populations the loeus was
Found to be monomorphic (Kamboh et al., 19916}
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