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Abstract - Lipoproteln (a) [Lpial] is forned by assenhly of
LIM -particles the
apelipaproteinfio) [apoia) |, Elevated plosma Lpia) levels are an

and carbolivdrate  rick  protefs,
frdependent predictor of the development of premature cororary
artery disease (CAD), but it is not clear whether e apoia)
tvoforme plovs an additional and fndependent role or not, To
investipate the possible effect of apofa) fsoform on premature
CAD fin patients <35 vears of agel, we have aralyzed apofa)
tafornes, Lpfa) level and thefr reliation with many recongnized
CADY risk factors, in 60 male pationts with angioprapfically
defined CADY and in 60 male control with no angivgraphic
evidence af CAIL The results show elevated Lpfa) concentration
(2945160, ve 165299 p< 00 and freguency of 52 ivofarm
(31 7%, ve 6,7% p<0.01) ard B isoform (10% vs 1.7% p<0.01)
fr patients with prematiee CAD, Patfents with 52 iseform
exhibited sigrificantly Mipher plasma Lpfa) concenfration ihan
control subject with the sume isoform (308250 vs 2005269,
poofl05), bet potient with B isoform eclibited oo signifcont
Lpfu) concentration us compared to the confrols (4952946 vs
d3) In addition, all paticnts had a low frequency of 54 amd nall
ixaforms. The disteibution of apefa) [raforms was signifeantly
shiffed fowards small oform size (hand 52) in the CAIY as
campared to the controls, This study provides evidence that CAD
pofical <55 years of age have a different pattern of apefa)
isaforms Man eonteols, and therefore apela) oform may play
an imporfant rele in predicting premainre CAI,
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INTRODUCTION

Lipoprotein(a) [Lp(a)] is & complex macromolecule
in human plasma that consists of low density lipoprotein
(LML) and a0 large  gleeoprotein designated
apolipoprotein{a) [apofa)] (1. Apofa) is lnked by o
disulfide bond 1o the apoB-100 component of LIL {23
Lp{a) concentralion is increasingly recongnized to be
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associated  guantitatively with coronary artery  discase
(CADN. Tt ois also predicatve of cardiac events and s
therefore o true sk factor for CAD (34). The
mechanism by which Lpla) concentration and cardiac
events are related is oot known (4. Fless et oal and
Wermann el 4l found that the apofa) glycoprolein
varjed I size among  individuals {33 The gene for
apafi) has been localized on chromosome G 2.6 - 2.7,
It codes for a pratein with a high degree of homology
ter plasminogen (6} Different apofa) isoforms originally
desipnated F, B, 51, 52, 53, 54, = 34 which range in
size from about 280 KD to = 830 KID were described
(1}

Tor investigate the possiple role of apofa) isoform
on premature CAD, we examined plasma Lpla) levels,
apofa)  isaforms  and  their relation  with  many
recongnized CAID risk factors inoa group of male
pateinls with angiographically defined CAD and in oa
male control subjects so0 that both groups were matched
for age and body mass index (BMI.

MATERIALS AND METHODS

A control group of 60 men were obtained from D
Shariati  hospital; they were selected from  patents
referred o the cardiology division for sospected CAL,
they had not any angiography for CATX The paticnts
group consisted of o) men admitted o the cardiology
division of the Dr Shariati hespital because of
premature CATY, and  all of these suhjects had
angiographically  proven CAT. Diagnostic selective
coronary angiography was performed in all patients o
eviluate the extent of coronary disease. According o
the Crensing scoring system and Peardon procedure and
the hasis of coronary atherosclerosis score all patients
were choiced as positive CAD (CAD+) (TR All
subjects were guestioned  for the family  history  of
prematiere CAD, presence  of matabolic disorders,
diabetis mellitus, cigarette smoking, alechol intake and
drug wse. In all subjects, weight and height were
measured al the time of admission and BMI were



calculated (%), Systemic hypertension was defined either
as sstolic blood pressure = 160 mmHg andior
diastalic hlood pressure 2= 95 mmHg in the presence
of antibypertensive therapy. Positive famity history for
CAD was defined as having one first-degree relative or
one sibling who had had an acute myocardial infarction
before age 55 years, Cigarette smokea was defined as
the one who smokes an average = 5 cigarettes per day,
and finally all individuals had Iranian origins.

Total cholesterol, trighycerides and  high  density
lippprotein  (HDL-C) in serum  were measured by
emovmatic methods  with commerical  kits,  The
concentration of low densily lipoprotein  cholesterol
{LDL-C) was caleulated with the formula of Friedwalel
al (103 Lp{a) levels were determined by nephelometric
procedure (11}

The apola) siee isoforms were determined by a high
resalation  SDS-agarose  electrophoresis,  follosed Ty
immunoblotting which was hased on the description
made by Ultermann and Kamboh et al (11-14).
Reduction of the specimens was performed by mixing
0wl of serum with 85 pl Lpfa) specimen, buoffer
[containing 4 ml SDS (50 g1 in water), 800 ul of 750
mld ghyeerol solution and 200 ul of 10 &1 bromophenol
blue reagent] and 5wl mercaptocthanol, and leaving ail
room  temperature for 20-30 minutes to o allow for
reduction  of  the  serums, The standard  was
reconstituled and then treated in the same way as
serum samples,

In the second step, isoforms were separated
according  to their molecular  weights by
SDS-polyacrylamide/ agarose gel electrophoresis. For
the preparation of separating gel we used 25 ml 0.4%
D5 with tris HCL (pH:B.8, C:L5 mold) and 750mg
agarose plus 625 ml agua bBidest. After heating this
mixture in & boiling water hath for approx 15 minutes
until the agarose completely melted, 125 ml
monomeric stock solution [acrylamide 30%, Bis [N, N’
methylenebis acrylamide 0.8%] was added and afler
cooling the selution to 607 C, 150 xl TEMED and 2.5
ml of o 10% ammoniom persulfate solution was added
and immediately injected between 2 prewarmed  glass
plates, After 30 minutes, the collection gel containing
0.5 ml monomeric stock solution and 1,25 ml collection
buffer (SDS 0.4% Tris™HCL (pH=6.8, (L5 mold) plus
3.25 ml aqua hidest and 12 | wl TEMED and finally
150wl ammonium  persulfate  (10%) was  injected
between two glass plates and overlaid the separating
gel. After polymerization was completed, 50 upl of the
pretreated specimen was placed info the gel by means
of & Hamilton syringe. Electrophoresis was carried out
dat constant current of 25 mA for approximately 3 hours
with electrophoresis buffer {25 mmaold tris, 0,2 moll
glycine, 0L1% 518, pH E.3-8.6),

In arder 1o transfer the separated proteins from the
gel 1o the mitrocellulose membrane, we used a flat

[ ]
L

Acia Medica Iranica, Vol 38, No 4 (200

vessel, transfer buffer (25 mol/l s, 0.2 mold ghyoine,
2%  methanol) and prepared fransfer sandwich.
Transfer was carmied out at constant voltage of 50 volts
to approximately 15 hours. In pext step, after blocking
the remaining protein-hinding sites for 435 minutes with
3% bovine albumin solation, the memberane was
incubated using a 1500 polyclopal sheep antiserum
Lpfa) solution (Immuno-AG, Vienna, Austria) as the
first antibody and a 1:500 alkalinge phosphatase labeled
rabbit antisheep Igli solution (Immuno AG, Vienna,
Awustriz) as the second  amtibody, Aller  extensive
wishing the membrane was visualized using a substrate
of the enzyme (13-15).

RESULTS

The clinical characteristics of two subject groups
studied are showm in Table 1.

Patient with CAID were approximately older and
had HMI and systolic blood pressure higher than the
contral group.

Table L. Clinical characteristics and fasting plasma lipid,
Lp{a}). lipoprotein levels in pateints =55 years of age with
CAD and in control subjects

control patient (n=fil

(n=00)
Crenetic - geographic ongin Iranian [ranian
Agevears) 44x9 4717
Body mass index (kg/mZ2) 228+28 26+29
Smoker 20 33.3) 31 (517
Systemic hypertension L2020 28(46.7)
Positive family history 5 (8.3 23381
for CAIY =55 years of age
Total cholesterol 197+31 19719
LIYL-cholestern] 12122 129+21
HIM ~cholesterol 45575 REES
Trighycerides 14l +41.5 185x14
Lpia) 16.5+99 2942160

The number in parentheses indicates the percent value.
Lipids are expressed in mgfdl. Values are mean = S0

The frequency of systemic hypertension (p<(L0013,
smokers (p<0.01) and positive family history of
premature CAD (p=0.001) were significantly higher in
the patients than in the control group. Patients with
CAD had higher concentration of Lp{a) (p <0.01) and
the concentration of total cholesteral, LIDL cholesterol
and triglyceride was not significantly different berween
both groups. The frequency of distnbution of plasma
Lp(a) lewels in the patient group was shifted to the right
compared with the control group, It was interesting o
note that 16.67% of patients, but none of the control
subjects, had a concentration of Lp(a) =55 mg/dl.
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Table 2. Frequency of apolipoprotein(a) isoforms and lipoprotein{a) concentration in patients <53 years of age with CAD and in

control subjects

Coniral Subjecis Fatients

Frequency [pia) Frequency Lpia)
1stlorm Mo ] (mgtdlx=50 M (%5 (gl =s5h
[+ 1 1.7 45 fr 10 405946
51 2z 33 FARTE R B 1 I 25
52 4 6.7 20.5+06.9 14 us MWAE15Y
33 13 217 21x7 12 20 200+3T
L8 23 JE3 17224 % L3 15782057
Mull a L3 28+232 2 i3 45425
5052 Z A3 22oxd45 2 A 2544
SI83 - . 1 LT 47
5253 1 1t 4H d4 ER] Frx17.4
5ER4 I L 249
5354 3 B 3 5§ I7x0.5

12.4+5.31

Table 3. Mlasma ligid, lipopratein, and apalipaprotein levels in patients <55 vears of age with CAD and in conteol subjects

accarding o ppalipoproeinia) sofonms

Comtral Subjects
Laowe Molecular

Fligh Maolecular

Wieighe Weight
Mumber of p:nm:ms' ) b 50
Tonal cholesteral 1HO+25 205435
LLIXL chalesieral 1Th+16 127425
HIML cholesternl 41 +5 4627
Trighveerides 145236 135247
Lpia) 24,129

147228

Fatients

Lavw Malecular High Molecular

Wil Weight
25 2
195226 19928
[Z3+19 130=23
Ar+d ATen
L6723 159 x34
4032213

17427

Values are mean =50
Lipids are expressed in mghdl

Apofa) isaform in the patients and control subjects
wis deternuned. Hesalts bave been showm inotable 2
The pereentage of 52 soforms was sigificantly higher in
Lthe patient group than in the control group (3174 vs
0.7% p<001), therefore the 52 soform accured 4.7
fold @5 clien in patient group than i the control group
and B isaform was more in patients compared o the
conlrol subjects (1065 ws L7 p<000), therefore the T3
iseforms occured O fold as often in patient group than
in the contral group,

Table 2 also shows mean (2500) levels of Lpia)
associared with Lthe various soforms in hoth patients
and conmiral subjects, Patents with 52 isoform had
significantly  bigher plasma Lpfa) level than control
stbjects carrving the same isaform {p-<(L03].

I table 3 the lipid, lipoprotein and apalipoprotsin
levels according o apofa) molecolar weight: high (83,
S and null isoforms) and low malecelar weight (B, 51
and 52 soforms) are summanzed. The HDLAC level
wa significantly lower (p=0L003} in paticnts with high
molecular weight isoforms than in the corresponding
group of contral suljects,

Finally paticnts with low malecular weight isoforms

had sigmficantly higher concentraticns of Lpja) than
control subjects with the same isoforms (pe=iuoe),

DISCUSSION

Similar to Bowden et al studies, our study has also
shown thal circelating Lpa) levels and apofa) soform
play s additional rode i the development of CAL.
Lpla) levels ure significantly increased in patient group
as comparad 1o control sabject and besides, paticnts
hied & pattern of apofa) isalorms that was significantly
different Trom control subject. To this study, a sensitive
method was used o separate and  classify  apofa)
Boforms into & categories of soform mohility as the
original & LNerman isoform classes (13, 17, 185 This
study showed that a high frequency of 52 and B
saforms of apofal, and comversely, i low frequency of
s isnlorm were observed i patients. A major finding
in this study s the high frequency of 82 soform that is
strictly refated 1o the reduction of 54 salorms in
patients. This fnding could expluin the higher Lpta)
levels of the patients. However patients with 52 soform

exhibited  signilicantly hagher plasma La)



concentration than contral subjects carrving the same
apafa) isoform (19 Our study confirmed the Kark et
al studies that low molecular weight iscform (parficuelary
521 have  important role in the  eticlogy  of
atherosclerotic disease (2000 Huot ouor finding  were
slightly different 1o the results that low molecular
weighl soforms were mdependent of plasma Lpia)
leviels in Tsraelis populations (200, An association of low
molecular weight soform with symptomatic peripheral
atherosclerosis has also been demonstrated, and also
our results conform with study results m the Chinese
and  Indian  populations showing  that Lpia)
concentration was elevaled in patients with 52 isoform
compared o contrals (2320,

The explanution for the significant  variation in
Lpday levels between patients @md control subjects with
the siume 52 sotorm iz not simple. Ooly a few stodies
onom ovive metabolism of Lpla) in human have been
reparted, and all of them conclude that the variation in
Lpiay levels s cavsed primanly by difference in Lpla)
production rate, but i not due to differences in Lpia)
catabolism (23, 247 Ower study resulls hove shown that
patienl with B isoform exhibit no significant Lpia)
concentration  as  comparcd W the  control b
comversely o high Mrequence of T isoform are observed
in patients compared 10 the control groups, Rader e al
clearly showed that in healthy control subjects, the
fractional catabolic rate of 54 Lpia) was absolutely
vnrclkited o plasma Lpla) levels, whereas a oertam
inverse  correlation between 20 wvariables
demonstrated for 52 isoform (22, 23) Therefore, the
Righer Lpla) levels in patients with 52 isoform couald
dlser be explined by a decreased fractional catabolic
rate of Lpa) particles compared to the control subjects
carrying the same isofoon (24.25)0 Ouor resulls show
that the frequency of 5253 double-band isclorms was
higher in paticnts than in econtral subjects, and the
frequency of 5354 double bond soforms was loser in
patients thun m contral, This resalt would conlrm -cata
from a previcus study on the importance of 5283
douile - hond saforms as a sk factor Tor CALD (26).

Finally the results of our study demonsirale the risk
of high Lpfa) levels and association of this phenomenon
with high requency of low molecular seight isoform,
and provides a conficmed evidence tha predicates of
premature CAD in patient with <53 years of age.

REFERENCES

WiIs

1. thermann G. The mysterics of Lpia). Science. 246:
Q- 1R,

2, Lraubalz W, Chari MW, Nava ML, Guylten IR and
Muorrisett J03 lsalation and Characterization of the two major
apolipoprateins in human Hpoproteinia). 1 Lipid, Res 28
HU-TE 19RT,

217

Acta Medica Tramica, Vol 38, Mo 4 (2000

3. Labeur ©, Debacquer I, Debacker G, Vincke I,
Muvldermans L, Vanderkerckove Y, Stichele EVID and
Erosscnan M, Plasma Lipoprotein values and severity of
coronary artery disease ina large population of patients
undergoing coronary angiography. Cline Chem. 350 226]1-22060;
L9492,

4. Farrer M. Frances L, Game, C1, Alber 3H, Andrews W,
Meil M'EL Winolour ME. Laker T'C, Philip C, Adans K oand
Alberts L Coronary artery disease is associnted with
mncreased Hpoproteing s} concentrations independent of the
size of circulating apolipoproteinda) iseforms. Arterioscier
and Thromb. 1d: 1272-12583; 17194,

A Fless G, Ralib Acand Scanu M. Hererogeneity of human
plasme lipeproteingay, I Biel, Chemn, 259 11470.1 1475 [984,

o, Lindah] G, Gersdorf B, Menzeb L Thaba O Cleve H.
Humphries 5 and Uermann G The gene for the Lpia)
specific glycoprotein 15 closely hinkedd to the gene for
plasminegen on chromosame & [lum. Genel. 810 145152,
T,

ToGiensing GooA more meaningful scoring system Lor
determining the severity of coronary heart discase. Am. L
cardicl. 510 Gl 1953

g Feapdon ME, Nestel T3, Crang HI and Harper RW.
Lipoprotein predictors of the severity of coronary ariery
disease in men aml women, Crreolation, 5: 351-58H; 1985,

%, Kannel WEH, Agostion [ oand Cobb T Effect of weight on
cardioviscular diseasc. Am. L Cline Mute, a30suppll:
419420 ]G,

L0 Friedwald W, Levy oand Fredrickson DS, Estimation
of the comcentration of low density lipoprotein choleateral in
plasma, without use af the preparative ultracentri fuge. Clin,
Chem. T3 499-5302; |97,

L Lens PR, Leerink CBL Prins T and Vanrisa He Influence
i apolipeproteinia ) isclorm on lipeproteinda) quantification:
gvaluntion of three methods, Clinical Riochemisiry, 27
4efthd 55 1994,

L Thiller D, Davcer £ Chapman I, Herbeth B, Cohen 12
and Faurc-Twelanet L. Eleveted lipaproteinga lovels and small

apoin] isolorms are compatihle with longevity evidence from
alarge population of french centenarians. Atherosclerosis,

136z FE0-A0; 1905,

13, thermann G, Menzel H.J, Keaft HoG. Duba HLC.
Kemmler Hor and Scitz O Lp(a) l'rl:}-(‘-:_:'|1|'{:-[|_';|1 isodorms. .

Clin loves, 800 435-405: 1957,



Raolde of APy and LEa) in CATD

14, Kambah ML Fereell, RE and Kottke BA, Expressed
ypervariable polymorphism of apolipoproteinial. Am., 1,
Hum. Cienet, 4% 16631074, 1991

15 Huang OM, Kraft HG and Gregeg RE, Modified
immunoldarmg technigue for phenotyping lipoproteinga),
Clin. Chem. 3714: 570-078; 1991,

I Bessaden J1. Fritchard PYL TOEl IS and Frohlich 1L Lpia
concentration and apo{a) isoform size relation w the
presence of coronary artery disease in familial
Iypercholesterolemia, Arterioscler Thromb. 142 150 1- 1565
144,

17, Kromenberg F, Utermann G and Theplinger H.
Lipoprotein(a) in renal discase, American I of Kidney
diseascs, 2T 1-25; 14U,

L&, Gauhale ), Ghanem K, CGruevara I, Mauro L, Wollgany
patsch Noand Morriset T Polvmorphic forms of human
apohipeprotein{a) inheritance and relationship of their
molecular weights o plasma levels of lpoproteinga). T lipid,
s, 3l al3-613 19w

1 Molgaard 1, Klausen 10 Lassvik ©, Faergeman 0, Clerdes
LIT and Olsson AG. Significant association helwesn
lowe-molecular-weight apolipoproteinga’) isoforms amd
intermiticnt clandication. Artermoscler Throml, 12; 893.901:
19U,

200 Bark T1x Sandlwolzer ©) Friedlander ¥ and Utermann G
Plasma Lp{a) apolipoproteinia) isoforms and acute
invocardial infarction in men and women: a casc-control
study in the serusalem "population. Atheroselerosis. 94
I349-151; 1993,

ZL. Sandhaolzer C. Saha N, Kark JD, Kees A, Jarass W,
[replinger H, Hoeppichler F, Boerwinkle E and Ltermann G
Apega) isaforms predict visk tor coranary heart disease: a
study in six populations. Arterioscler Thrombe 12: 121421220,
19z,

22, Rader DI, Came W, Fech [, Usher [ and Brewer HBIE,
Variaticn in lipoproteinga}eoneentrations amuong individuals
with the sume apelipoproteinga) moform s determined by the
rate o lpoproteinda) production. 1, Clin, Invest, %1 4435-247;
103,

23 Mader DL Cain W Tkewnk K, Talley (3, Foch LA Usher
[3 and Hrewer HITHD The inverse association of plasma
lipoprotemia) concentrationswithapolipoprateing e isolorm
sioe 15 onob due o differences in Lpiad eatabalism but doe o
differenees in production rate J. Clin, Invest., 930 273582763
1TH1,

Zd o krempler B, Rostner G Bolzano K oand Sandhofer F.
Turneecer of lpopretein(a) in man. 1 Clin Ives, 65 14321400,
U,

25, Knight BL, Perombelon YT, Soutar AR, Wade [P and
Secd M. Uptabolism of lipoprotein(a) in familial
Iypercholesterolemic subjects, Atherosclernsis, 87: 227-237;
19491,

Ane Abe Al Moma AL Lee YT and Yamagochi Ho Studies on
apalipoprateinga) isotorms, Part 2 isofarm frequencies and
Lp{a) concentration in different isolorms in paticns with
angiegraphically defined coronary artery disease,
Athcrosclorosis, 69 9-15; 1992,



