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CLINICAL STUDY

Lipoprotein (a) and apolipoprotein (a) phenotypes in healthy

Macedonian children

Tosheska K!, Labudovic D!, Alabakovska S!, Handziski Z2, Spiroski M?, Todorova B!

Department of Medical and Experimental Biochemistry, Medical Faculty, Skopje, Republic of Macedonia.
tosheskatrajkovska@gmail.com

Abstract

Background: Plasma levels of lipoprotein(a) [Lp(a)] are determined largely by genetic variation in the
gene encoding apolipoprotein(a) [apo(a)], the unique protein component of Lp(a).

High plasma levels of Lp(a) increase the risk of premature atherosclerosis. However, the association of
apo(a) phenotypes with the development of these diseases remains largely unexplored.

Objectives: Determination of Lp(a) levels and apo(a) isoforms (phenotypes) in 100 (51 boys, 49 girls)
Macedonian healthy children aged 9-18.

Methods: We used 3—-15 % gradient SDS-PAGE for separation of apo(a) isoforms. According to the
different apo(a) electrophoretic mobilities, Apo(a) was classified into five single and respective double-
band phenotypes.

Results: Each individual expressed a single (homozygotic), double band (heterozygotic) or no band (null
phenotype). The apo(a) phenotype frequencies revealed that the frequency of single-band phenotype
expression (64 %) was higher than that of double bands (32 %) and that the frequency of phenotypes
representative of low molecular weight was very low (4 %). The most frequent phenotype was S4 (42.65 %).
The distribution of plasma Lp(a) levels was skewed, with the highest frequencies at low levels. The
mean Lp(a) concentration was 11.95 (SD of 5.98 and median of 9.62 mg/dL). We did not find differences
in the mean and median plasma Lp(a) levels between boys and girls (p>0.05).

A strong inverse relationship was found between the apparent molecular weight of apo(a) phenotypes
and plasma Lp(a) concentration (r=-0.4257).

Conclusions: Determination of Lp(a) levels and apo(a) phenotypes in children, may help in preventing
and reducing the risk of atherosclerotic development (7ab. 6, Ref. 32). Full Text (Free, PDF) www.bmj.sk.
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Cardiovascular disease remains the number one killer of men
and women around the world despite advances in diagnosis and
treatment. Coronary artery disease (CAD) is almost always the
result of atherosclerosis. Most authorities believe that the pro-
cess of atherosclerosis is lifelong, beginning in childhood or early
adulthood (1, 2).

The interest in lipoprotein (a) [Lp(a)] has arisen consider-
ably since several case-control studies (3, 4, 5, 6) have demon-
strated that increased plasma Lp(a) levels are linked to a high
risk of premature CAD unrelated to other lipoproteins.

Plasma levels of Lp(a) are determined largely by genetic varia-
tion in the LPA gene encoding apolipoprotein(a) [apo(a)], the
specific protein component of Lp(a) (7, 8).

Apo(a) contains a 5' signal sequence, a 3' plasminogen (PLG)-
like protease domain and ten different types of kringle IV do-

mains (KIV-1 to KIV-10) (9). The number of KIV-2 is variable,
ranging from 1-42 copies in individual LPA alleles and apo(a)
isoforms (apo(a) size polymorphism = KIV-2 VNTR) (10, 11).
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The genetically determined variation in the number of kringle
IV repeats leads to the synthesis of apo(a) isoforms (phenotypes)
whose molecular weights varies between 200 and 800 kDa (11,
12, 13).

The size polymorphism and additional genetic variation of
the LPA gene (14, 15, 16) largely control Lp(a) levels so that
Lp(a) concentrations have interindividual and interethnic vari-
ability, with plasma levels ranging between 0 and 300 mg/dL
(11, 17). It seems that the Lp(a) values in childhood remain un-
altered up to adulthood (18, 19).

There is an inverse trend between Lp(a) concentration and
the size of'its apo(a) component: low Mr phenotypes (B, S1, S2)
are associated with high plasma Lp(a) concentrations and high
Mr phenotypes (S3, S4) with low Lp(a) concentrations. In the
“null” phenotype no apo(a) band is detected during immu-
noblotting and the Lp(a) level is low or absent (12, 20). It has
been speculated that apo(a) phenotypes contribute to the risk of
atherosclerosis independently of plasma levels of Lp(a) (21). If
apo(a) phenotypes can predict the risk of future cardiovascular
disease from childhood, it could be clinically valuable, and it
may be possible to develop targeted intervention strategies to
reduce the risk in genetically susceptible children. Although it is
now accepted that the natural history of atherosclerosis begins
in youth (1, 22), its origin may exist even in fetal life (2).

However, the association of apo(a) phenotypes with the risk
of premature development of atherosclerosis remains largely un-
explored.

The firs step toward elucidating these issues is to establish
the apo(a) phenotype variations in populations. Data on children
are particularly important from the standpoints discussed above.

Plasma Lp(a) concentration and apo(a) phenotypes in the age
group of young children and adolescents have not been previ-
ously studied in the Macedonian population.

In the present study we used the sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) followed by West-
ern blott technique (21, 23) to identify apo(a) phenotypes among
Macedonian children and evaluated the relation of apo(a) phe-
notypes to Lp(a) levels.

Material and methods

Subjects. One hundred (100) healthy children aged between
9 and 18 years (51 boys and 49 girls), recruited from the Depart-
ment of Physiology and Anthropology, Medical faculty, Skopje,
Republic of Macedonia, were included in the study. Written in-
formed consent was obtained from parents of all included chil-
dren before their enrolment into the study. Blood samples were
obtained after agreement of the children.

The K3EDTA plasma was obtained through venipuncture
after 14-hours of overnight fasting. Plasma was prepared by low
speed centrifugation at 1800 rpm/m for 15 min and stored at -80 °C
as aliquots in segments of plastic tubes until assayed (24).

Electrophoresis. Denaturing 3—15 % gradient sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) on a
vertical Bio-Rad Mini Protean II System (Bio-Rad Laboratories,

Hercules, CA, USA) was used for Apo(a) isoforms separation.
Two peristaltic pumps (Masterflex L/S, Cole Parmer Instrument
Co., Vernon Hills, IL, USA) that were controlled by Cole Parmer
software, were used to convey the gradient gel characteristics.
Sample preparation, electrophoresis and immunoblotting have
been presented in previous publications (21, 23).

Twenty pL of plasma was mixed with 80 pL of reducing
buffer (containing 3-mercapthoethanol, bromphenol blue in glyc-
erol, SDS) to give a total volume of 100 puL and boiled in a water
bath for 5 min. For the stacking gel, 3.3 % polyacrylamide gel
[0.5 M Tris-HCl buffer pH 6.8, 10 % SDS, TEMED and 10 %
APS (Bio-Rad Laboratories)] was prepared. A commercial stan-
dard, purchased from Immuno Ag, Vienna, Austria, that con-
tained the B, S1, S3, S4, >S4 isoforms was used. Ten puL of treated
plasma samples and 5 pL of the standard were resolved in 3—15
% gradient gels. A maximum of eight samples per gel was ap-
plied to avoid edge effects. Electrophoresis was performed in
Tris-glycine buffer, for 90 min (until the dye front was just out of
the gels), at 100 V, at room temperature.

Immunochemistry. The proteins separated on polyacrylamide
gels were transferred to nitrocellulose membranes (BA 83, 0.2 um,
NC.; S & S Protran, Dassel, Germany) by electroblotting using a
Hoefer TE22 Transfer Unit (Amersham Pharmacia Biotech,
Vienna, Austria), in Tris-glycine methanol buffer, for 17 hours
at 50 V. The apo(a) isoforms were visualized immunochemically
with an Lp(a) phenotyping kit (Immuno Ag, Vienna, Austria)
containing primary antibody [a polyclonal antihuman Lp(a)
(sheep)] and secondary antibody [an alkaline phosphatase-con-
jugated antisheep IgG (rabbit)] that was diluted with 5 % Blotto
solution (non fat dry milk, Tween 20, 10X PBS and antifoam A
(Sigma Chemical Co., St Louis, MO, USA)].

Five apo(a) isoforms were designated according to their rela-
tive electrophoretic mobility compared with apo B-100, using the
terminology proposed in (12). B is a band with the same mobility
as apo B-100 and S1, S3, S4, >S4 denoting larger isoforms with
progressively lower mobility than apo B-100. The Mr of each
apo(a) band was calculated by comparison with the standards lo-
cated in the adjacent lane (21). Gels were scanned with a Pharmacia
LKB Ultra Scan XL laser (Pharmacia LKB Biotechnology,
Uppsala, Sweden) controlled from a computer running the Image
Master Software (Pharmacia Biotechnology, Uppsala, Sweden).

Measurment of lipids, lipoproteins and apolipoproteins. To-
tal cholesterol (TC), triglycerides (TG) and HDL cholesterol
(HDL-C) were measured with the enzymatic assays and (for HDL
cholesterol) a precipitation method. LDL cholesterol (LDL-C)
was calculated using the Friedewald formula. Apolipoproteins
(Apo A-1 and ApoB) were determined by nephelometric method
(Dade Behring Marburg GmbH, Marburg, Germany).

Lipoprotein(a) assay. The Lp(a) concentration was measured
at the Department of Immunobiology and Human Genetics, Medi-
cal Faculty, Skopje, Republic of Macedonia, on a Behring
Nephelometer Analyzer using immunonephelometrical kits (Dade
Behring Marburg GmbH, Marburg, Germany).

Statistical analysis. All statistical procedures were carried
out using the STATWIN statistical software package (version 5.0
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Tab. 1. BMI, plasma lipids, glucose and apoliopoprotein levels in children, mean+SD.

Parameter Boys Girls Total

(n=51) (n=49) (n=100)
BMI (kg/m?) 19.25+3.10 20.49+3.40 20.07+3.23
Total cholesterol 3.92+0.69 3.99+0.64 3.95+0.66
HDL cholesterol (mmol/L) 1.41+£0.31 1.30+0.24 1.35+0.28
LDL cholesterol (mmol/L) 2.13+0-56 2.30+0.57 2.21+0.57
Triglyceride (mmol/L) 0.72+0.35 0.80+0.33 0.76+0.34
Glucose (mmol/L) 4.75+0.56 4.70+0.57 4.73+0.57
Apo A-1 (mg/dL) 136.05+17.23 133.55+15.46 134.71£16.25
Apo B (mg/dL) 95.70+16.82 94.35+16.94 95.04+16.81

n—number of individuals; BMI — body mass index; Apo-A1 —apolipoprotein Al; Apo-B — apolipoprotein B.

Tab. 2. Frequency of apo(a) phenotypes in 100 healthy children.

Tab. 4. Distribution of Lp(a) concentration (%) in healthy children.

Isoform Boys Girls Total Lp(a) concentration Frequency %
n % n % n % 0.00<x<=9.99 77 77

10.00<x<=19.99 12 12

Single 35 68.63 29 59.18 64 64.00 20.00<x<=29.99 9 9

Double 14 27.45 18 36.73 32 32.00 30.00<x<=39.99 1 1

Null 2 3.92 2 4.08 4 4.00 40.00<x<=49.99 1 1

Total 51 100.00 49 100.00 100 100.00 50.00<x<=59.99 0 0
60.00<x<=69.99 0 0

n—number of individuals 70.00<x<=79.99 0 0
80.00<x<=89.99 0 0
90.00<x<=100.00 0 0
n —number of individuals

Tab. 3. Apo(a) phenotype frequencies in children.
A, Statsoft Inc.1984-95; Tulsa, Oklahoma,USA). Mean values

Isoform and SDs were compared by Student’s t test. Because of their

Single 0 % non-Gaussian frequency distributions, data on Lp(a) are also
presented as medians. Correlations between apo(a) size and Lp(a)

>S54 22 32.35 levels were calculated by the Spearman rank test. P values <0.05

S4 29 42.65 were considered significant.

S3 13 19.12

S1 0 0

B 0 0 Results

Null 4 5.88

Descriptive statistics are provided in Table 1. There were no
Total 68 100 significant differences between two gender groups in lipids,
Double n o apolipoproteins, glucose and BMI.

The apo(a) isoforms were classified according to the system
>S4/S4 8 25 of Utermann et al (12). Using SDS-PAGE and immunoblotting,
>S54/83 9 28.13 we were able to resolve five apo(a) isoforms (B, S1, S3, S4 and
>S4/S1 1 3.13
S4/S3 1 3438 >S4). In each plasma, one of these five bands was generally present,
S4/S1 1 313 either alone (single-banded phenotype) or in combination with
>S4/B 0 0 another band (double-banded phenotype). The phenotype was de-
S4/B 1 3.13 fined as “null” when there were no detectable apo (a) bands.
83/81 1 3.13 The apo(a) phenotype frequencies in the children are given
S3/B 0 0 . . .
SI/B 0 0 in Table 2. The prevalence of single banded phenotype was higher

(64 %) than double-banded phenotype (32 %). Since there was
Total 32 100 no statistically significant difference in the apo(a) frequency

n —number of individuals

distribution between gender groups for single-banded (chi-
square=2.82, p=0.42) and double-banded phenotype (chi-
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Tab. 5. Plasma level of Lp(a) in boys and girls (n=100).

Lp(a) (mg/dL) Lp(a) (mg/dL) Min—Max

(mean+SD) (median) (mg/dL)
Boys 11.65+£5.91 9.62 9.62-41.4
Girls 12.29£6.10 9.62 9.62-30.2
Total 11.95+5.98 9.62 9.62-41.4

Tab. 6. Relationship between the Mr of apo(a) isoforms and
Lp(a) concentrations.

Isoform Mr Lp(a) (mg/dL)
(mean=SD) (mean=SD)

>S4 784.06+16.87 10.25+4.21

S4 714.04+30.03 10.78+2.19

S3 585.92+20.25 14.77+9.09

S1 - -

B _ —

square=5.55, p=0.47), distribution of apo(a) phenotypes in all
children is presented in Table 3. In most children (42.65 %),
dominant phenotype was S4 which belong to HMW phenotypes.
In our study group, we did not detect carriers of LMW pheno-
types which are associated with high values of Lp(a). The S4S3
phenotype (34.38 %) was the most frequent among the double-
banded phenotypes.

As presented in Table 4, the distribution of Lp(a) concentra-
tion is highly skewed towards lower concentrations. Most of the
subjects, (98 %) had an Lp(a) level beneath the cut-off point of
30 mg/dL, with 77 % of children showing levels of 10 mg/dL or
less. The plasma level of Lp(a) in two gender groups is presented
in Table 5. There was no difference in plasma Lp(a) levels in
boys vs girls (t-test=0.800, p>0.05). In this sample (n=100),
mean (+£SD) and median Lp(a) values were 11.95+mg/dL and
9.62 mg/dL, respectively.

The relationship between the Mr of apo(a) isoforms and Lp(a)
levels are presented in Table 6. We found a significant inverse
correlation (r)=-0.4257, p<0.001 between the Mr of apo(a)
isoforms and plasma levels of Lp(a).

Discussion

Concentrations of Lp(a) have been widely described in chil-
dren but little is known about apo(a) phenotypic expression in
this population. The data presented here, supported by studies of
Utermann et al (12) and Gaubatz et al (25), suggest that modi-
fied Western blot technique is highly sensitive method for iden-
tification of apo(a) isoforms.

This is to our knowledge the first systematic study on apo(a)
phenotypes and Lp(a) concentration in Macedonian children.

The frequency of single banded expression in Macedonian
children was 64 %, which is in accordance with the same expres-
sion in Macedonian adults (59.44 %) (26) and the reports of
Gaubatz et al (25) (59.5 %) and Akanji (70 %) (27).

Because population distribution of apo(a) isoforms may vary
racially, the apo(a) isoform distributions in Macedonian children
were found to be different from Japanese children (22), being
characterized by higher frequencies of double band isoforms
(55 %) compared to single band isoforms (44 %).

In the present study, among the single band expressing chil-
dren, the most frequent isoforms were S4 (42, 65 %), followed
by >S4 (32, 35 %).

These results are consistent with study of Min et al (28) who
observed that representatives of HMW isoforms were the most
frequent among 103 healthy Koreans.

The Mr of the apo(a) isoforms observed ranged from 565,000
to 800,000. This is in agreement with our previous study on
healthy adults where the Mr of the observed apo(a) phenotypes
ranged from 417,000—785,000 (26) and the data of Gaubatz et
al (25), who resolved 11 apo(a) isoforms using SDS-PAGE with
Mr from 419,000 to 838,000.

The pattern of distribution of Lp(a) levels found in our
sample, markedly skewed, was similar to that found in previous
studies performed in children from Europe (29), Australia (30)
and Japan (31). In our study, no differences were found between
boys and girls in Lp(a) levels. Although Srinivasan et al (32)
described a small but significant sex difference in Lp(a) levels,
this finding has not been described in other studies (29, 31).

In agreement with the results of Utermann et al (12) and
Gaubatz et al (25), we observed an inverse correlation between
the molecular size of the apo(a) isoform and the respective plasma
Lp(a) concentration.

These results obtained in healthy children indicate that apo(a)
phenotype is primarily genetically determined, and is not affected
by plasma lipid and apoprotein concentration in childhood.

In evaluating children’s lipid profiles, measurement of Lp(a)
and identification of apo(a) phenotypes may help to identify chil-
dren and their families at increased risk for premature develop-
ment of CAD and this may facilitate the targeting of preventive
measures.
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