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Abstract. A selective bi-site ELISA assay procedure for quan- 
tification of Lp[a] lipoprotein in human plasma based on linkage 
of apo[a] to apoB is described. The lipoproteins referred to as 
apo[a]:B were captured by a mixture of two anti-apo[a] mono- 
clonal antibodies (K07, K09) and were revealed by a mixture of 
six anti-apoB monoclonal antibodies coupled to peroxidase. 
Since apo[a] and plasminogen have striking similarities in pro- 
tein structure, the selective binding of Lp[a]:B in our assay de- 
pended upon the marked difference in afinity of the KO7 and 
KO9 mixture for Lp[a]:B (Kd = 0.32 x 10-"M) -us plasmino- 
gen (Kd = 0.47 x lO-'M). The high sensitivity (the Lp[a]:B 
working range 0.06-0.40 pglml) and the use of anti-apoB as 
antibody tracer added to the selectivity of the assay. The expres- 
sion of KO7 and KO9 epitopes determined by competitive inhibi- 
tion method and the reactivity of Lp[a]:B particles measured by 
bi-site ELISA were similar on individual lipoproteins, indepen- 
dent to their plasma levels. M The assay is precise, and intra- 
and interassay coefficients of variation were 4.7 % and 9.6%, re- 
spectively. It yields quantitative Lp[a]:B values that correlate 
highly with Lp[ a] levels obtained by electroimmunoassay with 
polyclonal antibody (r = 0.73) or with Lp[a] levels measured by 
the other bi-site ELISA using only KO7 and KO9 antibodies 
(r = 0.96). However, upon analyzing each individual plasma 
with an arbitrary Lp[a]-cut off of 15 mg/dl, evidence of the qual- 
itative aspect of the lipoprotein was obtained. The group with 
Lp[a] < 15 mg/dl had higher frequency of subjects (65%) with 
the ratio Lp[a]/Lp[a]:B above 1.5. In contrast, only 19% of sub- 
jects had this high ratio in the group with Lp[a] > 15 mg/dl. This 
qualitative aspect of the lipoprotein depended probably on the 
size poiymorphism of apo[a]. -Vu Dac, N., H. Mezdour, H. J. 
h, G. Luc, I. Luycye, and J. C. Fruchart. A selective bi- 
site immunoenzymatic procedure for human Lp[ a] lipoprotein 
quantification using monoclonal antibodies against apo[a] and 
apoB. J .  Lipid Res. 1989. 30: 1437-1443. 
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show that apo[a] and plasminogen, a precursor of plasmin 
enzyme that dissolves blood clots, have surprisingly simi- 
lar gene sequence (3) and structure (4). Immunological 
cross-reactivity between the two proteins was also demon- 
strated (4-6). In addition, Lp[a] presents a marked 
heterogeneity both in the lipoprotein density (7, 8) and 
glycoprotein size (8, 9). Recent studies showed that apo[a] 
exhibited a size polymorphism (with apparent M, in the 
range 400-700 kDa) that is associated with genetically 
controlled Lp[a] lipoprotein concentrations in plasma (10, 
11). Clinical interest in this lipoprotein was greatly stimu- 
lated by the suggestion that high levels of Lp[a] could be 
an independent risk for atherosclerosis (12-14). O n  the 
basis of these recent findings, the possible interference of 
plasma plasminogen and the expression of antigenic d e  
terminants of Lp[a] must be firmly established when this 
lipoprotein has to be measured. 

In order to quantify the lipoprotein containing both 
apo[a] and apoB, referred to as Lp[a]:B, we developed an 
original b i d e  immunoenzymatic assay in which the mix- 
ture of two monoclonal antibodies (K07, K09) against 
apo[a] was used to capture apo[a]-containing lipopro- 
teins. Thereafter the particles were revealed with a mix- 
ture of six anti-apoB monoclonal antibodies coupled to 
peroxidase. The differential affinity of KO7 and KO9 for 
apo[a] and plasminogen was studied, and the conditions 
of the assay, in which interference of plasminogen could 
be avoided, were established. The apparent concentra- 
tions of Lpfaf:B in plasma were compared with Lp[a] 
level as determined by other immunological techniques 

Of the human lipoproteins species, Lp[a] lipoprotein is 
unique with regard to structural and genetic aspects. 
Lp[a] is composed of glycoprotein [a] or apo[a] linked to 
apoB-100 through disulfide bonds (1, 2). Recent findings 

Abbreviations: Lp[a], lipoprotein[a]; Lp[a]:B, lipoprotein[a] contain- 
ing apo[a] and apoB; Mab, monoclonal antibody; ELISA, enzyme- 
linked immunosorbent assay; EIA, electroimmunoassay; PBS, phos- 
phate-buffered saline; BSA, bovine serum albumin. 
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that make use of monoclonal or polyclonal antibody 
against apo[a]. 

METHODS 

Plasma 

Plasma samples were collected from apparently healthy 
fasting subjects in EDTA Vacuotainers (Centre de mede- 
cine preventive Institut Pasteur de Lille). After addition 
of preservatives (final concentrations being: EDTA, 0.27 
mmol/l; 6-aminocaproic acid, 0.9 mmol/l; chlorampheni- 
col, 0.6 mmol/l; and glutathione, 0.3 mmol/l), plasmas 
were frozen at - 2OoC or stored at + 4°C and assayed 
within 48 h. 

Preparation of Lpia] lipoproteins 

Lp[a] was isolated from the density fraction (1.06-1.12 
g/ml) of pooled plasma with high levels of Lp[a] by gel fil- 
tration on Sepharose C L  6B (2.6 x 100 cm) (Pharmacia 
Fine Chemicals). 

Three peaks were obtained and the leading edge of the 
first peak was collected. Checks for contaminants revealed 
the presence of only apo[a] and apoB immunoreactivity 
as determined by immunoblotting. Double-decker rocket 
immunoelectrophoresis with polyclonal anti-apoB and 
anti-apo[a] showed that all of the apoB was cross-linked 
to apo[a]. The purified Lp[a]:B particles contained 30% 
protein and 61% lipid (carbohydrates were not deter- 
mined) in agreement with results described by Albers and 
Hazzard (15). The conversion to total lipoprotein Lp[a]:B 
was also based on the percentage of protein (15). 

Preparation of monoclonal antibodies 

Antibodies KO7 and KO9 were obtained from the fusion 
between SP,O and mouse splenic cells immunized with 
purified Lp[a] lipoproteins. These antibodies showed re- 
activity against apo[a] and cross-reacted with plasminogen 
as determined by immunoblotting (6). 

Monoclonal antibodies against apoB were obtained 
from the cell fusion performed with SP,O and splenic 
cells of the mouse immunized with LDL. Antibodies B04, 
B05, B06, B07, B18, and B19 are specific for apoB and do 
not react with other apolipoproteins or plasma proteins. 
Their epitopes are located on T1/T3 thrombin fragments 
of apB-100 (16). The mixture of monoclonal anti-apoB 
antibodies or antibody KO9 was coupled to peroxidase 
(EC1.11.1.7 Boehringer, Mannheim, F.R.G.) as described 

various concentrations. After 15 h of incubation at room 
temperature, 0.1 ml of the mixture was transferred and 
incubated for 2 h at 37OC in the well of microiter plates 
previously coated with purified Lp[a]:B (0.5 pg/well). The 
antibody bound was detected by peroxidase-labeled rab- 
bit anti-mouse Ig. The dissociation constant K d  was 
calculated by the modified Scatchard equation (18). By 
this competitive inhibition method under the same in- 
cubation conditions (15 h of incubation is long enough for 
equilibrium to be reached), we also determined the ex- 
pression of epitopes K07, KO9 on ten individual plasma 
samples Lp[a]:B ranging from 1 to 40 mg/dl. 

Bi-site ELISA procedures 

Polystyrene microtiter plates (Costar 3590, USA) were 
coated overnight at room temperature with 0.1 ml of a 
mixture of KO7 and KO9 (molar ratio 1:l) at 20 pg/ml in 
PBS. The standard was diluted to give an Lp[a]:B particle 
concentration ranging from 0.01 to 0.40 pg/ml, and the 
plasma samples were diluted 200- to 800- to 3200-fold in 

Plates were washed four times with PBS before adding 
0.1 ml of sample or standard (in duplicate) to the wells 
and incubated for 150 min at 37OC. After washing with 
PBS, 0.1 ml of peroxidase coupled to anti-apoB at dilution 
1/1000 was added and incubated for 120 min at 37OC. 
Then wells were washed and incubated with 0.1 ml of 
substrate solution (3 mg/ml of o-phenylenediamine and 
0.64 pl/ml of concentrated H,O, in 0.1 M citrate-phos- 
phate buffer, pH 5.6) for 30 min in the dark. The reaction 
was stopped by addition of 0.1 ml of 1 N HCl and the ab- 
sorbance was determined at 492 nm. Washing, distribu- 
tion of reagents, and measure of absorbance were per- 
formed with the ELISA Processor I1 (Behring, F.R.G.) 
For the comparison study, Lp[a] was measured under the 
same conditions with KO7 as immobilized antibody and 
KO9 as peroxidase-conjugated antibody. 

Plasminogen interference 

To assess the interference of plasminogen under the 
conditions of our bi-site ELISA assay, competitive inhibi- 
tion was studied with purified Lp[a]:B and purified 
plasminogen (Diagnostica Stago, France). To the well, 
previously coated with a mixture of KO7 + KO9 antibod- 
ies (2 pg/well), 0.05 ml of Lp[a] at 0.06 mg/dl and 0.05 ml 
of plasminogen at concentrations ranging from 0.1 to 80 
mg/dl were added and incubated. The bound Lp[a]:B was 
then determined as described above. 

PBS-I% BSA. 

Electroimmunoassay procedure 

Electroimmunoassay of Lp[ a] was performed according 
to Kostner et al. (13) with commercially available sheep 
anti-lp[a] antisera and a pool of serum as secondary 
standard. Double-decker rocket immunoelectrophoresis 
was performed as previously described (2).  The lower gel 

(17). 

AEnity of monoclonal antibodies 

The dissociation constants of antigen-antibody equili- 
bria in solution were determined as described by Friguet 
et al. (18). We incubated 0.1 ml of antibody (30 ng/ml of 
KO7 or K09) with 0.1 ml of Lp[a]:B or plasminogen at 
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to which the samples were applied contained anti-apoB 
antisera and the upper gel anti-Lp[a]. 

RESULTS 

Characterization of monoclonal antibodies 

Of the proteins from human plasma, immunoblotting 
revealed only a reactivity of the monoclonal antibodies 
KO7 and KO9 against apo[a] and plasminogen (6). To 
study the interaction between these antibodies and the 
two distinct proteins, we determined the antigen-antibody 
dissociation constants ( K d )  of KO7 and KO9 alone or the 
mixture of KO7 + K09. Based on the mean apparent M, 
of apo[a] (500 kDa) and plasminogen (92 kDa) (3) we 
observed a marked difference in affinity of KO7 and KO9 
for Lp[a]:B (0.87 x 1O-"M and 0.29 x lO-'OM) versus 
plasminogen (0.45 x 1 0 - 7 ~  and 0.47 x 10-7M). The K 8  
of the mixture (KO7 +K09) were 0.32 x lO-'OM and 
0.47 x 10-7M for Lp[a]:B and plasminogen, respectively 
(Fig. 1). To diminish a possible influence of apo[a] hetero- 
geneity on the expression of one epitope, we used the mix- 
ture of monoclonal antibodies (19) KO7 and KO9 in our 
ELISA assay. The concomitant expression of these epi- 
topes was determined on 10 individual plasmas with dif- 
ferent Lp[a] levels ranging from 1 to 40 mg/dl. The slopes 
of the competitive inhibition curves were similar; the data 
transformed by logit of antibody binding ranged from 
- 1.80 to - 2.15 with a mean of - 2.00; the typical slope 
of the pool of plasma Lp[a]:B was - 2.05 (Fig. 2). These 
results suggest that epitopes KO7 and KO9 were expressed 
similarly on Lp[a] of different individuals. 

4 1  

0.0 0.2 0.4 0.6 0.8 1 .o 
V 

Fig. 1. Modified Scatchard plot of the binding of Lp[a]:B (0) and 
plasminogen (*) to the mixture of (KO7 + K09) antiapo[a] Mab; v is the 
fraction of bound antibody and a is the concentration of free antigen 
('8). 

1 

0.01 0.1 1 .o 

Lp (a):B concentration (pglml) 

Fig. 2. Competitive inhibition of binding of the mixture (KO7 + K09) 
Mab to immobilized Lp[a]:B by Lp[a]:B lipoproteins of the plasma pool. 

To standardize the measurement of particles containing 
apo[a] and apoB, we used the mixture of six monoclonal 
antibodies anti-apoB B04, B05, B06, B07, B18, and B19 
in our bi-site ELISA assay. The Kds of this antibody mix- 
ture for apoB-Lp[a] and apoB-LDL were 2.85 x 10% 
and 0.93 x lO-'M, respectively, showing the lower affi- 
nity of antibodies for antigen determinants on apoB- 
Lp[a] than on apoB-LDL as described recently (20). 

Bi-site ELISA assay 

To avoid the interference of plasma plasminogen, we in- 
creased the sensitivity of the assay using a high concentra- 
tion of anti-apoB peroxidase-conjugated antibodies to 
reveal the particles Lp[a]:B captured by immobilized anti- 
bodies K07+K09 (Fig. 3). The working range of the 
standard curve performed with purified Lp[a]:B was be- 
tween 0.06 pg/ml and 0.40 pg/ml as expressed by total 
lipoprotein (15). Because of the polymorphism of apo[a], 
we used a pool of 50 plasmas as secondary standard (11.5 
mg/dl of Lp[a]:B). This standard did not contain detec- 
table free apo[a] as determined by double-decker rocket 
immunoelectrophoresis. Thus, all apo[a] could be con- 
sidered to be linked to apoB in this standard plasma. 

To test the conditions under which plasma plasminogen 
could interfere with the measurement of Lp[a]:B, we per- 
formed competition experiments between a constant 
amount of Lp[a]:B (0.06 mg/dl) and various levels of 
purified plasminogen (range 0.1 -80 mgldl). Plasminogen 
at high concentration (40 mg/dl) could inhibit up to 56 % 
of the binding of Lp[a]:B (Fig. 4). However at a concen- 
tration of 1.25 mg/dl, the inhibition was about 18 % . In- 
asmuch as this plasminogen level corresponds generally to 
the 1/40 dilution of the plasma which contains relatively 
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Lp[a] levels, n = 125, 7= 0.96). High correlations were ob- 
tained between these immunological methods. The data 
for the correlation are summarized in Table 1. 

Comparative study of Lp[a] and Lp[a]:B 

In order to study the difference in apparent Lp[a] 
levels, 125 plasma samples were analyzed for Lp[a]:B con- 
centration and Lp[a] using antibodies KO7 and K09. The 
highest correlation was obtained with these methods when 
all plasma Lp[a] concentrations were taken into con- 
sideration (Table 1, Fig. 5) .  However, when individual 
plasma samples were analyzed, we observed a large dif- 
ference between apparent Lp[a] and Lp[a]:B levels. To Plasminogen, LDL 

~~ ~~ 

quantify this difference, we calculated the ratio of Lp[a] 
versus Lp[a]:B. At an arbitrary cut off level of 15 mg/dl 
(ll), we could subdivide the population into two distinct 

0 
loo 0.001 0.01 0.1 1 .o 10 

antigen concentration (pglml) 

Fig. 3. Specific Lp[a]:B particles by the bi-site ELISA assay using 
anti-apo[a] and anti-apoB monoclonal antibodies. Purified Lp[a]:B par- 
ticles (0) (pg/ml total lipoprotein), plasminogen or LDL (0) (pglml pro- 
tein). Typical absorbance of zero sample is 0.050. 

invariant levels of plasminogen (47 * 7 mg/dl) (21) and 
inasmuch as in practice we only used this dilution for the 
determination of very low plasma Lp[a]:B level (CO.24 
mg/dl), the interference of plasma plasminogen was there- 
fore avoided under the conditions of our assay. 

To determine the immunoreactivity of individual 
Lp[a]:B, we measured Lp[a]:B in ten plasma samples with 
the Lp[a]:B range 1-40 mg/dl. The ELISA curves as ex- 
pressed by logit of absorbance at 450 nm shared the slopes 
ranging from 1.85 to 2.30 with a mean of 2.15. The slope 
of the secondary standard was 2.12. To assess the accuracy 
of the assay, we performed a recovery experiment in which 
different quantities of purified Lp[a]:B (5, 10, 50 pg) were 
added in three plasmas with low, medium, and high 
Lp[a]:B levels (1,10,30 mg/dl). The recovery ranged from 
85 to 100%. 

The precision of the method was explored by measur- 
ing nine plasmas 10 times on the same plate to obtain the 
within-assay coefficient of variation (mean intraassay 
CV = 4.7 %). These plasma samples were assayed on 3 
days to determine the between-assay CV (mean interassay 
CV = 9.6%). The effect of storage at - 2OoC on plasma 
Lp[a]:B content was investigated with these nine plasmas 
on different days; the mean of variation was 9.8%. 

groups. The first group with Lp[a] levels lower than 15 
mg/dl had a high frequency of subjects with higher ap- 
parent Lp[a] versus Lp[a]:B (65% shared the ratio 
1.5-3.0). In contrast, the second group with Lp[a] levels 
higher than 15 mg/dl had a high frequency of subjects 
showing similar apparent Lp[a] versus Lp[a]:B (81 % pre- 
senting the ratio< 1.5). The results are shown in Fig. 6. 
To investigate the possibility that the relatively higher 
Lp[a] than Lp[a]:B level would mean the presence of 
Lp[a] free of apoB or free apo[a] in certain plasma, 8 
plasmas with higher apparent Lp[a] than Lp[a]:B levels 
were checked by double-decker rocket immunoelectro- 
phoresis. The results (Fig. 7) were negative for all 
samples: no free apo[a] (unassociated with apoB) was 

20 / 
0 / 

10 100 0.1 1 .o Comparison with EID and other methods 
plasminogen (mg/dl) We have compared the levels of Lp[a]:B measured by 

the proposed bi-site ELISA assay with those obtained by Fig. 4. Interference of plasminogen under the conditions of the bi-site 
rocket electroimmunoassay (Lp[a] levels higher than 6 ELISA for Lp[a]:B. Various levels of plasminogen (0.1-80 mg/dl) and a 

constant amount of Lp[a]:B (0.06 mg/dl) competed for the binding to 
mg/dl, = 307 = 0.73)) and another bi-site immobilized antibodies KO7 + K09. Results are exoressed by % of B 
using immobilized KO7 and peroxidase-KO9 antibody (all (presence of plasminogen competitor)/B, (absence of plasminogen). 
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TABLE 1. Comparison of methods for measuring  Lp[a] 
lipoproteins  in  plasma 

Y 
Regression 

X n Equation I 

Bi-site ELISA  bi-site  ELISA  125 Y = 1.09 X + 1.6 0.96 
LPbI Lp[a]:B 

EIA  bi-site  ELISA 30 Y = 0.85 X + 4.1 0.73 
Lplal  Lp[a]:B 

found  as  compared with dithiothreitol-treated samples 
(22)  and purified apo[a]. This is in agreement with several 
previous reports (1, 2). Therefore,  the  difference  in  ap- 
parent  Lp[a] versus Lp[a]:B seems, probably, to  be linked 
to  the  polymorphism of apo[a]  rather  than  the presence 
of Lp[a]  without  apoB or  the presence of a high level of 
free  apo[a] in the  plasma. 

Distribution of Lp[a]:B lipoproteins 

The distribution of Lp[a]  and Lp[a]:B  among a group 
of  125 subjects from northern France was strongly skewed, 
with the highest frequency at low  levels of these lipopro- 
teins (Fig. 5). About 75 % of the subjects had levels  lower 
than 15 mg/dl; this is in agreement with other results ob- 
tained by other  authors  using different immunochemical 
methods (15, 23-25). Because Lp[a]:B particles were 
quantified by the selective and sensitive assay, it is in- 
teresting to note that all subjects had particles containing 
apo[a]  and apoB in this population. 

DISCUSSION 

We have developed a selective bi-site ELISA method to 
quantify plasma Lp[a] based on  the linkage of apo[a] to 
apoB present on  the  same  particle referred to as Lp[a]:B. 
Because of the immunological cross-reactivity of KO7 and 
KO9 and  other  anti-apo[a]  antibodies with plasminogen 
(4-6) resulting from the  striking  similarity of their  protein 
structure,  the selective binding of Lp[a] in our assay de- 
pends  upon  the  marked differernce in affinity of the K07, 
KO9 mixture for Lp[a]:B ( K d  = 0.32 x 10"oM) versus 
plasminogen ( K d  = 0.47 x 10-7~) .   The  possible inter- 
ference of plasma plasminogen within the conditions of our 
assay was investigated. To this end we performed competi- 
tion studies between purified Lp[a]  and plasminogen for 
binding to immobilized antibodies K07, K09. In fact plas- 
minogen showed up to 56% of inhibition of Lp[a]:B 
binding,  but only at high concentrations (40 mg/dl) cor- 
responding  to  undiluted  plasma which generally contains 
a constant plasminogen level (47 * 7 mg/dl) (21). Inhibi- 
tion of 18% was obtained with plasminogen at a concen- 
tration of 1.25 mg/dl corresponding to the  plasma  dilution 
of 1/40; in  practice we did not use this dilution to measure 

0 1 0  20 30 4 0  5 0  60 

Lp (a):B concentration (rngldl) 

Fig. 5. Comparison of Lp[a]  and  Lp[a]:B  plasma levels as  measured 
by the two different bi-site ELISA assays. High  correlation was obtained 
when all Lp[a]  concentrations were taken  into  consideration. 

plasma Lp[a]:B. Furthermore, we revealed the  Lp[a]:B 
captured by anti-apoB monoclonal antibodies; this step 
added  further selectivity to  the  method. 

Since the size polymorphism of apo[a] is associated 
with Lp[a] levels in plasma (10, ll), the  antigenic  determi- 
nant recognized by monoclonal antibodies could be ex- 
pressed variably on different individual samples of plasma 
Lp[a]. We studied  the  concomitant expression of KO7 and 
KO9 epitopes  on 10 plasmas with various Lp[a]:B levels. 
The similar  epitope expression of apo[a]  on individual 
plasma lipoproteins allows the use of these monoclonal 
antibodies for the  quantitative  determination of Lp[a]:B 
in all plasma samples. The Lp[a]:B values determined by 
the bi-site ELISA correlated well with those obtained with 
the electroimmunodiffusion method  using  a polyclonal 
antibody. The sensitivity of our bi-site ELISA was higher 
than  radioimmunoassay (23); its selectivity was also 

1 
Lp (a) > 15 rng/rnl 
Lp (a) < 15 rnglrnl 

60 g 
0 5 40 

2 
20 

0 
0.8-1.2 1.2-1.5 1.5-3.0 

Lp (a) / Lp(a):B  ratio 

Fig. 6. Distribution of the  ratio  Lp[a]lLp[a]:B  as  a  function of Lp(a] 
levels. An arbitrary  cut-oK(15  mglml) was used (11) to  subdivide  the two 
groups. 
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Fig. 7. Double-decker  rocket  immunoelectrophoresis. The lower 
agarose  deck  contains  anti-apoB  and the upper deck contains anti- 
apo[a]. Ten pI of sample was added to the w e l l .  Well 1 LDL ( 7  pg); wells 
2 and 3. Lp[a]:B (1-7 pg); well 4, apo[a] (7 pg); wells 5-12. plasma 
samples  showing  higher Lp[a] as compared to Lp[a]:B; wells 13 and 14 
dithiothreitol-treated plasma  samples. 

demonstrated  and it allowed us  to confirm the presence of 
Lp[a]:B lipoprotein particles in all subjects as noted by 
others previously (23,  25). The distribution of Lp[a]:B 
among  the  group  of 125 subjects'from  the  north of France 
is similar to those observed in different white populations. 
The distribution was strongly skewed with the highest fre- 
quency  at  a low  level  of Lp[a]:B; about 75% of subjects 
had levels  lower than 15 mg/dl as measured by polyclonal 
antibodies (15, 23, 24). 

From all these results, we conclude that  the monoclonal 
antibodies KO7 and KO9 do not detect  the  conformational 
polymorphism of apo[a]  as was observed on  apoB  probed 
by monoclonal antibodies (26, 27). However, the fact that 
the  ratio of Lp[a] to Lp[a]:B  correlates with apparent 
Lp[a] plasma concentration suggests a  marked influence 
of the size polymorphism of apo[a] on  the  measurement 
of the  lipoprotein  particle by the bi-site ELISA assay. 
Although the presence of apo[a] linked to  apoB could in- 
duce profound conformational  changes  on several apoB 
epitopes (16, 20). the accessibility of apoB  epitopes  studied 
with 27 monoclonal antibodies  (including  4  antibodies 
used in our assay) was similar for apoB-LDL/apoB-Lp[a] 
and independent of apo[a]  polymorphism (16). Thus the 
difference between Lp[a]  and Lp[a]:B levels appears to be 
linked to  a  number of repetitive kringles that  characterize 
the size polymorphism of apo[a] (3, 4). Phenotypes B, S, ,  
S, with an  apparent low molecular weight of apo[a] asso- 
ciated with high plasma Lp[a] levels (> 15 mg/dl) (10, 11) 
can offer  fewer apo[a] epitopes as compared to phenotypes 
S,, S,. These  latter are associated with plasma Lp[a] 
levels  lower than 15 mg/ml, they have an  apparent high 
molecular weight, and thus present a large number of 

apo[a]  epitopes  to which monoclonal antibodies K07, KO9 
bind. 

In conclusion, the method described in this  paper is 
selective, sensitive, reproducible,  and  quantitative. As it 
also shows a  qualitative aspect of lipoprotein  Lp[a], it pro- 
mises to be a useful tool for further clinical and basic 
research investigations. 
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