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Abstract. Plasma levels of lipoprotein(a) (Lp(a)), an atherogenic particle, are elevated in kidney disease, which suggests a
role of this organ in the metabolism of Lp(a). Additional
evidence for a role of the kidney in the clearance of Lp(a) is
provided by the fact that circulating N-terminal fragments of
apolipoprotein(a) (apo(a)) are processed and eliminated by the
renal route. To further understand the mechanism underlying
such renal excretion, the levels of apo(a) fragments in plasma
and urine relative to plasma Lp(a) levels were determined in
patients with nephrotic syndrome (n ⫽ 15). In plasma, the
absolute (24.7 ⫾ 20.4 versus 2.16 ⫾ 2.99 g/ml, P ⬍ 0.0001)
as well as the relative amounts of apo(a) fragments (4.6 ⫾
3.4% versus 2.1 ⫾ 3.3% of total Lp(a), P ⬍ 0.0001) were
significantly elevated in nephrotic patients compared with a
control, normolipidemic population. In addition, urinary apo(a)
excretion in patients with nephrotic syndrome was markedly
elevated compared with that in control subjects (578 ⫾ 622
versus 27.7 ⫾ 44 ng/ml per mg creatinine, P ⬍ 0.001). However, the fractional catabolic rates of apo(a) fragments were

similar in both groups (0.68 ⫾ 0.67% and 0.62 ⫾ 0.47% in
nephrotic and control subjects, respectively), suggesting that
increased plasma concentrations of apo(a) fragments in nephrotic subjects are more dependent on the rate of synthesis
rather than on the catabolic rate. Molecular analysis of apo(a)
immunoreactive material in urine revealed that the patterns of
apo(a) fragments in nephrotic patients were distinct from those
of control subjects. Full-length apo(a), large N-terminal apo(a)
fragments similar in size to those present in plasma, as well as
C-terminal fragments of apo(a) were detected in urine from
nephrotic patients but not in urine from controls. All of these
apo(a) forms were in addition to smaller N-terminal apo(a)
fragments present in normal urine. This study also demonstrated the presence of Lp(a) in urine from nephrotic patients
by ultracentrifugal fractionation. These data suggest that in
nephrotic syndrome, Lp(a) and large fragments of apo(a) are
passively filtered by the kidney through the glomerulus,
whereas smaller apo(a) fragments are secreted into the urine.

Lipoprotein(a) (Lp(a)) has been identified as an independent,
inherited risk factor for atherosclerotic cardiovascular disease
(reviewed in reference (1). Lp(a) consists of an LDL-like
particle to which apolipoprotein(a) (apo(a)) is linked by a
disulfide bond. Protein sequencing and cDNA cloning revealed
that apo(a) is highly homologous to plasminogen (2). Apo(a)
consists of several tandemly repeated copies of kringle IV-like
repeats (KIV), one copy of kringle V, and an inactive proteaselike domain. The number of KIV varies between 12 and 51 and
is responsible for the marked degree of size polymorphism of
apo(a) (3). The plasma Lp(a) concentration varies over a

⬎1000-fold range among individuals, and is partly determined
by apo(a) size, to which it is inversely related.
Lp(a) that circulates in plasma originates from the liver (4).
However, the mechanism by which Lp(a) is cleared from the
circulation is not known. A role for the kidney in Lp(a)
catabolism was first suggested by studies showing that patients
with renal failure displayed increased plasma Lp(a) concentrations (5). Subsequently, Oida et al. (6) reported that fragments
of apo(a) were present in human urine and that the urinary
excretion of apo(a) was decreased in patients with renal dysfunction. Clearance studies in mice suggested that urinary
apo(a) fragments are the product of larger fragments present in
plasma that are processed and actively transported through the
kidney (7). Consistent with this scenario is the observation that
plasma levels of apo(a) fragments are elevated in subjects with
end-stage renal disease (8,9). Finally, Kronenberg et al. (10)
have shown that Lp(a) levels are lower in renal veins compared
with renal arteries, thereby indicating that a fraction of Lp(a) is
catabolized in the kidney.
To further understand the mechanisms underlying the catab-
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olism of Lp(a) by the kidney, we examined the level and
molecular composition of these fragments in the plasma and
urine of patients with nephrotic syndrome and in a control
group of normocholesterolemic subjects. The pattern of urinary
apo(a) fragments was markedly different between patients and
control subjects. For the first time, we detected the presence of
both Lp(a) and C-terminal fragments of apo(a) in the urine of
nephrotic patients, in addition to N-terminal fragments. We
equally observed elevated plasma and urine levels of apo(a)
fragments in nephrotic patients.

Materials and Methods
Subjects
We studied 15 nondiabetic subjects (seven men, eight women),
presenting a primary nephrotic syndrome (Table 1). The histologic
findings in these patients as determined by renal biopsy were: minimal
change disease (n ⫽ 5), idiopathic extramembranous glomerulonephritis (n ⫽ 5), focal and segmental glomerulosclerosis (n ⫽ 2), and
proliferative glomerulopathy (n ⫽ 1). In two patients, a biopsy sample
could not be obtained. Subjects with nephrotic syndrome were compared to a control group of 40 normolipemic healthy subjects. None of
the subjects was treated with cholesterol-lowering drugs.

Lipids and Lp(a) Measurements
Blood was drawn on ethylenediaminetetra-acetic acid (0.1%) after
an overnight fast. Urine was collected for a 24-h period preceding
blood sampling in the case of nephrotic patients, and a urine sample
was collected at the same time as blood for the control group. The
plasma and urine samples were stored at ⫺20°C before analysis. Total
cholesterol and triglycerides were determined by nephelometry. Lp(a)
concentration in plasma was determined by enzyme-linked immunosorbent assay (ELISA) as described previously (11).
The concentration of N-terminal fragments of apo(a) in plasma and
urine was determined by two different ELISA. The first ELISA has
been described previously (7), and uses as capture antibody IgG-a6,
and as detecting antibody IgG-a5 (a gift from Dr. S. Marcovina,
University of Washington, Seattle, WA), which specifically react
against KIV type 1 and 2 and KIV type 2, respectively. The second
ELISA uses two monoclonal antibodies (21D5C6 and 23G3C4)
kindly provided by Dr. G. Dupuy (BioMérieux, Marcy-l’Etoile,
France). These antibodies recognize two different epitopes in the

N-terminal region of apo(a) (12). Coefficient of variation values for
this ELISA for intra- and interassays were, respectively, 4.6 and
11.8%. A close correlation was observed between measurements
performed with the two ELISA assays. Accordingly, only the results
obtained with the second ELISA will be presented in the Results
section.

Electrophoresis and Immunoblotting
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was
performed on 4 to 10% acrylamide gradient slab minigels (Mini
protean II, BioRad, Ivry, France), using a discontinuous buffer system
(13). Before electrophoresis, samples were combined with glycerol,
bromphenol blue, and ethylenediaminetetra-acetic acid to final concentrations of 2%, 0.01%, and 0.05 mM, respectively. Reduced samples were prepared by boiling at 100°C for 4 min in the presence of
20 mM dithiothreitol and 2% sodium dodecyl sulfate. Proteins were
then electroblotted onto nitrocellulose and revealed by immunoblotting. Fragments of apo(a) were revealed using four different antibodies: a polyclonal anti-apo(a) antibody (14), a monoclonal antibody
21D5C6, a polyclonal anti-apo(a) KV antibody raised in sheep (15),
and a polyclonal anti-apo(a) KV antibody raised in guinea-pig (kindly
provided by BioMérieux, France). Apo B100 was detected by using a
polyclonal anti-apo B100 antibody. Polyclonal anti-apo(a) and
21D5C6 antibodies were peroxidase-conjugated; for the anti-apo
B100 and anti-apo(a) KV antibodies, the incubation with the primary
antibody was followed by incubation of the membranes with an
anti-IgG antibody coupled to peroxidase. Revelation was performed
by enhanced chemiluminescence (ECL, Amersham, Orsay, France).

Isolation of Lipoproteins
The density of 6 ml of urine was adjusted to 1.21 g/ml by addition
of solid potassium bromide, and the samples were centrifuged for 5 h
at 100,000 ⫻ g at 10°C in a bench-top ultracentrifuge (Beckman
TL100; Seine St. Denis, France). The supernatant (⬍1.21 g/ml) and
bottom (⬎1.21 g/ml) fractions were concentrated on Aquacid II
(Calbiochem, Meudon, France), and dialyzed against phosphate-buffered saline (pH 7.5).

Heparin-Sepharose Affinity
Fractionation of plasma samples on heparin-Sepharose was performed according to Mooser et al. (16), using 1 g of Lp(a) for 50 l

Table 1. Clinical characteristics of patients presenting with nephrotic syndrome and normolipidemic control subjectsa

a

Characteristic

Control Subjects
(n ⫽ 40)

Nephrotic Patients
(n ⫽ 15)

P Value

Age (yr)
Male/female
Plasma triglycerides (mmol/L)
Plasma cholesterol (mmol/L)
Plasma glucose (mmol/L)
Plasma protein (g/L)
Plasma creatinine (mol/L)
Proteinuria (g/24 h)
Urinary creatinine (mol/L)
Creatinine clearance (ml/min)

41.5 ⫾ 11
20/19
0.86 ⫾ 0.5
2.2 ⫾ 0.41
ND
ND
ND
ND
10.34 ⫾ 4.36
ND

45.8 ⫾ 18.1
7/8
3.1 ⫾ 2.1
8.73 ⫾ 3.6
5.18 ⫾ 1.7
48.8 ⫾ 6.9
174 ⫾ 154
9.41 ⫾ 7.78
7.25 ⫾ 2.4
74 ⫾ 56

NS

Results are expressed as mean ⫾ SD. ND, not determined.

⬍0.0001
⬍0.0001

0.004
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of resin. Apo(a) fragments were assayed in the nonretained fraction by
using the ELISA assays mentioned above.

Statistical Analyses
Results represent the mean of at least duplicate determinations and
are expressed as means ⫾ SD. Statistical analyses were performed
with the Statview TM II computer program (Abacus Concepts, Berkeley, CA). A t test was applied to assess significant differences of
continuous variables between the two groups. For non-normally distributed variables, the nonparametric Mann–Whitney test was applied.
Correlations were determined by the Spearman test. The statistical
level of significance was P ⬍ 0.05.

Results
Plasma Lipid Levels
Table 1 lists a series of lipid parameters in nephrotic and
control subjects. In keeping with previous studies (17,18),
plasma cholesterol and triglyceride levels were markedly elevated in nephrotic patients. Plasma Lp(a) levels were also
significantly elevated in the nephrotic patients compared with
controls (Table 2). This finding is in accordance with our
previous work (19) and that of others (20 –23).

Quantification of Apo(a) Fragments in Plasma
Plasma apo(a) fragments were assayed in both groups after
removal of Lp(a) using heparin-Sepharose affinity resin. The
mean level of apo(a) fragments present in plasma was significantly elevated in nephrotic patients compared with control
subjects (Table 2). The amounts of apo(a) fragments correlated
positively with Lp(a) levels in plasma in both groups (Figure
1A). The ratio of apo(a) fragments to total Lp(a) was calculated
for each individual. The relative amount of apo(a) fragments to
Lp(a) was significantly increased in nephrotic patients compared with control subjects (Table 2). A significant negative
correlation was observed for the control group (Figure 1B). A
negative correlation was also observed for the nephrotic patients, although the relation did not attain significance (P ⫽
0.09).

Quantification of Apo(a) in Urine
Urine samples were assayed for their content in apo(a) and
apo(a) fragments by using two distinct ELISA assays as described in the Materials and Methods. Both ELISA used for

Figure 1. (A) Relationship between levels of lipoprotein (a) (Lp(a))
and apolipoprotein (a) (apo(a)) fragments in plasma. r ⫽ 0.86 (P ⬍
0.001) for control subjects (E), and r ⫽ 0.87 (P ⫽ 0.001) for
nephrotic patients (F). (B) Relationship between plasma Lp(a) concentration and the ratio of apo(a) fragments to total Lp(a) in control
subjects (E) (r ⫽ ⫺0.52, P ⫽ 0.001), and nephrotic patients (F) (r ⫽
⫺0.45, P ⫽ 0.09).

Table 2. Plasma and urinary levels of apo(a) in patients presenting with nephrotic syndrome and normolipidemic control
subjectsa

a

Variable

Control Subjects

Nephrotic Patients

Plasma Lp(a) (mg/ml)
median
Plasma apo(a) fragments (g/ml)
median
Plasma apo(a) fragments/Lp(a) (%)
Urinary apo(a) (ng/ml per mg creatinine)
median

0.21 ⫾ 0.28
0.115
2.16 ⫾ 2.99
1.02
2.1 ⫾ 3.3
27.7 ⫾ 44
11

0.71 ⫾ 0.54
0.49
24.7 ⫾ 20.4
19.9
4.6 ⫾ 3.4
578 ⫾ 622
293

Results are expressed as mean ⫾ SD. apo(a), apolipoprotein (a); Lp(a), lipoprotein (a).

P Value

0.0003
⬍0.0001
⬍0.0001
⬍0.0001
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these determinations detected N-terminal fragments of apo(a)
and full-length apo(a) but not C-terminal fragments, since the
monoclonal antibodies used are directed against the N-terminal
part of apo(a). Urinary levels of apo(a)-immunoreactive material normalized to urinary creatinine were considerably elevated in nephrotic patients compared with control subjects
(Table 2). They were positively correlated with plasma Lp(a)
levels in both populations (Figure 2A). In contrast, no correlation was found between urinary levels of apo(a) and proteinuria or creatinine clearance, or plasma and urinary creatinine.
The amount of apo(a) excreted into the urine was also correlated with the level of apo(a) fragments in plasma in both the
control (r ⫽ 0.72, P ⬍ 0.001) and the nephrotic patient groups
(r ⫽ 0.62, P ⫽ 0.04). The fractional catabolic rate of apo(a)
fragments (urinary excretion per day/total plasma apo(a) fragments ⫻ 100) was calculated, and no significant difference was

Figure 2. (A) Relationship between plasma Lp(a) levels and apo(a)
assayed in urine and adjusted to 100 mg of creatinine. r ⫽ 0.58 (P ⫽
0.0004) for control subjects (E), and r ⫽ 0.75 (P ⫽ 0.005) for
nephrotic patients (F). (B) Relationship between urinary apo(a) and
plasma apo(a) fragments. r ⫽ 0.64 (P ⬍ 0.0001) for control subjects
(E), and r ⫽ 0.62 (P ⫽ 0.04) for the nephrotic patients (F).
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observed between both groups (0.68 ⫾ 0.67% and 0.62 ⫾
0.47% for nephrotic and control subjects, respectively).

Molecular Analysis of Urinary Apo(a)
Immunoblot analysis of apo(a) in urine samples was performed for all patients with nephrotic syndrome and control
subjects. Figure 3 shows the typical patterns obtained after
revelation by using a polyclonal anti-apo(a) antibody. The
patterns of urinary apo(a) from control subjects resembled
those described previously, with a ladder of fragments ranging
in size from 60 to 230 kD. In contrast, the banding pattern of
apo(a)-immunoreactive material in the nephrotic patients was
distinct. In addition to the bands visible for control subjects,
full-length apo(a) was immunodetected as well as large apo(a)
fragments (ranging in size from 230 to 500 kD). Two smaller
bands were also visible (90 and 60 kD), which predominated in
most urine samples, although their intensity varied from one
patient to another.
A series of additional experiments was performed to characterize further the apo(a) bands that were present in urine of
nephrotic patients but not in control urine. First, we performed
immunoblotting of urine from patients and control subjects
using a series of antibodies of well-defined specificity (Figure
4). Analysis with monoclonal antibody 21D5C6, whose
epitope was mapped to the N-terminal domain of apo(a) (12),
revealed a series of bands of apparent molecular mass ranging
from 60 kD to approximately 500 kD for the patients and from
60 to 230 kD for the control subjects (Figure 4, lanes 2 and 6).
For the control subjects, the pattern obtained with this antibody
was similar to that obtained with the polyclonal anti-apo(a)
antibody (Figure 4, lanes 5 and 6). In contrast, the 21D5C6
antibody revealed fewer bands than the polyclonal anti-apo(a)
antibody in the urine of the patients, and specifically in the low
molecular mass range (below 100 kD) (Figure 4, lanes 1 and
2). This finding constitutes a good indication that the 60- and
90-kD bands revealed by the anti-apo(a) antibody are not due

Figure 3. Immunoblot of apo(a) in urine samples from six nephrotic
patients and two control subjects. Five to 20 l of urine were loaded
on a 4.5 to 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis gradient gel. Proteins were transferred onto nitrocellulose,
and incubated with a polyclonal anti-apo(a) antibody. After washing,
the filter was developed using the ECL detection system. Arrows
indicate the presence of specific bands in urine from nephrotic patients that were not detected in urine from the control subjects.
Molecular size markers are indicated on the right.
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Figure 4. Immunoblots of urinary samples treated as in Figure 3 and
revealed with different antibodies. Lanes 1 and 5, polyclonal antiapo(a) antibody; lanes 2 and 6, monoclonal antibody 21D5C6; lanes
3 and 7, polyclonal anti-apo(a) KV antibody; lanes 4 and 8, polyclonal
anti-apo B100 antibody.

to the accumulation of N-terminal fragments in this size range.
To further characterize these bands, a sheep polyclonal antiapo(a) KV antibody (15) was used (Figure 4, lanes 3 and 7).
This antibody primarily revealed the 90- and 60-kD bands,
which were not detected by using the 21D5C6 antibody and
were absent from control urine. Confirmation of this result was
obtained by use of a separate anti-apo(a) KV antibody raised in
guinea pig (not shown). The addition of the bands revealed
with 21D5C6 and the anti-apo(a) KV antibodies closely
matched the pattern obtained with the polyclonal anti-apo(a)
antibody. Both anti-apo(a) KV antibodies did not reveal any
band in the control subjects (Figure 4, lane 7), thereby indicating that both N- and C-terminal fragments of apo(a) were
present in urine of nephrotic patients, whereas only N-terminal
fragments were present in control urine.
Analysis of the blots with a polyclonal anti-apo B100 antibody revealed the presence of fragments of apo B100 in urine
from the patients in contrast to the control subjects (Figure 4,
lanes 4 and 8). However, no intact apo B100 was clearly
detectable. Thus, to determine whether apo(a) and apo B100
present in urine of nephrotic patients circulate in free form or
attached to a lipoprotein moiety, samples of urine from six
patients were subjected to ultracentrifugation at d ⫽ 1.21 g/ml.
Figure 5 shows a typical immunoblot of apo(a) in the ultracentrifugal fractions. The d ⬍ 1.21 g/ml fraction of urine from the
patients contained a band that was revealed by application of a
polyclonal anti-apo(a) antibody, clearly indicating the presence of
Lp(a) particles in the urine of nephrotic patients. The bottom
fraction contained all of the other apo(a) fragments present in
urine, indicating that they were free of lipids. No Lp(a) was
detected in control urine samples (Figure 5, right panel).
Finally, we compared the banding pattern of urinary apo(a)
with that of the heparin-unbound fraction in plasma after
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Figure 5. Immunoblots of urinary samples fractionated by ultracentrifugation and revealed with a polyclonal anti-apo(a) antibody. Samples
from a nephrotic patient are shown at left, and from a control subject at
right. Lanes 1, total urine; lanes 2, fraction floating at d ⫽ 1.21 g/ml;
lanes 3, ultracentrifugal bottom fraction at the same density.

removal of Lp(a) (Figure 6). As expected, apo(a) fragments in
control urine were markedly smaller than apo(a) fragments
detected in plasma. In contrast, the size of the larger apo(a)
fragments present in urine from nephrotic subjects was similar
to the size of apo(a) fragments in plasma, suggesting that large
apo(a) fragments present in plasma are filtered unprocessed
into the urine of nephrotic patients.

Figure 6. Typical immunoblots of apo(a) from plasma (lanes 1) or
urine (lanes 2) of a nephrotic patient (left) and control subject (right),
revealed by the 21D5C6 antibody.
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Discussion
We presently demonstrate, for the first time, that the proportion of apo(a) fragments relative to Lp(a) is elevated in
plasma from subjects with nephrotic syndrome, and that not
only N-terminal apo(a) fragments, but also Lp(a) particles, apo
B100, and C-terminal fragments of apo(a) are present in the
urine of these patients. We therefore provide evidence of
qualitative differences in the composition of apo(a)-immunoreactive material in nephrotic patients compared to that described previously for healthy subjects (7).
In the first part of this study, we confirmed previous studies
showing that plasma Lp(a) levels are markedly increased in
patients with nephrotic syndrome (19 –23). We also quantified
the concentration of apo(a) fragments in plasma and urine of
nephrotic patients and control subjects. The most intriguing
result concerned the elevated proportion of apo(a) fragments
relative to Lp(a) in the plasma of nephrotic patients compared
with control subjects. This result was unexpected and paradoxical, since we also observed that the concentration of apo(a)
fragments was greatly increased in urine of nephrotic patients
(Table 2). It has been shown that Lp(a) levels are more dependent on the rate of synthesis of apo(a) rather than on its
catabolic rate, in healthy subjects (24), as well as in nephrotic
patients (25). Consequently, the increased concentration of
apo(a) fragments in plasma may also be the result of increased
synthesis in nephrotic patients, since the fractional catabolic
rate that we calculated (see Results) was similar in nephrotic
and control subjects. An elevation in plasma levels of apo(a)
fragments has also been reported in patients with end-stage
renal disease (8,9), as a result of the limited capacity of the
kidney to excrete apo(a) fragments that subsequently accumulate in plasma. This explanation may not be valid in the case of
nephrotic patients, since we observed that their urinary excretion of apo(a) fragments was considerably elevated. This result
is in contrast to those obtained in the case of end-stage renal
disease patients (6) and of patients with proteinuria (26). In the
latter study, most patients also presented renal insufficiency.
We believe that the distinct results in our present study compared with those of Oida et al. (6) can be attributed to the
difference in the populations studied, our population of nephrotic patients presenting only mild (if any) renal insufficiency. In addition, we found no relationship between urinary
creatinine levels or creatinine clearance and the level of apo(a)
fragments in the urine of nephrotic patients, thereby confirming our observations. This finding may suggest that part of the
urinary content of apo(a) fragments in nephrotic patients may
result from passive filtration. In healthy subjects, plasma
apo(a) fragments undergo processing that leads to a reduction
of their size in urine (16). This process was markedly attenuated in the case of apo(a) fragments from the nephrotic patients. Large apo(a) fragments were observed in plasma and
urine (Figure 6). This latter result also argues in favor of a
passive filtration of the large fragments of apo(a) and of Lp(a)
in nephrotic syndrome. However, it cannot be ruled out that the
presence of smaller fragments in urine may result from a
secretory mechanism.
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In the second part of this study, we examined the qualitative
profiles of apo(a) fragments in urine of nephrotic patients
compared to those in control subjects. The pattern of urinary
fragments of apo(a) was distinct in the two populations. As
expected, control subjects exhibited a ladder of fragments
ranging from 60 to 230 kD; this pattern was remarkably constant from one control subject to the other. In contrast, the urine
of nephrotic patients presented a strikingly different pattern.
One major difference was the presence of Lp(a) as demonstrated by ultracentrifugal fractionation (Figure 5). The presence of Lp(a) as a particle in the urine of nephrotic patients has
never been documented before. This observation suggests that
very large particles (⬎2 to 3 ⫻ 106 kD) are filtered through the
damaged nephrotic glomerulus to be excreted into urine, in
agreement with a previous study that reported the presence of
LDL and HDL particles in urine of nephrotic patients (27). The
other major difference between control and nephrotic urine
concerns the presence of two intense bands of 60 and 90 kD,
which were revealed by an anti-apo(a) KV antibody and not by
the antibody specific to the N-terminal part of apo(a) (Figure
4). This finding suggested that these bands could correspond to
the C-terminal end of apo(a). We detected such fragments in
every sample of urine from nephrotic patients, but in none of
those from control subjects. This result contrasts with the
observation of Kostner et al. (28), who detected trace amounts
of a fragment reacting with an anti-apo(a) KV antibody in urine
of healthy subjects, smaller than those that we have found in
urine of nephrotic patients. Such a discrepancy can be explained by differences in the reactivity of the anti-apo(a) KV
antibodies used in the two studies. Although our antibody
presents marked specificity for the C-terminal domain of
apo(a), it cannot be completely excluded that the anti-apo(a)
KV immunoreactive bands could originate from unknown proteins that cross-react with this antibody. In our experiments, the
anti-apo(a) KV-immunoreactive material was abundant in urinary samples of nephrotic patients. The presence of such
quantities of C-terminal fragments in urine seems to be a
characteristic of nephrotic syndrome, since Oida et al. (6) did
not detect the presence of such fragments in the urine of
patients with renal insufficiency. Up to now, C-terminal fragments of apo(a) have never been detected in plasma, and
indeed, despite an intensive search, we have been unable to
detect them. Consequently, their presence in urine cannot be
explained, as is the case for N-terminal fragments, by their
elimination from plasma. It is plausible that in the case of
nephrotic patients, these fragments could originate from urinary degradation of apo(a) and/or Lp(a), which are equally
present in their urine. The urinary C-terminal fragments can
also be generated by the kidney through cellular proteolysis of
Lp(a) and/or apo(a) or another mechanism. Kronenberg et al.
(10) found an equal amount of N-terminal fragments in renal
veins and arteries, suggesting that urinary fragments did not
originate from their counterparts in plasma, or alternatively,
that the kidney released similar amounts of apo(a) fragments in
plasma as it excreted into the urine. In this case, and in contrast
to N-terminal fragments, C-terminal fragments would be prin-
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cipally excreted into urine and not released in the plasma, since
they cannot be detected in this medium.
In conclusion, we have detected the presence of Lp(a),
apo(a), and both N-terminal and C-terminal fragments of
apo(a) in the urine of nephrotic patients. These results suggest
that large fragments of apo(a) and Lp(a) are passively eliminated by renal filtration, whereas the smaller apo(a) fragments
are actively secreted. However, the finely tuned mechanisms
implicated in the excretion of apo(a) by the kidney remain to be
determined.
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Recherche Médicale. Dr. Mooser was supported by the Swiss Foundation for Scientific Research (Score Grant 32-44471-95). Monoclonal antibodies 21D5C6 and 23G3C4 were kindly provided by BioMérieux SA, France.

Apo(a) Fragments in Nephrotic Syndrome

12.

13.
14.

15.

16.

References
1. Liu AC, Lawn RM: Lipoprotein(a) and atherogenesis. Trend
Cardiovasc Med 4: 40 – 44, 1994
2. McLean JW, Tomlinson JE, Kuang WJ, Eaton DL, Chen EY,
Fless GM, Scanu AM, Lawn RM: cDNA sequence of human
apolipoprotein(a) is homologous to plasminogen. Nature 330:
132–137, 1987
3. Lackner C, Cohen JC, Hobbs HH: Molecular definition of the
extreme size polymorphism in apolipoprotein(a). Hum Mol
Genet 2: 933–940, 1993
4. Kraft HG, Menzel HJ, Hoppichler F, Vogel W, Utermann G:
Changes of genetic apolipoprotein(a) phenotypes caused by liver
transplantation: Implication for apolipoprotein(a) synthesis.
J Clin Invest 83: 137–142, 1989
5. Parra HJ, Mezdour H, Cachera C, Dracon M, Tacquet A, Fruchart JC: Lp(a) lipoprotein in patients with chronic renal failure
treated by hemodialysis [Abstract]. Clin Chem 33: 721, 1987
6. Oida K, Takai H, Maeda H, Takahashi S, Shimada A, Suzuki J,
Tamai T, Nakai T, Miyabo S: Apolipoprotein(a) is present in
urine and its excretion is decreased in patients with renal failure.
Clin Chem 38: 2244 –2248, 1992
7. Mooser V, Seabra MC, Abedin M, Landschulz K, Marcovina S,
Hobbs HH: Apolipoprotein(a) kringle 4-containing fragments in
human urine: Relationship to plasma levels of lipoprotein(a).
J Clin Invest 97: 858 – 864, 1996
8. Mooser V, Marcovina SM, Wang JP, Hobbs HH: High plasma
levels of apo(a) fragments in Caucasians and African-Americans
with end-stage renal disease: Implications for plasma Lp(a) assay. Clin Genet 52: 387–392, 1997
9. Trenkwalder E, Gruber A, Konig P, Dieplinger H, Kronenberg F:
Increased plasma concentrations of LDL-unbound apo(a) in patients
with end-stage renal disease. Kidney Int 52: 1685–1692, 1997
10. Kronenberg F, Trenkwalder E, Lingenhel A, Friedrich G, Lhotta
K, Schober M, Moes N, Konig P, Utermann G, Dieplinger H:
Renovascular arteriovenous differences in Lp[a] plasma concentrations suggest removal of Lp[a] from the renal circulation. J
Lipid Res 38: 1755–1763, 1997
11. Doucet C, Huby T, Chapman J, Thillet J: Lipoprotein[a] in the

17.
18.
19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

513

Chimpanzee: Relationship of apo[a] phenotype to elevated
plasma Lp[a] levels. J Lipid Res 35: 263–270, 1994
Doucet C, Huby T, Ruiz J, Chapman MJ, Thillet J: Non-enzymatic glycation of lipoprotein(a) in vitro and in vivo. Atherosclerosis 118: 135–143, 1995
Laemmli EK: Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature 227: 680 – 685, 1970
Guo HC, Armstrong VW, Luc G, Billardon C, Goulinet S,
Nustede R, Seidel D, Chapman JM: Characterization of five
mouse monoclonal antibodies to apolipoprotein (a) from human
Lp(a): Evidence for weak plasminogen reactivity. J Lipid Res 30:
23–37, 1989
Chenivesse X, Huby T, Chapman J, Franco D, Thillet J: Expression of a recombinant kringle V of human apolipoprotein(a):
Antibody characterization and species specificity. Protein Expr
Purif 8: 145–150, 1996
Mooser V, Marcovina SM, White AL, Hobbs HH: Kringlecontaining fragments of apolipoprotein(a) circulate in human
plasma and are excreted into the urine. J Clin Invest 98: 2414 –
2424, 1996
Appel G: Lipid abnormalities in renal disease. Kidney Int 39:
169 –183, 1990
Kaysen GA: Hyperlipidemia of the nephrotic syndrome. Kidney
Int 39: S8 –S15, 1991
Faucher C, Doucet C, Baumelou A, Chapman JM, Jacobs C,
Thillet J: Elevated lipoprotein (a) levels in primary nephrotic
syndrome. Am J Kidney Dis 22: 808 – 813, 1993
Stenvinkel P, Berglund L, Heimburger O, Pettersson E, Alvestrand A: Lipoprotein(a) in nephrotic syndrome. Kidney Int 44:
1116 –1123, 1993
Craig WY, Ritchie RF: Lipoprotein(a) levels in the nephrotic
syndrome. Ann Intern Med 120: 165–166, 1994
Wanner C, Rader D, Bartens W, Kramer J, Brewer HB, Schollmeyer P, Wieland H: Elevated plasma lipoprotein(a) in patients with
the nephrotic syndrome. Ann Intern Med 119: 263–269, 1993
Thiery J, Ivandic B, Bahlmann G, Walli AK, Seidel D: Hyperlipoprotein(a)aemia in nephrotic syndrome. Eur J Clin Invest 26:
316 –321, 1996
Rader DJ, Cain W, Zech LA, Usher D, Brewer HB: Variation in
lipoprotein(a) concentrations among individuals with the same
apolipoprotein(a) isoform is determined by the rate of lipoprotein(a) production. J Clin Invest 91: 443– 447, 1993
De Sain-Van der Velden MG, Reijngoud DJ, Kaysen GA, Gadellaa MM, Voorbij H, Stellaard F, Koomans HA, Rabelink TJ:
Evidence for increased synthesis of lipoprotein(a) in the nephrotic syndrome. J Am Soc Nephrol 9: 1474 –1481, 1998
Kostner KM, Banyai S, Banyai M, Bodlaj G, Maurer G, Derfler
K, Horl WH, Oberbauer R: Urinary apolipoprotein (a) excretion
in patients with proteinuria. Ann Med 30: 497–502, 1998
Shore VG, Forte T, Licht H, Lewis SB: Serum and urinary
lipoproteins in the human nephrotic syndrome: Evidence for
renal catabolism of lipoproteins. Metabolism 31: 258 –268, 1982
Kostner KM, Maurer G, Huber K, Stefenelli T, Dieplinger H,
Steyrer E, Kostner GM: Urinary excretion of apo(a) fragments:
Role in apo(a) catabolism. Arterioscler Thromb Vasc Biol 16:
905–911, 1996

Access to UpToDate on-line is available for additional clinical information at http://www.lww.com/JASN.

