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Abstract

 

Apolipoprotein(a) [apo(a)]

 

 

 

contains multiple kringle 4 re-

peats and circulates as part of lipoprotein(a) [Lp(a)]. Apo(a)

is synthesized by the liver but its clearance mechanism is

unknown. Previously, we showed that kringle 4–containing

fragments of apo(a) are present in human urine. To probe

their origin, human plasma was examined and a series of

apo(a) immunoreactive peptides larger in size than urinary

fragments was identified. The concentration of apo(a) frag-

ments in plasma was directly related to the plasma level of

Lp(a) and the 24-h urinary excretion of apo(a). Individuals

with low (

 

,

 

 2 mg/dl) plasma levels of Lp(a) had proportion-

ally more apo(a) circulating as fragments in their plasma.

Similar apo(a) fragments were identified in baboon plasma

but not in conditioned media from primary cultures of ba-

boon hepatocytes, suggesting that the apo(a) fragments are

generated from circulating apo(a) or Lp(a). When apo(a)

fragments purified from human plasma were injected intra-

venously into mice, a species that does not produce apo(a),

apo(a) fragments similar to those found in human urine

were readily detected in mouse urine. Thus, we propose that

apo(a) fragments in human plasma are derived from circu-

lating apo(a)/Lp(a) and are the source of urinary apo(a). (
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 1996. 98:2414–2424.) Key words: lipopro-
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Introduction

 

Apolipoprotein(a) [apo(a)] is covalently attached to the apo-
lipoproteinB100 (apo-B100) of low density lipoprotein (LDL)
and circulates in plasma as lipoprotein(a) [Lp(a)] 

 

1

 

 (1). Lp(a) is
of clinical interest because numerous cross-sectional as well as
prospective studies have shown that high plasma levels of
Lp(a) are an independent risk factor for cardiovascular dis-

eases (2). Multiple mechanisms have been proposed to be re-
sponsible for the link between Lp(a) and atherosclerosis but
none have been shown conclusively to be operative in vivo (3).
Individuals who have little to no detectable Lp(a) in their
plasma are apparently healthy, which has raised the question
as to the physiological role of apo(a).

Apo(a) contains a variable number of a cysteine-rich, 

 

z

 

 114–
amino acid protein motif referred to as a kringle (K). Each K
contains three disulfide bonds that form three protein loops.
Apo(a) is a member of a family of K-containing proteins that
includes prothrombin, Factor XII, tissue plasminogen activa-
tor (t-PA), urokinase, plasminogen, macrophage stimulating
protein, and hepatocyte growth factor (4, 5). These proteins all
contain a fixed number of Ks, whereas the number of Ks in
apo(a) varies from 12 to 51 between different apo(a) isoforms.
10 different types of K4 repeats, arbitrarily designated K4-type 1
to K4-type 10 (6), are present in apo(a). Each type of K4 re-
peat is found as a single copy in apo(a), except the K4-type 2
repeat, which is reiterated 3–42 times (7). Following the tan-
dem array of K4 repeats, apo(a) has a single K5 followed by a
sequence that shares 94% sequence identity with the protease
domain of plasminogen (8). Unlike plasminogen, which is
cleaved by t-PA to release plasmin, apo(a) is not cleaved by
t-PA and the protease domain has not been shown convinc-
ingly to have protease activity in vivo.

The K domain of apo(a) and other K-containing family
members targets the proteins to particular tissues by binding to
proteoglycans and other components of the extracellular ma-
trix (9, 10). The recent observation that the K-containing re-
gion of plasminogen may have biological functions other than
tissue targeting has expanded the potential role of these pro-
tein motifs. A 38-kD peptide corresponding to the first four K
repeats (K1–K4) of plasminogen has been shown to have anti-
angiogenic effects both in vitro and in vivo (11). This observa-
tion prompted us to explore whether apo(a) may also generate
K-containing fragments that are possibly biologically active.

Human urine contains a series of apo(a)-derived, K4-con-
taining fragments ranging in size from 85 to 215 kD (12, 13).
These urinary apo(a) fragments, which are generated from the
NH

 

2

 

-terminal portion of the tandem array of K4 repeats of
apo(a), have been detected in all subjects examined to date,
even those individuals who have no immunodetectable apo(a)
in plasma (13). The amount of apo(a) fragments in urine is
proportional to plasma levels of Lp(a). Injection of the urinary
apo(a) fragments, but not intact Lp(a), into the circulation of
mice results in excretion of apo(a) fragments of similar size in
urine. These observations suggest that the apo(a) fragments in
human urine may be derived from apo(a) fragments circulat-
ing in plasma, rather than from intact Lp(a).

In this paper, we demonstrate that fragments of apo(a) cir-
culate in human plasma that are not covalently attached to
apo-B100 and provide evidence that these apo(a) fragments
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are the likely source of the apo(a) immunoreactive fragments
found in human urine.

 

Methods

 

Separation of lipoprotein-associated and “free” apo(a) in human

plasma.

 

Plasma was isolated from venous blood collected from sub-
jects A and B in 10-ml vacutainer tubes containing 117 

 

m

 

l of 15% (wt/
vol) Na

 

2

 

EDTA. Subject A was a 32-yr-old healthy Caucasian individ-
ual with apo(a) isoforms K4

 

29

 

/null and a plasma Lp(a) level of 0.5 mg/
dl. Subject B was a 32-yr-old Caucasian man with apo(a) isoforms
K4

 

21

 

/K4

 

22

 

 and a plasma Lp(a) level of 20 mg/dl. The size of the apo(a)
isoforms was determined by immunoblot analysis after size-fraction-
ation of plasma proteins on 2% SDS-agarose gel, as described (7). In
the first series of experiments, a total of 500 

 

m

 

l of plasma was adjusted
to a density of 1.215 grams/ml with potassium bromide in a final vol-
ume of 3.1 ml and subjected to ultracentrifugation at 85,000 rpm
(307,000 

 

g

 

) for 17 h in a TLA 100.3 rotor on a TL-100 bench top ultra-
centrifuge (Beckman Instruments, Fullerton, CA). The top fraction
(150 

 

m

 

l) and the bottom fraction (500 

 

m

 

l) were isolated and dialyzed
against buffer A (150 mM NaCl, 0.2 mM Na

 

2

 

EDTA, pH 7.4). The top
fraction was diluted to a final volume of 500 

 

m

 

l.
In parallel experiments the apo(a) associated with lipoproteins

was separated from the so-called free apo(a). In this paper, “free”
apo(a) refers to the apo(a) that is not covalently attached or strongly
associated with apo-B100–containing lipoproteins. We developed a
method to isolate the free apo(a) by incubating plasma with heparin-
Sepharose beads to remove the apo(a) that is covalently bound to
apo-B100. In the initial studies, six plasma samples from individuals
with plasma Lp(a) levels ranging from 0.5 to 44.0 mg/dl were incu-
bated with heparin-Sepharose beads at ratios ranging from 1:1 to 10:1
and the pattern of apo(a) immunoreactive material in the heparin–
unbound fraction was compared by immunoblot analysis. In four
samples, the time interval of incubation was varied from 15 to 30 and
to 90 min. The banding pattern of free apo(a) did not change with
variations in the ratio of heparin-Sepharose beads to plasma or with
prolongation of the incubation time. The banding pattern also was
not affected if the supernatant fluid was subjected to a second incuba-
tion with fresh beads. All experiments reported in this paper were
performed by incubating 15 

 

m

 

l of plasma from each subject with 50 

 

m

 

l
of Sepharose beads coated with heparin (Hi-trap™; Pharmacia, Pis-
cataway, NJ) in 45 

 

m

 

l of buffer B (10 mM sodium phosphate, pH 7.0)
for 30 min at room temperature. The samples were subjected to cen-
trifugation at 11,000 

 

g

 

 for 15 s and the supernatant fluid was collected.
The beads were washed three times with buffer B and the heparin-
bound fraction was eluted with 50 

 

m

 

l of buffer C (1 M NaCl, 10 mM
sodium phosphate, pH 7.0). After centrifugation, the eluted proteins
were recovered in the supernate and diluted fivefold with buffer B.
Samples were then analyzed by immunoblotting, as described (13).

Aliquots of total plasma, the heparin-bound, and heparin-unbound
fractions were subjected to gel electrophoresis and immunoblotting.
Briefly, proteins were size-fractionated on a 5% (wt/vol) SDS-poly-
acrylamide gel for 35 min at 135 V, transferred to nitrocellulose, and
blotted with IgG-a5, an anti-apo(a) K4-type 1 and type 2-specific
mAb (14). Detection was performed using the ECL chemilumines-
cence kit (Amersham, Arlington Heights, IL) and the filters were
exposed for the indicated times to NEF 495 film (DuPont, Wilming-
ton, DE).

 

Quantification of plasma Lp(a) and free apo(a) levels.

 

Venous
blood was collected from 42 healthy Caucasian individuals who all
gave their informed consent. Venous blood was collected from two
unrelated individuals with abetalipoproteinemia (kindly provided by
Dr. Robert Hegele, University of Toronto, Canada). Venous blood
was also collected from mice expressing a human apo(a) cDNA con-
taining 17 K4 repeats and the human apo-B100 gene (15, 16), as well
as a male cynomolgus monkey (kindly provided by Dr. R. Ram-
harack and Dr. R. Newton, Parke-Davis, Ann Arbor, MI) and 9 unre-

lated baboons (17). The blood was maintained at 4

 

8

 

C until the plasma
was isolated (always within 4 h) and then aliquots were stored at

 

2

 

80

 

8

 

C. Plasma Lp(a) levels were determined by ELISA exactly as
described (14) within 1 mo of collection. In this assay, IgG-a6, which
recognizes the K4-type 2, and IgG-a40, which recognizes the K4-type
9 repeat, were used as the capture and detecting mAbs, respectively.
The values are given for the protein mass of Lp(a) and should be mul-
tiplied by 2.76 to convert to total Lp(a) mass (14). We measured ba-
boon plasma Lp(a) levels using the same ELISA assay calibrated
with baboon plasma and using baboon plasma as quality controls. To
quantitate the apo(a) in the supernatant fluid after subjecting the
plasma to heparin chromatography, IgG-a5, which binds the type 1
and type 2 K4 repeats, rather than IgG-a40, was used as the detecting
antibody in the ELISA assay (since the epitope for IgG-a40 is not
present in the fragments). Unfortunately no anti-apo(a) antibodies
are available that react with only a single epitope in the apo(a) frag-
ments and thus measure apo(a) mass independent of the number of
K4 repeats. The ELISA system used to measure the free apo(a) was
calibrated to measure Lp(a) protein mass so the relative, not abso-
lute, immunoreactivity of the free apo(a) is quantitated. No signal
was obtained in the heparin-unbound fraction when anti-apoB or
IgG-a40 was used as a detecting antibody, thus confirming that the
heparin-unbound fraction did not contain any Lp(a). To validate the
assay, plasma samples from 10 unrelated individuals with a wide
range in plasma Lp(a) levels (from 0.4 to 44 mg/dl) stored at 4

 

8

 

C were
subjected to heparin-fractionation twice and the free apo(a) levels
were quantitated in two different assays 7 wk apart and the correla-
tion coefficient was 0.98. The values for free apo(a) were multiplied
by four to correct for the dilution of the samples with buffer B.

Unless otherwise indicated, all experiments were performed on
plasma samples stored at 4

 

8

 

C from 1 to 24 h after collection or stored
at 

 

2

 

80

 

8

 

C for 

 

, 

 

6 mo.

 

Immunoblot analysis and quantification of urinary apo(a).

 

Urine
samples from humans and monkeys were concentrated using a Cen-
triprep-30 and Centricon-30 concentrators (Amicon, Beverly, MA),
and subjected to immunoblot analysis exactly as described (13). The
24-h urinary apo(a) excretion was quantitated using an ELISA assay
exactly as described (13).

 

Analysis of apo(a) in culture medium from baboon hepatocytes.

 

Baboon hepatocytes were grown in culture as described (18) and 72-h
conditioned medium was collected, concentrated using a Centricon-30
filter, and subjected to heparin-Sepharose fractionation as described
above.

 

Injection of purified human plasma free apo(a) in mice.

 

A total of
50 ml of plasma was collected from subject B. Aprotinin (10 U/ml),
gentamicin (0.08 mg/ml), benzamidine (1 mM), and PMSF (1 mM)
were added and the density was adjusted with KBr to 1.215 grams/ml.
The sample was subjected to ultracentrifugation in a T875 rotor
(Beckman) at 67,000 rpm for 24 h. The bottom fraction (30 ml) was
isolated and dialyzed against buffer A with an overnight change
against 30 mM NaCl, 0.04 mM Na

 

2

 

EDTA, 10 mM sodium phosphate,
pH 7.2. The dialyzed sample was subjected to three sequential incu-
bations with 5 ml of heparin-coated Sepharose beads. The heparin-
unbound fraction was diluted threefold with buffer A and passed
over the IgG-a6 immunoaffinity column, as described (13). Apo(a)
fragments were eluted using 100 mM triethylamine, pH 11.5, and the
first 2-ml fraction was collected in a tube containing 100 

 

m

 

l of 1 M so-
dium phosphate buffer, pH 6.8. BSA (Sigma, St. Louis, MO) was
added to a final concentration of 1 mg/ml and the sample was dia-
lyzed for 20 h against 150 mM NaCl. The sample was concentrated
10-fold using a Centricon-30 filter and 130 

 

m

 

l of the concentrated ma-
terial was injected intravenously into two (129 

 

3

 

 SJL)

 

F1

 

 female mice
weighing 21 grams. Blood was collected by retroorbital puncture after
1 min, 5 h, 10 h, and 20 h. After the first blood collection, the mice
were housed individually in metabolic cages and given 10% (wt/vol)
sucrose to drink. Urine samples were collected in chilled containers at
the indicated time points. Urine samples were concentrated with a
Microcon-30 filter and a total of 10% of the urine collection and 1 

 

m

 

l
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of plasma were subjected to immunoblot analysis, as described above.
Detection was performed using IgG-a5 conjugated to horseradish
peroxidase (15).

 

Results

 

Both full-length apo(a) and truncated apo(a) fragments are

present in human plasma.

 

To determine if apo(a) fragments
are present in human plasma, plasma samples from an individ-
ual with low (subject A) and high (subject B) plasma levels of
Lp(a) were adjusted to a density of 1.215 grams/ml and sub-
jected to ultracentrifugation. [Subject A has apo(a) isoforms of
K4

 

29

 

/null and a plasma Lp(a) level of 0.5 mg/dl and subject B
has apo(a) isoforms of K4

 

21

 

/K4

 

22

 

 and a plasma Lp(a) level of
20 mg/dl.] The operational definition of a null allele in this pa-
per is an apo(a) allele that is associated with 

 

,

 

 0.1 mg/dl Lp(a),
which is the lower limit of detection in our immunoblotting as-
say (19). Aliquots of total plasma (lanes 

 

1

 

 and 

 

7

 

), the top

(lanes 

 

2

 

 and 

 

8

 

), and bottom fractions (lanes 

 

3

 

 and 

 

9

 

) were sub-
jected to immunoblot analysis using IgG-a5 (Fig. 1 

 

A

 

), an mAb
directed against the type 1 and type 2 K4 repeats of apo(a)
(Fig. 1, 

 

bottom

 

). To better visualize the complement of apo(a)
immunoreactive fragments, a fivefold greater volume of the
bottom fraction was loaded onto the gel. Immunoreactive pro-
teins of the same size as the full-length apo(a) isoforms were
detected in the top fraction in subject A, and in both the top
and bottom fractions of subject B. Multiple smaller bands that
ranged in size from 

 

z

 

 125 to 360 kD were seen in the bottom
fractions of both subjects (lanes 

 

3

 

 and 

 

9

 

) that were not all visi-
ble in the untreated plasma on this exposure (lanes 

 

1

 

 and 

 

7

 

).
Bands of identical sizes were seen in untreated plasma (lanes 

 

1

 

and 

 

7

 

) on a longer exposure of the gel (data not shown).
To quantitate the relative proportion of apo(a) that circu-

lates unattached to LDL in plasma, a method was developed
to separate the apo(a) that is bound to LDL from the so-called
free apo(a) by incubating the plasma with heparin-coated

Figure 1. (A) Immunoblot analysis of plasma apo(a) K4-type 1 and 2 after ultracentrifugation and fractionation by heparin-Sepharose beads. 
Plasma and urine samples were collected from two healthy Caucasian individuals with a low (0.5 mg/dl; Subject A) and a high (20 mg/dl; Subject 

B) plasma level of Lp(a). Subjects A and B have apo(a) isoforms of K429/null and K421/K422, respectively. A total of 500 ml of plasma was sub-
jected to ultracentrifugation in a volume of 3.1 ml at a density of 1.215 grams/ml. The top 150-ml fraction and the bottom 0.5-ml fraction were col-
lected and dialyzed against buffer A (150 mM NaCl, 0.2 mM Na2EDTA, pH 7.4). The top fraction was diluted with buffer A to a final volume of 
500 ml. In parallel experiments, 15 ml of plasma from each individual was incubated for 30 min at room temperature with 50 ml of heparin-coated 
Sepharose beads in 45 ml of buffer B (10 mM sodium phosphate buffer, pH 7.0). After centrifugation, the top (heparin-unbound) fraction was 
collected. The pellet was washed three times with buffer B and resuspended in 50 ml of buffer C (10 mM phosphate buffer, 1 M NaCl, pH 7.0). 
The eluted proteins were diluted with buffer B to a final volume of 250 ml. The urine was concentrated 150-fold using Centriprep-30 and Centri-
con-30 concentrators. For subject A, a total of 0.75 ml of plasma (lane 1), 1.25 ml of the top fraction (lane 2), 1.25 ml of the bottom fraction (lane 
3), 11 ml of the heparin-bound fraction (lane 4), 10 ml of the heparin-unbound fraction (lane 5), and 1 ml of concentrated urine (lane 6) was re-
duced and size-fractionated on a 5%(wt/vol) SDS-polyacrylamide gel for 35 min at 48C, transferred to a nitrocellulose filter and blotted with 
IgG-a5, which recognizes the apo(a) K4-type 1 and 2 repeats. To account for the difference in plasma Lp(a) levels between subjects A and B, the 
amount of plasma, top, and heparin-bound fractions was 40-fold less for subject B than for subject A, whereas the amount of proteins in the bot-
tom and the heparin-unbound fractions was 10-fold less. Duplicate blots using samples from subject B were subjected to immunoblot analysis us-
ing IgG-a40, an anti-apo(a) K4-type 9 mAb (B), and IgG-MB43, an anti–apo-B100 specific mAb (C). Detection was performed using the ECL 
chemiluminescence kit. The filters were exposed for 8 min (A), 4 min (B), and 15 s (C). (Bottom) Location of the epitopes recognized by the 
mAbs used in the analysis.
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Sepharose beads, as described in Methods. Aliquots of the
high-salt eluate from the beads (Fig. 1 

 

A

 

, lanes 

 

4

 

 and 

 

10

 

) and
the supernatant fluid (lanes 

 

5

 

 and 

 

11

 

) were analyzed by immu-
noblotting. For both subjects, the immunodetectable apo(a) in
the heparin-bound fraction (lanes 

 

4

 

 and 

 

10

 

) was similar in size
to the full-length apo(a) isoforms detected in the untreated
plasma (lanes 

 

1

 

 and 

 

7

 

) and the top fraction (lanes 

 

2

 

 and 

 

8

 

). In
both samples, only a trace amount of the full-length immu-
noreactive apo(a) was detected in the heparin-unbound frac-
tion (lanes 

 

5

 

 and 

 

11

 

). A series of smaller polypeptides was visi-
ble in the heparin-unbound fractions that were similar in size
to those detected in the bottom fraction (lanes 

 

3

 

 and 

 

9

 

). In sub-
ject B, a significant amount of apo(a) was present in the bot-
tom fraction (lane 

 

9

 

) that was not apparent in the heparin-
unbound fraction (lane 

 

11

 

), which is consistent with a portion
of the apo(a) being associated with another heparin-binding
protein or with apo-B100 in a lipid-poor particle. The relative
amount of apo(a) present in the bottom fraction was very
small since fivefold more of the bottom than top fraction was
loaded onto the gel. In subject A, a band of lower intensity was
detected in the untreated plasma (lane 

 

1

 

), and in the top (lane

 

2

 

), the heparin-bound (lane 

 

3

 

), and the heparin-unbound frac-
tions (lane 

 

5

 

). This band was of the same apparent molecular
mass as the largest band in the bottom fraction. The nature of
this band has not been determined.

The apo(a) immunoreactive fragments in the bottom and
the heparin-unbound fractions of both plasma samples were
similar in size to some of the larger apo(a) immunoreactive
fragments detected in urine from the same subjects (lanes 

 

6

 

and 

 

12

 

). The size differences between apo(a) fragments was

 

z

 

 25–30 kD, which is the estimated size of a single type 2 K4
repeat (20). The banding pattern of the polypeptides did not

change if the ratio of heparin beads to plasma was increased, if
the incubation time was prolonged, or if the supernatant fluid
was subjected to serial incubation with fresh beads (data not
shown).

To determine if the truncated forms of apo(a) in plasma
contained the K4-type 9 repeat, which is the K4 repeat with
the cysteine residue that cross-links apo(a) to the apo-B100 of
LDL, the same samples from subject B were subjected to im-
munoblotting with IgG-a40 (Fig. 1 B), an anti-apo(a) K4-type
9 specific mAb (14). No apo(a) immunoreactive material was
identified in the bottom (lane 3) or heparin-unbound fractions
(lane 5). A trace amount of the full-length apo(a) isoform was
visible in the bottom fraction after prolonged exposure (data
not shown). A faint band of z 100 kD was seen in the bottom
fraction and heparin-bound fraction of all plasma samples ana-
lyzed. The intensity of this band did not vary with the plasma
level of Lp(a) and so was attributed to a cross-reacting protein.

To demonstrate that the free apo(a) in plasma circulates in-
dependent of apo-B100, immunoblot analysis was also per-
formed on the same samples from subject B using IgG-MB43
(Fig. 1 C), an anti–apo-B100 mAb (21). No apo-B100 was
identified in the bottom (lane 3) or heparin-unbound fraction
(lane 5) except on a prolonged exposure when a trace amount
of apo-B100 was visible in the bottom fraction (data not
shown). This is consistent with a trace amount of a lipid-poor

Figure 2. Effect of storage, boiling, and protease inhibitors on plasma 
apo(a). Plasma was collected from subject C, a healthy Caucasian in-
dividual who has a plasma Lp(a) level of 0.7 mg/dl and is homozygous 
for apo(a) K429. A cocktail of protease inhibitors containing aprotinin 
(final concentration 10 U/ml), gentamycin (80 mg/ml), benzamidine 
(1 mM), and PMSF (1 mM) was added to plasma where indicated. 
Samples were boiled for 5 min where indicated. A total of 0.75 ml of 
plasma was analyzed by immunoblotting using IgG-a5, as described 
in Fig. 1. Filter was exposed to film for 4 min.

Figure 3. Relationship between the sizes of the apo(a) isoforms and 
the free apo(a) in plasma. Blood was collected from three healthy in-
dividuals and the plasma samples were incubated with heparin-
coated beads to remove the Lp(a), as described in Fig. 1. A total of 1 
ml of a 100-fold diluted plasma sample and 5 ml of the supernate was 
analyzed by immunoblotting using IgG-a5. The filter was exposed to 
film for 4 min. The number of K4 repeats in the apo(a) gene was de-
termined by pulsed-field gel electrophoresis of high molecular mass 
genomic DNA and genomic blotting, as described (7).
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apo(a)–apo-B100 complex being present in the bottom frac-
tion, as has been seen previously in individuals with abetalipo-
proteinemia (22). Taken together, these results indicate that a
fraction of the apo(a) immunoreactive material in plasma cir-
culates unattached to lipoproteins [although a noncovalent
bond between the apo(a) fragments and LDL cannot be for-
mally ruled out]. This free apo(a) consists of a trace amount of
full-length apo(a) and a series of fragments of discrete sizes
that contain the highly reiterated K4-type 2 repeats, but not
the apo(a) K4-type 9 repeat. The size differences between the
fragments approximates the size of a single K4-type 2 repeat,
which suggests that the apo(a) fragments of different sizes vary
in the number of K4-type 2 repeats.

Stability of apo(a) fragments in plasma. To examine whether
the apo(a) fragments identified in human plasma are pro-
teolytic products that arise from Lp(a) during isolation, plasma
from subject C, a 36-yr-old healthy Caucasian individual with
an apo(a) genotype K429/K429 and a plasma Lp(a) level of 0.7
mg/dl, was subjected to electrophoresis within 15 min of isola-
tion in the presence or absence of protease inhibitors. The
banding pattern did not change significantly whether the sam-
ples were boiled or stored for 1 mo at 48C or 1 yr at 2808C
(Fig. 2). No differences were observed if the analysis was per-
formed using serum (data not shown). It is still possible that
the apo(a) fragments were generated during sample collection

or processing, although the analysis of plasma samples from
mice expressing both a human apo(a) and a human apo-B100
transgenes argues strongly against this possibility (see below).

Relationship between the size of the apo(a) fragments and

apo(a) isoforms. To determine if the apparent molecular mass
of the fragments varied between individuals with apo(a) iso-
forms of different sizes, plasma samples from a series of indi-
viduals were subjected to incubation with heparin-Sepharose
beads. Aliquots of untreated plasma and the supernatant fluid
were analyzed by immunoblotting (Fig. 3). The first individual
had a single apo(a) isoform visible in plasma that contained 14
K4 repeats and had a molecular mass of z 420 kD (lane 1).
Four major fragments of z 135, 160, 185, and 215 kD were de-
tected in the heparin-unbound fraction (lane 2). The second
individual had two plasma apo(a) isoforms of z 560 and 480
kD in the plasma (lane 3). The heparin-unbound fraction from
this subject contained the same apo(a) fragments that were
seen in subject 1 and an additional larger protein of z 245 kD
(lane 4). A longer exposure also revealed bands of z 270, 300,
and 330 kD (data not shown). A third individual, who had a
single isoform of z 600 kD (lane 5), had a series of apo(a)
fragments (z 345 and 380 kD) that were larger in size than any
of those seen in the other two individuals (lane 6). Thus, in all
three individuals, there was a direct relationship between the
size of the apo(a) isoforms and the size of the largest fragments

Figure 4. Immunoblot analysis of untreated, hep-
arin-bound, and heparin-unbound apo(a) in plasma. 
Plasma samples from 11 unrelated individuals and a 
sample of 100-fold concentrated urine from subject 2 
were subjected to heparin-Sepharose fractionation as 
described in Fig. 1. A total of 0.25 ml of plasma (top), 
5 ml of heparin-bound fraction (middle), and 5 ml of 
heparin-unbound fraction (bottom) was analyzed by 
immunoblotting using IgG-a5, as described in Fig. 1. 
The filters were exposed to film for 16 min (top and 
bottom) and 4 min (middle).
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detected in plasma. The largest apo(a) fragments detected in
the heparin-unbound fraction were z 200 kD smaller than the
largest apo(a) isoform.

Relationship between the amount of total plasma apo(a),

heparin-bound, and heparin-unbound apo(a). Immunoblot
analysis of apo(a) in untreated plasma, heparin-bound, and hep-
arin-unbound fractions was performed in plasma samples from
11 selected healthy Caucasian individuals whose plasma levels
of Lp(a) ranged from 0.1 to 27.2 mg/dl (Fig. 4). The intensity of
the apo(a) bands in the plasma and heparin-bound fraction
correlated with plasma Lp(a) level (Fig. 4, top and middle).

Shown in the bottom panel is the immunoblot analysis of the
heparin-unbound fraction. A similar, though nonidentical, pat-
tern of bands was seen in the plasma samples of all individuals
examined. The intensity of the bands tended to increase in
proportion to the plasma levels of Lp(a).

To quantitate the relationship between the plasma level of
Lp(a) and the plasma level of free apo(a), the levels were de-
termined in 42 healthy Caucasian individuals (23 males and 19
females) using an ELISA assay, as described in Methods. A di-
rect relationship was observed between the plasma concentra-
tions of Lp(a) and free apo(a) (Fig. 5 A), as expected based on

Figure 5. (A) Plasma levels of Lp(a) and free apo(a) in Caucasian individuals. Plasma was collected from 42 healthy individuals and the free 
apo(a) was isolated from each sample using heparin-Sepharose beads, as described in the legend to Fig. 1. The amount of Lp(a) and free apo(a) 
in the samples was quantitated using a sandwich ELISA assay, as described in Methods. The plasma Lp(a) level is given on the x axis, and the 
amount of free apo(a) on the y axis. (B) Relationship between plasma Lp(a) levels and the ratio of free apo(a) to Lp(a) in plasma. Plasma Lp(a) 
levels and heparin-unbound apo(a) were quantified as described in Methods. (Inset) Same data plotted on a log/log scales. (C) Relationship be-
tween the amount of free apo(a) in the plasma and the 24-h urinary excretion of apo(a). 20-h urine samples were collected from 27 Caucasian in-
dividuals and urinary apo(a) and plasma-free apo(a) were quantitated as described in Methods.
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the immunoblot analysis of the plasma and heparin-unbound
fraction (Fig. 4). The levels of free apo(a) ranged from 0.02 to
1.36 mg/dl. The relationship between the proportion of apo(a)
that circulates free in plasma and the level of plasma Lp(a) was
also examined (Fig. 5 B). The proportion of free apo(a) in
plasma differed depending on the plasma level of Lp(a). In the
subset of individuals with very low plasma Lp(a) levels (i.e.,
, 1 mg/dl), z 20–60% of the apo(a) was not covalently bound
to lipoproteins. In contrast, all individuals with plasma Lp(a)
levels . 2 mg/dl had , 10% of their apo(a) in the heparin-
unbound fraction. The relationship between the plasma Lp(a)
levels and the proportion of apo(a) that circulated was linear
when the data were replotted using a logarithmic scale (Fig. 5
B, inset).

We next examined the relationship between the plasma
free apo(a) level and the amount of apo(a) excreted into the
urine in a 24-h period in 27 individuals with normal renal func-
tion, as assessed by creatinine clearance, and no proteinuria.
The level of free apo(a) fragments in plasma was directly re-
lated to the amount of apo(a) excreted into the urine during a
24-h period (r 5 0.83) (Fig. 5 C). The close correlation be-
tween the amount of free apo(a) in plasma and the urinary
apo(a) suggested a precursor-product relationship.

Apo(a) fragments are present in baboon plasma and urine

but absent from the conditioned media of primary baboon

hepatocytes. To determine if apo(a) fragments were present in
the plasma of another species that synthesizes apo(a), we im-
munologically examined the plasma and urine from nine unre-
lated baboons, which had plasma Lp(a) levels that ranged

from 0.1 to 17.4 mg/dl. The immunoblot analysis of plasma
from two representative baboons is shown in Fig. 6. Seven of
the eight baboons had a series of apo(a) immunoreactive frag-
ments present in both the heparin-unbound fraction (lane 3)
and urine (lane 4) that were similar in size to those seen in hu-
mans (lanes 9 and 10). The baboon that had the lowest plasma
level of Lp(a) (0.1 mg/dl) had no apo(a) immunoreactive ma-
terial either in the plasma or the urine (lanes 7 and 8). To date
we have analyzed the plasma and urine of 100 humans for the
presence of apo(a) fragments and no human sample has been
identified that does not have apo(a) fragments (data not
shown). A similar analysis was performed using plasma and
urine from a cynomolgus monkey (23) (samples kindly pro-
vided by R. Ramharack and R. Newton) and the results were
similar to those observed in the baboons (data not shown).

To determine if the apo(a) fragments in the plasma are se-
creted by the liver, plasma and conditioned media from pri-
mary cultures of hepatocytes from a baboon with a plasma
level of Lp(a) of 16.6 mg/dl were subjected to Sepharose-hep-
arin fractionation and analyzed by immunoblotting (Fig. 7).
The plasma contained a series of apo(a) fragments (lanes 1
and 3) similar in size to those seen in humans. Full-length
apo(a) was present in both the heparin-bound and the hep-
arin-unbound fractions of the media. The presence of full-
length apo(a) in the heparin-unbound fraction is due to the
fact that excess LDL was not added to the media. No apo(a)
fragments were present in the heparin-unbound fraction in the
conditioned media (lane 6), even after a very long exposure.
Since the apo(a) that circulates in plasma is formed in the liver
(24), these results suggest that the apo(a) fragments present in
the plasma are not produced by the hepatocytes but are rather
generated from circulating Lp(a) or full-length apo(a) that cir-
culates unattached to LDL.

Apo-B100 is not required for the generation of the apo(a)

fragments. To determine if apo-B100 is necessary for the gen-
eration of apo(a) fragments, plasma from two individuals who
have abetalipoproteinemia (kindly provided by Dr. Robert
Hegele) was subjected to Sepharose-heparin fractionation and

Figure 6. Immunoblot analysis of apo(a) in untreated, heparin-
bound, and heparin-unbound plasma from two baboons. Plasma was 
isolated from nine baboons and subjected to heparin-Sepharose frac-
tionation as described in Fig. 1. The plasma of eight of the nine ba-
boons had a banding pattern similar to baboon 1 and had a series of 
apo(a) fragments in the heparin-unbound fraction (lane 3) and urine 
(lane 4) that were similar in size to those found in humans (subject C, 
lanes 9 and 10). In one of the baboons, baboon 2, no apo(a) immu-
noreactive fragments were identified in either plasma or urine (lanes 
7 and 8).

Figure 7. Immunoblot 
analysis of apo(a) in tis-
sue culture medium 
from baboon hepato-
cytes. Plasma and 72-h 
conditioned medium 
from hepatocytes from 
the same baboon were 
collected. Plasma and 
10-fold concentrated 
medium were subjected 
to heparin-Sepharose 
fractionation as de-
scribed in Fig. 1. The 
untreated and the hep-
arin-bound and hep-
arin-unbound media 
were further concen-
trated 10-fold. A total 
of 0.25 ml of untreated 

material and 7.5 ml of the heparin-unbound and heparin-bound frac-
tions was analyzed by immunoblotting using IgG-a5. The filter was 
exposed for 30 s (lanes 1–3) and 30 min (lanes 4–6).
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immunoblotting (Fig. 8). The plasma levels of Lp(a) in these
individuals were 0.3 and 0.2 mg/dl. Both individuals had apo(a)
in the heparin-bound (lanes 6 and 10) and heparin-unbound
(lanes 7 and 11) fractions. The samples were also subjected to
size-fractionation on a nondenaturing gel (15) and in the hep-
arin-unbound fraction, all of the full-length apo(a) comigrated
with free apo(a). In contrast, the apo(a) in the heparin-bound
fraction migrated a shorter distance in the gel, which is consis-
tent with it being bound to apo-B100 or another heparin-bind-
ing protein (data not shown). Although no apo-B100 could be
detected in the plasma or in the heparin-unbound fraction of
either individual (data not shown), the level of plasma apo-
B100 may be below the detection limits of our immunoblotting
method. Trace amounts of apo-B100 have been detected in the
plasma of other individuals with abetalipoproteinemia (22). A
series of smaller apo(a) fragments similar in size to those seen
in the control subject (lane 3) was present in the heparin-
unbound fraction. The proportion of apo(a) circulating as free
apo(a) was 9 and 38% in these two individuals, which was
within the same range as seen in normal individuals with very
low plasma Lp(a) levels (see Fig. 5 B). Apo(a) fragments were
also detected in the urine (lane 8), which was available from
only one of the subjects. Based on these studies we concluded
that apo-B100 was probably not required for the generation of
the apo(a) fragments in humans and also that very low to ab-
sent levels of plasma apo-B100 are not associated with an in-
crease in the proportion of free apo(a).

Apo(a) fragments are not present in the plasma of apo(a)

transgenic mice. In contrast to monkeys, baboons, and hu-
mans, mice do not have any immunodetectable apo(a) in their
plasma (15). Transgenic mice expressing a human apo(a)
cDNA driven by the mouse transferrin promoter (15) crossed
with mice expressing the human apo-B100 gene (16) have
Lp(a) in their plasma (16, 25). Plasma from these mice was

subjected to incubation with heparin-Sepharose beads and the
untreated, heparin-bound, and heparin-unbound fractions were
analyzed by immunoblotting. In contrast to human plasma
(Fig. 9, lanes 1–3) and monkey plasma, no apo(a) fragments
were identified in the mouse plasma before (lane 4) or after
(lanes 5 and 6) incubation with the heparin-coated Sepharose
beads. The same experiment was performed using plasma
from mice expressing the apo(a) but not the apo-B100 trans-
gene, and mice expressing a 270-kb DNA fragment encom-
passing the entire apo(a) gene (Acquati, F., and R. Hammer,
unpublished observation). No apo(a) fragments were detected
in the heparin-unbound fraction in either of these lines of mice
(data not shown). Mice, which do not synthesize apo(a), do not
appear to have the machinery required to generate these
apo(a) fragments. Moreover, the absence of the fragments in
the transgenic mouse plasma is consistent with the apo(a) frag-
ments in human and monkey plasma not being generated dur-
ing the isolation or preparation of the plasma sample but
rather being produced in vivo.

Finally, when plasma from apo(a) transgenic mice was
mixed with human plasma (or serum), no increase in the
amount of apo(a) fragments, either before or after incubation
with heparin-Sepharose beads, was found on immunoblot
analysis (data not shown).

Intravenous injection of human apo(a) fragments into mice

results in excretion of smaller fragments into the urine. To in-
vestigate if the apo(a) fragments in human plasma could be the
source of the apo(a) immunoreactive fragments in urine, two
mice were injected intravenously with free apo(a) purified
from human plasma. Plasma (Fig. 10 A) and urine (Fig. 10 B)
were collected for immunoblot analysis of apo(a). Most of
apo(a) fragments had been cleared from the mouse plasma af-
ter 5 h. Over the same time period, a series of apo(a) frag-
ments was easily detected in mouse urine. The apo(a) frag-
ments in mouse urine were smaller in size than those injected
into the mice and matched precisely the sizes of apo(a) frag-
ments in human urine (Fig. 10 B, lane 1).

Figure 8. Immunoblot analysis of plasma and urine apo(a) in abetali-
poproteinemia. Plasma was collected from two subjects with abetali-
poproteinemia, who have a plasma Lp(a) level of 0.3 and 0.2 mg/dl, 
respectively. Urine was available only from subject 1. Samples from 
subject C served as controls. Plasma samples were subjected to hep-
arin-Sepharose fractionation and to immunoblotting, as described in 
Fig. 1. The filter was exposed for 4 min.

Figure 9. Immunoblot 
analysis of apo(a) in 
plasma from a mouse 
expressing both human 
apo(a) and apo-B100 
transgenes. Plasma 
was collected from a 
healthy Caucasian indi-
vidual with an apo(a) 
genotype apo(a) K420/
K428 and a plasma 
Lp(a) level of 6.5 mg/
dl and from a trans-
genic mouse express-
ing both a human 
apo(a) cDNA with 17 
K4 repeats and the hu-
man apo-B100 gene 

and a plasma Lp(a) level of z 8 mg/dl (15, 16). The plasma samples 
were incubated with heparin-Sepharose beads as described in Fig. 1 
and then a 2.5-ml aliquot of a 100-fold diluted plasma, 7.5 ml of the hep-
arin-bound fraction, and 2 ml of the supernatant fluid were subjected 
to immunoblotting using horseradish peroxidase–conjugated IgG-a5, 
an mAb that recognizes the apo(a) K4-type 1 and 2 repeats. The filter 
was exposed to film for 8 min.
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Discussion

The major findings of this paper are that truncated forms of
apo(a) circulate in human plasma and that this fraction of
plasma apo(a) is the likely source of the apo(a) fragments in
human urine. The largest of the free apo(a) fragments were
z 200 kD smaller than the full-length apo(a) isoforms and the
sizes of the remaining series of fragments decreased progres-
sively by 25–30 kD, which is the estimated size of a K4-type 2
repeat (20). The fragments contained the epitopes for the type
2 but not the type 9 K4 repeat. These observations are consis-
tent with the apo(a) fragments being derived from the NH2-
terminal region of apo(a) and containing variable numbers of
the type 2 K4 repeats. When the free apo(a) fragments were
injected into mice, a species that does not synthesize apo(a),
the fragments disappeared rapidly from the plasma and were

excreted into the urine. The fragments in the urine were of a
lower apparent molecular mass and matched the size of the
apo(a) fragments in human urine. Taken together, these data
strongly suggest that the apo(a) fragments in human urine are
derived from fragments that circulate in human plasma.

Apo(a) immunoreactive bands smaller in size than the full-
length apo(a) isoforms are often detected when human plasma
is subjected to immunoblotting. In our laboratory, these frag-
ments are most apparent when polyclonal anti-apo(a) antibod-
ies or mAbs directed against epitopes in the apo(a) K4-type 2
repeat region are used for immunoblot analysis of plasma from
individuals with low plasma Lp(a) levels. Previously we attrib-
uted the presence of these smaller apo(a) immunoreactive
bands to artifactual degradation products of apo(a). However,
evidence presented here argues that these immunoreactive
fragments circulate in normal human plasma and are not an ar-
tifact of sample processing. First, the fragments did not change
in size or amount in the presence or absence of protease inhib-
itors or after storage for prolonged time periods. Second, no
apo(a) fragments were detected on immunoblot analysis of
plasma from transgenic mice expressing Lp(a) that was col-
lected and handled in an identical manner to the human sam-
ples. Third, apo(a) fragments were identified in baboon
plasma but not in the media from primary cultures of baboon
hepatocytes which contain full-length apo(a). Finally, when
sera and/or plasma from Lp(a) transgenic mice and humans
were mixed, no increase in the amount of apo(a) fragments
was detected (data not shown).

The plasma levels of free apo(a) were related directly to
the plasma level of Lp(a) and to the 24-h urinary excretion of
apo(a). There are several possible origins of the free apo(a)
fragments found in human plasma. They may be produced by
hepatocytes and then secreted into the circulation. The frag-
ments could be differential splice products of the apo(a) gene
or could result from incomplete translation of the full-length
apo(a) mRNA. Translation of long transcripts, similar in size
to that of the apo(a) mRNA, not infrequently terminates pre-
maturely (26). However, the fact that no shorter apo(a)
mRNAs have been identified on Northern blot analysis of hu-
man, cynomolgus monkey, or baboon liver mRNA (23, 27, 28)
and that the apo(a) fragments vary by the same size interval
make these two possibilities unlikely. Finally, no apo(a) frag-
ments were identified in the media of primary cultures of hepato-
cytes from a baboon who had apo(a) fragments in its plasma.
Based on these observations we conclude that the apo(a) frag-
ments are generated either from the full-length free apo(a) or
from the apo(a) that is covalently bound to LDL as Lp(a).

White and Lanford (29) have shown that apo(a) and apoB
are synthesized independently in primary cultures of baboon
hepatocytes and that the disulfide linkage between apo(a) and
apo-B100 occurs on the hepatocyte cell surface. The non–lipo-
protein-associated apo(a) in plasma may thus represent the
subset of apo(a) molecules secreted from the hepatocyte that
do not complex properly with apo-B100 to form Lp(a) and
may be the source of the apo(a) fragments. Arguing against
this scenario was the finding that individuals with abetalipo-
proteinemia, who have trace to no apoB in plasma (22), have
easily detectable levels of free full-length apo(a) circulating in
their plasma and the levels of apo(a) fragments were no higher
than the controls (Fig. 8).

It is conceivable that apo(a) fragments are synthesized by
extrahepatic tissues, possibly as products of differentially

Figure 10. Immunoblot analysis of plasma and urinary apo(a) in two 
mice injected with free apo(a) purified from human plasma. Two (129 
3 SJL)F1 female mice were injected intravenously with 130 ml of free 
apo(a) purified as described in Methods from 50 ml of plasma from 
an individual with an apo(a) genotype apo(a) K421/K422 and a plasma 
Lp(a) level of 22 mg/dl. Blood and urine were collected at the indi-
cated time points. A total of 1 ml of plasma (A) and 10% of the urine 
collection (B) at each time point was subjected to immunoblot analy-
sis as described in Fig. 1. A total of 0.1 ml of the injected material (A, 
lane 1 and B, lane 2) and 0.75 ml of 150-fold concentrated human 
urine (B, lane 1) were used as controls. Filters were exposed for 1 min 
(A) and 8 min (B).
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spliced forms of apo(a) mRNA. Previously, we have ruled out
this possibility for the kidney (13), but not for other tissues. Al-
ternatively, the apo(a) fragments may be generated from cir-
culating apo(a) or Lp(a). Other members of the K-containing
family, including macrophage stimulating protein, are secreted
as an inactive precursor and then activated in serum or in tis-
sues (30). Apo(a) may also undergo proteolytic cleavage, ei-
ther in blood or tissues, to produce apo(a) fragments. We have
been unable to generate the apo(a) fragments from Lp(a) us-
ing serum or plasma. Nor have we been able to detect the
COOH-terminal part of apo(a), which contains the free cys-
teine residue responsible for the covalent bond to apo-B100
(31, 32) and participates in apo(a) binding to lysine (33, 34).
We have also incubated Lp(a) with human umbilical vein en-
dothelial cells and with HepG2 hepatocarcinoma cells for up
to 7 d and found no fragments in the media or cells (data not
shown). Hoff has identified apo(a) immunoreactive fragments
in human atherosclerotic plaques (35); it is not known if these
fragments are formed locally or produced elsewhere and sub-
sequently adhere to the arterial wall or how they relate to the
apo(a) fragments in plasma.

The findings that a significant proportion of the plasma
apo(a) is in the form of fragments in individuals with very low
plasma levels of Lp(a) and that the proportion of apo(a) that
circulates as fragments falls with increasing levels of Lp(a) sug-
gest that the mechanism responsible for their generation is a
high-affinity, low capacity system. This mechanism clearly is
not the major pathway by which apo(a) is cleared from plasma,
especially in individuals with plasma Lp(a) levels . 2.0 mg/dl.
Nor did we find any evidence that differences in the amount of
apo(a) fragments in plasma are responsible for the interindi-
vidual and interethnic differences in plasma levels of Lp(a).
For example, African-Americans have two- to threefold higher
median plasma levels of Lp(a) than Caucasians (19, 36, 37) and
yet the amount of free apo(a) relative to the plasma concentra-
tion of Lp(a) and the 24-h urinary excretion of apo(a) is similar
in Caucasians and African-Americans (our unpublished obser-
vation). Therefore, the higher levels of plasma Lp(a) in Afri-
can-Americans cannot be attributed to larger amounts of
apo(a) fragments circulating in the plasma or to a decrease in
the clearance of these fragments by the kidney.

Apo(a) fragments were detected in the plasma from a cy-
nomolgus monkey and from 9 out of the 10 baboons tested,
which are both species that express apo(a). One baboon with a
very low plasma Lp(a) level (0.1 mg/dl) had no free apo(a) de-
tected in its plasma. This same baboon also had no apo(a) frag-
ments in its urine. This observation reinforces the hypothesis
that apo(a) fragments in plasma are the source of urinary
apo(a) and also suggests that the limiting step in the genera-
tion of apo(a) fragments in urine is the conversion of apo(a)/
Lp(a) to apo(a) fragments. It is interesting that mice, which do
not synthesize apo(a) and cannot process apo(a) or Lp(a) into
fragments, were capable of excreting the apo(a) fragments that
circulate in human plasma into the urine. The large size and
highly glycosylated nature of these apo(a) fragments argue
against the fragments entering the urine via filtration and sug-
gest that the fragments enter the urine by secretion. The mech-
anisms responsible for the reduction in size of the fragments
and the excretion of the fragments into the urine are not
known. Apo(a) may resemble another mouse protein and may
use its transport system to enter mouse urine. Identification of
such a murine protein homologue may provide insights into

the physiological role of apo(a), which remains a central mys-
tery in the study of this enigmatic apolipoprotein.

In this regard, the physiological and pathophysiological
consequences of having apo(a) fragments in the circulation re-
main to be established. The data presented here do not pro-
vide any functional role for these fragments. However, these
studies reveal a new pathway by which Lp(a)/apo(a) may be
biologically active and may promote the development of ath-
erosclerosis. Lp(a) may have been designed as a reservoir for
the delivery of apo(a) fragments to tissues where they may act
as agonist or antagonists for receptors of other K-containing
peptides. However, at this time we cannot rule out that these
fragments are simply a by-product of apo(a) degradation.

In summary, we provide evidence that a portion of apo(a)/
Lp(a) that circulates in plasma undergoes proteolytic cleavage
by a high-affinity/low-capacity mechanism that is present in
both humans and monkeys, but not in mice. Some, if not all, of
the apo(a) fragments produced by this mechanism are taken
up by the kidney, processed to generate smaller fragments,
and then the smaller fragments are excreted into the urine by a
yet-to-be-identified mechanism that is operative not only in
humans and monkeys, but also in mice. The presence of this
clearance mechanism in mice, a species that does not produce
apo(a), suggests that there may be a conserved transport
mechanism that may excrete another murine protein that
shares structural similarity to apo(a).

Finally, if the apo(a) fragments in plasma are the source of
the apo(a) fragments in urine, it would be expected that indi-
viduals with chronic renal failure (CRF) would have higher
levels of plasma apo(a) fragments. Individuals on hemodialysis
have between 1.5- and 2-fold higher plasma levels of Lp(a)
(38–41). Are the higher plasma levels of free apo(a) in the
CRF subjects responsible for the increase in plasma Lp(a) lev-
els seen in these subjects? Studies are in progress to examine
this possibility and the preliminary results suggest that the
plasma levels of apo(a) fragments are significantly elevated in
humans with CRF but that this elevation accounts for only a
modest portion of the observed increase in plasma apo(a) lev-
els in subjects with CRF.
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