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Lipoprotein(a) [Lp(a)], a strong independent cardiovascular risk factor, consists of the unique apolipoprotein(a) [apo{all
covalently linked to a low-density lipoprotein particle. Apo(a) contains a widely differing number of the plasminogen-like
kringle 1V, a size polymorphism that is codominantly inherited. In addition to powerful genetic control, renal failure is known to
influence the plasma Lp(a) concentration. There is still a lot to be learned about the mode and site of catabolism of Lp(a), and
there is no readily applicable Lp(a)-lowering treatment available. Therefore, it was of interest to study further the
Lp(a)-lowering effect of corticotropin (ACTH) that has been demonstrated in small studies. The main purpose of the present
study was to investigate the influence of ACTH on different apo{a) isoforms. Short-term treatment with ACTH decreased the
plasma Lp(a) concentration in all 26 study participants. The two study groups (12 healthy individuals and 14 hemodialysis
patients) responded similarly, with a median decrease in plasma Lp(a) of 39% and 49%, respectively. In subjects with two
clearly separable apola} bands, apo(a) phenotyping and densitometric scanning of the bands before and after treatment with
ACTH revealed a change in the proportion of apo(a) isoforms, ie, a shift toward the isoform with lower molecular weight. This
was observed in seven of nine investigated subjects (four of five healthy individuals and three of four hemodialysis patients).
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N INCREASED PLASMA concentration of lipoprotein(a)
[Lp(a)] is a strong independent risk factor for the
development of atherosclerosis.!-3 Accordingly, much interest is
focused on the factors that determine the plasma Lp(a) concen-
tration, ie, genetic control, metabolic pathways, and therapeutic
agents. Several important aspects of the genetic control mecha-
nism have been elucidated, but the catabolic pathways are
largely unknown and no readily applicable treatment is avail-
able.*
Lp(a) consists of a low-density lipoprotein particle linked by
a disulfide bridge to apolipoprotein(a) [apo(a)], a glycoprotein
that varies considerably in size among individuals.’ There is a
high degree of homology between plasminogen and apo(a).®
The former protein contains five subunits called kringles (I to
V), whereas the latter is characterized by repetition of a widely
differing number of the plasminogen-like kringle IV, explaining
the interindividual size variation.® This size polymorphism of
apo(a) is determined by the apo(a) gene on chromosome 6,
which contains a corresponding number of repeats of the
kringle IV encoding sequence.” The plasma Lp(a) concentration
correlates inversely with the molecular weight of Lp(a),” and
consequently also with the size of the apo(a) gene.? In fact, the
apo(a) gene locus has been shown to account for more than 90%
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of the variation in plasma Lp(a) concentrations in healthy
individuals, roughly half of which can be ascribed to the size
polymorphism.®1% The pattern of inheritance is codominant.

Safe and effective means to decrease plasma Lp(a) have been
sought, hitherto not successfully. Recently, we reported that
short-term treatment with corticotropin (ACTH) induces a
Lp(a)-lowering effect in healthy individuals,!! steroid-treated
patients with kidney disease,!? and hemodialysis patients.'?

The aim of the present study was to investigate further the
Lp(a)-lowering effect of ACTH, taking the size polymorphism
of apo(a) into consideration. Two groups were studied, healthy
individuals and hemodialysis patients. In both groups, the
apo(a) gene locus would be expected to be a major determinant
of the Lp(a) concentration, whereas in hemodialysis patients,
uremia exerts an additional influence that increases Lp(a).

SUBJECTS AND METHODS
Subjects

Twelve healthy individuals and 14 hemodialysis patients were
included in the study after provision of informed consent and approval
by the local ethics committees. The healthy subjects were male medical
students with a median age of 25 years (range, 22 to 29). They were
selected to represent a wide range of plasma Lp(a) concentrations.
Hemodialysis patients were recruited at the Dialysis Department,
National University Hospital, Reykjavik, and at Park Dialys, Lund.
These 10 male and four female patients had a median age of 62 years
(range, 49 to 72). They received low-flux hemodialysis for 4 to 5 hours
three times per week.

All study participants had normal results on liver function tests and
were pondiabetic and euthyroid. The healthy subjects had serum
creatinine concentrations within the reference range. None of the study
participants were under treatment with a lipid-lowering agent or steroid
hormone.

Procedure

The healthy individuals underwent the following procedure: day I,
blood samples were collected at 8 AM, and thereafter, 1 mg Synacthen
Depot, a synthetic N-terminal fragment (1-24) of ACTH (Ciba-Geigy,
Basel, Switzerland), was administered; days 2, 3, and 4, Synacthen
Depot 1 mg was injected intramuscularly at 8 am; and day 5, blood
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samples were drawn at 8 AM. Hemodialysis patients underwent the
following scheme: day 1, blood samples were collected before a
hemodialysis session performed in the morning. Directly after treat-
ment, Synacthen Depot was injected intramuscularly at a dose of 1 mg;
days 3, 4, 5, and 6, Synacthen Depot 1 mg was injected intramuscularly,
always at noon; and day 8, blood samples were drawn before dialysis.

Blood Samples

Blood samples were collected after a 12-hour fast for analysis of
plasma Lp(a) concentrations and determination of apo(a) phenotypes
and genotypes. Plasma and whole-blood samples were stored frozen at
—20°C to allow analysis in one series.

Analyses

Lp(a) was quantified with a double-antibody enzyme-linked immuno-
sorbent assay with an affinity-purified polyclonal rabbit anti-apo(a) for
coating and the horseradish peroxidase—conjugated monoclonal anti-
body 1A2 for detection.’* Each sample was analyzed in triplicate.

Apo(a) phenotyping and genotyping was performed on samples
obtained before administration of ACTH. Phenotyping was performed
with sodium dodecyl sulfate—agarose gel electrophoresis of plasma
under reducing conditions, followed by immunoblotting using the
monoclonal antibody 1A2 for detection of apo(a) isoforms.

Phenotyping was performed on samples from nine subjects (five
healthy individuals and four hemodialysis patients) obtained both
before and after ACTH treatment, and the relative proportions of apo(a)
isoforms were quantified by densitometric scanning using a Personal
Densitometer SI (Molecular Dynamics, Sunnyvale, CA). These nine
heterozygotic subjects were selected on the basis of clearly separable
electrophoretic bands.

The apo(a) genotype was determined by Kpnl digestion of genomic
DNA followed by pulsed-field gel electrophoresis.®9

All analyses were performed at the Institute of Medical Biology and
Human Genetics, University of Innsbruck.

Statistical Methods

Data are presented as the median and range and, when indicated, as
the mean = SD. Wilcoxon’s rank-order test for the paired case was used
to compare variables before and after ACTH treatment. The relationship
between variables was estimated by Spearman’s rank correlation test.

RESULTS

The number of kringle IV repeats (the average of the
genotypic isoforms within an individual) correlated inversely
with the initial plasma Lp(a) concentration in both the hemodi-
alysis patients (» = —.37, P < .05) and the healthy individuals
(r=—42, P <.05).

ACTH treatment was well tolerated by both study groups.
After treatment, all subjects manifested a decrease in plasma
Lp(a) (Table 1). In healthy individuals, the median relative
change was —39% (—56% to —12%, P < .01), and in hemodi-
alysis patients, it was —49% (—79% to —22%, P = .001). The
mean change was —37% * 13% and —49% * 17%, respec-
tively.

Both in healthy individuals and in hemodialysis patients,
there was a strong correlation between the initial level and the
absolute reduction of plasma Lp(a) (r =.94, P < .01, and
r =91, P < .01, respectively; Fig 1). In healthy individuals,
there was an inverse correlation between the number of kringle
IV repeats and the absolute reduction (r = —.47, P < .05). This
relationship could not be demonstrated in hemodialysis pa-
tients.
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Table 1. Plasma Lp(a) Concentration Before and After Short-Term
ACTH Treatment in 12 Healthy Individuals
and 14 Hemodialysis Patients

Lp(a) (mg/L)

Subject Healthy Individuals Hemodialysis Patients
No. Before After Before After
1 881 678 576 437
2 319 224 486 338
3 173 103 476 225
4 163 103 253 149
5 137 73 175 90
6 121 107 151 31
7 108 79 87 46
8 75 35 66 28
9 57 33 57 13
10 33 20 51 40
11 23 14 48 26
12 9 4 46 23
13 — 35 15
14 — 32 13

NOTE. in the combined material, the median change in plasma Lp(a)
induced by ACTH was —44% (—79% to —12%) and the mean change
was —43% = 16%.

In both groups, the relative Lp(a) reduction tended to
correlate inversely with the initial Lp(a) concentration and
directly with the number of kringle IV repeats. Analysis of the
combined material showed that both relationships were signifi-
cant (r = —.39, P << .05, and r = .36, P < .05, respectively;
Fig 2).

Nine subjects who showed two clearly separable apo(a)
bands on sodium dodecyl sulfate—agarose gel electrophoresis
were selected for densitometric scanning of the apo(a) bands in
samples collected both before and after treatment with ACTH.
The results of all tests are shown in Table 2. At baseline, the
isoform of higher molecular weight prevailed in all four
hemodialysis patients, whereas the relationship between iso-
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Fig 1. Relationship between the plasma Lp{a) concentration be-
fore ACTH treatment and the absolute change in plasma Lp(a)
induced by ACTH treatment in the combined patient material (12
healthy individuals and 14 hemodialysis patients). Pretreatment Lp(a)
is presented on a logarithmic scale.
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Fig 2. Relationship between the plasma Lp(a) concentration be-
fore ACTH treatment and the relative change in plasma Lp(a) induced
by ACTH treatment in the combined patient material (12 healthy
individuals and 14 hemodialysis patients). Pretreatment Lp(a) is
presented on a logarithmic scale.

forms varied in healthy individuals. ACTH treatment induced a
shift toward the isoform of lower molecular weight in seven of
nine subjects (four of five healthy individuals and three of four
hemodialysis patients) (Fig 3). After treatment, the median
increase in the ratio of the isoforms (lower molecular weight to
higher molecular weight) was 27% (—13% to 65%, P = .0506).
The change in the ratio of the isoforms did not correlate with the
initial ratio of the isoforms, initial Lp(a) concentration, absolute
or relative change in Lp(a) concentration, or number of kringle
IV repeats.

DISCUSSION

This study investigated the effect of short-term ACTH
treatment on the plasma Lp(a) concentration and the ratio of
lower— and higher—~molecular weight isoforms of apo(a). Healthy
individuals and hemodialysis patients responded similarly to
ACTH, which caused a relative decrease in serum Lp(a) of
approximately 40% to 50% and generally induced a shift
toward the apo(a) isoform of lower molecular weight.

It is well known that ACTH regulates the receptors and
lipolytic enzymes involved in the handling of cholesterol for
steroid production in the adrenal gland.’ In short-term treat-
ment studies, we have recently demonstrated that ACTH also
has strong effects to decrease serum lipoproteins.!'13 These
treatment studies found significant reductions in serum concen-
trations of low-density lipoprotein cholesterol, triglycerides,
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Fig 3. Example of the change in the relative proportion of apo(a)
isoforms after treatment with ACTH. After immunoblotting, apo(a)
isoforms were densitometrically scanned. The ratio of the lower-
molecular weight (22 K-V repeats) and higher-molecular weight (31
K-V repeats) apofa) bands increased from 1.04 to 1.52.

and apolipoprotein B.!"13 The hypothesis that the effect of
ACTH on lipoprotein metabolism is of a direct nature was
supported by in vitro findings in HepG2 cell culture indicating
facilitated uptake of apolipoprotein B—containing lipoproteins
by the hepatic low-density lipoprotein receptor'’+!7 and inhib-
ited secretion of hepatic lipase!® in response to the addition of
ACTH to the medium. Furthermore, short-term treatment with
ACTH decreased Lp(a) and increased high-density lipoprotein
cholesterol, changes that were also found in subjects treated
with dexamethasone.!! It is not known whether the Lp(a)-
lowering effect of ACTH treatment is solely mediated through
an increased glucocorticoid influence or is to some extent
dependent on the direct action of ACTH.

The present study was performed to expand the knowledge of
the effect of ACTH on Lp(a). Two groups representing different
influences on Lp(a) metabolism were included. The participants

Table 2. Effect of Short-Term Treatment With ACTH on the Relationship Between Apo{a) Isoforms {lower molecular weight/higher molecular
weight) in Four Dialysis Patients and Five Healthy Individuals

Patients Healthy Subjects
Parameter P P P H H H H H
Apola) isoforms {no. of K-V repeats) 23/35 28/33 32/38 24/35 23/32 22/31 23/32 23/33 28/34
Before treatment 0.49 0.57 0.62 0.46 3.68 1.04 1.05 0.61 1.22
After treatment 0.80 L 0.82 0.55 0.76 3.65 1.52 1.25 0.53 1.65
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were chosen to represent a wide range of initial Lp(a) concentra-
tions. Since direct comparison between the groups was not
intended, identical study protocols were not necessary.

In healthy individuals, Lp(a) concentrations can be assumed
mainly to reflect variations in the apo(a) gene locus on
chromosome 6. On the other hand, in renal failure, unknown
mechanisms influence Lp(a) metabolism at a relatively early
stage.'® In one study, the mean Lp(a) concentration of more than
500 hemodialysis patients was found to be 27% higher than in
control subjects, whereas their apo(a) phenotype distribution
largely coincided with that of the general population.? More-
over, only patients with high-molecular weight phenotypes of
Lp(a) manifested increased plasma concentrations as compared
with controls.?>?! These results are supported by the finding that
after renal transplantation, a decrease in plasma Lp(a) was
found only in patients with high-molecular weight apo(a)
phenotypes.?? Therefore, renal failure seems to influence Lp(a)
metabolism. Recent findings are in accordance with this notion:
it has been reported that the healthy human kidney is able to
remove a large amount of Lp(a) from the renal circulation.??

The present study confirms the results of smaller studies
indicating that ACTH has a strong effect of decrease on the
plasma Lp(a) concentration. Such a response was demonstrated
in all 26 study subjects. In absolute terms, this effect was most
marked in subjects with a high initial plasma Lp(a) concentra-
tion. On the other hand, there was an inverse correlation
between the magnitude of the relative change and the initial
Lp(a) concentration. However, these relationships seemed to be
at least partly the result of a skewed distribution of plasma Lp(a)
concentrations (Figs 1 and 2). In individuals with two clearly
separable apo(a) isoforms, expression of these isoforms was
estimated by densitometric scanning before and after treatment
with ACTH. Interestingly, a shift toward the apo(a) isoform of
lower molecular weight was found in seven of nine subjects
after ACTH treatment.
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The shift toward the apo(a) isoform of lower molecular
weight indicates that ACTH induces a decrease in the high—
molecular weight isoforms of apo(a) via inhibited production or
accelerated removal. Disturbed production is the more likely
mechanism considering that, in general, the Lp(a) concentration
seems to be controlled by variations in production.*?> The
response to ACTH was similar in both study groups despite the
different influences acting on their Lp(a) metabolism.

In addition to ACTH, other hormones such as glucocorti-
coids,!! estrogen,?¢ and anabolic steroids?? are known to reduce
plasma Lp(a) concentrations. For practical purposes, ACTH has
the advantage of a marked effect to decrease other apolipopro-
tein B—containing lipoproteins as well.!'13 At present, we do not
know the therapeutic potential of the lipid-lowering effects of
ACTH. Possibly, ACTH can replace glucocorticoids as a
treatment in certain inflammatory diseases, acting not only as an
antiinflammatory/immunosuppressive agent but also as a lipid-
lowering drug. Prospective studies on this issue are in progress.
Regarding future therapeutic possibilities, it is of importance to
know that the lipid-lowering effect of ACTH lasted at least
during 1 year of treatment and was well tolerated according to
unpublished results of a treatment trial in nephrotic patients
(Berg AL, Arnadottir M, Nilsson-Ehle P, May 1997).

In conclusion, the present study demonstrates a strong
Lp(a)-lowering effect of short-term ACTH treatment in both
healthy individuals and hemodialysis patients. Furthermore, it
demonstrates that in most cases, ACTH induces a shift toward
expression of the apo(a) isoform of lower molecular weight.
This probably reflects an inhibited production of high—
molecular weight isoforms.
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