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Apolipoprotein(a) isoform-specific changes
of lipoprotein(a) after kidney transplantation
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The atherogenic lipoprotein(a) (Lp(a)) is significantly increased in patients with kidney disease. Some
studies in hemodialysis patients described this increase to be dependent on the genetic apolipoprotein(a)
(apo(a)) isoforms. Only patients who express high molecular weight (HMW) apo(a) isoforms but not those
with low molecular weight (LMW) isoforms show a relative increase of Lp(a) when compared to healthy
controls matched for apo(a) isoforms. However, this was not confirmed by all studies. We therefore
prospectively investigated the changes of Lp(a) deriving from each apo(a) isoform in heterozygotes
following kidney transplantation. Lp(a) concentrations were measured by ELISA. To calculate the isoform-
specific concentrations and the changes of Lp(a) deriving from each isoform, we densitometrically scanned
the apo(a) bands from immunoblots before and after transplantation in 20 patients expressing two apo(a)
isoforms. Of these, 10 patients expressed both an LMW and an HMW apo(a) isoform. The other 10 patients
expressed only HMW isoforms. Densitometric scanning of apo(a) bands and calculation of isoform-derived
Lp(a) concentrations clearly demonstrated that the decrease of Lp(a) following kidney transplantation is
caused by changes in the expression of HMW apo(a) isoforms. In some patients, we observed an almost
complete disappearance of the HMW apo(a) isoform after transplantation. This study clearly demonstrates
that the changes of Lp(a) plasma concentrations in kidney disease depend on the genetically determined
size of apo(a). This provides evidence for an interaction of apo(a) genetic variability and kidney function
on Lp(a) concentrations.
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Introduction

Lipoprotein(a) (Lp(a)) is the lipoprotein with the strongest
genetic determination of its plasma concentrations. Some
70-90% of the variation in Lp(a) concentrations are
determined by sequence variations at the apolipoprotein(a)
(apo(a)) gene locus. The kringle-IV (K-IV) repeat poly-
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morphism accounts for a major part of this variation.'~
However, some pathological conditions are known to
influence Lp(a) plasma concentrations.®> One of the most
important secondary causes of an Lp(a) elevation is kidney
disease (reviewed in Kronenberg et al°).

We described in two earlier studies an apo(a) phenotype-
dependent Lp(a) elevation in hemodialysis patients. Only
patients with high molecular weight (HMW) apo(a)
phenotypes had on average elevated Lp(a) plasma concen-
trations when compared to apo(a) phenotype-matched
controls. Those with low molecular weight (LMW) apo(a)
phenotypes showed similar Lp(a) concentrations than
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matched controls.”® Although these findings were recently
supported by two studies,”'® three other reports did not
confirm our observation and described an elevation of
Lp(@) in all apo(a) phenotype groups.''~'* Since our
original observation suggested a rare example of a disease
influence on the allele-specific expression of a protein in
humans, we have reinvestigated the problem using a more
rigorous approach.

We demonstrate in this investigation a pronounced
change in the relative expression of the higher in compar-
ison to the lower molecular weight apo(a) isoform following
successful kidney transplantation in heterozygous patients
with two expressed apo(a) alleles in plasma. By densitome-
trical scanning of the apo(a) bands, we were able for the first
time to calculate the isoform-specific Lp(a) concentration
changes caused by restoration of kidney function. This
strongly supports the finding that the elevation of Lp(a) in
hemodialysis patients is apo(a) genotype-related.”

Material and methods

Patients

We screened a group of 57 hemodialysis patients from the
participating renal unit for the presence of two clearly
visible apo(a) bands before transplantation with a differ-
ence of at least five K-IV repeats. Of them, 20 fulfilled these
criteria and are the basis of the present study. The 11
women and nine men were on average 44+ 10 years old.
The primary kidney disease was chronic glomerulonephri-
tis in 12 patients, polycystic kidney disease in three
patients, diabetic nephropathy in two patients, chronic
pyelonephritis in one patient, and unknown reasons in
two cases. The preoperative as well as the postoperative
drug treatment including the immunosuppressive therapy
are described in detail elsewhere.'*

A baseline plasma sample was obtained immediately before
kidney transplantation from all patients. In 13 patients two
further samples were withdrawn, one on average 3 weeks
(short follow-up) and one on average 57 months following
transplantation (long follow-up). In seven patients, we could
not obtain plasma samples from the long follow-up. Plasma
samples were frozen and kept at —80°C prior to analysis."®

Hematocrit has a strong influence on Lp(a) levels when
measured in plasma.'® This is especially relevant in long-
itudinal studies with potential changes of hematocrit as it
is usually the case after kidney transplantation. We there-
fore corrected Lp(a) plasma concentrations measured after
kidney transplantation for the observed hematocrit
changes by the following formula:

corrected Lp(a)level

1 — hematocrit after transplantation

= measured Lp(a)level
p(a) 1 — hematocrit before transplantation

This resulted on average in a correction of +8.7%
for the measured Lp(a) levels after the short-term follow-
up and —5.8% after the long-term follow-up.
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Laboratory procedures

Lp(a) quantification was performed as described else-
where'® with a double-antibody ELISA using an affinity
purified polyclonal apo(a) antibody for coating and the
horseradish peroxidase-conjugated monoclonal 1A2 for
detection. Apo(a) phenotyping was performed by sodium
dodecyl sulfate—agarose gel electrophoresis (SDS agarose)'’
under reducing conditions, as previously outlined,'® with
the following modifications: we applied from each sample
the same amount of apo(a) to the gel. The dilution factor of
the plasma sample in the sample buffer (described in Kraft
et al'®) was obtained by the measured Lp(a) concentration
times 0.8. We used 10 x 2 mm? combs to apply 20 ul of the
prepared sample to the gel. This corresponds to 250 ng of
Lp(a). Electrophoresis was followed by immunoblotting
with the same monoclonal antibody 1A2 for detection of
apo(a) isoforms as used in the ELISA.'?

After immunoblotting we scanned apo(a) bands by a
Personal Densitometer SI (Molecular Dynamics, Sunnyvale,
USA) and compared the relation of the lower to the higher
molecular weight apo(a) isoforms before and following
transplantation. We used the Lp(a) concentrations mea-
sured by ELISA to calculate the isoform-specific amount of
Lp(a) derived from each isoform by using these densito-
metric relative estimates as recently described.?® For
example, when an individual with 21 and 33 K-IV repeats
had an Lp(a) serum concentration of 40 mg/dl measured by
ELISA, and the 21 K-IV isoform accounted for 85% of the
staining in the SDS agarose gel electrophoresis, we
calculated the Lp(a) concentration originating from this
isoform to be 34 mg/dl (40 x 0.85). The isoform with 33 K-
IV repeats accounted accordingly for the remaining 6 mg/
dl. By this procedure, we were able to calculate the apo(a)
isoform-associated changes of Lp(a) concentrations.

The term LMW apo(a) phenotype was used when a
subject expressed at least one apo(a) isoform with 11-22
K-IV repeats.'® A patient was considered to have an HMW
apo(a) phenotype when expressing only isoforms of high
molecular weight (>22 K-IV repeats).?!

Statistical procedures

The Lp(a) concentrations as well as the relative changes of
Lp(a) before and after kidney transplantation were com-
pared by the paired Wilcoxon rest.

Results

In all, 10 patients showed an LMW apo(a) phenotype
meaning that they expressed one LMW apo(a) isoform
(<22 K-IV repeats) and one HMW apo(a) isoform. The
mean Lp(a) concentration was 42.3+33.8mg/dl before
transplantation, which decreased to 33.0+29.8 mg/dl 3
weeks after transplantation (P=0.11). We densitometri-
cally scanned the expressed isoforms and calculated the
isoform-associated Lp(a) concentrations for each allele.



This revealed that Lp(a) deriving from the LMW apo(a)
isoform remained almost unchanged after transplantation
(29.0+30.1 vs 30.1+29.0mg/dl, P=0.65) (Table 1). Vir-
tually all of the observed decrease was caused by changes in
the expression of the HMW apo(a) isoform: Lp(a) deriving
from these isoforms decreased from 13.3+13.5 before
transplantation to 2.9+3.7mg/dl after transplantation
(P=0.013).

The remaining 10 patients expressed both isoforms as
HMW apo(a) isoforms. Lp(a) decreased in these patients
from 31.7+33.6mg/dl before transplantation to
21.5+27.1mg/dl after transplantation (P=0.007). When
we grouped the smaller of the two HMW isoforms from
each patient together in one isoform group and the larger
ones in a second isoform group, we found that both HMW
isoform groups contributed to this decrease. Lp(a) levels of
the group of the smaller HMW apo(a) isoform decreased
from 23.0+29.4 to 16.5+21.7mg/dl (P=0.037). Those
from the larger HMW isoform group decreased from
8.7+6.2 to 5.0+ 6.8 mg/dl (P=0.059).

The differences in the changes of Lp(a) between LMW
and HMW apo(a) isoform groups were not caused by
differences in the transplant function. After the short-term
observation period, both groups showed a decrease in
creatinine to 1.51 and 1.84 mg/dl on average, respectively
(Table 1).

The scatterplot in Figure 1 demonstrates a negative
correlation between the number of K-IV repeats and the
relative changes of apo(a) isoform-associated Lp(a) con-
centrations after the short follow-up period (r=-0.65,
P<0.001). Two of the three patients with LMW apo(a)
isoforms that showed a relative increase in the expression
of more than 50% showed a relatively low absolute Lp(a)
concentration (2.76 and 6.83 mg/dl, respectively).

Figure 2 shows the relative apo(a) isoform-specific
changes of Lp(a) stratified for the first and second apo(a)
isoform and whether these isoforms derived from patients
with LMW and HMW apo(a) phenotype. It furthermore
provides the long-term changes of Lp(a) concentrations in
those patients who were followed for a mean period of 57
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months after transplantation. A tendency for an increase in
Lp(a) levels from 3 weeks to 57 months after transplantation
can be seen. This effect is most pronounced for the larger

Apo(a) isoforms
LMW HMW

100
r=-0.65 oo

p< 0.001

Relative change of apo(a) isoform-specific Lp(a) levels (%)

-100 . , T —o08+
10 20 30 40
K-1V repeats
® LMW 1¥isoform v  HMW 1% isoform
O LMW 2™ isoform v HMW 2™ isoform

Figure 1 Scatterplot demonstrating a negative correlation
between the number of K-IV repeats of apo(a) isoforms and
the relative changes of apo(a) isoform-specific Lp(a) con-
centrations after the short post-transplantational follow-up
period. The different symbols represent the various apo(a)
isoforms: for LMW apo(a) phenotypes, closed circles repre-
sent the first apo(a) isoform (which is of LMW) and open
circles represent the second isoform (which is of HMW). For
HMW apo(a) phenotypes, the first isoform is shown as closed
triangle, the second one is shown as open triangle (both are
of HMW). The vertical line represents the cutoff between
apo(a) isoforms of LMW and HMW apo(a) isoforms.

Table 1 Concentrations of Lp(a), apo(a) isoform-specific Lp(a) and creatinine before and after kidney transplantation

(short-term follow-up)

Before transplantation After transplantation P

LMW apo(a) phenotypes (n=10)

Total concentration 42.3+33.8 33.0+29.8 0.11

Concentration of first isoform (LMW) 29.0+30.7 30.0+29.0 0.65

Concentration of second isoform (HMW) 13.3+13.5 2.9+4+3.7 0.013

Creatinine (mg/dl) 8.194+1.92 1.5140.62 <0.001
HMW apo(a) phenotypes (n=10)

Total concentration 31.7+33.6 21.5+27.1 0.007

Concentration of first isoform (HMW) 23.0+29.4 16.54+21.7 0.037

Concentration of second isoform (HMW) 8.7+6.2 5.0+6.8 0.059

Creatinine (mg/dl) 9.734+2.99 1.8440.72 <0.001
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Figure 2 Individual relative changes of apo(a) isoform-
specific Lp(a) concentrations after a short-term (on average
three weeks) and a long-term (on average 57 months)
observation period following kidney transplantation.
Patient groups are stratified in LMW and HMW apo(a)
phenotypes. ‘Before’ denotes the concentration before
kidney transplantation. First isoform denotes the isoform
with the lower number of K-IV repeats and second isoform
the other isoform. The first isoform was of LMW in all 10
patients with LMW apo(a) phenotypes. The second isoform
was always of HMW. The gray lines give the average
changes of Lp(a) for the respective isoform groups.

apo(a) isoform, which was always of HMW in this patient
group. Almost all of the patients with a long-term
observation period, who showed an marked re-increase of
the isoform-associated Lp(a) levels, had a pronounced
decrease of kidney function. In long-term followed
patients, the average serum creatinine concentration
reincreased to 3.03 and 2.61mg/dl for those with LMW
and HMW apo(a) phenotypes, respectively.

Figure 3 shows the immunoblots of plasma apo(a)
isoforms before and after transplantation from eight
representative patients. The Lp(a) concentrations derived
from each isoform were calculated from the percentual
relation of the two apo(a) bands. These immunoblots
demonstrate a strong decrease of the higher molecular
weight apo(a) isoform after the short observation period
(on average 3 weeks after transplantation). In some
patients, the higher molecular weight apo(a) isoform
almost completely disappeared (patients A, B, F, G and
H). The long-term observation period showed a re-
enforcement of the higher molecular apo(a) band in case
of a mild or moderate re-impairment of kidney function.

Discussion

We here provide clear evidence that the effect of kidney
disease on the plasma concentrations of Lp(a) depends on
the apo(a) genotype. Hence, we demonstrate an interaction
of the kidney function (or kidney disease) with the apo(a)
gene on Lp(a) concentrations.
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It is long known that the apo(a) genotype and in
particular the number of K-IV repeats in the apo(a) gene
have a causal effect on Lp(a) plasma concentrations.'~*
There are few nongenetic influences on Lp(a) concentra-
tions,® one of which is kidney disease.® We demonstrate in
the present study that the effect of kidney disease and
apo(a) genotype on Lp(a) plasma concentrations is not
additive but multiplicative and hence fulfills the criteria for
an interaction, which may be called a disease—gene
interaction (Figure 4). Since the disease under study (end-
stage kidney disease) may have primary environmental (eg
toxic) or genetic (eg polycystic kidney disease) causes, we
conclude that a gene-environmental interaction or a
gene-gene interaction may underlie the observed interac-
tion with the kidney disease. Both types of interaction
manifest themselves through the same unknown mechan-
isms that are triggered by the kidney function regardless of
the etiology of the renal insufficiency. Restoring kidney
function by kidney transplantation makes this interaction
clearly apparent (Figure 4).

Several observations argue for a role of the kidney in the
metabolism of Lp(a). Besides numerous studies describing
an elevation of Lp(a) in patients with end-stage kidney
disease (reviewed in Kronenberg et al®), one study reported
a large arteriovenous renovascular difference in Lp(a)
plasma concentrations with lower values in the renal
vein.?? The latter study is in line with reports showing
apo(a) fragments of various size in urine.?*=%¢ The
pathophysiological mechanism underlying the effect on
Lp(a) levels, however, is unknown.

We described in two earlier studies (one included 534
hemodialysis patients) an apo(a) phenotype-associated
elevation of Lp(a).”® In our studies Lp(a) showed a relative
increase only in hemodialysis patients with the so-called
HMW apo(a) phenotypes when compared to phenotype-
matched controls, but not in those with LMW apo(a)
phenotypes. This interesting but still unexplained phe-
nomenon was confirmed by two recent reports™'® and is
supported by a phenotype-specific decrease of Lp(a)
following kidney transplantation: in a prospective study
including 154 patients, the average Lp(a) plasma concen-
tration decreased during the first 3 weeks following
transplantation only in the group of patients with HMW
apo(a) phenotypes, but remained unchanged in those with
LMW apo(a) types.'* In contrast to these observations,
three smaller case—control studies observed an elevation of
Lp(a) in hemodialysis patients in most of the apo(a)
phenotype groups.''~!* Several reasons might be respon-
sible for the discrepancy: ethnic differences between the
populations investigated; different systems for the mea-
surement of Lp(a) and apo(a) phenotyping as well as small
sample sizes in the single phenotype subgroups. The
inclusion of apo(a) isoforms with 23-25 K-IV repeats
(~S3 according to the original nomenclature') to the
LMW subgroup'® might have influenced the outcome too,
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Figure 3 Immunoblots of SDS agarose gel electrophoresis from eight representative patients showing the changes in the

expression pattern of apo(a) isoforms after kidney transplantation. Plasma samples were withdrawn before transplantation and
after a short-term (on average 3 weeks) and a long-term (on average 57 months) observation period following kidney
transplantation. Whenever possible, we applied the same amount of apo(a) from the samples before and after transplantation
from a given patient. We used the Lp(a) concentrations measured by ELISA to calculate the isoform-specific amount of Lp(a)
derived from each isoform by using the densitometric relative estimates of the apo(a) bands (see Methods).
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Figure 4 Interaction of kidney disease (kidney function)

and apo(a) gene on apo(a) isoform-specific Lp(a) concen-
tration changes. The effect of kidney disease is demon-
strated by the recovery of kidney function by kidney
transplantation. The apo(a) gene is represented either as
low molecular weight (LMW) or high molecular weight
(HMW) apo(a) isoform. Kidney disease has an effect on
Lp(a) levels only in case of HMW apo(a) isoforms.

since we observed that this subgroup of patients has
already a pronounced elevation of Lp(a).””® In the present
study, the relative decrease of Lp(a) was different for the
various groups of HMW apo(a) isoforms: the combined
results of both HMW isoforms in the HMW phenotype
group showed a decrease of Lp(a) to 68% from the value
before transplantation, which was less pronounced than in
the group of HMW isoforms in the LMW phenotype group
(decrease to 22%). However, when we consider the absolute
differences for Lp(a) levels between before and after kidney
transplantation, we can observe a difference of 10.4 mg/dl
for the HMW apo(a) isoform in patients with LMW
apo(a) phenotypes. This was very similar to the total
difference of 10.2mg/dl for both HMW apo(a) isoforms in
the HMW apo(a) phenotype group. It might be speculated
that the absolute decrease of each single HMW apo(a)
isoform, is smaller in the presence of two HMW apo(a)
isoforms, since the full potential of an Lp(a)-lowering effect
is taped by two instead of one HMW isoform. Taken
together, these data clearly show that the circulating levels
of HMW apo(a) isoforms are significantly modulated
by kidney function. One could speculate that the
intact kidney clears Lp(a) of HMW isoforms from the
circulation.

The study design used in the present study has
major advantages for the investigation of an apo(a)
genotype-dependent effect on Lp(a) in dialysis patients:
first, it investigated prospectively the changes of the
expression of apo(a) alleles during the phase of dialysis
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and following transplantation in each given individual. In
other words, each patient is in her/his own control.
Second, densitometric scanning of the apo(a) isoforms
allows the calculation of the isoform-associated Lp(a)
concentrations and therefore the specific changes of Lp(a)
for each apo(a) allele. This procedure clearly demonstrated
that in individuals expressing both an LMW and an HMW
apo(a) isoform, a potential decrease of Lp(a) after trans-
plantation is mainly caused by a decrease of Lp(a) particles
containing an HMW apo(a) isoform. Third, changes in the
relative expression of the lower to the higher molecular
weight apo(a) isoforms before and following transplanta-
tion also indicate a different influence of renal insuffi-
ciency on Lp(a) particles with different apo(a) isoforms.
This is most impressively demonstrated in patients in
whom the HMW apo(a) band almost completely disap-
peared after transplantation (see Figure 3, patients A, B, F, G
and H) or in patients in whom the relative expression of
the two alleles was reversed after transplantation (see
Figure 3, patients C and E).

We are aware of the apo(a) isoform-dependence of Lp(a)
quantification procedures by ELISA and densitometric
scanning since the used monoclonal anti-apo(a) antibody
1A2 recognizes an epitope on the repetitive K-IV type-2
repeat of the apo(a) molecule.'® Our quantification could
therefore eventually lead to overestimations of Lp(a)
concentrations of HMW apo(a) isoforms. Owing to the
longitudinal study design with a paired comparison of
samples before and after transplantation, the main out-
come and statement of this study will, nevertheless not be
influenced by this phenomenon. It would rather have only
an influence on the absolute Lp(a) levels than on the
relative changes of Lp(a) and would therefore not influence
the described interaction (Figure 4).

The analysis methods in the present study in any case
minimize the problem of earlier studies, which categorized
patients into groups of apo(a) phenotypes depending on
the smaller apo(a) isoform or on the isoform that was
expressed more dominantly. It explains also the observa-
tion in some patients expressing an LMW apo(a) isoform
who nevertheless show a decrease of Lp(a) following
kidney transplantation. In many cases, this decrease of
Lp(a) might be caused by the often relatively large
proportion of Lp(a) derived from the second expressed
isoform, which in most cases is of HMW.

It has also to be stressed that this apo(a) isoform-specific
decrease of Lp(a) after kidney transplantation is limited
to patients treated by hemodialysis. Patients treated by
CAPD show a decrease independent of the apo(a) isoforms
as demonstrated recently?” and as observed impressively
in one of our CAPD patients not presented in this report.
The Lp(a) concentration of this patient dropped by
70mg/dl (corresponding to about 50%), which was caused
by an equal decrease of both, the LMW and HMW apo(a)
isoform.



Conclusions

Our study clearly demonstrates that the changes of Lp(a)
plasma concentrations in kidney disease depend on the
genetically determined size of apo(a). This provides
evidence for an interaction of apo(a) genetic variability
and end-stage kidney disease on Lp(a) concentrations.
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