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Abstract.High lipoprotein(a) (Lp(a)) serum concentrations andthen compared with apo(a) phenotype-matched control sub-
the underlying apolipoprotein(a) (apo(a)) phenotypes are rigcts who had a median level of 4.4 mg/dl (ANOVA, linear
factors for cardiovascular disease in the general populationratationshipP < 0.001). In contrast, no significant differences
well as in patients with renal disease. Lp(a) concentrations avere observed at different stages of renal function in patients
markedly elevated in patients with end-stage renal diseaséth LMW apo(a) phenotypes when compared with pheno-
However, nothing is known about the changes of Lp(a) despe-matched control subjects. The elevation of Lp(a) was
pending on apo(a) size polymorphism in the earliest stagesimdlependent of the type of primary renal disease and was not
renal impairment. In this study, GFR was measured by iohexellated to the concentration of C-reactive protein. Multiple
technique in 227 non-nephrotic patients with different degretisear regression analysis found that the apo(a) phenotype and
of renal impairment and was then correlated with Lp(a) seru@FR were significantly associated with Lp(a) levels. Non-
concentrations stratified according to low (LMW) and higmephrotic-range proteinuria modified the association between
(HMW) molecular weight apo(a) phenotypes. Lp(a) increas€sFR and Lp(a) levels. In summary, an increase of Lp(a)
significantly with decreasing GFR. Such an increase was dmncentrations, compared with apo(a) phenotype-matched con-
pendent on apo(a) phenotype. Only renal patients with HMWbI subjects, is seen in non-nephrotic patients with primary
apo(a) phenotypes expressed higher median Lp(a) concentesral disease even in the earliest stage when GFR is not yet
tions,i.e., 6.2 mg/dl at GFR>90 ml/min per 1.73 A 14.2 at subnormal. This change is found only in subjects with HMW
GFR 45 to 90 ml/min per 1.73 fnand 18.0 mg/dl at GFR:45 apo(a) phenotypes, however.

ml/min per 1.73 m. These values were markedly different

Numerous retrospective and most of the prospective studfesize polymorphism at the apo(a) gene locus (2) originating
identified high lipoprotein(a) (Lp(a)) levels as a risk factor fofrom a varying number of kringle-IV (K-I1V) repeats (3—6) is
atherosclerotic complications in the general population (rérke most important determinant of Lp(a) levels and exhibits
viewed in reference (1). This lipoprotein attracted considerabigarked interindividual variation by more than 1000-fold.
attention because of the high degree of genetic determinatidhose subjects who express a low number of K-1V repeats (low
molecular weight (LMW) apo(a) phenotypes) show on average
markedly higher Lp(a) concentrations than those with a high
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lar disease is by far the most frequent cause of death in th¢daterials and Methods

patients (16), this lipoprotein is a valuable diagnostic risRatients

marker (17). Patients were recruited during 1997 from eight nephrology depart-
Genetic determination of Lp(a) concentrations was estients in Germany (Géttingen, Greifswald, Heidelberg, Homburg/

mated to range from 70% to more than 90% (4—6,18). Higbpar. and Munich), Austria (Feldkirch, Innsbruck), and South Tyrol

genetic determination combined with the wide range of Lp(é o_zen), with nearly two-thirds of_ the patients from two d_epartments

concentrations makes it difficult to assess the impact of no feidelberg and Ir)qsbruck). we 'r.lcmded Caucasian patients ages 19
. . to 65 yr who had visited the outpatient department at least once during

genetic factors on Lp(a) levels. Recently, we provided matht%'e preceding year. Exclusion criteria were serum creatimite

matical proof that a substantial number of subjects are NeCagyq): diabetes mellitus; malignancy; liver, thyroid, or infectious
sary to quantitatively assess nongenetic determinants of Lpg@kase at the time of recruitment; nephrotic syndrome defined as
levels with reliability. This is especially the case when a studiaily proteinuria >3.5 ¢/1.73 m; organ transplantation; allergy

is not controlled for apo(a) isoforms (19,20). Two of the mostgainst ionic contrast media; and pregnancy. Three hundred and forty
important nongenetic factors influencing Lp(a) concentratiofgtients fulfilled the criteria, of whom 28 were not within reach and

are nephrotic-range proteinuria and end-stage renal dise82&efused to participate in the study. The remaining 227 patients were

(19). Patients with nephrotic syndrome show the highest eig(_:luded in the study. The study was approved by the institutional
ethics committees, and subjects gave written informed consent.

vations Of_ Lp(a) among all knOV\{n path,OIOgIC conditions To avoid interobserver differences, all renal patients were recruited
(21322)' DIaI'ySIS.patlents treated W'.th Ffmtmuou? ambu"”‘toﬁ\f/ one physician (E.K.) who visited the participating centers. Each

peritoneal dialysis (CAPD) show significantly higher levelgatient's history was recorded during an interview and compared with
than those treated with hemodialysis (19,20). Large studieshig or her records. All patients underwent a physical examination. The
hemodialysis patients found that only patients with HMVgrimary cause of renal disease was glomerulonephritis in 97 patients
apo(a) phenotypes experience a relative increase of Lp(a) wiieiapsy confirmed in 90 cases), polycystic kidney disease in 37,

compared to apo(a) phenotype-matched control subjects, sfenic “pyelonephritis” in 24, other types of renal disease in 43, and

not those with LMW apo(a) phenotypes (20,23-25). Besides #pnown in 26.

. . - . Patients were compared with 227 age- and gender-matched Cau-
increase of Lp(a) in CAPD patients with HMW apo(a) phenoc'asian control subjects of the same ethnic origin without renal im-

types, those with LMW types showed increased (24), or at Ie?)%‘irment or liver disease who were recruited in 1997 from one of the
a tendency (20) to increased, levels when compared to phepRocaM study centers (36).

type-matched control subjects.

Studies in patients with advanced or predialytic stages of
renal disease clearly described elevated Lp(a) concentratibrzghoratory Procedures
(24,26-33). Investigations that included patients with early Serum and ethylenediaminetetra-acetic acid plasma were taken
stages of renal disease were contrasting and described affer a 12-h overnight fast. After low-speed centrifugation, samples
changed (30) or elevated Lp(a) levels (27). Some of thewere frozen and kept at80°C before analysis (37). Depending on the
reports found a correlation between Lp(a) levels and serdi@fum creatinine Ieyel, two to three blood sample; for the dgtermina—
creatinine concentrations or GFR (27,29), but these finding%n of GFR by the iohexol method (38) were obtained after infusion

were not confirmed by others (26,30,31). Most studies wee, 0NeX0! during the same visit in the outpatient department. We
cdlculated in 18 patients with mostly advanced impairment of renal

small, sometimes comprising no mpre than 10 to 29 patients(fction the GFR using the formula of Cockroft and Gault (39).
each subgroup, and only two consider the apo(a) size polympkgients were carefully instructed about the collection of a 24-h urine
phism as a confounding factor (24,34). One study investigategmple for the determination of proteinuria.

patients recruited for essential hypertension and describedveasurement of Lp(a), serum albumin, GFR, C-reactive protein
higher Lp(a) levels in hypertensive patients with renal impaifCRP), and apo(a) phenotyping were performed each centrally in a
ment but the patients did not have primary renal disease (3§jﬂgle laboratory, respectively, to avoid interlaboratory differences in

In a subgroup of these patients, a strong genetic associafigpsurements. At this time, the laboratory staff involved in the study

between LMW apo(a) phenotypes and the prevalence of er\{v 1s unaware of the patient’s renal function and the patient/control

iliomital. incl . status of the measured samples.
organ damage was noted (34). Miliomisal. included patients Lp(a) quantification was performed as described in detail (37) with

with more advanced renal failure (creatinine clearance, 10 dQouble-antibody enzyme-linked immunosorbent assay (ELISA), us-
60 ml/min) and calculated creatinine clearance instead of megy an affinity-purified polyclonal apo(a) antibody for coating and the
suring true GFR (24). horseradish peroxidase-conjugated monoclonal 1A2 for detection. An
We investigated a group of 227 patients with primary ren&p(a)-positive serum from Immuno (Vienna, Austria) with the same
disease excluding those with nephrotic syndrome. GFR waRP(d) isoforms served as standard throughout the study. Each sample

determined by iohexol clearance. We addressed the fO||OWiW§S analyzed in duplicate, and intra- and interassay coefficients of
variation were 2.7 and 6%, respectively. Serum albumin (bromcresol

questions: (1) Do Lp(a) concentrations change when GFRis : . : .

. : . reen method) was measured using a kit from Boehringer Mannheim
reduced? (2) Does the type of prlmary renal disease mﬂuer%?%nnheim, Germany). Measurements were made on microtiter plates
Lp(a) levels? (3) Is Lp(a) elevated in all apo(a) phenotypg described previously (37). Adjustment of Lp(a) concentrations for
groups? (4) Is an acute phase reaction necessary to obs@effatocrit had no major impact on our findings (40). CRP was
elevated levels of Lp(a) in these patients? measured on a Behring BNA nephelometer, using reagents from
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Behring Diagnostics (N Latex CRP mono; Behring Diagnostics, MaGFR with concentrations of lipids, lipoproteins, and apolipoproteins,
burg, Germany). The lower detection limit of this test was 0.02 mg/dis well as CRP with Lp(a). Adjustment of Lp(a) serum concentrations
Apo(a) phenotyping was performed by sodium dodecyl sulfate-agéor proteinuria and/or GFR in patients was done using linear regres-
ose gel electrophoresis (SDS-agarose) under reducing conditions assiat: analysis. Multiple regression analysis was used to investigate the
lined (41) with slight modifications. Fifty nanograms of Lp(a) wasssociation of different variables with Lp(a) serum concentrations.
applied to the gel when serum Lp(a) concentrations were above 4 mg/diBecause of the high number of detectable apo(a) isoforms (>30),
With lower concentrations, a fixed volume of Jubof serum was applied many phenotypes were represented only in low numbers. To account
to the gel. Electrophoresis was followed by immunoblotting (2), using ttier this problem, we decided priori to combine apo(a) isoforms in
monoclonal antibody 1A2 for detection of apo(a) isoforms. steps of three K-IV repeats according to the molecular weight of the
smaller apo(a) isoforms to have sufficient sample sizes in each cate-

Calculation of the Lp(a) Concentration Derived from gory (42). Because subjects with 11 to 16684 K-IV repeats were
each Apo(a) Isoform represented relatively rarely, we built one group by combining 11 to

In subjects expressing two apo(a) isoforms, a single investigatat 2nd another by combining31 K-V repeats. Furthermore, we
(F.K.) estimated the percent relation of the two isoforms by densitometﬂﬁ"ded app(a) phenotypes into two Sl_Jbgroups accordmg_ to the_mo-
scanning of the apo(a) bands of the immunoblots from SDS-agaroselﬁ‘é}’lar weight of the smaller apo(a) isoforms, as 0_‘°“e In prévious
electrophoresis. We used the Lp(a) concentrations measured by ELIS)}Q’Rka (_7'9'13'20’23’25’34'43__47)' The_ LMW group included all sub-
calculate the isoform-specific amount of Lp(a) derived from each isoforffcts With at least one apo(a) isoform with 11 to 22 K-IV repeats (48);
by using these densitometric relative estimates. Figure 1 representd§hHMW group comprised all subjects having only isoforms with
example of this procedure. When an individual with 21 and 33 K-Iyore than 22 K-IV repeats. If tw_o apo(a) isoforms were dete(_:table,
repeats had an Lp(a) serum concentration of 40 mgy/d| measured"f_ﬁ/used only the sm_aller ap_o(a) isoform for categon_zatlon, which we
ELISA, and the 21 K-IV isoform accounted for 85% of the staininginthg'scu_SS(':'d recently in detail (47). In a sul:_)anaIyS|s_, however, we
SDS-agarose gel electrophoresis, we calculated the Lp(a) concentratfiisidered the effect of the second apo(a) isoform, if expressed, as
originating from this isoform to be 34 mg/dl (48 0.85). The isoform described above.
with 33 K-V repeats accounted for the remaining 6 mg/dl. The whole
Lp(a) concentration counted for the expressed isoform in case a subR&@SUItS

showed only one apo(a) band. Comparison of Renal Patients and Control Subjects
The average GFR in patients with renal disease was 4@
Statistical Analyses ml/min per 1.73 rf, ranging from 10 to 209 ml/min per 1.73

Statistical analyses were performed with Statistical Package for . Patients had a lower body mass index, lower serum albumin
Social Sciences (SPSS) for Windows version 7.5.2. Univariate comnd total protein, and higher creatinine and urea concentrations
parisons of continuous variables between control subjects and rep@impared with age- and gender-matched control subjects. Sys-
patients were done by unpairédest or the nonparametric Wilcoxontolic and diastolic BP, as well as the frequency of drug-treated
rank sum test in the case of nonnormally distributed variables. tHypertension, were markedly higher in patients (Table 1).
chotomized \(arlagles were compared using Pearsghtest or the " Rang| patients had significantly higher Lp(a) serum concen-
ethood ao e AOUA vas st coate oninieuauons when compared 0 contrl sujects (nearsD

) patients subgroubeq, dyian: 29.5+ 32.0; 17.9versus20.7 = 32.8; 6.9P < 0.001)

the three tertiles of GFR. Non-normally distributed variables wezer ble 2). A h . f d . :
logarithmically transformed before including them in the analysis. able 2). Apo(a) phenotyping was performed to investigate

The Spearman correlation test was used to correlate proteinuria ¥{dether the elevation of Lp(a) in renal patients is determined
primarily by the apo(a) gene or renal disease. In case of the

former, we expected an association of LMW apo(a) isoforms
33 K-IV =) wem = 15% with renal disease. Because we observed in renal patients a
similar frequency distribution of apo(a) alleles either in terms of
apo(a) K-V repeats or in terms of LMW and HMW apo(a)
\ phenotypes as in control subjects (Table 2), we concluded that the
o elevation of Lp(a) is caused by glomerulotubular dysfunction.

21 KAV > § = 85%

Influence of Primary Renal Disease

Lp(a) serum levels were compared between patients with
Figure 1. Calculation of the lipoprotein(a) (Lp(a)) concentrationgglomerulonephritis and patients with polycystic kidney disease
deriving from each apoprotein(a) (apo(a)) isoform. The percent relgs prototypes of inflammatory and noninflammatory renal dis-
tion of the two isoforms from densitometric scanning of the immys 556 respectively. Crude and Lp(a) serum concentrations ad-
noblots from sodium dodecyl! sulfate-agarose gel electrophoresis nﬁé{ed for proteinuria and GFR as well as the frequency of

used to calculate the isoform-specific amount of Lp(a) originati S
from each apo(a) isoform. The total Lp(a) concentration was meEMW apo(a) phenotypes were similar in both groups (Table

sured by enzyme-linked immunosorbent assay. The example provi dTherefore, no influence of the etiology of renal disease on
in this figure expressed a high molecular weight (HMW) apo(@'€ LP(&) levels was observed.

isoform with 33 kringle 1V (K-1V) repeats, which accounted for 15%

of the total Lp(a) serum concentration (6 mg/dl). The low moleculdnfluence of GFR

weight (LMW) apo(a) isoform with 21 K-IV repeats accounted for The correlation of Lp(a) with GFRr(= —0.18,P < 0.001)
85% of the total Lp(a) serum concentration (34 mg/dl). was more pronounced than that of Lp(a) with non-nephrotic-
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Table 1. Characteristics of patients with renal disease and age- and gender-matched control’subjects

Characteristic Co?rgrozl gg%ects R%?a:l Zaét%nts
Age (yrs) 458+ 12.3 457+ 12.6
Gender (F/IM) 73/154 73/154
BMI 26.4+ 3.6 252+ 3.8
GFR (ml/min per 1.73 M) 70 + 42 [38, 63, 96]
Creatinine (mg/dl) 0.99- 0.18 2.02+ 1.16°
Urea (mg/dl) 29+ 7 60 + 34°
Proteinuria (g/24 h per 1.73% 0.9+ 0.9[0.2, 0.6, 1.5]
Serum albumin (g/dl) 4.88 0.49 4.57+ 0.41°
Total protein (g/dl) 7.54+ 0.55 7.01+0.42
Hematocrit 0.41+ 0.06
CRP (mg/dI) 0.37 = 0.76 [0.07, 0.16, 0.41]
Systolic BP (mmHg) 129+ 13 137+ 21°
Diastolic BP (mmHg) 81+9 87 + 14°
Drug-treated hypertension (%) 10.6 78.9
Smoker/exsmoker/nonsmoker 61/58/108 49/57/121

2Data are mearx SD and [25th percentile, median, 75th percentile] where appropriate. BMI, body mass index; CRP, C-reactive
protein.
PP < 0.001 for comparison with control subjects.

Table 2. Lp(a) serum concentrations and apo(a) size polymorphism in control subjects and patients with rendl disease

Variable Co?rt]rcll ggl;j)ects R((arTei I;%t;)ents

Lp(a) (mg/dl), meant SD 20.7+ 32.8 29.5x 32.0°

[25th percentile, median, 75th percentile] [2.2, 6.9, 19.4] [4.9, 17.9, 42.5]
Apo(a) allelesn (%)°

11 to 19 K-V repeats 17 (7.5) 20 (8.8)

20 to 22 K-V repeats 39 (17.2) 43 (18.9)

23 to 25 K-V repeats 33(14.5) 30(13.2)

26 to 28 K-V repeats 47 (20.7) 51 (22.5)

29 to 31 K-V repeats 45 (19.8) 52 (22.9)

>31 K-IV repeats 46 (20.3) 31(13.7)
Apo(a) phenotypds

LMW apo(a) phenotypes) (%) 56 (24.7) 63 (27.8)

HMW apo(a) phenotypes) (%) 171 (75.3) 164 (72.2)

2Lp(a), lipoprotein(a); apo(a), apolipoprotein(a); K-V, Kringle IV; LMW, low molecular weight; HMW, high molecular weight.
PP < 0.001 by Wilcoxon rank sum test for comparison of Lp(a) serum concentrations between patients and control subjects.
¢ Likelinood ratio x? test comparing the frequencies of apo(a) alleles between patients and control syBject:19, df= 5, P = 0.52.

9 Pearson's¢? test comparing the frequencies of LMW apo(a) phenotypes between patients and control gdbie@$56, df= 1, P = 0.46.

range proteinuriar(= 0.14,P < 0.05). We therefore groupeduria. Figure 2 shows the frequency distribution of Lp(a) con-
renal patients according to the tertiles of GER,,>90 ml/min centrations in control subjects and in the three groups of
per 1.73 4, 45 to 90 ml/min per 1.73 fmand<45 ml/min per patients according to the GFR. Approximately 60% of random
1.73 nf. ANOVA showed linearly increasing levels of Lp(a)control subjects had Lp(a) concentrationd0 mg/dl. This
with decreasing renal function (first rows of Table 4). Lp(afrequency was lower by half in renal patients with a GEBO
concentrations tended to be elevated even in the group with/min per 1.73 rA.

GFR >90 ml/min per 1.73 rhwhen compared with control

subjects; Lp(a) concentrations were increased significantly Ghanges of Lp(a) Serum Concentrations in Relation to
the other two groups with more markedly reduced renal funthe Apo(a) Size Polymorphism

tion. The increase of Lp(a) with decreasing renal function We analyzed whether the relative increase of Lp(a) with
remained similar when Lp(a) levels were adjusted for proteidecreasing renal function was related to the apo(a) size poly-
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Table 3. Lp(a) serum concentrations, frequency of LMW apo(a) phenotypes, and renal function in patients with GN as
prototype for inflammatory disease, and in patients with PCKD as noninflammatory type of renal Hisease

Cause for Renal Failure

Variable

2 o7) RSN P Value
Lp(a) crude (mg/dl) 28.8+ 34.9[13.6] 25.8+ 25.8 [16.8] 0.61
Lp(a) adjusted for proteinuria and for GFR (mg/dl) 28:85.4 [15.1] 25.6+ 25.0[18.2] 0.68
LMW apo(a) phenotypes (%) 27 (27.8) 9 (24.3) 0.68
GFR (ml/min per 1.73 ) 81+ 40[77] 55+ 45 [43] 0.001
Proteinuria (g/24 h per 1.73%n 1.1+ 1.0[0.7] 0.6+ 0.6 [0.4] 0.006
Serum albumin (g/dl) 452 0.45 4.66* 0.34 0.10

#Values of continuous variables are presented as me&D and [median] where appropriate. GN, glomerulonephritis; PCKD,
polycystic kidney disease. Other abbreviations as in Table 2.

Table 4. Lp(a) serum concentrations in control subjects and patients with renal disease according to apo(a) pRenotypes

Renal Patients

GFR>90 ml/min per  GFR 45 to 90 ml/min  GFR <45 ml/min per

Group 1.73 nf per 1.73 m 1.73 nf p
Control Subjects 120+ 28 (n=79) 65+ 13 (n= 76) 28+ 12 (n= 72) value®
(mg/dl) (n) (mg/di) (n) (mg/dl) (n) (mg/dl) (n)
All subjects
crude values 20.% 32.8[6.9] 227 22.8-30.8[9.7] 72 29.3+ 30.4[17.4] 76 35.7- 33.6[24.3] 79 0.001
adjusted for 20.7+ 32.8[6.9] 227 23.4- 30.9[11.0] 72 29.0+ 29.2[18.4] 76 34.6- 33.2[24.4] 79 0.001
proteinuria
Subjects with LMW apo(a) phenotypes
crude values 58.2 45.8[47.2] 56 49.1+ 46.7[39.6] 17 54.9- 37.8[57.9] 21 58.2- 37.1[66.6] 25 0.75
adjusted for 58.2+ 45.8[47.2] 56 51.3t 46.8[39.0] 17 52.7- 34.0[51.1] 21 58.8+ 38.0[59.6] 25 0.82
proteinuria
Subjects with HMW apo(a) phenotypes
crude values 8.3 11.8[4.4] 171 14.6-17.7[6.2] 55 19.5+ 20.1[14.2] 55 25.3- 26.2[18.0] 54 0.001
adjusted for 85+11.8[4.4] 171 14.8-16.8[6.1] 55 19.9+ 21.3[13.3] 55 23.4- 23.8[16.8] 54 0.001

proteinuria

#Results are given as mean SD [median].
b By ANOVA.

morphism. To avoid extensive subgrouping resulting in smadroteinuria>1 g/1.73 nf. This still resulted in significantly
group sizes and to render the results comparable with previdugher Lp(a) levels in the patient group with GEFB0 ml/min
findings, we grouped apo(a) phenotypes into LMW and HMWer 1.73 m when compared with control subjects (11-813.8
apo(a) phenotypes. ANOVA showed no significant differencesg/dl [median 5.0)ersus8.1 + 11.8 mg/dl [median 4.4 <

in the Lp(a) concentrations in control subjects and renal p@05). With further impairment of renal function, Lp(a) in-
tients with LMW apo(a) phenotypes independently of the dereased by three- to fourfold in renal patients with HMW
gree of renal impairment (Table 4). In striking contrast, Lp(apo(a) phenotypes and a GRRI5 ml/min per 1.73 riwhen
concentrations were markedly increased with decreasing recainpared with phenotype-matched control subjects (Table 4).
function in patients with HMW apo(a) phenotypes: Compared The above subgrouping into LMW and HMW apo(a) phe-
to control subjects, mean and median levels were even highetypes in a given individual is based on the apo(a) isoform
by 70 and 40%, respectively, in renal patients who still hadveith the lowest molecular weight. It does not consider that
GFR >90 ml/min per 1.73 rh (Table 4). To investigate many subjects with an LMW apo(a) phenotype have not only
whether this increase in Lp(a) was associated with proteinucae LMW, but also one HMW apo(a) isoform. To control for
rather than with GFR, we excluded in a subanalysis 11 of thige influence of the second apo(a) isoform, we calculated based
55 patients with HMW apo(a) phenotypes who had a dailyn the measured Lp(a) concentrations in each subject sepa-
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60 - term “first” simply refers to the isoform with the smaller
number of K-V repeats in case of two expressed isoforms or

50 1 Controls the expressed isoform in subjects who show only one isoform.

40 | (n=227) The “second” isoform means the isoform with the higher

number of K-IV repeats in case of two expressed isoforms.
(For details about the calculation of isoform-specific Lp(a)
concentrations, see Materials and Methods.) When the first
apo(a) isoform was of low molecular weight22 K-1V re-
peats), we observed that the Lp(a) concentrations arising from
these LMW apo(a) isoforms were similar in control subjects
and all three groups of patients (Table 5). We found highly
significant increasing Lp(a) concentrations with decreasing
renal function in case the first isoform was already of high
GER >90 mL/min/1.73 m? molecular wgight (>22 K-V repeats). A similar but Iess

(n=79) pronounced increase was observed for the second apo(a) iso-
form in renal patients who expressed both isoforms of high
molecular weight. We did not calculate the apo(a) isoform-
specific concentrations of Lp(a) for the second isoform in case
it was of low molecular weight, since this constellation was
only met by one or two patients in each subgroup of renal
function.

40 -

Lp(a) Serum Concentrations in Relation to Acute

60 - Phase Reactant CRP

50 | _ , We investigated whether the apo(a) phenotype-specific ele-
GFR 45-90 mL/min/1.73 m vation of Lp(a) is related to an acute phase reaction (diagnosed

40 | (n=76) by elevated CRP levels), as recently suggested for patients with

advanced impairment of renal function (33) or hemodialysis
patients (25). None of our patients was investigated during
obvious acute infection or illness. Only 41 of the renal patients
(18%) had CRP concentratiors0.5 mg/dl. We found no
evidence that the elevation of Lp(a) was associated with ele-
vated CRP concentrations. No correlation was observed be-
tween the concentration of CRP and Lp(a)= 0.05,P =
0.47). Figure 3 shows that the elevation of Lp(a) levels was
specific for HMW apo(a) phenotypes regardless of whether we

501 GFR <45 mL/min/1.73 m? analyzed the whole patient group or whether we excluded those
40 (n=72) patients with elevated CRP serum concentrations. This analysis
revealed similar results when either crude Lp(a) concentrations

% 30 4 or Lp(a) levels adjusted for proteinuria and GFR were consid-

ered in the calculations.
20 |
Correlation of Variables with Lp(a) Serum
Concentrations by Multiple Regression Analysis
: . We finally investigated in a multiple regression analysis
<10 10- 20- 30- 40- 50- 60- 270 which variables were associated with Lp(a) serum concentra-
<20 <3?_p(<:;? n:s/(:ﬂ_<6o <70 t?ons., in .renal patients (Table 6). The apo(a) phenotype classi-
fication in LMW and HMW apo(a) phenotypes and GFR were
Figure 2. Distribution of Lp(a) serum concentrations in control subsignificantly associated with Lp(a) serum concentrations. Pro-
jects and three groups of renal patients with different levels of GRRinuria was not independently associated with Lp(a) but mod-
(>90 ml/min per 1.73 fy 45 to 90 ml/min per 1.73 faand <45 ifiaq the association between GFR and Lp(a) with borderline
mi/min per 1.73 rf). statistical significance, as shown by an interaction term of
proteinuria and GFR. When the analysis was repeated includ
ing only patients with HMW apo(a) phenotypes, we found that
rately the Lp(a) concentrations arising from the first and th8FR was significantly associated with Lp(a) levels and that the
second apo(a) isoforms by estimating the relative proportionioteraction term of proteinuria and GFR showed again a mar-
the two isoforms in the SDS-agarose gel electrophoresis. Tgiaally significant association. Both GFR and the interaction

10
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Table 5. Apo(a) isoform-specific meart SD [median] Lp(a) serum concentrations in control subjects and patients with
renal disease after controlling for the other isoform in case of two expressed isbforms

Renal Patients

GFR>90 ml/min per  GFR 45 to 90 ml/min ~ GFR <45 ml/min per
1.73 nf per 1.73 M 1.73 nf P
Control Subjects 120+ 28 (n= 79) 65 = 13 (n= 76) 28+ 12 (n= 72) value®

(mg/dl) Q) (mg/dl) (n) (mg/di) Q) (mg/dl) (n)

Group

Calculated Lp(a) concentration for the first LMW apo(a) band
crude values 445 35.3[41.4] 56 43.2-46.5[39.6] 17 41.9+ 33.4[46.3] 21 46.9- 34.3[55.8] 25 0.80
adjusted for 445+ 353[41.4] 56 43.9- 44.3[39.0] 17 40.0+ 30.5[39.1] 21 47.3- 34.9[47.7] 25 0.83

proteinuria
Calculated Lp(a) concentration for the first HMW apo(a) band
crude values 6.3 9.9[3.4] 170 11.4- 14.6[4.5] 55 14.4r 16.5[8.7] 55 18.0+ 17.0[14.6] 54 0.001
adjusted for 6.5+99[3.4] 170 11.5+14.3[5.3] 55 14.9-17.9[8.8] 55 16.6- 15.7 [14.4] 54 0.001
proteinuria
Calculated Lp(a) concentration for the second HMW apo(a) band
crude values 7.7#11.1[3.4] 127 6.8-7.8[3.5] 39 11.5+12.4[7.5] 48 13.4- 13.4[10.9] 48 0.005
adjusted for 7.7+11.1[3.4] 127 7.4-8.3[3.5] 39 11.2+11.7[7.5] 48 12.6- 12.3[11.3] 48 0.010
proteinuria

2In subjects expressing two apo(a) isoforms, the percent relation of the two isoforms was estimated by densitometric scanning of the
apo(a) bands of the immunoblots from sodium dodecyl sulfate-agarose gel electrophoresis. The Lp(a) concentrations measured by enzyi
linked immunosorbent assay were used to calculate the isoform-specific amount of Lp(a) derived from each isoform by using these
densitometric relative estimates. The whole Lp(a) concentration counted for the expressed isoform in case a subject showed only one
apo(a) band. For exact procedure, see Materials and Methods and Results.

b By ANOVA.

term of proteinuria and GFR did not contribute to the model idialysis patients in view of the enormous risk of atherosclerosis

patients with LMW apo(a) phenotypes. in those patients with LMW apo(a) phenotype (15,45,47). We
can now exclude a primary genetic cause for the elevated Lp(a)
Discussion levels with very high probability because patients and matched

This study provides strong evidence that Lp(a) increasesdantrol subjects had a similar apo(a) phenotype distribution
very early stages of non-nephrotic primary renal disease (GBRd because the markedly shorter disease duration should have
>90 ml/min per 1.73 M. This increase of Lp(a) is apo(a)minimized a confounding survivor effect. Furthermore, a pri-
phenotype-specific, meaning that only renal patients withary reason for an elevation of Lp(a) in these patients seems
HMW apo(a) phenotypes exhibit an increase of Lp(a) conte be less likely due to heterogeneity of renal disease. Indeed,
pared to apo(a) phenotype-matched control subjects. The we did not see major differences in the apo(a) phenotype
crease of Lp(a) was not related to the acute phase reactistribution between patients who suffered from glomerulone-
CRP, and the association of GFR with Lp(a) was modified kphritis and polycystic kidney disease.
proteinuria. One of the most interesting findings in this study population

In a first step, we excluded that the higher levels of Lp(a) iis the apo(a) phenotype-specific elevation of Lp(a), which we
renal patients were caused by a higher frequency of LMWhd others also found in hemodialysis patients (20,23-25). This
apo(a) phenotypes in renal patients when compared with caneans that Lp(a) in hemodialysis patients is only elevated in
trol subjects. This would have indicated that the LMW apo(gjatients with HMW apo(a) phenotypes when compared to
phenotype predisposes to specific renal diseases, as notecfmtrol subjects with the same apo(a) phenotypes. Patients with
example for coronary artery disease (7—13) or end-organ daohMW apo(a) phenotypes have nearly identical Lp(a) levels as
age in patients with essential hypertension (34). Dialysis papo(a) phenotype-matched control subjects. The observation in
tients with LMW apo(a) phenotypes have a two- to threefoldemodialysis patients is based on the investigation of more
higher prevalence (47,49) as well as incidence (15) of majiiran 1000 patients and about 650 control subjects in four
cardiovascular events than those with HMW apo(a) typestudies (20,23-25), but was not confirmed by three smaller
Although we demonstrated already in previous studies (20,23)udies in different populations using different phenotyping
that dialysis patients have a similar apo(a) phenotype distribmethods, Lp(a) assays, and cut-points for categorization of
tion than control subjects, we considered that we could noMW and HMW apo(a) phenotypes (50-52). Recently, Mil-
completely exclude a potential confounding survivor effect iionis et al. studied a group of 68 patients with more advanced
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60 - Table 6. The association of variables with logarithmically
[ Controls transformed Lp(a) serum concentrations in patients
] All patients with mild and moderate renal failure determined by
1 I CRP <0.5 mg/dL multiple regression analy$is
Group/Variable Coefficient SEMP Value
~ 40 - Total patient group (= 227)
o apo(a) phenotype —1.270 0.189 0.001
g’ In GFR —0.306 0.124 0.015
-~ interaction term In proteinuria  0.108 0.106 0.094
) X In GFR
Eﬂ’. 20 - Patients with HMW apo(a)
phenotypes (= 164)
In GFR —-0.312 0.145 0.032
interaction term In proteinuria  0.150 0.082 0.069
X In GFR
] Patients with LMW apo(a)
0 phenotypes (r= 63)
All HMW LMW In GFR —0.310 0.248 0.22
interaction term In proteinuria  0.030 0.099 0.77
Apo(a) phenotypes % In GER

Figure 3.Influence of C-reactive protein (CRP) on the apo(a) phe-

notype-specific elevation of Lp(a). Similar results were obtained V_arlables and Interaction terms that d'd, not 5|gn_|f|cqntly
hether all patients (&= 227) or only those with normal CRP Ievels-cont“mte o the multiple regression model: In proteinuria, In CRP,
w : : ) interaction term In GFRX apo(a) phenotype, and interaction term
(i.e., <0.5 mg/dl) (n= 186) were included in the analysis.

In proteinuriax apo(a) phenotype. Cause of renal disease was
offered to the model in a subanalysis but did not show a significant
contribution (data not shown). “In” means that variables are

renal failure (creatinine clearance 10 to 60 ml/min) and aldggarithmically transformed. _ _

observed an apo(a) phenotype-specific elevation of Lp(a) (2) hAnﬁgfgz;nggfggprﬁ' (1|—T|v||(\)/\\//\; molecular weight (LMW); 2=

Patients and control subjects, however, had an unusually h|g?1 '

frequency of LMW apo(a) phenotypes (45.2 and 52.9%, re-

spectively) that was never observed in any other Caucasian

population studied thus far (6). In the present study, we ohetype-matched control subjects. We cannot determine with
served such phenotype-specific elevation of Lp(a) in renegrtainty whether this small amount of the remaining protein-
patients with non-nephrotic proteinuria at all levels of GFRria or the renal disease itself is responsible for the elevation of
even in the earliest stage of disease when GFR is still nornigi(a) in this earliest stages of renal disease. Multiple regres-
(>90 ml/min per 1.73 ). We therefore conclude that thission analysis in the entire patient group, however, revealed that
phenomenon is not restricted to hemodialysis patients. Obesides the apo(a) size polymorphism, GFR was significantly
investigation studying 168 CAPD patients showed a trerabsociated with Lp(a) serum concentrations. This association
toward elevated Lp(a) levels in LMW apo(a) phenotypes bbetween GFR and Lp(a) was marginally modified by non-
sides the markedly elevated levels in HMW apo(a) phenotypesphrotic-range proteinuria, but proteinuria itself did not sig-
(20). A smaller study including only 47 CAPD patients renificantly contribute to the model. This is in contrast to ne-
ported elevated levels in both phenotype groups (24). Patieptsotic syndrome, which has a tremendous influence on Lp(a)
with nephrotic syndrome have a clear elevation of Lp(a) in diévels (21,22). A certain amount of proteinuria therefore might
apo(a) phenotype classes (21). It therefore seems that a Highnecessary to show an independent association with Lp(a)
degree of proteinuria or of protein loss through the peritondalels. In the case of non-nephrotic proteinuria, proteinuria at
membrane is related to an increased hepatic synthesis of Lpfa very most modifies the association between GFR and Lp(a)
of all apo(a) isoform classes. We therefore excluded in olavels.

analysis all patients with nephrotic-range proteinuria to mini- Because most subjects express two apo(a) isoforms and
mize the risk of confounding the results by heterogeneity of thecause HMW apo(a) isoforms are more common than LMW
causes of Lp(a) elevation. We furthermore analyzed the dataes, LMW apo(a) phenotypes express according to our defi-
with and without adjustment of Lp(a) levels for the magnitudeition (see Materials and Methods) a second, mostly less
of proteinuria. Adjustment did not significantly change th@ntensive HMW apo(a) isoform in about 60% of the cases. To
findings. Even exclusion of the patients with a daily proteinuriexclude that this second isoform could have influenced our
>1 g/1.73 nf in the group of patients with HMW apo(a)findings in patients with LMW apo(a) phenotypes, we calcu-
phenotypes and a GFR90 ml/min per 1.73 rhresulted in lated the amount of Lp(a) originating from each isoform based
higher Lp(a) levels in patients when compared to apo(a) phan the percent distribution of the two isoforms on SDS-agarose
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gel electrophoresis. This more sophisticated analysis demanne (56,57). Because these fragments have a molecular
strated that Lp(a) concentrations derived from the LMW apo(mjeight of up to more than 200 kD (56,57), at least the larger
isoform are not influenced by renal disease. However, there ago(a) fragments must have entered the postglomerular space
two possible pitfalls. First, chemiluminescence analysis foia tubular mechanisms, mostly via active transport. With
visualizing apo(a) bands might not be linear over a wide randearther progression of renal disease and the accompanying
This could indeed be a problem if we would apply from eactiecrease of GFR, Lp(a) increases further. We propose that
person the same amount of serum to the gel as done in manpaired catabolism of Lp(a) is the cause of increased Lp(a)
phenotyping methods. In contrast, we first measure Lp(a) asencentrations in non-nephrotic renal patients. Turnover stud-
apply for each person the individual amount of serum resultifigs with stable isotope technique are necessary to confirm this
in the same amount of Lp(a) on the gel. This amount wagpothesis and exclude increased hepatic synthesis as an al-
determined to be markedly below the maximum intensity of thernative possibility. Using this technique, increased hepatic
signal. By always applying the same amount of Lp(a), weynthesis of Lp(a) independent of the apo(a) isoform size has
avoid reaching the maximum signal and narrow the range fieen demonstrated in patients with nephrotic syndrome (58).
the signal and therefore the problem of linearity. The secondKario et al. reported in a small group of hemodialysis
pitfall involves the immunoreactivity of apo(a) antibodies dipatients that high levels of CRP, sialic acid, and interleukin-6
rected against repetitive epitopes of apo(a). When an antibagh¢ closely related to the elevated Lp(a) levels, however, apo(a)
such as our 1A2 is directed against the repetitive K-1V, it dogsze polymorphism was not taken into consideration (59).
not necessarily mean that the antibody recognizes one maigvertheless, such a relation would be intriguing and mecha-
cule of apo(a) several times. This cannot be expected duenigtically plausible since several interleukin-6-responsive ele-
steric hindrance, and this was also not observed in a rec@i¥nts were described in theé Banking regulatory region of
publication (53) It is even conceivable that an antibOdy, %he apo(a) gene (60) Some studies described that Lp(a) con-
though directed against a repetitive antibody, detects Lp@ntrations behave as an acute phase reactant (61,62). Zimmer-
iSOform—independent When the SteriC Conﬂguration a”OWS OnMann and C0||eagues recent'y Suggested that the apo(a) phe_
the binding of one antibody to one molecule of Lp(a). We dotype-specific elevation of Lp(a) in hemodialysis patients is
not have evidence that our antibody recognizes one molecglglained by a state of microinflammation, also reflected by
of apo(a) several times. It must be further pointed out that Vigevated CRP and serum amyloid A levels (25). This cannot be
did not use the densitometric scanning of apo(a) bands @ entire explanation, however, because an elevation of Lp(a)
measure Lp(a) concentrations of each isoform. We used tijj§s also seen in hemodialysis patients with HMW apo(a)
method simply to determine the relative proportion of thghenotypes and normal CRP and normal serum amyloid A
isoforms in heterozygote subjects. This proportion was thgfyels, Their Lp(a) concentration was still significantly higher
used to calculate the Lp(a) serum concentration for each apqf@dn in control subjects, but lower than in hemodialysis pa-
isoform based on the exact Lp(a) concentrations measuredifgfts with elevated CRP and serum amyloid A levels (25).
ELISA. This approach, reported here for the first time, was §fjhen we analyzed our data in relation to CRP levels measured
attempt to minimize the confounding of results by the secongl, 5 highly sensitive assay, we observed that only 18% of the
apo(a) isoform. In case the above d|§cussed pitfalls still pla}y%m patients had CRP levels in the pathologic rangé.§
a role, serum samples gf both patients and qontrol SUbleﬁliﬁldl). An apo(a) phenotype-specific elevation of Lp(a) was
were exposed to them in the same way, which makes thiSieq even when we excluded these patients. We therefore
attempt nevertheless reliable. _ _ conclude that an acute phase reaction measured by elevated
Recently, Stenvinkel and colleagues investigated a group@&p |evels at the very most modifies Lp(a) concentrations, but
patients immediately before the start of renal replacemqghS to explain the apo(a) phenotype-specific elevation of

therapy with a creatinine clearance of29 1 ml/min. They | ;o) ot jeast in patients with mild and moderate impairment of
found elevated levels of Lp(a) and suggested that ure al function

causes an increase of Lp(a) by an unknown mechanism (33)m summary
We conclude from our data that a uremic status is not man '
tory for elevated Lp(a) levels in patients with renal disease.

our data show that apo(a) phenotype-specific
(@évation of Lp(a) occurs in patients with renal disease and

b d levai FL : tients with HM n-nephrotic proteinuria even when GFR is still normal. How
even observed an elevation of Lp(a) in patients with ™ uch moderate damage to the kidney impairs Lp(a) metabolism
apo(a) phenotypes who suffered from a primary renal dlsear

but still had a normal GFR>90 ml/min per 1.73 ). The %%]uwes additional studies.
GFR in these very early stages of renal disease, however, may
mask nephron loss because of a compensatory increaseAgi(nowledgmems
single-nephron GFR (54). This would be compatible with the . . i
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