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Abstract The sites and precise mechanisms of the catabolism 
of the atherogenic lipoprotein[a] (Lp[a]) are unknown. It 
has been proposed that the low density lipoprotein receptor 
(LDL-R) and the low density lipoprotein receptor-related 
protein (LRP) are involved in the catabolism of Lp [ a]. To ad- 
dress the question whether and to what extent the LDL-R 
and/or LRF' are involved in the catabolism of Lp[a], we stud- 
ied the cellular uptake of Lp[a] via those two receptors using 
mouse embryonic fibroblast (MEF) cell lines lacking either 
the LDL-R, the LRP, or both receptors due to disruption of 
the respective mouse genes. Iy5I-labeled LDL and '251-labeled 
Lp[a] uptake by wild-type fibroblasts (MEFl) was compared 
with that by fibroblasts homozygous for the disrupted LRP al- 
lele (MEF2), fibroblasts with two defective alleles for the LDL- 
R (MEF3), and fibroblasts homozygous for defects both in the 
LDL-R and LRF' gene (MEF4). Compared with MEFl, 1251-la- 
beled LDL uptake by MEF2 was 77%; by MEF3 30%, and by 
MEF4 24% of that by MEF1. However, no significant differ- 
ences in the specific 1251-labeled Lp[a] uptake by the four 
mouse embryonic cell lines was observed. In comparison with 
MEF1, the '251-labeled Lp[a] uptake by MEF2 was 98%, by 
MEF3 111%, and 73% by MEF4. Approximately 50% of the 
total cellular uptake of 'z51-labeled Lp[a] was nonspecific.M 
In conclusion, our results suggest that Lp[a] is a poor ligand 
for the LDL receptor and the LRF'. The data of the displace- 
ment studies, however, indicated that the nonspecific uptake 
of Lp[a] constitutes a major route for the cellular Lp[a] catab 
olism in this study.-Reblin, T., A. Niemeier, N. Meyer, T.E. 
Willnow, F. Kronenberg, H. Dieplinger, H. Greten, and U. 
Beisiegel. Cellular uptake of lipoprotein [a] by mouse embry- 
onic fibroblasts via the LDL receptor and the LDL receptor- 
related protein. J. Lipid Res. 1997. 38: 2103-2110. 

Lp[a] production rate (4,5) and correlate directlywith 
hepatic mFWA abundance (6). Studies in primary cul- 
tures of baboon hepatocytes showed that the majority 
of apo[a] is secreted by liver cells into the medium in 
its free form (7, 8). Wilkinson, Munro and Higgins (9), 
showed that apo[a] in the human liver is not associated 
with apoB, suggesting that the association of apolipo- 
protein [a] (apo[a]) and apolipoprotein B-100 (apoB) 
occurs extracellularly after secpetion (8). 

Conflicting results exist about the catabolism of 
Lp[a]. Several studiks showed that Lp[a] binds to the 
low density lipoprotein receptor (LDL-R) (10-14). 
Lp[a] levels are elevated in FH patients (15-18) and 
overexpression of LDL-R in transgenic mice leads to ac- 
celerated catabolism of Lp[a] (19). Others found no  o r  
neglectable clearance of Lp[a] via the LDL-R (20-23) 
and unchanged Lp [ a] levels in FH patients (24). These 
results are in agreement with the observation that lipid- 
lowering drugs, which lower LDL due to inhibition of 
HMG-CoA reductase and up-regulation of the LDL-R 
have no  effect on Lp[a] serum levels (25-27). Even if 
some cellular Lp[a] uptake occurs via the LDL-R, this 
route does not seem to be the major determinant of 
Lp[a] catabolism (28). According to Gries et al. (29) 
potential reasons for the poor binding of Lp[a] to the 
LDL-R include a) covering of domains near the bind- 

Supplementary key words apolipoprotein[a] - low density lipopro- 
tein 

The metabolism of lipoprotein[a] (Lp[al) is inde- 
pendent of other lipoproteins (1). The major source of 
circulating plasma Lp[a] is the human liver (2, 3).  
Lp[a] serum concentrations are determined by the 

Abbreviations; apo[a], apolipoprotein [a]; apoB, apolipoprotein 
8-100; apoE, apolipoprotein E; DMEM, Dulbecco's modified Eagle's 
medium; gp330/megalin, Heymann Nephritis Autoantigen; LDL, low 
density lipoprotein; LDL-R, LDL receptor; Lp[a], lipoprotein[a]; 
LpL, lipoprotein lipase; LRP, LDL receptor-related protein; MEF, 
mouse embryonic fibroblasts; PBS, phosphate-buffered saline: RAP, 
receptor-associated protein; SDS-PAGE, sodium dodecyl sulfate poly- 
acrylamide gel electro-phoresis. 
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ing region of apoB by apo[a], b )  steric hindrance in the 
interaction of Lp[al with the LDL-R caused by apota], 
or  c) conformational changes in the binding region of 
apoB byapo[a]. The interaction between of apo[a] and 
apoB may differ among the various apo[a] isoforms. 
This potential variability is usually not taken into ac- 
count but might contribute to the conflicting results of 
the different studies. Alternatively, Lp[a] might be 
taken up via the low density lipoprotein receptor-re- 
lated protein (LRP) (30) or, associated with LDL,, in a 
“hitchhiking” process (31).  This catabolic pathway is 
supported by recent data of Tam, Zhang, and Koschin- 
sky (32) showing that recombinant apo[a], complexed 
with LDL is taken up by human fibroblasts and HepG2 
cells via the LDL-K. Several other mechanisms which 
could play a role in the catabolisni of Lp[a], have been 
proposed, some of which are independent of specific 
cell surfice receptors. Williams et al. ( 3 3 )  sho\ved an 
increased Lp [a] cell association and degradation by 
lipoprotein lipase (LpL) which promotes binding of 
Lp[a] to cell surfxe proteoglycans possibly by virtue of 
its structural, non-enzymatic properties. Several studies 
have demonstrated that Lp[a], due to the homolog7.., of’ 
apo[a] with plasminogen (34), binds to plasminogen 
receptors on monocytoid cells, endothelial cells, hu- 
man fibroblasts, and HepG2 cells (32, 35, 36). 

Previous studies on the binding of Lp[a] to cell sur- 
face receptors were performed with human or monkey 
fibroblasts (10-12, 14, 19-21,30), human macrophages 
(13, 22, 37, 38) ,  primary human hepatocytes ( 3 8 ) ,  or 
hepatoma cell lines (31, 32). All these cells express a 
multitude of receptors involved in the binding of lipo- 
proteins. To specifically address the question whether 
and to what extent the LDL-R and/or I,RP are involved 
in the cellular uptake of Lp[a], the present study wits 
designed to investigate the uptake of Lp[a] via those 
two receptors into mouse embryonic fibroblast (MEF) 
lines genetically deficient of either the LDL-R, the LKP, 
or both receptors due to targeted gene disruption (39, 
40; J .  Hilpert, T. E. Willnow, S. Jonat, ,J. Herz, and U. 
Beisiegel, unpublished results). 

MATERIAL AND METHODS 

Animal breeding 
Mouse embryonic fibroblasts (MEF) were all derived 

from C57BI/6 X 129 strain of mice. Wild-type fibro- 
blasts (MEFI), fibroblasts homozygous for the dis- 
rupted LRP-allele (MEFB) , fibroblasts homozygous for 
the disrupted LDL-R allele (MEF3), and fibroblasts car- 
rying two defective alleles for both LDL.-R and LRP were 
prepared as described before (39, 40). 

Isolation of primary fibroblasts 

Isolation of the different fibroblasts was perli)rmc.tl 
as described (41). Mouse embryos were caken o i i t  of’thr 
uterus by cesarean section. After dissection and inculx- 
tion in 0.05% (v/v)  trypsin solution, the softened tissutx 
was disrupted by repeated pipetting. After separation ol’ 
cell debris, the supernatant was plated on Costar (i-well 
plates. Fibroblasts were then expanded and transfi.ctct1 
with 0.5 pg per ml of a plasmid containing the largc. T- 
antigen o f  the Simian \’irliS-40 tising T‘ransfc.c~;inr (Pro- 
mega, Madison, W I ) .  

Lipid and protein quantifications 

Triglycerides and cholesterol were determined enzy- 
matically with colorimetric assays from Boehringer 
Mannheim. Lp[a] was measured by ELISA. LDL was dc- 
termined as described (42). Protein concentration o f  
cell protein and lipoproteins was determined according 
to Lowry et al. (43). 

Lipoprotein isolation 

Lp[a] and LDL were obtained from 480 nil fresh 
EDTA-plasma of a healthy individual undergoing plas- 
mapheresis. The Lp[a] serum level was 60 mg/dl. The 
apo [a] isoform was determined as homozygous 20/20, 
implicating an apo[a] isoform consisting of 20 kringle 
4 domains (44). The molecular weight of this isoforin 
is approximately 560 kD. The apo[a] isoform 20/20 be- 
longs to the low molecular weight isoform goups which 
are present in approximately 15% of individuals (44). 
PMSF, EDTA, BHT, merthiolate, and N3 were added to 
the fresh plasma to final concentrations of37 mg/l, 0.5 
m M ,  0.1 m M ,  0.1 mg/l, and 0.2 mg/l, repectively. 
Plasma was then adjusted to a density of 1.063 g/ml 
with KBr followed by centrifugation for 48 h at 49,000 
rpm and 10°C using a 50.2 Ti Beckman rotor in a LH 
Beckman ultracentrifuge. The floating material, con- 
taining VLDL and LDL, was dialyzed against PBS and 
EDTA. Subsequently, VLDL and LDL werc separated by 
ultracentifugation at 49.000 rpm for 24 h at 10°C in thc 
50.2 Ti Beckman rotor. The orange band in the inter- 
mediate. traction after the first rim containing Lp[a] was 
recovered by tube-slicing, adjusted to a density of 1 .1  
g/ml with KBr, and centrifuged for 24 h at 49.000 rpm 
and 10°C. The top fraction containing Lp[a] was then 
recovered and underlayered in a stepwise gradient coil- 
sisting of 2 ml H?O and KRr solutions ( 3  ml d 1.019 g/ 
ml, 3 in1 cl 1.063 g/ml). The gradient was centrifuged 
for 24 h at 40,000 rpin and 10°C: using a SW 41 Beckman 
rotor. The I,p[a] -containing band as analyzed b y  
ELJSA, was recovered and the protein concentration 
was determined according to Lowry et al. (43). The 
LDL and Lp[a] preparations were checked for purity 
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and integrity by sodium dodecyl sulfate (SDS) gel elec- 
trophoresis on 5% acylamide gels as described below 
and shown in Fig. 1. Lp[a] was not contaminated with 
LDL and purified LDL did not contain Lp[a] contami- 
nation. 

Iodination 

LDL and Lp[a] were radiolabeled with '*'Iodine by 
the IC1 method (45). The specific activity of the differ- 
ent Lp[a] preparations varied between 35.1 cpm/ng 
protein and 303 cpm/ng protein. The specific activity 
of the different LDL preparations varied between 88.2 
cpm/ng protein and 126 cpm/ng protein. The integ- 
rity and the purity of the radiolabeled LDL and Lp[a] 
was determined by 5% SDS gel electrophoresis as shown 
in Fig. 1. 

Binding and uptake experiments 

The cellular uptake experiments of Lp[a] and LDL 
were essentially performed as described (46, 47). Cells 
were grown in 24-well plates with 40,000 cells per well 
resulting in subconfluent monolayers after 48 h of incu- 
bation. Studies were performed with 2.5, 10.0, 15.0, and 
20.0 pmol of 12'I-labeled Lp[a] or 10.0 pmol and 10.0, 
20.0, 30.0 nmol of '*SI-labeled LDL in 1 ml of Dulbec- 
CO'S modified Eagle's medium (DMEM, without gluta- 
mine; Gibco) containing 5% BSA (fraction V, Sigma), 
and 0.02 M HEPES (pH 7.4; Gibco). The cells were incu- 
bated for 90 min at 37°C. To determine the bound frac- 
tion, cells were washed with phosphate-buffered saline 
(PBS, pH 7.4), PBS with 2 mg/ml BSA, and finally PBS 
without BSA. Then the bound particles were released 
by 770 IU/ml of heparin in PBS. Subsequently, cells 
were solubilized in 0.1 M NaOH for determination of 
cell-associated radioactivity and cell protein content. 
Nonspecific uptake was determined in the presence of 
a 50-fold molar excess of the unlabeled ligand at all dif- 
ferent concentrations for both LDL and Lp[a]. Specific 
uptake was calculated by subtracting nonspecific uptake 
values from the cell-associated radioactivity after the 
heparin wash. 

SDS-PAGE and immunoblotting 

Lp[a] was reduced as described (48). The reduced 
samples (20 pg protein/lane or 80,000 cpm/lane for 
"'I-labeled Lp[a] ) were applied to 5% polyacrylamide 
gel electrophoresis (SDS-PAGE) according to Neville 
(49). Immunoblotting was carried out according to Bei- 
siege1 (50) using the monoclonal anti-apo [a] -antibody 
8D3 which has been described elsewhere (51). 

Statistical procedures 

Mean values and standard deviations were calculated 
using conventional statistical procedures. Comparison 

of non-paired data was performed using Mann-Whit- 
ney's U-test. 

RESULTS 

Ligand characterization 

LDL preparations were free of relevant amounts of 
Lp[a] or other lipoproteins as shown in Fig. 1. The 
Lp[a] preparations, displaying the apo[a] isoform 20/ 
20, were also checked for purity and integrity by sodium 
dodecyl sulfate (SDS) gel electrophoresis on 5% poly- 
acrylamide gels. No other apolipoproteins were de- 
tected in the Lp[a] preparations as shown in Fig. l .  

Uptake of lz5I-1abeled LDL by mouse 
embryonic fibroblasts 

To confirm that the LDL-R and LRP were function- 
ally intact in our cell system and thus able to clear apoB- 
containing lipoproteins, the '*'I-labeled LDL uptake by 
wild-type fibroblasts (MEFI) expressing both receptors 
was compared with fibroblasts homozygous for the dis- 
rupted LRP allele (MEF2), fibroblasts with two defective 
alleles for the LDL-R (MEF3) , and fibroblasts homozy- 
gous for defects both in the LDL-R and LRP (MEF4). 
The cells were incubated with "'I-labeled LDL (10.0 
pmol/ml and 10.0, 20.0, 30.0 nmol/ml). Nonspecific 
uptake was determined in the presence of a 50-fold mo- 
lar excess of unlabeled LDL at all different concentra- 
tions. The specific uptake was calculated by subtracting 
nonspecific uptake values from the cell-associated ra- 
dioactivity after the heparin wash. One representative 
uptake experiment for '251-labeled LDL at 10 pmol/ml 
is shown in Fig. 2. As expected, uptake was highest in 
MEF-1 and MEFS cells, both expressing LDL-R, 
whereas much lower values were found for MEFS and 
MEF4. 

Uptake of '451-labeled Lp[a] by mouse 
embryonic fibroblasts 

Possible interactions of '"I-labeled Lp [a] with the 
LDL-R and/or the LRP were studied using the different 
mouse embryonic fibroblast cell lines. The cells were 
incubated with increasing concentrations of Iz5I-labeled 
Lp[a] (2,5 pmol/ml-20 pmol/ml) for 90 min at 37°C. 
Saturation of the specific '251-labeled Lp[a] uptake was 
reached at 15 pmol '251-labeled Lp[a]/ml for MEFl-3. 
Therefore the focus of this study was on 10 pmol/ml. 
No saturation could be reached for the specific uptake 
of '2SI-labeled Lp[a] by MEF4 using concentrations of 
the radiolabeled ligand within the range of 2,5 and 20 
pmol/ml (Fig. 3). 
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Fig. 1. 5% SDSPAGE of unlabeled LDL and lwI-labeled LDL and unlabeled Lp[a] and '%labeled Lp[a]. A. For the unlabeled LDL sample 
(left), 20 pg protein was loaded per lane. For the 1*51-labeled LDL, 80,000 cpm was applied per lane. B For the right side of the figure, Lp[a] 
containing the apo[al isoform 20/20 was reduced using mercaptoethanol. Twenty pg protein and 80,000 cpm were loaded per lane. For the 
unlabeled ligands, after transfer of the proteins to nitrocellulose, proteins were stained with Ponceau. For the radiolabeled ligands, the dried 
gels were exposed to a Dupont Cronex 10s film for 12h at -80°C. 

MEFl MEF2 MEF3 MEF4 

Fig. 2. Uptake of 'Wabeled LDL by MEFI-4 at 10 pmol ligand/ml. One representative experiment (out 
of 11) studying the cellular uptake of "I-labeled LDL at 10 pmol/ml is shown. Cells were grown in 24-well 
plates with 40,000 cells per well resulting in subconfluent monolayers after 48 h of incubation. The cells were 
incubated for 90 min at 3OC. Cell surface bound particles were released by 770 IU/ml of heparin in PBS. 
Subsequently, cells were solubilized in 0.1 M NaOH for determination of cell-associated radioactivity and cell 
protein content. Nonspecific uptake was determined in the presence of a 50-fold molar excess of unlabeled 
LDL. Specific uptake is expressed as ng ligand protein/mg cell protein. 
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Fig. 3. Saturation of specific uptake of 'nI-labeled Lp[a] by MEFl-4. Specific uptake of 'nI-labeled Lp[a] 
was measured at 2.5 pmol/ml (n = 4), 10 pmol/ml (n = 5), 15 pmol/ml (n = 3), and at 20 pmol/ml (n = 2). 
Experiments were performed as described in the legend to Fig. 2. Values for specific uptake are given as ng 
ligand protein/mg cell protein. Nonspecific uptake was determined in the presence of a 50-fold molar excess 
of unlabeled Lp[a]. Due to the small number of studies at 15 and 20 pmol/ml, no standard deviations are 
shown for these concentrations. 

No statistically significant differences among the spe- 
cific '251-labeled Lp[a] uptake by the four mouse embry- 
onic cell lines was observed. At 10 pmol/ml the uptake 
of '251-labeled Lp[a] by MEFl reached 90 5 28 ng 
ligand protein/mg cell protein, by MEF2 88 5 41, by 
MEFS 100 -C 66, and by MEF4 66 5 32. Although the 
uptake by MEF4 was slightly lower than the uptake by 
the other fibroblast cell lines, this difference was not 
statistically significant. No  significant differences be- 
tween MEF4 and the other cell lines were observed at 
2.5, 15.0, and 20.0 pmol/ml. 

Uptake of LDL and Lp[a] by MEF2-4 
relative to MEFl 

Taking together the results of all 11 '251-labeled LDL 
uptake assay we found a significantly lower uptake by 
MEF2-4 as compared with '251-labeled LDL uptake by 
MEF1. Uptake by MEF2 was 77% (P = 0.01 l ) ,  by MEFS 
30% ( P <  O.OOOl), and by MEF4 24% ( P <  0.0001) of 
that by MEFl. To further explore possible differences 
in the cellular uptake of '251-labeled Lp[a] mediated by 
either the LDL-R or LRF', the uptake by MEF2-4 at 10 
pmol/ml was also comparTd relative to MEFl, which 
express both the LDL-R and LRP. '251-labeled Lp[a] u p  
take by MEF2-4 was equal to or lower than that by 
MEFl (MEF2: 98%, MEF3: 111%, MEF4: 73%) but no 
significant differences were observed between the cell 
lines. 
As the LDL-R was proposed to clear Lp[a] from the 

circulation we compared the uptake of '251-labeled LDL 

and '251-labeled Lp[a] between MEFl and MEF3 which 
lack the LDL-R but express LRP. As expected IZ5I-la- 
beled LDL uptake by MEFS was significantly lower rela- 
tive to MEFl (30% 5 20% of uptake by MEF1). No sig- 
nificant difference between the two cell lines was 
observed for '251-labeled Lp[a]. The uptake of lz5I-la- 
beled Lp[a] by MEFS was only slightly higher relative 
to MEFl (111% 2 39% of uptake by MEF1). 

Specific LDL and Lp[a] uptake of 
total cellular uptake 

We compared the fraction of specific '251-labeled LDL 
and '251-labeled Lp[a] uptake as percentage of total u p  
take among the different fibroblast lines. Marked differ- 
ences between LDL and Lp[a] were observed in the per- 
centage of specific uptake by the different cell lines in 
the presence of a 50-fold molar excess of the unlabeled 
ligand (Table 1). Whereas specific '251-labeled LDL u p  

TABLE 1. Specific cellular uptake of '*SI-labeled LDL and 
'P51-labeled Lp[a] 

MEF 1 MEF 2 MEF 3 MEF 4 

'=I-LDL 71 2 11 62 2 10 37 2 13 41 2 14 
'*51r-Lp[a] 46 5 19 50 2 15 50 2 28 49 2 18 

Experiments were performed as described in the legend to Fig. 
2. The results of specific uptake are expressed as % of total uptake. 
The data represent the mean values of 11 independent experiments 
for 'Wabeled LDL (uptake at 10.0 pmol/ml, 10.0. 20.0, and 30.0 
nmol/ml) and for 14 independent experiments for 'P51-labeled Lp[a] 
(uptake at 2.5, 10.0, 15.0, and 20.0 pmol/ml). 
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take was highest by the MEFl (71%) and MEF2 (62%) 
cells, both expressing the LDL-R, the percentage of spe- 
cific uptake by MEF3 (37%) and MEF4 (41 %) was much 
lower. With respect to '2"I-labeled Lp[a] , iio significant 
differences in the specific cellular uptake were observed 
among the four different mouse embryonic fibroblast 
cell lines. At 10 pmol '2"I-labeled Lp[a]/ml, the total 
uptake of "'I-labeled Lp[a] to the mouse fibroblasts was 
inhibited to a residual value of 54% for MEFI, 55% for 
MEF2, 48% for MEF3, and 57% For MEF4. At 2, 5, 15, 
and 20 pmol/ml, inhibition was also approximately 
50% for all cell lines. 

DISUJSSION 

The current study was initiated to investigate the po- 
tential role of the LDL receptor and the LDL receptor- 
related protein in the cellular uptake of Lp[a]. To ad- 
dress the question to what extent the LDL-R and/or  
the LRP are involved in the cellular uptake of Lp[a], 
mouse enibryonic fibroblast (MEF) cell lines lacking ei- 
ther the LRP (MEFB), the LDL-R (MEF3), or both re- 
ceptors (MEF4) due to targeted gene disruption (39, 
40) were compared with wild-type fibroblasts express- 
ing both receptors (MEFI). Although Lp[a] undergoes 
temperature-induced conformational changes that 
allow better recognition of Lp[a] by the L,DL-R at 4°C 
(22), the uptake was studied at the physiologic tempera- 
ture of 37°C. As demonstrated by SDS-PAGE, LDL-R 
and L,RP were structurally intact. The uptake experi- 
ments with '"'I-labeled LDL showed that the LDL-K was 
also functionally intact. 

Taken together, the results of the cellular uptake 

ports that have come to the conclusion that Lp[a] is 
catabolized via the LDL-R only to a minor extent. Some 
groups demonstrated that Lp[a] enters fibroblasts ei- 
ther independently of the LDL-R (10) or that the LDL- 
R plays only a minor role in the clearance of'Lp[a] from 
the plasma (28, 38). Compared with LDI,, the maximal 
LDL-K-mediated uptake of Lp[a] by fibroblasts was 
shown to be as low as 20-30% (28, 38). In a recent 
study, the LDL-R-mediated cellular binding o f  Lp[a] t o  
human hepatocytes, macrophages, and fibroblasts did 
not account for more than 1096, 29%, and 29%, respec- 
tively of the values obtained with LDL. Tlic LDL,-R-iiie- 
diated degradation of L,p[a] in human hepatocytes, 
macrophages, and fibroblasts was similar: 1776, 22% 
and 26% of LDL degradation, respectively (38). Iri gen- 
eral, diverging results about the interactioii of Lp[a] 
with the LDL-R may be due to differences in apo[al 
isoform size. Differences in the apo[a] protein could 
explain variations in the covering of domains near the 

assays are in good agreement with several p r a '  'lous 1-<'- 

binding region of apoB by apola], thus causitig stcric 
hindrance in the interaction of Lp[aj with t h ~  1,I)l.-K 
(29). Other Factors, such as LpL, haw been a l i o w t i  t o  
play a role in variations of the affinity of L,pl a J 101. tlic 
LDL-R (33). LpL possibly mediates confortnational 
changes in the Lp [a] molecule, thereby exposing pre\i- 
ously hidden receptor-binding domains on the i i p o  [ a] - 
apoB complex (33). LDL could Facilitate ccllu1:ir l,p[a] 
uptake as proposed by Kostner ( 3 1 )  i n  ;I "hitclihikiiig" 
process. This hypothesis is supported by the fact that 
no uptake of recombinant apo[a] via thc I,DI,-R oc- 
curred in the absence of LDL ( 3 2 ) .  Our present in i i t i x )  

study indicates that Lp[a] is no o r  a very poot-  ligand 
for the LDL-R, a finding mutually supportive with in 
vivo tui-iiover studies i n  FH patients showing that tlic 
LDL-R is not required for the norrnal catabolism 01' 
Lp[a] in huiiians (23).  

To date, only l'ew data exist about the possible inteix- 
tion of Lp[a] with the LRP. In our study we found only 
a minor cellular uptake of Lp[a] mediated by LAW. A 
potential interaction between LRF' and Lp[a] ma): also 
depend on the apo [a] -isoforin size, as has beeit pix)- 
posed fix the interac-tion of Lp[a] with the LDI,-K. This 
aspect coirld explain the apparent coritradictiori l x -  
tween our study and data showing the cellular internal- 
ization of L.p[a] with a high molecular weight ;ipo[;i] 
via the LRP (30). A further factor which could possibly 
influence the uptake of Lp[a] via the L,RP is apolipopi-o- 
tein E (apoE). The interaction between some species of' 
Lp[a] and L,RP could, i n  part, be mediated by apoE 
which is present in approximately 20% o f  Lp[a] parti- 
cles (52). Except for the one above-rneritioiied stndy 
(32) no other publication that addressed the interac- 
tion of Lp[a] and IRP  found a significant uptake ol' 
Lp[a] or apo[a] by L,RP. 

Other possible receptors respoiisihle f6r the specifc 
uptake of L,p[a] are the plasminogen receptor (32, 35) 
and the scavenger receptor (22, 37, 53, 54).  However, 
the specific fraction oftotal Lp[a] uptake by mouse em- 
hiyonic fibroblast cell lines was only 50% in out- study, 
indicating that the unspecific cellular uptake of Lp[aJ 
plays a mqjor role in the clearance of this lipoprotein 
under in vitro conditions. These findings support stud- 
ies by Snyder arid coworkers (38) who reported a frac- 
tion of nonspecific degradation of "51-labeled Lp[a] of 
76% in priniaiy human liepatocvtes, 58% i n  huinan 
macrophages, and 33%) i n  human fibroblasts. 

In conclusion, our resiilts demonstrate that I.+ [a] is 
no o r  only a poor ligand for the L,DL receptor and tht. 
LRP. This has been shown by comparing the uptake of' 
'"I-labeled Lp[a] by wild-type niouse embryonic fibro- 
blasts with three different ir~oust' crnbi)umic fibroblast 
cell lilies lacking either the 1,DL-R, the LKP, 01' both 
receptors due to targeted gene disruption of thc respec- 
tivc iiiouse genes. Whether other ccll surliic-e rrceptoi's 
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play a more important role in the cellular catabolism 
of Lp[a], remains a subject of further investigati0ns.U 
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