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Increased lipoprotein (a) levels as an independent risk factor
for venous thromboembolism

Mario von Depka, Ulrike Nowak-Gottl, Roswith Eisert, Christian Dieterich, Monika Barthels,
Inge Scharrer, Arnold Ganser, and Silke Ehrenforth

Elevation of serum lipoprotein (a) (Lp[a])
is a known risk factor predisposing to
cardiovascular and cerebrovascular dis-
ease. However, little is known about the
role of increased Lp(a) in venous thrombo-

bin deficiency, elevated serum levels of
Lp(a), and the factor V G1691A, MTHFR
C677T, and prothrombin G20210A muta-
tions. Elevated Lp(a) levels above 30
mg/dL were found in 20% of all patients,

found to be significantly combined with

increased Lp(a). These data suggest that
Lp(a) concentrations greater than 30
mg/dL are a frequent and independent
risk factor for VTE. Furthermore, elevated

embolism (VTE). This study evaluated the
role of Lp(a) among a panel of estab-
lished hereditary thrombogenic defects
in patients with VTE. A total of 685 con-
secutive patients with at least one epi-
sode of VTE and 266 sex- and age-
matched healthy controls were screened
with regard to activated protein C resis-
tance, protein C, protein S, and antithrom-

as compared to 7% among healthy con-
trols ( P < .001, odds ratio [OR] 3.2, 95%
confidence interval [CI], 1.9-5.3). The co-
existence of FV G1691A and elevated
Lp(a) was significantly more prevalent
among patients with VTE than in the
control group (7% versus 0.8%; P < .001,
OR 9.8, 95% Cl, 2.4-40.7). No other estab-
lished prothrombotic risk factor was

Lp(a) levels might contribute to the pen-
etrance of thromboembolic disease in
subjects being affected by other pro-
thrombotic defects, such as FV G1691A
mutation. (Blood. 2000;96:3364-3368)
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Introduction
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The most common risk factor for hereditary thrombophilia is thdemonstrated to be an independent risk factor for chiIdhoodZ‘Z/Tg
factor V (FV) G1691A mutation, which is in the majority of casesand spontaneous strokeBecause the role of increased Lp(a) i§
responsible for resistance against activated protein C (APC), amclear in venous thrombosis of adults, we evaluated Lp(a) a§ a
which is presentin 20% to 50% of patients with venous thrombosiingle defect and in combination with established prothrombagic
depending on criteria of cohort selectibhOther known markers abnormalities of blood coagulation factors in patients with V'FZCELE
of hereditary thrombophilia are the G20210A variant of thand assessed its impact on the clinical manifestation of VTE.
prothrombin geneand deficiencies of protein C, protein S, and
antithrombin. Furthermore, the thermolabile variant of the 5,10
methylenetetrahydrofolate reductase due to the 677 CT transition, . .
which appears to facilitate hyperhomocysteinemia especially ﬁatlents, materials, and methods
malnutrition with foI_ic acid, has been discussed as a genetic ris'.he present multicenter study was approved by the medical etrﬁcs
facto.r for vasculgrdlseas.e and venous thromboembollsm (V?E)t;ommittee at the Hannover Medical School, Hannover, Germany, &nd
High serum lipoprotein (&) (Lp[a]) concentrations are assoGipnducted in accordance to the ethical standards of the 1995 Declaratig of
ated with coronary heart diseas®, ischemic cerebrovascular Helsinki. All patients had given informed consent prior to study enrolimeg.
diseaséf19 and chronic thromboembolic pulmonary hyperten- g
sion2°The major protein component of Lp(a) is apolipoprotein (a},atients
which is disulfide-linked to apolipoprotein B-160Because of the 3
close structural homology of apolipoprotein (a) to plasminogen ardotal of 685 consecutive subjects with a history of VTE recruited from33
of in vitro2224 as well as in vivé® data, it seems reasonable thagatchment areas of Germany (Hannover, Frankfuithdter) were studied,§
Lp(a) competes with plasminogen for fibrin binding leading tdncluding 414 women (60.4%) and 271 men (39..6%). Patients with artegal
impaired fibrinolysis. Lp(a) can be found abundantly in atI,]eromllar%romboembollsm as the first thrombotic manifestation or with artergl

. . . romboembolism only as well as patients with malignancies or Iaborat%’ry
tous plaque® and is therefore regarded to be a direct link betweeél/idence of antiphospholipid antibodies were excluded. In all patients

thrombogenesis an_d atherosclerOSIS.'Although strong eVIderéc}é%genous risk factors were assessed by a standardized questionnaire
suggests that Lp(a) is an independent risk factor for atherosclerQiinprising trauma, surgery, immobilization, use of oral contraceptives,
vascular disease, little is known about the role of Lp(a) in VTBregnancy, and delivery. Diagnosis of VTE was confirmed by an indepen-
Recently, in 2 pediatric case-control studies elevated Lp(a) waent radiologist who was unaware of the laboratory test results by duplex
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sonography/compression plethysmography, ascending phlebography,canrected for multiple testing according to Bonferroni) were calculated as a
computed tomography, respectively. measure for relative risle values less than .05 were considered significant.

Controls were 266 healthy, age- and sex-matched white individudls addition, the multifactorial role of prothrombotic risk factors was
(blood or potential bone marrow donors) from the same geographic areasssessed using multivariate logistic regression analysis. All calculations
the patients. The criterion for recruitment of control subjects was the lackwkre made with the SPSS for Windows Release 9.0.0 statistical package
any history of thromboembolic events. (SPSS, Chicago, IL).

Blood sampling

Blood samples were collected at least 3 months after the last acygagylts
thrombotic event and processed at each hospital according to standardized
procedures. For coagulation assays, blood (9 parts) was obtained by fregfaracteristics of thromboembolic manifestations
peripheral venipuncture and mixed with 0.109 mol/L trisodium citrate (1
part). Citrate plasma was prepared by immediate centrifugation for 8 the first episode of VTE, patients’ ages ranged between 11 and
minutes at 200§, and the supernatant was immediately processed or storéd@ years, with a median age of 34 years (women 33 years, range
at—20°C not longer than 3 weeks until analysis. For measurement of Lp(@)1-77; men 36 years, range 14-76). Of 685 patients, 476 (84%)
serum was obtained from venous blood following centrifugation at 450&ffered from juvenile thrombosis occurring before the age of 50
for 10 n:)ilnutss and Sltloreddaf 70°C until anzlysits;. For”gler;e analysis.years, Of all patients, 333 (49%) suffered from one thromboegh-
venous blood was collected in EDTA-treated tubes. All laboratory te . . . -

Y lic episode; the other 352 patients (51%) had recurrent VTE \/\§‘th

were performed without knowledge of whether a sample was drawn from at tal of to 6 th b boli ts. S ¢ ticht
control subject or a patient and without knowledge of the clinical outcomes. otal of up 10 . romboembo Ic,: events. seventeen pa 'ei' S
suffered from arterial thromboembolism as the second thrombogm-

bolic event (5%; myocardial infarction, 1 6; cerebral infarction,
_ _ _ n=15; and peripheral arterial thromboembolism=r6). Nine
In all subjects Lp(a) serum concentration was measured with a photomegigditional patients had arterial thromboembolism as their t
“sandwich enzyme immunoassay” using mouse monoclonal antiapolipop{fyomboembolic event.

tein (a)-coated microtiter plates and peroxidase-coupled Fab fragments OfThe first thrombotic onset consisted of lower extremity deép
mouse monoclonal antiapolipoprotein B-100 antibodies including human

- . . . 0, . 3.
standards and controls (Roche Diagnostics, Mannheim, Germany). &n thrombosis in 427 patients (62%), thrombosis of the pelgc

lower detection limit of the assay was 5 mg/dL. A threshold value of Lp(a{ gion in_ 77 (11%), thrombosis in the_ splgnchnic region_in 37 (50/%)’
more than 30 mg/dL was considered as the cut-off value, which is wide{f€P VeIn th_romb03|3 of the upper |_'mb in 36 (5_%)_: retinal venoils
accepted as the cut-off in the assessment of increased risk for cerebroval{Pmbosis in 25 (4%), cerebral vein thrombosis in 16 (2%), ag!d
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Lipoprotein (a) measurement

d

uqnf%l?//:d

lar and cardiovascular everfs30 thrombosis of the superior or inferior caval vein in 4 patients
(0.6%). Pulmonary embolism without detectable deep vends
Assays of hemostatic factors thrombosis was found in 63 cases (9%). =

D o ) ) ) ) In 355 patients (52%) the first VTE developed spontaneously&n
etermination of APC resistance was done using a commercially avallatilﬁ . o . iatel 2
kit (Chromogenix, Mglndal, Sweden). Activities of protein C and antithrom= 7 patients _(21A)) _VTE OCCP”Gd 'mm"?d'ate y after trauma o
bin were measured by means of a chromogenic assay (Chromogenix). TStigery or while bedridden. Thirty-two patients (5%) suffered frogh
and free protein S antigen and protein C antigen were measured usingR@sity, 110 female patients (16%) used oral contraceptives, an&41
commercially available enzyme-linked immunosorbent assay kit (Asserastomen (6%) developed VTE during pregnancy or immediately
rom, Diagnostica Stago, Asmies, France). In patients treated with oralafter delivery. Seventy-eight patients (11%) had more than oneof
anticoagulants, no protein C and protein S were measured. Antithromitite mentioned exogenous risk factors. 8
and protein C deficiency were defined as reduction of the functional plasma

activity below the lower limit alone or along with a reduced antigen
concentration. Protein S deficiency was diagnosed when free proteir+

antigen levels were reducedbelowthe Iowerlimitcombinedwith decreasmi patients the mean Lp(a) level was 21.6 mg/dL (SD 40.@,
or normal total protein S antigen levels, respectively. whereas the mean level in controls was 11.9 mg/dL (SD 16%4;
P < .01,t test). Elevated Lp(a) levels above 30 mg/dL, considergd
to be the atherosclerotic cut-off value as well as the threshold sor
The FV G1691A mutation, prothrombin (PT) G20210A variant, and thgenous thrombosis in the youR@were diagnosed in 135 of 68§
MTHFR C677T variant were determined. DNA was prepared from buﬁpatients (20%)’ whereas the preva|ence of elevated Lp(a) levels
coat using standard techniqg_es, am‘pI‘ified by polymerase chain reactigpg significantly lower in healthy controls (19 of 266, 7¢5fest,

and detected by allele-specific hybridizatf@riThe tests are based on ap - .001). The OR of VTE associated with Lp(a) elevation was
3-step procedure consisting of DNA isolation, DNA amplification, an%lz. (95% Cl, 1.9-5.3, Table 1). If the cut-off level was set to more

finally allele-specific hybridization and detection of amplified target DNA . L .
with 2 sequence-specific oligonucleotide reporter molecules in 2 separat@” 20 or more than 10 mg/dL, there was still a significantly higher

cavities of a microwell plate. The labeling of the target DNA was donBroportion of Lp(a) elevation among patients compared to controls

during amplification. Detection was done by binding of horseradisWith a significantly raised OR (Table 2).

peroxidase-labeled specific antibodies against fluorescein. All analyses of Patients with no additional exogenous risk factor and Lp(a)

FV G1691A mutation were consistent with analyses of APC resistance. more than 30 mg/dL had a slightly lower OR compared to controls
(OR 2.8, 95% CI 1.6-4.8? < .001). A similar OR was calculated

Statistical analysis for patients who suffered from trauma or surgery or were immobi-

Data are expressed as means and standard deviations (SD) and comparbg®§ (OR 2.9, 95% CI 1.6-5.5P = .001). Women using oral
using the Student test or as medians and ranges and compared [GPntraceptives had the highest risk of all patient subgroups (OR

Mann-WhitneyU test where appropriate. The significance of differences dt-0, 95% CI 2.1-7.6P < .001), which was comp_arable to patients
the frequency of prothrombotic risk factors were tested using@est. With a combination of several exogenous risk factors versus
Odds ratios (OR), 95% confidence intervals (Cl) ddalues §? test, controls (OR 3.9, 95% CI 1.9-7.9P < .001). Patients with

igoprotein (a) levels
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DNA-based assays
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Table 1. Frequency of Lp(a) elevation and hereditary risk factors of VTE and

protein S nor antithrombin was found to be significantly combined
risk of VTE (univariate analysis)

with increased Lp(a).

Patients, Controls, Pvalues

Risk factor n (%) n (%) x?test*  OR (95% Cl) Multivariate analysis
Lp(a) > 30 mg/dL 135/685 (20) 19/266 (7)  <.001 3.2 (1.9-5.3)
FV G1961A heterozygous 205/683 (29)  19/256 (7) <001 573593  To identify independent risk factors for VTE, multivariate logistic
FV G1961A homozygous ~ 26/683 (4)  0/256 (0) — — regression was performed including all parameters that proved to
Prothrombin G20210A 45/664 (1)  6/235(2.6) 03  2.8(1266)  be statistically significant in univariate analysis. Lp(a) more than
MTHFR 677TTT 49/486 (10) 22/161 (14) .2 0.7 (0.4-1.2) 30 mg/dL (OR 2.8, 95% Cl 1.6-4.9P < _001), FV G1691A
Protein C deficiency 15/611 (3) 3/228 (1) 46 1.8(0.5-6.6) mutation (OR 5.4, 95% CIl 3.2-9.(R < .001), as well as PT
Pf°t‘;‘“sge“g‘i”°y 2“;‘*“ “) 5j219 @ 33 LBOT4D  550210A mutation (OR 3.1, 95% CI 1.3-78,< .01) could be
Antithrombin deficienc 17/685 (2.5)  1/226 (0.4) 0.1 5.7 (0.8-433) . . . . -
Lo(a) and FV GlteAi, 19/683 §7) ) 21256 Eo.ai 001 98 224_40_7; identified as independent risk factors for VTE. In addition, Lp(a)

levels more than 20 mg/dL still proved to be an independent risk
factor with an OR of 2.0 (95% CI 1.3-3.B, < .001) as well as
Lp(a) levels of more than 10 mg/dL (OR 1.5, 95% CI 1.0-2.0,

*x2 test, corrected for multiple testing.
TOnly homozygotes.
FHeterozygote and homozygote cases taken together.

P < .05).

g
recurrent VTE had a similar OR (2.9, 95% CI 1.6-5%5 .001) §_,
compared to controls. . . g

There were no differences of increased Lp(a) levels accordi%scuss'on §~

to patients’gender and age at first onset of VTE. In this multicenter study we evaluated the prevalence of elevaed

Lp(a) levels and their association with VTE. Our data on consegu-
tive white patients suggest that Lp(a) elevation is an |ndepenc§nt
Analysis of theFV G1691Agene was performed in 683 patientsrisk factor for VTE.
205 were heterozygotes (29%) and 26 homozygotes (4%). AmongLipoprotein (a) inhibits the activation of plasminogen by
the controls (n= 256) we found no homozygotes and 19 (7%}treptokinase and tissue plasminogen activator in vitro and cm
heterozygotes, which was significantly lower compared to patiemistes with plasminogen for binding to fibrin as well as for blﬂdl@
(Table 1). Because we found no homozygous FV G1691A mutex annexin Il and the plasminogen/tissue plasminogen actlvﬁor
tions among our controls, the OR could not be calculated. receptor on endothelial cells and on platefé®:3235Recently, a &
In 664 patients and 235 controls gene analysis of the FArench study provided the first quantitative evidence that bindig
G20210A genotype was performed. Forty-five of 664 patients (7%j Lp(a) to lysine residues of fibrin and cell surfaces is dlreclgl
were heterozygotes compared to 6 controls (2.6%). Thus, ttedated to circulating levels of both plasminogen and Lp(a) and tgat
prevalence was significantly higher in patienid {est,P < .03, these glycoproteins may interact as competitive ligands for th§se
Table 1). The corresponding OR was 2.8 (95% CI 1.2-6.6). biologic surfaces in vivé® They observed an association of lovg
The MTHFR 677TT genotype was found in 49 of 486 patientslasminogen concentrations and high Lp(a) levels with an -
tested (10%) and in 22 of 161 controls (14%). Among the patientseased Lp(a) binding ratio onto fibrin and cells in nephro@:
212 tested heterozygous for the MTHFR C677T variant (44%) ahildren during a flare-up of the disea®eThus, because Lp(a)E
did 71 controls (44%); 225 (46%) of the patients and 68 (42%) shares striking similarities with human plasminodéit, is sug
the controls were negative (none of the differences were statigested that Lp(a) competitively interferes with plasminogen wnﬁ-
cally significant,x? test). No significant differences were found forout exhibiting the proteolytic activity of plasminogen. Therefor&
the deficiencies of protein C (patients,=n15, 2.5%; controls, Lp(a) might interact with fibrin, platelef$, and cell surfaceg

Established prothrombotic risk factors

‘suQneolq

9|0

0

n =3, 1.3%), protein S (patients,=a 24, 3.9%; controls, A= 5,
2.2%), or antithrombin (patients, 1 17, 2.5%; controls, & 1,

receptors and might impair fibrinolysis and promote thrombb-
sis?23841 |n addition, Lp(a) is able to bind and inhibit tissug,

0.4%). The results of the univariate factorial analyses are shownglasminogen activaté? This possible prothrombotic potential

Table 1.

confers on Lp(a) the direct link between thrombogenesis é;’nd

Coexistence of Lp(a) more than 30 mg/dL and FV G1691A wastherosclerosis. High plasma concentrations of Lp(a) are associgted
found in 49 of 683 patients (7%), but only in 2 of 256 (0.8%) of thevith the development of atherosclerosis in coronary heart dis-
control group 2 test, P < .001, corrected for multiple testing). ease’-13restenosis, and ischemic strokgs27:42:43
Accordingly, the coincidence of elevated Lp(a) with FV G1691A However, there is only little information on the role of Lp(a) in
mutation further increased the OR for thromboembolic events w@nous thrombosis. In a small scale study Atsumi and cowdtkers
9.8 (95% CI 2.4-40.7P < .001). Coexistence of increased Lp(ajgnalyzed Lp(a) levels in patients with antiphospholipid antibody
with the heterozygous PT G20210A mutation was found in 4 of 663ndrome (APAS). They found significantly increased plasma
(0.6%) patients. Furthermore, neither deficiency of protein C &up(a) levels in patients with APAS with arterial thrombosis as well

Table 2. Odds ratios for VTE according to different Lp(a) cut-offs (univariate analysis)

Patients (%) Controls (%) Pvalues Pvalues
Cut-off n = 685 n = 266 Utest OR 95% ClI X2 test
Lp(a) > 30 mg/dL 135 (20) 19 (7) <.001 3.2 1.9-53 <0.001
Lp(a) > 20 mg/dL 172 (25) 35 (13) <.001 2.2 1.5-3.3 <0.001
Lp(a) > 10 mg/dL 272 (40) 78 (29) <.01 1.6 1.2-2.2 <0.01
Lp(a) > 5 mg/dL 351 (51) 125 (47) NS — — NS

NS indicates not significant.
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as in patients with venous thrombosis. idand colleague¥,who disorder*® In our study, the combination of Lp(a) elevation and the
investigated the apolipoprotein (a) levels of 203 patients withV G1691A mutation revealed a high prevalence among patients.
venous thrombosis before the age of 45 years, did not findlm7.2% of the patients but only in 0.8% of the control subjects,
relevant association of apolipoprotein (a) levels and juvenile VTIEp(a) levels more than 30 mg/dL were coincident with the FV
However, it should be taken into account that they measur&lL691A mutation, increasing the OR to about 10. Thus, it is likely
apolipoprotein (a) levels using a sandwich radioimmunoassay. Ittt the simultaneous presence of Lp(a) elevation and FV G1691A
recommended to use a combination of antibodies against apolipopraitation in a patient enhances the risk of VTE. Similar findings
tein (a) for capture with antiapolipoprotein B antibodies focould be demonstrated in children with VPEHowever, other
detection to avoid cross-reactions to apolipoprotein (a), which m#yan the coexistent FV G1691A mutation, no further combinations
be present in free form in plasma as full-length and truncated genetic defects with elevated Lp(a) were found.
apolipoprotein (a¥> On the other hand, it has recently been shown Additional exogenous risk factors are likely to modify the
that increased Lp(a) is a risk factor for VTE in childho®d. thrombogenetic risk caused by Lp(a) elevation depending on the
In the consecutively recruited patients investigated here vikéend and number of the exogenous risk factors. Our data indicate
could identify elevated Lp(a) concentrations as a frequent afitht the strongest enhancing effect might be caused by intake of
independent risk factor of VTE associated with an OR of 2.8 iaral contraceptives. Although Lp(a) levels seem to be genetically
multivariate logistic regression analysis. For recurrent disease tetermined, a reduction of Lp(a) has been achieved in postmego-
OR was similar. The OR is lower compared to other establish@dusal women receiving hormone replacement thetaffy-ow-
risk factors of hereditary thrombophilia such as heterozygous Fa¥er, little is known on the effect of oral contraceptives
G1691A mutation. On the other hand, it is higher than elevatdigoprotein metabolism?*° Thus, our results warrant furthe
prothrombin levels exceeding 1.15 U/mL with an OR of 2.1,investigations. 3
which is similar to the OR of Lp(a) elevation if the cut-off level is  In conclusion, our data indicate that the elevation of serumgr
set to 20 mg/dL. Lp(a) levels above 30 mg/dL are considered to plasma Lp(a) concentration significantly increases the risk ;(‘,pf
the atherosclerotic threshold. However, our study suggests that #emous thromboembolic disease, especially with the coexistencg of
thromboembolic risk associated with Lp(a) elevation in the cohaitte FV G1691A mutation or further exogenous risks, therepy
presented is concentration dependent, starting at Lp(a) levels weiderlining the multifactorial genesis of thromboembolism. T}Sé
below the established cut-off (Table 2). exact pathogenic mechanism of elevated Lp(a) leading to VgE
It is now widely accepted that thrombophilia is a multifactoriatemains to be clarified.

umjnya;%mum

single point-mutation at Arg506 of factor V. Lan- premature coronary heart disease. JAMA. 1992; Thromb Vasc Biol. 1998;18:20-26.
cet. 1994;343:1535-1536. 267:3326-3329. 23. Hajjar KA, Gavish D, Breslow JL, Nachman RL.

. . . Lipoprotein(a) modulation of endothelial cell sur-
14. Rosengren A, Wilhelmsen L, Eriksson E, Risberg face fibrinolysis and its potential role in athero-

B_, Wedel H. Lipoprqtein (a) and coronary heart sclerosis. Nature. 1989:339:303-305.
disease: a prospective case-control study in a
general population sample of middle aged men.

5. Poort SR, Rosendaal FR, Reitsma PH, Bertina
RM. A common genetic variation in the 3'-un-
translated region of the prothrombin gene is as-

sociated with elevated plasma prothrombin levels 24. Hervio L, Durlach V, Girard Globa A, Anglés Cano

g
[}
[o]
Qo
N
=
References 5
°
1. Griffin JH, Evatt B, Wideman C, Fernandez JA. Nienaber CA. Differences in lipoprotein (a) and 20. Ignatescu M, Kostner K, Zorn G, et al. Plasma %
Anticoagulant protein C pathway defective in ma- apolipoprotein (a) levels in men and women with Lp(a) levels are increased in patients with chronic 2
jority of thrombophilic patients. Blood. 1993;82: advanced coronary atherosclerosis. Coron Artery thromboembolic pulmonary hypertension. g
1989-1993. Dis. 1995;6:347-350. Thromb Haemost. 1998;80:231-232. 15
2. Koster T, Rosendaal FR, de Ronde H, Briét E, 11. Seman LJ, DeLuca C, Jenner JL, et al. Lipopro- 21. Fless GM, Rolih CA, Scanu AM. Heterogeneity of g
Vandenbroucke JP, Bertina RM. Venous thrombo- tein(a)-cholesterol and coronary heart disease in human plasma lipoprotein (a): isolation and char- @
sis due to poor anticoagulant response to acti- the Framingham Heart Study. Clin Chem. 1999; acterization of the lipoprotein subspecies and 3
vated protein C: Leiden Thrombophilia Study. 45:1039-1046. their apoproteins. J Biol Chem. 1984;259:11470- %’
B . (o]
Lancet. 1993;342:1503-1506. . . 12. Jauhiainen M, Koskinen P, Ehnholm C, et al. Li- 11478. E
3. Svensson F_'J, Dahlback B Resistance to acti- _ poprotein (a) and coronary heart disease risk: a 22. Eriksson P, Nilsson L, Karpe F, Hamsten A. Very- =
vated protein C as a basis for venous thrombosis. nested case-control study of the Helsinki Heart low-density lipoprotein response element in the 8
N Engl J Med. 1994;330:517-522. Study participants. Atherosclerosis. 1991;89: promoter region of the human plasminogen acti- R
4. Voorberg J, Roelse J, Koopman R, et al. Associa- 59-67. vator inhibitor-1 gene implicated in the impaired 2
tion of idiopathic venous thromboembolism with 13. Scanu AM. Lipoprotein(a). A genetic risk factor for fibrinolysis of hypertriglyceridemia. Arterioscler g
2
@
o
=1
o
N
[N
5
(]
and an increase in venous thrombosis. Blood. BMJ. 1990:301:1248-1251. E. Mult|ple binding W|tt_1 identical Ilnkag_e: a §
1996;88:3698-3703. i . . mechanism that explains the effect of lipopro-
6. Salomon O, Steinberg DM, Zivelin A, et al. Single 15. Stzm JH, RosEnscr)tndRS. L|chJrohteI‘|nt Lp(:’a edxcess tein(a) on fibrinolysis. Biochemistry. 1995;34:
and combined prothrombotic factors in patients ‘:g 9; i?;_i?; 0937 6|sease. reh intem Med. 13353-13358.
with idiopathic venous thromboembolism: preva- ! . : ' 25. Atsumi T, Khamashta MA, Andujar C, et al. EI-
lence and risk assessment. Arterioscler Thromb 16. Jovicic A, Ivanisevic V, lvanovic I. Lipoprotein(a) evated plasma lipoprotein(a) level and its asso-
Vasc Biol. 1999;19:511-518. in patients with carotid atherosclerosis and isch- ciation with impaired fibrinolysis in patients with
7. Frosst P, Blom HJ, Milos R, et al. A candidate ge- emic _cer_ebrovascular disorders. Atherosclerosis. antiphospholipid syndrome. J Rheumatol. 1998;
netic risk factor for vascular disease: a common 1993;98:59-65. 25:69-73.
mutation in methylenetetrahydrofolate reductase. 17. Jurgens G, Taddei Peters WC, Koltringer P, et al. 26. Rath M, Niendorf A, Reblin T, Dietel M, Krebber
Nat Genet. 1995;10:111-113. Lipoprotein(a) serum concentration and apoli- HJ, Beisiegel U. Detection and quantification of
8. Girelli D, Friso S, Trabetti E, et al. Methylenetetra- poprotein(a) phenotype correlate with severity lipoprotein(a) in the arterial wall of 107 coronary
hydrofolate reductase C677T mutation, plasma and presence of ischemic cerebrovascular dis- bypass patients. Arteriosclerosis. 1989;9:579-
homocysteine, and folate in subjects from north- ease. Stroke. 1995;26:1841-1848. 592.
ern Italy with or without angiographically docu- 18. Nagayama M, Shinohara Y, Nagayama T. Li- 27. Nowak-Géttl U, Stréter R, Heinecke A, et al. Lipopro-
mented severe coronary atherosclerotic disease: poprotein(a) and ischemic cerebrovascular dis- tein (a) and genetic polymorphisms of clotting factor
evidence for an important genetic-environmental ease in young adults. Stroke. 1994;25:74-78. V, prothrombin and methelyenetetrahydrofolate re-
interaction. Blood. 1998;91:4158-4163. 19. Nguyen TT, Ellefson RD, Hodge DO, Bailey KR, ductase are risk factors of spontaneous ischaemic
9. BergK, Dahlén G, Borresen AL. Lp(a) pheno- Kottke TE, Abu Lebdeh HS. Predictive value of stroke in childhood. Blood. 1999,94:3678-3682.
types, other lipoprotein parameters, ar\d a family electrophoretically detected lipoprotein(a) for cor- 28. Nowak-Géttl U, Junker R, Hartmeyer M, et al. In-
history of coronary heart disease in middle-aged onary heart disease and cerebrovascular disease creased lipoprotein (a) is an important risk factor
males. Clin Genet. 1979;16:347-352. in a community-based cohort of 9936 men and for venous thromboembolism in childhood. Circu-

10. Stiel GM, Reblin T, Buhrlen M, Lattermann A, women. Circulation. 1997;96:1390-1397. lation. 1999;100:743-748.



3368

29.

30.

31.

32.

33.

34.

35.

36.

von DEPKA et al

Hajjar KA, Nachman RL. The role of lipoprotein(a)
in atherogenesis and thrombosis. Annu Rev Med.
1996;47:423-442.

Rader DJH, Hoeg JM, Brewer Jr HB. Quantifica-
tion of plasma apolipoproteins in the primary and
secondary prevention of coronary artery disease.
Ann Intern Med. 1994;120:1012-1025.

von Depka Prondzinski M, Eisert R, Oberkanins
C, Aschermann G, Barthels M, Ganser A. Throm-
bosis and prothrombin 20210 G-A mutation de-
tected by rapid PCR and allele specific hybridiza-
tion. Blood. 1997;90(suppl 1): 653.

Edelberg JM, Gonzales-Gronow M, Pizzo SV.
Lipoprotein (a) inhibits streptokinase-mediated
activation of human plasminogen. Biochemistry.
1989;28:2370-2374.

Simon DI, Fless GM, Scanu AM, Loscalzo J. Tis-
sue-type plasminogen activator binds to and is
inhibited by surface-bound lipoprotein(a) and low-
density lipoprotein. Biochemistry. 1991;30:6671-
6677.

Ezratty A, Simon DI, Loscalzo J. Lipoprotein(a)
binds to human platelets and attenuates plasmin-
ogen binding and activation. Biochemistry. 1993;
32:4628-4633.

Palabria TM, Liu AC, Aronovitz MJ, Furie B, Furie
BC. Antifibrinolytic activity of apolipoprotein (a) in
vivo: human apolipoprotein (a) transgenic mice
are resistant to tissue plasminogen activator-
mediated thrombolysis. Nat Med. 1995;1:256-
259.

Soulat T, Loyau S, Baudouin V, et al. Effect of in-
dividual plasma lipoprotein (a) variations in vivo

37.

38.

39.

40.

41.

42.

43.

BLOOD, 15 NOVEMBER 2000 + VOLUME 96, NUMBER 10

on its competition with plasminogen for fibrin and
cell binding: an in vitro study using plasma from
children with idiopathic nephrotic syndrome. Arte-
rioscler Thromb Vasc Biol. 2000;20:575-584.

McLean JW, Tomlinson JE, Kuang WJ, et al.
cDNA sequence of human apolipoprotein(a) is
homologous to plasminogen. Nature. 1987;330:
132-137.

Rouy D, Grailhe P, Nigon F, Chapman J, Anglés
Cano E. Lipoprotein(a) impairs generation of
plasmin by fibrin-bound tissue-type plasminogen
activator: in vitro studies in a plasma milieu. Arte-
rioscler Thromb. 1991;11:629-638.

Etingin OR, Hajjar DP, Hajjar KA, Harpel PC,
Nachman RL. Lipoprotein (a) regulates plasmino-
gen activator inhibitor-1 expression in endothelial
cells: a potential mechanism in thrombogenesis.
J Biol Chem. 1991;266:2459-2465.

Loscalzo J, Weinfeld M, Fless GM, Scanu AM.
Lipoprotein(a), fibrin binding, and plasminogen
activation. Arteriosclerosis. 1990;10:240-245.
Xue S, Green MA, LoGrasso PV, et al. Compari-
son of the effects of apo(a) kringle 1V-10 and plas-
minogen kringles on the interactions of lipopro-
tein(a) with regulatory molecules. Thromb
Haemost. 1999;81:428-435.

Saito T, Ookubo R, Kuriyama M, Sano R, Ichi-
nose A. Lipoprotein (a) concentration and mo-
lecular weight of apolipoprotein (a) in patients
with cerebrovascular disease and diabetes melli-
tus. Thromb Res. 1997,87:527-538.

Denti L, Marchini L, Pasolini G, Baffoni MT, Ab-
londi F, Valenti G. Lipoprotein Lp(a) and cerebro-

44,

45.

46.

47.

48.

49.

50.

vascular disease in the elderly: correlations with
the severity of extracranial carotid atherosclerosis
assessed by ultrasonography. Acta Biomed Ate-
neo Parmense. 1995;66:175-183.

Marz W, Trommlitz M, Scharrer |, Gross W. Apoli-
poprotein (a) concentrations are not related to the
risk of venous thrombosis. Blood Coagul Fibrino-
lysis. 1991;2:595-599.

Lippi G, Guidi G. Standardization and clinical
management of lipoprotein(a) measurements.
Clin Chem Lab Med. 1998;36:5-16.

Rosendaal FR. Risk factors for venous thrombotic
disease. Thromb Haemost. 1999;82:610-619.

Estellés A, Cano A, Falco C, et al. Lipoprotein(a) lev-
els and isoforms and fibrinolytic activity in postmeno-
pause: influence of hormone replacement therapy.
Thromb Haemost. 1999;81:104-110.

Tuck CH, Holleran S, Berglund L. Hormonal regu-
lation of lipoprotein(a) levels: effects of estrogen
replacement therapy on lipoprotein(a) and acute
phase reactants in postmenopausal women. Arte-
rioscler Thromb Vasc Biol. 1997;17:1822-1829.

Loke DF, Ng CS, Samsioe G, Holck S, Ratnam
SS. A comparative study of the effects of a
monophasic and a triphasic oral contraceptive
containing ethinyl estradiol and levonorgestrel on
lipid and lipoprotein metabolism. Contraception.
1990;42:535-554.

Wiegratz |, Jung Hoffmann C, Gross W, Kuhl H.
Effect of two oral contraceptives containing ethi-
nyl estradiol and gestodene or norgestimate on
different lipid and lipoprotein parameters. Contra-
ception. 1998;58:83-91.

20 aunr z0 uo 3senb Aq Jpd'y9£€£000228U/€29699 L/¥IEE/0L/96/4Pd-Bl01LE/POOIG/ABU  SUOlEDIgNdysE/:dRY WOl papeojumo]



