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ABSTRACT. Objective. Osteonecrosis of the femoral head (ONF) is a necrosis due to disruption of the blood flow.
The disease often occurs in association with corticosteroid treatment. The pathology of corticosteroid-
induced ONF is unclear, although abnormalities in the coagulation and fibrinolytic systems or in the
lipid metabolism have been reported to be involved. We examined the relationships between develop-
ment of ONF and genetic variations and plasma level of lipoprotein(a) (Lp(a)), which is closely
involved in the coagulation and fibrinolytic systems and lipid metabolism.

Methods. The study population consisted of 112 renal transplant patients undergoing corticosteroid
treatment. Their apolipoprotein (a) [apo(a)] isoform was determined by Western blotting, and patients
were classified into low molecular weight (LMW) or high molecular weight (HMW) groups. The plas-
ma Lp(a) level was measured. Patients were also examined for 3 single-nucleotide polymorphisms
(SNP), —773 (G/A), +93 (C/T), and +121 (G/A). Relationships between these 3 genetic factors of Lp(a)
and ONF development were examined using statistical methods including multivariate analysis.
Results. A strong relationship was observed between the apo(a) molecular weight phenotype and ONF
development, with an increased risk of ONF development for the LMW group (adjusted odds ratio 5.75,
95% CI 1.76-18.74, p = 0.0038). No significant relationships were observed between ONF and plasma
Lp(a) level and SNP.

Conclusion. Apo(a) molecular weight phenotype would be a useful predictor of ONF that develops
after corticosteroid treatment. (First Release Dec 1 2006; J Rheumatol 2007;34:516-22)
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Nontraumatic osteonecrosis of the femoral head (ONF) is an
intractable disease that is pathophysiologically characterized
by ischemic necrosis of femoral head and deterioration of hip
joint functions, and these changes significantly affect quality
of life of the patient!. Clinical application of corticosteroids
and alcoholism are known as causative factors, and in partic-
ular, corticosteroid is reported to induce ONF at a high fre-
quency'. Pathophysiological features of corticosteroid-

induced ONF are as follows: there is development very early
in the treatment period?; the necrotic lesion can be signifi-
cantly large, which makes preservation of the femoral head
difficult and requires quite invasive total hip replacement; and
it is an iatrogenic disease. Therefore, it is important (1) to
identify high-risk patients before starting corticosteroid treat-
ment of the basic disease; (2) to tailor individual corticos-
teroid dosage in order to reduce the incidence of ONF; and (3)
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to detect occurrence of corticosteroid-induced ONF at an early
stage in every patient through frequent screening. The pathol-
ogy of corticosteroid-induced ONF has not been fully clari-
fied, but it is thought that drastic ischemic changes occur in
the femoral head and then bone necrosis develops'.

As a cause of ischemic changes in the femoral head, a rela-
tionship between abnormal lipid metabolism and corticos-
teroid-induced ONF has been reported®. The relationship of
the lipid molecule lipoprotein(a) (Lp(a)) with various vascular
lesions has attracted the attention of researchers in the throm-
botic and ischemic diseases. Several studies have reported a
relationship between plasma Lp(a) concentration and vascular
lesions such as coronary heart disease, stroke, and carotid ath-
erosclerosis®?, and the level of Lp(a) has also been related to
Perthes’ disease'%!! and bone marrow edema!?.

Lp(a) is a low-density lipoprotein (LDL)-like lipoprotein
that has a component of 2 disulfide-linked high molecular
weight proteins, apolipoprotein(a) (apo(a)) and apolipoprotein
B-100. Apo(a) has a reiterated sequence of kringle 4, it is struc-
turally quite similar to human plasminogen, and it is consid-
ered a lipoprotein that induces both arteriosclerosis and throm-
bogenesis!'3. Glueck, et al reported high serum Lp(a) levels in
Caucasian patients with ONF!4. On the other hand, recent stud-
ies report that Lp(a)-induced thrombogenesis and progression
of arterial sclerosis are influenced by the molecular weight of
Lp(a) that is determined by the kringle 4 repeat number and not
by its level in serum!>16, The serum level is determined sec-
ondarily to the differences in translation efficiency in the liver,
and this difference is induced by the molecular weight!7-19,
This suggests that individual differences in the molecular
weight as well as the serum concentration of apo(a) would
influence ONF development.

Molecular weight phenotype is determined by size poly-
morphism in the gene encoding the apo(a) protein, and it is
genetically confined, stable, and not affected by environmen-
tal factors?’. It is hypothesized that molecular weight pheno-
type relates to ONF development, while plasma Lp(a) level
has no influence on the occurrence of ONF. On the other hand,
plasma Lp(a) levels in Japanese people are reported to be
affected by the haplotype that is the integration of 3 gene
polymorphisms in the promotor region®!, although this haplo-
type is thought to have no influence on molecular weight phe-
notype.

We examined the relationship between apo(a) isoforms
with different molecular weights or plasma Lp(a) levels and
corticosteroid-induced ONF after renal transplants in
Japanese patients. We also examined whether haplotype was
related to the development of corticosteroid-induced ONF.

MATERIALS AND METHODS

Study design. Osteonecrosis after renal transplant is one expression of corti-
costeroid-induced osteonecrosis?2. We examined 112 patients who received
renal transplants in our university hospital between 1983 and 2004. The total
number of transplant patients in this period was 428; 316 patients who had
any of the following conditions were excluded: those whose transplanted kid-

ney lost normal function and in whom dialysis was started; those who had
been diagnosed as having ONF before renal transplant; those whose magnet-
ic resonance imaging findings did not satisfy the diagnosis criteria (e.g., band-
like low signals in the femoral head in T1-weighted images); those who had
hip joint disease such as acetabular dysplasia or osteoarthritis before renal
transplant; those who received renal transplants before the introduction of
cyclosporine in 1982; and those who declined to participate in the study.

Among 112 patients examined, 20 developed ONF (ONF group) and 92
did not develop ONF (the reference group) during their postoperative moni-
toring period. ONF was diagnosed according to published criteria®3.
Reference patients had received transplants more than 1 year before the start
of the study and were confirmed to have no osteonecrosis in the hip, knee,
shoulder, or ankle joint.

The study was approved by the ethical review board on human
genome/gene analysis research of our university, and written informed con-
sent was obtained from each participating patient.

Clinical information. All patients received intravenous (IV) injection of
methylprednisolone 500 mg during the surgery and IV injection of pred-
nisolone (PSL) 50 mg on the day of surgery. Starting the following day, the
patient received oral administration of PSL 50 mg/day for 7 days or 3 days,
then 40 mg/day for 7 days or 4 days. The dose was reduced to 30, 25, 20, and
17.5 mg/day every 7 days, and then to 10 mg/day 6 months later. The total
oral dosage of each patient up to the fourth postoperative week was 924.6 mg
on average.

Analysis of apo(a) isoforms and molecular weight phenotypes. Plasma sam-
ples were collected from the 112 patients for Western blotting. Following the
method of Utermann, ef al?*, the apo(a) molecule was classified into one of
the 6 isoforms, i.e., F, B, S1, S2, S3, and S4, by Western blotting that utilized
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
The molecular weight is approximately 400 kDa for isoform F, 460 kDa for
B, 520 kDa for S1, 580 kDa for S2, 640 kDa for S3, and 700 kDa for S417;
the weight is determined by the kringle 4 repeat number. Based on the con-
ventional classification, Wahn, er al?> determined F, B, S1, and S2 as low
molecular weight (LMW) isoforms, and S3 and S4 as high molecular weight
(HMW) isoforms, and compared longterm graft survival in organ recipients
retrospectively. Utermann, et al** investigated the relationship between plas-
ma concentrations and molecular weights, finding a cutoff level between S2
and S3, and classified F, B, S1, and S2 as LMW, and S3 and S4 as HMW.

In our study, the patients were classified into 3 groups, i.e., MW pheno-
type LL that possesses the L isoform only (e.g., SIS1, FS2); MW phenotype
LH that possesses L and H isoforms (e.g., BS3, S1S4); and MW phenotype
HH that possesses the H isoform only (e.g., S3S3, S354). At the same time,
patients were also classified into 2 other groups?® — the LMW group that
possessed at least one LMW isoform, or the HMW group that possessed only
the HMW isoform. The frequency of ONF in relation to apo(a) molecular
weight phenotype was examined statistically.

Measurement of plasma Lp(a) levels. Plasma Lp(a) levels were measured by
latex agglutination immunoassay?’. Peripheral blood was sampled in the peri-
od 13 to 268 months after renal transplant (mean 106 mo, steady-state) in the
morning before breakfast. The frequency of ONF in relation to plasma Lp(a)
level was examined statistically.

Sequence analysis of SNP in the apo(a) gene and gene haplotype classifica-
tion. Gene analysis was conducted on 105 of the 112 patients in order to
examine G(-773)A, C(+93)T, and G(+121)A, the SNP in the 5 flanking
region of the apo(a) gene that are reported to relate to plasma Lp(a) lev-
els?$2°. Genomic DNA was obtained from peripheral blood using the
DNeasy™ tissue kit (Qiagen GmbH, Hilden, Germany).

Polymerase chain reactions (PCR) and sequencing of purified PCR frag-
ments were performed according to the method described by Asano, et al>°.

In addition, according to the combinations of the 3 SNP, haplotypes were
classified into 4 types: A [G(=773), C(+93), G(-21)]; B [A(-773), C(+93),
G(-21)]; C [A(-773), C(+93), A(-21)]; and D [A(-773), T(+93),
G(-21)]2128_ and their relationship to development of ONF was examined.
MW phenotype and plasma Lp(a) level, and plasma Lp(a) level and gene hap-
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lotype. Relationships between MW phenotype and plasma Lp(a) level were
examined in the 112 patients, and relationships between plasma Lp(a) level
and gene haplotype were examined in the 105 patient subgroup.

Statistical methods. Statistical significance was assessed by chi-square test,
Fisher’s exact test, Wilcoxon’s rank-sum test, Student t test, or the Mantel
extension method. The crude and adjusted odds ratios (OR) and their 95%
confidence intervals (CI) were calculated using the logistic regression model.
Test for trend was performed by applying exposure variables coded by ordi-
nal numbers with increasing dose levels into the model. Analyses were all
conducted using the Statistical Analysis System (SAS, v. 9.0). P values < 0.05
were considered statistically significant.

RESULTS

Relationship between patients’ general characteristics and
ONF. Development of ONF was not related to patient’s sex,
age at surgery, immunosuppressant therapy after renal trans-
plant, type of transplanted kidney, presence or absence of
acute rejection, and corticosteroid dose. In the logistic regres-
sion model, univariate analysis showed no relationship
between each characteristic and ONF development, while
multivariate analysis showed a significant relation between
age and ONF development (adjusted OR 1.06, 95% CI
1.00-1.11, p = 0.035).

Relationship between apo(a) MW phenotype and ONF (Table
1). ONF occurred in 2 of the 5 LL patients (40.0%), 8 of 19
LH patients (42.1%), and 10 of 88 HH patients (11.4%). A
strongly significant difference (p = 0.0016) was observed
among LL, LH, and HH patients with the Mantel extension
method. In the LMW group that combined LL and LH, ONF
occurred in 10 of the 24 patients (41.7%), while ONF
occurred in 10 of 88 HMW patients (11.4%), a strongly sig-
nificant difference (p = 0.0016). These data showed that risk
of ONF was significantly high in the patients having a small
MW isoform. The LH group had significantly higher risk of
ONF than the HH group in both univariate and multivariate
logistic regression analyses that included sex, age, immuno-
suppressant, type of transplanted kidney, presence or absence
of acute rejection, and corticosteroid dose (crude OR 5.67,

95% CI 1.84-17.45, p = 0.0025; adjusted OR 5.98, 95% CI
1.57-22.74, p = 0.0087). The average of total oral doses up to
the first 4 weeks was 923.3 mg in the LMW group, and 925
mg in the HMW group. There was no significant difference
between these doses (p > 0.05, Student t test). In the LMW
group, the OR increased significantly in comparison to the
HMW group in univariate and multivariate analyses (crude
OR 5.57,95% CI 1.96-15.84, p = 0.0013; adjusted OR 5.75,
95% CI 1.76-18.74, p = 0.0038). These data are important
because they show that the risk of development of ONF
increases when one of the LMW isoforms, i.e., F, B, S1, and
S2, is included in the phenotype.

Relationship between plasma Lp(a) level and ONF. The mean,
median, and range of plasma Lp(a) levels were 19.4 mg/dl,
14.0 mg/dl, and 1-66 mg/dl in the ONF group, while they
were 12.9, 6.0, and 1-85 in the reference group. Levels were
higher in the ONF group, but there was no significant differ-
ence (p = 0.056, Wilcoxon rank-sum test).

Relationship between apo(a) gene haplotype and ONF (Table
2). The haplotype frequencies were 31.3% for group A, 0.7%
for B, 41.3% for C, and 26.7% for D. These were almost the
same as the frequencies in a Japanese population reported in a
previous study?3. Table 2 summarizes the results of univariate
and multivariate analyses on the relation between haplotype
and ONF. No statistically significant relationship was
observed.

Relationship between apo(a) MW phenotype and plasma
Lp(a) level. A significant difference was found in the mean
plasma Lp(a) levels: 33.8 mg/dl in the LMW group and 8.7
mg/dl in the HMW group (p < 0.0001, Wilcoxon rank-sum
test). This agrees with the data in previous reports?!-2%, and
shows the molecular weight of apo(a) is inversely associated
with the plasma Lp(a) level.

Relationship between plasma Lp(a) level and apo(a) gene
haplotype (Figure 1). In order to confirm that apo(a) gene
haplotype is the gene polymorphism that affects plasma Lp(a)

Table 1. Apolipoprotein (a) molecular weight (MW) phenotype and the risk of ONF. Values for ONF and refer-

ence group are number (%).

Group Odds Ratio
ONF, Reference, p Crude OR p Adjusted OR* p
n=20 n=092 (95% CI) (95% CI)
Molecular weight phenotype

LL 2(40.0) 3(60.0) 0.0016" 5.20 (0.77-34.99) 0.0901 5.17 (0.69-38.72) 0.1097
LH 8(42.1) 11(57.9) 5.67 (1.84-17.45) 0.0025 5.98 (1.57-22.74) 0.0087
HH 10 (11.4) 78 (88.6) 1 (trend: p = 0.00389) 1 (trend: p = 0.0076)
LMW 10 41.7) 14 (583) 0.0016% 5.57 (1.96-15.84) 0.0013 5.75 (1.76-18.74) 0.0038
HMW 10 (11.4) 78 (88.6) 1 1

Statistical analyses performed using ¥ the Mantel extension method, * Fisher’s exact test. L: Low MW isoform
(F, B, S1, S2). H: High MW isoform (S3, S4). LL: combinations of L alone (e.g. S1S1, FS2). LH: Combinations
of L and H (e.g. BS3, S1S4). HH: combinations of H alone (e.g. S3S3, S3S4). LMW (low MW): containing at
least 1 L isoform. HMW (High MW): without any L isoform. * This model includes gender, age, immunosup-
pressant, kidney, acute rejection, corticosteroid dose as well as MW phenotype.
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Table 2. Haplotype classification and the risk of ONF. Haplotypes are: A: G (=773), C (+93), G (+121);
B: A (=773), C (+93), G (+121); C: A (773), C (+93), A (+121); D: A (773), T (+93), G (+121).28

Group Odds Ratio
ONF, Reference, Crude OR P Adjusted OR* P

(n=18) (n=287) (95% CI) value (95% CI) value
Haplotype
A+A 1(10.0%) 9 (90%) 0.83 (0.09-7.79)  0.873 0.76 (0.07-8.09)  0.821
A+BorCorD 11 (25.0%) 33 (75.0%) 2.50 (0.84-7.45)  0.099 1.85 (0.55-6.22)  0.321
B/C/D+B/C/D 6 (11.8%) 45 (88.2%) 1 (trend: p =0.424) 1 (trend: p = 0.706)
B+B 0 0 — — — —
B+AorCorD 1(50.0%) 1(50.0%) 5.06 (0.30-84.89) 0.260 0.908 (0.04-22.19) 0.953
A/C/D+A/C/D 17 (16.5%) 86 (83.5%) 1 1
C+C 3(12.5%) 21 (87.5%) 0.43(0.10-1.78) 0.244 0.66 (0.13-3.31) 0.614
C+AorBorD 6 (13.3%) 39 (86.7%) 0.46 (0.15-1.45)  0.185 0.74 (0.19-2.85)  0.657
A/B/D+A/B/D 9 (25.0%) 27 (75.0%) 1 (trend: p =0.177) 1 (trend: p = 0.587)

D+D 2 (20.0%) 8 (80.0%)
D+AorBorC 6 (19.4%) 25 (80.6%)

1.35(0.25-7.32)  0.728
1.30 (0.42-3.96)  0.649

1.13 (0.15-8.47)  0.903
1.25(0.33-4.70)  0.743

A/B/C+A/B/C

10 (15.6%) 54 (84.4%) 1 (trend: p = 0.624)

1 (trend: p = 0.800)

* Adjusted for gender, age, immunosuppressant, kidney, acute rejection, corticosteroid dose and molecular

weight phenotype.
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Figure 1. Haplotype classification and plasma Lp(a) level of each subject.
Among the 112 patients, gene analysis was performed in 105 patients in order
to analyze the relationship between haplotype and plasma Lp(a) level.
Plasma Lp(a) levels were significantly higher in CC than in AA, CD, and DD.
The 3 SNP were classified into 4 haplotypes based on their combinations: A:
G(-773), C(+93), G(+121); B: A(-773), C(+93), G(+121); C: A(-773),
C(+93), A(+121); and D: A(-773), T(+93), G(+121)%8. Each individual had 2
haplotypes: CC stands for homozygotes of type C while CD stands for het-
erozygotes of types C and D. Only 2 subjects had haplotype B (not shown).
Horizontal bars: average of each group. *p = 0.013, **p = 0.024, ***p =
0.005 (Wilcoxon rank-sum test). "Kruskal-Wallis test.
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level?!, their relationship was examined statistically. Plasma
Lp(a) levels were distributed in a relatively wide range, and
the mean level was high, in descending order from CC to DC
to DD (statistical significance between groups, p = 0.022,
Kruskal-Wallis test).

DISCUSSION
The process of Lp(a)-induced vascular damage has been
reported in several in vitro studies. Lp(a) activates endotheli-

um by enhancing intercellular adhesion molecule-1 expres-
sion3!, and proliferates vascular smooth muscle cells by
reducing the secretion of active transforming growth factor-
#3233 In addition, Lp(a) interacts with macrophages, then
activates endothelium, and provokes macrophage invasion of
the endothelium3*3. Lp(a) also competes with plasminogen
for plasminogen receptor because their structures are quite
similar3, and Lp(a) then inhibits thrombolysis3’. The mecha-
nism of the blockage of circulation in ONF remains to be clar-
ified; however, the processes described above would affect
ONF development.

In our study, patients were classified into 2 molecular
weight phenotype groups, LMW or HMW, according to the
molecular weight of apo(a) isoform, and then the relationship
between phenotype and ONF development was examined.
LMW phenotype that contained at least one LMW isoform
was found to be a risk factor for development of ONF, and
among the 3 factors, i.e., MW phenotype, plasma Lp(a) level,
and haplotype, only the phenotype was significantly related to
ONF development (Figure 2). On the other hand, previous
studies have reported the relationship between plasma Lp(a)
level and MW phenotype?!29, i.e., the plasma Lp(a) level was
significantly high in the LMW group. However, in our study,
ONF development was not significantly related to plasma
Lp(a) level (Figure 2). This showed that another factor besides
plasma Lp(a) level would interact with the effect of MW phe-
notype on ONF development. Marcovina, et al*® identified 34
isoforms of apo(a) using a high resolution SDS-agarose gel
electrophoresis method followed by immunoblotting. Hervio,
et al’® examined the antagonistic effect of Lp(a) to plasmino-
gen activation in vitro utilizing 3 of the 34 apo(a) isoforms of
MW 540 kDa, 590 kDa, and 610 kDa. They reported that 540
and 590 kDa isoforms antagonized plasminogen activation in
proportion to plasma Lp(a) level, while the 610 kDa isoform
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Figure 2. Molecular weight phenotype alone was significantly related to development of
ONEF. Solid lines show statistical significance for the relationship. Broken lines: not signifi-
cant. Equal sign: There was a perfect match between the size of the apo(a) DNA phenotypes
and the size of apo(a) isoforms (molecular weight phenotype) in plasma.

failed to antagonize plasminogen activation regardless of
Lp(a) level. This suggested that the important factor for Lp(a)
functions, e.g., the antifibrinolysis effect, is MW phenotype.
MW is about 400 kDa for isoform F, 460 kDa for B, 520 kDa
for S1, 580 kDa for S2, 640 kDa for S3, and 700 kDa for S41°.
Our study demonstrated an important fact: the risk of ONF
increased significantly in the LMW phenotype group that con-
tained one of the isoforms from F to S2 in which the MW is
less than 580 kDa; this finding is thought to agree with the
results reported by Hervio, et al?®. Therefore, we consider that
LMW affects development of ONF through its inhibitory
action on the fibrinolysis system.

MW isoform is a genetically determined index and it is not
affected by steroid treatment. In patients who possess the
LMW isoform, fibrinolysis could be inhibited at a higher
degree than in patients with the HMW isoform, and thus this
would induce thrombophilia more easily. Necrosis could
occur because of LMW-induced thrombophilia in addition to
the reported pathology of steroid-induced necrosis such as
abnormal lipid metabolism3- and oxidative stress in vivo®.

Glueck, et al investigated the relationship between plasma
Lp(a) level and ONF occurrence in Caucasian patients'#, and
reported that plasma Lp(a) levels were significantly higher in
the patients with ONF. In our study, ONF patients had high
plasma Lp(a) levels, similar to findings from Glueck, et al, but
there was not a statistically significant difference (p = 0.056).
The plasma level in Glueck’s study was 15 mg/dl in ONF
patients and 5 mg/dl in the reference patients, thus the level of
the ONF patients was 3 times that of the reference patients. In
our study, the mean plasma Lp(a) level was 19.4 mg/dl in the
ONF group and 12.9 mg/dl in the reference group, 49.2%
higher in the ONF group. This difference between our find-
ings and those of Glueck, er al might be explained from 2

aspects: the racial difference*!*> and the effect of environ-
mental factors on plasma Lp(a) levels. Examples of environ-
mental factors are inflammatory reactions and hormones,
which were not analyzed in our study. Genetic variations of
apo(a) (i.e., isoform and polymorphism) are thought to deter-
mine 91% of plasma Lp(a) level, with the remaining 9%
determined by environmental factors, such as inflammation
and effects of estrogen and progestin!®4344, Therefore, the
influence of time after steroid treatment on the level of plas-
ma Lp(a) is thought to be minor. Our findings indicate that
only the isoforms have a significant influence on the risk of
ONF development, and plasma Lp(a) only reaches a high
level in an indirect way because the level fluctuates in relation
to isoform.

In regard to the relationship between gene haplotype (inte-
gration of 3 gene polymorphisms in the promotor region) and
plasma Lp(a) level, Suzuki, et al*! reported that the 3 SNP in
the 5’ flanking region in apo(a) gene [G(-773)A, C(+93)T,
and G(+121)A] affected plasma Lp(a) levels in a Japanese
population, and the individuals with gene haplotype CC had
significantly higher plasma Lp(a) levels than those with gene
haplotype DD. We obtained the same result (Figure 1),
although gene haplotype was not statistically related to devel-
opment of ONF. This does not conflict with our hypothesis,
i.e., MW phenotype is the factor that influences ONF devel-
opment while plasma Lp(a) level has no effect on the occur-
rence of ONF.

In this study, the patients with the LMW phenotype were
evenly divided into those who developed ONF (n = 10) and
those who did not (n = 14). Patients with HMW phenotype
also consisted of those with ONF (n = 10) and without ONF
(n =78). Therefore, several genetic and environmental factors
besides apo(a) MW phenotype would be related to ONF
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development??. If future studies of these factors clarified the
risk of ONF development before treatment was started, corti-
costeroid-induced ONF could be prevented by dose adjust-
ment and/or application of alternative therapies, not only in
patients receiving transplantation of kidney, bone marrow,
heart, and liver, etc., but also in those who receive treatment
for collagen diseases such as systemic lupus erythematosus,
asthma, and nephrotic syndrome.

We examined the relationship between corticosteroid-
induced femoral head osteonecrosis after renal transplant in
Japanese patients and apo(a) molecular weight phenotype,
plasma Lp(a) level, and apo(a) gene polymorphism, and found
that the risk of ONF is high in patients with a low molecular
weight apo(a) isoform. Preoperative analysis of apo(a) molec-
ular weight phenotype would predict postoperative develop-
ment of ONF, and this analysis would assist development of
tailor-made medication for patients who are scheduled to have
corticosteroid treatment.

REFERENCES

1. Mont MA, Hungerford DS. Non-traumatic avascular necrosis of the
femoral head. J Bone Joint Surg Am 1995;77:459-74.

2. Kubo T, Yamazoe S, Sugano N, et al. Initial MRI findings of
non-traumatic osteonecrosis of the femoral head in renal allograft
recipients. Magn Reson Imaging 1997;15:1017-23.

3. Jones JP Jr. Fat embolism and osteonecrosis. Orthop Clin North Am
1985;16:595-633.

4. Fisher DE. The role of fat embolism in the etiology of
corticosteroid-induced avascular necrosis: clinical and experimental
results. Clin Orthop Relat Res 1978;130:68-80.

5. Miyanishi K, Yamamoto T, Irisa T, Noguchi Y, Sugioka Y, Iwamoto
Y. Increased level of apolipoprotein B/apolipoprotein A1 ratio as a
potential risk for osteonecrosis. Ann Rheum Dis 1999;58:514-6.

6. Geethanjali FS, Jose VJ, Kanagasabapathy AS. Lipoprotein (a)
phenotypes in south Indian patients with coronary artery disease.
Indian Heart J 2002;54:50-3.

7. Kraft HG, Lingenhel A, Kochl S, et al. Apolipoprotein(a) kringle
IV repeat number predicts risk for coronary heart disease.
Arterioscler Thromb Vasc Biol 1996;16:713-9.

8. Wild SH, Fortmann SP, Marcovina SM. A prospective case-control
study of lipoprotein(a) levels and apo(a) size and risk of coronary
heart disease in Stanford Five-City Project participants. Arterioscler
Thromb Vasc Biol 1997;17:239-45.

9. Kalina A, Csaszar A, Fust G, et al. The association of serum
lipoprotein(a) levels, apolipoprotein(a) size and (TTTTA)(n)
polymorphism with coronary heart disease. Clin Chim Acta
2001;309:45-51.

10. Glueck CJ, Crawford A, Roy D, Freiberg R, Glueck H, Stroop D.
Association of antithrombotic factor deficiencies and
hypofibrinolysis with Legg-Perthes disease. J Bone Joint Surg Am
1996;78:3-13.

11. Hresko MT, McDougall PA, Gorlin JB, Vamvakas EC, Kasser JR,
Neufeld EJ. Prospective reevaluation of the association between
thrombotic diathesis and Legg-Perthes disease. J Bone Joint Surg
Am 2002;84:1613-8.

12. Berger CE, Kluger R, Urban M, Kowalski J, Haas OA, Engel A.
Elevated levels of lipoprotein(a) in familial bone marrow edema
syndrome of the hip. Clin Orthop Relat Res 2000;377:126-31.

13. McLean JW, Tomlinson JE, Kuang W1J, et al. cDNA sequence of
human apolipoprotein(a) is homologous to plasminogen. Nature
1987;330:132-7.

14. Glueck CJ, Freiberg RA, Fontaine RN, Tracy T, Wang P.
Hypofibrinolysis, thrombophilia, osteonecrosis. Clin Orthop Relat
Res 2001;386:19-33.

15. Kronenberg F, Neyer U, Lhotta K, et al. The low molecular weight
apo(a) phenotype is an independent predictor for coronary artery
disease in hemodialysis patients: a prospective follow-up. J Am Soc
Nephrol 1999;10:1027-36.

16. Peros E, Geroldi D, D’ Angelo A, et al. Apolipoprotein(a)
phenotypes are reliable biomarkers for familial aggregation of
coronary heart disease. Int J Mol Med 2004;13:243-7.

17. Krempler F, Kostner GM, Bolzano K, Sandhofer F. Turnover of
lipoprotein (a) in man. J Clin Invest 1980;65:1483-90.

18. Boerwinkle E, Leffert CC, Lin J, Lackner C, Chiesa G, Hobbs HH.
Apolipoprotein(a) gene accounts for greater than 90% of the
variation in plasma lipoprotein(a) concentrations. J Clin Invest
1992;90:52-60.

19. Utermann G. The mysteries of lipoprotein(a). Science
1989;246:904-10.

20. Kraft HG, Kochl S, Menzel HJ, Sandholzer C, Utermann G. The
apolipoprotein (a) gene: a transcribed hypervariable locus
controlling plasma lipoprotein (a) concentration. Hum Genet
1992;90:220-30.

21. Suzuki K, Kuriyama M, Saito T, Ichinose A. Plasma lipoprotein(a)
levels and expression of the apolipoprotein(a) gene are dependent
on the nucleotide polymorphisms in its 5’-flanking region. J Clin
Invest 1997;99:1361-6.

22. Veenstra DL, Best JH, Hornberger J, Sullivan SD, Hricik DE.
Incidence and long-term cost of steroid-related side effects after
renal transplantation. Am J Kidney Dis 1999;33:829-39.

23. Sugano N, Atsumi T, Ohzono K, Kubo T, Hotokebuchi T, Takaoka
K. The 2001 revised criteria for diagnosis, classification, and
staging of idiopathic osteonecrosis of the femoral head. J Orthop
Sci 2002;7:601-5.

24. Utermann G, Kraft HG, Menzel HJ, Hopferwieser T, Seitz C.
Genetics of the quantitative Lp(a) lipoprotein trait. I. Relation of
Lp(a) glycoprotein phenotypes to Lp(a) lipoprotein concentrations
in plasma. Hum Genet 1988;78:41-6.

25. Wahn F, Daniel V, Kronenberg F, Opelz G, Michalk DV, Querfeld
U. Impact of apolipoprotein(a) phenotypes on long-term renal
transplant survival. ] Am Soc Nephrol 2001;12:1052-8.

26. Milionis HJ, Efstathiadou Z, Tselepis AD, et al. Lipoprotein (a)
levels and apolipoprotein (a) isoform size in patients with
subclinical hypothyroidism: Effect of treatment with levothyroxine.
Thyroid 2003;13:365-9.

27. Gaw A, Gourlay CW, Brown EA, Bell MA. Evaluation of a new
automated latex agglutination assay for lipoprotein(a): comparison
with a manual ELISA. Clin Chim Acta 1997;261:175-83.

28. Ichinose A, Kuriyama M. Detection of polymorphisms in the
5’-flanking region of the gene for apolipoprotein(a). Biochem
Biophys Res Commun 1995;209:372-8.

29. Ichinose A. Characterization of the apolipoprotein(a) gene.
Biochem Biophys Res Commun 1995;209:365-71.

30. Asano T, Takahashi KA, Fujioka M, et al. ABCB1 C3435T and
G2677T/A polymorphism decreased the risk for steroid-induced
osteonecrosis of the femoral head after kidney transplantation.
Pharmacogenetics 2003;13:675-82.

31. Takami S, Yamashita S, Kihara S, et al. Lipoprotein(a) enhances the
expression of intercellular adhesion molecule-1 in cultured human
umbilical vein endothelial cells. Circulation 1998;97:721-8.

32. Grainger DJ, Metcalfe JC. Transforming growth factor-beta: the
key to understanding lipoprotein(a)?. Curr Opin Lipidol
1995;6:81-5.

33. Kojima S, Harpel PC, Rifkin DB. Lipoprotein (a) inhibits the
generation of transforming growth factor beta: an endogenous
inhibitor of smooth muscle cell migration. J Cell Biol

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved. |—

Hirata, et al: Apo (a) phenotype predicts ONF

521

Downloaded on April 10, 2024 from www.jrheum.org


http://www.jrheum.org/

34.

35.

36.

37.

38.

1991;113:1439-45.

Syrovets T, Thillet J, Chapman MJ, Simmet T. Lipoprotein(a) is a
potent chemoattractant for human peripheral monocytes. Blood
1997;90:2027-36.

Zioncheck TF, Powell LM, Rice GC, Eaton DL, Lawn RM.
Interaction of recombinant apolipoprotein(a) and lipoprotein(a)
with macrophages. J Clin Invest 1991;87:767-71.
Gonzalez-Gronow M, Edelberg JM, Pizzo SV. Further
characterization of the cellular plasminogen binding site: evidence
that plasminogen 2 and lipoprotein a compete for the same site.
Biochemistry 1989;28:2374-7.

Miles LA, Fless GM, Levin EG, Scanu AM, Plow EF. A potential
basis for the thrombotic risks associated with lipoprotein(a). Nature
1989;339:301-3.

Marcovina SM, Zhang ZH, Gaur VP, Albers JJ. Identification of 34
apolipoprotein(a) isoforms: differential expression of
apolipoprotein(a) alleles between American blacks and whites.
Biochem Biophys Res Commun 1993;191:1192-6.

39.

40.

41.

42.

43.

44.

Hervio L, Chapman MJ, Thillet J, Loyau S, Angles-Cano E. Does
apolipoprotein(a) heterogeneity influence lipoprotein(a) effects on
fibrinolysis? Blood 1993;82:392-7.

Ichiseki T, Matsumoto T, Nishino M, Kaneuji A, Katsuda S.
Oxidative stress and vascular permeability in steroid-induced
osteonecrosis model. J Orthop Sci 2004;9:509-15.

Zalavras C, Dailiana Z, Elisaf M, et al. Potential aetiological factors
concerning the development of osteonecrosis of the femoral head.
Eur J Clin Invest 2000;30:215-21.

Lee JS, Koo KH, Ha YC, et al. Role of thrombotic and fibrinolytic
disorders in osteonecrosis of the femoral head. Clin Orthop Relat
Res 2003;417:270-6.

Borazan A, Ustun H, Yilmaz A. The effects of haemodialysis and
peritoneal dialysis on serum lipoprotein(a) and C-reactive protein
levels. J Int Med Res 2003;31:378-83.

Shlipak MG, Simon JA, Vittinghoff E, et al. Estrogen and
progestin, lipoprotein(a), and the risk of recurrent coronary heart
disease events after menopause. JAMA 2000;283:1845-52.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved. |—

522

The Journal of Rheumatology 2007; 34:3

Downloaded on April 10, 2024 from www.jrheum.org


http://www.jrheum.org/

