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ABSTRACT

BACKGROUND

Cardiovascular disease is an important complication in patients with systemic lupus
erythematosus (SLE). Variant alleles of the mannose-binding lectin gene are associated
with SLE as well as with severe atherosclerosis. We determined whether mannose-
binding lectin variant alleles were associated with an increased risk of arterial thrombo-
sis among patients with SLE.

METHODS

Mannose-binding lectin alleles were genotyped by means of a polymerase-chain-reac-
tion assay in 91 Danish patients with SLE. Arterial and venous thromboses occurring
after the diagnosis of SLE were assessed in a prospective study. Arterial and venous
thromboses were confirmed by appropriate diagnostic methods.

RESULTS

Fifty-four patients had no mannose-binding lectin variant alleles (A/A genotype), 30
were heterozygous (A|O genotype), and 7 were homozygous (0/O genotype). During a
median follow-up of 9.1 years, arterial thromboses (cerebral or myocardial infarction
or leg embolus) developed in 6 of the 7 patients with the O/O genotype, as compared
with 18 of the 84 patients with the other two genotypes (hazard ratio, 5.8; 95 percent
confidence interval, 2.2 to 15.2; overall incidence, 26 percent). After correction for other
known risk factors, the hazard ratio was 7.0 (95 percent confidence interval, 1.9 to 25.4).
Venous thromboses, which occurred in 14 patients, were statistically unrelated to the
mannose-binding lectin genotype.

CONCLUSIONS

Among patients with SLE, homozygosity for mannose-binding lectin variant alleles is
associated with an increased risk of arterial thrombosis. The risk of venous thrombosis
is notincreased, indicating that mannose-binding lectin has a specific role in providing
protection against arterial thrombosis.
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ARDIOVASCULAR DISEASE IS A MAJOR

cause of illness and death in patients with

systemic lupus erythematosus (SLE).»?
Young patients with SLE are at substantially in-
creased risk for coronary artery disease.>- The in-
creased risk of cardiovascular disease in these
patients is not fully accounted for by traditional
atherosclerotic risk factors.® However, several stud-
ies indicate that atherosclerosis is an active inflam-
matory and immune-mediated process 7 and that
this dyslipoproteinemia, which is characterized by
high serum triglyceride levels and low serum levels
of high-density lipoprotein, correlates with in-
creased disease activity in patients with SLE.® Fac-
tors modulating the inflammatory response in pa-
tients with SLE are therefore likely to be of interest
with regard to the pathogenesis of cardiovascular
disease in these patients.

Mannose-binding lectin is a liver-derived serum
protein involved in innate immune defense. The
ligands for mannose-binding lectin are mannose
and N-acetyl glucosamine oligosaccharides, ex-
pressed by a wide range of microorganisms. Man-
nose-binding lectin may activate complement by
means of the lectin pathway when interacting with
mannose-binding lectin-associated serine pro-
teases and can directly opsonize pathogens and
enhance the activity of phagocytes by means of
novel receptors.® Serum mannose-binding lectin
levels vary widely from person to person because of
three variant alleles (B, C, and D, denoting the sub-
stitution of aspartic acid for glycine at codon 54, the
substitution of glutamic acid for glycine at codon
57, and the substitution of cysteine for arginine at
codon 52, respectively) in the structural moiety of
the functional mannose-binding lectin gene,
MBL2, located on chromosome 10 in humans.°
The normal allele is named A, and the common
designation for the variant alleles is O. Each of the
three variant alleles influences the stability of the
final protein product, resulting in reduced serum
levels and a dysfunctional mannose-binding lectin
variant with a lower molecular weight than the nor-
mal protein.** Moreover, base substitutions in the
promoter region of the MBL2 gene have been
shown to regulate the serum level of mannose-
binding lectin.*? Specifically, in an otherwise struc-
turally normal MBL2 gene, the substitution of C for
G at position —221 (termed promoter allele X and
resulting in haplotype XA) is associated with a low
serum level of mannose-binding lectin.

Variant alleles causing low serum levels of func-

tional mannose-binding lectin have been shown
to be associated with an increased risk of infec-
tions*>* and to alter the phenotypic expression of
autoimmune diseases such as SLE*® and rheuma-
toid arthritis.*® However, patients with defects in
mannose-binding lectin may also have atheroscle-
rotic disease that has an earlier onset and is more
severe than that in their counterparts with normal
mannose-binding lectin.*” On the basis of our pre-
vious findings, we hypothesized that homozygosity
for mannose-binding lectin variant alleles is associ-
ated with an increased risk of clinically detectable
arterial thrombotic events in patients with SLE.

METHODS

PATIENTS

Consecutive, unrelated, white Danish patients with
SLE were identified during 1996 and 1997 as previ-
ously described.*® The time of diagnosis of SLE was
defined as the date when the American College of
Rheumatology classification criteria*® for SLE were
met. The study was approved by the local scientific
ethics committee, and all patients provided written
informed consent. Independent of mannose-bind-
ing lectin analyses, demographic and clinical data,
including information on thromboses, were ob-
tained from the clinical charts that were available
from the time of diagnosis until June 2003 at the
latest. The patients’ race was determined by the in-
vestigators. The data-collection criteria were uni-
form for all patients.

CLINICAL DATA

Clinical characteristics related to SLE have been de-
scribed previously.*> Hypertension was defined as a
blood-pressure measurement above 140/90 mm Hg
alone or in combination with the need for antihy-
pertensive medication sometime during the period
of observation, but before the occurrence of any
clinical outcomes. Patients were classified as never
having smoked or as being former smokers or cur-
rent smokers.

The primary clinical outcome in this study was
arterial thrombosis, but data on venous thrombot-
ic events were also collected to serve as thrombotic
control events. Patients were considered to have ar-
terial or venous thrombosis only when its presence
was confirmed by appropriate diagnostic methods.
The major clinical arterial manifestations included
myocardial infarction (fatal and nonfatal), which
was confirmed on the basis of elevated cardiac en-
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zyme levels and electrocardiographic findings; cere-
brovascular accident, which was confirmed on
the basis of computed tomography, magnetic res-
onance imaging, or both; and peripheral arterial
thrombosis, which was confirmed on the basis of
arteriography. Deep-vein thrombosis was confirmed
by means of Doppler studies, phlebography, or
both, and pulmonary embolism was confirmed by
means of ventilation—perfusion pulmonary scintig-
raphy.

ANTIPHOSPHOLIPID ASSAYS

Anticardiolipin antibodies were measured in serum
samples at a dilution of 1:100. IgG and IgM anti-
cardiolipin antibodies were quantitated by means of
an enzyme-linked immunosorbent assay on poly-
styrene microtiter plates with the use of purified
cardiolipin (Sigma) and bovine serum for blocking
as described previously.*>2° Cutoff values for the
anticardiolipin-antibody tests were 30 U per milli-
liter for IgM and 35 U per milliliter for IgG.*°
Patients with a spontaneously prolonged partial-
thromboplastin time were evaluated for lupus an-
ticoagulant by mixing their plasma with normal
plasmain a1:1 ratio.”*

GENOTYPING OF MANNOSE-BINDING LECTIN
Genomic DNA was isolated from EDTA-treated
blood cells and stored at —20°C.?? The mannose-
binding lectin alleles were genotyped by means of
the polymerase chain reaction with the use of se-
quence-specific priming.**?3 In exon 1 of the MBL2
gene, the presence of three single-base substitu-
tions was investigated — at codon 54 (the B allele),
codon 57 (the C allele), and codon 52 (the D al-
lele).?3-2> We also looked for down-regulating
polymorphisms in the promoter region of the
MBL2 gene: the substitution of the L allele for the H
allele at position 550 and the substitution of the X
allele for the Y allele at position —221.2 In addition,
we determined the molecular structure of mannose-
binding lectin in serum from six patients with SLE
and different MBL2 genotypes through the use of
immunologic affinity purification and subsequent
sodium dodecyl sulfate-polyacrylamide-gel elec-
trophoresis (3 to 8 percent Novex NuPAGE gradi-
ent gel, Invitrogen) and Western blotting as previ-
ously described. *

STATISTICAL ANALYSIS
First, we performed an unadjusted Cox propor-
tional-hazards regression analysis to examine the

relation between the presence of mannose-binding
lectin genotype OO and the risk of arterial thrombo-
sis, venous thrombosis, or death among the 91 pa-
tients with SLE. Second, using multivariate Cox
proportional-hazards regression analysis, we cal-
culated the individual hazard ratios for arterial
thrombosis with respect to the presence of man-
nose-binding lectin genotype OJO, lupus anticoag-
ulant, IgG and IgM anticardiolipin antibodies, and
hypertension; current or former smoking; male
sex; and age at diagnosis (per decade). In these
analyses, we examined the time from the diagnosis
of SLE to a particular type of thrombotic event (ar-
terial or venous), with data censored at the time of
death or the end of follow-up, whichever came first.
When we examined the time from diagnosis to
death, data were censored only at the end of follow-
up. Cumulative incidence estimates were plotted as
a graphic representation of the risk of arterial
thrombosis in the three genotype subgroups. All
reported Pvalues are two-sided, and P values of less
than 0.05 were considered to indicate statistical
significance.

RESULTS

Ninety-one patients with SLE were included in the
study.*® The total duration of follow-up was 1007
patient-years, and the median duration of disease
was 9.1years. The basic demographic, clinical, and
serologic characteristics of the patients are shown
in Table 1. Fifty-four (59 percent) of the patients had
genotype A/A, 30 (33 percent) had genotype A/O, and
7 (8 percent) had genotype 0/O. The distribution of
the specific variantalleles in the heterozygous (4/0)
patients was as follows: 16 were A[B, 3 were A/C,
and 11 were A/D. The distribution of the specific
variant alleles in the patients with the OJO genotype
was as follows: one was BJC, five were B|D, and one
was D|D, as previously reported.*> Of the 30 patients
who were heterozygous, 8 (27 percent) carried the
MBL2 promoter allele X, and 26 (87 percent) carried
the promoter allele L on a functional A background.
Figure 1 shows that carriers of the O/O genotype
lacked stable, high-molecular-weight forms of
mannose-binding lectin in the blood, as compared
with carriers of the AJO and AJA genotypes.

During follow-up, arterial thrombosis occurred
in 24 of the 91 patients (26 percent), and venous
thrombosis occurred in 14 (15 percent) (Table 2).
Ten patients died during follow-up; two of them
had the 0/O genotype and died after a myocardial
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infarction. During follow-up, there were 17 myo-
cardial infarctions in 12 patients and 12 cerebral
infarctions in 11 patients. This was equal to a yearly
event rate of myocardial infarction and cerebral in-
farction of 2.9 percent (95 percent confidence in-
terval, 1.9 to 4.1 percent). Venous thrombosis de-
veloped in 14 patients (15 percent).

The risk of arterial thrombosis was significantly
greater among patients with the O/O genotype than
among those with the AJA or A|O genotype (hazard
ratio, 5.8; 95 percent confidence interval, 2.2 to
15.2) (Table 2), mainly because of the strong asso-
ciation between the 0/O genotype and myocardial
infarction (hazard ratio, 9.4; 95 percent confidence
interval, 2.6 to 33.7). The corresponding hazard ra-
tio for cerebral infarction, 3.7, was not significant
(P=0.10). There was no significant association be-
tween mannose-binding lectin variant alleles and
venous thrombosis. The risk of death was greater
among patients with the 0/O genotype than among
patients with one of the other two genotypes, but
not significantly so. Among patients with the A/O or
AJA genotype, the presence of the mannose-binding
lectin promoter allele X or L was not significantly
associated with arterial or venous thrombosis.
Immunosuppressive therapy was not related to
mannose-binding lectin genotypes®® or any of the
thrombotic outcomes (data not shown).

Figure 2 shows the cumulative incidence of arte-
rial thrombosis in each of the three genotype sub-
groups and reveals a recessive effect of mannose-
binding lectin variant alleles on the risk of arterial
thrombosis. Cox regression analysis that included
the 0/O genotype, the age at diagnosis, male sex, the
presence of lupus anticoagulant, current or former
smoking, IgG anticardiolipin antibodies, IgM anti-
cardiolipin antibodies, and hypertension showed
that only the OJO genotype (hazard ratio as com-
pared with the other two genotypes, 7.0; 95 percent
confidence interval, 1.9 to 25.4; P=0.003) and the
age at diagnosis (P=0.01) were associated with a
significantly increased risk of arterial thrombosis
(Table 3).

DISCUSSION

We found that homozygosity for mannose-binding
lectin variant alleles is a major risk factor for arterial
thrombosis in patients with SLE. Moreover, the in-
creased thrombotic risk was specific for the arterial
side of the circulation, since there was no signifi-
cant association between mannose-binding lectin

Table 1. Demographic, Clinical, and Serologic
Characteristics of 91 Patients with Systemic Lupus
Erythematosus.

Characteristic Value

Sex —no. (%)

Male 9 (10)

Female 82 (90)
Age at diagnosis — yr

Median 28.2

Range 13.0-72.5
Current or former smoker — no. (%) 50 (55)
Hypertension — no. (%) 22 (24)
Lupus anticoagulant — no. (%) 27 (30)
Anticardiolipin antibodies — no. (%)

1gG 26 (29)

IgM 35 (38)

Lupus anticoagulant and IgG anticardiolipin 11 (12)
antibodies — no. (%)

Lupus anticoagulant and IgM anticardiolipin 12 (13)
antibodies — no. (%)

Outcome events — no. (%)

Arterial thrombosis 24 (26)

Venous thrombosis 14 (15)

Arterial and venous thrombosis 5(5)

Death 10 (11)

Death without previous arterial 4 (4)
thrombosis

deficiency and venous thrombosis. The increased
risk of thrombosis was particularly pronounced for
myocardial infarction. This finding is in line with
previous findings among patients with severe ath-
erosclerotic coronary disease, who were four times
as likely as control subjects to have the O/O geno-
type.’” In a large study of clinically healthy subjects,
mannose-binding lectin variant alleles were asso-
ciated with increased formation of atherosclerotic
plaque in the carotid arteries,?® a finding that par-
allels our finding of an increased risk of stroke (al-
beit not significant) among patients with variant
alleles. The relative weakness of the association be-
tween the OO genotype and cerebral infarction may
indicate that factors other than atherosclerosis are
more important causes of this type of thrombotic
event in patients with SLE.

We found no significant association between
the risk of thrombosis and heterozygosity for man-
nose-binding lectin variant alleles (A/O), with or
without reduced expression of a promoter allele on
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Figure 1. Variations in Mannose-Binding Lectin Oligomerization, According to
the Mannose-Binding Lectin (MBL2) Genotype.

Serum from patients with SLE and various MBL2 genotypes was processed as
described previously and subjected to Western blotting after sodium dodecyl
sulfate—polyacrylamide-gel electrophoresis under nonreducing conditions.1
YA denotes the normal MBL2 gene (without a structural variation), and XA the
MBL2 gene with a base substitution (from G to C) in the promoter region at po-
sition —221, resulting in the down-regulation of serum levels of mannose-bind-

ing lectin.22 D denotes an allele with a single-base substitution at codon 52
(resulting in the substitution of cysteine for arginine in the collagenous part of
mannose-binding lectin), and B an allele with a single-base substitution at
codon 54 (resulting in the substitution of aspartic acid for glycine).*° The
common designation for the MBL2 structural variant alleles is O.
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the functional chromosome (XA/O). Patients with
the XA/O genotype have serum levels of mannose-
binding lectin that are almost indistinguishable
from those of patients with the 0/O genotype.*?
Using alternative detection systems, we recently
showed that variant alleles give rise to detectable
levels of circulating mannose-binding lectin.** As
we confirmed in the present study, however, vari-
ant mannose-binding lectin has less oligomeriza-
tion and a lower molecular weight than normal
mannose-binding lectin.** Moreover, variant man-
nose-binding lectin has a reduced capacity to bind
ligands and is dysfunctional. Thus, patients who are
heterozygous for mannose-binding lectin variant al-
leles — even those with reduced expression of pro-
moters — still have some normal mannose-binding

lectin, whereas patients with the OJO genotype lack
functional mannose-binding lectin, which proba-
bly explains the recessive phenotype we observed.

In our study, the annual rate of myocardial in-
farction and stroke was 2.9 percent overall (95 per-
cent confidence interval, 1.9 to 4.1 percent), which
overlaps the corresponding figure of 2.0 percent
reported in a similar study, from Canada, of athero-
sclerosis in patients with SLE.® The relation between
premature atherosclerosis and SLE is clinically well
described but cannot be fully accounted for by tra-
ditional risk factors. We found the expected associ-
ation between arterial thrombosis and increasing
age, but not between arterial thrombosis and hy-
pertension — a finding that differs from that of the
Canadian study.® However, our use of a dichoto-
mous classification of hypertension may have led to
aloss of discriminative power. Also, we did not find
asignificant association between arterial thrombo-
sis and antiphospholipid antibodies. However, the
hazard ratios with respect to lupus anticoagulant
and IgG anticardiolipin antibodies were higher than
the hazard ratio with respect to IgM anticardiolipin
antibodies, which is in line with previous findings
in two separate cohorts of patients with SLE.*” In
previous studies of patients with SLE, smoking has
been found to have a variable effect on the risk of
arterial thrombosis.®?®2° In our study, former or
current smoking was not associated with a signifi-
cantly increased risk of arterial thrombosis in pa-
tients with SLE. Unfortunately, we were unable to
account for lipid status; this information was not
recorded systematically because the trial was not
primarily designed as a study of cardiovascular out-
comes. Other factors that have been found to be as-
sociated with arterial thrombosis in patients with
SLE include signs of complement activation and
corticosteroid treatment.?® In our cohort, none of
the immunosuppressive treatments used were re-
lated to arterial thrombosis.

Women with SLE have an increased prevalence
of carotid and femoral plaque that is not accounted
for by other predictors of atherosclerosis, such as
age, lipid status, and the cumulative dose of corti-
costeroids.?® Many of these SLE-related athero-
sclerotic risk factors are related to increased disease
activity; a recent study has corroborated these find-
ings and, furthermore, has demonstrated an asso-
ciation between carotid plaque and disease-related
damage.3° Some studies have shown that mannose-
binding lectin variant alleles are associated with in-
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Table 2. Incidence of Arterial and Venous Thrombotic Events and Death among 91 Patients with Systemic Lupus
Erythematosus, According to the Mannose-Binding Lectin Genotype.
A/A Genotype  A/OGenotype O/O Genotype Hazard Ratio

Event (N=54) (N=30) (N=7) (95% CI)* P Value

number of patients (percent)

Arterial thrombosis 13 (24) 5 (17) 6 (36) 5.8(2.2-152)  <0.001
Acute myocardial infarction 5(9) 3 (10) 4 (57) 9.4 (2.6-33.7) 0.001
Cerebral infarction 7 (13) 2(7) 2 (29) 3.7 (0.8-17.9) 0.10
Leg embolus 1(2) 0 0 — —

Venous thrombosis 9 (17) 4 (13) 1 (14) 1.1 (0.1-8.8) 0.91

Death 7 (13) 103) 2 (29) 2.9 (0.6-13.8) 0.18

* A univariate Cox regression analysis was used to estimate the hazard ratios. The hazard ratios are for the comparison of the
O/0 genotype with the A/A and A/O genotypes. Cl denotes confidence interval.

creased disease activity in patients with SLE3* and
with signs of increased inflammation in patients
with rheumatoid arthritis or giant-cell arteritis. %32

Therefore, the possibility that part of the athero-
sclerotic risk associated with mannose-binding lec-
tin deficiency is attributable to the extent of disease
activity cannot be ruled out. However, as previously
stated in a description of this cohort of patients, the
mannose-binding lectin genotypes were not asso-
ciated with clinical characteristics specific for SLE
or treatment regimens that reflect increased disease
activity or severity.*®

Several other mechanisms may underlie the ath-
erogenic effect of mannose-binding lectin deficien-
cy. Awell-described effect of mannose-binding lec-
tin deficiency is an increased risk of infection, which
has also been described in patients with SLE.*>:31 A
number of studies have indicated an association be-
tween infections in general, and Chlamydia pneumo-
niae infection in particular, and coronary artery dis-
ease, although this remains controversial.®3 In a
controlled study of 210 patients, C. pneumoniae in-
fection and coronary artery disease were associated,
but only in patients with mannose-binding lectin
variant alleles.>* Whether patients with SLE have
an increased prevalence of previous infection with
C. pneumoniae needs further exploration.

The accumulation of lipid material is unques-
tionably important in atherogenesis, but why this
material accumulates and is not cleared by phago-
cytic cells, such as macrophages, is not well under-
stood. Defective clearance of apoptotic endothelial
cells may be of importance in this context. It is
therefore of particular interest that mannose-bind-

N ENGL J MED 351;3 WWW.NEJM.ORG

ing lectin binds to and sequesters apoptotic and
damaged host cells.?* A reverse effect of mannose-
binding lectin has been suggested in experimental
models of ischemic reperfusion injury after myocar-
dial infarction, since mannose-binding lectin may
initiate complement activation central to the patho-
physiology of this condition.>®
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Figure 2. Cumulative Incidence of Arterial Thrombosis in 91 Patients with
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Table 3. Risk of Arterial Thrombosis among 91 Patients with Systemic Lupus
Erythematosus.
No. of Hazard Ratio

Risk Factor Patients (95% Cl)* P Value
O/O genotype (vs. A/A and A/O) 7 7.0 (1.9-25.4) 0.003
Age at diagnosis (per decade) 91 1.6 (1.1-2.4) 0.01
Hypertension 22 2.4 (0.8-7.2) 0.10
Lupus anticoagulant 27 2.2 (0.8-6.0) 0.12
IgG anticardiolipin antibodies 26 2.1 (0.8-5.8) 0.14
Current or former smoker 50 2.3 (0.7-7.0) 0.16
Male sex 9 1.5 (0.3-6.5) 0.63
IgM anticardiolipin antibodies 35 0.8 (0.3-2.3) 0.68

* A multivariate Cox regression analysis was used to calculate the hazard ratios.

Cl denotes confidence interval.

In the general population, mannose-binding lec-
tin deficiency is unlikely to be particularly danger-
ous, except during the vulnerable period of infancy,
when the immune system is immature.3 However,

the deficiency may representa threat to patients with
complex conditions such as cystic fibrosis, which
involve both genetic and acquired dysfunctions,3” or
SLE, in which more than one of the above-described
pathogenetic mechanisms may be operative and
even act synergistically with traditional atheroscle-
rotic risk factors.

In conclusion, we found that homozygosity for
mannose-binding lectin variant alleles significantly
increased the risk of arterial thrombosis in a cohort
of patients with SLE. This thrombotic effect, which
was not seen in the venous side of the circulation,
may indicate a specific role for mannose-binding
lectin in protecting against atherosclerosis. The
compelling and strong association between man-
nose-binding lectin deficiency and arterial throm-
botic events in patients with SLE indicates the need
for mannose-binding lectin genotyping to guide fu-
ture prophylactic initiatives in these and other pa-
tients at high risk for cardiovascular disease.

Supported by the Danish Rheumatism Association, the Danish
Medical Research Council, the Novo Nordisk Research Foundation,
and a grant (QLGI-CT-2001-01039) from the European Union.

We are indebted to Ms. Bente Frederiksen and Ms. Vibeke Weirup
for excellent technical assistance.

REFERENCES

1. Jacobsen S, Petersen J, Ullman S, et al.
A multicentre study of 513 Danish patients
with systemic lupus erythematosus. II. Dis-
ease mortality and clinical factors of prog-
nostic value. Clin Rheumatol 1998;17:478-
84.

2. Cervera R, Khamashta MA, Font]J, etal.
Morbidity and mortality in systemic lupus
erythematosus during a 10-year period:
a comparison of early and late manifesta-
tions in a cohort 0of 1,000 patients. Medicine
(Baltimore) 2003;82:299-308.

3. Ward MM. Premature morbidity from
cardiovascular and cerebrovascular diseases
in women with systemic lupus erythemato-
sus. Arthritis Rheum 1999;42:338-46.

4. Thorburn CM, Ward MM. Hospitaliza-
tions for coronaty artery disease among pa-
tients with systemic lupus erythematosus.
Arthritis Rheum 2003;48:2519-23.

5. AsanumaY, Oeser A, Shintani AK, et al.
Premature coronary-artery atherosclerosis
in systemic lupus erythematosus. N Engl J
Med 2003;349:2407-15.

6. Esdaile JM, Abrahamowicz M, Grod-
zicky T, et al. Traditional Framingham risk
factors fail to fully account for accelerated
atherosclerosis in systemic lupus erythema-
tosus. Arthritis Rheum 2002;44:2331-7.

7. Kao AH, Sabatine JM, Manzi S. Update
onvascular disease in systemic lupus erythe-
matosus. Curr Opin Rheumatol 2003;15:
519-27.

266

N ENGL J MED 351;3 WWW.NEJM.ORG

8. Svenungsson E, Gunnarsson I, Fei GZ,
Lundberg IE, Klareskog L, FrostegardJ. Ele-
vated triglycerides and low levels of high-
density lipoprotein as markers of disease ac-
tivity in association with up-regulation of
the tumor necrosis factor alpha/tumor ne-
crosis factor receptor system in systemic lu-
pus erythematosus. Arthritis Rheum 2003;
48:2533-40.

9. Turner MW, Hamvas RMJ. Mannose-
binding lectin: structure, function, genetics
and disease associations. RevImmunogenet
2000;2:305-22.

10. Madsen HO, Garred P, Kurtzhals JAL, et
al. A new frequent allele is the missing link
in the structural polymorphism of the hu-
man mannan-binding protein. Immunoge-
netics 1994;40:37-44.

11. Garred P, Larsen F, Madsen HO, Koch C.
Mannose-binding lectin deficiency — revis-
ited. Mol Immunol 2003;40:73-84.

12. Madsen HO, Garred P, Thiel S, et al. In-
terplay between promoter and structural
gene variants control basal serum level of
mannan-binding protein. J Immunol 1995;
155:3013-20.

13. Koch A, Melbye M, Sorensen P, et al.
Acute respiratory tract infections and man-
nose-binding lectin insufficiency during
early childhood. JAMA 2001;285:1316-21.
14. Garred P, Strom J, Quist L, Taaning E,
Madsen HO. Association of mannose-bind-
ing lectin polymorphisms with sepsis and

fatal outcome, in patients with systemic in-
flammatory response syndrome. J Infect Dis
2003;188:1394-403.

15. Garred P, Madsen HO, Halberg P, et al.
Mannose-binding lectin polymorphisms
and susceptibility to infection in systemic
lupus erythematosus. Arthritis Rheum
1999;42:2145-52.

16. Jacobsen S, Madsen HO, Klarlund M, et
al. The influence of mannose binding lectin
polymorphisms on disease outcome in early
polyarthritis. ] Rheumatol 2001;28:935-42.
17. Madsen HO, Videm V, Svejgaard A,
Svennevig JL, Garred P. Association of man-
nose-binding-lectin deficiency with severe
atherosclerosis. Lancet 1998;352:959-60.
18. Tan EM, Cohen AS, Fries JF, et al. The
1982 revised criteria for the classification of
systemic lupus erythematosus. Arthritis
Rheum 1982;25:1271-7.

19. Mouritsen S, Hoier-Madsen M, Wiik A,
Orum O, Strandberg Pedersen N. The speci-
ficity of anti-cardiolipin antibodies from
syphilis patients and from patients with sys-
temic lupus erythematosus. Clin Exp Immu-
nol 1989;76:178-83.

20. Loizou S, McCrea JD, Rudge AC, Rey-
nolds R, Boyle CC, Harris EN. Measurement
of anti-cardiolipin antibodies by an enzyme-
linked immunosorbent assay (ELISA): stan-
dardization and quantitation of results. Clin
Exp Immunol 1985;62:738-45.

21. BrandtJT, Triplett DA, Alving B, Schar-

JULY 15, 2004

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 2004 Massachusetts Medical Society. All rights reserved.



VARIANT ALLELES AND RISK OF THROMBOSIS IN SLE

rer L. Criteria for the diagnosis of lupus anti-
coagulants: an update. Thromb Haemost
1995;74:1185-90.

22. Miller SA, Dykes DD, Polesky HE. A sim-
ple salting out procedure for extracting DNA
from human nucleated cells. Nucleic Acids
Res 1988;16:1215.

23. Garred P, Madsen HO, Svejgaard A. Ge-
netics of human mannan-binding protein.
In: Ezekowitz RAB, Sastry K, Reid KBM,
eds. Collectins and innate immunity. Aus-
tin, Tex.: R.G. Landes, 1996:139-64.

24. Sumiya M, Super M, Tabona P, et al. Mo-
lecular basis of opsonic defect in immunode-
ficient children. Lancet 1991;337:1569-70.
25. Lipscombe RJ, Sumiya M, Hill AV, et al.
High frequencies in African and non-Afri-
can populations of independent mutations
in the mannose binding protein gene. Hum
Mol Genet 1992;1:709-15. [Erratum, Hum
Mol Genet 1993;2:342.]

26. Hegele RA, Ban MR, Anderson CM,
Spence JD. Infection-susceptibility alleles of
mannose-binding lectin are associated with
increased carotid plaque area. J Investig Med
2000;48:198-202.

27. Voss A, Jacobsen S, Heegaard NH. As-

sociation of beta2-glycoprotein I IgG and
IgM antibodies with thrombosis and throm-
bocytopenia. Lupus 2001;10:533-8.

28. Manger K, Kusus M, Forster C, et al.
Factors associated with coronary artery cal-
cification in young female patients with
SLE. Ann Rheum Dis 2003;62:846-50.

29. Vlachoyiannopoulos PG, Kanellopou-
los PG, loannidis JPA, Tektonidou MG,
Mastorakou I, Moutsopoulos HM. Athero-
sclerosis in premenopausal women with an-
tiphospholipid syndrome and systemic lu-
pus erythematosus: a controlled study.
Rheumatology 2003;42:645-51.

30. Roman MJ, Shanker BA, Davis A, et al.
Prevalence and correlates of accelerated ath-
erosclerosis in systemic lupus erythemato-
sus. N EnglJ Med 2003;349:2399-406.

31. Garred P, Voss A, Madsen HO, Junker P.
Association of mannose-binding lectin
gene variation with disease severity and in-
fections in a population-based cohort of sys-
temic lupus erythematosus patients. Genes
Immun 2001;2:442-50.

32. Jacobsen S, Baslund B, Madsen HO,
Tvede N, Svejgaard A, Garred P. Mannose-
binding lectin variant alleles and HLA-DR4

alleles are associated with giant cell arteritis.
J Rheumatol 2002;29:2148-53.

33. Danesh J, Whincup P, Lewington S, et
al. Chlamydia pneumoniae IgA titres and
coronary heart disease: prospective study
and meta-analysis. Eur Heart J 2002;23:
371-5.

34. Rugonfalvi-Kiss S, Endresz V, Madsen
HO, et al. Association of Chlamydia pneu-
moniae with coronary artery disease and its
progression is dependent on the modifying
effect of mannose-binding lectin. Circula-
tion 2002;106:1071-6.

35. Nauta AJ, Raaschou-Jensen N, Roos A,
et al. Mannose-binding lectin engagement
with late apoptotic and necrotic cells. Eur J
Immunol 2003;33:2853-63.

36. Collard CD, Vakeva A, Morrissey MA, et
al. Complement activation after oxidative
stress: role of the lectin complement path-
way. Am J Pathol 2000;156:1549-56.

37. Garred D, Pressler T, Madsen HO, et al.
Association of mannose-binding lectin gene
heterogeneity with severity of lung disease
and survival in cystic fibrosis. J Clin Invest
1999;104:431-7.

Copyright © 2004 Massachusetts Medical Society.

(www.nejm.org).

ELECTRONIC ACCESS TO THEJOURNAL’S CUMULATIVE INDEX

At the Journal’s site on the World Wide Web (www.nejm.org), you can search an
index of all articles published since January 1975 (abstracts 1975-1992, full text
1993—present). You can search by author, key word, title, type of article, and date.
The results will include the citations for the articles plus links to the full text of
articles published since 1993. For nonsubscribers, time-limited access to single
articles and 24-hour site access can also be ordered for a fee through the Internet

N ENGL J MED 351;3 WWW.NEJM.ORG

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.

JULY 15, 2004

Copyright © 2004 Massachusetts Medical Society. All rights reserved.

267



