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Objective: To determine whether low mannan-binding lectin (MBL) and C4A null alleles (C4AQ0) are
associated with systemic lupus erythematosus (SLE) in multicase families with SLE.
Methods: Low MBL level was determined by measuring serum levels and by genotyping for mutant
structural (B/C/D, designated as 0) and promoter (LX) alleles (by real-time polymerase chain reaction).
C4AQ0 was detected by protein electrophoresis and corroborated with haplotype and genotype analysis.
In nine Icelandic families, 24 patients with SLE were compared with 83 first-degree and 23 second-degree
relatives without SLE. Twenty four unrelated family members and a population group of 330 Icelanders
served as controls.
Results: Overall, the frequency of low MBL genotypes (0/0, LX/0 and wild-type/0) tended to be higher in
patients with SLE than in their first-degree and second-degree relatives (p = 0.06), but the frequency was
similar in the families and in the controls (p = 0.6). The frequency of C4AQ0 was, however, increased in
patients and their relatives compared with that in the controls (p = 0.04). The combination of low MBL
genotypes and C4AQ0 was found more often in the patients than in their relatives (p = 0.03) and controls
(p = 0.02). However, low MBL level was observed only in patients and first-degree relatives in five of the
nine multicase families. In these five families, patients with SLE had low MBL genotypes more often (64%)
than their first-degree (38%) and second-degree (0%) relatives (p = 0.001), and the patients with SLE also
had, accordingly, lower MBL levels than their relatives (p = 0.001).
Conclusions: These findings indicate that low MBL levels can predispose people to SLE and highlight the
genetic heterogeneity of this disease.

S
ystemic lupus erythematosus (SLE) is a chronic inflam-
matory disease that is probably caused by a complex
interaction between heterogeneous genetic and environ-

mental factors.1 2 The relative homogeneity of people belong-
ing to multicase families with SLE in well-defined
populations may therefore help to delineate the effect of
certain susceptibility alleles on disease expression.3–5

The complement system can mediate non-inflammatory
clearance of immune complexes and apoptotic debris in the
liver and spleen, but their accumulation may contribute to
autoimmunity and inflammation in SLE.2 6–8 Complete
deficiency of one of the early components of the classical
complement pathway is among the strongest known genetic
risk factors for SLE, and partial complement deficiencies,
such as C4A null alleles (C4AQ0), have also been associated
with SLE.2

Mannan-binding lectin (MBL, also called mannose-
binding lectin) is a serum protein that binds certain surface
sugar residue patterns and it also binds various micro-
organisms,9 apoptotic and necrotic cells,10–12 nucleic acids,13

phospholipids,14 agalactosylated immunoglobulin (Ig)G15 and
IgA.16 Bound MBL activates the complement system through
its serine proteases (mannan-binding lectin-associated serine
proteases) that cleave the complement components C4 and
C2.17 MBL mediates non-inflammatory clearance of apoptotic
debris10–12 and MBL-deficient mice show defective apoptotic cell
clearance.18 Defects in MBL might, therefore, like other defective
early complement components, predispose people to SLE.

MBL normally circulates as a polymer of up to six sub-
units linked together at their collagenous tails with the

sugar-binding regions at their heads,17 and it must be
polymeric to be optimally functional.19 20 The serum concen-
tration of functional MBL is largely genetically deter-
mined20 21 and varies widely (0–10 000 mg/l), with a median
level around 1000 mg/l in Caucasians,21 including Icelanders.22

The level of MBL is stable for every person over time,23

although it fluctuates slightly during immunosuppressive
treatment in patients with SLE with high MBL levels.24

MBL levels ,1000 mg/l are mainly associated with three
point mutations in exon 1 (in codons 54 (B), 57 (C) and 52
(D)) of the MBL2 gene on chromosome 10 (10q11.2–21).
These mutations interfere with the polymeric assembly of the
MBL monomers. Low MBL levels can, however, also be
associated with the down-regulating LX promoter poly-
morphisms, whereas the H and Y promoter alleles are
associated with higher MBL levels.17 20 The mutant structural
alleles (B, C, D) are commonly designated as 0, in contrast
with the wild-type allele A. People who are homozygous for
the A allele (high MBL genotype) have MBL levels .1000 mg/l.
Exceptions to this are few and are mostly associated with the LX
promoter polymorphisms. Most people who carry the 0 alleles
have MBL levels ,1000 mg/l, and those who are homozygous
for 0, or are heterozygous for 0 and carry the LX promoter
polymorphisms on the other chromosome (LXA/0, compound
heterozygous), have very low or undetectable levels of
MBL.17 20 21 The 0/0, LXA/0, and HYA/0 or LYA/0 genotypes will
hereafter be referred to as low MBL genotypes.

Abbreviations: ANOVA, analysis of variance; MBL, mannan-binding
lectin; SLE, systemic lupus erythematosus
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The low MBL genotypes are relatively common worldwide,
and the B allele is the most common mutant structural allele
in Caucasians.9 21 25 Low MBL, detected either as low MBL
levels or low MBL genotypes, has been associated with
increased susceptibility to infections, especially in immuno-
compromised patients,9 including those with SLE.24 26 Low
MBL is also associated with increased severity of rheumatoid
arthritis and SLE,9 and with increased frequency of myocar-
dial infarction in certain groups at risk,23 including patients
with SLE.27 Most,24–26 28–37 but not all,38–40 previous studies on
MBL and SLE have shown that low MBL is associated with a
slightly increased risk for SLE, and low MBL and C4AQ0 may
have an additive effect.28 30 40

This is, to our knowledge, the first study on multicase
families with SLE that deals with the question whether low
MBL is associated with SLE. In these families, the frequency
of C4AQ0 is increased compared with controls from the
general population.3 41 Low MBL was detected in five of the
nine families and was significantly associated with SLE in
these families. Overall, the combination of low MBL and
C4AQ0 was associated with SLE.

PATIENTS AND METHODS
The study was carried out in accordance with the Helsinki
Declaration, and was approved by the ethics committee of the
University Hospital in Iceland and the Icelandic Computer
Database Committee. All participants gave informed consent.

Study group
We examined nine multicase families with SLE from Iceland,
which have previously been described in detail.3 42 The total
number of patients with SLE studied was 24 (21 women and
3 men), with a mean age of 50 years. All patients fulfilled
four or more classification criteria of the American College of
Rheumatology for diagnosis of SLE.43 From these nine
families, 83 first-degree and 23 second-degree relatives
without SLE were recruited (56 women and 50 men, mean
age 42 years). In addition, 24 unrelated family members
(spouses and in-laws) were included as ethnically, age and to
some extent, environmentally matched controls (5 women
and 19 men, mean age 52 years). Family members aged
.14 years were evaluated through interviews and physical
examination by two rheumatologists (GG and KS), and
medical records were reviewed following a predefined
protocol. Controls for distribution of MBL levels (no DNA
samples available for MBL genotyping) were 330 Icelanders
aged .18 years, including 130 people who were selected at
random from the population and 200 blood donors. We
observed no difference in the distribution of MBL levels
between these two subgroups.

Genotyping of MBL
A real-time polymerase chain reaction was carried out in the
LightCycler (Roche Diagnostics, Mannheim, Germany), as
previously described by Steffensen et al.44 In brief, the three
mutant structural alleles (at codons 54 (B), 57 (C) and 52
(D)) in exon 1 were detected in one reaction, and the
promoter polymorphisms at position 2550 (HRL) and 2221
(YRX) in two reactions. The polymorphism in the 59

untranslated sequence at position +4 (P/Q) was also detected,
but it was not used in the analysis as it was not associated
with variability in MBL levels. Due to linkage disequilibrium,
only the following seven haplotypes were observed: HYPA,
LYPA, LYQA, LXPA, LYPB, LYQC and HYPD. Those who
carried the low MBL genotypes—that is, those who were
homozygous or heterozygous for the LYPB and HYPD (none
with LYQC) haplotypes (0/0, A/0)—were analysed together.

Measurement of serum MBL
A sandwich ELISA system, adopted from Claus Koch at the
Statens Serum Institut (Copenhagen, Denmark), was used as
previously described.22 The anti-human MBL detection anti-
body (Mab clone 131-01, Statens Serum Institut) used in this
assay primarily detects functional polymeric MBL. The lower
detection limit of the assay was 20 mg/l.

Complement C4 typing
C4 allotypes were analysed by high-voltage agarose electro-
phoresis of serum samples treated with carboxypeptidase
(Sigma, Type I) and neuraminidase (Sigma, Type VIII),
followed by immunofixation with monoclonal antibodies
(Incstar, Stillwater, Minnesota, USA).45 C4A allotypes were
determined by the relative intensities of the bands through
visual inspection and comparison with control samples.
Zygosity was corroborated by haplotype analysis for family
members3 and genotype analysis for C4A gene deletion and
point mutations in exons 20 and 29 of the C4A gene.41

Statistical analysis
As data were not normally distributed, non-parametric tests
were used to evaluate differences in serum MBL levels
between groups. The Mann–Whitney rank sum test was used
to compare serum MBL levels between two groups and the
Kruskal–Wallis analysis of variance (ANOVA) on ranks was
used for comparison of MBL levels among three groups. The
frequency of low MBL genotypes and C4AQ0 was analysed
using Fisher’s exact test when two independent proportions
were compared. The x2 test was used for independence and
linear trend between groups when three or four independent
proportions were compared. Data were statistically analysed
using the Prism 4 (GraphPad, San Diego, California, USA)
software. All tests were two sided and the level of significance
was set at p,0.05.

RESULTS
MBL levels in relation to MBL genotypes
The low MBL genotypes (0/0, LXA/0, LYA/0, HYA/0) were
strongly associated with serum MBL levels ,1000 mg/l (fig 1)
and the distribution of MBL levels in people with and
without these low MBL genotypes was similar overall in
patients with SLE, in their relatives without SLE and in
controls (fig 1). Thus, we found no evidence of MBL
consumption. It is also evident from fig 1 that an MBL
concentration of 1000 mg/l distinguishes well between people
with and those without low MBL genotypes. The few people
who carried the high MBL genotype and had MBL levels
,1000 mg/l all carried the L promoter polymorphism. Most
people with low MBL genotypes carried the B mutant
structural allele; a few carried the D allele but no C allele
was observed. Only one person who had SLE was homo-
zygous for the 0 alleles (0/0).

MBL and C4AQ0 in all the nine families
Overall, low MBL genotypes were found in 38% of the
patients with SLE compared with 26% of first-degree and
13% of second-degree SLE relatives without SLE, showing
only a marginally significant trend when all the nine families
were pooled (p = 0.057; table 1). The frequency of the low
MBL genotypes was similar in the families, and in the
spouses and in-laws who served as controls (p = 0.57). The
frequency of C4AQ0 is, as previously reported,3 increased in
these families compared with controls (p = 0.046), but
similar in patients with SLE and in their relatives without
SLE (p = 0.46). However, the combination of low MBL
genotypes and C4AQ0 was present in 21% of patients with
SLE, in 13% of first-degree relatives and in no second-degree
relative (p = 0.030 for trend) compared with only 4% of
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controls (p = 0.021) in all the families pooled. A separate
analysis of only the 0/0 and LXA/0 genotypes that are
associated with very low or undetectable MBL levels showed
similar associations with SLE as when they were analysed
together with the YA/0 genotypes (data not shown).

Analysis of five families with low MBL
In the course of analysing the data, it became clear that low
MBL, detected both as low MBL genotypes and as low serum
MBL levels, was detected only in patients and first-degree
relatives in five of the nine families (fig 2). The median MBL
concentration in members of the remaining four families was
1753 mg/l (fig 2), which is significantly higher than a median
of 937 mg/l in the 330 Icelandic controls (p,0.001), and the
distribution of MBL levels in the members of these four
families was similar to that observed for the high MBL
genotype (fig 1). No member of these four families was
homozygous (0/0) or compound heterozygous (LXA/0) for the
low MBL alleles, whereas these genotypes were present in all
the other five families. However, two second-degree relatives
in one of these four families had low MBL levels (448 and

536 mg/l) and low MBL genotypes (YA/0), but in both cases
these were transmitted through in-laws. C4AQ0 was present
in seven of the nine families and one family had neither
C4AQ0 nor low MBL.

In the five families that had low MBL genotypes, we tested
the null hypothesis that the low MBL genotypes were equally
transmitted to the members of these families regardless of
whether or not they had SLE. However, our findings showed
a significant association between SLE and low MBL
genotypes in these families (table 2). Thus, 64% of the
patients with SLE and 38% of their first-degree relatives, but
none of the second-degree relatives, had low MBL genotypes
(p,0.001 for both independence and trend analysis when all
three groups were analysed simultaneously). The combina-
tion of a low MBL genotype and C4AQ0 was seen in 36% of
the patients and 18% of the first-degree relatives, but in none
of the second-degree relatives (p = 0.036 for independence
and p = 0.011 for trend). Although the distribution of MBL
levels in these five families (fig 2) was overall similar to those
in the controls (p = 0.2), the patients with SLE had, in
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Figure 1 Serum levels of mannan-binding lectin (MBL) for the high MBL
(A/A) and low MBL (0/0, LXA/0, HYA/0, LYA/0) genotypes compared
in the patients with systemic lupus erythematosus (white), relatives (light
grey) and controls (dark grey) using analysis of variance on ranks. Box
plots show the median values and interquartiles, and the bars show the
10th centiles of MBL concentrations. Most people carrying high MBL
genotypes had MBL levels .1000 mg/l, whereas those carrying low MBL
genotypes had MBL levels ,1000 mg/l.

Table 1 Frequency of genotypes expressing low levels of mannan-binding lectin and C4AQ0 in all the nine multicase families
with systemic lupus erythematosus

Patients with SLE
n = 24
(%)

First-degree
relatives
n = 83
(%)

Second-degree
relatives
n = 23
(%) p* p�

Family controls
n = 24
(%) p` p1

Low MBL genotypes 38 26 13 0.16 0.057 33 0.25 0.57
C4AQ0 50 47 39 0.73 0.46 25 0.23 0.045
Low MBL with C4AQ0 21 13 0 0.086 0.030 4 0.079 0.021

MBL, mannan-binding lectin, SLE, systemic lupus erythematosus.
*x2 test for independence between patients with SLE, first-degree relatives and second-degree relatives.
�x2 test for trend between patients with SLE, first-degree relatives and second-degree relatives.
`x2 test for independence between patients with SLE, relatives and family controls.
1x2 test for trend between patients with SLE, relatives and family controls.

4000

M
BL

 (m
g/

l)

3000

2000

1000

0
5 families

n = 86
4 families

n = 44
Controls
n = 330

1753

1126
937

Figure 2 Serum levels of mannan-binding lectin (MBL) in the families
stratified into five families with and four families without low MBL
genotypes compared with 330 adult Icelander controls. Whereas
members of the five families with low MBL have MBL levels overall similar
to that of the controls (p = 0.2), members of the four families without low
MBL genotypes have significantly higher MBL levels (p,0.001) and the
distribution is, as expected, similar to that for the high MBL genotype
(fig 1). Box plots show the median values and interquartiles, and the bars
show the 10th centiles of MBL concentrations.
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accordance with the genetic analysis, much lower MBL levels
than their first-degree and second-degree relatives (p,0.001,
fig 3).

This pattern was observed in each of the five families. To
test the possibility of a bias due to the different size of the
families and variable numbers of relatives, the analysis was
repeated with only two first-degree relatives randomly
chosen for each patient and with exclusion of one of two
patients who had first-degree relatives. The findings in this
analysis were similar to those for all the members of the five
families (data not shown). Whereas all the patients fulfilled
>4 classification criteria of the American College of
Rheumatology for SLE, some of their relatives fulfilled 1–3
classification criteria and, interestingly, there was an inverse
correlation between the number of criteria fulfilled and the
MBL levels in the five families who had low MBL genotypes
(r = 20.25; p = 0.03).

The association between low MBL genotypes or low serum
MBL levels and SLE was observed in the family members
regardless of the C4A status, and the same trend was
observed in both sexes (data not shown). Only one of the
three male patients with SLE belonged to the five families
with low MBL, and he carried a low MBL genotype (LXA/0).

DISCUSSION
Most previous studies25 26 28–37 have shown a rather weak
association between low MBL and SLE, but some have
reported an additive effect for low MBL and C4AQ0.28 30

However, other studies have failed to confirm such an
association,38–40 but a recent meta-analysis, showed a sig-
nificant overall odds ratio of 1.4 for the mutant structural
alleles.46 This is to our knowledge the first study on MBL in
multicase families with SLE. When all the nine families were
pooled, we found only a borderline association between SLE
and low MBL, detected as both low MBL levels and low MBL
genotypes, although the combination of low MBL and C4AQ0
showed a major trend association with SLE. Moreover, the
frequency of low MBL genotypes was overall similar in the
patients with SLE and in the controls. However, when each
multicase family was analysed separately, low MBL was
associated with SLE in all the five families that showed this
defect, whereas low MBL was absent both in the patients
with SLE and in their first-degree relatives in the four
remaining families. The frequency of C4AQ0, as previously
reported,3 41 was increased overall in the families compared
with controls, and the association between low MBL and SLE
was independent of C4AQ0. Thus, C4AQ0 may be part of a
genetic background predisposing people to SLE, but other
genetic components are probably necessary for disease
expression. Low MBL genotypes, as observed in five of the
nine families, may be one such contributing factor, as well as
the PD-1.3A polymorphism that has previously been asso-
ciated with SLE in these families.47 48 Our findings may thus
provide an example of epistatic genetic effects, highlighting
the heterogeneity in predisposition of patients to SLE.
Furthermore, the phenotypic effect of low MBL may become
apparent only in conjunction with other specific genetic
variants or environmental factors.

The strength of this study lies in extended, well-defined
multicase families with SLE, with a high participation rate
derived from a relatively homogeneous population of 290 000
inhabitants.49 Furthermore, all family members were eval-
uated by only two rheumatologists. An additional strength of
the study is that the MBL analysis was based on genotyping
for all known structural and promoter polymorphisms,
corroborated through haplotype analysis,44 and on measure-
ments of serum MBL levels,20 22 and these two methods
showed a good agreement (fig 1). Thus, we did not, in
accordance with two recent reports,50 51 observe any evidence
of MBL consumption in the patients with SLE as has
previously been suggested.35 The C4AQ0 allotype was
detected by protein electrophoresis and corroborated through
haplotype analysis and genotyping for C4A gene deletion and
mutations in exons 20 and 29.3 41 Although the study groups
are relatively small, the family relations enabled us to
evaluate the association between low MBL and SLE suscept-
ibility separately in each of the families. Thus, SLE is clearly
associated with transmission of low MBL genotypes in the
five families that carried the genetic polymorphism that is
associated with low MBL. The two second-degree relatives in
one of the four remaining families are not relevant in this
context, as they acquired these genotypes through in-laws. It
should be noted in this connection that a case–control type
analysis of the patients participating in this study would
probably not have show an association between SLE and low
MBL.
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Figure 3 Serum levels of mannan-binding lectin (MBL) in the five
multicase families with systemic lupus erythematosus (SLE) with low MBL.
The patients with SLE have lower MBL levels than their first-degree (1 )̊
relatives, which in turn have lower levels than the second-degree (2 )̊
relatives. Distribution of MBL levels is compared using analysis of
variance on ranks. Box plots show the median values and interquartiles,
and the bars show the 10th centiles of MBL concentrations.

Table 2 Frequency of genotypes expressing low levels of
mannan-binding lectin (MBL) and C4AQ0 in five families
after stratification for families with low MBL

Patients
with SLE,
n = 14
(%)

First-degree
relatives,
n = 56
(%)

Second-
degree
relatives,
n = 16
(%) p* p*

Low MBL
genotypes

64 38 0 ,0.001 ,0.001

C4AQ0 50 46 44 0.94 0.73
Low MBL
with C4AQ0

36 18 0 0.036 0.011

MBL, mannan-binding lectin; SLE, systemic lupus erythematosus.
*x2 test for independence between patients with SLE, first-degree relatives
and second-degree relatives.
�x2 test for trend between patients with SLE , first-degree relatives and
second-degree relatives.
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The size of the control group of unrelated family members
limits the statistical power of the analysis, but these controls
had a frequency of low MBL genotypes similar to that
observed in another Caucasian population,21 and the dis-
tribution of serum MBL levels in our 330 controls was also
similar to that in other Caucasians.21 Furthermore, as the
unrelated family controls were ethnically and age-matched
members of the families—namely, spouses and in-laws—
they could, to some extent, be regarded as environmentally
matched controls.

Various terms have previously been used to describe MBL
insufficiency. In this report, a terminology is used that links
the genotype to the phenotype—namely, high MBL and low
MBL genotypes, which are associated with high and low
levels of MBL, respectively. The cut-off level for insufficient
MBL has not been established and probably differs between
disease entities.

This study was not designed to elucidate causal mechan-
isms. The findings are, however, consistent with the notion
that high MBL may, similar to an intact classical complement
pathway, protect otherwise susceptible people against SLE,
presumably by promoting non-inflammatory clearance of
apoptotic debris10–12 and immune complexes through the
lectin pathway of complement activation.15 16 52 Clearance of
apoptotic debris is defective in MBL-deficient mice, but they
did not develop lupus, highlighting that the phenotypic effect
of low MBL may become apparent only in conjunction with
other specific genetic variants.18

It is concluded that low MBL is overall only marginally
associated with SLE, as has been reported in case–control
studies, but the combination of low MBL and C4AQ0 is
associated with SLE. However, low MBL is clearly associated
with SLE within families that show this defect. Our findings
in this first family-based study on MBL in patients with SLE
are therefore in accordance with, but extend, previous case–
control studies and meta-analyses of MBL in patients with
SLE and highlight the heterogeneous aetiology of SLE.
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