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SUMMARY

 

In systemic lupus erythematosus (SLE), autoantibodies directed against complement components of
the classical pathway, especially against C1q, are associated with severe disease and are of prognostic
value for flares of lupus nephritis. Mannose-binding lectin (MBL), the recognition unit of the MBL
pathway of complement activation, has structural similarities to C1q. Deficiencies of MBL have been
shown to predispose to the development of SLE and to influence the course of the disease. We hypoth-
esized that the presence of autoantibodies to MBL, analogous to autoantibodies to C1q in patients with
SLE, may contribute to disease development. The occurrence of anti-MBL autoantibodies was assessed
by enzyme-linked immunosorbent assay (ELISA) of 68 serum samples from 20 patients with SLE and
in serum from 70 healthy controls. Levels of antibodies directed against MBL were significantly higher
in patients with SLE compared to healthy subjects. No significant difference was found between patients
with active disease compared to those with inactive disease. While the occurrence of anti-C1q autoan-
tibodies was associated with renal involvement, no such relationship was found for anti-MBL autoan-
tibodies. A significant correlation was found between anti-MBL and anti-C1q antibody levels. The level
of anti-MBL antibodies was negatively correlated with MBL–complex activity of circulating MBL.
Anti-MBL autoantibodies were of the immunoglobulin G (IgG) isotype and the binding site of IgG
anti-MBL was located in the F(ab

 

′

 

)

 

2

 

 portion. We conclude that anti-MBL are present in sera from SLE
patients and influence the functional activity of MBL.
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INTRODUCTION

 

The innate immune system plays a crucial role in the pathogenesis
of systemic lupus erythematosus (SLE) [1,2]. In the pathogenesis
of SLE the complement system has a dual role. On the one hand,
activation of complement may cause tissue injury; on the other
hand, genetic deficiencies of complement components, especially
the early components of the classical pathway, are strongly asso-
ciated with the occurrence of SLE [3]. Furthermore, the presence
of antibodies to C1q is associated with hypocomplementaemia
and nephritis in patients with SLE [4–7]. Recent studies indicate
a possible role for the lectin pathway of complement activation in
the pathogenesis of SLE [8,9].

Mannose-binding lectin (MBL), structurally homologous to
C1q, activates the lectin pathway of complement. Like C1q, MBL
consists of trimeric subunits with a collagen-like tail. These sub-

units assemble to higher-order structures consisting of up to six
trimers [10]. Binding of the carbohydrate-recognition domain of
MBL to different carbohydrates, in a calcium-dependent manner,
activates the MBL-associated serine proteases MASP-1, MASP-2
and MASP-3 that are strongly related to the serine proteases of
the classical pathway, C1r and C1s. Evidence has been provided
that activation of MASP-2 is responsible for activation of the
complement cascade [11].

MBL deficiency or low serum MBL levels are frequently
found in the general population owing to point mutations in the
structural portion or promoter region of the MBL gene [9–12].
The three known mutations in the structural domain of the MBL
gene are located in codons 52 [13], 54 [14] and 57 [15] of exon 1,
whereas mutations at positions 

 

−

 

550 (H/l alleles), 

 

−

 

221 (X/Y alle-
les) and 

 

+

 

4 (P/Q alleles), upstream of the MBL gene, are located
in non-coding regions [16,17]. Circulating concentrations of MBL
have been shown to be associated with recurrent bacterial and
fungal infections in both children and adults [18–21]. Variant alle-
les, leading to reduced serum concentrations of MBL, may be
associated with a predisposition for SLE [8,22–25]. Association of
a promotor polymorphism with the development of SLE has been
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reported [26–28]. Furthermore, complications caused by bacterial
infections in patients with SLE occur more frequently if these
individuals carry mutations in the MBL gene [24,29].

Autoantibodies to C1q are found in 30–45% of patients with
SLE [4–7,24]. The presence of anti-C1q autoantibodies is associ-
ated with hypocomplementaemia and glomerulonephritis. In the
presence of anti-C1q the C1q levels are reduced [6]. Stabilization
of deposited C1q in the kidney, by these antibodies, has been sug-
gested to cause ongoing complement activation and thereby dam-
age to the kidney [30]. Increase of anti-C1q levels in serum of
patients with SLE is strongly associated with flares of lupus
nephritis [5–7,31].

Low MBL concentrations may result from gene polymor-
phisms, consumption of MBL during disease activity or possibly
because of autoantibodies directed against MBL. Because of the
structural similarities between C1q and MBL, and the role of
MBL in patients with SLE, we investigated if, analogous to the
presence of anti-C1q autoantibodies, autoantibodies to MBL
occur.

 

PATIENTS AND METHODS

 

Patients

 

All 20 patients with SLE (five males and 15 females; mean age
33 years) visited the out-patient clinic of the department of Neph-
rology. The patients fulfilled the American Rheumatological
Association (ARA) criteria for SLE. The clinical data were
recorded from the patient files. From each patient at least two
serum samples were obtained over time, the maximum number of
serum samples/patient was seven. The total number of serum sam-
ples from the 20 patients was 68. Samples were taken (after
obtaining informed consent from the patient) during inactive and
active phases of disease. The autoantibody titres were measured
in different serum samples from each patient during active and
inactive disease. Active disease was considered to be present
when patients had disease activity (as defined by clinical criteria)
or when laboratory results indicated active nephritis, i.e. pro-
teinuria 

 

>

 

0·5 g/24 h and erythrocytes (or red cell casts) on urinal-
ysis. The serum aliquots were stored at 

 

−

 

20

 

°

 

C until required for
further use. From 70 healthy individuals, working in our hospital,
serum samples were obtained and used as controls.

 

Purification of MBL and measurement of MBL serum 
concentrations

 

Purification of MBL and the assessment of MBL concentrations
was performed exactly as described previously [32].

 

Detection of immunoglobulin G (IgG) binding to MBL

 

For detection of IgG antibodies to MBL, Nunc Maxisorb plates
(Roskilde, Denmark) were first coated, for 2 h at 37

 

°

 

C, with
0·5 

 

µ

 

g/ml MBL in coating buffer (100 m

 

M

 

 Na

 

2

 

CO

 

3

 

/NaHCO

 

3

 

,
pH 9·6). After incubation, the plates were washed three times with
phosphate-buffered saline (PBS) containing 0·05% Tween-20
(PBS/Tw). Unoccupied binding sites were blocked by incubation
for 1 h at 37

 

°

 

C with 0·01% gelatin in PBS. Serum samples diluted
in PBS/Tw, containing 1% bovine serum albumin (PBS/Tw/BSA)
and 10 m

 

M

 

 EDTA, were incubated on the plate for 1 h at 37

 

°

 

C.
After incubation, bound IgG was detected using digoxigenin
(Dig) (Boehringer Mannheim, Mannheim, Germany)-conjugated
monoclonal mouse anti-human IgG [HB43, monoclonal antibody
(MoAb) anti-IgG, hybridoma obtained from the American Type

Culture Collection (ATCC), Manassas, VA], diluted in PBS/Tw/
BSA. Subsequently, horseradish peroxidase (HRP)-conjugated
Fab rabbit anti-Dig Abs (Boehringer Mannheim) were added and
the enzymatic activity of HRP was assessed using 2,2

 

′

 

-azino-bis(3-
ethyl benzathioline-6-sulphonic acid) (Sigma, St Louis, MO). The
optical density (OD) at 415 nm was measured using a microplate
biokinetics reader (EL312e; Biotek instruments, Winooski, VT).
The concentration of IgG reactive with MBL is expressed in units/
ml of serum (U/ml), related to a standard serum. Values below the
detection limit of the assay (OD value 

 

<

 

1·5-fold the OD value of
background) were given an arbitrary value of 40 U/ml. Pooled
sera from patients with SLE were used as standard serum. The
concentration of IgG reactive with MBL in the standard serum
was arbitrarily set at 1000 U/ml.

 

Detection of circulating complexes of MBL and IgG 
binding to MBL.

 

Microtitre plates were coated with monoclonal mouse anti-
human MBL (3E7; kindly provided by Dr T. Fujita, Fukushima,
Japan) or an isotype-matched control mouse MoAb (IgG1; anti-
rat kappa chain). After a blocking step, serum samples were incu-
bated (diluted 1 : 10) and IgG binding was detected as described
above.

 

Detection of anti-C1q

 

Anti-C1q autoantibodies were assessed as described previously
[6,33]. Purified C1q (2 

 

µ

 

g/ml) was coated onto 96-well Nunc Max-
isorb plates in coating buffer, in a final volume of 100 

 

µ

 

l, for 2 h at
37

 

°

 

C. Plates were washed with PBS/Tw three times after each
incubation period. Serum samples were diluted in PBS/0·05%
Tween/1% fetal calf serum (FCS)/1 

 

M

 

 NaCl for 1 h at 37

 

°

 

C. IgG
antibodies were detected using Dig-conjugated monoclonal
mouse anti-human IgG (HB43), as described above. This assay is
used as a routine diagnostic assay in our laboratory for detection
of anti-C1q. Values 

 

>

 

90 U/ml, compared with a standard serum,
are considered as high.

 

Functional activity of the MBL complex activity

 

MBL complex activity was assessed using the method described
by Petersen 

 

et al

 

. [34], with slight modifications. In brief, mannan-
coated plates were incubated with serum, diluted in GVB

 

++

 

 [VBS
(1·8 m

 

M

 

 Na-5,5-diethylbarbital, 0·2 m

 

M

 

 5,5-diethylbarbituric acid,
145 m

 

M

 

 NaCl) containing 0·5 m

 

M

 

 MgCl

 

2

 

, 2 m

 

M

 

 CaCl

 

2

 

, 0·05%
Tween-20 and 0·1% gelatin; pH 7·5] containing 1 

 

M

 

 NaCl, for 16 h
at 4

 

°

 

C. Plates were washed with PBS/Tween containing 5 m

 

M

 

CaCl

 

2

 

, followed by incubation with purified C4 [32] (1 

 

µ

 

g/ml),
diluted in VBS containing 1 m

 

M

 

 MgCl

 

2

 

, 2 m

 

M

 

 CaCl

 

2

 

, 0·05%
Tween-20 and 1% BSA, pH 7·5, for 1 h at 37

 

°

 

C. Activation of C4
was assessed using MoAb C4-4a (anti-human C4d, from Dr C. E.
Hack) conjugated to Dig. Functional activity was expressed in
arbitrary units/ml (aU/ml), based on serial dilutions of a human
pool serum that was used as a standard on each plate. Activity of
this standard was set at 1000 U/ml.

 

Isolation and characterization of MBL-binding 
immunoglobulin

 

To determine the type and size of the immunoglobulin binding to
MBL, 3 ml of serum from a patient with SLE was applied to a
Superdex HR 200 column (Pharmacia, Uppsala, Sweden) equili-
brated with PBS, and fractions of 2·0 ml were collected. Total pro-
tein concentration in the fractions was determined in a
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bicinchoninic acid (BCA) protein assay (Pierce, OMNILAB,
Breda, the Netherlands). Size-marker proteins IgM, IgA and IgG,
and anti-MBL IgG were assessed by enzyme-linked immunosor-
bent assay (ELISA) analysis of the fractions.

 

Isolation of F(ab

 

′

 

)

 

2

 

 fragments

 

IgG was purified from 2 ml of serum obtained from a pool of five
sera from patients with known reactivity against MBL as well as
from serum from a healthy volunteer. Pepsin digestion was per-
formed using pepsin at a 1 : 10 (w/w) pepsin/protein ratio for 18 h
at 37

 

°

 

C in Whalpole buffer. The reaction was stopped by addition
of 1-

 

M

 

 Tris base, 250 

 

µ

 

l/ml of digest. The mixture was applied on a
G150 Sepharose column (Pharmacia) to separate the F(ab

 

′

 

)

 

2

 

 frag-
ments from the undigested IgG. Binding of F(ab

 

′

 

)

 

2

 

 fragments to
MBL was assessed using a rabbit anti-human light-chain (kappa
and lambda) antibody.

 

Statistics

 

The Mann–Whitney 

 

U

 

-test, the Kendall tau-b non-parametric
correlation coefficient and the Fisher exact test were used. 

 

P

 

-val-
ues of 

 

<

 

0·05 were considered statistically significant.

 

RESULTS

 

Detection of anti-MBL in patients with SLE

 

First, the presence of anti-MBL was investigated in sera obtained
from patients with SLE. A pool of sera with demonstrable activity
was made and further examined. Using this serum pool, a dose-
dependent binding of IgG to solid-phase MBL was demonstrated,
while serum from a healthy control did not show significant reac-
tivity (Fig. 1a). This assay was performed in the presence of
EDTA to prevent MBL binding via its C-type lectin domains. This
serum pool was used as a standard for further experiments. As a
control, ELISA wells were coated with gelatin alone; no detect-
able IgG binding was observed (Fig. 1b). Binding of IgG to MBL
could not be inhibited by addition of an excess of purified MBL in
the fluid phase, suggesting that the antibody is primarily binding
to solid-phase MBL (results not shown).

Subsequently, IgG anti-MBL autoantibodies were identified
in 68 serum samples from 20 patients with SLE and in 70 samples
from healthy controls. The frequency of the clinical variables of
disease activity that were observed at any period during disease
activity are presented in Table 1.

The results of anti-MBL measurements were expressed in
units relative to the standard serum. Statistical analysis was per-
formed on the mean level of anti-MBL IgG of the different serum
samples from one patient. Levels of anti-MBL autoantibodies
were significantly higher in SLE patients than in healthy controls
(Fig. 2a). When the anti-MBL titres were compared between sera
obtained during inactive and active phases of disease, no signifi-
cant difference was found (Fig. 2c). In the same samples, anti-C1q
levels were also determined (Fig. 2b). A significant difference in
anti-C1q titre was found between sera of patients with SLE as
compared to controls. As expected, significantly higher anti-C1q
levels were found in SLE sera during active disease compared
with inactive disease (Fig. 2d).

 

Association of anti-MBL autoantibodies with disease activity 
and correlation with the presence of anti-C1q

 

Anti-C1q antibody levels are elevated in patients with active SLE
and predictive for renal disease [4–7,31]. We investigated whether

the presence of high anti-MBL levels was associated with disease
activity and predictive for renal involvement.

In the sera studied (

 

n

 

 

 

=

 

 68), we detected a significant associ-
ation with active disease for high levels of anti-C1q, but not for
anti-MBL antibodies (Table 2). Furthermore, levels of anti-MBL
in patients with SLE with renal involvement were statistically not
different from levels in patients without renal involvement. For
anti-C1q, as expected, antibody levels were significantly higher in
patients with renal involvement (Table 3).

As anti-C1q are directed mostly against the collagenous tail of
C1q [35], we investigated whether there was any correlation with
the occurrence of anti-MBL antibodies. The presence of anti-C1q
was significantly associated with the presence of anti-MBL
(Table 4) and a statistically significant correlation was found
between the anti-MBL and anti-C1q levels (

 

R

 

 

 

=

 

 0·21, 

 

P

 

 

 

=

 

 0·004).
The data presented above indicate that IgG autoantibodies

directed against MBL are present in patients with SLE, but are

 

Fig. 1.

 

Binding of immunoglobulin G (IgG) to immobilized mannose-
binding lectin (MBL). Microtitre plates were coated with MBL (a) or
gelatin (b). Pooled serum from patients with systemic lupus erythematosus
(SLE) (standard serum), or a healthy control serum, were added in serial
dilutions in the presence of EDTA (10 m

 

M

 

). Binding of IgG was analysed.
Results represent the mean value 

 

±

 

 standard deviation (s.d.).
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not clearly associated with disease activity in the patients exam-
ined in the present study.

 

Biochemical characterization of anti-MBL autoantibodies

 

To examine whether binding of anti-MBL antibodies to MBL
occurs via the antigen-recognition domain of IgG, we studied the
antibody in more detail. Serum containing anti-MBL was frac-
tionated using a gel-filtration column. The elution of IgG, IgA and
IgM was assessed by ELISA (Fig. 3a). Anti-MBL IgG co-eluted
from the column with monomeric IgG, thus excluding that IgG
which binds to MBL is part of a larger (immune) complex. No
binding of IgM and IgA to MBL was observed (data not shown).

To analyse the binding site of IgG involved in the binding to
MBL, F(ab

 

′

 

)

 

2

 

 fragments were generated from IgG isolated from
pooled serum of SLE patients with known reactivity against
MBL, as well as from IgG of healthy donors without anti-MBL
autoantibodies, using pepsin digestion. Using a polyclonal anti-
body against kappa and lambda light chains (Fig. 3b) or a MoAb
directed against the Fc portion of IgG (HB43) (Fig. 3c), it was
demonstrated that IgG from the SLE serum, but not IgG from the
control serum, binds dose-dependently to coated MBL. A strong

dose-dependent binding of F(ab

 

′

 

)

 

2

 

 fragments from SLE serum,
but not of control F(ab

 

′

 

)

 

2

 

 fragments, was demonstrated to MBL,
using the polyclonal anti-light chain antibody (Fig. 3d). In con-
trast, binding of the Fc portion of IgG anti-MBL was not detect-
able after digestion of IgG (Fig. 3e), indicating the complete
digestion of IgG. Binding of F(ab

 

′

 

)

 

2

 

 fragments to MBL strongly
suggests specific recognition of MBL by the antigen-recognition
domain.

 

Anti-MBL autoantibodies are found in complex with circulating 
MBL and are associated with decreased MBL function

 

We investigated the influence of anti-MBL autoantibodies on the
function of circulating MBL. It is conceivable that anti-MBL may
affect the circulating MBL concentration. Patients with SLE had
significantly higher MBL concentrations compared with healthy
controls (

 

P

 

 

 

=

 

 0·04) (Fig. 4a). No significant difference was found
between samples obtained during inactive or active phases of dis-
ease [median MBL concentration 2175 ng/ml and 2802 ng/ml,
respectively (

 

P

 

 

 

=

 

 0·20)]. Levels of anti-MBL autoantibodies were
higher in patients with high serum levels of MBL (

 

R

 

 

 

=

 

 0·26,

 

P

 

 

 

=

 

 0002). We further assessed whether the anti-MBL influence
the MBL complex activity. As expected [34], a strong correlation
between the MBL serum concentration and the MBL complex
activity was found (

 

R

 

 

 

=

 

 0·65, 

 

P

 

 

 

<

 

 0·0001). A negative correlation
was found between anti-MBL levels and MBL complex activity,
adjusted for MBL concentration (Fig. 4b). These data indicate a
reduced functional activity of circulating MBL–MASP complexes
in the presence of anti-MBL autoantibodies. To examine whether
IgG is bound to circulating MBL 

 

in vivo

 

, we examined the pres-
ence of complexes between MBL and IgG in an ELISA. A strong
dose-dependent binding of IgG–MBL complexes was observed
following incubation of SLE patient serum to wells coated with
MoAb anti-MBL, but not to wells coated with a MoAb of irrel-
evant specificity (Fig. 4c). Further analysis of the presence of
these complexes revealed strongly enhanced levels of IgG–MBL
complexes in patients with SLE as compared to healthy controls
(Fig. 4d, 

 

P

 

 

 

<

 

 0·001). The level of these complexes was positively
correlated with anti-MBL levels (

 

R

 

 

 

=

 

 0·27, 

 

P

 

 

 

<

 

 0·001) and nega-
tively correlated with the functional activity of MBL (

 

R

 

 

 

=

 

 

 

−

 

0·17,

 

P

 

 

 

=

 

 0·04) Together, these data suggest that IgG anti-MBL interact
with MBL 

 

in vivo

 

.

 

DISCUSSION

 

In the present study we demonstrate the presence of anti-MBL
autoantibodies in patients with SLE. The data suggest an effect of
anti-MBL on the MBL–complex activity of circulating MBL. The
presence of anti-MBL did not result in a decrease of the MBL
serum concentration. MBL, a member of the collectin family, is a
major recognition unit in the most recently described pathway of
complement activation. Collectins are proteins with a C-type lec-
tin domain and structurally related to C1q, the first component of
the classical pathway of complement activation. Binding of MBL
to carbohydrates on certain microbial surfaces can activate the
complement system and mediate phagocytosis through receptors
on phagocytes. However, binding of C1q to carbohydrate struc-
tures has not been found.

The importance of the complement system in the pathogene-
sis of SLE is recognized in different, contrasting, ways. On the one
hand, activation of complement by immune complexes, deposited
in tissue, leads to tissue damage. On the other hand, deficiencies

 

Table 1.

 

Clinical presentation of disease activity in 20 patients with sys-
temic lupus erythematosus (SLE)

Clinical variable of
disease activity

Number
of patients

Occurrence of
disease parameters

(% of patients)

General 10
Fatigue 30
Fever 10
Raynaud’s phenomenon 20

Skin 11
Erythema 35
Photosensitivity 30
Oral ulcers 25
Discoid lesions 15
Vasculitis 20
Alopecia 25

Joints 13
Arthritis 50
Arthralgia 30
Tendinitis 5

Serosa 7
Pericarditis 25
Pleuritis 30
Peritonitis 10

Kidney 15
Proteinuria* 75
Haematuria† 75

Nervous system 4
Seizure 0
Cva 5
Lupus headache 5
Mononeuritis multiplex 5
Personality disorder 10

*

 

>

 

 0·5 g/24 h.
†

 

>

 

 10 red blood cells (RBC)/high-power field.
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of (particularly) the early complement proteins of the classical
pathway are associated with SLE. Furthermore, the presence of
autoantibodies to neoepitopes on C1q, exposed upon binding to
surfaces, is found in one-third of patients with SLE and is associ-
ated with renal involvement and hypocomplementaemia [36].

Apoptosis and the role of complement in the clearance of
apoptotic material has been implicated in the pathogenesis of

SLE [37]. Increased circulating levels of apoptotic material have
been demonstrated in patients with SLE [38]. Binding of C1q and
MBL to apoptotic products has been postulated to play a role in
the clearance of apoptotic debris via phagocytosis [39,40]. Fur-
thermore, autoantibodies associated with SLE are reactive with
this apoptotic material [41]. An increased production, and
decreased and aberrant clearance, of apoptotic material might

 

Fig. 2.

 

Anti-mannose-binding lectin (anti-MBL) and anti-C1q autoantibodies in different serum samples. (a) Anti-MBL reactivity was
measured in 68 serum samples of 20 patients with systemic lupus erythematosus (SLE) and in 70 samples from healthy controls. (c) Anti-
MBL autoantibody levels of samples obtained during inactive and active phases of disease. (b) Anti-C1q levels in SLE patients and healthy
controls. (d) Anti-C1q autoantibody levels of samples obtained during inactive and active phases of disease. The median of each group is
indicated by the solid line. The dashed line indicates the detection limit. aU, arbitrary units.
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Table 2.

 

Number of sera from systemic lupus erythematosus (SLE) patients with high or low anti-C1q 
and anti-mannose-binding lectin (anti-MBL) levels during inactive and active phases of disease

Disease activity

Number of sera with
high or low anti-C1q levels

Number of sera with high or low 
anti-MBL levels 

 

>

 

 90 aU/ml

 

<

 

 90 aU/ml

 

>

 

 100 aU/ml

 

<

 

 100 aU/ml

Inactive 17 13 15 17
Active 34 4 22 14

Fisher exact test 

 

P

 

 = 0·005 Fisher exact test P = 0·3

The value for high levels of anti-MBL was set at a level at which 10% of the healthy control group
were considered as having high anti-MBL levels. Thereby, anti-MBL levels >100 arbitrary units (aU)/
ml were defined as high.
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result in autoantibody production to antigens present on this
material. Because of the presence of C1q on these apoptotic cells,
this might also be true for the generation of anti-C1q. In recent lit-
erature, binding of MBL to apoptotic material has clearly been
shown [42]. Hence, it is possible that because of a greater quantity
of apoptotic material in the sera of patients with SLE, and possi-
bly a less efficient clearance of this material, autoantibodies are
formed against MBL present on apoptotic cells.

We assessed the presence of anti-MBL autoantibodies in 68
sera of SLE patients during inactive and active phases of disease.
A highly significant difference was found between the anti-MBL
levels in SLE patients and those in healthy subjects. Because anti-
C1q levels are strongly correlated with active kidney disease in
SLE, we investigated whether the increased anti-MBL levels in
patients with SLE were attributed to disease activity. We found no
difference between anti-MBL levels in sera of patients with active
disease and inactive disease. As expected, the levels of anti-C1q in
the different sera obtained during active disease were significantly
higher than those obtained during inactive disease. As we exam-
ined only a limited number of patients in the present study, a def-
inite conclusion on the importance of anti-MBL autoantibodies
for disease in SLE patients cannot be given and requires more
extensive investigations.

Because of the similarity of the collagen tails of C1q and
MBL, a possible cross-reactivity of anti-C1q with MBL was con-
sidered. A positive correlation was found between anti-MBL and
anti-C1q levels in sera from patients with SLE. Therefore, one
could speculate about the cross-reactivity of anti-C1q with MBL.
On the other hand, the presence of autoantibodies directed to a

variety of antigens is typically found in SLE patients and there-
fore anti-C1q and anti-MBL could be directed against different
autoantigens. In four sera (6%) we found anti-MBL without anti-
C1q reactivity, suggestive for an anti-MBL specific antibody. This
is in agreement with the findings of Martensson et al. [33], who
found no cross-reactivity of anti-C1q antibodies with MBL.

To examine the nature of anti-MBL autoantibodies, the inter-
action with MBL was studied in greater detail. We demonstrated
that MBL binding was a property of monomeric IgG. Binding to
MBL was calcium-independent, as it was established in the pres-
ence of EDTA, thus excluding that carbohydrates present on IgG
were binding to the C-type lectin domain of MBL. Furthermore,
using F(ab′)2 fragments of IgG, we showed that binding was local-
ized in the antigen-recognition domain of IgG. These findings
strongly suggest that IgG binding to MBL represents a true anti-
body–antigen interaction.

During an active phase of renal involvement in SLE, the C1q
levels are decreased because of activation of the classical pathway
of complement activation, triggered by the interaction of C1q
with immune complexes. A second cause of reduced C1q levels is
the presence of anti-C1q. Genetic deficiency of C1q is strongly
correlated with the development of SLE. Association of reduced
MBL levels (as a consequence of gene polymorphisms) with SLE
has been reported previously [23]. Anti-MBL, similarly to anti-
C1q, could be a cause of low MBL levels in SLE patients. Higher
MBL levels were, however, found in sera obtained from SLE
patients. A possible explanation could be an increase of MBL lev-
els owing to an acute-phase response, although we found no sig-
nificant difference in MBL levels in sera obtained from patients
during active or inactive phases of disease. Anti-MBL autoanti-
body levels were higher in patients with high MBL concentra-
tions, suggesting that these autoantibodies do not contribute to
increased MBL turnover. Possibly the presence of anti-MBL anti-
bodies, and higher concentrations of MBL, are both a result of
disease activity. Furthermore, it could be that anti-MBL autoan-
tibodies are preferentially generated in patients with higher MBL
levels owing to an increased exposure of the immune system to
(target-bound) MBL.

We continued to examine the effect of the presence of anti-
MBL autoantibodies on MBL concentration and function. A sig-
nificant, negative correlation was observed between the levels of
anti-MBL autoantibodies and the MBL complex activity of circu-
lating MBL. The latter parameter represents the ability of the
MBL–MASP complexes to activate C4, corrected for the MBL

Table 3. The mean antibody level of anti-mannose-binding lectin (anti-MBL) and anti-C1q per patient 
measured in sera from systemic lupus erythematosus (SLE) patients, with or without renal involvement

Anti-MBL Ab levels Anti-C1q Ab levels 

With renal 
involvement

Without renal 
involvement

With renal 
involvement

Without renal  
involvement 

P*Median Range Median Range P* Median Range Median Range

139 40–345 98 63–140 0·41 291 98–690 112 48–149 0·04

*Mann–Whitney U-test.
Statistical analysis was performed on the mean level of immunoglobulin G (IgG) anti-MBL of the

different serum samples from one patient.

Table 4. Number of serum samples from patients with high or low levels 
of anti-C1q and anti-mannose-binding lectin (anti-MBL)

Anti-C1q 

> 90 aU/ml < 90 aU/ml

Anti-MBL
> 100 aU/ml 33 4
< 100 aU/ml 18 13

Fisher’s exact test P = 0·05

aU, arbitrary units.
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Fig. 3. Biochemical characterization of anti-mannose-binding lectin (anti-MBL) autoantibodies. After gel filtration, on Superdex HR 200,
of serum from a patient with systemic lupus erythematosus (SLE), fractions were analysed for the presence of immunoglobulin (Ig)G anti-
MBL (indicated by the black circles). The protein pattern, as well as the position of filtration of IgM, dimeric IgA (di-IgA), monomeric
IgA (mo-IgA) and IgG are depicted (a). Anti-MBL reactivity was detected in serial dilutions of whole serum (b) and (c), and purified
F(ab′)2 fragments (d) and (e), using antibodies against the light chains (b) and (d) and the Fc portion (monoclonal antibody HB43) (c)
and (e), respectively.
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serum concentration. Therefore, the association between anti-
MBL and decreased MBL function suggests that these autoanti-
bodies may interfere with the MBL-MASP complex. Such an
interference is conceivable in at least three different ways: first,
anti-MBL may inhibit MBL binding to mannan; second, these
antibodies may interfere with the binding of MASP-2 to MBL;
and, third, anti-MBL may bind to the (ligand-bound) MBL–
MASP complex and prevent MASP-2 activation. A further argu-
ment for the interaction of autoantibodies with MBL in vivo is
the presence of circulating complexes between MBL and IgG
found in the serum samples of SLE patients in association with
the presence of IgG anti-MBL. A negative correlation between
MBL complex activity and circulating IgG–MBL complexes was
found, supporting the suggestion that anti-MBL bind to MBL in
vivo. It is conceivable that these complexes are actually released
into the circulation after previous formation in the solid phase.
Further experiments are required to establish whether the inter-
action of IgG with MBL is indeed involved in the association
between the presence of anti-MBL and impaired MBL function
in vivo.

To our knowledge, this is the first report on the presence of
anti-MBL autoantibodies in serum from SLE patients. As far as
the results show we cannot predict activity of disease by the pres-
ence of anti-MBL autoantibodies. Fascinatingly, these anti-MBL
autoantibodies are associated with decreased MBL function. A
greater number of patients should be tested for reactivity against
MBL before a final conclusion can be made on the role of anti-
MBL autoantibodies in the pathogenesis of SLE.
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