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Human IgA Activates the Complement System Via the
Mannan-Binding Lectin Pathway1

Anja Roos,2* Lee H. Bouwman,* Daniëlle J. van Gijlswijk-Janssen,* Maria C. Faber-Krol,*
Gregory L. Stahl,† and Mohamed R. Daha*

The recently identified lectin pathway of the complement system, initiated by binding of mannan-binding lectin (MBL) to its
ligands, is a key component of innate immunity. MBL-deficient individuals show an increased susceptibility for infections, espe-
cially of the mucosal system. We examined whether IgA, an important mediator of mucosal immunity, activates the complement
system via the lectin pathway. Our results indicate a dose-dependent binding of MBL to polymeric, but not monomeric IgA coated
in microtiter plates. This interaction involves the carbohydrate recognition domain of MBL, because it was calcium dependent and
inhibited by mannose and by mAb against this domain of MBL. Binding of MBL to IgA induces complement activation, as
demonstrated by a dose-dependent deposition of C4 and C3 upon addition of a complement source. The MBL concentrations
required for IgA-induced C4 and C3 activation are well below the normal MBL plasma concentrations. In line with these
experiments, serum from individuals having mutations in the MBL gene showed significantly less activation of C4 by IgA and
mannan than serum from wild-type individuals. We conclude that MBL binding to IgA results in complement activation, which
is proposed to lead to a synergistic action of MBL and IgA in antimicrobial defense. Furthermore, our results may explain
glomerular complement deposition in IgA nephropathy. The Journal of Immunology, 2001, 167: 2861–2868.

T he complement system is an important component of host
defense. Activation of the complement cascade takes
place upon the interaction of complement components

with a variety of pathogens, either directly or via Abs bound to
pathogen Ags. Three different pathways for complement activation
have been described, the classical pathway, the alternative path-
way, and the lectin pathway, of which the latter is most recently
identified. The lectin pathway is mainly driven by mannan-binding
lectin (MBL).3

MBL, a member of the collectin family (1), is a C-type lectin
present in serum as a part of a large proenzymatic complex. The
MBL protein consists of three to six identical homotrimeric sub-
units. Each trimer is composed of a collagen-like tail part and a
globular head part containing a carbohydrate recognition domain
(CRD). The collagen-like part of MBL interacts with the MBL-
associated serine proteases MASP-1 (2), MASP-2 (3), and
MASP-3 (4). These enzymes are responsible for the complement-
activating properties of the MBL complex, by the cleavage of C4,
C2, and C3 (5). The CRD of MBL is able to bind in a calcium-
dependent way to a number of saccharides, such as D-mannose,

L-fucose, and N-acetylglucosamine (GlcNAc) (1). MBL binding to
a ligand induces activation of the MASP enzymes, leading to com-
plement activation up to the terminal pathway. Both the structural
and functional properties of MBL are strikingly similar to those of
C1q, the recognition unit of the classical complement pathway.

Genetic mutations in the MBL gene are present with a high
frequency in the human population (6). Until now, three different
point mutations have been described that lead to the production of
MBL with structural aberrations and impaired complement-acti-
vating properties (6, 7). Heterozygous and homozygous expression
of these mutant alleles is associated with an enhanced incidence of
a range of infections, in both children and adults (8, 9). In this
spectrum of diseases, mucosal infections, occurring in the respi-
ratory tract and the gastrointestinal tract, are common. Further-
more, mutations in the MBL gene have a significant negative im-
pact on chronic diseases such as rheumatoid arthritis, systemic
lupus erythematosus, and cystic fibrosis, resulting in an increased
incidence of complicating infections and/or a worse outcome (10–
12). These studies indicate the importance of the lectin pathway of
complement activation in antimicrobial defense. In line of this
function of the lectin pathway, MBL is able to bind directly to a
number of microorganisms, via the carbohydrates expressed on
their surface (1, 13). Upon binding, complement activation takes
place, leading to either direct elimination via the terminal comple-
ment pathway, or opsonization and phagocytosis.

In the mucosal immune system, a major factor of defense is IgA.
It is present in plasma at a concentration of �2 mg/ml, and it is
secreted at mucosal surfaces throughout the body, where it is pos-
tulated to play an important role as a defense mechanism against
invading microorganisms (14, 15). Upon interaction of IgA with
pathogens, the IgA molecule can have diverse effector functions,
including the direct prevention of invasion of microorganisms, the
interaction with the phagocytic IgA Fc receptor CD89, and com-
plement activation.

Complement activation by IgA has been previously shown to
involve the alternative, but not the classical complement pathway
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(16, 17). No data are available concerning the possible involve-
ment of the lectin pathway. A classical disease involving IgA and
complement activation is primary IgA nephropathy, a common
renal disease involving mesangial deposition of IgA and comple-
ment components, resulting in end stage renal failure in �30% of
the patients (18). Recent studies indicate the presence of MBL in
association with IgA in the mesangial area of patients with IgA
nephropathy (19, 20).

Therefore, we examined whether IgA induces complement ac-
tivation via a possible interaction with MBL. Our results demon-
strate activation of the lectin pathway by IgA. This novel interac-
tion in the immune system is proposed to contribute to the roles of
MBL and IgA in host defense, as well as to the pathogenesis of
IgA nephropathy.

Materials and Methods
Purification of MBL/MASP complexes

MBL and its associated proteases were purified from pooled plasma ob-
tained from healthy human donors, essentially as described by Tan et al.
(21). In brief, a precipitation step was performed using polyethylene glycol
3350 (Sigma, St. Louis, MO; 7% w/v). The precipitate was dissolved in
TBS-T/Ca2� (50 mM Tris, 0.15 M NaCl, 0.05% Tween 20, 20 mM CaCl2,
pH 7.8) and incubated for 18 h at 4°C with mannan-agarose (Sigma; equil-
ibrated with TBS-T/Ca2�). After extensive washing with TBS-T/Ca2�/1 M
NaCl, bound proteins were eluted using TBS-T containing 10 mM EDTA.
Fractions containing MBL, as determined by ELISA, were pooled and
concentrated. To remove contaminating Igs, the MBL preparation was ab-
sorbed using a mixed absorbent consisting of 4E8 (mAb anti-IgA, pro-
duced in the Laboratory of Nephrology, Leiden, The Netherlands) coupled
to Biogel A5 (Bio-Rad, Richmond, CA), HB57 (mAb anti-IgM, hybridoma
obtained from the American Type Culture Collection, Manassas, VA) cou-
pled to Biogel A5, and protein G coupled to Sepharose (from Pharmacia,
Uppsala, Sweden). The resulting MBL preparation contained negligible
amounts of IgA (�0.5%), whereas IgG and IgM were undetectable. Fur-
thermore, the MBL preparation did not contain any detectable C1q, as
determined by singe radial immunodiffusion and by a sensitive C1q-spe-
cific hemolytic assay. This purification method results in copurification of
MASP proteins, as shown by Western blotting using rabbit anti-MASP-1
Abs, prepared as described (3), and rabbit anti-MASP-2 Abs (kindly pro-
vided by R. B. Sim, University of Oxford, Oxford, U.K.), as well as by C4
consumption assays (data not shown). The resulting MBL-MASP prepa-
ration was subjected to ELISA to determine the MBL concentration (as
described below), and subsequently used in all experiments.

Purification of human IgA

IgA was purified from pooled normal human serum (NHS) or recalcified
donor plasma, as described by Hiemstra et al. (16), with minor modifica-
tions. In brief, the majority of serum proteins were removed by dialysis
against H2O, and precipitation by ZnSO4. Proteins in the supernatant were
precipitated using glycine and (NH4)2SO4, dialyzed against TE buffer (10
mM Tris, 2 mM EDTA, pH 7.8), and loaded on a DEAE-Sephacel column
(Pharmacia). IgA was eluted with a linear salt gradient (conductivity 1–20
mS). IgA-containing fractions, as determined by ELISA, were pooled, con-
centrated, and further purified by gel filtration, using a Sephacryl S-300
column (Pharmacia). Veronal-buffered saline (VBS, 1.8 mM Na-5,5-dieth-
ylbarbital, 0.2 mM 5,5-diethylbarbituric acid, 145 mM NaCl) containing 2
mM EDTA was used as a running buffer. Fractions were tested for IgA by
ELISA; IgA of different molecular sizes, i.e., monomeric, dimeric, and
polymeric IgA, were pooled separately on basis of its position in the elution
profile. Reanalysis of these different IgA preparations indicated that this
molecular size is stable: typically �90% runs at the same position in the
elution profile. Contamination with IgG and IgM was below 0.4% on a
weight basis, as determined by ELISA. Experiments were performed with
polymeric IgA, unless otherwise indicated.

Purification of human IgG and IgM

Human IgG was purified from outdated plasma obtained from healthy do-
nors, as described previously (22). Human IgM was purified from human
serum by euglobulin precipitation and anion exchange chromatography, as
described (22), followed by cation exchange chromatography, using CM-
Sephadex C-50 (Pharmacia), and gel filtration, using a Sephacryl S-300
column (Pharmacia). The IgG preparation was free of any detectable IgA
and IgM, and the IgM preparation was free of any detectable IgA and IgG.

Purification of functionally active C4

Freshly obtained NHS (120 ml) was adjusted with TEB buffer (10 mM
Tris, 2 mM EDTA, 1 mM benzamidine hydrochloride hydrate (Sigma)) to
pH 7.8 and conductivity of 4 mS. This sample was loaded on a DEAE-
Sephacel column (5 � 10 cm), which was previously equilibrated with
TEB buffer at pH 7.8 and mS 4. The column was extensively washed with
the same buffer, followed by elution with a linear salt gradient with a
conductivity from 4 to 25 mS. Fractions were tested for the presence of C4
using a hemolytic assay. In this assay, serum from C4-deficient guinea pig
is used as a complement source and SRBC sensitized with rabbit anti-
SRBC Abs as targets. Lytic activity of an excess amount of C4-deficient
serum can be restored by addition of a limiting amount of C4. Peak frac-
tions containing C4 (at 15 mS) were pooled and concentrated. The con-
centration of C4 was determined by single radial immunodiffusion.

Human serum containing wild-type or mutated MBL

Serum samples were obtained from five healthy donors having the wild-
type genotype at codons 52, 54, and 57 from the first exon of the MBL gene
(A genotype) as well as from six healthy donors with a homozygous (n �
2) or heterozygous (n � 4) mutation at codon 54 (B genotype) (6). These
genotypes were identified by an oligonucleotide ligation assay (A. Roos,
L. H. Bouwman, J. R. Muñoz, T. C. M. Zuiverloon, M. Tilanus, and M. R.
Daha, manuscript in preparation) and were confirmed by DNA sequencing.

ELISA protocol

For all ELISAs, Nunc Maxisorb plates (Nunc, Roskilde, Denmark) were
coated using coating buffer (100 mM Na2CO3/NaHCO3, pH 9.6), for 16 h
at room temperature or for 2 h at 37°C. After each step, plates were washed
three times with PBS containing 0.05% Tween 20. Residual binding sites
were blocked by incubation with PBS containing 1% BSA. Unless other-
wise indicated, all subsequent steps were incubated in PBS containing
0.05% Tween 20 and 1% BSA, for 1 h at 37°C. Detection Abs were con-
jugated to digoxigenin (Dig) using Dig-3-O-methylcarbonyl-�-aminocap-
roic acid-N-hydroxysuccinimide ester (from Boehringer Mannheim, Mann-
heim, Germany), according to instructions provided by the manufacturer.
Detection of binding of Abs conjugated to Dig was performed by HRP-
conjugated rabbit anti-Dig Abs (Fab, from Boehringer Mannheim). En-
zyme activity of HRP was detected using 2,2�-azino-bis(3-ethylbenzthia-
zoline-6-sulfonic acid) (Sigma). The OD at 415 nm was measured using a
microplate biokinetics reader (EL312e; Biotek Instruments,
Winooski, VT).

MBL detection ELISA

Plates were coated with 3E7 (mAb anti-MBL (mouse IgG1, kindly pro-
vided by T. Fujita, Fukushima Medical University School of Medicine,
Fukushima, Japan)) at 5 �g/ml. Samples containing MBL were incubated,
followed by detection with Dig-conjugated 3E7. A calibration line was
produced using pooled human serum from healthy donors with a known
concentration of MBL (kindly provided by P. Garred, National University
Hospital, Copenhagen, Denmark).

MBL binding to IgA or mannan

IgA was coated at 5 �g/ml, unless otherwise indicated. Mannan (from
Saccharomyces cerevisiae; Sigma (M7504)) was coated at 100 �g/ml. As
a negative control, BSA (Sigma) was coated at 10 �g/ml. After blocking
with BSA, MBL was incubated in BVB2� (VBS, 0.5 mM MgCl2, 1 mM
CaCl2, 0.05% Tween 20, 1% BSA, pH 7.5) for 1 h at 37°C. MBL binding
was detected using Dig-conjugated 3E7. In some experiments, MBL was
preincubated (30 min, 20°C) in a calcium-free buffer (BVB/MgEGTA:
VBS, 5 mM MgCl2, 0.05% Tween 20, 1% BSA, 10 mM EGTA) or in
BVB2� containing D-mannose, L-fucose, GlcNAc, or N-acetylgalac-
tosamine (GalNAc) (obtained from Sigma), followed by addition of the
mixture to the plates. Saccharides were applied at a concentration of 100
mM, unless otherwise indicated. Additional inhibition studies were per-
formed using purified mouse mAb directed against MBL (1C10 and 3F8;
Ref. 23), which were incubated together with MBL at concentrations be-
tween 2 and 20 �g/ml.

Analysis of complement activation by MBL

Activation of complement via MBL was assessed as follows. Plates were
coated with IgA, mannan, or BSA, blocked by BSA, and, in some cases,
incubated with MBL, as described above. Subsequently, plates were incu-
bated with 2% NHS as a complement source, diluted in BVB/MgEGTA,
for 1 h at 37°C. Deposition of C3 was detected by Dig-conjugated RFK22
(mAb anti-human C3 (mouse IgG1) produced at the Laboratory of Ne-
phrology). Alternatively, C4 activation was assessed using a method
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adapted from Vorup-Jensen et al. (24). For these experiments, MBL, di-
luted in BVB2�, was incubated for 1 h at 37°C and for 16 h at 4°C. Plates
were washed with PBS/5 mM CaCl2/0.05% Tween 20, and C4 was added
(1 �g/ml, diluted in BVB2� containing 1 mM MgCl2 and 2 mM CaCl2). C4
binding was detected with affinity-purified goat anti-human C4 Abs con-
jugated to Dig, or with Dig-conjugated C4-4A (mAb anti-C4, kindly pro-
vided by C. E. Hack, Sanquin Blood Supply Foundation, Amsterdam, The
Netherlands). In some experiments, activation of C4 was assessed directly
in human serum. For this assay, all washing and incubation steps were
performed in the absence of Tween 20, which reduced nonspecific staining.
Plates were coated with IgA, mannan, IgG (5 �g/ml), or IgM (5 �g/ml),
washed with PBS, and blocked by 1% gelatin in PBS. Serum was diluted
in VBS containing 2 mM CaCl2, 0.5 mM MgCl2, and 0.1% gelatin, and
incubated for 1 h at 37°C. Subsequently, C4 binding was detected, using
PBS/1% BSA as a dilution buffer for Ab conjugates.

Statistical analysis

Differences in C4 activation between sera from two groups of donors (i.e.,
either MBL wild-type or MBL mutant genotype) were analyzed using a t
test, and are considered statistically significant when p values are �0.05.

Results
Interaction of MBL with IgA

The binding of MBL to IgA was studied using microtiter plates
coated with purified human IgA. Addition of MBL resulted in a
dose-dependent binding to IgA, but not to a control coating with

BSA only (Fig. 1A). Binding was clearly detectable at an MBL
concentration of 20 ng/ml. Coating of different concentrations of
IgA, followed by incubation with a fixed concentration of MBL
revealed that MBL binding was maximal at an IgA-coating con-
centration of 5 �g/ml (Fig. 1B).

The characteristics of the interaction between MBL and IgA
were studied by preincubating MBL in the presence of various
inhibitors. Preincubation with D-mannose, L-fucose, or GlcNAc,
but not GalNAc blocked the binding of MBL to IgA and to its
major ligand mannan (Fig. 1C). This inhibition by saccharides was
dose dependent: IC50 values for mannose and GlcNAc were be-
tween 5 and 10 mM for binding of MBL to IgA (Fig. 1D) and to
mannan (data not shown). Furthermore, incubation of MBL in a
calcium-free buffer containing MgEGTA prevented binding of
MBL to IgA and to mannan (Fig. 1C). Binding of MBL to IgA is
calcium dependent and reaches a plateau at 1 mM CaCl2 (Fig. 1E).
This concentration was chosen for further assays. These results
indicate a calcium-dependent interaction of the CRD of MBL with
human IgA.

IgA activates the complement system via the lectin pathway

To assess whether the interaction of MBL with IgA induces com-
plement activation, activation of C4 and C3 was studied by

FIGURE 1. Binding of MBL to immobilized
IgA. Microtiterplates were coated with either
IgA or BSA, as indicated. MBL binding was de-
tected by ELISA. A, MBL was added to coated
IgA (5 �g/ml) or BSA at concentrations as in-
dicated. Data represent mean � SD from four
independent experiments. B, IgA was coated at
various concentrations, and binding of a fixed
concentration of MBL (2 �g/ml) was detected.
Data represent mean � SD from two indepen-
dent experiments. C, Wells were coated with
mannan or IgA, and incubated with MBL (0.1
�g/ml on mannan; 1 �g/ml on IgA) either under
standard assay conditions (control) or in the
presence of MgEGTA, D-mannose, L-fucose,
GlcNAc, or GalNAc, as indicated in Materials
and Methods. The percentage inhibition of MBL
binding to IgA or mannan was calculated using
the following formula: 100 	 (100 � (MBL
binding (� inhibitor) 	 MBL binding to BSA)/
(MBL binding (control) 	 MBL binding to
BSA)), using OD values measured at 415 nm.
None of the inhibitors affected the background
binding of MBL to BSA. Mean and SD are
shown of triplicate wells of a representative ex-
periment. Similar results were obtained in five
independent experiments. D, Similar experiment
as shown in C, but the inhibitors were applied at
different concentrations, as indicated (mean �
SD from two independent experiments). E,
Wells were incubated with MBL (1 �g/ml) in
the presence or absence of different concentra-
tions of CaCl2, as indicated. Data represent
mean � SD from two of three similar
experiments.
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ELISA. For experiments studying activation of C3, NHS diluted in
a MgEGTA-containing buffer was used as a complement source.
The use of MgEGTA prevented activation of the classical pathway
and the lectin pathway in the complement source that may occur
irrespective of the MBL that was previously bound to the coating,
resulting in low background levels. Binding of MBL to IgA and to
mannan, which was first achieved in the presence of calcium, was
clearly detectable after a 1-h incubation with serum in the presence
of MgEGTA (Fig. 2, A and B), as has been previously reported for
the binding of MBL to mannan-coated erythrocytes (25). Using
these conditions, binding of purified MBL-MASP complexes in-
duced a concentration-dependent deposition of C3 on coated IgA
(Fig. 2C) and on coated mannan (Fig. 2D) upon addition of serum.
Coated mannan requires �10 times less MBL than coated IgA to
induce the same level of MBL binding and C3 deposition (Fig. 2,
A and C vs B and D).

MBL binding to IgA and mannan also resulted in activation of
C4. After binding of MBL-MASP complexes to either IgA (Fig.
2E) or mannan (Fig. 2F), addition of purified C4 resulted in a
dose-dependent deposition of C4 on the coating. C4 activation was
detectable at MBL concentrations between 0.01 and 1 ng/ml, de-
pending on the coating used. MASP enzymes required for activa-
tion of C4 are present in the MBL preparation, as demonstrated by

its direct ability to induce C4 consumption in the fluid phase (data
not shown).

The results presented above strongly suggest that activation of
C3 and C4 is induced by the binding of MBL and associated
MASPs to IgA or mannan. To further establish this, the MBL
preparation was preincubated on coated IgA or mannan in the pres-
ence of inhibitors, followed by addition of a complement source
and analysis of deposition of C3 (Fig. 3A) and C4 (Fig. 3, B and
C). As expected for an MBL-dependent mechanism, preincubation
of MBL with mannose, fucose, and GlcNAc, but not GalNAc,
blocked the activation of C3 and C4, both on IgA and mannan.
Inhibition of C4 activation by mannose and GlcNAc was dose
dependent, and 50% inhibition was reached at saccharide concen-
trations between 5 and 10 mM, both on IgA (Fig. 3C) and on
mannan (data not shown). Similar dose-response relationships
were observed for saccharide inhibition of C3 activation (data not
shown).

Incubation of MBL on mannan performed in the presence of
MgEGTA completely inhibited subsequent C3 and C4 activation
(Fig. 3, A and B). On IgA, similar results were obtained for C4
deposition (Fig. 3B), whereas deposition of C3 was inhibited for a
major part, but not completely (Fig. 3A).

FIGURE 2. Binding of MBL to IgA induces
complement activation. Wells were coated with IgA,
mannan, or BSA, and in the first step incubated with
MBL-MASP complexes in various concentrations,
as indicated, followed by addition of a complement
source in the second step. For A–D, the second step
consisted of NHS (2% in VBS/BSA/Tween 20/
MgEGTA), which was followed by detection of
binding of MBL (A and B) or deposition of C3 (C
and D). Alternatively, purified C4 was added in the
second step, followed by detection of C4 binding (E
and F). Please note that MBL concentrations on the
x-axis in E and F are in nanogram per milliliter. The
results are representative for at least three indepen-
dent experiments.
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To further prove the MBL dependence of C3 and C4 activation
on IgA and mannan, additional blocking studies were performed
using mAb anti-MBL. Two different MBL-specific mAb were
used (Fig. 3D): 3F8 that blocks MBL-mediated complement acti-
vation and, as a control, 1C10 that binds to MBL, but does not
block its function (23). The mAb 3F8 totally inhibited the binding
of MBL as well as the activation of C3 and C4 on IgA and on
mannan, whereas mAb 1C10 did not have any effect.

Complement activation is known to be predominantly a function
of polymeric IgA (26). We tested the different molecular sizes of
IgA for their ability to activate the lectin pathway. Polymeric IgA
is superior to dimeric IgA in activation of the lectin pathway (Fig.
4). No significant activation could be detected by monomeric IgA.

Previous studies have shown that IgA can activate the alterna-
tive pathway in serum in the presence of MgEGTA (16). Only the

alternative pathway, but not the classical pathway nor the lectin
pathway, can proceed in the absence of Ca2�. To examine the
combined contribution of the lectin pathway and the alternative
pathway to activation of C3 by IgA, complement activation was
studied with or without a preincubation with MBL. Serum incu-
bated in the presence of MgEGTA, but in the absence of MBL,
induced a clear deposition of C3 on IgA (Fig. 5), in agreement with
previously published data (27). Preincubation with MBL in a cal-
cium-containing buffer enhanced the deposition of C3 dose depen-
dently. Deposition of C3 was reduced to background levels when
EDTA was present in the complement source (data not shown).

Serum containing mutated MBL has a partial defect in the
activation of C4 by mannan and by IgA

MBL derived from individuals with mutations in exon 1 of the
MBL gene has an impaired ability to activate the complement

FIGURE 5. IgA activates both the lectin pathway and the alternative
pathway. Plates were coated with IgA or BSA, as indicated, and incubated
in the presence or absence of MBL, followed by NHS in different concen-
trations in VBS/BSA/Tween 20/MgEGTA. C3 deposition was detected.
Similar results were obtained in two experiments.

FIGURE 3. Complement activation is de-
pendent on MBL binding. Plates were coated
with mannan or IgA, followed by incubation
with MBL in the presence of inhibitors, as de-
scribed in Fig. 1C. A, MBL was incubated at 1
and 0.1 �g/ml on IgA and mannan, respec-
tively, followed by addition of NHS (2% in
VBS/BSA/Tween 20/MgEGTA) and assess-
ment of C3 deposition. B, MBL was incubated
at 2 and 0.1 ng/ml on IgA and mannan, respec-
tively, followed by addition of C4 and assess-
ment of C4 binding. Results in A and B are
mean � SD of one of two or three triplicate
experiments. C, Similar experiment as shown
in B, but the saccharides were applied at dif-
ferent concentrations, as indicated. D, MBL
was incubated on IgA and mannan in the pres-
ence or absence of mAb anti-MBL (3F8 and
1C10), as indicated. Binding of MBL and acti-
vation of C3 and C4 were assessed as described
in Fig. 1 and in A and B, respectively. Anti-
MBL Abs were used at 20 �g/ml (MBL-bind-
ing experiments) or at 2 �g/ml (complement
activation experiments). Results represent the
mean � SD of triplicate experiments. Inhibi-
tion was calculated as described in Fig. 1C.

FIGURE 4. Lectin pathway activation is mainly a function of di- and
polymeric IgA. Plates were coated with monomeric, dimeric, and poly-
meric IgA. MBL in different concentrations and NHS (2% in VBS/BSA/
Tween 20/MgEGTA) were successively incubated, and C3 binding was
detected. One of two similar experiments is shown.
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system (7). To examine whether this defect also hampers comple-
ment activation by IgA, serum from MBL wild-type donors (n �
5) was compared with that from donors with a mutant genotype
(homozygous (n � 2) or heterozygous (n � 4) point mutations at
codon 54) in a C4 activation assay. In comparison with the control
group, serum from donors having MBL gene mutations induced
significantly less C4 activation both on IgA ( p � 0.015) and on
mannan ( p � 0.001) (Fig. 6). However, when plates were coated
with human IgG of IgM, as activators of the classical complement
pathway, both groups of sera induced a similar level of C4
activation.

Discussion
The present study demonstrates that the CRD of MBL can bind to
IgA and thereby activate the complement system via the lectin
pathway. We propose that this interaction between the lectin path-
way and IgA may function as a novel link between the innate and
the adaptive immune system. Furthermore, the interaction between
MBL and IgA is expected to contribute to mesangial complement
deposition in IgA nephropathy.

Our results demonstrate a calcium-dependent interaction of the
CRD of MBL with IgA. This binding was evident at concentrations
well below the mean MBL plasma concentration in healthy individ-
uals, which is �1.5 �g/ml. The carbohydrate specificity of the
MBL-IgA interaction is similar to that of the interaction of MBL with
mannan, and is consistent with the known specificity of MBL (1).
Binding of MBL to IgA induced lectin pathway activation, as dem-
onstrated by activation of C4 and C3. Complement activation on man-
nan- and IgA-coated plates was inhibited by incubating the MBL
preparation in the presence of mannose, in the absence of calcium, or
in the presence of an MBL-blocking mAb, which is fully consistent
with an MBL-dependent mechanism.

Although it has been demonstrated that MASP-1 can directly
activate C3 in the fluid phase (5), we could not detect deposition
of activated C3 when mannan-coated plates were incubated con-
secutively with MBL/MASP complexes and purified C3 (data not
shown), in agreement with data reported by Vorup-Jensen et al.
(24). This discrepancy is most likely due to differences in the ex-
perimental settings, including the method of detection of C3 acti-

vation and the concentration and activity of MASP-1 present. In
contrast, activation of C4 was readily detectable after incubation
with purified C4 under similar conditions, both on IgA and on
mannan. Activation of C3 was demonstrated when NHS was used
as a complement source. In the latter experiment, we show that
MBL binding to plate-coated IgA or mannan is preserved during a
1-h incubation step with a calcium-free buffer, although calcium is
required to establish the primary interaction of MBL with its li-
gands. Similar characteristics are known for the binding of MBL to
mannan-coated erythrocytes (25). The MBL-MASP interaction,
which is required for complement activation, is also stable in a
calcium-free environment (24).

C3 activation by IgA was also demonstrated when serum was
used as a complement source in the absence of calcium and with-
out preincubation with MBL. Calcium-independent C3 activation
is consistent with activation of the alternative pathway by IgA,
which is in agreement with previously published data (16, 27).
Apparently, different complement activation pathways cooperate
to induce activation of C3 by IgA.

To further establish a role for the lectin pathway in complement
activation by IgA in whole serum, we compared sera obtained
from donors having either a wild-type or a mutant MBL genotype
for their ability to activate C4. Our data indicate that sera from
donors having heterozygous or homozygous mutations in the first
exon of the MBL gene are partially deficient in activation of C4
both by IgA and by mannan. Because C4 activation by the classical
pathway is similar in both groups, the observed differences in man-
nan- and IgA-induced C4 activation cannot be based on differences
in the classical pathway activity or the concentration of active C4.
Therefore, these data are strongly suggestive for the involvement
of the lectin pathway in C4 activation by IgA in whole serum.

Complement activation by IgA has been subject of investigation
already during several decades. It is generally agreed that IgA cannot
activate the classical complement pathway (14). Activation of the al-
ternative complement pathway by IgA is supported by both in vitro
(27–29) and in vivo observations (30), as well as by the present study.
It has been argued that complement activation by IgA has to rely on
studies using artificially modified or presented IgA (14). However,
complement activation has also been demonstrated upon binding of
IgA to its natural Ag. For example, xenoreactive human IgA Abs can
induce complement-mediated lysis of pig endothelial cells in a calci-
um-independent way (28). Furthermore, binding of human serum IgA
to Streptococcus pneumonia induces neutrophil-mediated bacterial
killing that was complement dependent and proceeded in the presence
of MgEGTA (29).

A strong suggestion for the activation of complement by human
IgA in vivo is present in patients with IgA nephropathy. IgA ne-
phropathy is a common glomerular disease characterized by mes-
angial deposition of IgA and complement components (31). Fur-
thermore, deposition of C4 and C4-binding protein was shown in
30 and 60% of cases, respectively, whereas only 6% showed the
presence of C1q (31). Alternative pathway activation by IgA may
explain the deposition of C3, but not that of C4 in IgA nephrop-
athy. Therefore, activation of C4 by IgA via the lectin pathway, as
demonstrated in the present study, may very well be the mecha-
nism of C4 activation in IgA nephropathy. This hypothesis is
strongly supported by the deposition of MBL in association with
IgA in the mesangial area of patients with IgA nephropathy (19,
20) and patients with Henoch-Schönlein purpura (32). The latter
disease is also characterized by mesangial deposition of IgA and
complement.

Lectin pathway activation by IgA was most prominent for poly-
meric IgA, followed by dimeric IgA and monomeric IgA. Similar

FIGURE 6. C4 activation in serum with wild-type or mutated MBL.
Plates were coated with IgA, mannan, IgG, or IgM. Sera obtained from
donors with a wild-type (n � 5) or mutant MBL genotype (heterozygous
(n � 4; circles) or homozygous (n � 2; squares)) were incubated in a
calcium and magnesium-containing buffer (dilution 1/80 (IgA, mannan),
1/160 (IgG), or 1/40 (IgM)), and C4 activation was assessed. Background
OD values obtained in the absence of serum were subtracted. The mean of
each group is indicated by a horizontal line. Differences between mutant
and wild-type sera were evaluated by a t test. �, p � 0.015; ��, p � 0.001.
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differences have been previously reported for activation of the al-
ternative pathway by rat and human IgA (16, 26, 29). In addition,
polymeric IgA shows enhanced binding to the phagocytic IgA FcR
CD89 (33) and to human mesangial cells (34). The stronger ef-
fector functions of polymeric IgA have a beneficial role for the
defense functions of IgA (29, 35, 36). In accordance, circulating
Ag-specific IgA produced upon primary pathogen contact predom-
inantly consists of polymers (29). The polymeric nature of mes-
angial IgA in IgA nephropathy (37) will most likely contribute to
the development of renal damage, involving complement activa-
tion and mesangial cell activation.

At present it is unknown which part of the IgA molecule is
involved in binding to the CRD of MBL. IgA is a heavily glyco-
sylated molecule (reviewed in Ref. 15). Several variants in the
sugar composition have been described, among which high man-
nose type N-linked glycan chains (38). Especially the latter gly-
cosylation variant may be a likely candidate to serve as a ligand for
MBL. Interestingly, circulatory IgA in patients with IgA nephrop-
athy shows an abnormal glycosylation, characterized by a de-
creased galactosylation of O-linked sugar chains (39). Patients
with rheumatoid arthritis produce increased levels of a certain gly-
coform of IgG that lacks the terminal galactose moieties on the
N-terminal glycan chains. This G0-IgG has been shown to bind
MBL (40). The hypothesis that altered glycosylation of IgA con-
tributes to complement activation in IgA nephropathy is presently
under investigation.

Binding of IgA to microorganisms enables its interaction with
phagocytes via the phagocytic Fc� receptor CD89 (29). Together
with complement activation, this may result in pathogen elimina-
tion, involving CD89 and complement receptors. MBL binding
may directly contribute to phagocytosis via MBL receptors (41,
42). In this respect, it is conceivable that complement receptors
and IgA receptors act together in pathogen elimination (29). In a
similar way, classical pathway activation via IgG Abs works in
concert with Fc� receptors (43).

Based on a number of studies in individuals with MBL gene
mutations, the prominent role of MBL in innate immunity has been
well appreciated. The protective role of MBL against infection can
be explained by the direct binding of MBL to microorganisms (1,
13). MBL binding to IgA may be an additional protective mech-
anism against microorganisms to which MBL does not bind di-
rectly. In situations in which preexposure to a pathogen has taken
place, such as after vaccination or during chronic infection, MBL
may act in concert with IgA to maintain host integrity. Such a
mechanism is conceivable, for example, in cystic fibrosis, in which
chronic lung infections often lead to irreversible pulmonary dam-
age and death. Expression of MBL variant alleles in patients with
cystic fibrosis is associated with a severely reduced life span (12).

Although MBL is an important defense factor of the immune
system, it may also play an unfavorable role in disease progres-
sion. This is proposed for rheumatoid arthritis, and is suggested by
the presence of MBL in renal biopsies from patients with IgA
nephropathy, Henoch-Schönlein purpura, systemic lupus erythem-
atosus, and poststreptococcal glomerulonephritis (19, 20, 32, 40,
44). IgA nephropathy is the leading cause of end stage renal dis-
ease worldwide. Therefore, the IgA-binding function of MBL de-
scribed in the present study is also likely to play a dual role in
immunity. On the one hand, it may link the innate and the adaptive
immune system and thereby protect the individual against invading
pathogens. In this respect, Ab-mediated complement activation
can be considered as an additional parallel between MBL and C1q.
In contrast, it may enhance the proinflammatory effects of IgA
deposition in the glomerulus, ultimately leading to renal injury.
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