Take-home messages

Bullet point: Mannose binding lectin (MBL) is a serum protein important in innate
immunity and is protective against various infective organisms.

Bullet point:  MBL binds carbohydrates on various infectious agents, and has an
opsonin effect. In addition, it activates the lectin pathway of the complement
cascade.

Bullet point: There is a large inter-individual difference in the serum
concentration of MBL, caused mainly by MBL gene polymorphisms (SNP).
Individuals with the minority alleles have lower serum MBL concentration.

Bullet point:  Individuals homozygous for the minority allele of the MBL gene
have higher risk of infection during infancy and when under immunosuppressive
therapies.

Bullet point: Individuals homozygous for the minority allele of the MBL gene
seem io be at a higher risk of acquiring autoimmune diseases, systemic [upus
erythematosus (SLE) in particular,

Bullet point: Autoantibodies against MBL are present in some SLE patients, but
their significance remains unclear.



Introduction

Mannose binding lectin (MBL) is a serum protein produced in the liver, and
is a key molecule in innate immunity. MBL, along with other molecules such as
surfactant protein A (SP-A) and surfactant protein D (SP-D), is a member of the
collectin family, the characteristic of which being possession of a carbohydrate
recognition domain (CRD) and a collagenous domain [1].

MBL is a trimer protein composed of 3 identical polypeptides with a
molecular weight of around 32Kd (228 amino acids), and 3 to 6 trimers further
combine to make a huge bouquet-like structure similar to that of complement
C1q [2] (Figure 1-A). Each polypeptide consists of a CRD, a neck domain, a
collagen domain and a cystein rich region. MBL binds to various organisms by
its CRD, and excises an opsonin effect. The multimeric structure of MBL allows
it to bind to various microorganisms including gram positive and negative
bacteria, mycobacterium, viruses and fungi. The binding of MBL leads to
agglutination of these microorganisms and will help their clearance by
phagocytes. In addition, MBL activates the complement pathway (the lectin
pathway) through mannose binding lectin associated serine proteases (MASPs).
Therefore, MBL is important in host defense, especially in infancy, when the
acquired immunity has not fully developed. Individuals lacking this protein
could develop severe episodes of bacterial infections from early life [3,4]. MBL
is also important when the immune system of an individual is compromised,
such as when a patient is under immunosuppressive therapy, or receiving
chemotherapies or bone marrow transplant [5].

While MBL is an acute phase protein and its production is enhanced by
inflammatory stimuli, polymorphisms of the MBL gene is known to greatly
influence sefum MBL concentration. The MBL gene, located on the long arm of
chromosome 10 at 10g11.2-q21, contains 4 exons [2]. There are 5 known single
nucleotide polymorphisms (SNPs) that affect serum MBL concentration [6-9]
(figure 1-B). Codon 52 (+223), 54(+230) and 57(+239) polymorphisms are all on
exon 1, and the minority alleles are designated allele D, B, C, respectively, while
the majority allele is designated allele A. Presence of any of the minority alleles
(collectively designated allele O) results in an amino acid substitution and
significant reduction of serum MBL concentration. Furthermore, homozygosity



for the minority alleles (genotype OO) results in almost complete deficiency of
serum MBL [6,7]. This has been attributed to increased degradation of the
mutated protein [7]. Frequencies of the minority alleles differ significantly among
ethnicities, varying from around 1% to up to around 30 %. In the promoter region
of the MBL gene, polymorphisms are reported at positions -550, -221 and +4,
and these polymorphisms also influence the levels of serum MBL [9,10] (Table
1). Thus, some individuals with MBL genotype AO or even AA may have
extremely low serum MBL concentration. In this review, however, we will focus
on the SNPs in the coding region of the MBL gene.

Mannose binding lectin and autoimmune diseases

A number of studies have suggested that MBL deficiency, or low serum MBL
levels caused by the SNPs described above may be associated with occurrence
of SLE [11]. By a meta analysis of 8 previous studies, it has been shown that
presence of the minority alleles (B, C or D alleles) confer a 1.6 times overall
increased risk of acquiring SLE [11]). In the same study, by observing their own
patients, Garred et al reported that the lag time from the appearance of the first
lupus attributable symptom to the diagnosis of definite SLE was shorter in
patients carrying at least one minority allele than in patients homozygous for the
majority allele [11]. Two possible explanations for the associations between MBL
deficiency and the occurrence of SLE are suggested (Figure 1-C). Firstly, MBL
can bind to and initiate uptake of apoptotic cells by macrophages [12], and an
abnormal accumulation of cell debris would occur in MBL deficient individuals,
and would serve as a source of autoantigens. In accord with this hypothesis,
Seelen et al [13) recently reported that anticardiolipin and anti-C1q antibodies
were observed significantly more frequently in SLE patients with MBL minority
alleles than those without those alleles, and that presence of those antibodies
were associated with decreased serum MBL concentration and function. It is
also reported that MBL can bind DNA, and MBL may have a role in clearance of
DNA [14]. Secondary, since MBL has a major role in innate immunity, individuals
with MBL deficiency might have higher possibilities of being infected with
pathogens that have some roles in the pathogenesis of SLE. However, these
hypotheses are yet to be proved. The recent production of MBL deficient mice



[16] may shed a light on the relationship between MBL deficiency and
autoimmune diseases.

Regardless of the mechanisms involved, MBL deficiency by itself is not
sufficient to cause SLE. Unlike C1q deficiency, which is very strongly
associated with lupus or lupus like syndromes [16-21], the majority of individuals
with MBL genotype OO do not acquire SLE or any other autoimmune diseases,
and are not significantly vulnerable to infectious agents when they are healthy
and mature. Some other factors must be necessary for individuals with MBL
genotype OO individuals to acquire SLE. What those factors are is still
unknown.

While the association between MBL deficiency and SLE suggests that MBL
has protective functions against occurrence of autoimmune diseases, deposition
of MBL in kidneys of SLE patients [22] and glands of Sjogren's syndrome
patients [23] have been reported. MBL may bind to carbohydrates of various
proteins and may activate the lectin pathway of the complement pathway.
From this point of view, MBL may have a role in the development of tissue
damage in these diseases. Thus, MBL may be a double-edged blade in
autoimmune diseases. This is also true for the role of MBL in infections. MBL is
reported to enhance the progression of some infectious diseases [24], and in this
situation, MBL deficiency can be beneficial. The relatively large prevalence of
MBL deficiency in the general population also suggests that MBL deficiency may
be advantageous for survival in certain conditions.

How MBL and the lectin pathway of the complement activation cascade
affect the clinical course of SLE is not well known. It has been shown than a
weak but significant positive relationship exist between serum MBL
concentration and CH50, suggesting that the serum levels of MBL are
associated with the disease activity of SLE in some way [25]. In this study,
Takahashi et al also studied the time course of serum MBL concentration in -
newly diagnosed patients. In SLE patients with MBL genotype AA, serum MBL
concentrations did fluctuate during the course of the disease, but there was no
clear trend common to all patients. In some patients, serum MBL concentration
decreased after initiation of immunosuppressive therapy, while in others serum
MBL concentration increased in parallel with CH50 values. Serum MBL levels



are determined by a balance of production and consumption. Since MBL is an
acute phase protein, MBL production may be increased in SLE patients with
severe inflammation, while depositiocn of MBL to various tissues may lower its
serum concentration. The levels of increase or deposition to tissues would differ
among individual patients. Thus, most probably, concentration of serum MBL
cannct be simply interpreted to SLE disease activity or an involvement of a
particular organ.

Association between MBL and rheumatoid arthritis (RA} has also been
suggested. It has been suggested that MBL may bind IgG with altered
glycosylation and thus may be pathogenic in patients with RA [26]. However,
from the results of clinical studies, it seems that RA patients with MBL genotypes
OO show more rapid progression of joint destruction than those without this
genotype [27]. If this finding could be confirmed by additional studies, typing of
the MBL genotypes may become of value to identify RA patients with a higher
risk of rapid joint destruction, and will aid in the selection of therapies for
individual RA patients.

Few reports on the relationships between MBL gene polymorphisms and
other autoimmune diseases exist. Mullighan et al [28] reported that there is no
association between occurrence of Sjogren’s syndrome and MBL genotypes.
Tsutsumi et al reported that MBL deficiency may be a minor risk factor for the
occurrence of type | diabetes [29]. Recently, we examined the MBL genotypes
in 53 patients with mixed connective tissue disease (MCTD). Among these
patients, only 1 patient had genotype BB (Tsutsumi et al, unpublished
observations). Thus, unlike SLE, MBL genotype OO do not seem to be a risk
factor for having MCTD.

MBL and vascular disorders

MBL also may be implicated in vascular diseases in both the general
population and in autcimmune disease patients. It is reported that MBL
enhances tissue injury caused by reperfusion, and administration of anti-MBL
antibodies ameliorates myocardial ischemia-reperfusion injury in rat models [30].
In addition, MBL mediated complement activation has been reported to be
important in mice renal ischemia-reperfusion injury model [31]. On the other



hand, MBL deficiency is reported to be associated with enhanced
atherosclerosis [32] and coronary artery disease [33] in humans. In addition, a
recent report indicated a strong association between the OO genotype of the
MBL gene and occurrence of arterial thromboses in patients with SLE [34]. In
this study, genotypes of the MBL gene were investigated in 91 patients with SLE.
Among their 7 patients with MBL genotype OO, 6 had history of arterial
thromboses, while 18 of SLE patients with MBL genotypes AA or AO had such
history. They concluded that having an OO genotype of the MBL gene may be a
major risk factor of having arterial thrombosis in patients with SLE. Several
explanations for this association are possible. Possession of genotype OO
may be associated with higher disease of SLE, which may enhance vascular
injuries, and may necessitate larger amount of steroid for therapy. Alternatively,
possession of genotype OO, and hence being deficient of functional MBL may
render those SLE patients more susceptible to microorganisms associated with
atherosclerosis. It has been suggested that Chlamydia Pneumoniae infection
is related with occurrence of coronary heart diseases. Furthermore, it has been
shown that individuals with MBL gene O alleles, and are positive for serum anti
Chlamydia Pneumoniae antibodies may be more likely to have coronary artery
disease [35]. Chlamydia Pneumoniae infection may enhance the development
of coronary heart disease in SLE patients lacking serum MBL.. To date, there is
no direct evidence that this is indeed the case. If future studies confirm the
association between MBL gene O alleles and arterial thromboses, it may
become possible to identify SLE patients at a higher risk of having arterial
thrombosis at the time of diagnosis. Taking appropriate protective measures
would aid in the improvement of the prognosis of SLE patients. As the number of
SLE patienfs with MBL genotype OO was not very large in this study, this
observation need to be confirmed by future studies with a larger study
population.

The association between MBL genotypes of SLE patients and infection has
been suggested [11,25,36]. Since the mainstream of therapy for SLE is
immunosuppression, typing the MBL gene or measuring serum MBL before
immunosuppressive therapies may aid in assessing the risk of infection during
such therapies.



Autoantibodies against mannose binding lectin

It is well established that autoantibodies against complement C1q is found
in 30-45% of SLE patients, and the presence of anti-C1q antibodies is
associated with glomerulonephritis and hypocomplementemia. The relationship
between C1q deficiency and SLE like symptoms is also well known. The
structural and functional similarity between C1g and MBL, and the large
differences of serum MBL concentration among individuals with the same MBL
genotype prompted some investigators to search for the presence of anti-MBL
autoantibodies (anti-MBL). Anti-MBL, if present, may bind to MBL and decrease
its serum concentration. Alternatively, anti-MBL may bind to MBL already
deposited in various tissues and enhance tissue injury.

Seelen et al reported that anti-MBL were indeed present in sera of some
patients with SLE [37]. In addition, they found that anti-MBL is present as a
complex with circulating MBL, and that an inverse relationship exists between
titer of anti-MBL and the functional activity of MBL.

Takahashi et al found elevated anti-MBL levels in sera 9 of 111 SLE patients,
compared to 2 of 113 healthy controls [38]. There was no significant
relationship between the levels of anti-MBL and serum MBL concentration.
Interestingly, not only subjects with MBL genotype AA, but also some subjects
with genotype AB had elevated anti-MBL activity. They were not able to link the
presence of anti-MBL to clinical parameters or features of SLE, including malar
rash, photosensitivity, arthritis, serositis, renal disorders, neurological disorders,
hematologic disorders or titers of other commonly measured autoantibodies
such as anti-nuclear antibody, anti-DNA antibody, anti-Sm antibody and
antiphospholipid antibody. In addition, no apparent relationship between
positivity of anti-MBL and episode of infection was noticed. However, as only 9
patients were positive for anti-MBL in this study, it is too early to conclude that
anti-MBL do not have any clinical significance.

A recent study by Mok et al also searched for anti-MBL in sera of SLE
patients. In their cohort of 135 SLE patients, 32(23.7%) were positive for IgG
anti-MBL [39]. They also reported the presence of IgM class anti-MBL in a
small fraction of SLE patients. Differing from the study by Takahashi et al, they



noticed a significant positive relationship between the levels of serum MB\. and
titers of IgG anti-MBL, in patients positive for anti-MBL. However, similar to the
study by Takahashi et al, they were also unable to find any relationships
between serum anti-MBL levels and various parameters including overall
disease activity, alopecia, cerebral involvement, autoimmune hemolytic anemia,
oral ulceration, photosensitivity, polyarthralgia, renal involvement, serositis, skin
rash, thrombocytopenia, and autoantibodies such as antinuclear antibody, anti-
Sm, anti-RNP, anti-SS-A, anti-SS-B and anti-DNA antibodies.

The differences in the prevalence of anti-MBL in the studies by Takahashi et
al [38] and Mok et al [39] may partly explained by the cut off levels used by these
studies. While the study by Takahashi et al used mean + 2SD of values from
healthy individuals, the study by Mok et al used 90 percentile of values from
healthy subjects. If the cut off level for anti-MBL positivity was set at 90
percentile of values from healthy subjects in the study by Takahashi et al, the
prevalence of anti-MBL in SLE patients would have been simitar to that obtained
in the study by Mok et al. At this stage, the prevalence and significance of anti-
MBL autoantibody in patients with SLE still remains cbscure.

Future prospective

A number of studies have established the relationship between the OO
genotypes of the MBL gene and SLE. However, the mechanism by which this
association occur is not clearly elucidated. In addition, The relationship between
serum MBL levels and occurrence, progression and complications of SLE, and
the value of serum MBL measurement in a clinical setting has not been clearly
established. A cohort study in a larger scale is necessary to determine the
clinical value of MBL gene typing or serum MBL measurement in a clinical
setting. Mbi typing seems to be more promising at this time, but measurement
of serum MBL by enzyme immunoassays would be more convenient. The
significance of fluctuation in the levels of serum MBL in individual SLE patients is
also still unclear. Whether MBL deficiency or presence of anti-MBL is
associated with various complication of SLE, or with particular vascular
involvements should also be addressed in a large cohort of patients. A clear
knowledge of these issues may aid in improving the prognosis of SLE patients.



Furthermore, solid understanding of the role of MBL in various conditions will aid
to assess whether some patients will benefit from MBL replacement, or
measures to inhibit the action of MBL.
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FIGURE LEGENDS

Figure 1. Mannose binding lectin protein (MBL) and the MBL gene.

1-A: Four regions comprise the mannose binding lectin (MBL) peptide. The
cysteihe rich region contains cysteine residues that enable the peptides to form
S-S bonds between peptides, and between triple helix components. The
collagen domain (tandem repeat of Gly-X-Y sequences) of 3 peptides form a
triple helix structure. Carbohydrate recognition domain binds to carbohydrates
including mannose and N-acetylglucosamine.

The large red arrow indicate the position of the 3 commonly observed amino
acid changes caused by single nucléotide polymorphisms of the MBL gene.

1-B: The mannose binding lectin gene is composed of 4 exons and 3 introns.
There are five common single nucleotide polymorphisms (SNP). Each of these
SNP has a large effect on the serum concentration of MBL. H/L, X/Y, A/B, A/C,
A/D are the commonly used nomenclatures for the alleles of these SNPs, These
SNPs combine to make 6 common haplotypes, HYA,LYA, LXA, HYD, LYB and
LYC, and strongly influence serum MBL concentration.

1-C: Possible relationship between mannose binding lectin and autoimmunity.
The structure of mannose binding lectin (MBL) enables it to discriminate
between self and invading microorganisms. MBL would not bind to normal viable
cells. However, cells undergoing apoptosis will be recognized by MBL. MBL
bound apoptotic cells are engulfed by phagocytes. MBL also binds to DNA.
Therefore, MBL has a role in the clearance of potential autoantigens. In addition,
MBL binds to various bacteria and viruses, and will aid in host defense through



opsonization or activation of the lectin pathway of the complement cascade.
Thus, MBL may aid in protection against some unknown microorganism related
to autoimmunity, and is also important when an individual is under
immunosupression. It should be noted, that while MBL may be protective against
occurrence of autoimmune diseases, it has a role in various tissue injuries, and
may pathogenic in certain autoimmune conditions.



Table. Concentration of mannose binding lectin (MBL) in sera of Japanese
individuals with different MBL haplotypes.

Haplotypes n MBL concentration (mg/l) Standard deviation
HYA/LYA 15 1.411 0.548
HYA/HYA 18 1.177 0.481

LYA/LYA 1 1.210 .

HYA/LXA 5 0.830 0.321
LYA/LXA 5 0.584 0.338
HYA/LYB 24 0.333 0.310
LYALYB 9 0.119 0.056

LXA/LYB 3 0.013 0.023
LYB/LYB 16 0.002 0.008

total 96 0.622 0.634

See text and figure for definition of haplotypes.
From Tsutsumi et al. [40]
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Summary

Natural killer (NK) T cells are a unique, recently identified cell
population and are suggested to act as regulatory cells in autoimmune
disorders. In the present study, designed to investigate the role of NKT
cells in arthritis development, we attempted to induce arthritis by
immunization of type II collagen (CIA) in Ja281 knock out (NKT-KO) and
CD1d knock out (CD1d-KO) mice, which are depleted of NKT cells.
From the results, the incidence of arthritis (40%) and the arthritis score (1.5
+ 2.2 and 2.0+2.7) were reduced in NKT-KO and CD1d-KO mice
compared to those in respective wild type mice .(90%, 5.4+3.2 and 2.0+2.7,
P<0.01). Anti-CII antibody levels in the sera of NKT-KO and CD1d-KO
mice were significantly decreased compared to the controls (OD values;
0.32+0.16 and 0.29+0.06 vs. 0.58+0.08 and 0.38+0.08, P<0.01). These
results suggest that NKT cells play a role as effector T cells in CIA.
Although the cell proliferative response and cytokine production in NKT-
KO mice after the primary immunization were comparable to those in wild
type mice, the ratio of activated T or B cells were lower in NKT-KO mice

than wild type mice after secondary immunization (T cells: 9.9+1.8% vs



