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Abstract
Objective: Kawasaki disease (KD) is a systemic vasculitis in childhood; its etiology is unknown. The possibility

that KD is an infectious disease has been discussed and investigated for decades, in light of the implication

that infections are involved in the pathogenesis of KD. Young children rely on their innate immune system for

protection against virus and micro-organisms. Human mannose binding lectin (MBL) is a C-type serum lectin

synthesized by the liver as an acute phase protein and it plays an important role in the innate immune system.

Here, we investigate the relationship between the MBL gene polymorphisms and the occurrence of KD in the

Japanese population.

Method: The frequencies of the genotypes, defined as mutations in codons 52, 54 and 57, and the functional

promoter variants of the MBL were determined in 45 patients with KD.

Results: The MBL codon-54 polymorphism frequency of heterozygote (GGC/GAC) and promoter variants

were significantly higher in the KD group than that in the control group (P < 0.05). Neither group showed

codon 52 nor 57 polymorphisms.

Conclusion: It is possible that mutations of the MBL gene might be related to the trigger of the pathogenesis

of Kawasaki disease.
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INTRODUCTION

Kawasaki disease (KD)1 is an acute systemic vasculitis of

children, especially Asian children, and presently the most

common acquired heart disease in children. The diagnosis

of KD is based entirely on clinical features. The clinical

manifestations of KD are high fever plus: (i) bilateral

non-exudative conjunctivitis; (ii) polymorphous exan-

them; (iii) bilateral non-suppurative cervical lymphade-

nopathy; (iv) mucous membrane changes; and (v)

swelling or erythema of the hands or feet. For classic KD,

individuals must have a fever for 5 days and either meet

at least 4/5 criteria or have evidence of coronary artery

abnormality.2 The etiology of KD is unknown. Laboratory

findings are nonspecific, and there are no diagnostic tests

for KD. Early in the course of the illness parameters of

inflammation are increased: C-reactive protein (CRP),

erythrocyte sedimentation rate (ESR), white blood cell

and neutrophil counts. The disease is most common in

children younger than 5 years, with an annual incidence

of 90 per 100 000 population in Japan3 and 5–10 per

100 000 in Europe and the USA.4 Eighty to ninety per-

cent of cases occur in children younger than 5 years, with

an average age of approximately 2 years. KD is relatively

uncommon among children younger than 6 months,5–7

and is rare in infants younger than 3 months old, which

suggests the possibility that they are protected from infec-

tion by antibodies that are passively acquired from their

mothers. Occurrence beyond late-aged children is rare.

Widespread immunity to common infectious agents may
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explain the rarity of KD in adults. The variability in the

response to infections suggests that innate immune

response might be involved in an individual susceptibility

to KD during the period before the production of specific

antibodies. Mannose binding lectin (MBL) is an impor-

tant component of host innate immunity, which has a

nonspecific role in complement activation and opsoniza-

tion. MBL is an acute-phase reactant of hepatic origin that

can bind through multiple lectin domains, repeating

mannose and N-acetylglucosamine sugar motifs that are

characteristically displayed at high densities on bacterial

and fungal cells and on viruses.8 The gene for MBL is

located on the long arm of chromosome 10. There are

three single point mutations that have been well charac-

terized in exon 1of the MBL gene (MBL2), at codon 52

(CGT fi TGT), codon 54 (GGC fi GAC) and codon 57

(GGA fi GAA). The normal wild type allele is designated

A, whereas the variant alleles are designated as O. Any of

these point mutations will lead to substantially reduced

concentrations in serum of functional MBL. Polymor-

phisms of the promoter region of the MBL2 gene have

additional effects on serum MBL concentration. In partic-

ular is the one at position )221 (X/Y), with the Y pro-

moter variants being responsible for high and X promoter

variants for a low MBL expression activity.9,10 It was

reported that a G to A base change at codon 54 results in

a glycine (Gly) to aspartic acid (Asp) substitution in the

collagen domain, which can disrupt the interaction

between MBL and MBL-associated serine protease (MASP)

by causing a disruption of the MBL peptide. Its function

is thought to be especially important in the acute stage of

primary infections, particularly in young children in the

window period when maternal antibodies fall and adap-

tive immunity starts to develop and become mature.11

MBL2 gene polymorphism at codon 54 has shown

to be associated with systemic lupus erythemato-

sus,12,13 rheumatic disease, and common variable

immunodeficiency.14 In a previous study, Biezeveld

et al. examined the frequency of MBL2 genotypes in

90 Dutch patients with KD. They described an

increased risk of coronary artery lesions in patients

younger than 1 year who expressed either low or med-

ium levels of an MBL2 genotype.9

The frequencies of KD and MBL2 genotypes are

different in different populations. Therefore, we think

it is valuable to assess whether the MBL2 gene poly-

morphisms, which cause the defect in the activation of

the innate immune system, are associated with suscep-

tibility to KD in the Japanese population.

MATERIALS AND METHODS
Study population
The subjects enrolled in this study included 45 Japanese

patients (29 boys and 16 girls) with KD and 34 healthy

controls. The diagnosis of KD was made according to the

previous criteria and echocardiographic scoring guide-

lines for KD.15 DNA samples were obtained from 45

patients aged 4–139 months (mean, 30.02 � 26.4

months). Six children were diagnosed as KD with coro-

nary artery lesions. All patients were hospitalized at

Tokyo Medical University Hospital. Thirty-four healthy

blood donors were recruited as controls. All controls

were adults who had not been diagnosed as KD. The gen-

der distributions in the group of patients with KD and

the control group were not significantly different. All par-

ticipants gave written informed consent. The local ethics

committee of the Tokyo Medical University Hospital

approved the study protocol.

MBL assay and genotyping
Venous blood was drawn from each individual, and

genomic DNA was extracted from peripheral blood

mononuclear cells using a QIA amp blood kit (Qiagen,

Hilden, Germany). We amplified the region of the MBL

gene including codon 54 using polymerase chain reac-

tion (PCR) with a set of specific primers: 5¢-GAG-

GCCAGGGATGGGTCATC-3¢ (sense) and 5¢-CCA ACA

CGT ACC TGG TTC CC-3¢ (antisense). To amplify the

Y/X promoter fragment, the primers BaR: 5¢-GAT-

GAGCAGTGGGGATCCTAAGGA-3¢ and MBL kurz: 5¢-
GGCTAGGCTGCTGAGGTTTC-3¢ were used. A direct

sequence was carried out using Taq Dye Primer Cycle

Sequencing kit (Applied Biosystems, Tokyo, Japan). The

nucleotide sequence was analyzed with an automated

nucleotide analyzer, the 373A DNA Sequencer (Applied

Table 1 MBL2 exson 1 genotype frequencies in Kawasaki disease (KD) patients and controls

Genotype KD number (%) Controls no. (%) P value Odds ratio (95% CI)

Wild type A/A 23 (51.1) 25 (73.5) 0.036* 2.657 (1.017–6.941)

Heterozygous type A/O 20 (44.4) 22 (48.8) 8 (23.5) 9 (26.4)

Homozygous type O/O 2 (4.4) 1 (2.9)

*Listed when P was significant.
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Biosystems, Foster City, CA, USA). The combination of

structural mutations and promoter variants in these

gene results was well described in three expression

groups (high, medium and low).

Data analysis
Genotype frequencies were calculated by direct count-

ing. Differences in MBL genotype frequencies among

KD patients and healthy controls were determined

using Fisher’s exact test. The odds ratio (OR) and 95%

confidence interval (CI) were also calculated. A proba-

bility value of < 0.05 was considered statistically

significant in all analyses.

RESULTS
Findings in healthy controls
The distribution of codon 54 gene polymorphisms in

healthy Japanese is shown in Table 1. The heterozy-

gous type of codon 54 was seen in 23.5%, and the

homozygous type was 2.9%. Neither group showed

codon 52 or 57 polymorphisms.

Findings in patients with KD
We defined structural mutations in the MBL2 gene

(A = exon 1 wild-type; O = exon 1 mutation.) and func-

tional promoter variants of this gene (X/Y at )221 bp

[X fi C and Y fi G]) by DNA sequencing. Table 1

shows genotypic and allelic frequencies of codon 54 in

the patients with KD. A mutation in codon 54 (geno-

types A/O or O/O) was reported in 22 (48.9%) of 45

patients with KD compared with nine (26.5%) of 34

healthy Japanese controls (P = 0.036, OR 2.657, 95%

CI 1.017–6.941). Table 2 shows the combination of

structural mutations and promoter variants (X/Y at

)221 bp) in the gene (high, medium and low). The dis-

tributions of MBL genotypes in patients and controls are

summarized in Table 2. The MBL genotype distribu-

tions between KD patients and controls indicated high

frequencies of XA/O and XA/XA types (P = 0.028, OR

2.743, 95% CI 1.069–7.035). Six children were diag-

nosed as having KD with coronary artery lesions. Two of

six patients had MBL2 gene mutations.

DISCUSSION

Human mannose binding lectin is one of the most

important constituents of the innate immune system.

Many studies have reported a deficiency of MBL in dif-

ferent populations. The different distributions of geno-

typic and allelic frequencies in different populations

might exist as a result of ethnic differences, in addition

to migration.16 The genotype and allele A frequencies

of codon 54 did not shown significant differences

compared with those of our healthy controls from

other Japanese, Chinese and Europeans. In Japan,

codon 52 and 57 mutations are probably absent.17

MBL is a liver-derived serum protein that binds to

sugars on the surface of pathogenic micro-organisms

and triggers complement fixation. Low serum levels of

MBL are found in association with single nucleotide

polymorphisms in the promoter region and the struc-

tural gene coding region of the MBL2 gene. Deficiency

of MBL due to point mutations of the MBL2 gene has

been shown to predispose to infections in children.

However, the roles of MBL2 genotypes in KD are still

under debate. Previous studies in the Netherlands sug-

gested a possible association between MBL dysfunc-

tional alleles and KD. Biezeveld et al., described that in

31 randomly selected patients with KD, median serum

concentration of MBL in patients in the medium and

low expression groups was significantly lower than in

those in the high expression group.9 An infectious

trigger is generally believed to cause KD. Several

pathogens, such as HCoV-NH, retroviruses, Epstein–

Barr virus, parvovirus B19, coronavirus, and chlamydia,

have been suggested by different studies as possibly

important in the pathogenesis of KD.18,19 We recognize

that the enhanced risk of the development of infection

indicates the importance of the complement system in

protection against diseases. Many studies have shown

that the MBL pathway is an independent pathway of a

Table 2 MBL2 genotype in Kawasaki disease patients and control.

Genotype KD no. (%) Controls no. (%) P-value Odds ratio

(95% CI)

High YA/YA YA/XA 21 (46.7) 24 (70.6) 0.028* 2.743 (1.069–7.035)

Medium YA/O XA/XA 22 (48.9) 24 (53.3) 9 (26.5) 10 (29.4)

Low XA/O O/O 2 (4.4) 1 (2.9)

A 2 · 2 contingency table was created to compare the high MBL expression genotypes vs. the combined medium and low MBL expression geno-
types. The P-values were calculated by Fisher’s exact test. A, exon 1 wild type; O, exon 1 mutation. X/Y are functional promoter polymorphism.
*Listed when P was significant.

oo

The role of mannose-binding lectin in Kawasaki disease

International Journal of Rheumatic Diseases 2009; 12: 307–310 309



complement activation. Mutation and deficiency of the

MBL2 codon could impair the ability of the pathogen

or immune complex clearance, facilitating the develop-

ment of autoimmunity. Therefore, we hypothesize that

opsonization dysfunction of the complement system

caused by MBL2 gene mutation is involved in the

immune response to infection. Recently, Cheung

described an association between premature atheroscle-

rosis among KD patients and MBL.10 In this study, the

combination of codon-54 polymorphism and pro-

moter variants in the MBL2 gene were significantly

higher in the KD group than that in the control group

(P < 0.05). However, there was no significant differ-

ence in the allele frequency of GAC and serum MBL

levels between patients with and without coronary

artery lesions in KD cases. It is thought that MBL defi-

ciency is a trigger for infection and KD. This study has

shown that, in a population of individuals born in

Japan, having codon 54 variants in the MBL2 gene is

significantly associated with susceptibility to KD but

not with coronary arterial lesions. The disease is com-

mon among children younger than 5 years, but rare in

those younger than 6 months. It is suggesting that

MBL plays a role in the defense against infection at a

young age, when innate immunity becomes involved

in the presence of waning levels of maternal antibod-

ies. In contrast, MBL becomes less important to coun-

ter infectious triggers at an older age, when the primary

host defense against invading pathogens and subse-

quent clearance reactions are taken up by more mature

and specific arms of the immune system, such as lym-

phocytes and immunoglobulins. Our study suggests

that MBL polymorphisms do not influence clinical

manifestations of KD but influence susceptibility to KD

in Japanese children. This indicates that the MBL2 gene

may play a role in the pathogenesis of this disease.

Because this study included a small number of sub-

jects, further research in large cohorts of patients

should be carried out to reach a stronger conclusion.
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