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Abstract 

 

Objective  

 

Kawasaki disease (KD) is an acute pediatric vasculitis of unknown etiology with the risk of 

developing aneurysmatic lesions of coronary arteries (CAL) if not adequately treated. Treatment 

consists of the infusion of intravenous immunoglobulins (IVIg) and oral aspirin. An infectious agent 

is assumed and genetic influences have been suggested. We have studied the possible role in KD of 

the receptors for IgG: i.e. the Fcγ receptors (FcγRs).  

 

 

Methods  

 

Functional single nucleotide polymorphisms (SNPs) and gene copy number variation (CNV) in the 

FCGR2/3 gene cluster were studied by Multiplex Ligation-dependent Probe Amplification (MLPA) 

in a case-control study in 148 Caucasian KD patients and 146 controls. 

 

 

Results 

 

KD patients showed an increased frequency of the exon-3 open reading frame (ORF) instead of the 

common stopcodon in the FCGR2C gene (Odds Ratio [OR] 1.9, 95% confidence interval [95% CI] 

1.1-3.4, p=0.03), which was more pronounced for KD patients with CAL (OR 3.2, 95% CI 1.4-6.9, 

p=0.007). As a consequence, KD patients more commonly express the activating FcγRIIc on their 

peripheral blood monocytes and NK cells. A significant association with KD susceptibility was 

observed for the haplotype including FCGR3A-158V, FCGR2C-ORF and FCGR3B-HNA1b (OR 2.2, 

95% CI 1.2-4.1, p=0.02). 

 

 

Conclusion  

 

A change in balance between activating and inhibitory Fcγ receptors contributes to the development 

of KD, as indicated by the significant association with the FCGR2C-ORF allele with susceptibility 

and vascular severity of the disease.  
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Introduction 
 

Kawasaki disease (KD) is an acute systemic vasculitis, mainly occurring in children under the age of 

five years. Clinical and epidemiological features of the disease suggest an infectious cause, but a 

common, causal pathogen has not yet been identified. The diagnosis is based on clinical symptoms. 

Children present with fever for more than five days, not responding to antibiotics and antipyretics, in 

combination with a rash, bilateral conjunctivitis, cervical lymphadenopathy, inflammation of the 

mucous membranes and peripheral edema. In the convalescent phase of the disease the children often 

show peeling of the fingertips and toes. Although KD is a self-limiting disease, in 20-25% of the 

children coronary artery lesions (CAL) develop when no treatment is given. The standard treatment 

with immunoglobulins (IVIg) and oral aspirin reduces the cardiac complication to about 5% (1-3). 

A genetic influence has been suggested, as twin studies showed an increased risk and also the striking 

differences in incidence between different geographical areas underscore this. If an infectious trigger 

causes KD, this infection may only trigger KD in children who encounter the pathogen(s) at young 

age when the immune system is still developing, and  only in children genetically susceptible to the 

disease. 

Different candidate gene studies revealed associations with KD susceptibility and severity, but many 

studies could not be replicated or show conflicting results (4). The first reports with a genome-wide 

approach have underscored the hypothesis that the genetic background of KD is complex and that 

multiple candidate genes in different pathways may be involved (5, 6). 

Besides SNPs, also CNV has been recognized as a possibly functional and important source of 

genetic variation. The most widely used definition of CNV is a fragment of DNA of 1 kb or larger 

present within the normal population at variable copy number in the genome (7). Although for most 

of the identified CNVs the functional consequences are not well know, some CNV has been shown to 

influence the expression levels of the gene involved (8). 

Since standard IVIg therapy works for most patients, the FcγRs are of particular interest because these 

glycoproteins on blood cells can bind the Fcγ tail of immunoglobulin G (IgG). Variation within the 

FcγR-encoding genes and its association with KD have been studied before (9, 10). Our group 

recently developed an FCGR-specific Multiplex Ligation-dependent Probe Amplification (MLPA) 

assay to study the FcγRs in a broader, genetic perspective, investigating both SNPs and CNV in one 

assay (11). CNV has been recognized for FCGR2C, FCGR3A and FCGR3B. Low FCGR3B copy 

number has been associated with the development of systemic autoimmunity (12), although in a 

Dutch cohort of SLE patients this could not be replicated (unpublished data). The frequency in 

Caucasians of CNV of FCGR3A is low and no disease has been associated with CNV of FCGR3A 

thus far (13). FCGR2C is believed to be the product of a unequal crossover event between FCGR2A 

and FCGR2B (14). FCGR2B is of interest because it encodes the only inhibitory FcγR in the human 

genome. With respect to FCGR2C we have shown that most individuals carry a stop codon in exon 3 

rendering FCGR2C a pseudogene unable to express FcγRIIc. In idiopathic trombocytopenic purpura 

(ITP) patients we observed an overrepresentation of the FCGR2C-ORF allele. Individuals with an 

FCGR2C-ORF express FcγRIIc which functions as an activating immune receptor (11).  

The precise mechanism of action of IVIg as treatment for KD is not known. One of the proposed 

mechanisms of action of IVIg is the upregulation of FcγRIIb. Polymorphisms located in the promoter 

region of the FCGR2B gene (located at nucleotide (nt) –386 and –120) have been associated with 

variable levels of FcγRIIb expression on B lymphocytes (15, 16). We hypothesized that the balance 

between activating and inhibitory FcγRs is disturbed in KD. To investigate this hypothesis we 

assessed the genetic variation of the genes encoding the low-affinity FcγRs in greatest detail possible 

to date. 
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Material and Methods 

 

Study population 

 

The study population included 148 Dutch Caucasian KD patients. Only KD patients with a complete 

and typical phenotype of the disease were included in the study. Children had a fever for at least five 

days and four out of five ‘classical’ criteria  (17). Also, nine children with prolonged fever and three 

classical symptoms were included as all nine had CAL. The coronary artery manifestations are likely 

a hallmark for KD (17).  CAL was defined as coronary arteries with a diameter of 3 mm or greater for 

children up to five years of age. A diameter of 4 mm was used in children over 5 years of age. 

Evaluation was carried out with echocardiography. Standard therapy consisted of a high dose 

immunoglobulin infusion (2 g/kg) and oral aspirin. When fever persisted for more than 72 hours, a 

second dose of IVIg was administered.  In total 29 children received a second dose of IVIg and are 

classified as poor IVIg responders in this study. To validate the results observed in the Dutch 

population, an additional cohort of 114 Caucasian KD patients from Australia were genotyped. 

The control population consisted of 146 Dutch Caucasian blood donors. Ethnicity was determined by 

self or parental ethnic identification. Informed consent was obtained from all participants or parents 

of the participants in the study. The medical ethical committee of the Academic Medical Center 

(AMC), Amsterdam, the Netherlands, approved the study. 

 

 

Genotyping 

 

Genomic DNA was isolated from whole blood with the QIAamp DNA Blood mini kit (Qiagen, 

Hilden, Germany) according to the manufacturers instructions. 

Copy number and SNPs in the low-affinity FCGR genes FCGR2A, FCGR2B, FCGR2C, FCGR3A and 

FCGR3B were determined with an FCGR-specific Multiplex ligation-dependent probe amplification 

(MLPA) assay (11). The FCGR MLPA includes gene-specific probes to determine the CNV of the 

genes. It also includes probes to detect the following SNPs; FCGR2A 27Q>W 

(rs9427397+rs9427398), FCGR2A 131H>R (rs1801274), FCGR2B 232I>T (rs1050501), FCGR2B/C 

–386C>G (rs3219018) and –120A>T, FCGR3A 158V>F (rs396991) and FCGR3B 

(HNA1a/HNA1b/HNA1c). The assay also contains a probe specific for the open reading frame in 

exon 3 of the FCGR2C gene and a nonspecific FCGR2B/C probe to detect the stop-codon in exon 3. 

The MLPA assay was performed essentially as described previously (11, 18). In brief, 5 µl of DNA 

(20 ng/µL) was denatured at 98oC for 5 minutes and then cooled to 25oC in a thermal cycler with 

heated lid; 1.5 µL probe mix and 1.5 µL buffer were added to each sample and incubated for 1 minute 

at 95oC, followed by 16 hours at 60oC. Then 32 µL of ligase-65 mix was added to each sample while 

at 54oC, followed by an incubation of 15 minutes at 54oC and 5 minutes at 98oC. This ligation mixture 

was diluted 4 times. Then, 10 µL of polymerase mix was added, containing one single primer pair. 

Directly after adding the polymerase mix, the polymerase chain reaction (PCR) was started. PCR 

conditions were 36 cycles of 30 seconds at 95oC, 30 seconds at 60oC, and 60 seconds at 72oC 

followed by 20 minutes at 72oC. After the PCR reaction, 1 µL of the PCR reaction was mixed with 

0.4 µL of CXR 60-400 (Promega, Madison, WI) internal size standard and 8.6 µL of deionized 

formamide, and the mixture was incubated for 10 minutes at 90oC. The products were then separated 

by electrophoresis on an ABI-3130XL (Applied Biosystems, Foster City, CA, USA). 

The program Genemarker (version 1.6) was used to analyze the samples (Soft Genetics, Sate College, 

PA, USA). Since MLPA is a relative assay different known samples were used as a reference.  
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FCGR2B/C promoter haplotypes 

 

A gene-specific long-range PCR was performed on samples carrying the uncommon  

–386G>C and the –120A>T promoter polymorphisms, identified in the MLPA. Due to the high 

homology between the promoter region of the FCGR2B gene and the FCGR2C gene, the MLPA 

probes are not able to discriminate between the two genes. To amplify gene-specific fragments of 15 

kb, the nonspecific FCGR2B/C sense primer (5-GCCATCCTGACATACCTCCT-3), annealing in the 

promoter region, and an FCGR2B-specific antisense primer (5-CCCAACTTTGTCAGCCTCATC-3) 

or the FCGR2C-specific antisense primer (5-CTCAAATTGGGCAGCCTTCAC-3), both annealing in 

exon 7 were used. The PCR conditions were 94°C for 2 minutes, 10 cycles of 94°C for 10 seconds, 

60°C for 30 seconds, 68°C for 12 seconds, followed 

by 20 cycles of 94°C for 15 seconds, 60 °C for 30 seconds, 68°C for 12 seconds, with an elongation 

of each cycle with 20 seconds at 68°C, followed by a final elongation at 72°C for 7 minutes. PCR 

products were purified by GFX PCR DNA and Gel Band Purification Kit (GE Healthcare, 

Amersham, United Kingdom) and sequenced with BigDye terminator cycle sequencing (v 1.1) 

(Applied Biosystems) with the sense primer used in the PCR reaction. 

 

 

Antibodies and Flow Cytometry 

 

The following monoclonal antibodies (mAbs) were used; CD32-FITC clone AT10 (Serotec, Oxford, 

UK) and clone 2B6 (Macrogenics, Rockville, MD, USA). CD27-PE clone M-T271 and CD19-APC 

clone HIB19 (BD Pharmingen, San Diego, CA, USA) and CD14-PE (Sanquin, Amsterdam, The 

Netherlands). 

Whole blood from healthy blood donors and KD patients was collected into EDTA- containing 

vacutainer tubes and stored at room temperature until use, this was always within 24 hours after the 

blood was drawn. Whole blood was washed with PBS and the red cells were lysed with lysis buffer 

(155nM NH4Cl, 10 mM KHC03 and 0,1mM EDTA) on ice. Cells were incubated with MoAb for 30 

minutes at 4oC in the dark. Cells were analyzed by flow cytometry on a FACS LSRII machine (BD 

Bioscience) using BD FACS diva software (version 5.01; BD Biosciences, San Jose, CA, USA). 

Lymphocytes and granulocytes were gated by their FSC and SSC characteristics. The monocytes 

were identified by gating for CD14+ cells and B cells for CD19+. . The CD27 marker was used to 

discriminate between naive (CD19+CD27−) and memory B cells (CD19+CD27+). Negative controls 

included the incubation with the relevant isotype control antibodies. 

 

 

Cell lines and transfection 

 

IIA1.6 (19) or YT-indy (20) cells were transfected with pcDNA3, containing either FcγRIIa, 

FcγRIIb2 or FcγRIIc. For each transfection 10 µg of vector per 107 cells was used. Electroporation 

was performed with a Genepulser II (Biorad), at 250 V, 975 µF. Transfectants were cultured in 

Iscove’s Modified Dulbecco’s Medium (IMDM; Biowhittaker Europe, Verviers, Belgium) 

supplemented with 10%, v/v, fetal calf serum (FCS; Bodinco B.V., Alkmaar, The Netherlands), 100 

U/ml penicillin (Gibco, Paisley, UK) and 100 µg/ml streptomycin (Gibco) under selection of 0.8 

mg/ml geneticin (G-418-sulphate, Life Technologies, Gibco). 
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Statistics 

 

Patient characteristics are presented as counts. Genotype and allele frequencies were compared 

between the Dutch KD group and the controls and between KD patients with CAL  compared to the 

controls and between the Australian KD patients and the controls using a Fisher exact test. For the 

odds ratios and 95% confidence intervals, the most common allele/genotype was taken as reference. 

Expression levels were compared using the nonparametric Mann-Whitney test. SPSS software 

(version 16.0; SPSS Inc) was used for these analyses. 

Similarly, haplotype frequencies were compared between Dutch KD patients and controls and 

between Dutch KD patients with/without CAL using a method described by Souverein et al. (21). In 

short, haplotype effects and frequencies were jointly estimated using an expectation-maximization 

algorithm in which individual haplotypes are handled as missing data. In the first expectation (E) step, 

the initial probabilities were calculated using Bayes’ theorem and haplotype frequencies. In the 

following E steps, the posterior probabilities of haplotype pairs compatible with the genotype of an 

individual were calculated on the basis of the phenotype of the individual subject. In the 

maximization (M) steps, the haplotype effects were estimated using a weighted logistic regression 

model, in which the posterior probabilities functioned as weights. The E and M steps were alternated 

until they converged. To deal with the CNV for FCGR3A-158V>F, FCGR2C-ORF>STOP and 

FCGR3B-HNA1a>HNA1b, it was assumed that each of these loci had 6 alleles each consisting of two 

“sub-alleles”. For example, for FCGR3A-158V>F the sub alleles were 0, F or V and the 6 alleles 

were: 0-0, 0-F, 0-V, F-F, F-V and V-V. Based on observed genotype frequencies, it was further 

assumed that individuals with two or more F or V sub alleles were more likely to carry one or two 0-F 

or 0-V alleles than a double 0-0 and an F-F or V-V allele (i.e. FF = 0-F/0-F and not 0-0/F-F). The 

third assumption was that a VFF or FVV individual carried an F-F or V-V allele and not a V-F allele 

(i.e. VFF = 0-V/F-F and not 0-F/V-F). 

 

 

Results 

 

Characteristics of the study population 

 

The KD group consisted of 148 Dutch and 114 Australian patients of Caucasian ethnicity (Table 1). 

The frequency of CAL (25.7% in Dutch and 22.8% in Australian KD, respectively) and the 

occurrence of a poor response to IVIg (19.6% in Dutch KD) within our cohort are not considered  

 

 
Table 1. Patient characteristics 

 

 Dutch KD Australian KD 

No. of patients 148 114 

Boys 93 67 

CAL 38 26 

Age at diagnosis < 1 year old 42  

Age at diagnosis ≥ 1 year old 106  

IVIg non responder 29  

 

CAL = coronary artery lesions 
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representative of the true frequencies within the general population in the Netherlands and in 

Australia. In both countries, these patient characteristics may – at least partially – be biased by 

referral to tertiary care hospitals.  

Of note, there is no overlap in the individuals studied in KD and control group with the study 

previously reported by Biezeveld et al. (9) 

 

 

Polymorphism 27QW of FCGR2A associated with KD 

 

Genotype and allele frequencies of functional polymorphisms within the FCGR2A, FCGR2B, 

FCGR3A and FCGR3B genes were compared between the KD patients and control samples (Table 2). 

The diagnosis of KD is based on clinical symptoms, as no diagnostic tests are available. CALs are 

believed to be a hallmark of the disease. We therefore analyzed the patients with KD having CAL as a 

subgroup with a potentially more severe phenotype (Table 2). For the FcγRs, the SNP frequencies in 

the FCGR genes differ when comparing different ethnic backgrounds. We analyzed 114 Australian 

KD patients to see whether the frequencies for different Caucasian groups are comparable (Table 2). 

Within FCGR2A two polymorphisms were analyzed (Table 2). No significant difference was 

observed for the functional SNP at position FCGR2A-131H>R. However, a significant difference was 

observed at amino acid position 27. At this position a glutamine (Q) is changed into a tryptophan (W) 

by the substitution of two nucleotides (FCGR2A-27Q>W). This change has not been reported to be 

associated with an altered receptor function (22). In the Dutch KD group the tryptophan (W) was 

overrepresented (QQ vs QW+WW) (OR 2.0, 95% CI 1.1-3.5; p=0.02). This effect was even more 

pronounced in the KD group with CAL (OR 2.8, 95% CI 1.3-6.2, p=0.01) and the frequencies 

observed in the Australian patients were comparable (Table 2). No significant association with 

disease was observed for the FCGR2B-232I>T.  

For FCGR3A-158V>F a borderline significant difference in allele frequency was observed when 

Dutch KD patients were compared to controls (OR 1.4, 95% CI 1.01-2.0, p=0.049). This was not 

confirmed in Australian KD patients or in the CAL versus non-CAL subgroup. Differences in the 

combination of CNV and SNP frequencies were neither observed for FCGR3A (F+FF+FFF vs 

V+VV+VVV vs VF+VVF+VFF) nor for FCGR3B (HNA1 and/or HNA2). 

The study did not include enough patients with CAL to draw meaningful conclusions concerning the 

association of genetic variation within the FCGR genes and the development of CAL.  

 

 

Copy number variation of FCGR genes in KD 

 

As also observed previously among over 600 individuals, we did not find any CNV for FCGR2A and 

FCGR2B, in either the control or KD groups studied. There was also no statistical difference in the 

frequencies observed for the well-characterized CNV in FCGR2C, FCGR3A and FCGR3B between 

the control and KD patient cohorts (Table 3). Frequencies observed within the Dutch and Australian 

KD patients were comparable, and no association with the development of CAL in the acute phase of 

the disease was observed in the KD cohorts. 
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Table 2. Genotyping results of SNPs in the FCGR2 and FCGR3 genes 

 

 Controls KD Dutch all KD Dutch CAL+ KD Aus 

FCGR2A     

Genotype frequency     

    27QQ 121 (82.9) 105 (70.9) 24 (63.2) 76 (66.7) 

    27QW 24 (16.4) 39 (26.4) 13 (34.2) 35 (30.7) 

    27WW 1 (0.7) 4 (2.7) 

p = 0.02a 

1 (2.6) 

p = 0.01a 

3 (2.6) 

p = 0.003a 

Allele frequency     

    27Q 266 (91.1) 249 (84.1) 61 (80.3) 187 (82.0) 

    27W 26 (8.9) 47 (15.9) 

p = 0.01 

15 (19.7) 

p = 0.01 

41 (18.0) 

p = 0.003 

Genotype frequency     

    131HH 44 (30.1) 42 (28.4) 15 (39.5) 37 (32.5) 

    131HR 68 (46.6) 82 (55.4) 19 (50.0) 62 (54.4) 

    131RR 34 (23.3) 24 (16.2) 4 (10.5) 15 (13.2) 

Allele frequency     

    131H 156 (53.4) 166 (56.1) 49 (64.5) 136 (59.6) 

    131R 136 (46.6) 130 (43.9) 27 (35.5) 92 (40.4) 

FCGR2B     

Genotype frequency     

    232II 117 (80.2) 116 (78.4) 32 (84.2) 96 (84.2) 

    232IT 23 (15.8) 30 (20.3) 6 (15.8) 17 (14.9) 

    232TT 6 (4.1) 2 (1.4) 0 (0.0) 1 (0.9) 

Allele frequency     

    232I 257 (88.0) 262 (88.5) 70 (92.1) 209 (91.7) 

    232T 35 (12.0) 34 (11.5) 6 (7.9) 19 (8.3) 

FCGR3A     

Genotype frequency     

    158F 1 (0.7) 2 (1.4) 0 (0.0) 0 (0.0) 

    158FF 65 (44.5) 47 (31.8) 13 (34.2) 39 (34.2) 

    158FFF 3 (2.1) 3 (2.0) 2 (5.3) 7 (6.1) 

  158V 1 (0.7) 1 (0.7) 1 (2.6) 2 (1.8) 

    158VV 15 (10.3) 22 (14.9) 7 (19.4) 13 (11.4) 

    158VVV 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

    158VF 58 (39.7) 69 (46.7) 15 (39.5) 52 (45.6) 

    158VFF 2 (1.4) 4 (2.7) 0 (0.0) 1 (0.9) 

    158VVF 1 (0.7) 0 (0.0) 0 (0.0) 0 (0.0) 

Allele frequency     

    158F 203 (68.6) 182 (60.7) 47 (61.0) 153 (65.4) 

    158V 93 (31.4) 118 (39.3) 

p = 0.05 

30 (39.0) 81 (34.6) 

FCGR3B     

Genotype frequency     

HNA1a 5 (3.4) 5 (3.4) 0 (0.0) 2 (1.8) 

HNA1aHNA1a 19 (13.0) 14 (9.5) 5 (13.2) 10 (8.8) 

HNA1aHNA1aHNA1a 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.9) 

HNA1b 4 (2.7) 6 (4.1) 1 (2.6) 5 (4.4) 

HNA1bHNA1b 52 (35.6) 44 (29.7) 11 (28.9) 40 (35.1) 

HNA1bHNA1bHNA1b 1 (0.7) 2 (1.4) 1 (2.6) 2 (1.8) 
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 Controls KD Dutch all KD Dutch CAL+ KD Aus 

HNA1aHNA1b 50 (34.2) 63 (42.6) 17 (44.7) 47 (41.2) 

HNA1aHNA1aHNA1b 4 (2.7) 4 (2.7) 1 (2.6) 2 (1.8) 

HNA1aHNA1bHNA1b 11 (7.5) 10 (6.8) 2 (5.3) 4 (3.5) 

HNA1aHNA1aHNA1bHNA1b 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.9) 

Allele frequency     

    HNA1a 112 (37.5) 114 (37.9) 31 (39.7) 82 (35.3) 

    HNA1b 187 (62.5) 187 (62.1) 47 (60.3) 150 (64.7) 

    HNA1c (SH) 5 (3.4) 2 (1.4) 0 (0.0) 3 (2.6) 

 

Genotype and allele frequencies were compared between the controls versus the KD patient groups. A 

p-value of <0.05 was considered statistically significant. When no p value is mentioned the value was 

above 0.05. Data are no. (%). 

Due to CNV, the 3-allelic variation was observed for FCGR3A-158VF and FCGR3B-HNA1aHNA1b. 
a = because of low frequency QW+WW versus QQ was analyzed. 

KD = Kawasaki disease, KD Dutch all = Dutch KD patients with and without coronary artery 

lesions, CAL+ = KD patients with coronary artery lesions, KD Aus = Caucasian KD patients from 

Australia 

 

 

 
Table 3. Copy number variation FCGR2 and FCGR3 genes 

 

 Controls KD Dutch all KD Dutch CAL+ KD Aus 

FCGR2C     

    1 10 (6.8) 12 (8.1) 1 (2.6) 6 (5.3) 

    2 116 (79.5) 116 (78.4) 32 (84.2) 92 (80.7) 

    3 20 (13.7) 20 (13.5) 5 (13.2) 16 (14.0) 

FCGR3A     

    1 2 (1.4) 3 (2.0) 1 (2.6) 2 (1.8) 

    2 138 (94.5) 138 (93.2) 35 (92.1) 104 (91.2) 

    3 6 (4.1) 7 (4.7) 2 (5.3) 8 (7.0) 

FCGR3B     

    1 9 (6.2) 11 (7.4) 1 (2.6) 7 (6.1) 

    2 121 (82.9) 121 (81.8) 33 (86.8) 97 (85.1) 

    3 16 (11.0) 16 (10.8) 4 (10.5) 9 (7.9) 

    4 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.9) 

 
Individuals with either 1, 2, 3 or 4 copies of a gene were observed. No significant difference existed in frequencies 

between controls versus the KD patient groups. Data are no. (%). 
 

 

Haplotype analysis 

 

As the low-affinity FCGR genes are all located in close proximity on chromosome 1q23-24 based on 

the common genetic variants in FCGR2A, FCGR3A, FCGR2C, FCGR3B and FCGR2B haplotypes 

could be inferred. Due to CNV we made the assumption that 0, 1 or 2 copies of a gene could be 

present on one allele. A sliding window of 3 of the 7 SNPs was used to form the haplotypes. Of the 

haplotypes with a frequency ≥ 5%, 4 were significantly associated with KD susceptibility (Figure 1). 
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Figure 1. Haplotype analysis, 

Schematic representation of the low affinity FCGR genes on chromosome 1. 

Haplotypes were inferred from the studied genetic variation (1-7) within the FCGR genes. Haplotypes were 

inferred with combinations of 3 out of the 7 genetic variants. When controls were compared to KD patients 4 

haplotypes with a frequency of at least 5% were significantly associated with KD susceptibility. The black boxes 

refer to the genes. The gene names are mentioned above the black box. Arrows indicate the direction of the genes. 

Numbers (1-7) below the genes refer to the genetic variations studied. As the MLPA probe cannot discriminate 

between FCGR2B and FCGR2C at position -386, 1 is indicated at 2 places (*). The most common haplotypes were 

taken as reference (reference for haplotype 345 = 131R/158F/STOP, reference for haplotype 456 = 

158F/STOP/HNA1b, reference for haplotype 245 = 27Q/158F/STOP, reference for haplotype 125 = -

386G/27Q/STOP) . 

 

 

Association of CD32c expression and KD 

 

Over 80% of the control population has a stopcodon in exon 3 of the FCGR2C gene.  Due to CNV of 

the FCGR2C gene genotypes with one, two and three alleles were observed (Table 4). A significant 

difference was observed for the frequency of an ORF between the control population (17.1%) and the 

Dutch KD group (28.4%) (OR 1.9, 95% CI 1.1-3.4, p=0.03) when individuals only carrying a 

stopcodon were compared to individuals that do carry an ORF (Table 4). This effect was even more 

pronounced when only the KD patients with CAL (39.5%) (OR 3.2, 95% CI 1.4-6.9, p=0.007) were 

analyzed. In the Australian KD patients with CAL a similar trend was observed with an increased 

frequency of ORF (34.6%). 

 

Monocytes and macrophages are believed to play an important role in the pathogenesis of KD (23). 

FcγRII expression can be determined by direct immunofluorescence with the CD32 mAb, but most 

antibodies recognize all three FcγRII isoforms equally well. However, mAb 2B6 does not recognize 

FcγRIIa (24). Because of their identical extracellular domains, both FcγRIIb and FcγRIIc are equally 

well recognized by mAb 2B6 (Figure 2). 

 

The expression of FcγRIIb/c was analyzed on monocytes (CD14+) of 34 KD patients and 24 healthy 

controls. Of the 34 KD patients, 26 had been genotyped with a stopcodon in exon 3 of FCGR2C on 

both alleles, whereas 8 patients carried (at least) one ORF allele. Of the 24 controls, 11 were 

genotyped with a stopcodon in exon 3 of FCGR2C on both alleles and 13 carried at least one ORF 

allele. 

None of the 11 controls and 26 KD patients with only a STOP codon, expressed CD32 on monocytes. 

In contrast, all 13 controls and 8 KD patients carrying one or more ORF alleles expressed CD32b/c on 

their monocytes (Figure 3).  
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Table 4. Frequency of stop codon versus ORF in exon 3 of FCGR2C 

 

Allele and genotype frequencies of the stop codon versus the open reading frame (ORF) in exon 3 of the FCGR2C 

gene. Due to CNV of the FCGR2C gene a 3-allelic variation was observed. Data are no. (%). Allele frequencies 

and combined genotype frequencies were compared between the controls versus the KD patient groups. STOP = S 

= stop codon (TAG) in exon 3 of the FCGR2C gene, ORF = O = open reading frame (CAG) in exon 3 of the 

FCGR2C gene 

 
 
 
 

 

 
          FCGR2A                     FCGR2B                FCGR2C 

 
Figure 2. CD32 expression on transfected cell lines.  

The gray shaded area under the curve represents the binding of the isotype control. CD32 expression stained with 

the non-specific anti-CD32 clone AT10 is represented by the curve with the black line. CD32 expression stained 

with the mAb 2B6 is represented by the curve with the dotted line. The mAb 2B6 does not recognize FcγRIIa. 

However, both FcγRIIb and FcγRIIc are being recognized by mAb 2B6. 

 Controls KD Dutch 

all 

KD Dutch 

CAL+ 

KD Aus all KD Aus 

CAL+ 

FCGR2C ex3      

Genotype frequency      

  STOP 8 (5.5) 11 (7.4) 1 (2.6) 3 (2.6) 1 (3.8) 

  STOP/STOP 95 (65.1) 78 (52.7) 17 (44.7) 66 (57.9) 13 (50) 

  STOP/STOP/STOP 18 (12.3) 17 (11.5) 5 (13.2) 15 (13.2) 3 (11.5) 

  ORF 2 (1.4) 1 (0.7) 0 (0.0) 3 (2.6) 1 (3.8) 

  ORF/ORF 1 (0.7) 4 (2.7) 1 (2.6) 3 (2.6) 0 (0.0) 

  ORF/STOP 20 (13.7) 34 (23.0) 14 (36.8) 23 (20.2) 8 (30.8) 

  ORF/ORF/STOP 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

  ORF/STOP/STOP 2 (1.4) 3 (2.0) 0 (0.0) 1 (0.9) 0 (0.0) 

Allele frequency      

  STOP 276 (91.4) 258 (84.9) 64 (80.0) 205 (86.1) 44 (83.0) 

  ORF 26 (8.6) 46 (15.1) 

p = 0.02 

16 (20.0) 

p = 0 .01 

33 (13.9) 

p = 0.07 

9 (17.0) 

p = 0.08 

Combined genotype      

  S + SS + SSS 121 (82.9) 106 (71.6) 23 (60.5) 84 (73.7) 17 (65.4) 

  O + OO + OS + OOS 

  + OSS 

25 (17.1) 42 (28.4) 

p = 0.03 

15 (39.5) 

p = 0.01 

30 (26.3) 

p = 0.09 

9 (34.6) 

p = 0.06 
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Figure 3. FcγRIIc expression on monocytes 

CD32 expression on monocytes (CD14+) was measured with the mAb 2B6. 

Shown are MFI’s of monocytes of 11 control donors with a stop codon in exon 3 of the FCGR2C gene (�), 26 

kawasaki disease (KD) patients in the convalescence phase with a stop codon (�), 13 control donors with an open 

reading frame (ORF) in exon 3 of the FCGR2C gene (�) and 8 kawasaki disease patients in the convalescence 

phase with an open reading frame (�). Horizontal lines indicate mean expression value within one group. A 

significant increase in expression was observed when individuals with an ORF were compared to individuals with 

a stop codon, as indicated with the asterisk (*). P < 0.0001 for controls and P< 0.0001 for KD patients, as 

determined with the Mann-Whitney-U test. 

 

 

 

Table 5. Promoter polymorphism 

 

 Controls KD Dutch all KD Dutch CAL+ KD Aus KD Aus CAL+ 

Prom -386 2B/C      

    GG 111 (76.0) 96 (64.9) 20 (52.6) 75 (67.0) 14 (53.8) 

    CG 35 (24.0) 50 (33.8) 17 (44.7) 36 (32.1) 12 (46.2) 

    CC 0 (0.0) 2 (1.4) 1 (2.6) 1 (0.9) 0 (0.0) 

      

WT prom 111 (76.0) 96 (64.9) 20 (52.6) 75 (67.0) 14 (53.8) 

Non WT prom 35 (24.0) 52 (35.0) 

p = 0.04 

18 (47.4) 

p = 0.01 

37 (33.0) 

p = 0.1 

12 (46.2) 

p = 0.03 

 
Genotype frequency of the non-specific promoter polymorphism at position nt –386 (also known as nt –343) of the 

FCGR2B and FCGR2C genes. WT prom = wildtype promoter (–386GG). non-WT prom = non-wildtype promoter 

(–386CG + –386CC) 
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Figure 4. FcγRIIb expression on B cells 

CD32 expression on B cells (CD19+ lymphocytes) was measured with the mAb 2B6. A) Shown are MFIs of B cells 

(CD19+ lymphocytes) of 19 control (con) donors (�) and 15 KD patients in the convalescence phase (�). Of the 

same individuals also the MFIs of naïve B cells (CD19+CD27–) and memory B cells (CD19+CD27–) are presented. 

FcγRIIb expression was significantly lower on B cells from Kawasaki disease patients compared to controls in 

both the naïve and memory B cell population as indicated with the asterisk (* = p < 0.01).  

B) Within the control population expression levels of CD32 were compared between individuals with a wildtype 

(W) (–386GG) promoter (�) and a heterozygous (He) (–386CG) promoter (o). Horizontal lines indicate mean 

expression value within one group. Shown are MFI’s of B cells (CD19+ lymphocytes), naïve B cells (CD19+CD27–

) and memory B cells (CD19+CD27+). No significant difference was observed in expression between wildtype and 

heterozygous donors in any of the subgroups. C) Within the KD group the expression levels of CD32 were 

compared between individuals with a wildtype (W) (–386GG) promoter (�) and a heterozygous (He) (–386CG) 

promoter (�). Horizontal lines indicate mean expression value within one group. Shown are MFI’s of B cells 

(CD19+ lymphocytes), naïve B cells (CD19+ CD27–) and memory B cells (CD19+CD27+). No significant difference 

was observed in expression between wildtype and heterozygous patients in any of the subgroups. 
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From this observation, we conclude that FcγRIIc and not FcγRIIb is expressed by peripheral blood 

monocytes, because the difference the 2B6 staining of monocytes (Figure 3) and NK cells (data not 

shown) was determined by the presence of the ORF allele of the FCGR2C gene in the individuals 

tested (p<0.0001).  

 

 

Increased frequency of the promoter polymorphism –386C in KD patients 

 

In KD patients a significant overrepresentation was observed for the –386C variant (non-wildtype) 

(Table 5). This was even more pronounced when KD patients with CAL were analyzed as a subgroup 

(47.4 % non-wild type promoter in KD patients compared to 24% in the control group [OR 2.9, 95% 

CI 1.4-6.0, p=0.01]).  

The expression of FcγRIIb on CD19+ B-cells, naïve B cells (CD19+CD27−) and memory B cells 

(CD19+CD27+) was determined in 19 controls and 15 KD patients (Figure 4).  

Due to the 100% sequence homology between the genes at this region, our MLPA probe cannot 

discriminate the FCGR2B promoter region from that of the FCGR2C at nt position –386. A 15-kb 

long-range PCR is needed to specifically genotype the promoter of FCGR2B separately from 

FCGR2C.  

 

All non-wild-type samples used for the expression analysis were genotyped with the 15-kb long-range 

PCR specific for the FCGR2B promoter. Remarkably, the overall basal expression of FcγRIIb was 

lower on both naïve B-cells and memory B-cells from KD patients when compared to control B cells 

(Figure 4A). On the other hand, when the individuals with a homozygous FCGR2B –386GG 

(wildtype) promoter were compared to individuals with a heterozygous –386GC promoter, we did not 

detect a significant difference in the expression of FcγRIIb on naïve or memory B-cells (Figure 4B 

and C). 

 

 

Genetic variation of the FCGRs and response to treatment with IVIG 

 

Within the Dutch KD group 29 of the 148 patients (19.6%) needed a second dose of IVIG and are 

classified as “poor responders” in this study. No differences were observed between good-responders 

versus poor-responders, neither between genotype and allele frequencies of the studied 

polymorphisms nor in CNV frequency (Table S1-S4). 

 

 

Discussion 

 

In the present study we re-evaluated the genetic variation of the low affinity FcγRs in Kawasaki 

disease. In a previous case control study we had not observed any differences in genotype frequencies 

of functionally relevant SNPs in the genes encoding for FcγRIIa, FcγRIIb, FcγRIIIa and FcγRIIIb (9). 

We have recently developed a more sophisticated FCGR-specific MLPA assay that enabled us not 

only to look at SNPs but also to combine this information with CNV of the individual genes. We paid 

particular attention to FCGR2C, previously thought to be a non-expressed pseudogene.  

CNV of FCGR genes has been associated with increased susceptibility to a variety of autoimmune 

diseases (25). In our patients and controls the frequency of CNV was low and no association with KD 

susceptibility was observed. As the frequency of polymorphisms in the FCGR genes is highly 
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influenced by racial background (for instance, 3% 131RR FCGR2A in a Japanese control population 

(10) compared to 23% 131RR in our Caucasian control population), it would be of great interest to 

investigate CNV of the FCGR genes in populations of different racial background. Even more so, 

since the incidence of KD is strikingly different between different geographical areas. Taniuchi et al. 

observed a reduced incidence of CAL in KD patients with the FcγRIIa 131HH genotype (10). In our 

Caucasian cohort, we did not confirm this observation. 

 

However, we did find a significant difference in genotype frequency between KD patients 

at amino acid 27 in FcγRIIa but this substitution (27Q>W) has not been described thus 

far to be functional (22). Remarkably, a strong linkage disequilibrium (LD) was observed between the 

aa change at position 27 of FcγRIIa, the promoter polymorphism at –386 of FcγRIIb/c and the ORF in 

exon 3 of FcγRIIc. Of the 68 individuals having the 27 QW and WW genotype, 61 (90%) were 

heterozygous for the promoter polymorphism at position –386. We found that 58 (85%) of those 68 

individuals carried an ORF in exon 3 of the FCGR2C gene. Thus,  the substitution at position 27 

could be part of a more extensive susceptibility haplotype and functions in that sense as a tagging 

SNP.  

The promoter polymorphism at nt –386 of the gene encoding FcγRIIb is believed to alter the receptor 

expression on B lymphocytes, monocytes, neutrophils and dendritic cells. Su et al. reported a higher 

expression of FcγRIIb on B lymphocytes of 2B.1/2B.4 individuals, whereas Blank et al. observed a 

decreased expression on activated B lymphocytes of homozygous –386CC individuals (15, 16, 26). In 

contrast to Tackenberg et al.(27), who found expression levels of FcγRIIb on B lymphocytes that 

tended to be lower in −386CG individuals, we found expression levels that tended to be higher in –

386CG individuals compared to –386GG individuals. However, the differences were not statistically 

significant.  

We observed a decreased expression of FcγRIIb on both naive and memory B-cells of KD patients 

compared to the surface expression on control samples. The same phenomenon was observed in 

chronic inflammatory demyelinating polyneuropathy (CIDP) patients (27). In SLE patients it has been 

shown that the expression of FcγRIIb on memory B-cells is dysregulated (26, 28). Our KD patients 

were able to upregulate FcγRIIb on their memory cells, and we have therefore no reason to believe 

that there is a similar defect exists in this regulation as has been described for SLE. The meaning of 

the lower expression of FcγRIIb on B-cells of KD patients needs be investigated in more detail to 

draw a meaningful conclusion. 

 

The standard treatment of KD, by a single high-dose infusion of IVIg, reduces the incidence of CAL 

(29, 30). The working mechanism of IVIg in KD is not known. One of the proposed mechanisms in 

idiopathic thrombocytopenia patients (ITP) is the upregulation of the inhibitory FcγIIb. In KD, Abe et 

al. and Ichiyama et al did not observe an increase in expression of FcγRII on monocytes after 

treatment with IVIg (31, 32). However, in both studies CD32 mAbs were used that are unable to 

discriminate between FcγRIIa and FcγRIIb/c.  

The recently developed anti-FcγRIIb mAbs 2B6 (24) and 4F5 (26) render it possible to distinguish for 

the first time FcγRIIa from FcγRIIb/c. We now show that some individuals express FcγRIIc on their 

monocytes. Our findings demonstrate that great care is needed when interpreting the results of any 

study on CD32 isoforms when not using proper controls and assessing the individual’s genotype. On 

monocytes, the expression of FcγRIIa is always much higher than that of FcγRIIc, masking any 

change in FcγRIIc expression when a pan-CD32 mAb is used for surface staining. Samples of KD 
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patients prior to the IVIg infusion were not available to test the hypothesis that rapid changes in FcγR 

expression may occur during the acute stage of the disease.  

 

Similar to our observation in a group of Dutch Caucasian ITP patients, an increased incidence of 

FCGR2C-ORF was found in the KD patients compared to controls (11). FcγRIIc is an activating 

receptor, and we speculate that this receptor might also play a role in other autoinflammatory diseases 

by altering the balance between activating and inhibitory receptors. On monocytes of FCGR2C-ORF 

individuals a significantly increased expression of FcγRII was observed. As the mAb 2B6 will not 

recognize FcγRIIa, this expression can either be explained by FcγRIIb or by FcγRIIc. Although all 21 

tested FCGR2C-ORF individuals also carried a heterozygous promoter polymorphism at position nt –

386 of FCGR2B, we believe the main difference in expression between the stop and ORF alleles on 

monocytes is explained by FcγRIIc expression. Several observations, e.g. elevated levels of 

monocyte-derived cytokines such as IL-6, data from autopsy cases and results obtained from gene 

expression studies underscore the hypothesis that monocytes and macrophages play an important role 

in the vascular injury in KD. The functional consequences of FcγRIIc expression on monocytes will 

have to be elucidated in future studies. 

 

In conclusion, by analysis with a FCGR-specific MLPA, genetic variation of the low-affinity FcγRs 

was revisited in a case control study of KD patients of a homogeneous Caucasian background. No 

association between KD susceptibility and CNV was observed. However, in the KD patients an 

increased incidence of the rare variant of the promoter polymorphism at nt –386 of the FCGR2B/C 

genes was observed. Also an increased incidence of the ORF in exon 3 of the FCGR2C gene was 

found, which renders it possible for KD patients to express the activating FcγRIIc on their monocytes, 

changing the balance between activating and inhibitory FcγRs. 
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