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ABSTRACT

Background: 

Kawasaki disease (KD) is a pediatric vasculitis of unknown etiology resulting in coronary 
artery aneurysms in 25% of untreated patients. In our GWAS on KD patients a single nucleo-
tide polymorphism (SNP) in FCGR2A  (131H>R; rs1801274) was identified to be associated 
with KD susceptibility. FCGR2A encodes the Fc-gamma receptor-IIa (FcγRIIa), one of five low-
affinity IgG receptors within the FCGR2/3 gene cluster. This gene cluster contains extensive 
gene copy number variation (CNV) and several functionally relevant SNPs, which were not 
covered by the detection platform used in our GWAS. In the present study the contribution 
of the locus was investigated by further fine-mapping of the complete FCGR2/3 gene cluster. 

Methods: 

We applied our FCGR2/3-specific Multiplex-Ligation Probe-dependent Amplification (MLPA) 
assay in a case-control study of 405 KD patients and 919 controls of Caucasian origin, and 
in a second cohort of 588 KD families of mixed ethnic origin. The association between the 
FCGR2/3  genotype status (i.e. CNV and various SNPs including FCGR2A 131H/R)  and KD 
susceptibility was analyzed. 

Results:  

No significant difference in CNV of FCGR3A, FCGR2C and FCGR3B between cases and controls. 
A significant overrepresentation of the classical FCGR2C ORF (15.7% versus 11.2%; p=0.001), 
the 2B.2 promotor of FCGR2C −386C/−120T (15.3% versus 10.8%, p=0.00086) and FCGR2A 
27W (15.3% versus 11.9%; p=0.015) was found in patients with KD in comparison with con-
trols. TDT analysis showed excess transmission of the 131H variant in FCGR2A from parents 
to patients with KD. 

Conclusion:

Our results indicated that besides the FCGR2A 131H>R polymorphism, the functional variant 
in exon 3 of FCGR2C (Stop>ORF) significantly contributes to KD susceptibility, especially 
in Caucasian subjects. These functional genetic polymorphisms might alter the balance 
between the activating and inhibitory FcγRs leading to the unbalanced auto-inflammation 
of KD. 
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INTRODUCTION

Kawasaki disease (KD) is an acute systemic vasculitis that predominantly occurs in children 
<5 years1. Up to 25% of untreated KD patients develop coronary artery aneurysms, which 
may lead to ischemic heart disease, myocardial infarction and sudden death at young age2. 
The etiology of KD is still unknown, but the general idea is that KD reflects an abnormal 
inflammatory response to an unknown infectious trigger in genetically susceptible individu-
als. A genetic influence is supported by an increased concordance in twins and the striking 
difference in incidences between different ethnic groups that is maintained following 
migration to low incidence countries3, 4. 
Standard treatment consists of a single infusion of high-dose intravenous immunoglobulins 
(IVIG) in combination with oral aspirin5. IVIG preparations consist of human pooled plasma-
derived immunoglobulin G (IgG) from healthy blood donors. The mechanism of action 
of IVIG is still unknown, but treatment within 10 days after the disease onset reduces the 
incidence of coronary artery aneurysms to less than 10% and shortens the duration of 
fever6. However, up to 30% of patients will have persistent or recrudescent fever after the 
initial infusion of IVIG7. These IVIG non-responders are at higher risk for the development 
of coronary artery aneurysms (CAAs) compared to those who respond8. The mechanism of 
IVIG resistance still needs to be elucidated and it is also unknown how to identify and treat 
these high-risk patients. 
Since standard IVIG therapy is effective in the majority of patients, the IgG or Fc-gamma 
receptors (FcγRs) are of particular interest in KD research. Human FcγRs are glycoproteins 
that are expressed on various blood cells9. They bind the tail (Fc-domain) of IgG. There are 
various activating isoforms (FcγRI, FcγRIIa, FcγRIIIa and FcγRIIIb) and one single inhibitory 
isoform (FcγRIIb)10. The inhibitory and activating isoforms are being differentially expressed 
on the various leukocyte subsets. The genes encoding for the low-affinity FcγRs (FCGR2A, 
FCGR2B, FCGR2C, FCGR3A and FCGR3B) are located within one gene cluster on chromosome 
1q23. The balance between the activating and inhibitory FcγR signaling determines cell 
activation and therefore immune reactivity in the host, which is subject to genetic variation 
within the FCGR2/3 gene cluster. Loss of FcγRIIb expression, overrepresentation of activating 
FcγRs or altered FcγR function may result in unbalanced immunity and auto-inflammation. 
Variation in FcγR expression and function largely depends on gene Copy Number Variation 
(CNV) and single nucleotide polymorphisms (SNPs) within the FCGR2/3 gene cluster. CNV 
and SNPs both have been recognized as an important source of inter-individual genetic 
variation11. Within the FCGR2-3 gene cluster, CNV has been identified in FCGR2C, FCGR3A 
and FCGR3B12, 13 and has been related to various autoimmune diseases14. FCGR2C is believed 
to be the product of an unequal crossover event between the 3’ part of FCGR2A and the 
5’ part of FCGR2B. FCGR2C contains 8 exons that are highly homologous to exons 1-4 from 
FCGR2B and exons 5-8 from FCGR2A15. A SNP in exon 3 of FCGR2C determines the functional 
expression of the gene16. This SNP results in either an open reading frame (FCGR2C-ORF) 
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or the more common stop codon (FCGR2C-Stop). Individuals with a stop codon do not 
express FcγRIIc, in which case FCGR2C represents a non-expressed pseudogene16. An over-
representation of the FCGR2C ORF allele has been observed in idiopathic thrombocytopenic 
purpura patients14. Although the presence of a pseudogene or ORF is determined by a SNP, 
it behaves like a copy number polymorphism with respect to the activating FCGR2C gene, 
being absent or present.
In our Genome-Wide association study (GWAS) on KD we had identified a functional variant 
in FCGR2A (FCGR2A 131H>R; rs1801274) as the most strongly associated gene involved in KD 
susceptibility17. This SNP encodes for a Histidine to Arginine change at codon 131, resulting 
in a substantial difference in the ability of this important IgG receptor to bind the human 
IgG2 subclass18. 
At the FCGR2/3 gene cluster FCGR2A is located just outside the region subject to extensive 
CNV12. Apart from this gene, the remainder of the gene cluster had no SNP coverage in 
all three GWAS reported for KD thus far17, 19, 20. Thus, these platforms precluded definitive 
association testing with the other FCGR genes. 
In the present study we focused on further fine-mapping of the FCGR2/3 gene cluster using 
a multiplex ligation-dependent amplification (MLPA) assay. The FCGR-specific MLPA assay 
as developed by our research group represents the most accurate and reliable assay for 
genotyping of the FCGR2/3 gene cluster to date21. We hypothesized that CNV and SNPs 
at the FCGR2/3 locus, regulating gene transcription and expression of the activating and 
inhibitory FcγRs, are associated with KD susceptibility. 

MATERIALS AND METHODS

Study population

Two independent studies were carried out; a case-control study and a family-based study. 
In the case-control study unrelated KD cases were recruited from Australia, The Netherlands 
and the United States. The diagnosis of KD was based on the standard diagnostic clinical 
criteria from the American Heart Association2. The control group consisted of healthy in-
dividuals from Austria, Australia, The Netherlands, and the United Kingdom. All cases and 
controls were of Western descent. 
In the family-based replication study, parent-offspring trios were recruited from Australia, 
The Netherlands, United Kingdom and the United States. All subjects gave written informed 
consent to participate in the study and the medical ethical committees of the participating 
centers approved the study. 

Clinical data

Clinical information was collected by review of the clinical KD registries. CAAs were defined 
based on the definition of the Japanese Ministry of Health or Z-scores >2.5 according to 
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the Boston Z-score data22. According to the definition of the Japanese Ministry of Health a 
coronary artery was considered abnormal if the diameter of the internal lumen was >3 mm 
in children younger than 5 years or >4 mm in a child aged 5 years or older, or if the internal 
diameter of a segment was at least 1.5 times larger than that of an adjacent segment23. IVIG 
response was determined in the patients receiving treatment with IVIG within 11 days after 
the disease onset. Patients who received more than one dose of IVIG because of persistent 
or recrudescent fever more than 36 hours after the initial IVIG dose were defined as IVIG 
non-responders. 

Genotyping

Genomic DNA was isolated from whole blood with the QIAamp® DNA Blood mini kit (Qiagen, 
Hilden, Germany) or from saliva with the Oragene® DNA self-collection kit (DNA genotek, 
Ontario, Canada), according to the manufacturer’s instructions. An FCGR2/3-specific MLPA 
assay was used to determine CNV and SNPs within genes encoding the low-affinity IgG 
receptors. The MLPA assay was performed essentially as previously described14, 21. The as-
say included probes that are specific for the FCGR2A, FCGR2B, FCGR2C, FCGR3A and FCGR3B 
genes. Every single gene was covered with at least three probes to study CNV. The assay 
also included probes to detect the following SNPs: FCGR2 27Q>W (rs201218628), FCGR2A 
131H>R (rs1801274), FCGR2B 232I>T (rs1050501), FCGR2B/C −386C>G (rs3219018), FCGR2B/C 
−120A>T (rs34701572), FCGR3A 158V>F (rs396991) and the three major FCGR3B haplotypes 
(HNA1a/HNA1b/HNA1c). The assay also contained probes detecting the Stop codon and 
ORF in exon 3 of FCGR2C and the splice-site variant c.798+1G>A in intron 7 of FCGR2C leading 
to four different haplotypes: FCGR2C  -Stop(1) (Stop and c.798+1A), FCGR2C-Stop(2) (Stop and 
c.798+1G), classical FCGR2C-ORF (ORF and c.798+1G) and non-classical FCGR2C-ORF (ORF 
and c.798+1A)16. The FCGR2B/C −386C>G and FCGR2B/C −120A>T promoter probes are not 
able to discriminate between FCGR2B and FCGR2C because of the high homology between 
the promoter regions of both genes. It was not possible to design probes specific for only 
one of the genes. However, it has been previously reported that the 2B.4 (−386C/−120A) 
occurs exclusively in the promoter of FCGR2B, whereas the 2B.2 (−386C/−120T) haplotypes 
occurs exclusively in the promoter of FCGR2C except for individuals with a deletion of FC-
GR2C14, 24.
The MLPA assay was performed in a thermocycler with heated lid. After denaturation of 
5ul of DNA (20ng/ul), the hybridization mix with probes was added and incubated for 16 
hours overnight. The hybridized probes were subsequently ligated by a thermostable ligase 
and amplified in a PCR reaction. The amplification products were separated by capillary 
electrophoresis (ABI-3130XL, Applied Biosystems). The program Coffalyser.Net (MRC Hol-
land, Amsterdam, The Netherlands) was used to analyse the samples. 
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Statistics

In the case-control study, genotype and allele frequencies were compared between the 
KD cases and controls using chi-square tests. For the family-based study, transmission dis-
equilibrium test (TDT) was used to analyze the transmission of alleles from a heterozygous 
parent to affected offspring. A significant p-value and a Z-value greater than 0 indicated 
over-transmission of the allele to the affected offspring under the null hypothesis of no 
linkage and no association, whereas values less than 0 indicated under-transmission of the 
allele. A P value <0.01 was considered statistically significant. FBAT analyses were performed 
for the entire set of families and separately for Caucasian and Asian families as determined 
by their self-reported ethnicity. Although FBAT accounts for population admixture, the 
underlying assumption of the same genetic association may not hold because of allelic and 
genetic heterogeneity in different ethnic groups. In ethnicity-specific analysis, we included 
only families with all members reported to be in the same ethnic group. 

RESULTS

In total, 3050 individual DNA samples were included in the study (Table 1). The case-control 
study was performed in 405 KD cases and 919 controls of European descent. The inde-
pendent family-based replication set included 550 complete parent-offspring trios (1650 
individuals) and 38 single parent-offspring pairs (76 individuals). Among the 588 families 
recruited in the family-based study, 293 families (53.3%) were of European and 63 families 
(11.5%) of Asian descent. The clinical data of the patients with KD are shown in Table 2. 

Table 1. Study population

1. Case-control study KD cases Controls Total 

Austria 0 478 478

Australia 109 156 265

The Netherlands 234 199 433

United Kingdom 0 86 86

United States 62 0 62

Total case-control 405 919 1324

2. Family-based study KD cases Parents Total

Australia 104 208 312

The Netherlands 98 196 294

United States 386 734 1120

Total family-based 588 1138 1726

Total study samples 993 2057 3050
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Case-control study

There was no significant difference in CNV of FCGR3A, FCGR2C and FCGR3B between cases 
and controls (Table 3). We confirmed that CNV does not occur in FCGR2A and FCGR2B. Re-
sults of the genotyped SNPs are shown in Table 4. The FCGR2A 131H>R, FCGR2B 232I>T and 
FCGR3A 158V>F SNPs showed no significant differences in genotype or allele frequencies 

Table 2. Clinical data of the patients with Kawasaki disease

All patients with KD
n=993

Case-control study
n=405

Family-based study
n=588

Male gender 611 (61.5) 256 (63.2) 355 (60.4)

IVIG response
Not treated with IVIG
Treated <10 days

Responder 
Non-responder

Treated >10 days
Data missing

43 (4.3)
750 (75.5)
582 (58.6)
168 (16.9)
107 (10.8)
93 (9.4)

27 (6.6)
279 (68.9)
221 (54.6)
58 (14.3)
58 (14.3)
41 (10.1)

16 (2.7)
471 (80.1)
361 (61.4)
110 (18.7)
49 (8.3)
52 (8.8)

Coronary outcome
No CAA
CAA
Data missing

676 (62.4)
255 (25.7)
62 (6.2)

292 (72.1)
90 (22.2)
23 (5.7)

384 (65.3)
165 (28.0)
39 (6.6)

Data are presented as numbers with percentages. 
Abbreviations: CAA=coronary artery aneurysm; IVIG=intravenous immunoglobulins; KD=Kawasaki disease. 

Table 3. Case-control study: genotyping results of copy number variation 

KD cases Controls P value

FCGR3A

1 copy 4(1.0) 11(1.2) 0.627

2 copies 375 (92.6) 864(94.0)

3 copies 25  (6.2) 43(4.7)

4 copies 1 (0.2) 1(0.1)

FCGR2C

0 copies 1 (0.2) 1(0.1) 0.953

1 copy 29(7.2) 68(7.4)

2 copies 323(79.8) 722(78.6)

3 copies 47(11.6) 116(12.6)

4 copies 5(1.2) 11(1.2)

5 copies 0(0.0) 1(0.1)

FCGR3B

0 copies 1(0.2) 1(0.1) 0.553

1 copy 26(6.4) 60(6.5)

2 copies 349(86.2) 767(83.5)

3 copies 27(6.7) 83(9.0)

4 copies 2(0.5) 8(0.9)
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Table 4. Case-control study: genotyping results of SNPs in the FCGR2-3 gene cluster

KD cases Controls P value

FCGR2A

Genotype frequency

27QQ 108 (26.7) 194  (21.1) 0.048

27QW 8 (2.0) 12  (1.3)

27WW 289 (71.4) 713  (77.6)

Allele frequency

27Q 686 (84.7) 1620  (88.1) 0.015

27W 124 (15.3) 218  (11.9)

Genotype frequency

131HH 122 (30.1) 269 (29.3) 0.554

131HR 211 (52.1) 463 (50.4)

131RR 72 (17.8) 187 (20.3)

Allele frequency  

131H 455 (56.2) 1001 (54.5) 0.413

131R 355 (43.8) 837 (45.5)

FCGR2B

Genotype frequency

2B.1/2B.1 304 (75.1) 741 (80.6) 0.091

2B.1/2B.2 3 (0.7) 8 (0.9)

2B.1/2B.4 93 (23.0) 154 (16.8)

2B.2/2B.4 0 (0.0) 2 (0.2)

2B.4/2B.4 5 (1.2) 14 (1.5)

Haplotype frequency

Prom. 2B.1 (−386G −120T) 704 (86.9) 1644 (89.4) 0.103

Prom. 2B.2 (−386C −120T) 3 (0.4) 10 (0.5)

Prom. 2B.4 (−386C −120T) 103 (12.7) 184 (10.0)

Genotype frequency

232II 332 (82.0) 697 (75.8) 0.333

232IT 76 (18.8) 201 (21.9)

232TT 7 (1.7) 21 (2.3)

Allele frequency

232I 740 (91.4) 1595 (86.8) 0.085

232T 90 (11.1) 243 (13.2)

FCGR2C

Genotype frequency

- 1 (0.2) 1 (0.1) 0.106

2B.1/- 24 (5.9) 57 (6.2)

2B.2/- 5 (1.2) 11 (1.2)
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Table 4. (continued)

KD cases Controls P value

2B.1/2B.1 220 (54.3) 566 (61.6)

2B.1/2B.2 94 (23.2) 142 (15.5)

2B.2/2B.2 9 (2.2) 14 (1.5)

2B.1/2B.1/2B.1 36  (8.9) 97 (10.6)

2B.1/2B.1/2B.2 11  (2.7) 15 (1.6)

2B.1/2B.2/2B.2 0 (0.0) 3 (0.3)

2B.2/2B.2/2B.2 0 (0.0) 1 (0.1)

2B.1/2B.1/2B.1/2B.1 5 (1.2) 10 (1.1)

2B.1/2B.1/2B.1/2B.2 0 (0.0) 1 (0.1)

2B.1/2B.1/2B.1/2B.1/2B.1 0 (0.0) 1 (0.1)

Haplotype frequency

Prom. 2B.1 (−386G −120T) 708 (84.7) 1703 (89.2) 8.590*10-4

Prom. 2B.2 (−386C −120T) 128 (15.3) 206 (10.8)

Genotype frequency

- 1 (0.2) 1 (0.1) 0.066

Stop 24 (5.9) 57 (6.2)

ORF 5 (1.2) 11 (1.2)

Stop/Stop 217 (53.6) 570 (62.0)

Stop/ORF 97 (24.0) 141 (15.3)

ORF/ORF 9 (2.2) 11 (1.2)

Stop/Stop/Stop 36 (8.9) 81 (8.8)

Stop/Stop/ORF 11 (2.7) 32 (3.5)

Stop/ORF/ORF 0 (0.0) 2 (0.2)

ORF/ORF/ORF 0 (0.0) 1 (0.1)

Stop/Stop/Stop/Stop 5 (1.2) 10 (1.1)

Stop/Stop/Stop/ORF 0 (0.0) 1 (0.1)

Stop/Stop/Stop/Stop/Stop 0 (0.0) 1 (0.1)

Allele frequency

ORF 131 (15.7) 214 (11.2) 0.001

Stop 705 (84.3) 1695 (88.8)

FCGR3A

Genotype frequency 

158V 3 (0.7) 5 (0.5) 0.023

158F 1 (0.2) 6 (0.7)

158VV 45 (11.1) 115 (12.5)

158VF 195 (48.1) 380 (41.3)

158FF 135 (33.3) 369 (40.2)

158VVV 3 (0.7) 2 (0.2)
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when KD cases were compared with the controls. The same was observed for the FCGR3B 
HNA1a/HNA1b/HNA1c haplotypes. 
A significant difference was observed for the FCGR2A 27Q>W SNP with a minor allele fre-
quency of 15.3% in the KD cases versus 11.9% in controls (p=0.015). A higher allele frequency 
of the classical FCGR2C ORF was observed in the KD cases in comparison with the controls 
(15.7% versus 11.2%, p=0.001, respectively). A significant association of the classical FCGR2C 
ORF with KD susceptibility was also found when comparing the numbers of individuals 
with absence or presence of the classical FCGR2C ORF, and the number of copies of FCGR2C 
ORF between the cases and controls (Table 5). With regard to the promoter haplotypes 
of FCGR2C, we observed an overrepresentation of FCGR2C −386C/−120T, previously des-

Table 4. (continued)

KD cases Controls P value

158VVF 2 (0.5) 12 (1.3)

158VFF 7 (1.7) 18 (2.0)

158FFF 13 (3.2) 11 (1.2)

158VVFF 0 (0.0) 1 (0.1)

158FFFF 1 (0.2) 0 (0.0)

Allele frequency

158V 525 (63.0) 1205 (64.5) 0.458

158F 308 (37.0) 663 (35.5)

FCGR3B

Genotype frequency

- 1 (0.2) 1 (0.1) 0.780

HNA1a 8 (2.0) 24 (2.6)

HNA1b 18 (4.4) 35 (3.8)

HNA1a/HNA1a 38 (9.4) 88 (19.6)

HNA1a/HNA1b 174 (43.0) 349 (38.0)

HNA1b/HNA1b 137 (33.8) 331 (36.0)

HNA1a/HNA1a/HNA1a 1 (0.2) 1 (0.1)

HNA1a/HNA1a/HNA1b 6 (1.5) 25 (2.7)

HNA1a/HNA1b/HNA1b 19 (4.7) 53 (5.8)

HNA1b/HNA1b/HNA1b 1 (0.2) 4 (0.4)

HNA1a/HNA1a/HNA1a/HNA1b 0 (0.0) 1 (0.1)

HNA1a/HNA1a/HNA1b/HNA1b 1 (0.2) 1 (0.1)

HNA1a/HNA1b/HNA1b/HNA1b 0 (0.0) 4 (0.4)

Allele frequency

HNA1a 294 (36.2) 661 (35.3) 0.723

HNA1b 519 (63.8) 1212 (64.7)

HNA1c (SH) 16 (4.0) 45 (4.9)
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ignated the 2B.2 promoter, in the KD cases compared to the controls 15.3% versus 10.8%, 
p=8.590*10-4. No difference was found in promoter haplotypes of FCGR2B between cases 
and controls.

Family-based association study

The results of the family-based association study are shown in Table 6. We found excess 
131H (the A allele) transmission in FCGR2A 131H>R from heterozygous parents to affected 
offspring (allele frequency=0.575, number of informative families=407, z=2.694, p=0.0071). 
Excess 131H transmission occurred in Caucasian families (allele frequency 0.547, number 
of informative families=224, z=2.940, p=0.0033), but could apparently not be observed 
in Asian families (allele frequency=0.738, number of informative families=37, z=0.283, 
p=0.773) in our cohort. However, the number of informative Asian families was limited. In 
the Caucasian families, there was a trend towards excess transmission of the FCGR2C ORF 
(allele frequency 0.131, number of informative families=112, z=1.713, p=0.0867) and the 
FCGR2C Stop was less often transmitted (allele frequency=0.749, number of informative 
families=181, z=-1.914, p=0.0556). 

Table 5. Comparison of numbers of individuals with a classical ORF between patients and controls. 

KD cases Controls P value

No classical ORF 282 (69.6) 720(78.3) 0.006

1 classical ORF 113 (27.9) 185(20.1)

2 classical ORF 10 (2.5) 13(1.4)

3 classical ORF 0 (0.0) 1(0.1)

No classical ORF 282 (69.6) 720(78.3) 6.580*10-4 

≥1 classical ORF 123 (30.4) 199(21.7)

Abbreviations: KD=Kawasaki disease; ORF=open reading frame.

Table 6. TDT results

All families Caucasian families Asian families

Marker Allele Allele 
freq.

#
fam*

Z P Allele 
freq.

#
fam*

Z P Allele 
freq.

#
fam*

Z P

CNV

FCGR3A 0 0.006 14  0.000 1.000 - - - - - - - -

1 0.973 66  0.728 0.467 0.970 36 -1.330 0.182 - - - -

2 0.021 52 -0.962 0.336 0.022 28  0.756 0.450 - - - -

FCGR2C 0 0.052 103  0.572 0.567 0.049 52  1.214 0.229 0.041 10  0.302 0.763

1 0.851 242  0.120 0.905 0.882 114 -0.702 0.483 0.866 23  0.557 0.578

2 0.092 163 -0.899 0.368 0.066 70 -0.112 0.908 0.093 19 -0.853 0.394
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Table 6. (continued)

All families Caucasian families Asian families

Marker Allele Allele 
freq.

#
fam*

Z P Allele 
freq.

#
fam*

Z P Allele 
freq.

#
fam*

Z P

FCGR3B 0 0.047 95  0.600 0.549 0.043 48  0.849 0.396 - - - -

1 0.875 202 -0.333 0.739 0.907 95 -0.196 0.885 0.887 18 -0.426 0.670

2 0.075 127 -0.260 0.795 0.047 51 -0.555 0.579 0.075 14  0.000 1.000

SNP

FCGR2A 27Q>W Q 0.893 197 -0.406 0.685 0.851 133 -1.546 0.122 - - - -

W 0.107 197  0.406 0.685 0.149 133  1.546 0.122 - - - -

FCGR2A 131H>R H 0.575 407  2.694 0.007 0.547 224  2.940 0.003 0.738 37  0.283 0.773

R 0.425 407 -2.694 0.007 0.453 224 -2.940 0.003 0.262 37 -0.283 0.773

Promoter FCGR2B 2B.1 0.907 172 -0.804 0.421 0.860 126 -1.442 0.149 - - - -

2B.2 0.005 12 -1.155 0.248 - - - - - - - -

2B.4 0.088 160  1.134 0.257 0.134 119  1.393 0.164 - - - -

FCGR2B 232I>T I 0.867 210  0.640 0.522 0.891 104  0.647 0.518 0.749 32 -1.342 0.180

T 0.867 210 -0.640 0.522 0.109 104 -0.647 0.518 0.251 32  1.342 0.180

Promoter FCGR2C 2B.1 0.755 326 -0.351 0.725 0.748 180 -1.641 0.101 - - - -

2B.1/2B.1 0.088 155 -0.846 0.398 0.059 63 -0.122 0.903 - - - -

2B.2 0.094 166  0.665 0.506 0.130 114  1.425 0.154 - - - -

FCGR2C Stop>ORF** - 0.052 102  0.287 0.774 0.050 52  0.944 0.345 0.041 10  0.302 0.763

ORF 0.095 163  0.972 0.331 0.131 112  1.713 0.087 - - - -

ORF-Stop0.004 10  0.000 1.000 - - - - - - - -

Stop 0.760 329 -0.603 0.547 0.749 181 -1.914 0.056 0.851 28  1.029 0.304

Stop-
stop

0.084 155 -0.717 0.537 0.058 62  0.246 0.806 0.088 19 -0.853 0.394

FCGR3A 148V>F - 0.005 11 -0.302 0.763 - - - - - - - -

F 0.645 374  0.407 0.684 0.618 199 -2.035 0.042 0.644 43  1.457 0.145

FF 0.011 27  0.192 0.847 0.014 17 1.213 0.225 - - - -

V 0.328 375  0.000 1.000 0.352 195 1.619 0.106 0.336 46 -0.775 0.439

VF 0.006 17 -2.667 0.008 - - - - - - - -

FCGR3B HNA1abc - 0.049 95  0.600 0.549 0.045 48  0.849 0.396 - - - -

HNA1a 0.367 368  0.413 0.680 0.293 182 -1.638 0.102 0.550 45  0.640 0.522

HNA1ab 0.061 109 -0.371 0.710 0.041 44 -0.745 0.456 0.055 10  0.832 0.405

HNA1b 0.512 379 -0.808 0.419 0.614 199  1.240 0.215 0.346 47 -1.050 0.294

SH 0.018 40 -1.093 0.274 0.021 25  0.200 0.842 - - --

* Number of informative families

**FCGR2C ORF = classical FCGR2C ORF haplotype
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DISCUSSION

In the present study we focused on the genetic variation of the low-affinity FcγRs in KD. The 
principal findings of our study suggest that FCGR2C ORF is associated with KD susceptibility 
in Caucasian patients. In addition, the family-based study confirmed our prior GWAS finding 
that the functional polymorphism in FCGR2A encoding the 131H>R substitution is associ-
ated with susceptibility to KD. The FCGR2A 131H variant was transmitted more often to the 
affected child. 
By using our FCGR2/3-specific MLPA, we were able to genotype this locus more accurately 
than has been possible before, because both CNV and SNP analysis can be performed in one 
and the same test system21. We confirmed in a large cohort of 3050 samples that FCGR2A 
and FCGR2B do not show gene copy number variation. Although CNV of FCGR2/3 genes 
has previously been associated with increased susceptibility to a variety of autoimmune 
diseases including KD14, 25-27, we observed no significant association with susceptibility to KD. 
We found a significant overrepresentation of the classical FCGR2C ORF haplotype in Cau-
casian subjects with a history of KD in comparison with control individuals who were not 
know to have suffered from this disease. FcγRIIc is an activating receptor and we speculate 
that this receptor might play a role in KD by altering the balance between activating and 
inhibitory receptors10. Individuals with a classical ORF allele express this novel activating IgG 
receptor FcγRIIc, in contrast to the individuals with a so-called Stop codon that represents a 
true pseudogene16. An increased frequency of FCGR2C ORF has been previously described 
in a cohort of pediatric ITP patients14. Interestingly, in the relatively small subset of Asian 
subjects in our study on KD the classical ORF allele was virtually absent. This is in line with 
the recent study of Nagelkerke et al that reported an allele frequency of 0.00 of the classical 
ORF allele in 428 Han Chinese subjects [manuscript submitted]. 
Our findings support and underline the presence of ethnic variation of the various SNPs at 
the FCGR2/3 locus13, which is of special interest because of the fact that there is a striking 
difference in the annual incidence of KD between children of Asian (69–222 per 100,000 
children <5 years of age) and of European descent (4–15 per 100,000 children <5 years of 
age)4, 28. We believe that FCGR2C ORF might represent an independent risk factor at this locus 
for KD susceptibility in Caucasian subjects. The FBAT results also suggested more frequent 
transmission of this allele from parents to patients with KD, although the findings were not 
statistically significant which might be explained by the admixture of non-Caucasian trio’s 
and lack of sufficient statistical power for Caucasian families only. 
The 27W allele was overrepresented in the Caucasian patients in comparison with the 
controls (allele frequency 15.3 versus 11.9, p=0.015). The amino acid substitution at posi-
tion 27 of FCGR2A (27Q>W) has not been described as functional but is in strong linkage 
disequilibrium with the ORF allele in exon 3 of FCGR2C (D’ 0.80) and the 2B.2 promotor of 
FCGR2C (D’ 0.79) as was observed in a large cohort of more than 800 healthy Caucasian 
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individuals [Nagelkerke et al, manuscript submitted]. Thus FCGR2A (27Q>W) could well be 
part of a more extensive susceptibility haplotype for which it is a tagging SNP. 
We found the excess transmission of the FCGR2A 131H-variant among patients with KD. This 
finding validates our GWAS finding17 and the findings of a recent study by Shrestha et al that 
also observed an association of this variant with KD (OR 1.51 (95%CI 1.16-1.96; P=0.002)29. 
The functional polymorphism in FCGR2A stratifies individuals into either strong or weak 
responders to IgG subclasses. The receptor encoded by FCGR2A 131H (A allele) shows a clear 
binding affinity for the IgG2 subclass in contrast to most other FcγRs, enabling leukocytes 
to become activated by IgG2-containing immune complexes or IgG2-opsonized particles18.
There are some limitations to the current study. First, in the family-based study ethnicity-
specific analysis was based on self-reported ethnicity. This might have caused misclassifica-
tion and could have influenced the results. Second, the number of informative families for 
the SNPs within the subgroups limited the power of the observations. Third, IVIG response 
and coronary artery outcome were not evaluated because of as yet missing data and will be 
subject in future studies. 

CONCLUSION

In a large case-control study in Caucasian patients with KD, we observed a highly significant 
association of a history of the pediatric vasculitis of KD with the functional variant in exon 
3 of FCGR2C (Stop>ORF). This SNP contributed to KD susceptibility, especially in Caucasian 
subjects, and seemed to be more prominent than the previously reported functional 131H 
variant in FCGR2A. Both these functional polymorphisms might alter the balance between 
the activating and inhibitory IgG receptors leading to an unbalanced immunity involved 
in KD. No association was found between KD susceptibility and CNV at the FCGR2/3 gene 
cluster.
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