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ABSTRACT. Several previous studies have investigated whether the
FCGR24 gene HI31R polymorphism confers an increased risk of
Kawasaki disease (KD), but conflicting results have been reported.
To further explore the association of this polymorphism with KD
susceptibility, we performed an extensive search of relevant studies and
conducted a meta-analysis to obtain a more precise estimate of risk.
Systematic searches of the electronic databases Embase, PubMed, and
Google Scholar were performed to identify relevant studies. Odds ratios
(ORs) and their 95% confidence intervals (Cls) were used for statistical
analysis. Six studies were included in the meta-analysis, involving
1709 patients with KD and 3207 controls. Significant association was
found between the FCGR2A4 gene H131R polymorphism and KD risk
in analysis of the total population (HH vs RR: OR = 1.97, 95%CI =
1.55-2.50; HH vs HR: OR = 1.38, 95%CI = 1.21-1.57; the dominant
model: OR = 0.69, 95%CI = 0.60-0.78; and the recessive model: OR =
1.65, 95%CI = 1.32-2.07). In subgroup analysis by ethnicity, significant
association was found between the HI31R polymorphism and KD risk
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in Asians, but not in Caucasians. In addition, we found no significant
association between the FCGR2A4 gene H131R polymorphism and risk
of KD-associated coronary artery lesions. In conclusion, this meta-
analysis suggested that the H131R polymorphism in the FCGR2A4 gene
might be associated with susceptibility to KD in Asians.
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INTRODUCTION

Kawasaki disease (KD) is an acute, self-limited vasculitis affecting predominantly
infants and young children (Rowley, 2011). The incidence of KD is 5-17 per 100,000 people
in Europe and the United States, primarily in children under the age of five years. Although
it was first described in 1967 by the Japanese pediatrician Tomisaku Kawasaki (Kawasaki et
al., 1967), the etiology of KD is still not completely clear. The clinical characteristics of KD
include prolonged fever, bilateral non-purulent conjunctivitis, diffuse mucosal inflammation,
polymorphous skin rashes, indurative angioedema of the hands and feet, and non-suppurative
cervical lymphadenopathy (Newburger and Fulton, 2004). About 15-25% of untreated pa-
tients suffer coronary artery lesions (CAL). High-dose intravenous immunoglobulin (IVIG)
therapy, given together with aspirin, has greatly reduced the prevalence of CAL when admin-
istered early in the acute phase of KD (Newburger et al., 2004).

Fcy receptors (FcyRs) bind specifically to the y chain of the Fc fragment of immuno-
globulin G (IgG) and are located on the surface of immune cells such as monocytes, macro-
phages, and natural killer cells. FcyRs are directly involved in the function of these immune
cells and regulate immune responses (Gerber and Mosser, 2001; Pleass and Woof, 2001).
There are three highly homologous FcyR subtypes, Fcy RI-IIT (Maenaka et al., 2001). Fcy RII
is a low-affinity receptor for IgG, which has two isoforms: Fcy Rlla and b. Recent studies have
shown that Fcy Rlla is encoded by the FCGR2A gene (Tada et al., 2012).

Despite much investigation, the cause of KD is not yet fully understood. Twins and
siblings of affected children have a risk of KD that is 10-fold higher than that of the general
population (Fujita et al., 1989). This observation suggests that genetic factors may play key
roles in the pathogenesis of this disease. Until now, genome-wide association studies and link-
age analyses have reported a few genetic loci that have shown association with KD in subjects
of Japanese, European, Korean, and Taiwanese descent (Burgner et al., 2009), including the
IgG receptor gene FCGR2A4. A point mutation (A—G) in FCGR24 (reference/alternative)
resulting in an amino acid change at position 131, histidine (His131) to arginine (Argl31),
is located in the second extracellular immunoglobulin-like domain of the FCGR2A protein
(H131R); it has been suggested that this variation this variation might be related to the devel-
opment of KD (Khor et al., 2011).

To date, many studies had been performed to evaluate the relationship between the
H131R polymorphism in the FCGR2A4 gene and KD risk. However, the results remain con-
troversial. Meta-analysis can be a useful tool in detecting an association that could otherwise
remain masked in studies with small sample sizes, especially in those evaluating rare allele
frequency polymorphisms. The aim of this study was to investigate the association between
the FCGR2A4 gene H131R polymorphism and KD by conducting a meta-analysis of all eligible
published case-control studies.
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MATERIAL AND METHODS
Selection of studies

We searched the PubMed, Embase, and Google Scholar databases to retrieve pa-
pers linking the H131R polymorphism and KD risk that were available by August 2014. The
search was conducted without language restrictions, using the following key words: “H131R”,
“Kawasaki disease”, “FCGR2A4”, “single nucleotide polymorphism”, and “genetic polymor-
phism”. If more than one geographic or ethnic heterogeneous group was mentioned in a single
report, information on each was extracted separately. If two or more studies completely or
partially shared study populations, the one with the larger sample size was extracted.

Inclusion criteria and data extraction

Identified studies satisfied the following criteria: i) case-control studies that addressed
patients with KD and healthy controls; ii) studies on the association of the H131R polymor-
phism and susceptibility to KD; and iii) studies that included sufficient genotype data for ex-
traction. The exclusion criteria were as follows: 1) not case-control studies that evaluated the
association between the HI31R polymorphism and KD risk; ii) case reports, letters, reviews,
meta-analysis, or editorial articles; iii) studies that were based on incomplete raw data and
those with no usable data reported; and iv) duplicate data were included in the studies.

Data extraction

Information was carefully and independently extracted from all eligible publications
by two of the authors (S.Y.W. and S.B.Y.) according to the inclusion criteria listed above. Any
disagreements that arose were resolved through discussion between the two authors. The fol-
lowing data were collected from each study: first author, year of publication, country, national-
ity, number of patients and controls, gene polymorphisms, and evidence of Hardy-Weinberg
equilibrium (HWE).

Statistical analysis

HWE was evaluated for each study using the goodness-of-fit chi-square test. A P value
of <0.05 was considered to be representative of departure from HWE (Chen et al., 2014).
The strength of the associations between the HI31R polymorphism in the FCGR2A gene and
susceptibility to KD were estimated by the odds ratio (OR) and 95% confidence interval (CI)
under a homozygote (HH vs RR) or a heterozygote comparison (HH vs HR), or a dominant
(RR+HR vs HH) or a recessive model (HH+HR vs RR) between groups. We quantified the
effect of heterogeneity using the I test. 7 ranges between 0 and 100% and represents the
proportion of inter-study variability that can be attributed to heterogeneity rather than chance.
P values of 25, 50, and 75% were defined as low, moderate, and high estimates, respectively.
When 2 > 50% indicated heterogeneity across studies, the random-effect model was used for
meta-analysis; else, the fixed-effect model was used. Sensitivity analysis was performed by
removing the studies not in HWE. Begg’s funnel plot analysis was conducted to estimate the
potential publication bias. A P value of < 0.05 was considered to be representative of statisti-

Genetics and Molecular Research 14 (2): 6256-6264 (2015) ©FUNPEC-RP www.funpecrp.com.br



FCGR24 and Kawasaki disease: a meta analysis 6259

cally significant publication bias. All the statistical tests were performed with STATA version
12.0 (StataCorp; College Station, TX, USA).

RESULTS
Study characteristics

A total of 34 potentially relevant publications up to August 2014 were systematically
identified through PubMed, Embase, and Google Scholar databases. Based on our preliminary
search criteria, 28 were excluded because they did not satisfy the inclusion criteria. As shown
in Figure 1, a final total of 2122 patients with KD and 1565 controls were included in the meta-
analysis (Taniuchi et al., 2005; Biezeveld et al., 2007; Khor et al., 2011; Ji et al., 2013; Yan et
al., 2013; Chatzikyriakidou et al., 2014). The characteristics of these eight case-control studies
from six articles are presented in Table 1; these contain studies of two Caucasian (Biezeveld et
al., 2007; Chatzikyriakidou et al., 2014) and six Asian (Taniuchi et al., 2005; Khor et al., 2011;
Jietal., 2013; Yan et al., 2013) populations. The distribution of genotypes in the controls was
consistent with HWE in all studies except for Taniuchi et al. (2005).

The patients with KD were subsequently stratified into two groups based on develop-
ment of CAL after receipt of IVIG therapy. Overall, 94 patients with KD and 219 controls
were included in the subgroup meta-analysis (Taniuchi et al., 2005; Biezeveld et al., 2007; Ji et
al., 2013; Chatzikyriakidou et al., 2014). The characteristics of these four case-control studies
are presented in Table 2.
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Figure 1. Flow chart showing study selection procedure.
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Table 1. Studies included of the FCGR2A gene H131R polymorphism with KD.
Study included Year Area Race Cases/controls  Genotypes for cases  Genotypes for controls HWE test
HH HR RR HH HR RR
Taniuchi et al. 2005 Japan Asians 65/566 45 18 2 336 213 17 0.01
Biezeveld et al. 2006 Netherlands Caucasians 176/239 55 92 29 58 134 47 0.06
Khor et al. 2011 Taiwan Asians 438/446 215 184 39 174 210 62 0.91
Khor et al. 2011 Hong Kong  Asians 130/568 77 47 6 233 261 74 0.95
Khor et al. 2011 Korea Asians 460/498 285 156 18 289 179 30 0.74
Jietal. 2013  China Asians 35/25 23 9 3 7 12 6 0.85
Yan et al. 2013 China Asians 358/815 192 144 22 366 374 75 0.14
Chatzikyriakidou et al. 2014  Greece Caucasians 47/50 20 21 6 20 18 12 0.06
HWE, Hardy-Weinberg equilibrium.
Table 2. Studies included of the FCGR2A4 gene H131R polymorphism with KD-associated CAL.
Study included Year Area Race Cases/controls  Genotypes for cases  Genotypes for controls ~ HWE test
HH HR RR HH HR RR

Taniuchi et al. 2005 Japan Asians 18/36 9 8 1 30 5 1 0.21
Biezeveld et al. 2006 Netherlands Caucasians 41/142 12 21 8 43 75 24 0.36
Jietal 2013 China Asians 13/22 5 6 2 18 3 1 0.12
Chatzikyriakidou et al. 2014 Greece Caucasians 22/19 10 10 2 7 9 3 0.97

Quantitative synthesis

A summary of the meta-analysis findings of the association between the H131R poly-
morphism in the FCGR24 gene and KD risk is provided in Figure 2 and Table 3. Overall, we
identified a significant association of the HI3 1R polymorphism with KD risk (HH vs RR: OR
=1.97, 95%CI = 1.55-2.50; HH vs HR: OR = 1.38, 95%CI = 1.21-1.57; dominant model:
OR = 0.69, 95%CI = 0.60-0.78; recessive model: OR = 1.65, 95%CI = 1.32-2.07). In the
subgroup analysis based on ethnicity, the same associations were found in Asians (HH vs RR:
OR =2.06, 95%CI = 1.58-2.69; HH vs HR: OR = 1.39, 95%CI = 1.21-1.60; dominant model:
OR =0.65, 95%CI = 0.52-0.80; recessive model: OR = 1.75, 95%CI = 1.35-2.26), but not in
Caucasians (HH vs RR: OR =1.62, 95%CI = 0.96-2.75; HH vs HR: OR =1.25, 95%CI = 0.83-
1.87; dominant model: OR = 0.75, 95%CI = 0.51-1.09; recessive model: OR = 1.38, 95%CI =
0.87-2.18). Sensitivity analysis was performed by omission of one non-HWE study (Taniuchi
et al., 2005) and the result was not altered, indicating the result of meta-analysis was statisti-
cally significant (HH vs RR: OR = 1.99, 95%CI = 1.57-2.54; HH vs HR: OR = 1.36, 95%CI
= 1.19-1.56; dominant model: OR = 0.69, 95%CI = 0.60-0.78; recessive model: OR = 1.67,
95%CI = 1.33-2.10).

A summary of the subgroup meta-analysis findings of association between the HI31R
polymorphism in the FCGR2A gene and KD-associated CAL risk is provided in Figure 3 and
Table 4. We found no significant association between the FCGR2A4 gene H131R polymor-
phism and KD-associated CAL risk in any of genetic models (HH vs RR: OR = 0.76, 95%CI
=0.34-1.70; HH vs HR: OR = 0.48, 95%CI = 0.17-1.39; dominant model: OR = 2.05, 95%CI
=0.72-5.83; recessive model: OR = 0.82, 95%CI = 0.40-1.71).
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Figure 2. Forest plot of KD risk associated with the FCGR24 gene HI31R polymorphism (HH vs RR).

Table 3. Summary ORs and 95%CI of the FCGR2A4 gene H131R polymorphism and KD risk.

Subgroup Genetic model Sample size ~ Type of model Test of heterogeneity Test of association  Test of publication bias
Case Control P P OR 95%CI z P
Overall HH vs RR 1709 3207  Fixed 0.0% 0.49 1.97  1.55-2.50 0.00 1.00
HH vs HR Fixed 21.1% 0.26 138 1.21-1.57 0.00 1.00
Dominant model Fixed 35.9% 0.14 0.69  0.60-0.78 0.00 1.00
Recessive model Fixed 0.0% 0.66 1.65  1.32-2.07 0.00 1.00
Asians HH vs RR 1486 2918  Fixed 13.7% 0.33 2.06 1.58-2.69 0.24 0.81
HH vs HR Fixed 35.5% 0.17 1.39  1.21-1.60 0.24 0.81
Dominant model Random 52.2% 0.06 0.65  0.52-0.80 0.24 0.81
Recessive model Fixed 0.0% 0.63 1.75  1.35-2.26 0.24 0.81
Caucasians HH vs RR 223 289  Fixed 0.0% 0.69 1.62  0.96-2.75 0.00 1.00
HH vs HR Fixed 21.1% 0.26 125  0.83-1.87 0.00 1.00
Dominant model Fixed 35.9% 0.14 0.75  0.51-1.09 0.00 1.00
Recessive model Fixed 0.0% 0.66 138 0.87-2.18 0.00 1.00
Consistent with HH vs RR 1644 2641  Fixed 0.0% 0.43 1.99  1.57-2.54 0.73 0.46
HWE HH vs HR Fixed 30.3% 0.19 136 1.19-1.56 0.73 0.46
Dominant model Fixed 44.9% 0.09 0.69  0.60-0.78 0.73 0.46
Recessive model Fixed 0.0% 0.61 1.67  1.33-2.10 0.73 0.46
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Figure3.Forestplotof KD-associated CALrisk associated with the FCGR2A gene H13 1R polymorphism (HH vs RR).

Table 4. Summary ORs and 95%CI of the FCGR2A4 gene H131R polymorphism and KD-associated CAL risk.

Subgroup Genetic model Sample size  Type of model — Test of heterogeneity Test of association Test of publication bias
Case Control P P OR 95%Cl1 z P
Overall HHvs RR 94 219  Fixed 2.6% 038  0.76 0.34-1.70 0.00 1.00
HH vs HR Fixed 64.8% 0.04 048 0.17-1.39 0.00 1.00
Dominant model Fixed 68.4% 0.02  2.05 0.72-5.83 0.00 1.00
Recessive model Fixed 0.0% 0.65 0.82 0.40-1.71 0.00 1.00

Publication bias

The funnel plot and the Begg test were used to assess the publication bias. There was
no evidence of publication bias in our study (Tables 3 and 4) (all P > 0.05).

DISCUSSION

KD is an acute, self-limited vasculitis that primarily affects children younger than
five years of age. Although the incidence is highest in Asians, it is one of the leading causes
of acquired heart disease in all ethnicities across the world (Yanagawa et al., 1995). Possible
causes proposed for the disease have included infection, autoimmune diseases, and genetic
susceptibility. However, the exact causative agent is still unknown (Lin and Hwang, 1987; Fil-
des et al., 1992; Stuber et al., 1996). Many studies have evaluated the FCGR24 gene HI31R
polymorphism with the risk for human immune system diseases, including erythematosus,
arthritis, and ulcerative colitis (Nimmerjahn, 2006; Harley et al., 2008; Asano et al., 2009).
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Recently, a variety of studies have focused on the association between the FCGR2A4 gene
H131R polymorphism and KD. However, the results have been inconsistent. The most likely
reason for the inconsistencies among these studies is that they are case-control studies with
small sample sizes. To help resolve these conflicting results, we conducted this meta-analysis
to combine similar kinds of studies to increase the sample size and statistical power, and
thereby obtain a more authentic result.

This is the first systematic study of the association between the FCGR2A4 gene HI31R
polymorphism and KD risk using meta-analysis. The results suggested that there was signifi-
cant association between the FCGR2A gene H131R polymorphism and KD risk in the overall
population. Considering that the result might be affected by ethnicity, we performed a race-
related subgroup analysis, and found significant association in Asians, but not in Caucasians.
The results suggest a possible role for ethnic differences in genetic backgrounds and living
environment in the etiology of KD. Further subgroup meta-analysis revealed that the HI31R
polymorphism is not associated with any alteration in the risk of KD-associated CAL. Fur-
thermore, the sensitivity analysis confirmed the significant association between the FCGR24
gene H131R polymorphism and KD risk. Finally, we found no evidence of publication bias in
this meta-analysis (P > 0.05).

The mechanism of how the FCGR2A4 gene HI31R polymorphism relates to KD risk
is still unclear. Fcy Rlla is commonly expressed on immune responsive cells like macro-
phages, neutrophils, monocytes, and dendritic cells (Pleass and Woof, 2011). The H allele of
the HI31R polymorphism results in a point mutation leading to a substitution from arginine to
histidine, leading to increased immune responses, as H131 binds human IgG2, whereas R131
does not (Pleass and Woof, 2011). In addition, a previous study demonstrated that HI31R
and another variant, HLA gene rs2857151, synergistically increased KD risk (Onouchi et al.,
2012). Further studies with larger sample sizes should be taken into consideration to investi-
gate the possible relationships between these and other variants.

The present study has some limitations. First, our meta-analysis was based on unad-
justed OR estimates because not all published studies presented adjusted ORs, or when they
did, the ORs were not adjusted by the same potential confounders such as age, gender, eth-
nicity, and exposures. Missing information for data analysis might cause a serious confound-
ing bias. Second, the effect of potential gene-gene and gene-environment interactions could
not be addressed in this meta-analysis. Third, because of incomplete raw data or publication
limitations, some relevant studies could not be included in our analysis. Nevertheless, caution
should be exercised when considering this conclusion.

In conclusion, our study indicated that the HI31R polymorphism in the FCGR2A4 gene
might be associated with KD risk in Asians. Further studies with the consideration of gene-gene
and gene-environment interactions should be performed to further evaluate this association.

REFERENCES

Asano K, Matsushita T, Umeno J, Hosono N, et al. (2009). A genome-wide association study identifies three new
susceptibility loci for ulcerative colitis in the Japanese population. Nat. Genet. 41: 1325-1329.

Biezeveld M, Geissler J, Merkus M, Kuipers IM, et al. (2007). The involvement of Fc gamma receptor gene polymorphisms
in Kawasaki disease. Clin. Exp. Immunol. 147: 106-111.

Burgner D, Davila S, Breunis WB, Ng SB, et al. (2009). A genome-wide association study identifies novel and functionally
related susceptibility loci for Kawasaki disease. PLoS Genet. 5: ¢1000319.

Chatzikyriakidou A, Aidinidou L, Giannopoulos A, Papadopoulou-Legbeou K, et al. (2014). Absence of association of

Genetics and Molecular Research 14 (2): 6256-6264 (2015) ©FUNPEC-RP www.funpecrp.com.br



L. Linetal. 6264

FCGR24 gene polymorphism rs1801274 with Kawasaki disease in Greek patients. Cardiol. Young 28: 1-3.

Chen XW, Sun JX, Wang ZN, Gao P, etal. (2014). Association between the epithelial cadherin -160C/A gene polymorphism
and diffuse gastric cancer risk: a meta-analysis. Genet. Mol. Res. 13: 850-859.

Fildes N, Burns JC, Newburger JW, Klitz W, et al. (1992). The HLA class Il region and susceptibility to Kawasaki disease.
Tissue Antigens 39: 99-101.

Fujita Y, Nakamura Y, Sakata K, Hara N, et al. (1989). Kawasaki disease in families. Pediatrics. 84: 666-669.

Gerber JS and Mosser DM (2001). Stimulatory and inhibitory signals originating from the macrophage Fcc receptors.
Microbes Infect. 3: 131-139.

Harley JB, Alarco'n-Riquelme ME, Criswell LA, Jacob CO, et al. (2008). Genome-wide association scan in women
with systemic lupus erythematosus identifies susceptibility variants in /TGAM, PXK, KIAA1542 and other loci. Nat.
Genet. 40: 204-210.

Ji YX, Zhang HY and Lin SX (2013). Single nucleotide polymorphism of FCGR2A4 gene in Han Chinese children with
Kawasaki disease. Zhongguo Dang Dai Er Ke Za Zhi 15: 196-200.

Kawasaki T (1967). Acute febrile mucocutaneous syndrome with lymphoid involvement with specific desquamation of the
fingers and toes in children. Arerugi. 16: 178-222.

Khor CC, Davila S, Breunis WB, Lee YC, et al. (2011). Genome wide association study identifies FCGR2A4 as a
susceptibility locus for Kawasaki disease. Nat. Genet. 43: 1241-1246.

Lin CY and Hwang B (1987). Serial immunologic studies in patients with mucocutaneous lymph node syndrome
(Kawasaki disease). Ann. Allergy. 59: 291-297.

Maenaka K, van der Merwe PA, Stuart DI, Jones EY, et al. (2001). The human low affinity Fcgamma receptors Ila, IIb,
and I1I bind IgG with fast kinetics and distinct thermodynamic properties. J. Biol. Chem. 276: 44898-44904.

Newburger JW and Fulton DR (2004). Kawasaki disease. Curr. Opin. Pediatr. 16: 508-514.

Newburger JW, Takahashi M, Gerber MA, Gewitz MH, et al. (2004). Diagnosis, treatment, and long-term management of
Kawasaki disease: a statement for health professionals from the Committee on Rheumatic Fever, Endocarditis and
Kawasaki Disease, Council on Cardiovascular Disease in the Young, American Heart Association. Circulation 110:
2747-2771.

Nimmerjahn F (2006). Activating and inhibitory FcgammaRs in autoimmune disorders. Springer. Semin. Immunopathol.
28:305-319.

Onouchi Y, Ozaki K, Burns JC, Shimizu C, et al. (2012). A genome-wide association study identifies three new risk loci
for Kawasaki disease. Nat. Genet. 44: 517-521.

Pleass RJ and Woof JM (2001). Fc receptors and immunity to parasites. Trends. Parasitol. 17: 545-551.

Rowley AH (2011). Kawasaki disease: novel insights into etiology and genetic susceptibility. Annu. Rev. Med. 62: 69-77.

Stuber F, Petersen M, Bokelmann F and Schade U (1996). A genomic polymorphism within the tumor necrosis factor
locus influences plasma tumor necrosis factor-alpha concentrations and outcome of patients with severe sepsis. Crit.
Care. Med. 24: 381-384.

Tada M1, Ishii-Watabe A, Maekawa K, Fukushima-Uesaka H, et al. (2012). Genetic polymorphisms of FCGR2A encoding
Fcy receptor Ila in a Japanese population and functional analysis of the L273P variant. Immunogenetics. 64:869-877.

Taniuchi S, Masuda M, Teraguchi M, Ikemoto Y, et al. (2005). Polymorphism of Fc gamma Rlla may affect the efficacy
of c-globulin therapy in Kawasaki disease. J. Clin. Immunol. 25: 309-313.

Yan Y, Ma Y, Liu Y, Hu H, et al. (2013). Combined analysis of genome wide- linked susceptibility loci to Kawasaki
disease in Han Chinese. Hum. Genet. 132: 669-680.

Yanagawa H, Yashiro M, Nakamura Y, Kawasaki T, et al. (1995). Results of 12 nationwide epidemiological incidence
surveys of Kawasaki disease in Japan. Arch. Pediatr. Adolesc. Med. 149: 779-783.

Genetics and Molecular Research 14 (2): 6256-6264 (2015) ©FUNPEC-RP www.funpecrp.com.br



