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ORIGINAL ARTICLE

Genome-wide linkage and association mapping
identify susceptibility alleles in ABCC4 for
Kawasaki disease

Chiea Chuen Khor,1,2 Sonia Davila,1,3 Chisato Shimizu,4 Stephanie Sheng,4

Tomoyo Matsubara,5 Yasuo Suzuki,6 Jane W Newburger,7 Annette Baker,7

David Burgner,8 Willemijn Breunis,9,10 Taco Kuijpers,9,10 Victoria J Wright,11

Michael Levin,11 Martin L Hibberd,1,2 Jane C Burns,4 on behalf of the US and
International Kawasaki Disease Genetics Consortia*

ABSTRACT
Background Kawasaki disease (KD) is a self limited
vasculitis in which host genetics plays a prominent role.
To further the understanding of the role of host genetics
in KD, a three-stage genetic study was conducted that
began with a family linkage study and ultimately involved
more than 3000 individuals to identify new genetic
contributions to KD susceptibility.
Methods and results A 26-family linkage study
followed by fine mapping was performed in a cohort of
1284 KD subjects and their family members (total 3248
individuals). Suggestive evidence of disease linkage
(logarithm of odds (LOD) $3.0, p<1.00310�4) was
found for five genomic locations (Chr 3q, 4q, 10p, 13q,
21q). Two of these loci (Chr 4q and Chr 13q) overlapped
with validated findings from a recent KD genome-wide
association study. Fine mapping analysis revealed three
single nucleotide polymorphisms (SNPs) in ATP-binding
cassette, subfamily C, member 4 (ABCC4) underlying the
Chr 13q linkage peak showing evidence of association to
KD (lowest p¼8.82310�5; combined OR 2.00, 95% CI
1.41 to 2.83). ABCC4 is a multifunctional cyclic
nucleotide transporter that stimulates the migratory
capacity of dendritic cells. It is also a mediator of
prostaglandin efflux from human cells and is inhibited by
non-steroidal anti-inflammatory medications such as
aspirin.
Conclusion These genetic data suggest that ABCC4
could play a fundamental role in KD pathogenesis with
effects on immune activation and vascular response to
injury.

INTRODUCTION
Kawasaki disease (KD) is a systemic vasculitis of
medium sized arteries primarily affecting children.
The cause of the disease is unknown, and although
many patients experience an uneventful recovery,
up to 25% of untreated children will develop
potentially fatal coronary arterial aneurysms. An
infectious aetiology for KD has been suspected but
the agent remains elusive.1 Clues suggesting
a possible genetic link to KD include strikingly
different rates of occurrence in different ethnic
groups (individuals of Asian descent are notably
more susceptible), and higher-than-expected

concordance between sibling pairs.2 Accordingly,
a genome-wide association study (GWAS) of KD
was performed and reported suggestive evidence of
association (pw10�6) of two genes (NAALADL2
and ZFHX3) with KD.3 Due to limited statistical
power, the modest GWAS sample size (107 cases
and 134 controls) precluded unequivocal detection
of other KD susceptibility genes of smaller effect
size and/or rarer risk allele frequencies.
We now utilise a combined linkage and association

approach to identify other potential KD suscepti-
bility genes which were not identified by the GWAS.

METHODS
KD was diagnosed according to the criteria of the
American Heart Association,4 which include fever,
together with at least four of the five classical
diagnostic criteria:
1. Polymorphous erythematous rash
2. Non-purulent bilateral conjunctival injection
3. Oropharyngeal changes, including diffuse hyper-

aemia, strawberry tongue, and lip changes (eg,
swelling, fissuring, erythema, bleeding)

4. Peripheral extremity changes, including erythema,
oedema, induration, and desquamation

5. Non-purulent cervical lymphadenopathy
Children with at least 5 days of fever and at least

two diagnostic criteria with echocardiographic
findings of coronary artery damage during the acute
and/or convalescent phases of KD were also
included, as these coronary artery manifestations
are pathognomonic for KD. Cases of incomplete
KD, who have fever, <4 diagnostic criteria, and no
coronary artery manifestations (who constitute
approximately 15% of KD cases receiving clinical
treatment), were excluded to maximise the homo-
geneity of the clinical phenotype.
In all cohorts, clinical and laboratory data were

obtained directly from patient medical files and
supplemented with parental questionnaires. Pheno-
typic data were reviewed in all cases by experienced
pediatricians. Ethical approval was obtained from
the appropriate national and regional institutional
review boards for each study population.3 Informed
consent and assent as appropriate were obtained
from participating families.

< Additional tables and figures
are published online only. To
view these files please visit the
journal online (http://jmg.bmj.
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Linkage cohort
All families enrolled in the KD Genetics Study in the USA were
asked regarding other affected family members and attempts were
made to collect DNA samples on all individuals in the pedigree.
Collaborators in Japan identified four families with more than one
affected member. For the linkage cohort, 26 out of 30 pedigrees
recruited were analysed (supplementary table 1, supplementary
figure 1), as samples from both parents were available for the
affected individuals.

Caseecontrol cohort
This cohort was enrolled from the Netherlands and comprises
191 KD cases and 225 controls (416 individuals of European
descent). All KD cases were identified by collaborating paedia-
tricians and sent for cardiac evaluations and subsequent follow-
up by one of the co-authors (TWK; more information on the
clinical characteristics of subjects can be found in supplementary
table 2). The controls were unrelated, adult blood donors living
in the same geographical area. Ethnicity was determined by self
report or parental report on behalf of the child.

Family based cohorts
The cohorts used for family based association testing included
715 complete parent affected offspring trios (2145 individuals)
plus an additional 378 cases with either one (n¼191) or no
(n¼187) parents providing a DNA sample. An unaffected sibling
was also included in 198 of the families. Subjects were recruited
from Australia, the Netherlands, USA, and UK. These cases were
identified from paediatric hospital databases, from parental
support groups, and through media releases. More detailed
information can be found in supplementary table 2.

Study design
We used a three-stage study design to evaluate the contribution of
genetic factors to KD susceptibility. Stage 1 was a genetic linkage
study analysing 26 KD pedigrees (supplementary figure 1). Stage 2
involved searching for regions of overlap between linkage peaks
(logarithm of odds (LOD) $3) observed in KD pedigrees and
replicated associations reported in the previous GWAS.3 Stage 3
involved fine-scale mapping of the strongest associated region
(stage 2 p<1.00310�4) identified in stage 2. This fine-scale
mapping was carried out in 191 KD cases, 225 controls, and 715
complete caseeparent trios.

Genotyping methods
DNA samples from the linkage study were genotyped using the
Illumina Linkage 12 panel (http://www.illumina.com; 6089
single nucleotide polymorphisms (SNPs) spaced evenly
throughout the human genome). Follow-up genotyping was
performed using the Sequenom Mass-Array iPLEX platform
(http://www.sequenom.com).

Statistical analysis
Linkage analysis was performed using the MERLIN statistical
package, as previously described (http://www.sph.umich.edu/
csg/abecasis/merlin/download/).5 The Kong and Cox non-para-
metric, exponential model was chosen to allow sharing of a small
number of large effect alleles among a small number of families to
be more reliably detected.6 The non-parametric model is
unguided (model-free) and does not assume any given mode of
inheritance. This is appropriate since the mode of inheritance of
the susceptibility loci for KD is unknown and not necessarily the
same for each locus. The Kong and Cox algorithm performs
multipoint calculations and hence allows the full utilisation of
the information available on descent and the inheritance pattern
at every locus. An LOD score of 3 accompanied by p<1.00310�4

was considered suggestive evidence of linkage.7

For the caseecontrol study, tests of disease marker association
were performed using the model-free allelic test which compares
the difference in SNP minor allele frequency between KD

Figure 1 Genome-wide linkage results. Genome-wide linkage results
are shown, with the dotted line indicating maximum logarithm of odds
(LOD) score (MLS)¼3.
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Figure 2 Association scan of the 1-LOD-drop region underlying Chr
13q. Top panel: Linkage scan results. Middle panel: Fine mapping
association results. Boxes represent genes. The genes, from left to right
are: ABCC4, CLDN10, DZIP1, DNAJC3, UGCGL2, HS6ST3, MBNL2,
FARP1, DOCK9, and VGCNL1. Bottom panel: Fine mapping association
results in the context of the 395 single nucleotide polymorphisms (SNPs)
typed in the genome-wide association study (GWAS). A denotes meta-
p value of rs7320375, : for rs7986087, and # for rs7329490.
* denotes the original GWAS p values for rs7320375 and rs7986087.
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patients and controls. The p value was computed from an
accompanying c2 statistic (with 1 degree of freedom) which
measures the significance of the difference in allele frequencies
observed between cases and controls. The calculated OR is
modelled from the allelic test, which represents the increase in
risk of KD per copy of the risk allele. For family based cohorts,
tests of disease marker association was performed using the
transmissionedisequilibrium test (TDT)8 as implemented in the
PLINK software (http://pngu.mgh.harvard.edu/purcell/plink/).9

The TDT statistic has a c2 distribution and is expressed as
c2¼(T�U)2/(T+U) whereby T is the total number of times the
risk allele was transmitted and U is the number of times the risk
allele was not transmitted. Transmissions are only scored from
heterozygous parents to affected offspring. Only complete
parenteoffspring trios and unambiguous transmissions were
scored with the test.
For meta-analysis, data from all three cohorts were pooled and

common odds ratios (ORs) across all individuals were calculated

Table 1 Analysis by transmission disequilibrium testing of eight single nucleotide polymorphisms (SNPs) within the 1-LOD drop interval defining the
Chr 13q linkage region significant at p<0.01 from the genome-wide association study (GWAS)

SNP Chr band Position Gene

GWAS study GWAS study + all remaining samples*

Cases Controls p Value OR p Value OR 95% CI

rs7320375 13q32.1 94709934 ABCC4 0.058 0.020 0.0059 2.97 0.000088 2.00 1.41 to 2.83

rs7986087 13q32.1 94713746 ABCC4 0.054 0.020 0.0062 2.74 0.0003 1.98 1.38 to 2.83

rs11070146 13q32.1 95098788 DZIP1 0.116 0.051 0.0015 2.45 0.04 1.25 1.01 to 1.55

rs11070147 13q32.1 95098938 DZIP1 0.117 0.051 0.0014 2.47 0.07 1.22 0.99 to 1.51

rs285032 13q32.1 97584534 FARP1 0.43 0.59 0.0004 0.52 0.53 0.96 0.84 to 1.10

rs9513515 13q32.3 98394451 DOCK9 0.471 0.408 0.0023 1.30 0.20 1.10 0.95 to 1.27

rs9557096 13q32.3 98401880 DOCK9 0.471 0.409 0.0031 1.29 0.09 1.13 0.98 to 1.30

rs4772360 13q33.1 1.01E+08 VGCNL1 0.116 0.135 0.0080 0.84 0.18 0.89 0.75 to 1.06

*1177 KD subjects and associated family members, total¼3010 subjects.

Table 2 Fine mapping results in all samples for the Chr 13q linkage peak

Chr SNP Position

191 cases and 225 controls 715 complete trios Combined analysis

F_A F_U p Value OR T U p Value OR p Value OR 95% CI

13 rs2274407 94657036 0.087 0.064 0.22 1.38 120 93 0.064 1.29 0.028 1.31 1.03 to 1.66

13 rs11568658 94661009 0.029 0.013 0.11 2.22 39 62 0.022 0.63 0.12 0.75 0.52 to 1.08

13 rs4148437 94697355 0.36 0.35 0.83 1.03 278 296 0.45 0.94 0.59 0.96 0.83 to 1.11

13 rs9556466 94698072 0.36 0.34 0.64 1.07 278 284 0.80 0.98 0.98 1.00 0.87 to 1.16

13 rs4148434 94701436 0.39 0.36 0.35 1.15 301 325 0.34 0.93 0.74 0.98 0.85 to 1.12

13 rs9590218 94704300 0.19 0.17 0.54 1.12 201 211 0.62 0.95 0.88 0.99 0.83 to 1.17

13 rs12584649 94705086 0.19 0.17 0.57 1.11 203 206 0.88 0.99 0.89 1.01 0.85 to 1.20

13 rs7321807 94706712 0.034 0.011 0.022 3.17 41 36 0.57 1.14 0.17 1.34 0.89 to 2.02

13 rs9561820 94708300 0.013 0.004 0.17 3.00 39 47 0.39 0.83 0.61 0.90 0.60 to 1.36

13 rs7320375 94709934 0.058 0.018 0.0021 3.38 71 40 0.0033 1.78 8.8310�5 2.00 1.41 to 2.83

13 rs4148433 94710538 0.032 0.011 0.037 2.92 41 35 0.49 1.17 0.16 1.35 0.89 to 2.04

13 rs7986087 94713746 0.052 0.018 0.0058 3.05 68 38 0.0036 1.79 3.0310�4 1.98 1.38 to 2.83

13 rs7329490 94714754 0.042 0.018 0.035 2.45 69 39 0.0039 1.77 5.8310�4 1.87 1.31 to 2.68

13 rs4148427 94723675 0.041 0.016 0.028 2.66 42 36 0.50 1.17 0.12 1.37 0.92 to 2.05

13 rs4773867 94728621 0.15 0.11 0.060 1.48 167 147 0.26 1.14 0.066 1.20 0.99 to 1.46

13 rs9524885 94733590 0.30 0.25 0.12 1.28 267 255 0.60 1.05 0.21 1.10 0.95 to 1.28

13 rs4773872 94737932 0.22 0.15 0.012 1.57 181 191 0.60 0.95 0.42 1.08 0.90 to 1.28

13 rs871052 94748741 0.44 0.41 0.43 1.12 337 298 0.12 1.13 0.084 1.13 0.98 to 1.29

13 rs868853 94753077 0.09 0.06 0.094 1.56 109 96 0.36 1.14 0.11 1.22 0.96 to 1.56

13 rs4773905 94881647 0.29 0.27 0.48 1.12 274 286 0.61 0.96 0.93 0.99 0.86 to 1.15

13 rs3843691 95128732 0.43 0.45 0.57 0.92 326 317 0.72 1.03 0.96 1.00 0.88 to 1.15

13 rs1537030 95343290 0.45 0.46 0.87 0.98 279 308 0.23 0.91 0.28 0.93 0.81 to 1.06

13 rs1411889 96331433 0.40 0.43 0.42 0.89 299 302 0.90 0.99 0.61 0.96 0.84 to 1.11

13 rs8001181 97409107 0.45 0.43 0.69 1.06 321 321 1 1 0.85 1.01 0.89 to 1.16

13 rs12583114 97561905 0.32 0.30 0.58 1.09 280 272 0.73 1.03 0.56 1.04 0.90 to 1.21

13 rs9634510 97572905 0.25 0.24 0.67 1.07 237 237 1 1 0.84 1.02 0.87 to 1.19

13 rs285081 97574397 0.39 0.45 0.11 0.80 345 314 0.23 1.10 0.76 1.02 0.89 to 1.17

13 rs285083 97576174 0.097 0.060 0.042 1.70 111 121 0.51 0.92 0.74 1.04 0.83 to 1.31

13 rs206209 97580687 0.54 0.43 0.0023 1.53 300 358 0.024 0.84 0.64 0.96 0.85 to 1.11

13 rs172245 97582132 0.48 0.40 0.036 1.35 293 344 0.043 0.85 0.45 0.95 0.83 to 1.09

13 rs285030 97583690 0.51 0.41 0.0047 1.49 300 353 0.038 0.85 0.66 0.97 0.85 to 1.11

13 rs285031 97584032 0.19 0.18 0.90 1.02 172 222 0.012 0.77 0.029 0.82 0.69 to 0.98

13 rs285033 97587810 0.19 0.15 0.11 1.34 198 204 0.76 0.97 0.63 1.04 0.88 to 1.24

13 rs285034 97588194 0.068 0.051 0.28 1.37 63 81 0.13 0.78 0.45 0.90 0.67 to 1.19

13 rs10508035 97588800 0.103 0.092 0.59 1.14 130 133 0.85 0.98 0.92 1.01 0.82 to 1.25

F_A, minor allele frequency in KD cases; F_U, minor allele frequency in controls; SNP, single nucleotide polymorphism; T, number of times the minor allele was transmitted; U, number of times
the minor allele was un-transmitted.
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using the inverse variance method.10 The meta-p value was
calculated using Fisher ’s combined probability test, as previously
described.3 This method of meta-analysis combines p values
from several independent cohorts into one test statistic (X2)
using the formula defined by

X2 ¼ �2 +
k

i¼1
loge

�
pi
�
;

whereby pi is the p value for the ith independent cohort. The
number of degrees of freedom is 2k.

The significance of the meta-p values was evaluated in the
context of 429 independent tests (395 from the GWAS and 34
from fine mapping; see Results), and meta-p<0.00012 was
considered to be significant experiment-wide. All p values
reported here are two-tailed.

RESULTS
The results of the genome-wide linkage analysis are displayed in
figure 1 (regions showing a nominal LOD $2.0 are included in
supplementary table 3). Five chromosomal segments (Chr 3q,
4q, 10p, 13q, 21q) showed suggestive evidence of linkage to KD
(figure 1 and supplementary figure 2; LOD score $3.0, corre-
sponding to p#1.0310�4). We then examined data from our
previous GWAS3 for validated SNPs (SNPs which were associ-
ated in both the GWAS and replication study) underlying the

five linkage peaks. Two such SNPs were found underlying two of
the five peaks (rs16869859 with p¼0.00012 underlying Chr 4q,
and rs285032 with p¼1.7310�5 underlying Chr 13q) (supple-
mentary table 4).
We chose Chr 13q for in-depth assessment because the statis-

tical evidence of association exceeded the pre-set threshold of
p<10�4 and was much stronger than the association to Chr 4q.
By first systematically examining genotype data from the

GWAS3 for SNP coverage within the 1-LOD drop interval
defining the Chr 13q linkage region (between genomic positions
94.46 Mb and 101 Mb, figure 2), we identified 395 genotyped
SNPs that passed quality control (see supplementary methods).
From these 395 SNPs, we observed an excess of SNPs (n¼8)
showing association at p<0.01 in the GWAS (N¼107 cases and
134 controls, table 1) compared to chance alone (n¼4). When
these eight SNPs were genotyped in all remaining samples
excluding the GWAS samples, (N¼1177 KD cases within a total
of 3010 subjects), two SNPs (rs7986087 and rs7320375) within
ABCC4 retained evidence of significant association with KD
(table 1).
We then proceeded to fine map the region delineated by the

two SNPs within ABCC4 in all available KD subjects and
controls samples (191 KD subjects, 225 controls, and 715 KD
caseeparent trios), as well as to exclude the involvement of the
region around rs285032 (near FARP1) more definitively. This was
done by genotyping an additional 34 SNPs within the ABCC4
and FARP1 regions (table 2). Fine mapping revealed a third SNP
within ABCC4 (rs7329490), located <5000 base pairs away from
the originally associated SNPs (rs7986087 and rs7320375) which
also showed suggestive evidence of association with KD
(p¼5.8310�4). In contrast, no association with KD was
observed for all 11 SNPs genotyped in the vicinity of FARP1
(table 2, figure 2). The overall/gene-wide extent of linkage
disequilibrium was moderately low within ABCC4.
However, the three associated SNPs were in very tight LD (r2

>0.95), confined within a block 7000 bp in size (supplementary
figure 3), thus suggesting this 7 Kb block to be the region of
association where the causative variant(s) may lie.
Combining the data from all available samples, we found

evidence of association with KD for three ABCC4 SNPs (meta-
p¼5.8310�4 to 8.8310�5, and per-allele ORs¼1.87 to 2.00, table 2,
figure 2). Detailed genotype analysis of all KD cases and the
population based controls for all three SNPs revealed that indi-
viduals carrying a single risk allele were significantly over-
represented among the KD cases, and almost all individuals
homozygous for the risk allele were KD cases (table 3). Homo-
zygosity for any one SNP was linked to homozygosity at
the other two loci. Haplotype analysis between the three SNPs
did not reveal levels of significance exceeding that observed
with single marker analysis, likely due to their very strong
inter-marker LD.

DISCUSSION
We utilised three distinct but complementary study approaches
to search for disease genes. In the first stage, linkage analysis
tracked sharing of large chromosomal segments between family
members affected with KD (see supplementary figure 4 for
informative families significantly contributing to the LOD
score), assisting in identifying ‘regions of interest’ for further
detailed enquiry. The finer resolution of the caseecontrol
approach allowed comparison of allele frequencies of genetic
variants between KD cases and controls. While having greater
statistical power to detect disease associations, caseecontrol

Table 3 Genotype distributions of the three ABCC4 single nucleotide
polymorphisms (SNPs) in cases and controls

Genotype

Cases

Dutch
UK +
Australia All cases Controls

n % n % n % n %

a) rs7986087

11 173 90.58 240 87.59 413 88.8 217 95.44

12 16 8.38 31 11.31 47 10.1 8 3.56

22 2 1.05 3 1.09 5 1.1 0 0

Total 191 274 465 225

b) rs7320375

11 171 89.53 240 87.59 411 88.4 217 96.44

12 18 9.42 31 11.31 49 10.5 8 3.56

22 2 1.05 3 1.09 5 1.1 0 0

Total 191 274 465 225

c) rs7329490

11 175 92.59 250 87.72 425 89.7 217 96.44

12 12 6.35 32 11.23 44 9.3 8 3.56

22 2 1.06 3 1.05 5 1.1 0 0

Total 189 285 474 225

Cases from the US cohorts were not included for this analysis due to the low proportion of
individuals of European descent in these cohorts.

Table 4 Independent statistical evidence summarising support for the
Chr 13q locus at ABCC4

N Analysis p Value

Linkage results 26 pedigrees Linkage 5.41310�5

LD mapping in
caseecontrols

191 cases, 225
controls

Caseecontrol 0.0021

LD mapping in Trios 715 complete trios TDT 0.0033

All LD mapping results Fisher’s test 8.8310�5

Addition of WTCCC
controls

4674 Caseecontrol <1.0310�7

WTCCC controls were added to the caseecontrol sample and re-analysed.
LD, linkage disequilibrium; TDT, transmission disequilibrium test; WTCCC, Wellcome Trust
Case Control Consortium.
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studies potentially suffer from biases such as population strati-
fication and phenotype misclassification.

Fortunately, KD is rare and the proportion of controls with
unrecognised KD will be very low. The transmission disequi-
librium test is substantially more robust compared to the casee
control approach in that it protects against population stratifi-
cation by scoring transmissions only from heterozygous parents
to affected offspring. Consistency of results observed across all
three study methodologies confirmed disease association inde-
pendent of linkage signals.

Nonetheless, our study suffers from limitations. The sample
size for the linkage screen was very modest (N¼26 pedigrees
analysed); in light of this, statistical power was limited and other
significant disease loci with smaller effect sizes compared to that
observed at ABCC4 (per-allele OR¼2.0) could have been missed.
This was likely the case for NAALADL2 and ZFHX3, two signif-
icantly associated genes in the GWAS (per-allele OR¼1.43 and
1.56, respectively) where no major evidence of linkage in their
chromosomal segments was detected in these 26 families. Thus,
our linkage study was powered only to detect moderately large
genetic effects reliably exceeding experiment-wide thresholds of
significance, and a larger sample of pedigrees will be required for
detection of more modestly contributing alleles (eg, OR w1.5).

Turning to the experimental findings, we noted that in the
caseecontrol association study, individuals homozygous for
the risk allele of the three ABCC4 SNPs were only found among
the KD cases, with none observed in our initial Dutch (n¼225)
and HapMap CEU controls (n¼60). Only by adding controls
from the WTCCC2 (n¼4674), which had data for SNP
rs7986087 and thus allowed a total of 4959 controls to be
examined, were we able to observe homozygosity (n¼4,
frequency of homozygous mutants¼0.08%). Thus, the estimate
of the odds of disease conferred by homozygosity is 8.68 (95% CI
1.94 to 36.9; p<10�7, table 4, supplementary table 5). We noted
that the minor allele frequency of ABCC4 rs7986087 was not
significantly different across all three Caucasian control groups
(Dutch MAF¼1.8%, n¼225, HapMap CEU¼5.8%, n¼60, and
WTCCC2¼2.3%, n¼4674). Strikingly, homozygosity for the risk
allele at the three SNPs was shared across the same individuals, in
direct keeping with observations in the linkage study, lending
credence that convergence of linkage and association signals could
be used to identify disease genes. One other phenotype which
showed such consistency between linkage, family based, and
association studies is type 2 diabetes, where the gene TCF7L211

(RR¼1.45e1.5, current meta-p on all known cohorts <10e100)
was identified from an original linkage signal (LOD¼2.79).12

Future studies will focus on re-sequencing within the associated
region of ABCC4 to identify the causative variant(s).

ABCC4 (also known as MRP4; multi-drug resistance protein 4)
belongs to a family of ATP binding cassette transporters. It has
been shown to be crucial in the release of prostaglandins from
cells; in particular, ABCC4 mediates the efflux of PGE1 and
PGE2,13 a function that is inhibited by non-steroidal anti-
inflammatory agents in vitro.14e16 Our genetic findings thus
suggest a role for ABCC4, a protein responsible for prostaglandin
transport and augmentation of inflammation, in the pathogen-
esis of KD. Re-sequencing of ABCC4 is warranted to better
understand the risk alleles associated with KD susceptibility.
ABCC4 is a large gene (282 Kb) and thus re-sequencing would
need to be targeted to regions of highest disease association. As
carriers of these ABCC4 genetic variants have on average,
a twofold per-allele increased risk of KD, knowledge of this
gene’s function in KD may provide valuable insight into disease
pathogenesis.
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