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Association of EMCN with Susceptibility to
Rheumatoid Arthritis in a Japanese Population
KAZUMASA NISHIMOTO, KATSUNORI IKARI, HIROTAKA KANEKO, SO TSUKAHARA, YUTA KOCHI,

KAZUHIKO YAMAMOTO, YUSUKE NAKAMURA, YOSHIAKI TOYAMA, ATSUO TANIGUCHI, 

HISASHI YAMANAKA, and SHIGEKI MOMOHARA 

ABSTRACT. Objective. Endomucin, an endothelial-specific sialomucin, is thought to facilitate “lymphocyte hom-

ing” to synovial tissues, resulting in the major histopathologies of rheumatoid arthritis (RA). We

examined the association between RA susceptibility and the gene coding endomucin, EMCN.

Methods. Association studies were conducted with 2 DNA sample sets (initial set of 1504 patients,

752 controls; and validation set, 1113 patients, 940 controls) using 6 tag single-nucleotide polymor-

phisms (SNP) from the Japanese HapMap database. Immunohistochemistry for the expression of

endomucin was conducted with synovial tissues from 4 patients with RA during total knee arthro-

plasty. Electromobility shift assays were performed for the functional study of identified

 polymorphisms.

Results. Within the initial sample set, the strongest evidence of an association with RA susceptibil-

ity was SNP rs3775369 (OR 1.20, p = 0.0075). While the subsequent replication study did not ini-

tially confirm the observed significant association (OR 1.13, p = 0.062), an in-depth stratified analy-

sis revealed significant association in patients testing positive to anti-cyclic citrullinated peptide

(anti-CCP) antibody in the replication data set (OR 1.15, p = 0.044). Investigating 2 sample sets, sig-

nificant associations were detected in overall and stratified samples with anti-CCP antibody status

(OR 1.17, p = 0.0015). Positive staining for endomucin was detected in all patients. The allele asso-

ciated with RA susceptibility had a higher binding affinity for HEK298-derived nuclear factors com-

pared to the nonsusceptible allelic variant of rs3775369.

Conclusion. A significant association between EMCN and RA susceptibility was detected in our

Japanese study population. The EMCN allele conferring RA susceptibility may also contribute to the

pathogenesis of RA. (First Release Dec 15 2010; J Rheumatol 2011;38:221–8; doi:10.3899/

jrheum.100263)
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The contribution of genetic factors to the etiology of

rheumatoid arthritis (RA) has been well established through

extensive genealogical and twin-based studies1,2.

HLA-DRB1 has been primarily associated with RA suscep-

tibility among most major ethnic groups, including those of

European and Asian descent3,4,5. Many other genes are also

believed to contribute to the pathogenesis of RA, presum-

ably operating at small to modest risk levels.
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Over the past decade, significant efforts have been made

to identify putative RA susceptibility genes residing outside

the HLA region. Often, these rely on a candidate gene or

systematic approach, including genome-wide linkage scans.

Such efforts have implicated PTPN22 and PADI4 as

causative genes for RA susceptibility in European and Asian

populations, respectively6,7,8. Additionally, STAT4 has been

shown to contribute a similar level of genetic risk for devel-

opment of RA in European and Asian populations9,10,11,12.

As well, TNFAIP3, CD40, PRKCQ, KIF5A, and CCL21

were identified as RA-associated loci, by means of

chip-based, genome-wide association studies and compre-

hensive replication studies among people of European

 origin13,14,15,16,17,18.

However, more than half the genetic contribution to

pathogenesis of RA is purported to arise from as-yet

unknown genetic variance18. Considering that multiple

molecular pathways are implicated in the onset and progres-

sion of the disease, it is likely that undetected genes of small

to modest risk ultimately contribute to the pathogenesis of

RA. Detection of such unknown genes outside the well stud-

ied HLA region is essential in understanding the genetic

basis for RA susceptibility.

RA is characterized by chronic inflammation of the syn-

ovial tissues in joints and tendons. Entry of mononuclear

cells, particularly T lymphocytes, into the synovium and the

subsequent formation of aggregates into secondary ectopic

lymphoid structures contributes to the systematic inflamma-

tion associated with RA via production of proinflammatory

chemokines or pathogenic autoantibodies19,20,21,22. Recruit -

ment of lymphocytes to synovial tissues is one of the key

steps in the pathogenesis of RA. The homing of lympho-

cytes to secondary lymphoid structures is initiated by the

interaction between sialomucin, a protein secreted on the

endothelial cell surface, and cell adhesion molecules on

lymphocytes, such as L-selectin. This group of several

endothelial adhesion molecules that collectively bind

L-selectin are commonly termed peripheral node addressins

(PNAd). The secretion of PNAd in the vasculature of RA

synovial tissues can be detected by immunostaining with the

antiadhesive molecule MECA-7920,23. Thus, the PNAd are

thought to play an important role in RA pathogenesis by

facilitating lymphocyte homing to synovial tissues.

Endomucin, a PNAd, is known to be expressed in vascu-

lar endothelial cells of a variety of tissues including the

heart, skin, and kidney24,25. While the expression of endo-

mucin in synovial tissue has not been identified to date, it

facilitates lymphocyte homing by interacting with L-selectin

on respective lymphocytes like other PNAd26. Additionally,

endomucin is overexpressed as a result of stimulation of

tumor necrosis factor-α, a pleiotropic inflammatory

cytokine central to a range of autoimmune diseases27. The

implication of endomucin’s involvement in key molecular

processes suggests that EMCN, the endomucin coding gene,

is a candidate susceptibility gene associated with RA. Our

objective was to assess the association between EMCN and

RA susceptibility within a Japanese population, and to

investigate which, if any, associated polymorphisms have

any directly identifiable biological effect on disease

 susceptibility.

MATERIALS AND METHODS

Study subjects. The study was approved by the relevant local ethics com-

mittee of each participating organization. Written informed consent was

obtained from all participants prior to enrollment. All patients with RA had

been diagnosed according to the revised criteria devised by the American

College of Rheumatology28.

Initial set. For initial analysis, case subjects were recruited from the

Institute of Rheumatology Rheumatoid Arthritis (IORRA) associated with

Tokyo Women’s Medical University29. The IORRA series, including a

case-control study for each haplotype tag single-nucleotide polymorphism

(SNP) and haplotype analysis, consisted of 1504 cases and 752 controls.

Control subjects were obtained from the DNA collection of the Pharma

SNP Consortium, Tokyo, Japan, currently entrusted to the Health Science

Research Resources Bank, Osaka, Japan.

Validation set. In addition, a RIKEN/BioBank series consisting of 1113

cases and 940 controls was prepared for a validation study of the SNP that

had the best evidence of association with the initial set from IORRA. Case

subjects were derived from the BioBank Japan Project DNA collection and

controls were recruited from the Rotary Club of Osaka-Midosuji District

2600 Rotary International in Japan29.

SNP selection and genotyping. Six SNP were selected that provided an ade-

quate description of the haplotypes detected in the Japanese-derived geno-

type data obtained from HapMap (http://www.hapmap.org) using

HaploView 4.130. SNP genotyping data were extracted from EMCN in the

region 3 kb upstream from the start of the first identified exon and 1 kb

downstream from the end of the last exon, as described31,32. SNP of minor

allele frequency (> 0.1) were included, while SNP deviating from

Hardy-Weinberg equilibrium (p < 0.05) were excluded. A total of 33 SNP

were identified and 6 tag SNP genotyped in this study revealed 32 SNP

(96%). Genotyping was performed using the TaqMan SNP genotyping

assay, following the manufacturer’s specifications (Applied Biosystems,

Tokyo, Japan)7. Duplicate samples and negative controls were included to

ensure the accuracy of the genotyping protocol.

Stratified analyses on anti-CCP antibody status. Owing to the heterogene-

ity of RA, and the occurrence of distinct subsets characterized by the pres-

ence or absence of anticitrullinated peptide antibody (anti-CCP)33, a strati-

fied analysis was conducted for both the IORRA and RIKEN/BioBank-de -

rived sample sets. The serum level of anti-CCP antibody was measured by

a standard ELISA.

Statistical analysis. The differences in allele and genotype frequencies of

each SNP between cases and controls were examined by the chi-squared

test and the Cochran-Armitage test for trend, respectively. Chi-squared dis-

tribution was additionally applied to the stratified analyses on the level of

anti-CCP antibody in RA patients, as well as in the statistical assessment of

Hardy-Weinberg equilibrium. In subsequent combined analyses of the 2

case-controlled studies, a Breslow-Day test was used to assess significant

heterogeneity and the Mantel-Haenszel procedure was performed to pro-

vide a common odds ratio when heterogeneity was denied. Statistical

power for chi-squared test was calculated with alpha set as 0.05. These

analyses were performed using the R software package (http://www.r-proj-

ect.org/). Haplotypes were constructed using HaploView 4.130. Multiple

comparisons were corrected using the Bonferroni method. Biological inter-

action between the identified SNP and anti-CCP antibody status was eval-

uated with departure from additivity of effects. To quantify the amount of

interaction, the attributable proportion due to interaction (AP) was calcu-
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lated based on relative risks from logistic models using SPSS for Windows

(version 17.0; SPSS Inc., Chicago, IL, USA). If there is no interaction, AP

is equal to 0. A detailed description regarding definition and calculation of

AP is described elsewhere34,35.

Immunohistochemistry. Synovial tissues were obtained from 4 RA patients

during total knee arthroplasty. Each specimen was frozen in liquid nitrogen

within optimal cutting-temperature compound and cut on a cryostat. The

expression of endomucin in derived synovial tissues was evaluated by

immunohistochemical assays using the HISTAR detection system

(STAR3000A; AbD Serotec, Kidlington, UK) in accord with manufactur-

er’s specifications. Rat anti-human-endomucin antibody (ReproCell Inc.,

Yokohama, Japan) was used as a primary antibody and rat IgG was used as

a negative control.

Electromobility shift assays (EMSA). HEK293 cell lines were cultured in

Dulbecco’s modified Eagle’s medium containing fetal bovine serum albu-

min (10%), penicillin (1%), and streptomycin (1%). Nuclear extracts were

prepared using an NE-PER Nuclear Extraction Reagent Kit (Pierce

Biotechnology, Cramlington, UK) in accord with specifications. Nuclear

extracts were stored in aliquots at –80°C until required. Biotin-labeled and

unlabeled single-strand oligonucleotide probes (20 bp) were purchased

(Invitrogen), corresponding to the haplotype-tagging SNP rs3775369

sequence of allele A (minus strand: 5’-GGT TAC ACC CAT GCG TAG

CTG-3’; plus strand: 5’-CAG CTA CGC ATG GGT GTA ACC-3’) and

allele G (minus strand: 5’-GGT TAC ACC CGT GCG TAG CTG-3’; plus

strand: 5’-CAG CTA CGC ACG GGT GTA ACC-3’).

EMSA was performed using Lightshift chemiluminescent EMSA kit

(Pierce). HEK293 nuclear extracts (2 µg) were incubated with the relevant

biotin-labeled oligonucleotide probe for 20 min at 20°C in 10 mM Tris

buffer (pH 7.5) containing 100 mM KCl, 1 mM DTT, 0.6 µg Poly(dI-dC),

0.05% NP-40, and 5 mM MgCl2. For competition experiments, 25-, 50-,

and 100-fold molar excesses of each unlabeled oligonucleotide probe were

incubated 20 min with the nuclear extracts before addition of the labeled

oligonucleotide probes. Each reaction mixture was then separated by elec-

trophoresis on 6% polyacrylamide gel (Novex DNA Retardation Gel;

Invitrogen) using 0.5 × TBE buffer. After electroblotting onto nylon mem-

brane (Roche), the band shift was visualized according to the specifications

of the Lightshift kit.

EMCN expression in relation to genotypes. EMCN expression data were

extracted from the Genevar database (http://www.sanger.ac.uk/

humgen/genevar/) for the HapMap samples as described36. The association

between EMCN genotypes and expression was accessed using linear

regression methods.

RESULTS

Association of SNP within EMCN locus with RA and haplo-

type analysis. All 6 of the identified SNP were in

Hardy-Weinberg equilibrium within the identified disease

cases and the controls. The genotyping success rate was

over 99% for all SNP. Importantly, significant differences

were observed in allele frequency between cases and controls

in 4 of the 6 characterized SNP (Table 1). An SNP rs3775369

located within intron 1 showed the most significant association

with disease susceptibility (OR 1.21, allele p = 0.0075, geno-

type p = 0.0070; Figure 1). After applying Bonferroni correc-

tion for multiple testing, only rs3775369 was still significant

(allele p = 0.045, genotype p = 0.0042). The minor allele A in

rs3775369 was associated with increased risk of RA.

Statistically, all 6 characterized SNP were in linkage dise-

quilibrium. Four haplotypes were estimated to account for

90% of all haplotypes (Table 2). Significant differences

between the identified disease cases and the controls were

detected in the second and third common haplotype, haplo-

type 2 and haplotype 3, respectively. Haplotype 2 was more

prevalent in RA patients (OR 1.19, p = 0.013); conversely,

haplotype 3 was observed more frequently within the con-

trol group (OR 0.82, p = 0.036). However, these differences

were no longer significant after Bonferroni correction (p =

0.09 and 0.29, respectively).

Validation study and combined analysis. To validate the

association detected in the initial set, a replication study was

conducted using an independent case-control study, derived

from the RIKEN/BioBank sample set. The SNP rs3775369

was genotyped for the validation study as it demonstrated

the strongest association. Although a recognizable trend of

association was observed in the validation set, significant

differences between the RA cases and controls were not

detected (OR 1.13, allele p = 0.062, genotype p = 0.0058).

Because no heterogeneity of allelic distribution was

observed within the case-control sample set (IORRA and

RIKEN/BioBank) (p = 0.54), all data were combined to pro-

vide common OR with significant statistical difference

(Table 3; OR 1.17, allele p = 0.0015, genotype p = 0.0051).

Publicly available genome-wide association data with

RA samples, all in Caucasian populations, were also ana-

lyzed to determine whether the association of EMCN with

RA was supported37. We found no evidence of positive asso-

ciation between RA and the SNP located within the linkage

disequilibrium block including EMCN in the database (data

not shown).
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Table 1. Case-control data on HapMap tag single-nucleotide polymorphisms of EMCN locus in the IORRA series.

Allele Genotypes of Patients Genotypes of Controls p

SNP Location Position* 1/2 1/1 1/2 2/2 Total MAF 1/1 1/2 2/2 Total MAF OR (95% CI) Allele Genotype

rs3816056 Intron 1 25986294 G/T 1072 383 39 1494 0.154 495 236 20 751 0.184 0.81 (0.69–0.96) 0.012 0.012

rs3775369 Intron 1 25980974 G/A 681 669 145 1495 0.321 384 301 59 744 0.282 1.21 (1.05–1.38) 0.0075 0.0070

rs1501096 Intron 1 25980569 A/C 1037 405 46 1488 0.167 480 247 24 751 0.196 0.82 (0.70–0.97) 0.015 0.015

rs3796655 Intron 1 25980365 A/T 1043 407 46 1496 0.167 480 247 24 751 0.196 0.82 (0.70–0.96) 0.015 0.014

rs12501083 Intron 1 25970515 T/C 1218 265 14 1497 0.098 617 127 7 751 0.094 1.05 (0.84–1.30) 0.67 0.67

rs736517 Intron 2 25946759 G/C 1057 396 43 1496 0.161 511 217 24 752 0.176 0.90 (0.76–1.06) 0.20 0.20

* Positions are according to genomic contig NT_016354.18. MAF: minor allele frequency. IORRA: Institute of Rheumatology Rheumatoid Arthritis.
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Stratified analysis. Anti-CCP antibody measurements were

available for the majority of patients in the IORRA data set

(96%) and all patients (100%) in the RIKEN/BioBank data

set. The frequency of the risk-inducing allele in patients

returning positive results for the anti-CCP antibody was sig-

nificantly higher than that in the controls, in both the

IORRA and RIKEN/BioBank series (p = 0.012 and p =

0.044, respectively). Conversely, the incidence of patients

with RA returning a negative result to the anti-CCP antibody

was not significantly different from that in the control group

in either of the sample series (Table 4). Combined analysis

of both sample series also revealed a significant difference

in the allelic distribution between RA patients who returned

a positive result to the anti-CCP antibody and the control

group (OR 1.17, p = 0.0015).

Interaction effects between rs3775369 and anti-CCP anti-

body status were estimated with a departure-from-additivity

model by calculating the attributable proportion due to inter-

action in the IORRA data set. However, we found no evi-

dence of a significant interaction (AP = 0).

Immunohistochemistry. Although endomucin is reportedly

expressed in vascular endothelial cells of a variety of tis-

sues, including the heart, skin, and kidney, expression in

synovial tissues has not been elucidated. The expression of

endomucin was thus examined by immunohistochemical

staining in human synovial tissues from patients with con-

firmed RA following total knee arthroplasty. Within this

sample set, positive staining confirmed the presence of

endomucin in all patients, with expression specific to the

endothelial cells of blood vessels (Figure 2). No staining

was observed within the negative control (i.e., samples incu-

bated without a primary antibody; data not shown).
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Figure 1. Linkage disequilibrium (LD) structure of 6 tagging SNP geno-

typed in all case and control subjects in the IORRA series. The key SNP

rs3775369 is located within intron 1 of EMCN. Connected pairs of SNP

show the standard color D’/LOD scheme using Haploview 4.1 (bright red:

D’ = 1, LOD score ≥ 2; shades of pink/red: D’ < 1, LOD score ≥ 2; and

white: D’ < 1, LOD score < 2). Value in each diamond represents r2.

Figure 2. Immunohistochemical staining for expression of human endomucin in endothelial cells of vessels of RA synovial tissues. Brown stain indicates

endomucin expression and sections are counterstained with hematoxylin (blue). A. Low-power image with inset shown in (B) at high-power magnification.

Bars represent 200 µm (A) and 100 µm (B). 
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Electromobility shift assay (EMSA) results. Based on the

finding of a significant association with susceptibility to

RA, rs3775369 and other SNP identified in associated link-

age disequilibrium may be the most likely candidates for

causative SNP. However, a high level of linkage disequilib-

rium between rs3775369 and other SNP was not identified,

according to the r2 or LOD scores (r2 < 0.2, LOD score < 2)

derived from Haploview 4.1 in conjunction with the

HapMap JPT database. The rs3775369 SNP was thus inde-

pendently considered a likely candidate as a causative poly-

morphism. Owing to the location of rs3775369 within intron

1, allelic differences within this region may in turn alter the

affinity for various nuclear factors, and hence the level of

resultant transcriptions. To determine whether polymor-

phisms in rs3775369 affect the DNA binding abilities by

various nuclear factors, an EMSA was conducted using

nuclear extracts from human HEK293 cell lines and

oligonucleotide probes corresponding to the sequence sur-

rounding the SNP. Although labeled probes containing each

alternative allele each produced retarded bands, significant

differences in band intensity were not detected between the

2 recognized variants, the A and G alleles (Figure 3).

Extending this technique to an additional competition analy-

sis, excess non-labeled probe corresponding to the G allele

did not significantly inhibit the ability of HEK293-derived

nuclear extracts to bind to the labeled A allele. However,

excess non-labeled probe corresponding to the A allele did

in fact inhibit binding of nuclear extracts in a concentrate-

dependent manner. This suggests a degree of difference in

the binding ability of the 2 allelic variants, with allele A

demonstrating higher binding affinity.

EMCN expression in relation to genotypes. Gene expression

of EMCN was accessed with JPT HapMap subjects to eval-

uate whether there was any genotypic effect on EMCN
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Table 2. EMCN haplotypes and association with RA.

Sequence Frequency

Haplotype a b c d e f Patients Controls OR (95% CI) p pcorr*

1 G G A T T G 0.41 0.43 0.95 (0.84–1.08) 0.45 1.00

2 G A A T T G 0.29 0.25 1.19 (1.03–1.38) 0.013 0.09

3 T G C A T C 0.11 0.13 0.82 (0.67–0.99) 0.036 0.25

4 G G A T C G 0.09 0.09 1.06 (0.85–1.32) 0.63 1.00

5 T G C A T G 0.04 0.05 0.83 (0.61–1.14) 0.21 1.00

6 G A A T T C 0.03 0.03 1.11 (0.77–1.63) 0.59 1.00

7 G G C A T C 0.02 0.02 1.10 (0.68–1.84) 0.71 1.00

* After Bonferroni correction. a: rs3816056, b: rs3775369, c: rs1501096, d: rs3796655, e: rs12501083, f: rs736517.

Table 3. Validation study of association between rs3775369 and RA susceptibility in RIKEN/BioBank series and combined analysis.

Genotypes of Patients Genotypes of Controls p

Series GG GA AA Total MAF GG GA AA Total MAF OR (95% CI) Allele Genotype

RIKEN/BioBank 493 497 119 1109 0.331 442 416 76 934 0.304 1.13 (0.99–1.30) 0.062 0.058

IORRA 681 669 145 1495 0.321 384 301 59 744 0.282 1.21 (1.05–1.38) 0.0075 0.0070

Combined 1174 1166 264 2604 0.325 826 717 135 1678 0.294 1.17 (1.06–1.28) 0.0015 0.0051

MAF: minor allele frequency.

Table 4. Analyses of sr3775369 stratified on anti-CCP status in patients with RA.

No. Alleles Patients vs Controls

Series Status G A Total Frequency of OR (95% CI) p

Risk Allele (A)

IORRA Controls 1069 419 1488 0.28

Patients Anti-CCP (+) 1723 809 2532 0.32 1.20 (1.04–1.38) 0.012

Anti-CCP (–) 248 120 368 0.33 1.23 (0.96–1.59) 0.092

RIKEN/BioBank Controls 1300 568 1868 0.30

Patients Anti-CCP (+) 1225 617 1842 0.34 1.15 (1.00–1.33) 0.044

Anti-CCP (–) 258 118 376 0.31 1.05 (0.82–1.34) 0.71

Combined Patients Anti-CCP (+) 2948 1426 4374 0.33 1.17 (1.06–1.30) 0.0015

Anti-CCP (–) 506 238 744 0.32 1.13 (0.96–1.35) 0.16

Anti-CCP: anti-cyclic citrullinated peptide antibody.
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expression. No association was observed between EMCN

expression and rs3775369 genotypes (data not shown).

DISCUSSION

Our study identified a significant association between poly-

morphisms in EMCN and susceptibility to RA, using 2 inde-

pendent sample sets within the Japanese population (OR

1.17, allele p = 0.0015, genotype p = 0.0051). The effect that

EMCN itself has on disease susceptibility is moderate, based

on the odds ratio obtained from this study. This finding is in

accord with data for other RA susceptibility genes identified

outside the HLA region; these also present a moderate risk.

This is not surprising as it is generally accepted that the

overall risk contribution of each genetic factor is small in

common diseases such as RA. The complex etiology

observed in RA likely results from multiple genetic and

environmental factors, both known and unknown. To

account for even a small level of associated risk, a large

sample size was used to obtain sufficient statistical power.

In our study, statistical power was calculated at 91% in the

combined data set analysis.

The identified association between EMCN and RA sug-

gests that variation within EMCN may contribute to the

development and subsequent pathogenesis of RA.

Endomucin, as encoded by EMCN, is thought to regulate

L-selectin-mediated lymphocyte homing on the surface of

vascular endothelial cells26. We established that endomucin

is indeed abundantly expressed in the vascular endothelial

cells of RA synovial tissues. Endomucin could therefore

serve to enhance inflammation of synovial tissues through

the process of lymphocyte homing in RA patients. The

genetic association between EMCN polymorphisms and RA

identified in this study suggests that EMCN may contribute

to the pathogenesis of the disease. Recently, a genetic asso-

ciation with CCL21, a chemokine also involved in lympho-

cyte homing, was identified in a powerful metaanalysis of 2

genome-wide association studies in Caucasians18. The

recognition of additional genetic components that contribute

to lymphocyte homing is critical for developing an under-

standing of the genetic basis of RA, and ultimately for iden-

tifying key targets for effective treatment of RA38.

In stratified analyses derived from anti-CCP antibody

assays, the association between EMCN and RA in both data

sets was predominantly through the subgroup of RA patients
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Figure 3. Electromobility shift assays with oligonucleotide probes corresponding to SNP

rs3775369. Labeled probe alone containing allele A (lane 1) and allele G (lane 2); incubation

with nuclear extracts from the HEK293 cell line, allele A (lane 3) and allele G (lane 4); com-

petition experiments with increasing amounts of nonlabeled probe A (lanes 5–7) and non -

labeled allele G (lanes 8–10). Arrow indicates the band that was shifted with the addition of

nuclear extracts.
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that tested positive to the autoantibody. However, this pre-

dominance might not be specific to this subgroup, since no

interaction between EMCN and anti-CCP antibody status

was found. Nevertheless, this correlation is perhaps under-

standable, as many studies have indicated that autoanti-

body-positive and negative RA may confer different levels

of associated genetic risk33. Interestingly, ectopic lymphoid

structures present in RA synovial tissues were reported to be

involved in autoantibody production, including the

anti-CCP antibody19. EMCN may indeed contribute to RA

pathogenesis by facilitating lymphocyte homing to second-

ary lymphoid organs, subsequently causing the production

of anti-CCP antibody.

While a positive association between EMCN and RA was

detected in this study, there is still a possibility of false pos-

itives. False-positive associations may result from popula-

tion stratification, or errors in sampling, phenotyping, geno-

typing, or multiple testing, as well as other potential

 biases39,40. Unaccounted or unidentified population stratifi-

cation has the potential to produce spurious genetic associa-

tions. Although the Japanese population is known to have

limited genetic diversity, 2 main population clusters have

been identified, the Hondo and the Ryukyu41. To account for

this, both case-control data series in our study were recruit-

ed from the Hondo area. Nevertheless, as the 2 data series

were not tested for population stratification, this may remain

a limitation and potential source of error.

Age and sex of cases and controls are not matched in the

IORRA and RIKEN/BioBank series (IORRA cases, mean

age 59.3 yrs, 83.8% female; controls, mean age 36.4 yrs,

50% female. RIKEN/BioBank cases, mean age 60.4 yrs,

82.0% female; controls, mean age 52.6 yrs, 25% female).

This mismatch might also be a limitation of our study. With

regard to errors derived from phenotyping, autoantibody

testing reduced the possibility of phenotyping error by pro-

viding positive correlations with RA diagnosis. However,

there remained some limited potential for phenotyping

errors. Genotyping error was unlikely, owing to an overall

genotyping success rate of 99% and a genotype concordance

rate of 100%, assessed by duplicate samples. Although mul-

tiple testing does not eliminate false positives, the identified

associations remained significant even after Bonferroni cor-

rection in the IORRA series (allele p = 0.045, genotype p =

0.0042).

The SNP allele frequencies of control subjects in this

study had some deviations from JPT HapMap data, although

the minor alleles of the SNP in this study were identical to

those in the JPT HapMap data. This deviation might be a

result of the relatively small numbers of samples used in the

HapMap database. However, the possibility remains of

false-positive results derived from the discrepancy.

Because the SNP rs3775369 is located within intron 1, it

is suggested that alternative alleles may influence the bind-

ing ability of nuclear factors and thus their resultant tran-

scription activity. Our EMSA revealed that the sequence

containing the RA susceptibility allele A had a higher bind-

ing affinity to nuclear extracts than the alternative non-sus-

ceptible allele G. The Transcription Element Search System

(TESS; http://www.cbil.upenn.edu/cgi-bin/tess/tess) pre-

dicted that the transcription factor AP-2α has the potential to

bind to the sequence surrounding the SNP rs3775369 when

the allelic variant is the RA susceptibility allele A.

Variations in the EMCN allele may alter the binding affinity

of AP-2α and hence regulate subsequent transcription of the

gene. However, the genotypic effect on EMCN gene expres-

sion was not confirmed using the Genevar database with

HapMap samples. Additional experiments are needed to

fully deduce the changes of these genetic variation effects in

the function of EMCN. Moreover, as the HapMap database

does not fully account for the breadth of genetic variability,

it is necessary to find other novel SNP that may also influ-

ence or determine the risk haplotype. Additional examina-

tion of the functional variants of EMCN is essential to estab-

lish a solid genetic association.

Our study clearly identified an association between

EMCN and RA susceptibility within the Japanese popula-

tion. The association was chiefly with RA patients who test-

ed positive to anti-CCP antibody. This key finding suggests

that variation within a gene engaged in lymphocyte homing

may be critical in the pathogenesis of RA. The identified

variation within the intronic SNP was significantly associat-

ed with RA and may alter transcription activity; further

investigation is required to elucidate the mechanism of

action. Identification of the RA disease-causing variant of

EMCN, in conjunction with replicate studies in other popu-

lations, is central to reaching a definitive conclusion.
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