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Abstract The objective of this study was to explore the

association of single nucleotide polymorphisms (SNPs) of

the CD244 gene with several clinical features of systemic

lupus erythematosus (SLE). Two hundred and forty-three

patients with SLE and 369 healthy controls were enrolled.

Two SNPs (rs6682654 and rs3766379) in the CD244 gene

were determined by allelic discrimination using a specific

TaqMan probe. Only SNP rs3766379 was significantly

associated with susceptibility to SLE [P = 0.009; odds

ratio (OR) 1.28; 95% confidence interval (CI) 1.04–1.57].

The association was preferentially observed in subsets of

SLE patients with nephritis and neuropsychiatric lupus.

The frequency of the rs6682654 C allele was strongly

associated with nephritis and neuropsychiatric lupus

(P = 0.00065; OR 1.99; 95% CI 1.34–2.95, and

P = 1.6 9 10-7; OR 3.47; 95% CI 2.12–5.70, respec-

tively), as was the frequency of the rs3766379 T allele

(P = 0.0014; OR 1.86; 95% CI 1.27–2.71, and

P = 2.6 9 10-7; OR 3.15; 95% CI 2.00–4.96, respec-

tively). In this study, an SNP of the CD244 gene was

associated with susceptibility to SLE. There was a strik-

ingly strong association in SLE patients with nephritis and

neuropsychiatric lupus, suggesting that this genetic marker

could predict involvement of those severe complications.

Keywords Systemic lupus erythematosus � CD244 �
Single nucleotide polymorphisms

Introduction

Connective tissue diseases are rare disorders characterized

by chronic inflammation of systemic organs due to dys-

regulation of the autoimmune system, and the incidence of

systemic lupus erythematosus (SLE) is relatively high

among the connective tissue diseases. In the past decade,

susceptibility genes for these diseases were identified by

many genetic studies. Genes including STAT4, TRAF1-C5,

IRF-5, IRAK1, and TLR5/9 were associated with suscepti-

bility to SLE [1–6]. These genetic studies help to reveal the

pathogenesis and prognosis of individuals with SLE, con-

tributing to novel treatments that could lead to the devel-

opment of personalized therapies.

CD244 belongs to a signaling lymphocyte activation

molecule (SLAM) family and is expressed on all natural

killer (NK), gamma delta (cd), and memory CD8? (ab) T

cells, whereas its ligand, CD48, is broadly expressed on all

nucleated hematopoietic cells. A recent study of the

molecular mechanisms of CD244 indicated its important

roles in the immune system in NK and T cells [7]. It is

possible that SLAM family proteins contribute to the

development of autoimmune disorders, because a causal

variant of a murine lupus model was identified in Ly108,

another member of the SLAM family [8]. A family-based

association study of UK and Canadian families with SLE

revealed variants in the promoter and coding region of

SLAMF7 and LY9 [9], which were situated adjacent to

CD244. The strongest association was detected in exon 8 of

LY9. These findings suggest that CD244 may be involved

in susceptibility to connective tissue diseases, and a recent

study reported that SNPs in CD244 were significantly

associated with susceptibility to rheumatoid arthritis (RA)

and SLE in a Japanese population [10]. However, they

could not replicate the association of the LY9 gene with

Y. Ota � Y. Kawaguchi (&) � K. Takagi � A. Tochimoto �
M. Kawamoto � Y. Katsumata � T. Gono � I. Masuda �
K. Ikari � S. Momohara � H. Yamanaka

Institute of Rheumatology, Tokyo Women’s Medical University,

10-22 Kawada-cho, Shinjuku-ku, Tokyo 162-0054, Japan

e-mail: y-kawa@ior.twmu.ac.jp

123

Mod Rheumatol (2010) 20:427–431

DOI 10.1007/s10165-010-0302-x



susceptibility to SLE in a Japanese population, and another

recent report [11] could not replicate the association in 16

collections from nine European countries.

In this study, we explored the influence of the SNPs of

CD244 on the susceptibility to SLE in a Japanese popu-

lation. We also evaluated the association between the SNPs

and clinical subsets of SLE.

Patients and methods

Patients

Two hundred and forty-three patients with SLE and 369

healthy controls (HC) were enrolled in this study (Table 1).

All individuals were of Japanese origin. The patients with

SLE fulfilled the American College of Rheumatology cri-

teria for the classification of SLE [12]. In patients with

SLE, the most common clinical manifestations in this study

were nephritis (44%), cytopenia (32%), and neuropsychi-

atric manifestations (30%; Table 1). The prevalence of

butterfly rash was 17%, arthritis was 25%, serositis was

6%, and antiphospholipid antibody syndrome was 5%. In

this study, patients with overlap syndrome and mixed

connective tissue disease were excluded from the analysis.

Genomic DNA was obtained from all individuals enrolled

after they provided informed consent. This study met the

criteria of the ethics committees of Tokyo Women’s

Medical University.

Assessment of clinical characteristics of patients

with SLE

The clinical manifestations evaluated in this study were

defined according to the American Rheumatism Associa-

tion Glossary Committee [13]. The patients with arthralgia

and joint swelling but no joint destruction were defined as

having SLE-related arthritis. The patients with serositis

included pleuritis, pericarditis, and/or peritonitis. Persistent

proteinuria [0.5 g daily or cellular casts identified on uri-

nalysis were considered evidence of nephritis. SLE patients

with suspected nephritis were biopsied after informed

consent was obtained. Lupus nephritis included classes

II–V in the World Health Organization classification.

Neuropsychiatric manifestations were defined according to

the American College of Rheumatology nomenclature and

definitions [14]. A diagnosis of cytopenia was defined for

leukopenia (white blood cell count \4 9 103/mm3), lym-

phopenia (lymphocyte \1500 per mm3), anemia (hemo-

globin levels \10 g/dl), or thrombocytopenia (platelet

count \1 9 105/mm3) related to autoimmunity. The patients

with antiphospholipid antibody syndrome fulfilled the

Sapporo criteria for classification of the syndrome.

Allelic discrimination of SNPs in the CD244 gene

The SNPs in CD244 (rs6682654 and rs3766379) were

genotyped with the TaqMan SNP Genotyping Assay kit

and an ABI 7900HT system (Applied Biosystems, Foster

City, CA, USA). The forward and reverse primers for the

polymerase chain reaction, two allele-specific oligonu-

cleotide probes labeled with a fluorescent reporter dye

(FAM or VIC), and a quencher dye, which was specific for

the SNPs of the CD244 gene, are commercially available

from Applied Biosystems.

Statistical analysis

Association analyses of allele and genotype frequencies of

the SNPs (rs6682654 and rs3766379) in CD244 were

conducted using the chi-square test with 2 9 2 and 2 9 3

contingency tables, with the Fisher exact test being used

when appropriate. The primary analysis was performed

without adjustment for multiple tests, but we also con-

firmed the significance by performing the analyses with

Bonferroni correction. The odds ratio (OR) and 95% con-

fidence interval (CI) were calculated to estimate the

strength of the association. Differences were considered to

be significant at P \ 0.05.

Results

Association between the SNPs (rs6682654

and rs3766379) in CD244 and susceptibility to SLE

We used the allelic discrimination method to determine

genotypes of SNPs in patients with SLE and in HC. As

shown in Table 2, there was a significant difference in the

Table 1 Age and gender with systemic lupus erythematosus and

healthy controls

SLE (n = 243) HC (n = 369)

Age, years, median (range) 34 (17–77) 32 (20–74)

Gender, female:male 231:12 349:20

Clinical features, no (%)

Butterfly rash 42 (17)

Arthritis 61 (25)

Serositis 15 (6)

Nephritis 108 (44)

NP 72 (30)

Cytopenia 77 (32)

APS 13 (5)

SLE systemic lupus erythematosus, HC healthy controls, NP neuro-

psychiatric-lupus, APS antiphospholipid antibody syndrome
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frequencies of the rs3766379 alleles between patients with

SLE and HC (P = 0.009, OR 1.28, 95% CI 1.04–1.57).

The T allele was significantly more common in patients

with SLE than that in HC. In contrast, there were no dif-

ferences in the frequencies of the rs6682654 alleles and

genotypes between patients with SLE and HC when Bon-

ferroni correction was applied. The genotype frequencies

of HC did not deviate from Hardy–Weinberg equilibrium

(P = 0.32).

Relationship of the CD244 SNPs to clinical features

in SLE

Patients with SLE show a variety of clinical manifestations.

To investigate which manifestations were associated with

the SNPs, the SNP frequencies were compared between

patients with and without certain clinical features, includ-

ing butterfly rash, arthritis, serositis, nephritis, neuropsy-

chiatric lupus, cytopenia, and antiphospholipid antibody

syndrome. We identified no significant differences in the

frequencies of alleles and genotypes between patients with

versus without butterfly rash, arthritis, serositis, and anti-

phospholipid antibody syndrome of SLE (Table 3). In

contrast, there were strikingly significant differences in the

frequencies of both rs6682654 and rs3766379 alleles and

genotypes between patients with and without neuropsy-

chiatric manifestations and nephritis (Table 3). Although

there was a weak correlation of the rs6682654 allele to

cytopenia, the correlation disappeared when Bonferroni

correction was applied. There were also significant differ-

ences in the frequencies of alleles and genotypes of the

SNPs between patients with neuropsychiatric manifesta-

tions and nephritis versus HC (data not shown), and the

associations remained significant when Bonferroni correc-

tion was applied.

Discussion

In this study, we replicated the weak association of the SNP

rs3766379 in CD244 with susceptibility to SLE in the

Japanese population, as previously reported [10], whereas

we found no significant association between the SNP

rs6682654 in CD244 and susceptibility to SLE. Recently, a

big study from South Korea failed to show the significant

association between two SNPs (rs3766379 and rs6682654)

and susceptibility to SLE in a Korean population [15].

Those previous studies did not investigate the association

between clinical phenotypes in SLE and SNPs. We dem-

onstrated for the first time that both of these two SNPs in

CD244 were strongly associated with the clinical features

of nephritis and neuropsychiatric lupus in SLE patients.

These clinical features are the most severe manifestationsT
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relating to the mortality and morbidity of SLE. These

findings suggest that the SNPs predict the occurrence of

life-threatening complications of SLE.

A previous study [10] using a large cohort indicated that

two SNPs in CD244 were associated with susceptibility to

SLE (n = 554) in a Japanese population, which was par-

tially confirmed by our cohort of patients with SLE.

However, we failed to replicate a significant association of

the SNP at rs6682654 with susceptibility to SLE. Because

our results were obtained from DNA samples from a cohort

containing 243 patients with SLE and from 369 HC, the

limitation in the study can be a small population of patients

with SLE. Distributions of the rs6682654 genotypes in SLE

were 74 (T/T), 238 (C/T), and 242 (C/C) in the previous

report, and 26 (T/T), 107 (C/T), and 110 (C/C) in this

study, respectively. Distributions of the rs6682654 geno-

types in HC were 164 (T/T), 439 (C/T), and 336 (C/C) in

the previous report, and 59 (T/T), 172 (C/T), and 138 (C/C)

in this study, respectively. In summary, there were no

significant differences between the two sets of patients with

SLE (P = 0.60) and HC (P = 0.77) according to Fisher’s

exact test. We did not collaborate in the previous study at

all, and it is possible that most of our samples are different

from those examined in the previous study. Combined

analysis of this and previous data indicates the distributions

of rs3766379 genotypes are 301 (T/T), 360 (T/C), and 136

(C/C) in SLE patients, and 383 (T/T), 631 (T/C), and 293

(C/C) in HC, respectively, which showed a significant

difference (P = 7.9 9 10-5) according to Fisher’s exact

test. Also, there was a significant difference in rs3766379

allele frequencies between patients with SLE and HC

(P = 1.2 9 10-5, OR 1.3, 95% CI 1.2–1.5). The distri-

butions of rs6682654 genotypes are 100 (T/T), 345 (C/T),

and 352 (C/C) in SLE patients and 223 (T/T), 611 (C/T),

and 474 (C/C) in HC. There were significant differences in

both genotype (P = 0.00038) and allele frequencies

(P = 5.6 9 10-5, OR 1.3, 95% CI 1.1–1.5) between

patients with SLE and HC. Thus, this combined analysis

using 797 patients with SLE and 1308 HC in a Japanese

population indicated that the CD244 gene is associated

with susceptibility to SLE.

In conclusion, our study provided independent replica-

tion of the CD244 gene’s association with SLE using a

Japanese SLE cohort. Because replication in independent

studies is indispensable when considering a genetic factor,

we conclude that CD244 is a promising gene associated

with susceptibility to SLE and with two specific clinical

manifestations of SLE, nephritis and neuropsychiatric

lupus, in a Japanese population.
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