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Objective: Systemic lupus erythematosus (SLE) is a prototypic autoimmune disease with com-
plex genetic inheritance. CD247 (CD3Z, TCRZ) plays a vital role in antigen recognition and
signal transduction in antigen-specific immune responses, and is known to be involved in SLE
pathogenesis. Weak disease association was reported for genetic variants in this gene in
Caucasian studies for SLE, Crohn’s disease and systemic sclerosis, but its role as a genetic
risk factor was never firmly established. Methods: In this study, using a collection of 612 SLE
patients and 2193 controls of Chinese ethnicity living in Hong Kong in a genome-wide study,
single nucleotide polymorphisms (SNPs) in and around CD247 were identified as being
associated with SLE. The two most significant SNPs in this locus were selected for further
replication using TaqMan genotyping assay in 3339 Asian patients from Hong Kong,
Mainland China, and Thailand, as well as 4737 ethnically and geographically matched con-
trols. Results: The association of CD247 with SLE in Asian populations was confirmed
(rs704853: odds ratio [OR]=0. 81, p = 2.47 x 1077; rs858543: OR=1.10, p=0.0048).
Patient-only analysis suggested that rs704853 is also linked to oral ulcers, hematologic disor-
ders and anti-double-stranded DNA (dsDNA) antibody production. Conclusion: A significant
association between variants in CD247 and SLE was demonstrated in Asian populations.
Understanding the involvement of CD247 in SLE may shed new light on disease mechanisms
and development of new treatment paradigms. Lupus (2012) 21, 75-83.
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which is supported by a higher monozygotic twin
concordance rate compared with dizygotic twins.
The risk for siblings of those affected is also 30
times higher than that for the general popula-
tion.> * There are also population differences in
terms of both disease prevalence and manifesta-
tions.> The disease is more common in African
Americans, Hispanics, and Asians than in
Caucasians, and Asians are also known to have
more lupus nephritis than patients of European
ancestry.®”’

Genome-wide association studies (GWAS)
enable genome-wide search for variants associated
with this disease without selecting candidates
beforehand. In the last few years, more than a
dozen genes have been established as conferring
disease susceptibility to SLE in studies of different
racial backgrounds.® '* Recently, several novel sus-
ceptibility genes have been uncovered for SLE,
including IL2IR,"* IRAK1,"> ETSI, WDFYA4,'®
and a number of other genes.!”'®

CD247 is an amplification module in the T-cell
receptor (TCR) signaling cascade and is important
for assembly and surface expression of the TCR/
CD3 complex. Reduced expression level of CD247
has been found in various conditions, including
chronic infection and inflammatory diseases, as
well as neoplastic conditions. Various studies have
shown that, of all the TCR subunits, only expres-
sion of CD247 is specifically downregulated, and
these T cells have impaired TCR-mediated function
(reviewed in Baniyash'®). It was reported that the T
cells of SLE patients have a reduced level of
CD247, and FCERIG (Fc receptor com-
mon gamma chain) may replace the zeta chain in
TCR signaling.?**' Recently, two studies reported
weak association of genetic variants in the 3’'UTR
region of this gene with SLE disease risk,”*** but
the role of this gene is far from soundly established,
due to the small sample sizes examined in these
studies.

In this study, we first genotyped 612 cases of SLE
collected in Hong Kong by Illumina 610-Quad
Beadchip and analyzed the data against 2193 con-
trol individuals genotyped on the same platform.
Association of two SNPs with the disease was con-
firmed in four independent sample collections from
Hong Kong, Mainland China (Anhui and
Shanghai), and Thailand (Bangkok). Joint analysis
of the entire dataset showed consistent association
of these SNPs with SLE and suggested connection
of the genetic variants with sub-phenotype
manifestations.

Lupus

Materials and methods

Subjects

The Hong Kong cohort included 1224 SLE patients
recruited from four hospitals in Hong Kong: Queen
Mary Hospital, Queen Elizabeth Hospital, Tuen
Mun Hospital, and Pamela Youde Nethersole
Eastern Hospital. The patients were all of self-
reported Chinese ethnicity, living in Hong Kong,
and they were studied in the GWAS stage and the
subsequent replication in this study. The 1483 SLE
patients collected in the Anhui province of China
were attending the Department of Rheumatology
at Anhui Provincial Hospital and the First
Affiliated Hospital of Anhui Medical University.
The Shanghai cohort contained 771 SLE patients
recruited from Shanghai Renji Hospital. SLE
patients collected in Thailand were all of self-
reported Thai ethnicity and were recruited from
King Chulalongkorn Memorial Hospital, a tertiary
referral center in Bangkok. All patients were diag-
nosed according to the criteria of the American
College of Rheumatology.**

The Hong Kong study was approved by the
Institutional Review Board of the University of
Hong Kong and Hospital Authority, Hong Kong
West Cluster, New Territory West Cluster, and
Hong Kong East Cluster. The study of Anhui,
Shanghai, and Thai samples was approved by the
Institutional Review Board of Research Ethics
Committee of Anhui Medical University, Shanghai
Jiao Tong University School of Medicine, and the
Ethics Committee of the Faculty of Medicine,
Chulalongkorn University, respectively. All patients
provided informed consent for the collection of sam-
ples and the subsequent research.

For the GWAS stage, controls were from both
healthy individuals and individuals from other stud-
ies conducted in the same institution, genotyped by
the same platform. For the replication stage, Hong
Kong controls were blood donors recruited from the
Hong Kong Red Cross and were all of self-reported
Chinese ethnicity, living in Hong Kong. Controls in
the Anhui and Shanghai cohorts were healthy blood
donors recruited from Hefei and Shanghai, respec-
tively. Thai controls were healthy blood donors
recruited from the same geographic areas as the
Thai patients.

Genome-wide association study

Six hundred and twelve SLE patients and 2193 con-
trols were genotyped by Illumina 610-Quad Human
Beadchip. Initial quality control of the chip data
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included exclusion of SNPs and individuals of low
genotype call rate (<90%), low minor allele fre-
quency (<1%), and violation of Hardy—Weinberg
equilibrium in controls (p < 0.0001), as well as indi-
viduals of close relationship detected by PLINK,*’
as reported in detail before.'® Population substruc-
ture was analyzed by principal component intro-
duced in EIGEN-STRAT.*

Genotyping in the replication stage

Two of the CD247 SNPs were genotyped by
TagMan SNP assay using Assay-on-Demand
probes and primers (Applied Biosystems, Foster
City, CA, USA; catalogue nos. C_8918129_10 for
rs858543, C_8918140_10 for rs704853).
Genotyping accuracy was confirmed by direct
sequencing of polymerase chain reaction (PCR)
products for some randomly chosen samples,
which showed 100% concordance. Genotyping
concordance between Illumina Human 610-Quad
Beadchip and TagMan SNP genotyping methods
was also checked on selected samples and the two
methods showed complete concordance.

Statistical analysis

The SNPs were analyzed for association with the
disease by x* test using PLINK.*® Linkage disequi-
librium (LD) patterns were analyzed by
Haploview.?’ Testing of the independent contribu-
tion of a SNP in disease association was performed
by conditional logistic regression controlling for the
effect of other SNPs or haplotype-based test. Sub-
phenotype stratification analysis was performed by
a case-only method, in which basic allelic associa-
tion was performed by comparing minor allele fre-
quency of patients with a specific sub-phenotype
with those without the sub-phenotype.

Overall odds ratios (ORs) and p values jointly
analyzed from the Hong Kong, Anhui, Shanghai,
and Thai populations were obtained by Cochran—
Mantel-Haenszel test of disease association condi-
tional on SNP differences between populations.
Potential heterogeneity for OR between popula-
tions was tested both by Breslow—Day test and by
partitioning the x* statistic among these
populations.

Results

Genome-wide association study

Population substructure was analyzed for the sam-
ples in the GWAS stage by principal component
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method proposed by Price et al.?*® A good match

between the cases and controls in the Hong Kong
samples used in GWAS was observed, similar to
that previously reported for a smaller set of
GWAS on the same cohort.'® A genome-wide infla-
tion factor of 1.045 was observed, which is consis-
tent with the result from principal component
analysis. A combination of strategies was used to
choose a certain locus for further replication, based
on the initial p values, annotated function of the
nearby gene, and previous reports of association
with other autoimmune diseases. We examined
GWAS data on the CD247 gene locus in a
400 kb span, including both upstream and down-
stream regions of the gene. One hundred and
thirty-seven SNPs were interrogated in this
region, from rs6677499 to rs13374598. Fourteen
SNPs showed a suggestive association with nominal
p <0.05, and five of them with p <0.02 are shown
in Table 1 (see also Figure 1 for their positions
relative to CD247). Association p values after cor-
rection for population substructure are also pre-
sented in Table 1, and it seems that population
substructure is unlikely to be a factor causing infla-
tion in association seen in this region.
Independence test by conditional logistic regression
showed that rs704853 is the major contributor to
disease association in this locus and its p value
changed significantly only when controlling for
the effect of rs858543. Therefore, these two SNPs,
rs704853 and rs858543, were chosen for further rep-
lication in a much larger collection of samples.

Replication experiment

Making use of the remaining samples from Hong
Kong not included in the GWAS stage, and sample
collections from Anhui and Shanghai, China, and
Bangkok, Thailand, we went on to replicate these
two SNPs using TagMan assay. As shown in
Table 2, both rs704853 and rs858543 showed sig-
nificant association with the disease by joint analy-
sis of data from all these cohorts. The same trend
was observed for all the cohorts for the two SNPs,
although they did not reach nominal significance in
some cohorts, possibly due to both sample and
effect sizes. Testing between-population OR hetero-
geneity by the Breslow—Day method on these pop-
ulations, however, did not show evidence of
significant difference (p =0.52).

Independence test

For data from all the Hong Kong samples (both
GWAS and replication), conditional logistic regres-
sion revealed that the SNP rs704853 was

77
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k . significantly associated with the disease (p=0.
i & 0037) when controlling for the effect of rs§58543.
3L 1L £ Independent contribution from rs858543 is ques-
S| Xo xx ) tionable, with a p value of 0.0936 when controlling
§ 2 § §§ q 2 for the effect of rs704853, although this could be
2 caused by the usually low power in detecting inde-
. § pendent variants in association studies. There is
g 2 weak LD between the two SNPs (+2=0.23 in
i %:’1, Hong Kong samples, r*=0.15 and 0.16 in Anhui
3 @ and Thai samples, respectively). This is consistent
S S g with the result of logistic regression using data from
3|1 z2s:258|% GWAS. There is also no evidence showing interac-
TlTTETT 2 tion between these two SNPs by logistic regression
R test.
23 :;’ g Haplotype analysis on the Hong Kong samples
§§ < % g i indicates that the CC haplotype formed by
g 5 Sl %Ll 2% rs858543 and rs704853 is the major risk haplotype
fSeslz238z| 22 (p=8.11 x 10* for the Hong Kong cohort), whilst
s AL the TA haplotype is the major protective haplotype
2%0 . (»=2.03x107"). For the Anhui samples, only
g % qed marginal significance in disease association was
S| _SL..12% 3 observed for the TA haplotype formed by
53| z2288| = & rs858543 and rs704853 (p =0. 045).
Qo— S O v oo ‘é‘ g ;_:‘
o =0
N sceas 32 .§ % Sub-phenotype analysis
- S| DS IT & 8 = A case-only analysis was performed to determine
N 2l 88%es| L2 potential genetic association with specific sub-phe-
S | Sxcoaw £z 8 notypes (for example, cases with arthritis versus
= S|==c-=|3%3 cases without arthritis). It showed that rs704853
§ f, e 2 has suggested association with oral ulcers
= 3 = 2 % (OR=0.78, p=0.048), hematologic disorders
g 5 53 j:”; (OR=0.78, p=0.033), and anti-dsDNA antibody
= dlcamegun| EZZ production (OR =0.76, p=0.028), although the p
o S| @¥a=8g%s lues do not withstand multiple testing correction
< = SSsssS| B E A values p g
= § sz and need further confirmation from additional
(:2 “ 423 cohorts (Table 3).
S| | 39EEf|z:% S
g SSSSS =T Discussion
% 35995 228 The CD247 gene spans 88 kb and has been mapped
Z | oo 2 g to chromosome 1q24.2. The first intron spans
2 % i’:; E“ about 78 kb, followeq by seven .othe.r exons of the
g < o= gene. SNP rs704853 is located in this intron 1, at
g1 ¥ AL E about 19kbdownstream of exon 1. Most other
@ @% ; 5 3 associated SNPs found in this study also locate in
2 i Sl 8ag38|03 8 this region (see Figure 1), suggestive of roles in reg-
E :§ <28 % GeR = ; ulation of expression of this gene. Through impu-
2183388888 ggg tation based on Phase II HapMap data on CHB
g 5 8% (Chinese Han in Beijing), rs858536, a SNP about
« _ 58% 300 bp upstream of rs704853 in intron 1, also
- 2onid|s88 showed  significant  association (OR=0.74,
_%; S g % g “ § SEE p=0.000156). In addition, two sets of Caucasian
= Gl 22228 0N GWAS data on 15704853 (dbGaP accession
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Figure 1 LD among SNPs detected in our GWAS and those reported in previous studies. Shown are LD values for CHB
individuals in HapMap (+*). CHOP-CD-AA, WTCCC. CDCC, Barrett et al., and Ped-IBD are various association studies on
Crohn’s disease summarized in Wang et al.’! Also see Table 4 for our GWAS results on these SNPs or their high LD surrogates.

Stars point to the two SNPs replicated in this study.

LD: linkage disequilibrium, GWAS: genome-wide association studies, SNP: single-nucleotide polymorphism.

number phs000122.v1.pl: 1311 cases and 3340
controls, MAF_;c=0.096, MAF ntro1=0.103;
p=0.076, OR=0.93; SLEGEN: 767 cases and
383  controls, MAF_,;c=0.092, MAF ontrol
=0.114; p=0.113, OR=0.79) showed a similar
trend, suggesting a cross-population association
on this locus, although further work is needed to
establish the role of this locus in other populations.

Although our data support a significant role for
rs704853, rs858543 and a few other SNPs in this
region may also contribute to disease association,
as reflected by the marginally significant p values
from these SNPs when controlling for the effect

of rs704853 in the GWAS data (Table 1).
Having multiple independent signals from a single
locus is another layer of information supportive of
true positive association, even if no individual SNP
reaches genome-wide significance. This notion is
significant as GWAS enters a stage of attempting
to identify variants of smaller effect size. It is also
realized that multiple contributing alleles from a
single locus may be a common phenomenon.
Examined by both a set-based association test
installed in PLINK?® and an in-house program
designed to detect regions with multiple indepen-
dent SNPs contributing to disease association,
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Table 2 Replication of SLE association in additional cohorts
Joint analysis
Control SLE
SNP Cohort (no. of controls/no. of cases) MAF MAF OR p value OR (95% CI) p value
1704853 HK_GWAS (2193/612) 0.217 0.166 0.72 8.70 x 107 0.81 (0.75-0.88) 247 %1077
HK_TaqMan (1152/612) 0.204 0.184 0.88 0.183
HK_all (3345/1224) 0.213 0.175 0.78 8.56 x 107
AH_TaqMan (1463/1483) 0.184 0.163 0.87 0.0455
Thai_TagMan (970/473) 0.162 0.146 0.88 0.277
SH_TagMan(1152/771) 0.187 0.148 0.76 3.56 x 107
rs858543 HK_GWAS (2193/612) 0.467 0.52 1.24 8.37x 1074 1.10 (1.03-1.18) 0.0048
HK_TaqMan (2193/612) 0.467 0.501 1.15 0.0233
HK_all (2193/1224) 0.467 0.508 1.18 9.80 x 107*
AH_TagMan (1463/1483) 0.436 0.444 1.03 0.58
Thai_TaqMan (552/324) 0.505 0.52 1.06 0.556
AH: Anhui populations in mainland China, CI: confidence interval, HK: Hong Kong Chinese, MAF: minor allele frequency, OR: odds ratio, SH:
Shanghai populations in mainland China, SLE: systemic lupus erythematosus, SNP: single nucleotide polymorphism, Thai: Thai population in
Bangkok, Thailand.
Table 3 Association of rs704853 with SLE analyzed by sub-phenotype stratification in Hong Kong samples
Sub-phenotype (number of patients*) MAF-SLE (+) MAF-SLE (—) p OR
ANA (+) 1123 0.168 0.163 0.859 1.04
(—) 108
Renal disorder (+) 433 0.165 0.170 0.762 0.964
(—) 798
Age at onset (<27) 367 0.160 0.178 0.355 0.880
(=27) 423
Malar rash (+) 680 0.177 0.158 0.251 1.15
(—) 551
Discoid rash (+) 132 0.176 0.167 0.735 1.07
(—) 1099
Photosensitivity (+) 347 0.149 0.175 0.168 0.825
(—) 884
Oral ulcers (+) 288 0.146 0.180 0.0476 0.779
(—) 943
Arthritis (+) 616 0.153 0.181 0.0958 0.819
(—) 615
Serositis (+) 118 0.168 0.168 0.978 1.01
(—) 1113
Neurologic disorder (+) 88 0.137 0.170 0.347 0.778
(—) 1143
Hematologic disorder (+) 696 0.152 0.187 0.0334 0.776
(—) 335
Immunologic disorder (+) 778 0.163 0.174 0.522 0.925
(—) 453
Anti-dsDNA Ab (+) 869 0.155 0.195 0.0276 0.759
(—) 362
Anti-Sm Ab (+) 140 0.168 0.168 0.979 1.01
(—) 1091
Anti-Ro Ab (+) 598 0.165 0.170 0.787 0.968
(—) 633
Anti-La Ab (+) 159 0.177 0.166 0.668 1.08
(—) 1072
Anti-RNP Ab (+) 282 0.174 0.166 0.684 1.06
(—) 949
*Number of patients: (+) patients positive for the manifestation and (—) patients negative for the manifestation.
MAF-SLE (+): minor allele frequency for patients positive for a certain sub-phenotype, MAF-SLE (—): minor allele frequency for patients
negative for the sub-phenotype.
ANA: antinuclear antibodies, dsDNA: double-stranded DNA, MAF: minor allele frequency, OR: odds ratio, RNP: ribonucleoprotein, SLE:
systemic lupus erythematosus.
Lupus
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Conditional p”

7.00 x 1073
N/A
N/A
6.50 x 107>
6.50 x 1073
7.30 x 1073

570 x 107>

Conditional p“

0.149
0.422
N/A
N/A
0.111
0.187

0.031

p (allelic test)
130 x 107

0.229
0.577
N/A
0.085
0.21
0.274

0.88 (0.70-1.09)
1.04 (0.90-1.21)
0.73 (0.62-0.86)
N/A

0.79 (0.60-1.03)
0.92 (0.81-1.05)
0.92 (0.81-1.05)

OR (95% CI)

MAF control
0.1005

0.221

0. 218

N/A

0.0693

0.378

0.464

MAF case
0.0891
0.228
0.168
N/A
0.0556
0.359
0.444

G<T
A<G
A<C
C<A
G<A
C<A

Allele

Position (NCBI Build 36,

UCSC hgl8)
165687049
165674141
165735488
165742495
165698027
165666358

152056626
s2480679¢
rs704853¢
rs12061855¢
51799704
152988276
1s870875

SNP

References
Radstake et al.*
Gorman et al.??
Barrett et al.’!
wWTCCC™
Ped-IBD*!
cpec?!
CHOP-CD-AA?!

p values for this SNP in conditional logistic regression test when controlling for the effect of rs704853; °p values for rs704853 when controlling for the effect of the analyzed SNP in the conditional

Table 4 GWAS results on SNPs reported in other studies
logistic regression test.

Systemic sclerosis

Associated disease
SLE

Crohn’s disease
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this gene showed highly significant association after
permutation on the number of SNPs tested in this
locus (p=0.021 and 0.003, respectively).

In Hong Kong samples, the SNP rs704853 may
be involved more closely in patients with oral ulcers
(OR=0.78, p=0.048), hematologic disorders
(OR=0.78, p=0.033), and anti-dsDNA Ab pro-
duction (OR=0. 76, p=0.028), although these p
values do not withstand multiple testing correction
for the number of sub-phenotypes examined and
replication from other cohorts is needed to confirm
these findings. Using the same cohorts, we recently
also uncovered ELFI (E74-like factor 1) as a sus-
ceptibility gene for SLE.?® Interestingly, it has been
shown that the encoded protein, Elf-1, an Ets
family transcription factor, is known to regulate
CD247 expression, and itself is known to be
reduced in SLE patients.”” Association of both
genes with SLE in Asian populations suggests a
potential connection in the underlying mechanisms.

Recently, GWAS on systemic sclerosis, an auto-
immune disease with certain similarities to SLE,
identified CD247 as a major susceptibility gene®
(rs2056626, OR =0.86, p=3.39 x 10~°). The same
SNP was genotyped in our GWAS stage and
showed an OR of 0.88, with a p value of 0.23 in
allelic analysis (Table 4). Although it is possible
that rs2056626 may also be associated with SLE
(it has no LD with the SNPs shown in Table 1;
see Figure 1), based on conditional logistic regres-
sion on our GWAS data, the effect from rs7043853
apparently is the major signal in SLE association.
Interestingly, some other susceptibility loci for sys-
temic sclerosis also overlapped with those for SLE,
including the MHC locus, /RF5, and STAT4. For
IRFS and STATH4, the associated SNPs as well as
the risk alleles were the same for these two diseases,
suggesting overlaps in the underlying mechanisms.

Due to its important function and known
involvement in SLE, the expression of CD247 in
SLE patients was studied recently and found to
be significantly lower than that in healthy con-
trols.”? In the same study, two SNPs in high LD
with each other, rs1052230 and rs1052231 in
3'UTR of the gene, were found to be associated
with CD247 expression level in both SLE patients
and healthy controls. However, only weak associa-
tion with disease risk was found for haplotypes in
the 3'UTR region of the gene.”> We do not have
coverage on these SNPs, described in the study of
Gorman et al.>> A SNP in absolute LD with
rs1052231 and rs1052230 based on CHB data in
HapMap was interrogated in our GWAS stage
(rs2480679, Table 4), but did not show significant
disease association (p=0.5033, OR=1.053).

0.47 and 0.60, respectively, in CEU in HapMap), the two SNPs reported in a previous study.??

1 in CHB, and ?

CI: confidence interval, GWAS: genome-wide association study, MAF: minor allele frequency, OR: odds ratio, SNP: single-nucleotide polymorphism.

°In high LD with rs1052231 and rs1052230 (i

dreplicated in this study (see Table 2).
‘monomorphic in CHB, HapMap.
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Imputation result on rs1052231 and rs1052230 also
showed an insignificant result (OR=1.06,
p=1.479).

Several GWAS also showed suggested associa-
tion of CD247 with Crohn’s disease, summarized
by Wang et al.>' (the relevant SNPs are depicted
in Figure 1 and Table 4). These studies examined
five different SNPs in the gene and each of them
showed marginal p values for disease association
(0.024 to 0.0018). It can be seen from Figure 1
that none of these SNPs is in high LD with any
other. Of these SNPs, rs704853 was found to be
associated with Crohn’s disease with the same risk
allele as found in this study. Although potential
association with SLE for these SNPs found in the
previous studies needs further investigation, it does
raise a possibility that multiple alleles in this gene
may affect its function and disease association.

CD247 is undoubtedly a very important gene in
T cell function, and both our study and previous
association studies on this gene, both for SLE and
for other autoimmune diseases, raise interesting
questions on the role of genetic variants in this
gene in disease susceptibility. The SNPs in this
study did not reach genome-wide significance, and
it seems that there could be population differences
among the different Asian populations. Population
substructure can cause false positive results, but can
also obscure true association signals. Many of the
questions on this gene warrant further replication
from other cohorts, both for SLE and for other
autoimmune disorders.
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