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Association Between Single-Nucleotide Polymorphisms in the
SEC8L1 Gene, Which Encodes a Subunit of the
Exocyst Complex, and Rheumatoid Arthritis
in a Japanese Population
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controls (189 men and 617 women). Haplotypes and LD
mapping results were assessed based on SNP genotypes
in 380 controls.
Results. Forty-eight SNPs showed allele associations (P < 0.05) in the first set of DNA samples (380 RA
cases and 380 non-RA controls; first-stage analysis).
For 4 of the SNPs in the SEC8L1 gene, the association
was replicated (P < 0.05) in the second, independent set
of DNA samples (an additional 380 RA cases and 380
non-RA controls; second-stage analysis). When data
from the 2 groups were combined, the most significant
allele association was observed with SNP 441, an intronic SNP of the SEC8L1 gene (P ⴝ 0.000059). The
SEC8L1 SNPs with significant allele associations were
all located in a single conserved LD block (block 4).
Haplotype analysis revealed the disease-risk (P ⴝ
0.0015) and disease-protective (P ⴝ 0.0000062) haplotypes. Resequencing of coding exons within block 4 did
not identify any nonsynonymous SNPs. Real-time quantitative polymerase chain reaction revealed that SEC8L1
was expressed ubiquitously in human tissues, including
fibroblast-like synoviocytes from RA patients.
Conclusion. Our locus-wide association and LD
analyses identified intronic SNPs and haplotypes in the
SEC8L1 gene that are strongly associated with RA. We
propose that SEC8L1, which encodes a component of the
exocyst complex, is a candidate susceptibility gene for
RA in the Japanese population.

Objective. To identify rheumatoid arthritis (RA)
susceptibility genes in a Japanese population by conducting a large-scale case–control association analysis
and linkage disequilibrium (LD) mapping on chromosome 7q31–34, a candidate susceptibility locus identified in a preliminary genome-wide scan in 53 Japanese
families, using single-nucleotide polymorphisms
(SNPs).
Methods. We prepared 728 dense, evenly spaced
SNPs with a minor allele frequency >0.15 in each gene
locus on chromosome 7q31–34. Using these SNPs, a
2-stage case–control analysis was performed on 760 RA
patients (157 men and 603 women) and 806 non-RA
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Rheumatoid arthritis (RA) is one of the most
common autoimmune diseases. It is characterized by
chronic inflammation of synovium and subsequent joint
1371
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destruction. The prevalence is almost constant in many
populations throughout the world, ranging from 0.3% to
1% (1). The precise etiology of RA is largely unknown;
however, evidence from studies of twins and families
suggests that both genetic and environmental factors
(e.g., infectious, hormonal, and pregnancy factors) contribute to susceptibility to RA (2,3). An association
between the risk of RA and the presence of the HLA
locus has been established. In particular, several HLA–
DRB1 alleles encoding the “shared epitope” are recognized as disease-risk or disease-severity alleles (4). It is
estimated, however, that this association accounts for
only one-third of the genetic component (5), and several
other, non-HLA genes are believed to contribute to RA
susceptibility. Many potential candidate genes, such as
tumor necrosis factor ␣ (TNF␣), CTLA-4, and cytokinerelated genes, have been extensively investigated, but the
results are a subject of controversy (6). Genome-wide
linkage analyses of RA in affected sibpairs have been
performed by at least 4 independent groups (7–12), and
although several non-HLA loci showed suggestive evidence of linkage in multiple studies, no common loci
aside from the HLA region were identified.
It has been suggested that in common diseases
such as RA, linkage analysis alone might not provide the
necessary resolution to identify the underlying genes and
that fine mapping of the linked regions should be
attempted using linkage disequilibrium (LD) analysis
with single-nucleotide polymorphisms (SNPs). In fact,
such strategies are beginning to reveal novel and complex disease-related genes for type 2 diabetes and for
Crohn’s disease (13–15). Similar strategies in RA have
found a functional haplotype of the peptidyl arginine
deiminase 4 (PADI-4) gene to be associated with RA in
the Japanese population (16). PADI4 is located on
chromosome 1p36, which 2 previous studies had identified as a candidate locus for RA (7,8). The same group
of investigators (17) recently succeeded in identifying an
intronic SNP in a runt-related transcription factor 1
(RUNX-1) binding site of the solute carrier family 22
member 4 (SLC22A4) gene that is associated with RA
(17).
LD mapping with SNPs in candidate loci identified through linkage analysis is useful for pinpointing
disease susceptibility genes in common multifactorial
disorders. In this study, we performed a large-scale
case–control association analysis and LD mapping on
chromosome 7q31–34, a candidate locus identified
through a preliminary genome scan in a Japanese population (18). Our results indicate that the SEC8L1 gene,
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which encodes a subunit of the exocyst complex, is a
candidate susceptibility gene in RA.
PATIENTS AND METHODS
Subjects evaluated in the association study. A total of
1,566 Japanese subjects, consisting of 760 RA patients (157
men and 603 women) and 806 healthy subjects (non-RA
controls; 189 men and 617 women), were evaluated in the
association study. RA patients were recruited through the
orthopedic clinic at Tokushima University Hospital and the
rheumatology clinic at Tokushima Kensei Hospital. Healthy
control subjects were recruited from the general population.
All RA patients met the revised criteria of the American
College of Rheumatology (19), with a minimum disease duration of 3 years. Clinical information, including the age at
disease onset, initially affected joints, medication history, side
effects of disease-modifying antirheumatic drugs, and family
medical history, was obtained on all study subjects. RA disease
status was classified into 3 subsets (mutilating disease, more
erosive subset, and less erosive subset) according to the criteria
described by Ochi et al (20).
Blood specimens were collected from all study subjects. Genomic DNA was prepared from peripheral blood
leukocytes or from Epstein-Barr virus–immortalized lymphoblast cell lines using a standard protocol. Synovial specimens
were obtained from the knee joints of 3 RA patients who had
undergone arthroplastic surgery. Fibroblast-like synoviocytes
(FLS) were derived from the synovial specimens and cultured
in Dulbecco’s modified Eagle’s medium containing 10% fetal
calf serum as described previously (21).
The study protocol was approved by the Institutional
Review Board of the University of Tokushima. Written informed consent was obtained from all participants prior to
blood sampling.
SNP selection and genotyping. To establish a useful set
of markers for the association study, we first searched SNPs
that were located in an interval between D7S486 and D7S2513,
an ⬃1–logarithm of odds (LOD)–drop interval from D7S2560,
which showed nominal evidence of linkage in the public
databases (Database of Single-Nucleotide Polymorphisms
[dbSNP] and The SNP Consortium) and the Celera Discovery
System database. Among the numerous candidate SNPs identified, we selected for analysis SNPs that met the following 3
criteria: 1) dense and evenly-spaced (1 SNP every 10–20 kb)
gene-centric SNPs in each gene locus spanning 10 kb upstream
of the transcription start site of the gene and 10 kb downstream
of the stop codon, 2) SNPs suitable for use in developing the
TaqMan allele discrimination assay, and 3) common SNPs that
showed minor allele frequencies ⬎0.15 in 46 healthy unrelated
Japanese control subjects initially tested.
TaqMan minor groove binder probe and primer sets
were designed by Applied Biosystems using Primer Express
Software (version 2.0; Applied Biosystems, Foster City, CA).
We genotyped SNPs using either TaqMan Universal Master
Mix (Applied Biosystems) or a QuantiTect Probe polymerase
chain reaction (PCR) kit (Qiagen, Stanford, CA) and 5 ng of
DNA, 450 nM of each primer, and 100 nM of probe in a 4-l
reaction volume. PCR conditions were as follows: 95°C for 10
minutes for enzyme activation, followed by 40 cycles of 92°C or
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94°C for 15 seconds and 60°C for 1 minute. Thermal cycling
was conducted on an ABI GeneAmp PCR System 9700
(Applied Biosystems). Each 384-well plate contained 380
samples of unknown genotype and 4 samples of no-template
control. After reaction, the fluorescence of VIC and FAM dyes
was detected using an ABI Prism 7900HT Sequence Detector
System with SDS software (version 2.1; both from Applied
Biosystems).
Case–control association study. To reduce the time
and cost of genotyping, we used a 2-stage case–control analysis
strategy in 1,520 subjects by assigning them to 2 independent
subsets consisting of 380 RA cases and 380 non-RA controls
each. All SNPs were genotyped in the first set of DNA samples
(first-stage analysis), and SNPs exhibiting significant allele
associations with RA (cutoff at P ⬍ 0.05) were further tested
for replication in the independent second set of DNA samples
(second-stage analysis). For each stage of analysis, allele
frequencies of SNPs were compared in the RA cases and
non-RA controls with the use of chi-square tests with 2 ⫻ 2
contingency tables. For SNPs exhibiting significant allele associations, we also tested genotype frequencies for association
with disease status using dominant and recessive models.
Hardy-Weinberg equilibrium of alleles at individual loci was
assessed by chi-square statistics (22). SNPs with a minor allele
frequency of ⬍0.15, genotype success rate of ⬍0.97, and
Hardy-Weinberg equilibrium test result of P ⬍ 0.05 in control
subjects were excluded from analysis.
The distribution of LD in the candidate region and the
phase estimation were evaluated using genotypes from 380
control subjects in the first-stage analysis. Pairwise LD was
estimated using the formula
D ⫽ x11 ⫺ p1q1

where x11 is the frequency of haplotype A1B1, and p1 and q1
are the frequencies of alleles A1 and B1 at loci A and B,
respectively. A standardized LD coefficient, r, was derived
using the formula
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where X ⫽ (1 – f)2 ⫹ 2f(1 – f)r1 ⫹ f2r2, f is the frequency of the
risk allele, and r1 and r2 are the estimated genotype risk ratios,
and using an RA prevalence of 0.01 (26).
Resequencing of the coding exons in the LD block.
PCR primer sets for exons 11–14 of the SEC8L1 gene were
designed as follows: 5⬘-ATACTCATGTCCTCATGTCG-3⬘
(exon 11 forward), 5⬘-TGACACTTGCCAAGTCAATG-3⬘
(exon 11 reverse), 5⬘-TTCTTGCAGGAGAGCTCAGG-3⬘ (exon
12 forward), 5⬘-AACCACCATCAGGCTCAAAC-3⬘ (exon 12
reverse), 5⬘-TCCTGCAGCAAAGGTAGATG-3⬘ (exon 13 forward), 5⬘-AAACAGATGTGCTTCCTCCC-3⬘ (exon 13 reverse),
5⬘-CTCATGTCAGTCCTTGTGC-3⬘ (exon 14 forward), and
5⬘-GACCAGTGTACACTCTCATC-3⬘ (exon 14 reverse).
DNA samples from 24 subjects (12 RA patients and 12
non-RA controls) were chosen to represent the different
haplotypes. PCR was performed with a KOD-Plus DNA
polymerase kit (Toyobo, Osaka, Japan) according to the
manufacturer’s protocol. After PCR, products were treated
with ExoSAP-IT (Amersham Biosciences, Piscataway, NJ) at
37°C for 15 minutes, followed by incubation at 80°C for 15
minutes to deactivate enzyme. The purified PCR products
were directly sequenced with the primers used for PCR
amplification, using BigDye Terminator chemistry on an ABI
3100 Genetic Analyzer (Applied Biosystems).
Real-time quantitative PCR. Total cellular RNA from
FLS was extracted with the use of an RNeasy kit (Qiagen).
Additional RNA from various tissues was taken from the
Human Total RNA Master Panel II kit (BD Biosciences, San
Jose, CA). RNA was reverse-transcribed with an oligo(dT)
primer and SuperScript II (Invitrogen, Carlsbad, CA). Expression of the SEC8L1 gene and the control ␤-actin gene was
examined by real-time quantitative reverse transcription–PCR
(RT-PCR) using TaqMan Assays-on-Demand gene expression
products (Hs00253986_m1 for SEC8L1 and Hs99999903_m1
for ␤-actin). Expression of the SEC8L1 gene in various tissues
relative to the bone marrow was calculated by the standard
curve method as described by the manufacturer (Applied
Biosystems).

r ⫽ D/(p1p2q1q2)1⁄2

(23), where p2 and q2 are the frequencies of the other alleles at
loci A and B, respectively. Lewontin’s coefficient, D⬘, was
derived using the formula
D⬘ ⫽ D/Dmax

where Dmax ⫽ minimum(p1q2,p2q1) when D is ⬍0, or where
Dmax ⫽ minimum(p1q1,p2q2) when D is ⬎0 (24). Haplotype
frequencies for multiple loci were estimated using the
expectation-maximization method. The statistics including permutation tests were performed with the use of either the
Arlequin program–based SNPAlyze Pro version 3.2 (Dynacom, Tokyo, Japan) or our original tool, Fujitsu Disease
Susceptibility Gene Discovery System, developed for use in
association statistics (Fujitsu, Tokyo, Japan). A graphic overview of the LD was constructed using the Graphical Overview
of Linkage Disequilibrium software (25) (online at http://
www.sph.umich.edu/csg/abecasis/GOLD/).
We calculated the population-attributable risk as follows:
population-attributable risk ⫽ (X ⫺ 1)/X

RESULTS
Clinical phenotypes of the study subjects. The
clinical features of the RA cases and non-RA controls
are summarized in Table 1. In the first-stage and secondstage analyses, 78.9% and 79.7%, respectively, of the RA
patients were women. The mean ⫾ SD age at the time of
sampling was 61.9 ⫾ 12.2 years in the RA patients and
38.8 ⫾ 15.4 years in the non-RA control subjects. The
non-RA control group was adjusted for sex to fit the sex
distribution in the RA case group.
Selection of SNPs in the 7q31–34 region and
development of the TaqMan assay. Our preliminary
genome-wide affected sibpair linkage analysis using 67
sibpairs from 53 Japanese RA families identified nominal evidence of linkage (maximum LOD score ⬎0.74,
corresponding to P ⬍ 0.05) (27) to the 7q31–34 region,
with a maximum LOD score of 1.41 for D7S2560 (un-
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Table 1.

Clinical features of the rheumatoid arthritis (RA) cases and the non-RA controls

No. of subjects initially screened
First-stage analysis
No. of subjects
% female
Second-stage analysis
No. of subjects
% female
Race, % Japanese
Age at sampling, mean ⫾ SD years
Age at RA onset
⬍30 years
30–39 years
40–49 years
50–59 years
60–69 years
ⱖ70 years
% with family history of RA
RA disease status subgroup, no. of subjects
Multilating disease
More erosive subset
Less erosive subset

published observations and ref. 18). We therefore considered that the region flanked by markers D7S486 and
D7S2513, an ⬃1-LOD–drop interval from D7S2560,
might contain RA susceptibility or RA severitymodifying genes. The interval spanned ⬃25.3 Mb of the
genomic region and contained 179 genes, as shown in
the National Center for Biotechnology Information database (Map View Build 34, version 2; statistics for Build
34, version 2 are available online at http://www.ncbi.nlm.
nih.gov/mapview/stats/BuildStats.cgi?taxid⫽9606&
build⫽34&ver⫽2). To establish a useful marker set for
positional candidate genes, we searched public and
Celera databases and developed TaqMan assays for 728
SNPs. Unfortunately, we were unable to develop SNP
assays for 72 genes located in the interval of interest
because either no SNPs were available in the databases,
the SNPs were not polymorphic in our initial screening
of 46 Japanese control subjects, or it was difficult to
design the TaqMan probes.
Findings of the case–control association analysis. For the association analysis, we applied a 2-stage
case–control analysis strategy in which each stage consisted of 380 unrelated RA patients and 380 non-RA
controls. Clinical characteristics, such as sex distribution,
average age at disease onset, and RA subtypes, were
comparable between the subjects evaluated in the 2
stages. The power to detect an association was calculated to be 0.5125, as determined with the use of the
Genetic Power Calculator (28) (online at http://

RA cases
(n ⫽ 760)

Non-RA controls
(n ⫽ 806)

–

46

380
78.9

380
78.9

380
79.7
100
61.9 ⫾ 12.2

380
77.6
100
38.8 ⫾ 15.4

62
115
238
196
114
35
16.8

–
–
–
–
–
–
–

58
279
423

–
–
–

statgen.iop.kcl.ac.uk/gpc/cc2.html), based on the following conditions: 380 RA cases and 380 non-RA controls,
an RA prevalence of 1%, a relative risk of f1/f0 and f2/f0
(penetrance for the disease susceptibility allele) of 1.3
and 1.5, respectively, a marker allele frequency of 0.45,
and an alpha level of 0.05.
Of the 728 SNPs genotyped in the first set of
DNA samples, 69 were excluded from the association
analysis either because the minor allele frequency was
⬍0.15 or because the Hardy-Weinberg equilibrium test
yielded P ⬍ 0.05 in control subjects. Of these 659 SNPs,
48 SNPs (6.59% of the initial number of SNPs) in 13
gene regions exhibited a significant association with RA
(P ⬍ 0.05). The 48 candidate SNPs were subsequently
genotyped in the second set of 380 RA cases and 380
non-RA controls. Three of the 48 SNPs were excluded
from the second-stage association analysis based on the
same criteria. Five of the remaining 45 SNPs (SNPs 411,
441, 442, 443, and 445), or 0.69% of the initial number of
SNPs, again showed a significant association (P ⬍ 0.05).
When the genotyping data from each stage were combined, SNPs 441, 442, 443, and 445 yielded the smaller P
values, while SNP 411 no longer showed a statistically
significant association with RA. Although the association with SNP 411 was significant in both the first and
the second sets of samples, the allele frequency was
reversed in the 2 sets, making the combined association
result insignificant.
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Table 2. Summary of the association of SNPs in the SEC8L1 gene between rheumatoid arthritis (RA) cases and non-RA controls
Allele frequency

No. of subjects

SNP ID*

dbSNP ID or
Celera CVID†

Position‡

Allele 1/2

Location

Controls

Cases

P

OR (95% CI)§

Controls

Cases

SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP
SNP

hCV30729
rs6951416
rs7783217
hCV3156195
rs6467491
rs7785217
rs6467494
hCV3291515
rs12533546
rs1477422
rs7801515
rs3909550
rs6949187
rs2911495
rs763645
rs1014442
rs6944149
rs1861797
rs7804463
hCV11428778
rs7800126
hCV2886729
rs6467506
rs2042456
rs2042455
rs2042454
rs2042453
rs2042452
rs6975860
rs889825
rs958405
rs10226267
rs10263851
rs6954610
rs3823572
rs10488419
hCV11579731
rs12673178
rs3735049

132,415,346
132,508,490
132,520,329
132,538,954
132,554,973
132,562,876
132,591,254
132,617,031
132,668,063
132,676,423
132,682,025
132,684,679
132,733,209
132,747,619
132,759,642
132,765,495
132,797,579
132,830,087
132,863,865
132,923,084
132,937,485
132,982,552
132,988,539
132,996,576
132,996,674
132,996,839
132,996,859
132,997,222
133,005,713
133,012,356
133,013,280
133,017,991
133,027,385
133,035,115
133,096,728
133,110,024
133,120,700
133,134,959
133,158,078

G/A
A/G
G/C
C/G
G/A
T/C
T/C
T/C
C/A
A/G
A/G
T/G
G/C
C/T
C/T
A/T
A/C
A/G
C/T
A/G
C/A
T/C
A/G
A/G
A/G
G/A
G/A
G/A
T/G
G/A
G/A
A/G
C/T
G/A
G/A
T/C
C/A
G/A
A/C

Intron 4
Intron 7
Intron 7
Intron 7
Intron 7
Intron 7
Intron 9
Intron 9
Intron 9
Intron 9
Intron 9
Intron 9
Intron 10
Intron 10
Intron 10
Intron 10
Intron 10
Intron 10
Intron 10
Intron 11
Intron 11
Intron 11
Intron 11
Exon 12
Intron 12
Intron 12
Intron 12
Intron 12
Intron 12
Intron 12
Intron 12
Intron 12
Intron 13
Intron 13
Intron 14
Intron 17
Intron 17
Intron 17
Intron 17

0.330
0.625
0.376
0.691
0.627
0.434
0.424
0.697
0.326
0.743
0.315
0.321
0.208
0.533
0.483
0.472
0.504
0.357
0.489
0.450
0.528
0.509
0.496
0.503
0.497
0.497
0.503
0.495
0.505
0.497
0.498
0.501
0.502
0.501
0.509
0.621
0.618
0.383
0.256

0.309
0.644
0.354
0.720
0.644
0.401
0.378
0.721
0.299
0.763
0.281
0.300
0.184
0.605
0.419
0.406
0.571
0.294
0.429
0.408
0.576
0.455
0.546
0.453
0.549
0.544
0.450
0.547
0.447
0.548
0.548
0.451
0.554
0.556
0.478
0.596
0.591
0.412
0.230

0.39
0.45
0.38
0.21
0.49
0.19
0.067
0.31
0.25
0.37
0.14
0.38
0.22
0.000059
0.00041
0.00023
0.0085
0.00023
0.018
0.097
0.060
0.0034
0.0058
0.0053
0.0041
0.0088
0.0040
0.0040
0.024
0.0050
0.0058
0.0056
0.0039
0.0025
0.22
0.31
0.28
0.25
0.24

1.10 (0.89–1.36)
1.08 (0.88–1.34)
1.10 (0.89–1.35)
1.15 (0.92–1.44)
1.08 (0.87–1.33)
1.15 (0.93–1.40)
1.21 (0.98–1.49)
1.12 (0.90–1.40)
1.13 (0.92–1.41)
1.11 (0.88–1.40)
1.18 (0.95–1.47)
1.10 (0.89–1.37)
1.17 (0.91–1.51)
1.34 (1.16–1.55)
1.30 (1.12–1.49)
1.31 (1.14–1.51)
1.26 (1.09–1.46)
1.33 (1.14–1.55)
1.28 (1.04–1.56)
1.19 (0.97–1.46)
1.22 (0.99–1.49)
1.24 (1.07–1.43)
1.22 (1.06–1.41)
1.23 (1.06–1.41)
1.23 (1.07–1.42)
1.21 (1.05–1.40)
1.23 (1.07–1.42)
1.23 (1.07–1.42)
1.26 (1.03–1.54)
1.23 (1.06–1.41)
1.22 (1.06–1.41)
1.22 (1.06–1.41)
1.23 (1.07–1.42)
1.25 (1.08–1.44)
1.13 (0.93–1.39)
1.11 (0.90–1.37)
1.12 (0.91–1.38)
1.13 (0.92–1.38)
1.15 (0.91–1.45)

379
380
380
380
379
380
375
380
380
379
379
380
379
760
758
759
379
759
380
380
380
758
756
757
759
757
757
759
379
758
759
756
760
759
380
379
380
380
379

380
379
378
379
379
380
376
380
380
379
379
380
376
756
759
760
378
759
380
380
376
748
758
748
758
756
755
757
379
756
760
755
755
756
380
380
379
379
380

428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466

* Single-nucleotide polymorphisms (SNPs) located in the SEC8L1 gene are shown. ID ⫽ identification.
† Celera Validation IDs (CVIDs; generated with the Celera Discovery System) are shown if the SNPs were not available in the Database of
Single-Nucleotide Polymorphisms (dbSNP).
‡ Nucleotide positions were obtained from the University of California, Santa Cruz, Genome Bioinformatics site (online at http://genome.ucsc.edu/).
§ For odds ratios (ORs) ⬍1, the inverted score is indicated. 95% CI ⫽ 95% confidence interval.

The most significant allele association was observed with SNP 441 (P ⫽ 0.000059, odds ratio [OR]
1.34 [95% confidence interval (95% CI) 1.16–1.55])
(Table 2). The most significant P value was observed
with SNP 445 in its dominant trait (P ⫽ 0.0000094, OR
1.58 [95% CI 1.29–1.94]). In a case–control study such as
this in which a large number of SNPs is used, the
elimination of false-positive associations due to multiple
testing is important. We therefore performed a conservative Bonferroni-type correction for multiple testing,
and the association of RA with SNP 441 was still

significant (at P ⫽ 0.035 when corrected for 659 tests
and P ⫽ 0.0026 when corrected for 45 tests). The
population-attributable risk calculated for SNP 441 was
40% at a frequency of 0.57 for the SNP 441 risk allele
and at estimated genotype risk ratios r1 and r2 of 1.075
and 1.708, respectively, for the C/T genotype and for the
C/C genotype relative to the T/T genotype. SNP 441 is
located 3.9 Mb from the peak linkage marker D7S2560.
SNPs 441, 442, 443, and 445 were all positioned
within an ⬃82-kb genomic region and located in intron
10 of the SEC8L1 gene, which encodes a subunit of the
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Table 3.
SNP
ID*
SNP
SNP
SNP
SNP
SNP
SNP

005
006
098
101
368
623

Other significant results of association analysis in the combined data set
dbSNP
ID†
rs2270188
rs2270189
rs41690
rs7782552
rs1013368
rs999229

Gene symbol
CAV2
CAV2
FLJ21986
FLJ21986
PODXL
ATP6V0A4

Allele frequency

Allele
1/2
G/T
G/A
T/C
A/G
C/T
C/T

Trait
Allele
Allele
Allele
Allele
Allele
Allele

frequency
frequency
1 dominant
1 recessive
frequency
1 recessive

No. of subjects

Controls

Cases

P

OR (95% CI)‡

Controls

Cases

0.302
0.302
0.398
0.417
0.198
0.632

0.258
0.257
0.350
0.456
0.242
0.665

0.0065
0.0054
0.00069
0.0045
0.0040
0.0091

1.25 (1.06–1.46)
1.25 (1.07–1.47)
1.43 (1.16–1.76)
1.45 (1.12–1.88)
1.29 (1.08–1.53)
1.31 (1.07–1.61)

755
756
757
757
756
760

757
759
758
760
759
759

* Single-nucleotide polymorphisms (SNPs) with positive associations at P ⬍ 0.01 are shown. ID ⫽ identification.
† dbSNP ⫽ Database of Single-Nucleotide Polymorphisms.
‡ For odds ratios (ORs) ⬍1, the inverted score is indicated. 95% CI ⫽ 95% confidence interval.

exocyst complex. Notably, 12 SNPs (SNPs 449–455 and
457–461) that were located within the SEC8L1 gene and
were negative in the second-stage analysis became positively associated with RA in the analysis of the combined data set (first-stage plus second-stage analysis).
The results of association analyses of SNPs in the

SEC8L1 gene are summarized in Table 2. Although
SNPs 444, 446, and 456, which showed significant associations in the first set of samples, were genotyped with
the second set of samples, the Hardy-Weinberg test P
values for the combined data were less than 0.05.
Therefore, only the results of the first-stage analysis are

Figure 1. A, Pairwise linkage disequilibrium (LD) between single-nucleotide polymorphisms (SNPs), as
measured by the |D⬘| method, in 380 healthy Japanese control subjects. A physical map of the SNPs and
a physical scale are shown below and on the left side, respectively. B, Case–control association plots
–log10(P value) versus physical location. The red line indicates the cutoff P value (P ⫽ 0.05). Only the P
values of the 21 SNPs genotyped in the 1,520 study subjects (2 different groups consisting of 380
rheumatoid arthritis [RA] cases and 380 non-RA controls each) are plotted. Arrowhead indicates the
physical position of SNP 441, which showed the most significant allele association. C, Genomic structure
around the SEC8L1 gene and location of the 6 LD blocks in this region. Vertical lines indicate coding
exons of the SEC8L1 gene.
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Table 4. Haplotype frequencies and structures*
Haplotype frequency

Haplotype
Haplotype
Haplotype
Haplotype

1
2
3
4

SNP ID

Controls

Cases

SNP 440

SNP 441

SNP 445

SNP 447

SNP 449

P

Adjusted
P†

0.47
0.16
0.16
0.09

0.52
0.11
0.15
0.09

G
G
C
G

C
T
T
T

G
A
A
G

G
A
A
A

C
T
T
T

0.0015
0.0000062
0.33
0.94

0.001
⬍0.0001
0.33
0.94

* Haplotypes with a frequency ⬎0.05 were compared between rheumatoid arthritis (RA) cases and non-RA controls. SNP ⫽ single-nucleotide
polymorphism; ID ⫽ identification.
† Adjusted for multiple comparisons by permutation testing (10,000 permutations).

shown in Table 2, and these 3 SNPs were excluded from
the LD analysis.
Six other SNPs in 4 genes did not show significant
allele associations in the second-stage analysis. However, they showed strong associations (P ⬍ 0.01) with
RA in at least 1 trait in the combined data analysis
(Table 3).
Findings of the LD and haplotype analyses. The
SEC8L1 gene consists of 18 exons and spans an ⬃800-kb
genomic region. Previous studies found that LD between
SNPs usually extends for 10–60 kb for common alleles
and may extend several hundred kilobases in some
genomic regions. To confirm that the SEC8L1 gene
itself was responsible for the observed associations, we
evaluated the patterns of LD around the SEC8L1 gene
and 2 flanking genes, CHCHD3 and FLJ32786. We
observed 6 highly structured LD blocks defined at a
threshold of |D⬘| ⬎0.9 (Figure 1A). Almost all SNPs
located within block 4 (SNPs 441–461) showed significant associations with RA. This block covered the
300-kb genomic segment between introns 10 and 13 of
the SEC8L1 gene (Figures 1B and C). No other known
genes were located in this LD block, suggesting that the
observed associations with RA were likely to be due to
the SEC8L1 gene itself.
We assumed that the SNPs in block 4 may act in
combination to modify the risk of RA, and we tested this
hypothesis by haplotype analysis. Although there were
22 SNPs in block 4 (SNPs 440–461), 3 of them (SNPs
444, 446, and 456) were excluded from the analysis. We
divided the 19 remaining SNPs in block 4 into 5 groups
that were in strong LD with each other (r2 ⬎0.9). A
haplotype was constructed with 5 SNPs (SNPs 440, 441,
445, 447, and 449) chosen from each group. SNPs 440
and 447, which were originally excluded from secondstage analysis, were genotyped in the second set of
samples for haplotype analysis. Four major haplotypes
(haplotypes 1–4) were observed (Table 4). Haplotype 1
(G;C;G;G;C) was the most common and was positively
associated with RA (disease-risk haplotype) (P ⫽

0.0015), while haplotype 2 (G;T;A;A;T) was negatively
associated with RA (disease-protective haplotype) (P ⫽
0.0000062). P values adjusted for multiple comparisons
by permutation testing were as follows: P ⫽ 0.001 for
haplotype 1 and P ⬍ 0.0001 for haplotype 2.
SEC8L1 SNPs exhibiting significant associations
were synonymous (SNP 451) or intronic, with no presumable functional consequences. To search for new
SNPs in the SEC8L1 coding exons, we resequenced
exons 11, 12, and 13 of the SEC8L1 gene within block 4.
However, no nonsynonymous or synonymous SNPs,
except for SNP 451, were found. Nonsynonymous SNP
rs10269237 is recorded in dbSNP in exon 14. Although
exon 14 is outside of block 4, we resequenced this exon.
The G allele of rs10269237 was not detected in the 48
Japanese chromosomes, however, which proves that the
SNP is not polymorphic in the Japanese population.
SEC8L1 expression in human tissue. To investigate the expression patterns of SEC8L1 in human
tissues, we performed real-time quantitative PCR analysis on human tissues. The SEC8L1 gene was ubiquitously expressed in normal tissues, with the highest
expression in skeletal muscle. Moderate expression was
detected in FLS generated from RA patients (Figure 2).

Figure 2. Expression patterns of the SEC8L1 gene in human tissues
relative to the bone marrow. Relative expression of the SEC8L1 gene
is normalized to the amount of ␤-actin mRNA. FLS ⫽ fibroblast-like
synoviocytes.
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DISCUSSION
In this study, we conducted a SNP-based finemapping analysis for RA susceptibility genes in the
region of chromosome 7q31–34. We chose this region
because chromosome 7q31–34 was one of the potential
susceptibility loci in our genome-wide scan of a limited
number of samples from 53 Japanese families and
because the region has been reported to be a candidate
locus for multiple sclerosis and type 1 diabetes (29,30).
Familial clustering of different autoimmune diseases
(31) and comanifestation of multiple autoimmune diseases in the same individual or family have been reported, and overlapping of susceptibility loci for autoimmune or inflammatory diseases in humans and in
animal models has also been reported (32). We therefore presumed the existence of a common susceptibility
gene(s) on chromosome 7q31–34 that would predispose
a person to the development of autoimmunity.
Because genetic susceptibility to common complex disorders such as RA is supposedly influenced by
relatively common polymorphisms (33), we used evenly
spaced and dense SNPs (i.e., 1 SNP every 10–20 kb in
each gene locus) and common SNPs with a minor allele
frequency ⬎0.15 in this study. We applied a 2-stage
case–control analysis strategy to reduce the time and
cost of genotyping and to avoid false-positive associations, which is an important issue in association studies.
Among the 728 SNPs tested, only 4 (SNPs 441, 442, 443,
and 445) showed significant and repeated associations
with RA in both stages of analysis. Of note, SNP 441,
which showed the most significant allele association
(P ⫽ 0.000059), was also statistically significant when a
conservative Bonferroni-type correction for multiple
testing was applied (P ⫽ 0.039). SNP 441 is located only
3.9 Mb from the peak linkage marker. This suggests that
the results of LD mapping in sporadic RA cases in our
study do not contradict those obtained in our previous
genome-wide scan in cases of familial RA. Nineteen
SNPs (SNPs 441–446 and SNPs 449–461) showed positive ORs of 1.21–1.34. The most significant OR, 1.34,
which had a 95% CI of 1.16–1.55, was observed for SNP
441. Despite its modest OR value, but because of its high
frequency (57%), the more-common risk allele SNP 441
conferred a relatively large population-attributable risk,
accounting for 40% of RA in the study population.
Besides the SNPs in the SEC8L1 gene that
showed strongly positive associations with RA, we detected 6 SNPs in 4 genes that showed positive associations at P ⬍ 0.01 (ranging from P ⫽ 0.00069 to P ⫽
0.0091), as summarized in Table 3. Although these SNPs

did not satisfy the conservative Bonferroni-type correction for multiple testing, these genes remain as candidate susceptibility genes for RA.
SNPs 441, 442, 443, and 445 were all located in
intron 10 of the SEC8L1 gene, which encodes a subunit
of the exocyst complex. Because these SNPs were likely
nonfunctional but were in LD with causative susceptibility variants, we performed LD mapping and haplotype analysis to pinpoint the susceptibility locus. We
found that associations with RA were confined to a
single LD block (block 4) spanning a 300-kb genomic
region. Thus far, SEC8L1 is the only known gene in
block 4, although 3 hypothetical genes (BC038554.1,
BC040296.1, and BC022408.1) have been deposited in
public databases. We therefore used RT-PCR to test
their expression in various human tissues. No amplification products were obtained, which suggests that the
expression of these 3 genes in specific tissues was limited
or that they are nonexistent (data not shown). Haplotype analysis identified disease-risk and diseaseprotective haplotypes in block 4. The most significant
haplotype (at P ⫽ 0.0000062) was disease-protective
haplotype 2, which was 1 order of magnitude more
significant than the most significant single-point P value
of 0.000059 for SNP 441. Because both P values are
highly significant, the single SNP 441 and the haplotype
including SNP 441 are supposedly equally important in
determining disease susceptibility.
In a study of Alzheimer’s disease, association was
detected by haplotyping methods using SNPs, even if the
functional allele was not typed (34). Because statistically
significant SNPs and haplotypes were identified in block
4, it is supposed that functional variants are found in
block 4. Resequencing coding exons and exon–intron
boundaries of the SEC8L1 gene within block 4 (exons
11–13) revealed no nonsynonymous (amino acid–
altering) substitutions or potential alternative splicing
variants. Therefore, we were unable to find the causative
susceptibility variants in the coding sequences. The
intronic sequences of ⬃300 kb remain to be searched for
polymorphisms in noncoding regions because regulatory
sequences, such as transcription factor–binding sites,
may cause the disease susceptibility.
The SEC8L1 gene encodes the SEC-8 protein, a
component of the exocyst complex. In budding yeast, the
Sec8 complex is essential for exocytosis, and it directs
vectoral targeting of Golgi-derived secretory vesicles to
the growing bud-tip (35). Like yeast, the mammalian
exocyst has been directly implicated in post-Golgi targeting of secretory vesicles to discrete membrane sites
(36). In the present study, the SEC8L1 gene was shown
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to be ubiquitously expressed in human tissues. Only
moderate expression of the SEC8L1 gene was observed
in FLS from RA patients. FLS is only one component of
RA synoviocytes, and other synovial cells also secrete
cytokines. The moderate gene expression results do not
conflict with an association between SEC8L1 and RA.
Although expression of the SEC8L1 gene was also
detected in immunologic tissues and FLS from RA
patients, the precise etiology of how SEC8L1/Sec8 interacts in the pathogenesis of RA remains unknown.
Macrophages, FLS, and CD4⫹ T cells, which
dominate the synovium in the RA joint, are known to
secrete a broad array of cytokines, including TNF␣,
interleukin-1␤ (IL-1␤), IL-6, granulocyte–macrophage
colony-stimulating factor, transforming growth factor ␤,
IL-1 receptor antagonist, and others. The cytokines
produced by synovial fibroblasts or other infiltrating
cells activate either themselves or neighboring cells, such
as osteoclasts, through their receptors and lead to the
joint destruction in RA.
It has been reported that microvesicle shedding is
a major secretory pathway for the rapid release of IL-1␤
from activated monocytes (37). Cytokines in mouse
macrophages are secreted by small vesicles that originate in the Golgi complex, and they fuse with the cell
membrane (38). Based on these observations, we speculate that SEC8L1/Sec8 might play a role in the secretion of cytokines or in the regulation of plasma membrane receptors in immune cells. This remains to be
tested, however.
In conclusion, we performed a large-scale locuswide association analysis of the candidate region on
chromosome 7 in a Japanese population and found
strong evidence of an association between the SEC8L1
gene and susceptibility to RA. We propose that
SEC8L1, which encodes a component of the exocyst
complex, is a candidate susceptibility gene for RA in the
Japanese population. To confirm our observations, additional association analyses using an independent sample set or different ethic groups and functional analysis
of the SEC-8 protein will be necessary.
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