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Abstract

OBJECTIVE—The increased risk of thrombosis in systemic lupus erythematosus (SLE) may be
partially explained by interrelated genetic pathways for thrombosis and SLE. In a case-control
analysis, we investigated whether 33 established and novel single nucleotide polymorphisms
(SNP) in 20 genes involved in hemostasis pathways that have been associated with deep venous
thrombosis in the general population were risk factors for SLE development among Asians.

METHODS—Patients in the discovery cohort were enrolled in one of two North American SLE
cohorts. Patients in the replication cohort were enrolled in one of four Asian or two North
American cohorts. SLE cases met American College of Rheumatology classification criteria. We
first genotyped 263 Asian SLE and 357 healthy Asian control individuals for 33 SNPs using
Luminex multiplex technology in the discovery phase, and then used Tagman and Immunochip
assays to examine 5 SNPs in up to an additional 1496 cases and 993 controls in the Replication
phase. SLE patients were compared to healthy controls for association with minor alleles in allelic
models. Principal components analysis was used to control for intra-Asian ancestry in an analysis
of the replication cohort.

RESULTS—Two genetic variants in the gene VKORCI, rs9934438 and rs9923231, were highly
significant in both the discovery and replication cohorts: ORgjsc) = 2.45 (p=2x1079), OR(rep) =
1.53 (p=5x107%) and ORgisc) = 2.40 (p=6x10"7), ORrep) = 1.53 (p=5x107°), respectively. These
associations were significant in the replication cohort after adjustment for intra-Asian ancestry:
rs9934438 OR qgj) = 1.34 (p=0.0029) and rs9923231 OR (qj) = 1.34 (p=0.0032).

CONCLUSION—Genetic variants in VKORCL, involved in vitamin K reduction and associated
with DVT, are associated with SLE development in Asians. These results suggest intersecting
genetic pathways for the development of SLE and thrombosis.

Keywords
systemic lupus erythematosus; single nucleotide polymorphisms; genetic risk factors

Systemic lupus erythematosus (SLE) is characterized by autoantibody production, immune
complex deposition and systemic inflammation. Manifestations vary from life-threatening
nephritis to rash, oral ulcers, and arthritis. Individuals of Asian ancestry have been reported
to have a higher prevalence of SLE, more severe disease, and higher cumulative organ
damage compared to European Americans [1], yet are understudied compared to subjects of
European descent.

Genome-wide association studies (GWAS) in Asians have confirmed some common genes
as SLE risk factors in European Americans and Asians. While certain SLE-associated genes
have similar risk allele frequencies in various ethnic groups (e.g. STAT4), others
demonstrate large allele frequency differences across ancestral and population groups (e.g.
PTPNZ2).
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Given that genes may predispose to SLE across ethnicities [2], and the evidence for
interrelated pathways between SLE and thrombosis [3, 4], we investigated 33 SNPs
implicated in deep venous thrombosis (DVT) risk in the general European American
population [5] to see if they confer risk for the development of SLE in Asians.

PATIENTS AND METHODS

Discovery cohort

Discovery cohort SLE subjects (n=263) were derived from the UCSF Lupus Genetics
Project (n=230) and the PROFILE cohort (n=33). The UCSF Genetics Project is a
multiethnic cohort of patients with SLE. The protocol was approved by the Institutional
Review Board (IRB) at the University of California, San Francisco Subjects fulfill American
College of Rheumatology (ACR) classification criteria for SLE, complete an extensive
questionnaire, give permission for medical record review, and provide a DNA sample.
Individuals are recruited from diverse sources including tertiary care and community
hospitals and clinics.

Additional SLE patients in the Discovery Cohort were obtained from the PROFILE cohort
[6]. Patients meet ACR criteria, are at least 16 years of age, and have disease duration of <
10 years at cohort entry. Phenotype data included age, sex, and ethnicity. Healthy controls
(n=357) were derived from UCSF, Celera and the University of Alabama at Birmingham.

Replication cohort

Significant results from the Discovery cohort were tested in our Replication Cohort, which
consisted of 1496 SLE cases and 993 controls (except one SNP, rs1801690, typed on 398
cases and 427 controls) of self-reported Asian ancestry, including Chinese, Koreans, and
Singaporean-Chinese. Samples were recruited from multiple centers under the approval of
the IRB. All SLE cases meet ACR criteria and are at least 16 years of age at diagnosis.

Genotyping and Quality Control Methods

Primary predictors for this case-control study included 33 SNPs suggested to be associated
with DVT [5] (Table 2 of [7] and Supplemental Table 1). Established and suggested genetic
risk factors for thrombosis in the general population and in SLE in the literature (e.g. MBL)
were also genotyped.

For rs6048 and rs2289252, genotyping in the discovery cohort was done by allele-specific
real-time PCR using assays designed and validated at Celera [8]. For other SNPs,
genotyping was performed using the Luminex multiplex technology in which genotypes
were determined automatically by passing the raw Luminex L-100 signal data through an
unsupervised classification algorithm. Approximately 96 to 98% of all genotypes were
autocalled. A final manual review of the data was performed to assess each assay's technical
performance to rescue any aberrant genotype autocalls. Call graphs for our 2 significant
SNPs are given in Supplemental Figure 1.

Among the discovery cohort, nine SLE patients were dropped from genotyping due to
failure to amplify; 11 patients were dropped because their self-report sex did not match sex
typing; and 10 patients and 4 controls were dropped from analysis for missing more than
10% genotyping. Post-QC call rate per SNP was = 98%. No additional subjects were
dropped among the PROFILE patients. Deviations from Hardy-Weinberg Equilibrium
(HWE) were assessed using an exact test (Supplemental Table 2).
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In the replication cohort, SNPs rs9923231, rs9934438, rs1801131 and rs1613662 were typed
on the Illumina Immunochip custom platform. A predesigned Tagman SNP assay (Applied
Biosystems) was used to genotype rs1801690 in available replication samples. Post-QC call
rates and HWE for these 5 SNPs are given in Supplemental Table 2. Outliers (n=95) had
been previously removed from the Immunochip samples based on principal components
analysis (PCA) performed with 1000 Genomes Asian (CHB, CHD, JPT) samples.

Statistical analysis

RESULTS

SNPs were first tested for SLE association in bivariate allelic analyses (p<0.01), adjusting
for cohort. Heterogeneity of odd ratios (OR) was tested across Discovery and Replication
cohorts.

To account for potential intra-Asian population stratification among the VKORC1 SNPs, we
used approximately 9,000 autosomal SNPs with low LD (r2 < 0.2) in Asians and not
associated with SLE (p>0.001) from the Immunochip platform to perform a principal
components analysis (PCA). Data for the replication cohort were reanalyzed (Table 2) with
PC1, PC2 and PC3 included as covariates to adjust for intra-Asian ancestry. The VKORC1
SNPs were also re-analyzed within reported ethnic subgroups.

Statistical analyses were performed using STATA SE v11, HAPLOVIEW, EIGENSOFT
v4.2, and PLINK.

263 SLE cases and 357 controls were studied in the Discovery Cohort. Ninety percent of
cases were female, the mean age at diagnosis was 27.5 years (SD 14), and the average
disease duration was 9.2 years (SD 7.3). For the Replication Cohort, SLE patients were at
least 16 years of age at diagnosis and 50.2% were females. The controls were well-matched
for age, gender (61.4% were female), and ethnicity. After QC, 253 cases and 353 controls
were analyzed.

Results of case-control analyses are shown in Table 1 for SNPs having p < 0.01 in the
discovery cohort. Two of these were confirmed in our replication cohort, in VKORC1
(rs9923231, OR = 1.53, p=5.1x1076 and rs9934438, OR = 1.54, p=4.3x1076). These two
SNPs were in high LD (r2=0.98). Heterogeneity between the discovery and replication
associations was significant (p-values ranging from 0.008 to 0.015 for the 5 SNPs), probably
reflecting different intra-Asian ancestry in the cohorts (see Table 2 subgroups); thus we did
not combine these results with a meta-analysis.

The first 2 PCs from our PCA of the replication cohort are shown in Figure 1, along with
annotation for subjects with reported ancestry, demonstrating that these indeed reflect intra-
Asian ancestry. Replication results adjusted for the top 3 PCs confirm the VKORC1
associations (Table 2): SNPs rs9934438 and rs9923231 continue to be associated with SLE
after adjustment (rs9923231, OR 1.34, p=0.0032 and rs9934438, OR 1.34, p=0.0029). In
sensitivity analyses we also tested the VKORC1 associations in reported ethnic subgroups of
the replication set (Table 2). Although these analyses have low power, they suggest that the
magnitude of association may vary by Asian subpopulation, and may explain the
heterogeneity between the discovery and replication cohorts seen in Table 1.

DISCUSSION

These results demonstrate that a genetic risk factor implicated in thrombosis is also a risk
factor for SLE susceptibility in Asians. The vitamin K epoxide reductase enzyme complex
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(VKOR) is involved in the synthesis of vitamin K-dependent coagulation factors, is the
target enzyme for warfarin, and is encoded by the gene VKORCI. SNPs in VKORCI have
been linked to reduced efficacy of vitamin K recycling resulting from lower VKOR activity.
VKORC1 polymorphisms have primarily been studied in the context of warfarin dosing and
a GWAS found that VKORCI variants are one of the principal genetic determinants of
warfarin dose [9]. Recent studies investigating their role in thrombosis in the non-SLE
population have not found associations with venous thrombosis, although such an
association was observed in one study [10]. However, the majority of these studies were
performed in European Americans.

The SNPs in VKORC1 have not been implicated in published GWAS for either Europeans
or Asians. We observed in results from one European GWAS [11] and in additional data for
our subjects that they were not significantly associated with SLE (unpublished data). This
adds to growing evidence that the genetics of SLE varies by ethnicity [2]. These SNPs were
interrogated in the 610-Quad used in two prior Asian GWAS, Han et al [12] and Yang et al
[13]. In the Han et al study (unpublished data), these SNPs have OR=1.32 (p=0.011),
supporting our conclusion. They were not significant in Yang et al (unpublished data)
although the effect is in the same direction (OR=1.11, p=0.30); this could be due to
heterogeneity of clinical manifestations and related underlying genetic differences, as these
SNPs are significant in Yang et al for multiple subphenotypes within Asian SLE subjects.
For example, oral ulcers positive/negative has OR=1.80 (p=0.0023) for these SNPs, but is
only present in 20.3% of Yang et al subjects versus 24.6% of our discovery subjects and
31.3% of Han et al subjects. Similarly, hematologic disorder positive/negative has OR=1.48
(p=0.026) for these SNPs, but is only present in 52.8% of Yang et al subjects versus 77.0%
among our discovery subjects and 78.7% of Han et al subjects. Such heterogeneity may be
due in part to ascertainment or sample selection bias in different studies.

Our results provide further evidence for common genetic pathways for SLE development
and the complication of thrombosis and may help explain ethnic differences in SLE
outcomes. Recent evidence suggests that the antiphospholipid syndrome (APS) and SLE are
diseases along the same spectrum that may have common genetic underpinnings. Indeed,
this hypothesis has been supported by a recent study involving 341 SLE and 90 APS patients
which demonstrated that BANKI (rs10516487), BLK (rs13277113), and rs10798269 in
1g25.1 were associated with both APS and SLE [3]. Other recent studies found that SLE
predisposing SNPs in STAT4 (rs7574865) and BLK (rs2736340) [4] were associated with
primary APS.

Asians have the lowest prevalence of venous thrombotic events in the general population
[14] and in our SLE cohort (17% vs. 21-24%) compared to other ethnic groups. While
Asians have a lower prevalence of thrombosis in general, Chinese patients with SLE are 12
times more prone to thrombosis than in the general Asian population, emphasizing the
importance of this complication in this ethnic group [15]. Among Asian American SLE
patients in the UCSF cohort, association of DVT risk allele carriers — including VKORC1 -
with thrombosis subtypes were inconclusive due to low power in the Asian subgroups [7].

This is the largest study investigating SNPs implicated in thrombosis for risk of SLE and
identifies a new genetic risk locus in VKORCI for SLE susceptibility among Asians, an
understudied ethnic subgroup.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. First two principal components of replication cohort typed on the Immunochip*
* Using approximately 9000 SNPs from Immunochip with r? < 0.2 in Asians and SLE p >
0.001.
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