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Several modulatory factors in the TLR signaling pathway including IRF3, IRF7, IRF8, TRIM20, MYD88
and NF-kB1 have been associated with autoimmune disease. In this study, we investigated the
association of 13 SNPs for these genes with Behget'’s disease (BD) and Vogt-Koyanagi-Harada (VKH)
syndrome using a polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP)
assay. Haplotype and linkage disequilibrium (LD) analysis were performed by Haploview4.2. IRF8 mRNA
expression and cytokine production was tested by real-time PCR and ELISA. Two SNPs near IRF8 were
associated with BD (for rs17445836 GG genotype, Pc=9.56 X 108, OR = 2.044; for rs11642873 AA

: genotype, Pc=9.24 x 10~7, OR=1.776). No significant association was found for the 13 SNPs tested

© with VKH syndrome. Haplotype analysis of the two positive SNPs revealed that the AG haplotype

. was significantly increased in BD patients (Pc=2.60 x 108, OR=1.646). Functional studies revealed

: anincreased mRNA expression of IRF8 and IFN-~ production and a decreased production of IL-10 in
rs17445836 carriers with the GG genotype. Increased expression of IRF8 as well as IFN-~ production
and a decreased production of IL-10 were found in individuals carrying the rs11642873/AA genotype.
In conclusion, this study indicates that IRF8 may contribute to the genetic susceptibility of BD by
regulating IRF8 expression and cytokine production.

Uveitis is a sight threatening disease that can be caused by infectious or non-infectious mechanisms'. The
non-infectious uveitis entities often have an autoinflammatory or autoimmune pathogenesis and are difficult to
treat’. Understanding of the immunopathogenic mechanisms involved in uveitis may lead to novel therapeutic
approaches. Analysis of the association of gene mutations encoding for factors of the immune system has mark-
edly increased our understanding in the inflammatory pathways involved in uveitis®. Most of these studies have
involved the study of common well defined uveitis entities such as acute anterior uveitis, Behget’s disease (BD)
and Vogt-Koyanagi-Harada syndrome (VKH)*.

Evidence is now becoming available implicating innate immune system triggers as a cause of the autoimmune
or autoinflammatory mediated uveitis entities mentioned above®. The inflammatory response caused by these
innate triggers, which may include microbial pathogens, is mediated via an interaction with Toll-like receptors
(TLRs). TLRs have now been identified to have a critical role in the pathogenesis of various inflammatory dis-
eases including uveitis®. The expression and function of various TLRs have been shown to be altered in BD”-.
Successful treatment of BD patients with anti TNF antibodies was furthermore associated with a decreased gene
expression of TLR2'. These studies have recently been extended by showing that certain TLR gene polymor-

. phisms and their gene copy numbers are significantly associated with the risk to develop a uveitis entity such
© as BD'™'2 However, some studies were not able to show an association between BD and TLR gene polymor-
. phisms'>'. These discrepancies might be due to the fact that earlier studies were underpowered or could be due
. to ethnic differences.

A role for TLR signaling elements in the pathogenesis of autoimmune disease has recently emerged?®,
although the role of this pathway in uveitis is not yet clear. The tripartite motif (TRIM) protein family, has been
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shown to regulate downstream signaling elements in the Toll-like receptor (TLR) pathway, subsequently leading
to inflammatory cytokine synthesis’®.

Various members of the TRIMs family, such as TRIM20, which is also called Mediterranean fever (MEFV)
gene, as well as TRIM21 are associated with autoimmune diseases!”!8. In the TRIM-mediated TLR pathway,
TRIM21 can regulate the stabilization of diverse interferon regulatory factor (IRF) family members, such as
IRF3/7/8, through a polyubiquitynation effect to accelerate the degradation of IRFs, thereby restricting the
production of type I IFN. Furthermore, TRIM20 interacts with the Nuclear Factor-xB (NF-kB) P65/P50 sub-
unit, thus promoting NF-kB production’. Myeloid differentiation factor 88 (MYD88) is another protein that
participates in the TRIM-mediated TLR pathway'?. Lately, gene polymorphisms of the participants in the
TRIM-mediated TLR pathway, such as TRIM20, TRIM21, IRF3, IRF7, IRF8, NF-kB1-encoding P50 protein and
MYD88 have been identified as risk factors that can predispose to a variety of autoimmune and autoinflammatory
disorders®2%. Their possible role in uveitis has not yet been studied and was therefore the subject of the study
presented here. We tested the association of six genes that are involved in the TRIM-mediated TLR pathway in BD
and VKH patients with uveitis. Of the tested elements, only IRF8 was shown to be associated with susceptibility to
uveitis in BD patients, whereby functional studies showed that the risk gene was able to regulate IRF8 expression
as well as IFN-v and IL-10 production.

Results

The clinical characteristics of BD and VKH patients. The detailed clinical characteristics of the enrolled
BD and VKH patients are shown in Supplementary Table 2. In the normal controls, all the genotype frequencies
of the 13 chosen SNPs did not deviate from the Hardy-Weinberg equilibrium.

Genotype and allele frequencies of involved SNPs in the first phase. In the first stage study, 13
SNPs were genotyped in 384 BD and 384 VKH patients as well as 576 healthy controls. Significant differences
among BD patients and healthy controls were detected in rs17445836 and rs11642873 of IRF8. The frequency of
the AG genotype of rs17445836 in BD patients was decreased significantly (P =0.001, Pc = 0.039, OR = 0.498)
(Table 1). The frequencies of the AA genotype and A allele for rs11642873 showed a significant increase in BD
patients (P=28.72 x 107%, Pc=3.40 x 10~*, OR=2.224; P=8.09 x 10~%, Pc=1.05 x 10~*, OR = 2.141, respec-
tively). However, the AC genotype was significantly decreased in BD patients (P =3.25 x 10~°, Pc=1.27 x 1073,
OR =10.472) in rs11642873. No significant differences in the other 11 SNPs were detected between BD patients
and healthy individuals (Supplementary Table 3). None of the 13 SNPs showed a statistically significant associa-
tion with VKH (Supplementary Table 4).

Genotype and allele frequencies of involved SNPs in the replication phase and combined
study. To confirm the associations we found in the first stage, we enrolled 697 BD patients and 1490 healthy
individuals for a replication stage test. We only tested the SNPs that gave a significant result in the first stage study.
Increased frequencies were detected in the GG genotype and G allele in rs17445836 in BD patients compared to
healthy controls (P=4.74 x 1077, Pc=1.85 X 107°, OR=2.081; P=6.56 x 107, Pc=8.53 x 10~%, OR=1.997,
respectively), and decreased frequencies in the AG genotype and A allele (P=1.08 x 107°, Pc=4.21 x 1073,
OR=0.487; P=6.56 x 1077, Pc=8.53 X 10~%, OR = 0.501, respectively). For rs11642873, the AA genotype and
A allele showed significantly increased frequencies in BD patients (P =4.30 x 107>, Pc=1.68 x 1073, OR=1.668;
P=1.04x 1074 Pc=1.35 x 1073, OR = 1.571, respectively) and decreased frequencies in the AC genotype and C
allele (P=4.85 x 10~°, Pc=1.89 x 1073, OR=0.594; P =1.04 x 1074, Pc=1.35 x 1073, OR = 0.636, respectively)
(Table 1).

The combined study also showed that the two SNPs rs17445836 and rs11642873 were significantly associ-
ated with BD (for rs17445836 GG genotype, P = 2.45 x 1072, Pc=9.56 x 1078, OR = 2.044; for AG genotype,
P=3.14 x 107%, Pc=1.22 x 1077, OR = 0.486; for G allele, P=8.14 x 10~%, Pc=1.06 x 1077, OR = 1.932; for
rs11642873 AA genotype, P=2.37 x 1078, Pc=9.24 x 107, OR = 1.776; for AC genotype, P=28.01 x 1078,
Pc=3.12 x 10 OR = 0.570; for A allele, P =4.64 x 1075, Pc=6.03 x 10~7, OR = 1.694) (Table 1).

Haplotype analysis of rs17445836 and rs11642873. For linkage disequilibrium (LD) and haplo-
type analysis between rs17445836 and rs11642873, we included 1071 BD patients and 2054 normal controls,
who had genotyping data in both IRF8 risk SNPs found in our study. All these analyses were performed by
using Haploview4.2 software. The result revealed that the two SNPs were in linkage disequilibrium (D’ = 0.56,
r?=0.23) (Supplementary Fig. 1). Therefore, we carried out the haplotype analysis following Haploview4.2 soft-
ware between the two SNPs (rs11642873-rs17445836) in BD patients and normal controls. The result showed
that the AG haplotype had a significantly increased frequency in BD patients as compared to normal controls,
on the contrary, the frequency of the CA haplotype in BD patients was decreased significantly compared with
normal controls (P=6.41 x 107°, Pc=2.60 x 1078, OR=1.646; P=5.00 x 1078, Pc=2.00 x 107, OR = 0.439,
respectively) (Table 2). There was no significant difference concerning CG and AA haplotype frequency between
BD patients and normal controls (Table 2).

The influence of rs17445836 and rs11642873 on the expression of IRF8.  As the results showed
that two SNPs of IRF8 were associated with BD, we carried out the following experiments to explore whether
IRF8 mRNA expression was affected by the different genotypes of rs17445836 and rs11642873. IRF8 mRNA
expression was first analyzed by real-time PCR analysis in unstimulated PBMCs obtained from 25 unrelated
genotyped healthy individuals. No effect was observed and also a stimulation of the PBMCs with LPS did not
reveal differences in IRF8 mRNA expression among the various genotypes (Supplementary Fig. 2). Stimulation of
the PBMCs with anti-CD3/CD28 antibodies did show a genotype effect. In rs17445836, individuals with the GG
genotype had a significantly increased IRF8 mRNA expression as compared to carriers of the AA/AG genotype,
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rs17445836
Stage I AA 2(0.005) 1(0.002) 0.353 NS 2.963(0.268-32.794)
AG 31(0.081) | 85(0.151) 0.001 0.039 0.498(0.323-0.768)
GG | 349(0.914) | 478(0.848) 0.003 NS 1.903(1.245-2.909)
G 729(0.954) | 1041(0.923) 0.007 NS 1.741(1.163-2.606)
A 35(0.046) | 87(0.077) 0.007 NS 0.574(0.384-0.860)
Stage IT AA 2(0.003) 10(0.007) 0.257 NS 0.426(0.093-1.949)
AG 62(0.089) | 249(0.167) | 1.08x 10-6 | 4.21x 103 | 0.487(0.363-0.653)
GG | 633(0.908) | 1231(0.826) | 4.74x 10~ | 1.85x 10~° | 2.081(1.557-2.781)
G 1328(0.953) | 2711(0.910) | 6.56x 1077 | 8.53x 106 | 1.997(1.513-2.634)
A 66(0.047) | 269(0.090) | 6.56x 10~7 | 8.53x 10~¢ | 0.501(0.380-0.661)
Combined AA 4(0.004) 11(0.005) 0.525 NS 0.691(0.220-2.175)
AG 93(0.086) | 334(0.163) | 3.14x 10~ | 1.22x 107 | 0.486(0.381-0.619)
GG | 982(0.910) | 1709(0.832) | 2.45x 10~ | 9.56 x 10~ | 2.044(1.610-2.594)
G 2057(0.953) | 3752(0.913) | 8.14x 10~ | 1.06x 107 | 1.932(1.539-2.426)
A 101(0.047) | 356(0.087) | 8.14x 10~° | 1.06 x 107 | 0.517(0.412-0.650)
rs11642873
Stage I AA 335(0.875) | 433(0.758) | 8.72x 1075 | 3.40 x 10~4 | 2.224(1.555-3.182)
AC 48(0.125) | 133(0.233) | 3.25x 1075 | 1.27x 103 | 0.472(0.329-0.676)
cc 0 5(0.009) 0.066 NS 1.009(1.001-1.017)
A 718(0.937) | 999(0.875) | 8.09x 1075 | 1.05x 10~ | 2.141(1.532-3.010)
C 48(0.063) | 143(0.125) | 8.09x 1076 | 1.05x 104 | 0.467(0.332-0.657)
Stage IT AA 590(0.858) | 1166(0.783) | 4.30 x 105 | 1.68 x 10~ | 1.668(1.303-2.135)
AC 92(0.134) | 307(0.206) | 4.85x 1075 | 1.89x 103 | 0.594(0.462-0.765)
cc 6(0.009) 16(0.011) 0.661 NS 0.810(0.316-2.079)
A 1272(0.924) | 2639(0.886) | 1.04x 1074 | 1.35% 103 | 1.571(1.249-1.977)
[¢ 104(0.076) | 339(0.114) | 1.04x 10~* | 1.35x 10 | 0.636(0.506-0.801)
Combined AA 925(0.864) | 1609(0.781) | 2.37 x 1078 | 9.24x 1077 | 1.776(1.449-2.176)
AC 140(0.131) | 430(0.209) | 8.01x 10-% | 3.12x 105 | 0.570(0.463-0.701)
cc 6(0.006) | 21(0.010) 0.187 NS 0.547(0.220-1.359)
A 1990(0.929) | 3648(0.885) | 4.64x 105 | 6.03 x 107 | 1.694(1.400-2.050)
C 152(0.071) | 472(0.115) | 4.64x 10~* | 6.03 x 107 | 0.590(0.488-0.714)

Table 1. Influences of IRF8/rs17445836 and IRF8/rs11642873 on BD risk. Pc: Bonferroni corrected p value,
multiplied by 39/genotype and 13/allele. NS, not significant.

TRF8(rs11642873-rs17445836)

AG 1942(90.7) 3512.6(85.5) 6.41x107° | 260x10°8 | 1.646(1.389-1.950)
CG 99(4.6) 239.4(5.8) 0.046 NS 0.783(0.616-0.996)
CA 53(2.5) 224.6(5.5) 500x 107 | 2.00x 1077 | 0.439(0.324-0.595)
AA 48(2.2) 131.4(3.2) 0.031 NS 0.694(0.496-0.970)

Table 2. The haplotype analysis of rs11642873 and rs17445836 in BD patients and controls. Pc: Bonferroni
corrected p value, multiplied by 4. NS, not significant.

Pc=0.003 (Fig. 1). Carriers of the AA genotype in rs11642873 also had a higher mRNA expression of IRF8 than
those with the AC/CC genotype, (Pc=0.009, Fig. 1).

The influence of rs17445836 and rs11642873 on cytokine production. As the aforementioned
results revealed that different genotypes of rs17445836 and rs11642873 affected the expression of IRF8, we per-
formed a further study to explore whether the various genotypes of these two SNPs could affect cytokine pro-
duction in PBMCs treated with anti-CD3/CD28. We examined three CD4 + T cell signature cytokines, IL-10,
IL-17 and IFN-, which were also reported to participate in the development of BD?. The results revealed
that the IFN-~ production by PBMCs in rs17445836 GG genotype carriers (21105 £ 7707 pg/ml) was higher
than found in carriers with the AA/AG genotype (9506 = 7494 pg/ml, Pc = 0.009). Inversely, GG genotype
carriers (424 & 241 pg/ml) showed a decreased production of IL-10 compared with AA/AG genotype carriers
(1191 & 649 pg/ml, Pc = 0.009). When examining the effect of rs11642873 genotypes on cytokine expression,
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Figure 1. The influence of rs17445836 and rs11642873 on the relative expression of IRF8. The expression
of IRF8 in PBMCs treated with anti-CD3/28 antibodies. PBMCs were obtained from healthy individuals with
diverse genotypes of rs17445836 (a) and rs11642873 (b). Data show the mean =+ SD. Pc: Bonferroni corrected p
value, multiplied by 3.

we found an increased IFN-~ production in AA carriers (20580 & 7199 pg/ml) compared with AC/CC carri-
ers (10440 &= 9653 pg/ml, Pc = 0.021). On the contrary, the IL-10 production in CC carriers (411 & 227 pg/ml)
was decreased compared with AC/CC carriers (1213 & 629 pg/ml; Pc = 0.003). No effect of genotype on IL-17
production was found when analyzing the various IRF8 rs17445836 and rs11642873 genotypes (Figs 2 and 3).
Furthermore, some SNPs of IL-10 were associated with BD in Chinese Han population in previous studies?®%.
So we tested two SNPs (rs1800871 and rs3021094) in the 25 unrelated genotyped healthy individuals used in the
functional study to investigate the influence of SNPs on the production of IL-10. Unfortunately, the result revealed
that there was no significant association between these two SNPs and different genotypes of IRF8/ rs17445836
and IRF8/ rs11642873 (Supplementary Tables 5 and 6).

Discussion

We carried out a two-stage case control study to investigate the association of 13 SNPs of TRIM20, IRF3, IRF7,
IRF8, MYD88 and NF-xB1 in two different uveitis entities. The results revealed that the GG genotype and G
allele of IRF8/rs17445836, and the AA genotype and A allele for IRF8/rs11642873 confer a disease risk for BD.
Haplotype analysis showed that AG haplotype carriers have a higher risk for BD, whereas CA haplotype car-
riers have a decreased risk for BD. Healthy subjects with the GG genotype in rs17445836 and AA genotype in
rs11642873 displayed an increased IRF8 expression compared to the other genotypes. Both genotypes were also
associated with an increased IFN-~ and a reduced IL-10 release. No significant association of the other 11 SNPs
with BD was found and none of the 13 SNPs tested showed an association with VKH syndrome. The discordance
between the IRF8 association with BD but not with VKH may be due to the different immunologic mechanisms
leading to these two diseases. BD is regarded as an auto-inflammatory disease, while VKH is considered an auto-
immune disease directed against melanocytes®.

IRF8, which is located in 16q24.1, belongs to the IFN regulatory factor (IRF) family, and takes part in TLR
signaling, thus playing a role in the innate immune response®'. Recent reports indicated that IRF8 can regulate
the development of macrophages, DCs, B lymphocytes, as well as T lymphocytes®>**. Earlier reports revealed
that IRF8 polymorphisms were associated with diverse autoimmune and autoinflammatory diseases*26-34-38,
Rs17445836 and rs11642873 are located in the downstream region of the IRF8 gene and are in linkage disequi-
librium. How a downstream locus outside of the IRF8 coding region affects biological function is not clear but
could be due to a linkage disequilibrium with other loci. Our finding showing a significant association between
the GG genotype and G allele of rs17445836 with BD is in agreement with earlier American studies in systemic
lupus erythematosus (SLE)*. For rs11642873, we found that the frequency of the AA genotype and A allele were
significantly elevated in BD patients, and a similar result has been reported for Systemic Sclerosis in Caucasians™.
We also tested four other SNPs of IRF8 (rs2280381, rs11644034, rs11648084, and rs925994), but could not
detect a significant association with BD. These results suggest that the rs17445836 GG genotype and G allele and
rs11642873 AA genotype and A allele are two predisposing factors for these autoimmune and autoinflammatory
diseases. Haplotype analysis of rs11642873 and rs17445836, showed that the AG haplotype was the susceptibility
haplotype for BD and that the CA haplotype was the protective one.

As the aforementioned results showed that rs17445836 and rs11642873 were significantly associated with
BD, we performed a further study to examine whether the two SNPs could influence the expression of cytokines
involved in the development of BD. As the patients were not a homogenous group due to differences in the degree
of the inflammatory process and the treatment with immunosuppressive drugs, we only investigated the influence
of rs17445836 and rs11642873 in healthy controls. We did not find significant changes of the IRF8 expression in
PBMCs without stimulation or when the cells were stimulated with LPS among different genotypes of these two
SNPs. However, an increased IRF8 mRNA expression was observed in rs17445836 GG genotype individuals in
contrast to AG/AA genotype individuals, and in rs11642873 AA genotype cases compared to AC/CC genotype
cases when PBMCs were treated with anti-CD3/CD28 antibodies to simulate antigen presentation. This confirms
earlier studies showing that IRF8 is rapidly induced following antigen stimulation®® and it shows that IRF8 may
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Figure 2. The influence of rs17445836 genotypes on cytokine production. The production of IFN-~ (a), IL-10
(b), IL-17 (c) in PBMC:s obtained from healthy genotype controls. PBMCs were treated with anti-CD3/28 antibodies.
Data show the mean + SD. Pc: Bonferroni corrected p value, multiplied by 3.
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Figure 3. The influence of rs11642873 genotypes on cytokine production. The production of IFN-~ (a),
IL-10 (b), IL-17 (c) in PBMC:s treated with anti-CD3/28 antibodies. PBMCs were obtained from healthy
genotyped controls. Data show the mean & SD. Pc: Bonferroni corrected p value, multiplied by 3.

be required for the regulation of T cell effector functions. Our findings also indicate that the IRF8 genotype may
have a more profound effect on T cells than on macrophages and dendritic cells, since the stimulation with LPS
showed no effect. Our findings that the IRF8 rs17445836 genotype can affect the IRF8 level is in accordance with
recent findings showing an effect of rs17445836 on IRF8 expression in SLE patient B cells*®. The studies men-
tioned above mainly dealt with circumstances leading to an altered intracellular IRF8 level. IRF8 function itself
is triggered via an interaction of single stranded DNA or RNA with endosomal associated TLR3 and TLR7-9. We
did not test these ligands and further studies are needed to investigate the response of various IRF8 genotypes
following stimulation with these agonists.

We investigated three types of T cell cytokines, which have been implicated to play a role in the pathogenesis
of BD, namely IFN-~, IL-10 and IL-17%. A significant increase was observed in the production of IFN-~ in indi-
viduals carrying the rs17445836 GG genotype as compared to the AG/AA genotype, and in individuals carrying
the rs11642873 AA genotype compared with individuals having the AC/CC genotype. In addition, we found a
significant reduction of IL-10 in carriers of the rs17445836 GG genotype compared to individuals having the
AG/AA genotype, as well as in cases with the rs11642873 AA genotype compared with individuals having the
AC/CC genotype. Our results are in agreement with the dogma that IL-10 is an anti-inflammatory cytokine and
that IFN-~ acts as a pro-inflammatory cytokine?”*!. The elevated production of IFN-~ and diminished produc-
tion of IL-10 in individuals with the rs17445836 GG genotype and rs11642873 AA genotype are in line with the
predisposing role of the two genotypes for BD. These findings are in agreement with a recent study showing that
IL-10 was upregulated in the retina of IRF8-deficient mice during experimental autoimmune uveitis, while IFN-~
and IL-17 were downregulated*?. We did not find an effect on the production of IL-17 in the three genotypes of
either rs17445836 or rs11642873. The discrepancy with the mice study mentioned above might be due to species
differences.

The IRF8 genotype was shown to affect IL-10 expression. Since SNPs of IL-10 have been shown to be associ-
ated with BD**%, we examined whether certain IL-10 genotypes showed a higher frequency within a certain IRF8
genotype group. A small scale experiment did not reveal an interaction between the IL-10 and IRF8 genotypes
(Supplementary Tables 5 and 6).

IRF3 and IRF7 are two other members of IRF family, inducing type I IFN expression, taking part in innate
immunity®. Previous studies identified that rs2280381/IRF3*?, rs1131665/IRF7** and rs1061501/IRF7* were
associated with SLE in American and Asian population. We excluded the polymorphism of rs1131665, due to
the fact that no data were available in the Chinese Han NCBI dbSNP database. We therefore only investigated
rs2280381/IRF3 and rs1061501/IRF7. No significant association for rs1061501 and rs2280381 and BD or VKH
was found.
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TRIM20, also called Mediterranean Fever (MEFV) gene, which is located on chromosome 16p13, is regarded
as a responsible gene for another systemic autoinflammatory disorder: Familial Mediterranean Fever (FMF) dis-
ease’®?_ It encodes protein Pyrin which is considered to be connected with NF-kB-related inflammation®47.
There are five common mutations of TRIM20 (E148Q, M6801, M694V, V726A, P369S) that have been widely
studied in many autoinflammatory diseases, including BD*® .‘We did not investigate the five mutations because
the MAF of E148Q was lower than 0.05 and there was no data available in the Chinese Han NCBI dbSNP database
for the other four mutations (M680I, M694V, V726 A, P369S). SNPs of TRIM20 (rs224225 and rs224217) were
shown to be associated with inflammatory bowel disease*’, and rs224204 was associated with juvenile idiopathic
arthritis in Caucasians*!. However, none of these SNPs were found to be associated with BD or VKH syndrome
in our study.

MYD388 protein is a vital signal transducing adaptor protein in the TLR pathway due to its interaction with
the interleukin-1 receptor-associated kinase*®. One SNP of MYD88, namely rs7744 was reported to be associated
with ulcerative colitis?. Nevertheless, no significant associations of rs7744 with BD and VKH were revealed in
our study.

NF-1B1 encodes protein P50, belonging to Nuclear factor kappa B (NF-xB) family. P50 binds with P65,
another member of NF-xB, and the two elements compose a biologically active heterodimer, which can interact
with the promoter sequences of IL-1 and IFN-~ thereby regulating their transcription®’. SNPs of NF-kB1 were
reported to be associated with BD in Turkey (rs28362491)>? and with ulcerative colitis (rs3774959)2. Rs28362491
was excluded in our study because no data was available in the Chinese Han NCBI dbSNP database. In our study,
rs3774959 revealed no significant association with BD or VKH disease.

The differences between our results and the other studies concerning associations with the factors mentioned
above may be due to differences in the pathogenesis of these diseases, different ethnicity or due to sample sizes.

We assured the validity of polymorphism analysis results by the following steps. Firstly, all the candidate SNPs
were selected based on three standards as mentioned earlier. Secondly, the diagnoses of BD and VKH syndrome
were strictly based on the guidelines of the International Study Group and the First International Workshop®**4.
Finally, we randomly selected 5% of all samples to perform direct sequencing to validate or genotyping method.
All our genotyping results were in agreement with the direct sequence data.

Our study has some limitations. First, our participants were all Chinese Han and confirmation of our results
by multicenter trials but also in other ethnic groups is necessary. All the BD and VKH syndrome patients came
from an ophthalmology clinic. Since BD and VKH are multisystem diseases, further studies should also involve
patients coming from other clinical departments. Furthermore, we only tested a limited number of SNPs of IRF3,
IRF7, IRF8, TRIM20, MYD88 and NF-xB1 in BD and VKH disease, and we cannot exclude that other yet not
tested SNPs may show an association with these two diseases. One should also note that the risk association found
is small since 83% of healthy Chinese are rs17445836 GG carriers as compared to 91% of the BD patients. Similar
differences are found for rs11642873 CC (78% in controls versus 86% in BD). We would finally like to note that
the reported association was observed in BD uveitis and should not be extrapolated to other uveitis entities.

In conclusion, our results revealed that IRF8 (rs17445836 and rs11642873) polymorphisms and haplotypes
were associated with BD. In addition, our results suggested that the genetic predisposition found for BD may due
to mechanisms that are involved in the regulation of IRF8 mRNA expression and cytokine production.

Materials and Methods

Study subjects. A two-stage case-control study was carried out. In the first stage, 384 BD patients, 384 VKH
patients and 576 normal subjects were enrolled. These patients had visited the Zhongshan Ophthalmic Center of
Sun Yat-sen University (Guangzhou, China) and the First Affiliated Hospital of Chongqing Medical University
(Chonggqing, China) from June 2006 to October 2014. The second stage included another independent set of 697
BD patients and 1490 healthy individuals. All of the subjects were of Chinese Han descent. The diagnosis of BD
was based on the criteria of the International Study Group®. All the enrolled BD patients had uveitis, in which
1028 patients had panueitis, whereas only 53 BD patients had anterior uveitis. The diagnosis for VKH was accord-
ing to the definition that was made during the First International Workshop on VKH>.

Ethical considerations. All the participants signed an informed consent form before enrolling into this
study. The investigation protocols were approved by the Clinical Research Ethics Committee of the Zhongshan
Ophthalmic Center of Sun Yat-sen University and the First Affiliated Hospital of Chongqing Medical University.
All experiments were performed according to the approved guidelines and regulations. The study was performed
according to the tenets of the Declaration of Helsinki.

SNPs selecting. We selected SNPs based on three standards: 1. Available literature reports on the possi-
ble association of the relevant SNP with an autoimmune or auto-inflammatory disease. 2. Presence of allele or
genotype data in the Chinese Han National Center of Biotechnology Information (NCBI) database of single
nucleotide polymorphisms (dbSNP). 3. The minor allele frequencies (MAF) in our population had to be greater
than 0.05, since a MAF <0.05, would lack statistical power with the used patient sample size. Following these
standards, we excluded rs660 in TRIM21, rs1131665 in IRF7, three SNPs (rs224222, rs224224, rs224223 and five
common mutations*®) in TRIM20 and rs28362491 in NF-kB1, because no data were available in the Chinese
Han NCBI dbSNP database. Therefore we selected 13 SNPs as candidate SNPs, namely one SNP (rs2304204)
for IRF3, one SNP (rs1061501) for IRF7, six SNPs (rs11644034, rs925994, rs11648084, rs2280381, rs11642873
and rs17445836) for IRFS8, one (rs7744) for MYD88, one (rs3774959) for NF-kB1 and three SNPs (rs224204,
rs224217, and rs224225) for TRIM20.
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Genotyping. DNA samples were extracted from the peripheral blood in tubes containing Ethylene Diamine
Tetraacetic Acid (EDTA) anticoagulant, and isolated with the QITAamp DNA Blood Mini Kit (Qiagen, Valencia,
CA). DNA sequences were amplified by PCR using the primers shown in Table S1. The restriction enzymes used
to digest the PCR products are listed in Supplementary Table 1. The digestion products were separated in 4% aga-
rose gel for four SNPs (152304204, rs7744, rs11644034, rs17445836) and 5% agarose gel for the other SNPs. The
successful genotyping rate for the different SNPs ranged from 97.9% to 100%. To validate the genotyping method
employed in our study, we randomly selected 5% of the samples for direct sequencing that was carried out by
Sangon Biotech Company (Shanghai, China). The allele and genotype frequency of SNPs in IL-10 that have been
shown to affect IL-10 expression (rs1800871, and rs3021094), was analyzed by direct sequencing performed in
the Sangon Biotech Company (Shanghai, China).

Cell isolation and culture. Peripheral blood mononuclear cells (PBMCs) were separated from venous
blood samples obtained from 25 healthy genotyped controls by Ficoll-Hypaque density-gradient centrifugation.
The separated PBMCs were placed in 96 well-plates (2 x 106 cells/well), and cultured in RPMI 1640 medium.
PBMCs were treated with anti-CD3 antibody (Miltenyi Biotec, Palo Alto, CA) and anti-CD28 (Miltenyi Biotec,
Palo Alto, CA) antibody (5:1) to simulate antigen presentation for 3 days, or were cultured in LPS (Miltenyi
Biotec, Palo Alto, CA) to simulate an inflammatory signal (100ng/mL, Sigma, Missouri, USA) for 1 day.

Real-time PCR. Total RNA was extracted from PBMCs using TRIzol (Invitrogen, Carlsbad, CA).
The real-time PCR was accomplished on a 7500 system (ABI, Foster City, CA, USA). We selected 3-actin
as the internal reference gene. The IRF8 expression was tested by using the following primers: forward
5-CCAGCCAGTTCTTCCGA-3’ and reverse 5'-CCTCTTCTGCCAGTTG CC-3'. The primers for 3-actin
were as follows: forward 5'-GGATGCAGAAGGAGATCACTG -3’ as well as reverse 5'-CGATCCACA
CGGAGTACTT-3'. The relative expression level was computed using 2 24 method.

ELISA. The supernatants of stimulated PBMCs were collected to test the concentration of cytokines (IFN-~,
IL-10, and IL-17) by the human Duoset ELISA development kit (R&D Systems, Minneapolis, USA).

Statistical analysis. The chi-square or Fisher exact test (for N < 40) were applied to compare genotype and
allele frequencies and Hardy-Weinberg equilibrium detection. Odds ratios (OR) and 95% confidence intervals
(95% CI) were calculated to evaluate the disease risk. IRF8 expression and cytokine data between different geno-
type groups were evaluated using the Mann-Whitney U test. In case the data were normally distributed, we used
the independent samples t-test. All statistical tests were performed using SPSS 17.0 (SPSS Inc., Chicago, USA).
Linkage disequilibrium (LD) and haplotype analysis between the two positive SNPs (rs11642873 and rs17445836)
of the IRF8 gene were performed by the Haploview4.2 software. R* and the absolute value of Lewontin’s /D’/ was
used to estimate LD between the two SNPs>. Statistical analysis of the haplotype data was calculated by chi-square
test. To correct the p value for multiple comparisons, a Bonferroni correction was applied. P values obtained for
genotype, allele and haplotype analysis were multiplied by a factor 39 for the genotypes, by a factor 13 for allele
and by a factor 4 for haplotype comparisons. P values obtained for IRF8 mRNA and cytokine comparisons were
multiplied by 3. P values obtained for genotype and allele analysis for SNPs in IL-10 were multiplied by a factor
6 for the genotypes and by a factor 2 for the alleles. A P-corrected (Pc) value <0.05 was regarded as significant.
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