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suppressed following immunization in the OPN-siRNA-treated
group at days 7 and 14 (Fig. 1).

3.2. OPN-siRNA reduced EAU scores

To investigate the potential of OPN-siRNA to prevent EAU, B6
mice were immunized with hIRBP;_3¢ and treated twice with either
OPN-siRNA or control-siRNA 24 h before and simultaneously with
immunization. From day 7 after immunization, clinical assessment
was performed every 3 or 4 days. As compared to the control group,
the EAU clinical score was low in the OPN-siRNA-treated group
during the entire period of observation (Fig. 2). In the OPN-siRNA-
treated group, EAU reached a peak at day 28 after immunization. In
contrast, control group mice peaked at day 21 (Fig. 2). The maximum
clinical scores were significantly lower in the OPN-siRNA-treated
group (average scores: 0.89 + 0.68) than those in the control-siRNA-
treated group (2.44 + 0.78).
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To further examine the effect of OPN-siRNA on EAU, histopath-
ological examinations were performed. Eyes were removed from
either OPN-siRNA- or control-siRNA-treated EAU mice 21 days after
hIRBP;_»0 immunization. Representative histopathology of the eyes
from mice treated with control-siRNA or OPN-siRNA is shown in
Fig. 3A and B, respectively. In control mice, inflammatory cells were
found in the retina, vitreous and choroid along with retinal folds
and granulomatous lesions (Fig. 3A). Retinas collected from some
mice treated with OPN-siRNA showed almost normal histology
(Fig. 3B). The histological scores of retinal sections were signifi-
cantly lower in OPN-siRNA-treated mice (average scores:
0.88 + 0.69) than in control mice (1.5 + 0.73; Fig. 3C).

3.3. OPN-siRNA treatment only partly reversed the disease

We next examined whether OPN-siRNA treatment could reverse
an ongoing disease process. EAU was induced as usual by hIRBP1_2o
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Fig. 3. Histopathology and histopathological score of EAU mice treated with OPN-siRNA. EAU was induced in B6 mice. Histopathology of mice treated with either control-siRNA
(A) or OPN-siRNA (B). Note that inflammatory cells are present in the retina, vitreous, and choroid with retinal folds and granulomatous lesions in mice treated with control-siRNA
(A) and the almost normal architecture of the retina in OPN-siRNA-treated mice (B). C. Mice were treated with OPN-siRNA (O) or control-siRNA (@ ). On day 21, the eyes were
enucleated and scored by examining the histopathological sections of these eyes as shown in A and B. The results are presented as the histopathological score of each eye, and the
mean EAU score of each group is indicated by a bar. Significance was determined by Mann-Whitney U-test (P < 0.05).
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Fig. 4. Clinical and histopathological score of EAU in mice treated with OPN-siRNA
with reversal regimen. A. EAU was induced by hIRBP;_o immunization at day 0. These
mice were treated with two injections of either OPN-siRNA (O) or control-siRNA (@)
on day 7 and day 8 after the immunization. Funduscopic examination was carried out
every 3 or 4 days from day 7 after immunization. The results are presented as mean
clinical score for all eyes of each group of mice (10 mice per group) + standard
deviation. Representative data of two separate experiments with similar results are
presented. B. Histopathological score of EAU in mice treated with OPN-siRNA with
reversal regimen. On day 21, the eyes from EAU mice were enucleated and scored of
each eye. The mean EAU score of each group is indicated by a transverse bar.

immunization at day 0, and the mice were treated with two
injections of either OPN- or control-siRNA at day 7 and day 8 when
ocular symptoms first appeared overt after the immunization
(reversal regimen). The clinical severity of EAU appeared to be
slightly lower around day 21 but was not significantly reduced
during the course of observation with the reversal regimen
(Fig. 4A). The histopathological scores of retinal sections were not
significantly lower in OPN-siRNA-treated mice (average scores:
0.95 + 0.63) than in control mice (1.31 + 1.11; Fig. 4B).

These results suggest that OPN-siRNA treatment more effi-
ciently targets the priming rather than effector function of patho-
genic T cells.

3.4. OPN-siRNA showed a slight influence on priming
of hIRBP-specific T cells, but significantly inhibited
Th1 and Th17 cytokine responses

To examine the mechanism underlying the suppressive effect of
siRNA, we analyzed proliferative responses of lymphocytes from
regional lymph nodes of hIRBP-immunized mice treated with OPN-
siRNA or control-siRNA upon stimulation with hIRBP in vitro.
As shown in Fig. 5A, lymphocytes from both groups mounted
a considerable response. No significant differences were observed
in the cell proliferation between OPN-siRNA-treated and control-
siRNA-treated EAU mice, although the response in the OPN-siRNA
group was slightly lower than that in the control group.

Next, we examined cytokine levels in the cultures of hIRBP
peptide and lymphocytes collected from hIRBP-immunized mice
treated with either OPN-siRNA or control-siRNA. We quantified
IFN-y and TNF-a concentrations in the culture supernatants. The
levels of both IFN-y and TNF-a. were significantly reduced in the
supernatants from cells of siRNA-treated mice compared to those
of control-siRNA-treated mice at any concentrations of hIRBP
analyzed (Fig. 5B). Furthermore, the production levels of IL-2, GM-
CSF, and IL-17 were also significantly reduced in the supernatants
from cells of OPN-siRNA-treated mice compared to those of
control-siRNA-treated mice, whereas there no difference in the
production of IL-1a, -4, 5, 6, and 10 between the two groups
(Fig. 5C, and data not shown).

4. Discussion

In our previous study (Kitamura et al., 2007), we demonstrated
that the plasma OPN levels were significantly elevated in EAU B6
mice by day 3 after immunization and peaked at day 14, which was
concordant with the clinical course. Notably, OPN knockout (KO)
mice displayed a considerably milder EAU and delayed disease
onset compared with those of OPN*/* littermates (Hikita et al,
2006; Kitamura et al., 2007). In addition, EAU induced in B6 mice
was ameliorated by administration of M5, an anti-OPN antibody.
These findings demonstrated that OPN played a role in EAU
development and might be an appropriate target for controlling
ocular inflammation.

In the present study focusing on the blockade of OPN produc-
tion, we used siRNA targeting the OPN coding sequence (OPN-
siRNA). The OPN-siRNA was introduced into the animal with
a hydrostatic pressure-mediated technique, hydrodynamic delivery
(Liu et al., 1999). OPN is thought to function not only in soluble form
(OPN-s) as a cytokine but also in intracellular form, OPN-i (Shino-
hara et al., 2006; Cantor and Shinohara, 2009). Although anti-OPN
Ab can only be accessible to and block OPN-s, OPN-siRNA may block
both forms by reducing the expression in both compartments.

First, we quantified the plasma level to evaluate the duration for
the inhibition of OPN following in vivo siRNA treatment with the
prevention regimen (day 1 and O of immunization) in EAU mice.
OPN-siRNA treatment inhibited the increase of the plasma OPN
level during the entire period of EAU to the basal level (Fig.1). It was
reported that OPN protein expression was significantly suppressed
5 days after in vitro siRNA treatment (Saito et al., 2007). In our
study, OPN level remained significantly reduced at day 7 and day 14
in the OPN-siRNA-treated group (Fig. 1). This result suggested that
OPN-siRNA treatment could have a longer period of efficacy than
anticipated and thus may be applicable to chronic inflammatory
diseases. When RNAi for OPN was induced with a prevention
regimen, significant prevention of EAU was indeed manifested as
had been shown with anti-OPN Ab (M5) treatment (Figs. 2 and 3).
As to the clinical score, OPN-siRNA appeared to be more efficient
than M5 (Kitamura et al., 2007).
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Fig. 5. Cell proliferative response and cytokine production of lymphocytes from regional lymph nodes of hIRBP-immunized and OPN-siRNA-treated mice. A. [*H]-thymidine
incorporation by primed lymphocytes. Lymphocytes were obtained from B6 mice immunized with hIRBP and treated with OPN-siRNA (@) or control-siRNA (O ). Lymphocytes were
incubated with indicated dose of hIRBP peptide and with [*H]-thymidine for the last 16 h B. IFN-y and TNF-a. produced in the culture supernatant. C, IL-17, IL-2 and GM-CSF
produced in the culture supernatant. The results are presented as mean =+ standard deviation. Statistical significance is determined using two-tailed Student’s t-test (**, P < 0.01,

*. P < 0.05). Data are representative of two separate experiments with the similar result.

We also examined whether OPN-siRNA treatment could reverse
ongoing EAU. Mice were immunized by IRBPi_o peptide at day
0 and treated with two injections of OPN-siRNA at day 7 and day 8
after EAU induction. At the 7-day time point, uveitogenic effector
cells had already been primed and could induce EAU (Agarwal et al.,
2000). As anticipated with this report, the reversal regimen was not
effective for amelioration of the ongoing disease (Fig. 4A and B).
These results suggested that the effects of OPN-siRNA were induced
by the blockade of upsurge of OPN following immunization and
thus preventing generation of primed T cells more than by inhib-
iting the effector function of induced T cells. However, the inef-
fectiveness of OPN blockade with siRNA after disease onset may not
ruin its application for ongoing diseases. This is because the
consecutive priming and generation of autoreactive T cells may take
place even in chronic diseases. Moreover, co-administration of anti-
OPN Ab may also compensate the effect of siRNA administration
after onset, which should be pursued in further investigation.

We then examined the antigen-specific proliferative responses
of lymphocytes upon ex vivo hIRBP peptide restimulation in the
preventive regimen. Proliferation of hIRBP peptide-primed cells

was slightly reduced by administration of OPN-siRNA in vivo. This
finding is partially compatible with the result with the anti-OPN
antibody (Kitamura et al., 2007). Notably, the production of IFN-y
and TNF-a. was significantly reduced in the culture supernatants of
the OPN-siRNA-treated group compared to that of the control
group. The suppressed production of IFN-y and TNF-a appeared to
be interpreted by the blockade of Th1 cells, which led to the
amelioration of EAU, a Th1-mediated autoimmune model (Caspi
et al., 1988; Caspi, 2002; Schiffelers et al., 2005). IFN-y induces
macrophage activation and nitric oxide production, which leads to
destruction of retina in EAU (Hoey et al., 1997). TNF-a. provokes
inflammatory responses (Green and Flavell, 1999) and TNF p55
receptor deficient mice are resistant to EAU (Calder et al., 2005).
OPN has been recognized as a key player in the Th1-responses
for several reasons. First, the expression of OPN is mediated by
T-bet, which is indispensable for the polarization of Th1 immune
response (Shinohara et al., 2005). The secreted OPN further affects
the expression of IL-12 (enhancement) and IL-10 (inhibition) that
favors Th1-deviation (AshKar et al., 2000). Second, the specific form
of OPN, intracellular OPN, could induce IFN-a secretion from
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plasmacytoid dendritic cells (pDC) in the presence of CpG in TLR9-
MyD88- and IRF7-dependent manner (Shinohara et al., 2006). IFN-a.
also favors Th1-deviation. Third, OPN, especially the NH,-terminal
fragment of OPN cleaved by thrombin, promotes adhesion and
migration of leukocytes and neutrophils and directly binds to agps,
which interacts with vascular cell adhesion molecule-1 (VCAM-1)
in extravasation of neutrophils at sites of acute inflammation
(Taooka et al., 1999). Thus, the migration of inflammatory cells
might be blocked by the reduction of OPN content in the tissue.

It has been reported that OPN enhances survival of activated
T cells by inhibiting transcription factor Foxo3a, activating NF-kB,
and altering pro-apoptotic proteins (Hur et al., 2007). Thus, OPN
function seems to be superfluous and not only supports Thi-
deviation but also plays complex roles in immunological responses.
This finding may explain the various influences on the manifesta-
tion of autoimmune diseases observed in different disease models.

On the other hand, there were conflicting results that EAU
development was aggravated in IFN-y KO and IFN-y receptor KO
mice (Fukushima et al., 2005; Hikita et al., 2006), which implied
that IFN-y might inhibit generation of pathogenic Th17 cells in EAU.

Recently, a new insight with Th17 cells has emerged for the
pathogenesis of EAU (Amadi-Obi et al., 2007). In the present study,
OPN-siRNA treatment suppressed not only Th1 cytokines but also
IL-17 production, which could also account for the amelioration of
EAU. These results suggest that OPN represents a good therapeutic
target to ameliorate uveoretinitis as shown in our previous (Kita-
mura et al.,, 2007) and present studies. From a clinical viewpoint,
OPN blockade seems to be not only potent but also beneficial for the
treatment of human uveoretinitis without serious side effect, an
obstacle of anti-TNF antibody therapy (Ohno et al., 2004). Thus far,
no reports have demonstrated that OPN deficiency deteriorates
host defense in mice (Rittling et al., 1998; Sato et al., 2005).

To date, OPN blockade has been shown to ameliorate various
disease models in mice (Chabas et al., 2001; Jansson et al., 2002;
Yumoto et al, 2002; Yamamoto et al., 2003; Hikita et al., 2006;
Kitamura et al.,, 2007). Concordantly, OPN was elevated in human
counterparts, including pulmonary sarcoidosis (Maeda et al., 2001),
rheumatoid arthritis (Ohshima et al., 2002), and multiple sclerosis
(Comabella et al., 2005). We thus presume that OPN blockade is also
effective in these diseases. It is important to develop a safe and
feasible technique for siRNA delivery to render the RNAi treatment
applicable to human patients, as the hydrodynamic method is rather
intense. Several novel techniques are being developed for the effi-
cient introduction and interference for siRNA especially for in vivo-
use (Liu et al, 1999; Howard and Kjems, 2007). The mechanistic
elucidation and technical excellence will drive the RNAi for the
treatment of immunological diseases with equal or better chance of
use than monoclonal antibodies targeted to various molecules
involved in disease development.
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Genome-wide association studies identify IL23R-IL12RB2
and IL10 as Behget’s disease susceptibility loci

Nobuhisa Mizuki'-!%, Akira Meguro!!%, Masao Ota?, Shigeaki Ohno3, Tomoko Shiota!, Tatsukata Kawagoe!l,
Norihiko Ito’, Jiro Kera', Eiichi Okada*, Keisuke Yatsu®, Yeong-Wook Song®, Eun-Bong LeeS, Nobuyoshi Kitaichi’,
Kenichi Namba®, Yukihiro Horie®, Mitsuhiro Takeno®, Sunao Sugita!?, Manabu Mochizuki'®, Seiamak Bahram!1-12,

Yoshiaki Ishigatsubo® & Hidetoshi Inoko®

Behget's disease is a chronic systemic inflammatory disorder
characterized by four major manifestations: recurrent

ocular symptoms, oral and genital ulcers and skin lesions’.

We conducted a genome-wide association study in a Japanese
cohort including 612 individuals with Behcet’s disease and

740 unaffected individuals (controls). We identified two
suggestive associations on chromosomes 1p31.3 (/L23R-IL12RB2,
rs12119179, P = 2.7 x 10-8) and 1q32.1 (IL70, rs1554286,

P = 8.0 x 107%). A meta-analysis of these two loci with results
from additional Turkish and Korean cohorts showed genome-
wide significant associations (rs1495965 in IL23R-IL12RB2,

P =1.9 x 10-"1, odds ratio = 1.35; rs1800871 in IL70, P = 1.0 x
1014, odds ratio = 1.45).

Behget’s disease exists worldwide but is more prevalent in countries
along the ancient silk route spanning from Japan to the Middle East
and the Mediterranean basin?. Although the etiology of the disease
remains poorly characterized, it is currently thought, as for many
autoimmune or autoinflammatory syndromes, that certain environ-
mental factors are able to trigger symptomatology in individuals with
particular genetic variants. For the most part, the nature of these
genetic variants remains unknown, with the exception of the histori-
cally known association with the human leukocyte antigen (HLA)
class I region?, in which the HLA-B*51 allele itself or a closely linked
gene (for example, MICA) is associated with Behget’s disease. More
recently, we performed a genome-wide association study (GWAS) for
Behget’s disease using microsatellite markers and were able to show a
split in the HLA contribution to disease, that is, the HLA-A*26 allele is
associated with Behget’s disease independently of HLA-B*51 (ref. 3).

Although a previous study also performed a preliminary GWAS
using the DNA pooling method with the Affymetrix 500K arrays in
Turkish individuals and reported several non-HLA susceptibility loci
and genes for Behget's disease?, their study was limited by mapping
resolution and low detection power.

Here we revisit this same issue using a larger sample pool—often a
challenge to find for rare disorders—to identify susceptibility genes
for Behget’s disease beyond the HLA complex. We conducted a GWAS
in Japanese populations using 500,568 SNPs from the Affymetrix
GeneChip Human Mapping 500K Array Set. We genotyped 612
Japanese individuals with Behget’s disease (cases) and 740 unaffected
controls. After sample and SNP quality control, we analyzed a total
of 320,438 SNPs in 611 cases and 737 controls (Online Methods and
Supplementary Table 1). Principal component analysis showed no evi-
dence of population admixture in the GWAS cohort. We further calcu-
lated the genomic inflation factor (A) in this cohort; which was 1.05.

The HLA-B region showed the most significant association with
Behget’s disease (rs4959053, P = 1.8 x 10726), and we observed
genome-wide significant signals (P < 5.0 x 10~8) for 80 SNPs in the
HLA complex; many of these SNPs neighbored HLA-A and HLA-B
genes in the HLA class I region (Fig. 1 and Supplementary Table 2).
To further dissect Behget’s disease susceptibility in the HLA class I
region, we investigated linkage disequilibrium (LD) patterns in the
region and performed association analysis in the HLA-A subregion
according to whether or not HLA-B*51 was present. As previously
reported, we confirmed an independent contribution of two HLA
subregions, HLA-B and HLA-A, to the risk of Behcet’s disease in this
Japanese cohort, which includes the 300 cases and 300 controls used
in our previous GWAS (A.M., data not shown).
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Figure 1 Overview of SNPs across the HLA region in the GWAS. (a) Association of SNPs located at 28.5-33.5 Mb on chromosome 6. Genotyped SNPs
in the GWAS are indicated with a blue circle. (b) Location of HLA genes from the NCBI RNA reference sequences collection at 28.5-33.5 Mb

on chromosome 6.

Outside the HLA complex, a total of 54 SNPs at 35 distinct loci
showed association with Behget’s disease at P < 0.0001 in allele-
based tests (Supplementary Table 3). Among these SNPs, three of
the top four were located on chromosome 1p31.33 and the third was
located on chromosome 1g32.1. Genome-wide significant associa-
tion (using the threshold of P < 5.0 x 1078) was detected at P = 2.7 x
1078 for rs12119179, which is located in the 47-kb intergenic region
between IL23R (encoding interleukin 23 receptor) and IL12RB2
(encoding interleukin 12 receptor, beta 2). The second strongest
region of association was rs1554286, located within the intron 3
of IL10 (encoding interleukin 10) and also on chromosome 1q32.1
(P=8.0x1078).

To further validate our GWAS results, we exchanged data with col-
leagues performing a similar GWAS in a Turkish population®. This
independent analysis also showed a strong dichotomized association
of Behget's disease with HLA-Band HLA-A loci in the HLA region. In
addition, this Turkish GWAS identified the associations at the same
two non-HLA regions, IL10 and IL23R-IL12RB2, with P < 0.0001. This
provides cross-validation of these two associations in an independent
cohort from a distinct population.

We then fine mapped the association at the IL23R-IL12RB2 and
IL10loci using additional SNPs. For the IL23R-IL12RB2 loci, we geno-
typed an additional set of 26 SNPs in the 230-kb region covering these
genes. Of these SNPs, 23 were genotyped successfully, and 3 were
monomorphic. We observed significant associations for several SNPs.

The most significant was observed with rs1495965, located in the
intergenic region between IL23Rand IL12RB2 (P=1.2 x 107) (Fig. 2a,

" Table 1 and Supplementary Table 4). SNPs with strong association

in fine mapping or at the GWAS stage (rs11209032, rs11209033,
rs12141431, 1512119179 and rs1495965) were in strong LD with each
other, and this LD block was located in the intergenic region between
IL23R and IL12RB2. In addition, outside this block, we found a weak
association for several SNPs in IL23R and for one SNP in IL12RB2. To
fine-map the IL10locus, we genotyped an additional set of 11 SNPs in
the 8-kb region covering the gene. All SNPs were genotyped success-
fully, and we observed strong associations for four SNPs: rs1518111,
rs3024490, rs1800872 and rs1800871. The most significant association
(P =9.5 x 107?) was observed at rs1800872 and rs1800871, located
in the promoter region of IL10 (Fig. 2b, Table 1 and Supplementary
Table 5). These four SNPs and rs1554286 (found in the initial GWAS)
were in strong LD with each other.

Finally, we evaluated the three SNPs showing the most significant
Pvalues (rs1495965 in IL23R-IL12RB2 and rs1800872 and rs1800871
in IL10) for replication in 2,494 Turkish individuals (obtained from
colleagues performing a parallel GWAS in a Turkish population and
reported in a coordinated publication in this issue®) and 259 Korean
individuals (Table 1). rs1495965 in IL23R-IL12RB2 did show evidence
of replication in the Turkish cohort (P = 8.4 x 1075), but this SNP was
not significantly associated with Behget’s disease in the Korean cohort
(P = 0.094). The G allele of rs1495965 showed an increased risk of
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Figure 2 In-depth SNP analysis in target areas. (a) Association analysis of SNPs across /L23R and IL12RB2. (b) Association analysis of SNPs across
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circle, and genotyped SNPs found through fine mapping are indicated with a red circle. The lower panels show LD structure in the target gene regions;
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Behget’s disease in the three populations (P = 1.9 x 1011, odds ratio
(OR) = 1.35, 95% CI 1.24-1.47). rs1800872 and rs1800871 in IL10
replicated in both the Turkish and Korean cohorts, and the results
from the meta-analysis showed the most significant association
(rs1800872, P=2.1 x 10714, OR = 1.45, 95% CI 1.32-1.59; rs 1800871,
P=1.0x1071, OR = 1.45, 95% CI 1.32-1.60).

Recent genetic surveys including GWAS have identified IL23R
or ILI2RB2 as susceptibility loci for a number of inflammatory and

immune-linked diseases®~!!. For example, the non-synonymous SNP
1511209026, located within exon 9 of IL23R, is primarily associated
with inflammatory bowel disease, psoriasis, psoriatic arthritis and
ankylosing spondylitis. Although rs11209026 was monomorphic in
the Japanese populations, two SNPs in the Behget’s disease-associated
LD block, rs11209032 and rs1495965, and other two Behcet’s disease-
associated SNPs with P < 0.01, rs1004819 and rs7517847, have been
reported to be associated with inflammatory bowel disease. IL23R

Table 1 Allelic association results for SNPs rs1495965, rs1800872 and rs1800871

Chr. Risk N Risk allele frequency OR for risk allele

SNP position? Nearest gene allele Population Cases Controls Cases Controls PP (95% Cl)
1s1495965 67,526,096  IL23R-ILI2RB2 G Japanese 611 737 0.563 0.451 1.2x 108 1.56 (1.34-1.83)
Turkish 1,215 1,279 0.568 0.512 8.4 x 1075 1.25 (1.12-1.40)
Korean 119 140 0.560 0.486 0.094 1.35(0.95-1.91)
Overall 1.9x10-11 1.35(1.24-1.47)
rs1800872 205,013,030 /L10 A Japanese 611 737 0.765 0.664 9.5 x 109 1.64 (1.39-1.95)
Turkish 1,215 1,279 0.384 0.315 6.1 x 1077 1.35(1.20-1.52)
Korean 119 140 0.776 0.694 0.038 1.52 (1.02-2.28)
Overall 2.1x10"14  1.45(1.32-1.59)
rs1800871 205,013,257 IL10 T Japanese 611 737 0.765 0.664 9.5 x 109 1.64 (1.39-1.95)
Turkish 1,215 1,279 0.383 0.313 3.1x107 1.36 (1.21-1.54)
Korean 119 140 0.774 0.694 0.044 1.51 (1.01-2.25)
Overall 1.0 x 10-14 1.45 (1.32-1.60)

Chr., chromosome.

2NCBI build 36; all SNPs were located on chromosome 1. PP values for each population were calculated using an allele-based test; overall P values and ORs in three populations were calculated

using the Mantel-Haenzel method.
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encodes a subunit of the IL23 receptor. IL23 is a heterodimeric pro-
inflammatory cytokine composed of a p19 subunit and a p40 subunit
that is shared with IL12. IL23 has been shown to stimulate T helper
17 cell proliferation and increase the production of inflammatory
cytokines such as IL1, IL6, IL17 and TNFa (ref. 12). IL12RB2 encodes
an IL12 receptor chain. IL12 plays an important role in T-helper-1
responses, T-cell and NK-cell cytotoxicity, and interferon-y (IFNYy)
production by T cells and NK cells. IL12RB2 has been reported to be
essential for high-affinity IL12 binding and IL12 dependent signaling,
to be upregulated by interferon-y (IFNY) in Th1 cells and to have a
crucial role in Th1 cell differentiation!?.

IL10 is a potent suppressor of inflammatory cytokines such as IL1,
IL6, IL12, TNFo and IFNY and inhibits the costimulatory activity
of macrophages for T-cell and NK-cell activation. A previous study
described three IL10 promoter SNPs, rs1800896 (IL10-1082A/G),
rs1800871 (IL10-819C/T) and rs1800872 (IL10-592A/C) (ref. 14),
and recent independent studies have reported that IL10 promoter
SNPs were associated with several diseases. Further, another study has
shown that the IL10 promoter SNP rs1800871 was strongly associated
with Behget's disease!®.

We report here a GWAS identifying two new susceptibility loci for
Behget’s disease; these loci include interleukin and interleukin receptor
genes, which are central in immune response. The quantitative
alteration of these cytokines (and others in the same cascade) could
help explain in part the complex pathophysiology of Behcet’s disease
and suggest new therapeutic avenues.

METHODS
Methods and any associated references are available in the online
version of the paper at http://www.nature.com/naturegenetics/.

Note: Supplementary information is available on the Nature Genetics website.
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ONLINE METHODS

Subjects. A total of 612 unrelated individuals with Behget’s disease and 740
unrelated healthy controls, all of Japanese descent, were enrolled in this study
(Supplementary Table 1). The diagnosis of Behget’s disease was established
according to standard criteria'® proposed by the Japan Behcet’s Disease
Research Committee at the Yokohama City University, Hokkaido University,
Tokyo Medical and Dental University, Kurume University, Yuasa Eye Clinic and
Fujioka Eye Hospital. All control participants recruited from the Yokohama
City University, Tokai University and Okada Eye Clinic were healthy volun-
teers unrelated to each other or to cases. Korean participants (119 cases and
140 healthy controls) were recruited at the Department of Internal Medicine,
Seoul National University Hospital, South Korea. All cases were diagnosed
according to criteria from the International Study Group for Behget’s disease
(ISGBD)". All control subjects were healthy Korean volunteers unrelated to
each other or to cases. The study methodology complied with the guidelines of
the Declaration of Helsinki. The study details were explained to all cases and
controls before obtaining their consent for genetic screening. The QlAamp
DNA Blood Maxi Kit (QIAGEN) was used to collect peripheral blood lympho-
cytes and extract genomic DNA from peripheral blood cells. Procedures were
carried out under standardized conditions to prevent variation in DNA quality.
Following extraction, DNA degradation and RNA contamination were assessed
by 0.8% agarose gel electrophoresis.

Genotyping. Genome-wide association study. Genotyping with the GeneChip
Human Mapping 500K Array Set (Affymetrix) was performed using the stand-
ard protocol recommended by Affymetrix. We set the standard for the mini-
mum SNP call rate at 93% for each sample. The SNP call rates for all samples
genotyped (612 cases and 740 controls) were 293%. To identify genotyping
errors and DNA contaminations, we estimated the mean of genome-wide
heterozygosity for all samples, and four samples (one case and three controls)
that were more than 4 s.d. from the sample mean were excluded. Cryptic
relatedness between samples was estimated by the identity-by-descent method
using the PLINK software!®, and no samples were excluded by this analysis.
This resulted in a dataset with 611 cases and 737 controls.

Quality control was performed on 500,568 SNPs from the GeneChip Human
Mapping 500K Array Set, and we excluded 28,702 SNPs with a call rate < 95%,
14,044 SNPs with deviation from Hardy-Weinberg equilibrium in controls
(P < 0.001) and 137,384 SNPs with a MAF < 5% overall. Therefore, 320,438
SNPs were left for subsequent analyses.

To assess possible population stratification in the GWAS samples, we car-
ried out principal component analysis using EIGENSTRAT? in HelixTree,
which showed no evidence of population admixture among the samples. To
confirm the results of the principal component analysis, we estimated the

genomic inflation factor A based on the median of the y? distribution and
obtained an estimated value of A = 1.05.

To exclude false-positive results, all SNPs showing significant evidence of
association with Behget’s disease (defined as P < 0.0001) in the GWAS were
assessed by clustering analysis; an association signal (P < 0.01) was found for
a SNP in strong LD with a lead SNP (which had P < 0.0001). This lead SNP
was considered to be a true-associated SNP. As a result, of the 83 SNPs with
P <0.0001 in non-HLA regions, 29 that clustered poorly were excluded from
further analysis. ;

Fine mapping. We selected tagging SNPs covering the regions containing the
genes encoding IL23R, IL12RB2 and IL10 from HapMap Japanese data (MAF >
5%, pairwise r2 2 0.8 and Hardy-Weinberg equilibrium P > 0.05) using the
Haploview 4.1 software?. In addition, known non-synonymous SNPs and/or
other disease-associated SNPs in the region containing the genes encoding
IL23R, IL12RB2 and IL10 were also selected. Moreover, to cover the entire IL10
region more densely, two SNPs with MAF ~ 1% were selected in the region.

Genotyping of all SNPs was performed by TagMan 5 exonuclease assay using
primers supplied by Applied Biosystems. The probe fluorescence signal was
detected using the TagMan Assay for Real-Time PCR (7900HT Sequence Detection
System, Applied Biosystems) following the manufacturer’s instructions.

Replication studies. We tested rs1495965, rs1800872 and rs1800871 using the
same TagMan assays for replication of 259 Korean individuals. We obtained the
genotyping results in 2,494 Turkish individuals from colleagues performing a
GWAS of Behget’s disease in Turkish individuals®.

Statistical analyses. All association analyses for our GWAS were carried out
using the software HelixTree SVS 7 (Golden Helix, Inc.). The association
analyses for the fine-mapping stage were carried out using Haploview 4.1.
Haploview 4.1 was also used to infer the LD structure of the targeted regions.
The meta-analyses from the various populations were performed using the
Mantel-Haenszel method.
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Abstract

Purpose: Surfactant protein D (SP-D) is found in the epithelial cells of multiple mucosal surfaces. It is
commonly used to diagnose and screen for pulmonary diseases. In the present study, serum levels of
SP-D were measured in patients with uveitis to ascertain whether SP-D is a clinically useful laboratory
parameter to diagnose sarcoidosis.

Methods: Sera were obtained from 81 patients with sarcoidosis, 16 patients with Behget disease, 40
patients with HLA-B27 associated uveitis, 50 patients with Vogt-Koyanagi-Harada (VKH) disease, and
33 healthy volunteers. Serum SP-D levels were quantified with an SP-D enzyme immunoassay Kkit.

Results: In the healthy control subjects, the average serum SP-D level was 39.70 ng/ml; in the uveitis
patients with sarcoidosis, the mean serum SP-D level was 57.0 ng/ml, and in the uveitis patients with
other etiologies the mean levels were 38.63 ng/ml for Behget disease, 38.18 ng/ml for HLA-B27 associ-
ated uveitis, and 31.32 ng/ml for the VKH patients. The average serum SP-D levels of patients with sar-
coidosis were significantly higher than those of patients with any other uveitis etiologies or healthy
controls (P < 0.01).

Conclusions: SP-D may be a less invasive and less expensive laboratory examination for sarcoidosis
screening. SP-D should be considered as a new laboratory parameter for the diagnosis of uveitis and

sarcoidosis. Jpn J Ophthalmol 2010;54:81-84 © Japanese Ophthalmological Society 2010

Keywords: ACE, intraocular inflammation, KL-6, sarcoidosis, SP-D

Introduction

Sarcoidosis is a multisystem chronic inflammatory disorder
of unknown etiology' in which approximately half of the
patients develop ocular inflammation.”™ At present, the
decision to treat patients is still based mainly on clinical
features of worsening respiratory symptoms with assess-
ment by radiography or lung function tests. Even when
systemic manifestations are mild, ocular tissues are often
severely inflamed.’ Sarcoidosis is a Thl-mediated disease,

Received: February 22, 2009 / Accepted: August 31, 2009

Correspondence and reprint requests to: Nobuyoshi Kitaichi,
Department of Ophthalmology, Hokkaido University Graduate School
of Medicine, Kita-15, Nishi-7, Kita-ku, Sapporo 060-8638, Japan
e-mail: nobukita@med.hokudai.ac.jp

and we have demonstrated that the serum levels of a mac-
rophage migration inhibitory factor, secreted by activated
T cells, are elevated in uveitis patients with sarcoidosis.*’
Recentreports have identified other immunological markers
that may be indicators of sarcoidosis, such as upregulated
intercellular adhesion molecule 1 and vascular cell adhesion
molecule 1 on macrophages, or the presence of inducible
NO synthase in bronchoalveolar lavage fluid (BALF).* It is
well known that angiotensin-converting enzyme (ACE) and
lysozyme are helpful serum markers for the diagnosis of
sarcoidosis. Although it is not very sensitive, ACE is one of
the most useful markers, showing high specificity for sar-
coidosis.” We have reported that serum KL-6, a MUC-1
mucin-like glycoprotein with a high molecular weight that
is strongly expressed on type II alveolar pneumonocytes as
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well as on bronchiolar epithelial cells, is a clinically useful
complement to ACE measurement as a laboratory param-
eter for the diagnosis and follow-up of sarcoidosis.'*!!

Surfactant protein D (SP-D) is found in the epithelial
cells of multiple mucosal surfaces, and is additionally present
in endothelial cells and in serum, suggesting systemic effects
of the protein. It has been demonstrated that either inflam-
matory diseases or the inflammatory cytokine tumor necro-
sis factor can induce serum SP-D levels.'* "

In the present study, the serum levels of SP-D were
measured in patients with uveitis to ascertain whether SP-D
might be a clinically useful laboratory parameter for oph-
thalmologists to diagnose sarcoidosis.

Subjects and Methods

After obtaining informed consent in accordance with the
tenets of the Declaration of Helsinki, sera were obtained
from 81 patients with sarcoidosis, 16 patients with Behget
disease, 40 patients with HLA-B27 associated uveitis, 50
patients with Vogt-Koyanagi-Harada (VKH) disease, and
33 healthy volunteers. Blood samples were collected during
each patient’s first medical examination at the Uveitis
Survey Clinic of the Hokkaido University Hospital. None
of the patients had received systemic treatment with corti-

Jpn J Ophthalmol
Vol 54: 81-84, 2010

costeroids or other immunosuppressive agents. The criteria
established by the Diffuse Pulmonary Disease Research
Committee of Japan were used for diagnosing patients with
sarcoidosis. We chose histological results as the basis for
this study. This study was approved by Institutional Review
Board of Hokkaido University Hospital for Clinical
Research.

Venous blood samples were collected in sterile vacuum
tubes and centrifuged for 30 min as described previously.*'®
Serum SP-D levels were quantified with an SP-D enzyme
immunoassay kit from Yamasa Soy Sauce (Tokyo, Japan),
which contains all necessary reagents for the assay. The
results are presented as mean (standard error), and the
statistical analysis of the SP-D levels was performed with
the Student ¢ test.

Results

The average level of serum SP-D in healthy control subjects
was 39.70 (SE, 3.62) ng/ml. In uveitis patients with sarcoid-
osis, the mean serum SP-D level was 57.0 (4.12) ng/ml, and
the uveitis patients with other etiologies had mean levels of
38.63 (5.19) ng/ml in Behget disease; 38.18 (4.10) ng/ml in
HLA-B27-associated uveitis; and 31.32 (2.70) ng/ml in VKH
(Fig. 1). The serum levels of SP-D in sarcoidosis patients

SP-D (ng/ml)

Figure 1. Serum surfactant protein D (SP-D) levels. Mean serum SP-D levels were significantly higher in patients with sarcoidosis than in those
with Behget disease, HLA-B27 associated uveitis, Vogt-Koyanagi-Harada (VKH) disease, or healthy control subjects. **P < 0.01.
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INCREASE OF SERUM SP-D LEVELS IN UVEITIS PATIENTS WITH SARCOIDOSIS

Table 1. Serum SP-D and ACE levels in sarcoidosis with
uveitis (n = 81)

ACE
Positive Negative
SP-D
Positive 6 6
Negative 45 24

SP-D, surfactant protein D; ACE, angiotensin-converting enzyme.

Table 2. Serum SP-D and ACE levels in other etiologies of
uveitis (n = 91)

ACE
Positive Negative
SP-D
Positive 0 1
Negative 1 89

were significantly higher than those in healthy controls (P
=0.0017), Behget disease (P = 0.007), HLA-B27 associated
uveitis (P = 0.0013), or VKH disease (P = 0.0000005).

Patients were considered to have a positive indication for
sarcoidosis if their SP-D serum concentration exceeded
100 ng/ml. We found that, based on their serum SP-D levels,
14.8% (12/81) of uveitis patients with sarcoidosis proved
positive (Table 1). All patients with high levels of SP-D had
lung involvement. By this criterion, all healthy volunteers
(100%) and 90 of the 91 (99%) patients with other etiolo-
gies were negative for sarcoidosis (Table 2). Using the
standard ACE assay, 63.0% of the sarcoidosis patients
were indicated as positive and 1% of uveitis patients with
other etiologies were indicated as positive (false positives)
(Table 2). When the results of the SP-D and ACE
assay were combined, 70.4% of sarcoidosis patients were
positive. None of the patients with other etiologies were
double positive for both SP-D and ACE (no false positives)
(Table 2).

Discussion

Sarcoidosis is one of the most frequent etiologies of uveitis
in Japan.”"® The Japanese criteria for diagnosing sarcoid-
osis include histological and clinical data. To make a clinical
diagnosis, it is necessary to have complete clinical pictures
of two or more organs and positive results from six specific
diagnostic examinations (bilateral hilar lymphadenopathy,
elevated serum ACE, a negative tuberculin skin reaction,
positive Ga scintigram, elevated CD4/CD8 ratio in BALF,
and elevated serum/urinary Ca levels). However, serum
ACE is not a sensitive indicator of sarcoidosis, making it
difficult to clinically diagnose some patients with sarcoid-
osis, even if their granulomatous uveitis is typical for sar-
coidosis. Clinicians already use serum ACE levels as one

laboratory marker for sarcoidosis, but ACE measurements
identify only half of the uveitis patients with sarcoidosis.”
As it is thought that granulomatous tissue can release ACE,
it is possible that the serum levels of ACE increase in other
granulomatous conditions such as tuberculosis, lymphoma,
and asbestosis. Serum ACE levels are affected by systemic
corticosteroids." In addition, some patients who are suffer-
ing from hypertension or heart failure may be treated with
ACE inhibitors, which are antihypertensive drugs. In those
patients, serum ACE levels often fall below measurable
limits."

We previously reported that MUC-1 mucin-like glyco-
protein KL-6 levels were also elevated in sarcoidosis
patients, and the sensitivity was raised to 87.5%, but there
were 10.8% false positives when ACE and KL-6 serum
measurements were combined.” However, as we later dem-
onstrated, serum KL-6 levels are also elevated in patients
with tubulointerstitial nephritis and uveitis (TINU) syn-
drome as well as sarcoidosis, because KL-6 is expressed in
the renal distal tubes in addition to alveolar cells of the
lungs.”” Although it is not known whether the lung surfac-
tant SP-D is expressed in renal tissues, it is unlikely to have
a significant impact on serum levels in renal disorders. To
examine the serum SP-D level in TINU syndrome may be
a subject of future investigation.

Serum SP-D has been used as a prognostic or predictive
marker for pulmonary inflammatory diseases (e.g., allergic
bronchopulmonary aspergillosis, pneumonia, lung diseases
with polymyosis, and acute lung injury).” Since SP-D is
mainly synthesized by epithelial type II cells in pulmonary
organs, the origin is supposed to be a result of leakage from
SP-D-expressing tissues”” As some sarcoidosis patients
suffer from damage to the lungs, it is reasonable to suggest
that the elevated serum levels of SP-D in sarcoidosis are
due to its release by pulmonary tissues. There is no report
of SP-D expression in ocular tissues. Serum SP-D levels
may reflect the involvement of pulmonary tissues in sarcoid-
osis but not ocular inflammation. High SP-D levels suggest
the involvement of inflammation in another organ. In addi-
tion, because SP-D levels should be unaffected by ACE
inhibitors, it may be worthwhile to add measurement of
serum SP-D levels for sarcoidosis in patients with suspected
uveitis.

Histological examinations of the lungs, bronchial tubes,
and conjunctiva and lacrimal gland biopsy specimens are
now accepted in diagnosing sarcoidosis. However, as biopsy
sometimes causes much discomfort and pain, use of another
laboratory parameter, SP-D, may be less invasive and less
expensive when screening for sarcoidosis. SP-D should be
considered as a new and useful laboratory parameter for
the diagnosis of sarcoidosis and differential diagnosis of
various uveitis entities.
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