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ABSTRACT

Behget’s disease is a complex inflammatory vasculitis with a broad spectrum of clinical
manifestations. The purpose of this study was to investigate the genetics underlying specific
clinical features of Behget’s disease in a group of patients with > 20 years of follow up. A total of
436 patients with Behget’s disease from Turkey were studied. Genotyping was performed using
the Infinium ImmunoArray-24 BeadChip. After imputation and quality control measures, logistic
regressions adjusting for sex and the first five principal compr..cnts were performed for each
clinical trait using a case-case genetic analysis approach. A w<zighted genetic risk score was
calculated for each clinical feature. Genetic associ~.uon analyses of previously identified
susceptibility loci in Behget’s disease revealed a gene.ic association between ocular lesions and
HLA-B/MICA (rs116799036: OR=1.85, 95% C:=1.35-2.52, p-value=1.1x10%). The genetic risk
score was significantly higher in Behget’s di.-ase patients with ocular lesions compared with those
without ocular involvement, and is e¥;2lai:ed by the genetic variation in the HLA region. New
genetic loci predisposing to speciic clinical features in Behget’s disease were suggested when
genome-wide variants were evoluated. The most significant associations were observed in ocular
involvement with SLCOZA (,$6062789: OR=0.41 (95% CI=0.30-0.58), p-value=1.92x107), and
neurological involvement vith DDX60L (rs62334264: OR=4.12 (95% CI 2.34 to 7.24), p-value =
8.85x107). Our results emphasize the role of genetic factors in predisposing to specific clinical
manifestations in Behget’s disease, and might shed additional light into disease heterogeneity,

pathogenesis, and variability of Behget’s disease presentation across populations.



1. INTRODUCTION

Behcet's disease is a chronic inflammatory illness with multiorgan involvement, and is
characterized by recurrent oral and genital ulcers, among other clinical symptoms. This disease
has a worldwide distribution with the highest prevalence described in East Asia and the
Mediterranean region [1]. Behget's disease affects both genders and it is typically diagnosed in
the third and fourth decade of life [1]. Despite this, it has been described that the disease shows
higher prevalence of severe manifestations in men, including c..'ai, vascular, and neurological

involvement, possibly related to a higher genetic risk [2].

The prevalence of clinical features in Behg:t’s disease can vary among different
geographical locations, and patients can show :ic'2rogeneity in their manifestations [1]. This,
together with the absence of specific diry.0s.'« tests, makes the identification and collection

of a broad spectrum of clinical featrires nec2ssary in the diagnosis process [3].

Although the pathogenesis of 8 :h;et's disease remains unclear, environmental factors and
genetic predisposition have bee. hypothesized to contribute to the disease evolution [4].
Regarding the genetic co.mpnonent of Behget’s disease, the development of new genotyping
techniques has led .~ n.ure powerful genetic studies [5], allowing the validation of genetic
associations and the identification of new ones. This strongly supports a role for a genetic
component in the disease etiology [6, 7]. In this sense, the most robust genetic association
described in Behcet's disease resides in the HLA class | region, consistent with the
inflammatory nature of the disease [1, 7]. Moreover, the development of genome-wide
association studies (GWAS) has contributed to the identification of disease-associated genetic
variation outside the HLA region, such as the IFNGR1 and LNCAROD/DKK1 genes, among

many others [1, 8].



Considering the clinical heterogeneity and the strong genetic background of Behget's
disease, we performed case-case genetic association analyses to determine the role of genetics

in the clinical heterogeneity of this disease.



2. METHODS
2.1. Study population

Samples from 436 Behget's disease patients from Turkey were included in this study. These
included 270 men and 166 women. The age at disease diagnosis was 30.32+9.34 (yrs, mean+SD),
and the patients had a disease duration of 20.05+7.43 (yrs, meantSD). All patients fulfilled the
1990 International Study Group classification criteria for Behget’: disease [9]. For each patient,
ten clinical features were evaluated, comprising genital aphthais, ,>seudo-folliculitis, erythema
nodosum, ocular lesions, gastrointestinal involvement, ne:n>locical involvement, arthritis, and
vascular involvement, with the last divided into arteria’ ana venous disease (Table 1). This study
was approved by the institutional review boards w . the ethics committees at the participating

institutions, and all study participants signer' .\ *ten informed consent.

Table 1. Demographic and clinical chavacteristics of patients included in this study.

Sex (% male patients

Nunh i i i \ L
un.her of patients with/without with the clinical

Clinical feature the clinical feature

feature)
Genital aphthosis 367/68 231 (63%)
Pseudo-folliculitis 318/113 203 (64%)
Erythema nodosum 233/203 136 (58%)
Ocular lesions 191/245 122 (61%)
Gastrointestinal involvement 11/425 8 (73%)
Arthritis 180/255 106 (59%)
Neurological involvement 52/383 32 (62%)
Vascular involvement 124/311 95 (77%)
Arterial involvement 21/409 16 (76%)
Venous involvement 107/322 85 (79%)

2.2. Genotyping, quality control, and imputation

Genotyping was performed using the Illumina Infinium ImmunoArray-24 V.1.0 and V.2.0

BeadChip arrays. Quality control assessment for individual and genotype data were described



elsewhere [8]. Briefly, single nucleotide polymorphisms (SNPs) with genotyping call rate < 98%,
minor allele frequency (MAF) < 1%, and Hardy-Weinberg equilibrium (HWE) P < 0.001 were
removed. Individual samples with genotyping call rate < 95% were removed. When samples had
a pairwise identity by descent proportion (Pi-HAT) of > 0.4 only one randomly selected sample
was retained in the analysis. As previously described [8], principal component analysis was
performed using the Eigensoft 6.1.4 software [10] and those samples that were more than 6
standard deviations from the center of the cluster were filtered out. =enotype data were imputed
with the Michigan Imputation Server using Minimac2 and t=.~ 7ZfPMed Imputation Reference
panel [11-13]. Assembly GRCh38 hg38 was used for SN+ annotation. Imputed variants with an
imputation quality metric rsq > 0.3, MAF > 1% and H\''c P > 0.001 were included in further

analyses [8, 14]. A total of 1,416,102 SNPs were i.” .lu Jed in the analyses.

In order to assess the association of p.- viously reported Behget’s disease susceptibility loci
with the different clinical manifestaticns, *wenty susceptibility SNPs were considered for this
approach [7]. These SNPs tag nine.ee.: loci, with each locus being represented by one SNP except

for IRF8, where two independ.nt .»g SNPs were included (Supplemental Table 1).
2.3. Data analysis

Case-case logistic regressions adjusting for sex and the first five principal components
were performed using PLINK [15] for each clinical feature. When previously reported Behget’s
disease susceptibility loci were evaluated (Supplemental Table 1), the significance threshold was

established at a p-value <2.5x107 according to the Bonferroni multiple testing correction.

Regarding the GWAS case-case analysis approach, the genome-wide significance

threshold was established at a p-value <5x10%, while those association with a p-value <1x10°



were considered as suggestive. For each region that showed significant or suggestive association
in the GWAS, the SNP with the lowest p-value was reported as the lead SNP. Genomic inflation
factors (L) were estimated for each trait considering around 3,000 SNPs that have not been
previously associated with immune-mediated diseases. For these, quantile-quantile plots (QQ-
plots) were estimated for the clinical-specific p-values (Supplemental Figure 1). The genomic

inflation factors and QQ-plots were generated with the package “gap”, R version 4.2.0.

To evaluate the overall genetic risk contribution of previz.-ly “eported susceptibility loci
on each clinical trait in Behget’s disease, a cumulative gene 1c 1:sk score (GRS) was calculated.
For this, all individuals included in the analysis were exyc.*eu to have a 100% genotyping rate for
the selected SNPs, and if a particular marker was not ge.ioty, ed, imputed genotype data were used
for the calculation. Odds ratios (OR) used in GI*S esumation at each selected locus corresponded
to those reported in previous case-contror ~ssociation analyses in the disease [7]. Individual
genotypes were coded as 0, 1, or 2 inti~aung the number of Behget's disease risk alleles present
for each SNP. Cumulative GRS¢ wore calculated multiplying the natural logarithm of their
corresponding OR by the numwr ¢ effect alleles (34 _, In(OR;)n;) [16] followed by a Welch’s t-

test to identify significan’ dit\2rences between the clinical groups.



3. RESULTS

Case-case association analyses were performed in order to test the relationship between
previously reported genetic susceptibility loci in Behget’s disease and the different clinical
manifestations of the disease. A significant genetic difference was detected between patients with
and without ocular involvement (rs116799036: OR =1.85 [95% CI 1.35to 2.52], p-value =1.1x10
%) (Table 2). This genetic variant is in the HLA-B/MICA region, indicating the influence of this
genetic susceptibility locus on the development of eye involvr..>nu in patients with Behget’s
disease. These analyses also showed nominal associations \vith other clinical traits in Behget’s
disease such as arthritis (ADO, rs224127: OR = 0.67 [95>" L' 0.52 to 0.88], p-value = 4.0x107%),
arterial involvement (IL10, rs1518111: OR = 0.29 [95%, Ci 2.12 to 0.68], p-value = 4.6x107%) and
erythema nodosum (HLA-C, rs12525170: OR = 1.52 {95% CI 1.10 to 2.12], p-value = 1.3x107?).
Interestingly, the presence of ocular lesions * vas also nominally associated with two other SNPs
located in the HLA-A and IL1A gene 2aiuns (rs3783550: OR = 1.46 [95% CI 1.10 to 1.92], p-
value = 7.9x10%; rs114854070: O< - 1.46 [95% CI 1.08 to 1.97], p-value = 1.4x10%). We then
performed a subset analysis to =x.mine these genetic associations in patients who only have one
organ involvement comyare.' to patients with only mucocutaneous disease. As expected, this
subset analysis was under )owered. However, the association between rs116799036 in the HLA-
B/MICA region with ocular involvement remained significant (OR = 2.26 [95% CI 1.23 to 4.15],

p-value = 8.46x107%).

Table 2. Nominally significant associations of previously identified genetic risk loci for
Behget’s disease in patients with different clinical features. A case-case genetic
association analysis in patients with compared to without individual clinical features was
performed.




Ch Effect

Clinical feature Bp SNP ID Gene OR P-value
r allele
. 3138137 rs1167990  HLA- 18 110x10
1 36 B/MICA 5 4
Ocular lesions 2 112078753 (53783550 IL1A T 164 7.91x10
2975044  rs1148540 14  1.40x10
6 > > HLA-A A ; ;
Arthritis 10 6273151 (224127  ADO A 0%6 4.01x10
1 206070713 51518111 IL10 T oéz 4.61x10
Auterial involvement 3113108  rs1252517 0.2 1.65x10
6 : > HLA C A : >
; 3112198 r312%2517 L) A 1é5 132110
Erythema nodosum 3138137 rs1167990 13 451x10
6 ) JLA-B A L
1 B 6
10 %2 w22 ADO T
Pseudo-folliculitis
3 4612419 rs,610215  CCR3 C Oéﬁ 3.88x10
. 1 0729345 o080 LizrB2 ¢ 00 17810
Neurological 7 5
i coc>
involvement 3 1590.52.L rsl7715364 IL12A G Oi2 3.4_12x10
_Gastromtestlnal 5 1271936 (S4896243 IENGR1 C 2.7 3.1(_32x10
involvement 83 9
ko]
‘06070713 1518111 IL10 T O; 4.78x10
Vascular involvement 1 o0,98 141775364 05 4.96x10
S - A IL12A G ; 6;

Abbreviations: Bp, base pair; chr chromosome; OR odds ratio.

All positions are in GRCh38 build. The analyses were performed using logistic regression adjusting for sex and
the first five genetic principal components.

In order to assess the overall contribution of these susceptibility loci to the sub-phenotype
genetic risk, a cumulative GRS for each clinical feature was calculated. Since sex-specific
differences in genetic risk had previously been reported [17], sex was added as a covariate in the
analysis. Significant differences in the risk contribution were identified when patients were

classified according to the presence of ocular lesions (Figure 1). Expectedly, differences observed



in ocular lesions were reduced upon removal of rs114854070 or rs12525170 (HLA-A and HLA-C;
P=0.027 and 0.0095, respectively), while they disappeared completely when only rs116799036
(HLA-B/MICA) was removed (P= 0.33). Similarly, the difference in GRS between patients with
compared to patients without ocular involvement disappears when all SNPs in the HLA region are
removed (P=0.41). This indicates that these results are driven by the genetic risk within the HLA

region.

We have previously reported the association between m=ic se.< and rs116799036 (HLA-
B/MICA) in Behget’s disease [2]. Because ocular involvemer t is more frequent in men compared
to women with Behget’s disease, we performed a sex-str~.. e analysis to examine the association
between rs116799036 (HLA-B/MICA) and ocular invol.emeat in men and women separately. Our
results revealed a stronger association in men (CR = 2.02 [95% C1 1.37 to 2.98], p-value=4.30x10
) compared to women (OR=1.67 [95% CI O 49 to 2.84], p-value=5.66x102). Our study includes
significantly fewer women than men with e, involvement, which results in lower statistical power
in the analysis performed in wome:n. However, these data suggest that both male sex and ocular

involvement are independently ass~ciated with rs116799036 in Behget’s disease.

To identify no el xenrtic variation associated with the presence of different clinical traits
in Behget’s disease, a SWAS approach was applied for each clinical feature. After QC and
imputation, 1,416,102 variants were assessed adjusting for sex and the first five principal
components. No genomic inflation was observed in any of the logistic regressions performed
(Supplemental Figure 1). A total of 61 suggestive signals (Supplemental Table 2) were
identified for some of the clinical features assessed (Figure 2). These signals represent 13
independent loci, being the most significant variants within each locus shown in Table 3. Several

of these associations stand out for their significance in comparison to the rest of the associations



observed, and their close location to genes of special relevance. The most significant results were
observed in ocular lesions (rs6062789: OR = 0.41 (95% CI1 0.30 to 0.58), p-value = 1.92x10) and
neurological involvement (rs62334264: OR= 4.12 (95% CI 2.34 to 7.24), p-value = 8.85x107),
located near the genes SLCO4Al and DDX60L, respectively (Figure 2). We also observed a
suggestive association of a SNP located near the HLA-C gene with the presence of erythema
nodosum (rs2524099: OR = 0.51 (95% CI 0.38 to 0.69), p-value = 9.69x10°). We then performed
a subset analysis to re-examine the genetic associations between rsol62789 and rs62334264 with
ocular and neurological involvement, respectively. Patients with vy ocular lesions and no other
organ involvement, or only neurological involvement an no other organ involvement, were
compared to patients with only mucocutaneous manifesw. tions. Despite a significantly reduced
statistical power in such analysis due to low sam’e <.ze, we were still able to detect consistent
genetic associations and with a trend for s’atis’ical significance in ocular lesions (rs6062789, OR
= 0.60 [95% CI 0.38 to 0.93], p-value = 0.058) and neurological involvement (rs62334264,

OR=5.11 [95% CI 1.26 to 20.82], r ‘/a.''= = 0.056).



Table 3. Genome-wide associations in clinical sub-phenotypes in Behget’s disease with P-

value < 1x10°. Only the most significant genetic variant in each locus for each sub-
phenotype is shown.

BP Allel
Clinical feature " (GRCh SNPID Gene Effect OR P-
r allele (95% CI) value
38) freq
6267534 rs60627 SLCO4 0411 gox
Ocular lesions 20 G 0.27 (0.30- 7
1 89 Al 10
0.58)
Neurological , 1687628 rs62334 DDX6 - .o ééﬁ_ 8.85x
involvement 49 264 oL ' ' 10”7
7.24)
0.22
Genital aphthosis 10 9321525 rs12220  CYP26 C 0.07 (0.12- 1.14_16x
4 128 Al 10
0.34)
. 13.06
Acrterial 2942162 rs89207 VSTM 1.20x
/ 19 A 006 (463 y
involvement 2 6 2P 10
36.85)
Acrterial 4792097 rs73111 32.95 1.75x
involvement 12 9 983 (R T 002 (7.86- 10°
138.10)
Neurological 1957791  rsC'0F. 1686 4 774
. 20 : RIN2 G 0.02 (5.29- 6
involvement 9 07 10
53.74)
8756450 571073 NTRK 0.27° 4 g7x
Genital aphthosis 15 & C 012  (0.16- v
1 721 3 10
0.46)

. . . 72.22
Gastrointestinal 562.714 rs75274 ANKR 2.86x
involvement 5 3 358 D55 A 001 (12.03- 107

433.50)
. 0.49
Ocular lesions S 64750 rs59239 - SEMA G 0.31 (0.36- 4'396)(
09 1 6A 10
0.66)
5067915 rs96169 SHAN 0.50 5.02x
Avrthritis 22 C 044 (037- 2%
2 15 K3 10
0.67)
Neurological o 2812145 1s96087 ZSCA . (fgg 6.18x
involvement 5 2412 N16 ' ' 106
5.42)
rs75048 OSBP 0.08 6.73X
Genital aphthosis 11 3150587 T 0.01 (0.03- 6
411 L5 10
0.23)
Erythema 3126827 rs25240 0.51 9.69x
6 HLA-C G 035 (038  ~ 2%
nodosum 4 99 0.69) 10

Genetic associations with P-value < 1x10° were considered suggestive.



Abbreviations: Allele Freq, allele frequency; bp, base pair; chr, chromosome; Cl, confidence interval; OR, odds
ratio; SNP, single-nucleotide polymorphism.




4. DISCUSSION

In this study we assessed clinical trait-specific genetic differences in patients with Behcet's
disease. Our analysis highlights the genetic contribution of the HLA-B/MICA genetic region to the
risk of ocular involvement in Behget’s disease. Further, using a GWAS approach, we identified
possible genetic contribution for loci in SLCO4A1 and DDX60L in ocular and neurological
involvements in Behget’s disease, respectively. A locus near the HLA-C gene appears to be

associated with the development of erythema nodosum in Behget’s tiscase.

The most robust genetic susceptibility locus previou-lv ceported in Behget’s disease iS
within the HLA-B/MICA region [18]. We have previo'sly .eported the association between this
genetic locus (tagged by rs116799036) with male ¢ . in patients with Behget’s disease [17]. The
same genetic variant within the HLA-B/M'CA 1 ~qgion was found to be associated with ocular
involvement in Behget’s disease, which is mu e common and more severe in male patients [19,
20]. Indeed, a previous meta-analysis svy,:ested an increased risk for eye involvement in Behget’s
disease patients with HLA-B*51 ,?0]. HLA-B*51 is tagged by rs116799036, and our previous
work suggested that the geneu- association with HLA-B*51 in Behget’s disease might be
explained by rs116797037 lo.ated between HLA-B and MICA [18]. In addition, our genetic risk
assessment findings hig...ighted the HLA-B/MICA locus as the driver of the contribution to the
genetic risk observed in Behcet's disease patients with ocular lesions. These results highlight the
importance of the HLA-B/MICA genetic region not only in the overall pathogenesis of Behget’s

disease, but also in ocular involvement.

The GWAS approach allowed the identification of new suggestive loci associated with
different clinical manifestations of Behget’s disease. The most significant association was again

identified with ocular lesions close to the SLCO4A1l gene, which encodes for a solute carrier



organic anion transporter, expressed in numerous epithelial and cancer tissues [21]. Although other
members of the solute carrier transporter family have been previously related to Behget’s disease
[22, 23], this is the first time that genetic variation close to SLCO4A1 shows association with the
disease. SLCO4AL1 gene has been identified as a marker of photoreceptor cell death during retinal
detachment, which is an uncommon condition in patients with Behget’s disease [24, 25]. In
addition, previous data reported upregulation of SLCO4A1 expression in 3D corneal tissue in a
study where drug transporter genes were evaluated, suggesting a roic of this gene in ocular tissue

[26].

The second most significant signal was identifier! .!2sc to the DDX60L in association with
neurological involvement in Behget’s disecase. DDX6( . er.zodes a helicase family member that
has been described as an interferon-stimulated go1e uue to its role during hepatitis C virus infection
[27]. Interferon alpha (IFN-o) was proposed .or the treatment of Behget’s disease [28], showing

good efficacy in cases of Behget’s disrz-e ,ith neurological involvement and ocular lesions [29].

Finally, the suggestive assu~iation near the HLA-C with the presence of erythema nodosum
is noteworthy, given the role of ti 's gene in the immune response [30]. The relatedness of this gene
with Behget’s diseas”. h.s b:en previously reported [18]. The erythema nodosum-associated
variant identified in oui analysis showed association in PheWAS reference data [31, 32] with
psoriasis, an immune-mediated disease that mainly affects the skin. In fact, several studies have
linked different HLA-C alleles as well as changes in their expression patterns to the immune
response in psoriasis patients [33, 34]. A recent population-based study reported an increased risk
of psoriasis in patients with Behget’s disease, which was more pronounced in men [35]. A shared
feature of Behget’s disease with spondyloarthropathies as MHC-1 associated disorders (MHC-I-

opathies) has been suggested [36].



A limitation of our study is the relatively small sample size of the clinical sub-groups
included in the analysis. In addition, effects influenced by other co-morbidities could not be
assessed. However, as a major strength, our study has a long patient follow-up duration. Most
manifestations of Behget’s disease are observed in the first 5 years of disease onset. Therefore, we
believe we have captured most of the possible clinical manifestations in our study group for

phenotype analysis.

5. CONCLUSION

Our results suggest that genetic variability pla,< « role in the heterogeneity and sub-
phenotype penetrance in Behget’s disease. This is nrticularly relevant considering the variability
of clinical traits among populations in this d sease [37]. Our genetic data might provide new
insights into the risk and pathogenesis of specific clinical manifestations of Behget’s disease,
particularly ocular and neurological in ol vement. How these data and future extension of similar
findings can be used to determir2 ris:2 and personalize follow up in patients with Behget’s disease
remains to be seen. With the cim of confirming the suggestive associations we identified, further
genetic studies in laryer ~onurts of well-phenotyped patients will be necessary. In addition, it will

be important to confirm our results in other populations.
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Figure Legends

Figure 1. Genetic risk score (GRS) distribution in Behcet’s disease patients with (blue) and
without (orange) ocular lesions. Distribution curves of GRS were calculated with Behcet’s

disease susceptibility alleles (A) including and (B) excluding all SNPs in the HLA region.

Figure 2. Manhattan plots depicting the genetic association re:.lts for each clinical trait in
Behget’s disease. Y and X axes refer the —logio P-valiie. aid chromosome positions,
respectively. The red horizontal line indicates the ger:»me-wide association threshold (P-

value < 5x108) and the blue line refers to the suggest: = *hreshold (P-value < 1x10).



Supplementary material

Supplemental Figure 1. Quantile—quantile plots (QQ-plots) for the p-values of each clinical
trait in patients with Behcet’s disease. The x-axis indicates the expected distribution of - log10

(p-values) and the y-axis indicates the observed distribution of -log10 (p-values).
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Supplemental Table 1. Previously reported genetic susceptibility loci associated with
Behcet's disease analyzed in this study.

Chr Bp SNP ID Reported gene E}Tgﬁe ¢ OR Refegence
1 67294457 15924080 IL12RB2 T 128 [39]
1 206707130 rs1518111 IL10 T 145  [38]
2 112787530 53783550 IL1A G 133 [39]
2 S srs7a070 STAT4 A 127 [40]
3 46164194 rs7616215 CCR3 T 072 [41]
3 159952988 517753641 IL12A G 190  [39]
5 06783162 rs17482078 ERAP1 T 308 [41]
6 29750443 r3114§5407 HLA-A A 195  [18]
6 31131984 rs12525170 HLA-C A 301 [
6 31381371 rsmg 9903 HLA-B/IMIC,s A 388 [18]
6 137501479 (54896243 IENSRL C 125  [g]

'n*ergenic
10 52394860  rs1660760 o T 078 [8]
10 62701513  rs224127 ADO A 127 [39]
11 98216871 rs2848479  Iteryznic JRKL/ICNTNS T 166  [42]
12 10408358 52617170 KLRC4 C 078 [41]
13 43900916  rs2121033 LACC1 G 076  [39]
16 85083088  rs72034€7 IRF8 C 139 [39]
16 85985910 rs11117435 IRF8 C 063  [39]
19 48703205  rs65.245 FUT2 T 130  [43]
20 50338887 .-9.26°8 Intergenic CEBPB/PTPN1 C 133 [39]

Abbreviations: Bp, base pair; - hr chromosome; OR odds ratio.
All positions are in GRCh3s puild.




Supplemental Table 2. List of suggestive associated signals (P < 1 X 10°°) of the individual

logistic regression for each clinical feature in Behcget’s disease patients.

-~ Bp Effe P-
?;;rt‘l'fri' Crh (GF;)Chs SNPID  Gene 0 ' OR  95%Cl vaélu
e

8::‘0'22 20 6261534 [s6062789 SLCO4A1 G 027 041 03 Oé‘:’ ?72
newological ;1097980 co6ge04 DDX6OL T 01 415 237 T2 O
'I\r']f/‘gf\’/':r?]fr?t' 4 16%179628 r562i3426 DDX60L T (09 412 234 742 8E875
agﬁt?]iéz'is 10 9321525 mzézmz CYP6AL € 007 022 012 04 L
agﬁt?]iéz'is 10 932é542 r512%1797 CYP6AL T 007 022 012 04 L
agﬁt?]iéz'is 10 9323719 4918924 CYP2(AL G 007 022 012 04 Fo
agﬁt?]iéz'is 10 932(13742 (4918925 UY126n1 A 007 022 012 04 lElg
agﬁt?]iéz'is 10 9321788 r567%921?, CYP26AL T 007 022 012 04 L
agﬁt?]iéz'is 10 9323825 r512§523‘° CYP6AL A 007 022 012 04 ¥
agﬁt?]iéz'is 10 9321934 rS]r";Zh‘ CYP6AL A 007 022 012 04 L
agﬁt?]iéz'is 10 9322627 rs"‘7483218 CYP6AL  C 007 022 012 04 ¥
agﬁt?]iéz'is 10 93??'1" 51927470 CYP26Al T 007 022 012 04 £
agﬁt?]iéz'is 10 93222:" 4110682 CYP26Al A 007 022 012 04 fo
agﬁt?]iéz'is 10 9322234 51927468 CYP26Al C 007 022 012 04 Fo
a;c);r?t?li;?is 10 9323275 r51028607 CYP6AL A 007 022 012 04 L
a;c);r?t?li;?is 10 9323656 51927466 CYP26Al C 007 022 012 04 £
a;c);r?t?li;?is 10 9322525 r556%5041 CYP6AL A 007 022 012 04 L
arc);r?t?li;?is 10 932;’868 7001054 CYP26Al A 007 022 012 04 Lo
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Abbreviations: Bp, base pair; chr, chromosome; Cl, confidence interval; MAF, minor allele frequency; OR, odds ratio;
SNP, single-nucleotide polymorphism.
All positions are in GRCh38 build.




Highlights

e Genetic contributions to clinical manifestations in Behcet's disease were
comprehensively evaluated.

e HLA-B/MICA locus predisposes to ocular involvement (odds ratio ~2)

e Novel loci in SLCO4A (odds ratio ~ 2) and DDX60L (odds ratio ~ 4) predispose to
ocular and neurological involvement, respectively.

e Genetics play a role in disease heterogeneity in Bekbye''s Jdisease.
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