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ABSTRACT
Objective. Behçet’s disease (BD) is an 
immune-mediated and complex disease 
which has been associated with HLA 
class I molecules although other genes 
such as IL23R and IL10 have also been 
involved in the susceptibility to BD.  
Recently, an association of variants of 
the JAK1 and TNFAIP3 genes with the 
disease has been reported in the Chi-
nese Han population. The aim of the 
present work was to asses whether the 
association described in Asian popula-
tions is replicated in Europeans. 
Methods. This study includes a total of 
1155 Spanish subjects of European ori-
gin (372 BD and 783 unrelated healthy 
individuals). Patients were recruited 
from different hospitals and controls 
were collected in the same geographic 
regions and they matched with patients 
in age and gender. A total of five SNPs, 
two in the JAK1 gene: rs2780815 and 
rs310241 and the other three in the 
TNFAIP3: rs10499194, rs9494885 and 
rs610604, were included in this study. 
The genotyping of these SNPs was per-
formed using a real time PCR system 
(TaqMan® SNP Genotyping Assays). 
Results. No statistically significant dif-
ferences were found when the patient 
and control groups were compared. 
The distribution of the risk alleles was 
similar in patients with and without eye 
manifestations and in patients with and 
without HLA-B*51. 
Conclusion. The association of variants 
of the genes JAK1 and the TNFAIP3 
with BD which has been described in 
the Chinese population was not repli-
cated in Europeans.

Introduction
Behçet’s disease (BD) is an immune-
mediated and complex disease in which 

certain environmental factors such as 
infectious agents are the triggers of the 
disease in genetically predisposed in-
dividuals (1). This rare disease is most 
common along the old route named 
“Silk Road”, stretching from China to 
the Mediterranean area (2). This par-
ticular geographical distribution in ad-
dition to the familial aggregation and 
association with HLA class I molecules 
(specifically with HLA-B51) are evi-
dences supporting genetic contribution 
into the pathogenesis of the disease (3, 
4). The contribution of the HLA region 
to the genetic component has been es-
timated to be approximately 20% (5). 
Some genes such as IL23R, IL10 and 
others have been related with BD in 
different populations (6-10), whereas in 
other cases the association seems to be 
limited to one ethnic group or specific 
population (11-14). The complexity of 
this vasculitis which is clinically char-
acterized by the presence of oral and 
genital ulcerations but whose manifes-
tations are diverse and they can spread 
to eyes, joints, digestive system, etc. (1) 
is an additional difficulty to establish 
whether a gene is related with the dis-
ease itself or with a specific subgroup. 
The JAK1 (Janus kinase 1) gene is lo-
cated in 1p32.3-31.3, this gene encodes 
a large and widely expressed mem-
brane-associated phosphoprotein with 
protein-tyrosine kinase activity, which 
is involved in the signal transduction 
pathways of interferon-alpha/beta and 
gamma (15). The TNFAIP3 (Tumour 
necrosis factor alpha-induced protein 
3) gene is located at 6q23, this gene 
encodes an ubiquitin-editing enzyme 
(also known as A20) which is involved 
in NF-kappa-B responses and as a con-
sequence, it is a key regulator in differ-
ent immune and inflammatory respons-
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es (16). Therefore, from a functional 
perspective, these two genes are good 
candidates for association with immu-
no-mediated diseases; in fact, they have 
been related with different autoimmune 
diseases (17-19). Recently, an associa-
tion of variants of the genes JAK1 and 
TNFAIP3 with BD has been reported in 
the Chinese Han population (20, 21) in 
patient cohorts with 100% uveitis. Nev-
ertheless, the association of these genes 
with BD has been not yet investigated 
in Europeans neither in BD patients 
without ocular involvement. 
The aim of the present work was to ass-
es whether the association of JAK1 and 
TNFAIP3 described in the Chinese Han 
population is replicated in Europeans. 

Material and methods
Subject of study
The study includes 372 BD patients 
(161 males and 211 females) with a 
mean age at onset (years) ± SD of 
48.22±12.19 who fulfilled the crite-
ria  of 1990 of the International Study 
Group for the classification of Behçet’s 
disease (22) and 783 unrelated healthy 
individuals recruited in the same geo-
graphic regions who matched in age 
and gender with BD patients. All the 
subjects were Spanish from European 
origin and they were recruited from 
different Spanish hospitals. The study 
was approved by the local ethics com-
mittees of all the participant hospitals, 
A Coruña (CHU A Coruña), Almería 
(H. Torredecárdenas), Barcelona (H. 
Clinic, Vall d’Hebron and Mútua Ter-
rassa),  Granada (H. Clínico San Cecil-
io), Madrid (H. de la Princesa), Málaga 
(H. Carlos Haya), Palma de Mallorca 
(H, Universitari Son Espases), Pamplo-
na (H. Virgen del Camino), Santander 
(H. Marques de Valdecilla) and Sevilla 
(H. Virgen del Rocío and H. Virgen de 
Valme) and a written informed con-
sent was obtained from all participants. 
Clinical features of the patient group 
were: 100% had oral ulcers, 66% geni-
tal ulcers, 59% uveitis, 51.6% arthritis, 
and 22% vascular, 23% neurological 
and 20% gastrointestinal involvement.

DNA extraction
Peripheral blood or saliva were used 
as the starting material. Genomic DNA 

was extracted using the QIAamp DNA 
Mini Kit (Quiagen, Barcelona, Spain) 
according to the manufacturer’s rec-
ommendations and stored at -20ºC 
until use. The purity of DNA was de-
termined using NanoDrop spectro-
photometer (Thermo Fisher Scientific, 
Wilmington, DE, USA). Only those 
DNA samples having a 260/280 ratio 
between 1.7 and 2.0 and a final concen-
tration of 10-20 ng/μl were genotyped. 

SNP selection and genotyping
Regarding the JAK1 gene, we selected 
two out of the three SNPs whose as-
sociation to BD has been reported in 
the Chinese Han population (20). The 
minor allele frequency (MAF) values 
of the two selected SNPs, rs2780815 
and rs310241, in Europeans are 0.47 
and 0.24, respectively. The other SNP 
associated in the Chinese population, 
rs3790532, was excluded because it is 
not polymorphic in Europeans (MAF 
is zero) and, in addition, it is in a com-
plete linkage disequilibrium (LD) with 
the rs310241 (r2=1; D’=1) in the Asian 
population (http://www.1000genomes.
org). Concerning the TNFAIP3 gene, 
three SNPs: were found associated with 
BD in the Chinese Han population, 
rs10499194, rs7753873 and rs9494885 
(21). From these, we choose rs10499194 
and rs9494885 (MAF 0.26 and 0.08, 
respectively in Europeans). The last is 
in a strong LD with rs7753873 (r2=1; 
D’=1) in Asian and European popula-
tions. Another SNP in the TNFAIP3 
was also included in the present study, 
rs610604. This SNP was genotyped in 
the Chinese cohort and statistically sig-
nificant differences in the distribution 
of frequencies in patients and controls 
were not found. Nevertheless, we de-
cided to include this SNP because the 
MAF in Europeans is higher than in 
Asians (0.33 vs. 0.09) and, as a con-
sequence, the statistical power for this 
SNP is higher in our population assum-
ing that the rest of the conditions were 
similar. Genotyping of these SNPs was 
performed using TaqMan® SNP Geno-
typing Assays (Applied Byosistems, 
Barcelona, Spain) in a LightCycler 480 
(Roche, Barcelona, Spain). About 10% 
of the samples were genotyped twice 
to verify the genotyping consistency, 

showing identical genotypes in 99% 
of the cases. Patients and controls had 
been previously genotyped in HLA-
B using PCR-SSOP Luminex method 
with LABType SSO (One Lambda Inc., 
Canoga Park, CA), following the manu-
facturer’s instructions (23).

Statistical analysis
The Linux software PLINK v.1.07 
(http://pngu.mgh.harvard.edu/pur-
cell/plink/) was used to carry out all 
the statistical analyses (24). The χ2 

test was used to test Hardy-Weinberg 
equilibrium (HWE) and to compare 
genotype distribution in control and 
patient groups. Univariate analysis of 
the distribution of the frequencies of 
genotypes and alleles were performed 
in 2×2 contingency tables using the χ2 

or Fisher exact tests, when appropriate. 
The p-values<0.05 were considered 
statistically significant and the odds 
ratios (ORs) and 95% CIs were calcu-
lated according to the Woolf method. 
The statistical powers to detect asso-
ciations with ORs ranging from 1.1 to 
1.6 were calculated in the allelic model 
taking into account the frequency of 
each variant in our population with the 
Statistical  Power test of the Research 
Tool Kit of the DSS Research Software 
https://www.dssresearch.com/Knowl-
edgeCenter/toolkitcalculators/statisti-
calpowercalculators.aspx). 

Results
In the cohort included in our study, the 
successful rate of genotyping was 95%, 
the study population was found to be 
in the Hardy-Weinberg equilibrium 
(p>0.05) and distribution of the vari-
ants in JAK1 and TNFAIP3 in the co-
horts from different hospitals was not 
significantly different. Considering the 
allelic model, the statistical power val-
ues for the 2 SNPs of JAK1 (rs2780815 
and rs310241) and the 3 SNPs of 
TNFAIP3 (rs10499194, rs610604 and 
rs9494885) were greater than 80% to 
detect an OR=1.3 (Table I).
The distribution of the genotypes and 
MAFs of the five SNPs in the patient 
and control groups are displayed in 
Table II. The MAFs of the five SNPs 
in our control population were not sig-
nificant different to those described 
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in 1000 Genome Project database for 
the European population. According 
to these data, no statistically signifi-
cant differences were found when the 
patient and control groups were com-
pared. The Table II also displays that 
the distribution of the MAFs of these 
SNPs in the groups of patient with ocu-
lar involvement and HLA-B*51 posi-
tive are not different to those observed 
in the whole group.  

Discussion
The conclusion of the present study is 
that the association recently described 
in the Asian populations between the 
two genes included in this study, JAK1 
and TNFAIP3, and BD is not replicated 
in Europeans. The frequencies of the 
five SNPs included in our study were 
not significant different in the Spanish 
population when patients and controls 
were compared. The consolidation of 
the findings of genetic association stud-
ies in complex diseases requires rep-
lication in different cohorts to avoid 
different types of bias. It is necessary 
to discard a false negative result in our 
study (type II error) in order to conclude 
that these genes are not associated in the 
Spanish population, therefore it is im-
portant to demonstrate an adequate sta-
tistical power. In this sense, it is unlike-
ly that the lack of association detected 
in our study was due to a false negative 
result because it had a statistical power 
greater than 80%, to detect similar ORs 
to those described in the Chinese Han 
population at a 5% significance level. 
Discarded type II errors, discrepan-
cies may be originated by false posi-
tive results in the original study (type 
I errors). In this sense, we note that the 
findings in the Chinese population were 
published in two different reports with 
a design of cases and controls and us-
ing a candidate gene approach but only 
in the case of the JAK1 gene the study 
included two cohorts (20), in the case of 
the TNFAIP3 gene, the results were not 
confirmed in a second cohort (21). Even 
in the case of the JAK1 the discovery 
and replication cohorts were from the 
same population (20). The lack of asso-
ciation is also supported by the genotyp-
ing studies performed in BD using high 
throughput platforms. Although these 

studies can not be considered replica-
tion studies because data about whether 
these gene regions were excluded from 
the final analysis after applying the 
quality criteria are not available, none 
of these studies has identified TNFAIP3 
or JAK1 as risk factors for BD in Eu-
ropeans (6,7, 25-27). Other factor to 
take into account is that the genotyp-
ing method may influence the ratio of 
typing errors. Our study was performed 
using real time PCR whereas in the 
two original studies, typing were per-
formed using the IPLEX system in the 
case of JAK1 (20) and PCR followed 
by restriction fragment length polymor-
phism analysis in the case of TNFAIP3 
(21). Although, theoretically, the num-
ber of errors attributable to the method 
would be the same in the patient and 
control cohorts if the same genotyping 
method is used; actually, the percent-
age of error in each group (patients and 

controls) may be different if the qual-
ity of the DNA is different. Moreover, 
when the primary association is mainly 
related with clinical manifestations, the 
discrepancies could be due to the differ-
ent features of the cohorts. Regarding 
this point, in the Chinese cohorts, 100% 
of the patients have eye manifestations, 
therefore association with the disease 
is indistinguishable from association 
with ocular involvement in these stud-
ies. In our cohort 59% of patients have 
ocular manifestations but our results do 
not support association with this clini-
cal feature because the distribution of 
the MAFs of these SNPs in patients 
with and without ocular manifestations 
was the same. Some times the associa-
tion with a specific factor depends on 
the presence of other genetic factor, if 
only because this factor defines a more 
homogeneous group of patients. For 
this reason, our cohort was stratified ac-

Table I. Statistical power at the 5% significance level, taking into account the allelic fre-
quencies in our population for a set of values of ORs from 1.1 to 1.6. The values for all the 
SNPs included in this study are shown in this table.

 Statistical power for each OR value

 1.1 1.2 1.3 1.4 1.5 1.6

TNFAIP3      
rs10499194 26 61 87 97 99 100
rs610604 27 62 88 98 99 100
rs9494885 18 40 65 84 93 98

JAK1      
rs2780815 28 65 90 98 99 100
rs310241 25 59 86 97 99 100

Table II. Minor allele frequencies (MAFs) of the five SNPs included in this study in Span-
ish BD patients and healthy controls. MAFs of these five SNPs in the subgroup of patients 
with ocular involvement and HLA-B*51 positive are also displayed.

 BD Patients Controls

 Allele Whole Ocular B*51 + Whole   B*51 +
  group involvement n=153* group n=48*

   n=372 n=219    n=783* 

JAK1      
rs2780815 G 0.49 0.47 0.46 0.47 0.48 
rs310241 G 0.27 0.28 0.27 0.28 0.29
      
TNFAIP3      
rs10499194 T 0.32 0.34 0.37 0.30 0.35
rs61064 G 0.36 0.34 0.35 0.33 0.31
rs9494885 C 0.11 0.11 0.13 0.12 0.11

*Not all the individuals were genotyped in HLA-B. A total of 356 patients and 357 controls were 
genotyped. Comparisons made were patients vs. controls; patients with ocular involvement vs. patients 
without this manifestation; patients with ocular involvement vs. controls; patients B51 positive vs. 
patients B51 negative; patients B51 positive vs. controls B51 positive. The p-values were greater than 
0.05 in all the cases.
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cording to the presence of HLA-B*51 
but no differences in the distribution of 
the MAFs were observed. Finally, the 
set of genes influencing a specific pa-
thology may have differences among 
populations. There are multiple exam-
ples of this fact, for example, the re-
gions IL23R-IL12RB2 and IL-10 have 
been associated with BD in several 
studies (6, 7). However, Lee et al. re-
ported no association (11).
In conclusion, the association described 
in the Chinese population between the 
the JAK1 and the TNFAIP3 genes and 
Behçet’s disease was not replicated in 
Europeans.
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