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ABSTRACT
Background. Behçet’s disease (BD) is 
a multisystem inflammatory disorder 
characterized by recurrent oral ulcers, 
genital ulcers and ocular inflamma-
tion, as well as skin, joint, vascular, 
pulmonary, central nervous system 
(CNS) and gastrointestinal tract mani-
festations. The etiopathogenesis of BD 
has not yet been identified; but it has 
generally been accepted that several 
environmental factors may induce an 
inflammatory attack in genetically sus-
ceptible individuals. In this study, we 
aimed to identify antigens that could 
elicit high-titer IgG responses by the 
serological analysis of recombinant 
expression of cDNA libraries method 
(SEREX). 
Methods. We screened a human tes-
tis cDNA library with pooled sera ob-
tained from 4 BD patients by SEREX. 
Antigens that were identified with the 
initial analysis were selected for sero-
reactivity analysis of a larger group of 
BD patients (n=78) and controls (n=66) 
by serological immunoscreening. 
Results. We observed seroreactivity 
against 6 antigens using the pooled 
sera. These included rabaptin 5 (RAB-
PT5), PTEN-induced putative kinase 
1 (PINK1), switch associated protein 
70 (SWAP70), interferon-induced pro-
tein with tetratricopeptide repeats 2 
(IFIT2), ankyrin repeat domain 20 
family, member A1 (ANKRD20A1), 
and an unknown antigen. Eleven out of 
82 (13.4%) BD patients were found to 
have antibodies elicited against PINK1 
antigen, when none of the control sera 
showed reactivity (p=0.001). There was 
no significant difference in the frequen-
cy of other defined antigens between 
the patient and control groups. How-
ever, among BD clinical sub-groups, 
anti-SWAP70 antibodies were found to 
associate with vascular involvement.
Discussion. In this study, antibodies 

against PINK1 were found to specifi-
cally associate with BD while SWAP70 
antibody was associated with clinical 
sub-groups of BD. Although varia-
tions in both genetic background and 
environmental factors may affect the 
outcome of serological responses, our 
results suggest that serological screen-
ing can be used to identify antigens 
that elicit antibody responses associ-
ated with BD.

Introduction
Behçet’s disease (BD) is a multisystem 
inflammatory disorder characterized 
by recurrent oral ulcers, genital ulcers 
and ocular inflammation, as well as 
skin, joint, vascular, pulmonary, cen-
tral nervous system (CNS) and gas-
trointestinal tract manifestations (1). 
The prevalence of BD is much higher 
in countries along the ancient Silk 
Route, extending from Mediterranean 
countries including Turkey to Japan, 
than in northern Europe and the USA 
(1, 2). The sibling recurrence risk ra-
tio (ls) has been reported as 11.4–52.5 
in Turkey (3). The etiopathogenesis 
of BD has yet to be identified, but it 
has generally been accepted that sev-
eral environmental factors may induce 
an inflammatory attack in genetically 
susceptible individuals (1, 4, 5). The 
HLA-B51 antigen is a strong predis-
posing factor for BD. Interestingly, 
other genes that have been suggested 
to play a role pathonegesis of BD such 
as the major histocompability complex 
(MHC) class I chain-related gene fam-
ily A (MICA) and tumor necrosis factor 
gene family (TNF) are located within 
the MHC locus as well (2, 6-10)
Whereas BD is associated with a 
strong inflammatory response, antigen 
specific immune responses have been 
also identified in BD patients. Various 
immunological studies show hyper-
sensitivity to microorganisms such as 
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streptococci in BD patients. KTH-1 (a 
crude extract of Streptococcus sanguis 
SSH-83) causes increased interleukin-
6 (IL-6) and interferon-gamma (IFN-
γ) secretion by peripheral blood (PB) 
T-cells of BD patients (11). Recent 
studies suggest that BD patients show 
immune-mediated manifestations, in 
which autoantigen-driven, abnormal T-
cell and B- cell reactions may play crit-
ical roles. Autoantibodies against al-
pha-enolase(12) from endothelial cells 
and alpha-tropomyosin (13-14), retinal 
S-antigen (15-16), interphotoreceptor 
retinoid binding protein (IRBP) (16), 
and heat-shock protein (HSP) 60 (17) 
were identified among BD patients. 
These autoantibodies may have poten-
tial as diagnostic markers and help in 
understanding the etiology of BD.
SEREX is a technique designed to iso-
late antigens that have elicited high-tit-
er IgG responses. This immunoscreen-
ing method is based on the construction 
of cDNA libraries that can be screened 
with patient sera to determine the anti-
body repertoire of any disease (18-20). 
Indeed, several autoantigens associated 
with Sjögren’s syndrome, systemic lu-
pus erythematosus (SLE), systemic 
sclerosis (SSc), giant cell arteritis, and 
polymyalgia rheumatica were identified 
by SEREX (21-24). These studies have 
demonstrated the usefulness of this 
immunoscreening method in the iden-
tification of autoantigens associated 
with autoimmune diseases. Recently, 
Kinectin, the carboxy-terminal subunit 
of the splicing factor Sip1 (Sip1 C-ter) 
and selenium binding protein (SBP) 
associated with BD were identified as 
candidates for serological markers by 
immunoscreening methods (25-27).
In this study, we aimed to identify an-
tigens against which high-titer IgG 
responses could be elicited in BD pa-
tient sera by SEREX and to investigate 
the prevalence of these autoantibodies 
among Turkish patients with BD and 
healthy controls.

Materials and methods
Patients and controls
 Sera and PBL obtained from eighty two 
patients with BD (mean age 35.60±7.42 
years, 54 males and 28 females) attend-
ing the Division of Rheumatology of 

Istanbul University, Istanbul Faculty of 
Medicine were included in the study. 
All patients fulfilled the diagnostic cri-
teria of the International Study Group 
for BD (28). Patients were subgrouped 
according to the leading involved tis-
sues/organs during the disease course: 
mucocutanesus involvement (BD-M, 
n=26), eye involvement as posterior or 
panuveitis (BD-E, n=20), vascular in-
volvement (BD-V, n= 18) and arthritis 
(BD-A, n=18). All serum samples were 
obtained from BD patients during the 
active phase of the disease, when they 
have one or more disease manifesta-
tions.
Sixty-six control sera (mean age 
32.43±12.72 years, 36 males and 30 fe-
males) were provided by healthy blood 
donors employed in the same hospital. 
Sera from patients with rheumatoid ar-
thritis (RA, n=10) and systemic lupus 
erythematosus (SLE, n=10) during the 
active phase were collected as disease 
controls.
All individuals gave written informed 
consent and the study protocol was ap-
proved by the Ethics Committee of Is-
tanbul Faculty of Medicine of Istanbul 
University. 
Serum samples were kept frozen at -80°C. 
Genomic DNA was extracted from 
blood samples using the salting-out ex-
traction method 
For the initial screening, a sample of 
pooled sera obtained from 4 patients, one 
from each subgroup, was used. None of 
the patients were taking medications at 
the time of serum collection. Autoanti-
gens identified by the initial screening 
were subsequently tested for reactivity 
with sera obtained from the remaining 
78 BD patients as well as with the 66 
healthy control sera using the isolated 
phage clones.
  
SEREX
a. Immunoscreening of the 
cDNA expression library
500.000 pfu’s of a commercially avail-
able human fetal testis cDNA library 
(Stratagene, Cambridge, UK) were 
screened with pooled sera obtained 
from 4 patients with BD. SEREX were 
performed as previously described (18). 
Briefly, sera which had been pread-
sorbed with E. coli/phage lysate was 

diluted 1:100 in Tris-buffered saline 
(TBS) containing 1% bovine serum al-
bumin (BSA) and 0.02% sodium azide. 
Membranes (Whatman® Schleicher & 
Schuell®) were blocked with 5% skim 
milk in TBS and incubated with alka-
line phosphatase-conjugated goat an-
tihuman secondary IgG (Jackson Im-
munoResearch Laboratory Inc., Balti-
more Pike, PA). Plaques reactive with 
human sera were visualized with BCIP 
(bromo-4-chloro-3-indolyl-phosphate)/
NBT (nitroblue tetrazolium). Positive 
plaques were re-screened with the same 
pool of sera to ensure clonality. 

b. Analysis of candidate clones
The reactive phage clones that were pu-
rified to monoclonality, were converted 
to pBluescript phagemids by in vivo 
excision using ExAssist helper phage 
(Stratagene, La Jolla, CA). Plasmid 
DNA was obtained from E. coli SOLR 
strain transformed by the phagemid. 
Plasmid DNA was purified using the 
Wizard1 Plus SV miniprep DNA puri-
fication system (Promega, UK) as de-
scribed in the manufacturer’s protocol. 
Restriction enzyme digestion of the 
DNA inserts with EcoRI and XhoI and 
electrophoresis in a standard 1.0% aga-
rose gel was used to analyze the length 
of DNA insert of each candidate plas-
mid. The isolated cDNA inserts were 
sequence analyzed.

c. Serological screening according 
to the immunoreactivity of sera 
against isolated clones
To assess frequencies of antibody re-
sponses to the SEREX defined antigens 
in individual allogeneic sera from BD 
patients and controls, XL1-blue MRF’ 
cells were transfected with approximate-
ly equal numbers of positive phage con-
taining a cDNA insert and non-recom-
binant phage (control clone). Plaques 
were then screened with 1:100 diluted 
sera of patients or healthy individuals 
using the same strategy as the immuno-
screening of cDNA expression libraries.

HLA-B51 genotyping
HLA-B51 genotyping was performed 
by amplification of genomic DNA 
obtained from PBLs using polymer-
ase chain reaction (PCR) as described 
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previously (29). The β-globin gene 
was used as an internal control. PCR 
primer sequences used were as follows: 
for HLAB51: (forward) 5’-GGA GTA 
TTG GGA CCG GAA C-3’, (reverse)  
5’-CGT TCA GGG CGA TGT AAT 
CT-3’, and for β-globin (forward) 5’-
CAA CTT CAT CCA CGT TCA CC-3’, 
(reverse) 5’-5’-GAA GAG CCA AGG 
ACA GGT AC-3’. Amplification prod-
ucts were visualized by EtBr stained 
2% agarose gel electrophoresis.

Statistical analysis
Fisher’s exact test was used to test 
the equality of frequency distribution 
among the categorical variables. All 
tests were two-sided, and a p-value less 
than 0.05 was defined as being statisti-
cally significant. Bonferroni correction 
for multiple testing was employed for 
subgroup-healthy control and sub-
group-subgroup comparisons. 

Results
A total of 500,000 pfu of the human 
testis cDNA library were screened us-
ing pooled sera from BD patients with 
different manifestations. Six reactive 
clones were isolated, shown in Table I.
The six antigens identified by using the 
pooled sera were subsequently tested 
for their reactivity with the individual 
serum samples which composed the 
pool. All four patient sera showed se-
roreactivity against SWAP70. Three 
were seroreactive against PINK1 and 
two with an unknown antigen (BV16). 
RABPT5 and ANKRD20A1 reactive 
antibodies were detected in only one of 
the 4 patient sera (Table II).
Frequency of seroreactivity among BD 
patients against the six antigens was 
determined by extending the screening 
to include 78 patients with BD and 66 
controls. Eleven out of 82 (13.4 %) BD 
patient sera were seroreactive against 
PINK1 antigen, while none of the con-
trol sera showed reactivity (p=0.001). 
Eighteen (22%) BD patient sera were 
reactive against SWAP70 as opposed 
to only 7 (10.8%) healthy controls 
(p=0.08). Similarly, antibodies against 
BV16 and ANKRD20A1 were more-
frequently observed among patients 
compared to controls while anti-RB-
PBT5 and -IFIT2 antibody frequencies 

were identical among patients and con-
trols (Table III). 
The distribution of autoantibod-
ies against autoantigens isolated by 
SEREX were also analyzed for each 
four clinical sub-group (Table IV). 
These included patients with muco-
cutanesus involvement (BD-M), ar-
thritis (BD-A), vascular involvement 
(BD-V), and eye involvement (BD-
E). Anti-PINK1 antibody was signifi-
cantly associated with two of the four 
sub-groups including BD-M and -A, 
patients of whom 15.4%, and 22.2% 
were seropositive, respectively. Anti-

PINK1 antibody was also present in 2 
of the BD-V patients (11.1%) and one 
of the BD-E patients (5%). In contrast, 
anti-SWAP70 antibodies were prima-
rily elicited by BD-V patients of whom 
39% were seropositive. BD-M and BD-
A patients also had anti-SWAP70 anti-
bodies at rates higher than that of con-
trols (23.1% and 16.7%, respectively), 
while only 10% of BD-E patients were 
seropositive for anti-SWAP70, identi-
cal to that of controls. Anti-RABPT5 
antibodies were detected at twice the 
frequency of the control population 
among BD-V patients, although this 

Table I. Antigens isolated after initial screening.

Clone Linked genes Accession No. Chromosomal Number of 
number   localization  clones

BV12 PTEN-induced putative kinase 1 (PINK1) NM_032409 1p36 1

BV13 Switch-associated protein 70 (SWAP70) NM_015055 11p15 2

BV15  RAB GTPase binding effector protein 1 NM_004703 17p13.2 1
 (RABPT5) 

BV16 Unknown NW_922162.1 4 1

BV17 Interferon-induced protein with NM_001547 10q23-q25 1 
 tetratricopeptide  repeats 2 (IFIT2)

BV20 Ankyrin repeat domain 20 family, member  NM_001012421.1 9q12 1
 A1 (ANKRD20A1) 

Table II. Seroreactivity against the identified antigens in serum samples used for the initial 
screening. 

 Patient 1 Patient 2 Patient 3 Patient 4
 (with mucocutaneous  (with arthritis) (with vascular (with eye
 involvement)  involvement) involvement)

PINK1 1* 1 1 0
SWAP70 1 1 1 1
RABPT5 0 0 1 0
BV16 1 0 1 0
IFIT2 0 0 1 0
ANKRD20A1 0 1 0 0

*0: seronegative; 1: seropositive.

Table III. Frequency of seroactivity towards isolated antigens in BD patient group and 
control subjects.
  
Linked genes BD patients n=82 Controls n=66 p-value*

 n (%) n (%) 

PINK1 14 (13.4) 0 (0) 0.001

SWAP70 18 (22.0) 7 (10.6) 0.08

RAPBT5 9 (11.0) 7 (10.6) 1.0

BV16 6 (7.3) 1 (1.5) 0.1

IFIT2 1 (1.2) 1 (1.5) 1.0

ANKRD20A1 5 (6.1) 1 (1.5) 0.2

*Fisher’s exact test. 
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was not statistically significant. Serop-
ositivity against RABPT5 among other 
clinical sub-groups was indistinguish-
able from controls, as were anti-IFIT2 
antibodies. Seropositivity for anti-
ANKRD20A1 were 16.7% for BD-A 
and 11.1% for BD-V while none of the 
patients in BD-M, or BD-E subgroups 
had antibodies against this protein. 
When we compared BD sub-groups for 
given antigens, frequency of SWAP70 
was found higher in vascular group 
compared to all other patients (39% vs. 
16%, uncorrected p=0.047), however 
not statistically significant.
Sera from 10 patients with SLE, and 
10 patients with RA were screened for 
seroreactivity against to PINK1. None 
of these patients had anti-PINK1 anti-
bodies. 
We analyzed the genotype frequencies of 
HLA-B51 in BD patients and controls. 
HLA-B51 genotype frequency was sig-
nificantly higher in BD patients (60.3%) 
than in controls (30.2%), p<0.01. How-
ever, HLA-B51 frequency was not sig-
nificantly different among BD clinical 
sub-groups, or among patients stratified 
according to seropositivity (data not 
shown). We also did not find a signifi-
cant association between the presence 
of HLA-B51 and disease severity, gen-
der, or age (data not shown). 

Discussion
In this study, we screened a human tes-
tis cDNA expression library in search 
of novel antigens reactive with antibod-
ies in BD patient sera by SEREX. Thir-
teen percent of Turkish BD patients in-
vestigated in this study had anti-PINK1 

antibodies while none of the 66 healthy 
controls or the patients with SLE or RA 
were seropositive. Therefore, our re-
sults demonstrate that anti-PINK1 an-
tibodies are specifically elicited by pa-
tients with BD. We also found increased 
anti-SWAP70 seropositivity among BD 
patients with vascular involvement. We 
also identified a novel antigen (BV16) 
against which a number of BD patients 
mounted an antibody response. 
We, thus, demonstrated that antibod-
ies against autologous antigens are fre-
quently present sera from BD patients 
with mucocutanesus involvement, ar-
thritis, or vascular involvement. Strik-
ingly, we find patients with ocular BD 
have, if any, a modest increase in autol-
ogous antibody frequencies. Whether 
this relates to the fact that the eye is an 
immune-privileged tissue will need fur-
ther investigation. Interestingly, BD pa-
tients with vascular involvement were 
found to have the highest rates of anti-
SWAP70 antibodies, while PINK1 was 
the primary antigen for patients with 
arthritis and those with mucocutanesus 
involvement. If common pathogenic 
pathways underlie BD, then these ob-
servations could suggest that variable 
antibody responses are elicited depend-
ing on which tissues are involved in the 
process. Another possible suggestion is 
that BD sub-groups have different but 
possibly overlapping etiopathological 
mechanisms. In either case, our study 
clearly demonstrates that autoantibod-
ies have potential value as candidate 
biomarkers for BD.
Although various autoantigens, other 
than those identified in this study, have 

previously been associated with BD, 
this is the first report where PINK1 and 
SWAP70 have been identified as au-
toantigens that show significant asso-
ciations with the disease. The fact that 
our search could identify novel autoan-
tigens suggests that the BD immunome 
is not exhausted. 
It is not unexpected to find different an-
tigens at repeated screens by approaches 
such as SEREX. Although variations 
both in the genetic backgrounds and in 
the environmental factors in the studied 
populations may have an effect on the 
outcome of serological responses, the 
fact that only SWAP70 was identified 
twice and all other antigens only once, 
in a screen of 500.000 pfu, clearly re-
flects that the antibody repertoire of the 
4 patients used for the initial screening 
is not fully characterized. In fact, we 
have tested the sensitivity of SEREX us-
ing controlled library/sera combinations 
and have observed that the technique 
will potentially miss one in every 3 to 
50 proteins that are seroreactive with the 
serum used for initial screening (calcula-
tions not shown). Nevertheless, numer-
ous studies have proven the strength of 
the technique and a vast array of tumor 
antigens has thus been identified (19) 
To establish the sensitivity and specifi-
city of autologous antibodies for BD, 
we are pursuing larger studies that will 
include additional cohorts of patients 
with other auto-inflammatory diseases, 
and by using methods that can gener-
ate quantitative data, such as ELISA, as 
well as by Western blotting.
In previous studies, Lu et al. immu-
noscreened a T24 cDNA expression 
library and identified kinectin as an 
autoantigen in 23% of Chinese BD 
patients (25). In a more recent report, 
they developed an ELISA and an in-
direct immunofluorescent assay (IFA), 
both using full length kinectin and were 
able to demonstrate that anti-kinectin 
antibodies were present in 32.6% to 
41.3% (IFA and ELISA, respectively) 
of BD patients but also at a lower rate 
among other autoimmune connective 
tissue diseases. However, the titers of 
anti-kinectin antibody were statistically 
higher in BD patients, by ELISA (41). 
The authors report that the discrepancy 
between their previous and recent study 

Table IV. Frequency of seroactivity towards isolated antigens in BD patients stratified      
according to clinical sub-groups.

Linked genes Patients with  Patients with Patients with Patients with
 mucocutaneous arthritis  vascular  eye involvement
 involvement  involvement
 n=26 n=18 n=18 n=20
 n (%)  n (%)   n (%) n (%)

PINK1 4 (15.4)* 4 (22.2)* 2 (11.1) 1 (5.0)
SWAP70 6 (23.1) 3 (16.7) 7 (38.9)* 2 (10.0)
RABPT5 2 (7.7) 3 (11.1) 4 (22.2) 0 (0.0)
BV16 3 (11.5) 1 (5.6) 2 (11.1) 0 (0.0)
IFIT2 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0)
ANKRD20A1 0 (0.0) 3 (16.7) 2 (11.1) 0 (0.0)

*p-value significant after correction for multiple testing.
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on kinectin could be due to the different 
methodologies used to determine anti-
body levels.
Sip1 is another autoantigen identified 
by Delunardo et al. in BD by screening 
a cDNA library from human microvas-
cular endothelial cells with serum IgG 
from two patients with BD (26). Using 
ELISA, the authors measured IgG, IgM 
and IgA specific to the carboxy-terminus 
of Sip1 in patients with BD, SLE, SSc, 
and various forms of primary vasculitis, 
as well as in patients with diseases that 
share clinical features with BD, such as 
inflammatory bowel disease and uvei-
tis. IgM immunoreactivity. Anti-Sip1 
antibody frequency was significantly 
higher in patients with BD and in pa-
tients with primary vasculitis. No sero-
reactivity was observed in patients with 
various autoimmune diseases.
Recently, Okunuki et al. reported SBP 
as a new autoantigen in Japanese BD 
patients (27). They compared retinal 
autoantigens recognized by sera from 
BD patients with uveitis or healthy 
donors using using 2-dimensional 
electrophoresis (2DE) followed by 
Western blotting (WB). They found 
that 20% and 16% of the BD patients 
with uveitis were positive for the anti-
SBP antibody by western blotting and 
ELISA, respectively. According their 
results, the anti-SBP antibody-positive 
patient group contained a larger group 
of patients with ocular inflammation 
than the antibody-negative group. The 
initial patient selection is, thus, likely 
to influence the repertoire of antigens 
identified by such screening studies.
The investigation of the role of PINK1 
in the pathogenesis of BD might be help-
ful in the clarification of complex gene-
environment interactions in BD. PINK1 
gene encodes a putative protein kinase 
with a mitochondrial targeting signal at 
the N-terminus. PINK1 is located on the 
mitocondrial membrane, intermembrane 
space, as well as in the cytosol (30-32). 
It is translated in the cytosol and trans-
ported to mitocondria by HSP90 which 
stabilizes its target proteins through 
the prevention of their degredation via 
the proteosome system. Interestingly, 
PINK1 is cleaved by proteosomes in the 
cytosol which is uncommon for mito-
chondrial proteins (33-35).

In cultured mammalian cells, overex-
pression of wild-type PINK1 protects 
cells against apoptotic stimuli, caused 
also by oxidative stress. It was found 
that PINK1 had a protective effect 
against oxidative-stress-induced apop-
tosis by phosphorylating downstream 
effector TNF receptor-associated pro-
tein 1 (TRAP1) that might relate to 
the pathogenic mechanisms of PINK1 
mutations in causing Parkinson disease 
(31). PINK1 and TRAP1 are thought 
to block the mitochondrial permeabil-
ity indirectly by prevention of reac-
tive oxygen species (ROS) formation 
(36). In addition, PINK1 protects from 
cell death by activating mitochondrial 
protease HtrA2 by the stress activated 
MAP kinase p38 gamma (37). PINK1 
in the cytosol activates NF-κB through 
other signalling proteins and stimulates 
its anti-apoptotic function (38). PINK1 
also blocks Bcl2-dependent pro-apop-
totic intramitochondrial proteins (cyto-
chrome C, endonuclease G) from being 
released into the cytosol (40). 
The presence of autoantibodies against 
PINK1 in BD patients could possibly 
result in decreased PINK1 activity cre-
ating a pro-apoptotic state. Or an ab-
normally processed PINK1 might be 
presented as a self-antigen by MHC 
Class I molecules, subsequently acti-
vating an adaptive immune response, 
which might also indirectly trigger au-
toreactive B-cells, producing antibod-
ies detected by SEREX.
A decrease in PINK1 activity could also 
lead to susceptibility of oxidative stress 
which induces mitochondrial autophagy 
(34). Induced autophagy results in in-
creased presentation of cytosolic and 
nuclear antigens MHC class II mole-
cules (40).
Defective PINK1 intereaction with 
HSP90 could result in (i) apoptotic cell 
death, (ii) mitochondrial autophagy and 
(iii) proteosomal cleavage of PINK1. 
These three might also alter PINK1 
presentation by MHC molecules and 
autoantibody production.
However the specificity and primary 
function of PINK1 as a potential patho-
genic factor needs to be clarified. 
In the last ten years, various new auto-
antibody or autoantigen profiles have 
been identified and demonstrated to 

have potential clinical usefulness. The 
application of various technologies to-
wards the identification of useful diag-
nostic and prognostic markers of many 
autoimmune diseases is underway. The 
collection of large prospective cohorts 
is critical for establishing the clinical 
value of such markers in BD.
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