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ABSTRACT
Objectives. Takayasu’s arteritis (TA) 
is a chronic arterial inflammation of 
unknown etiology involving mainly the 
aorta and its major branches. Based 
on the associations of programmed 
death-1 (PD-1) protein encoding gene 
(PDCD1) with connective tissue dis-
eases and vasculitides, PDCD1 poly-
morphisms are studied for susceptibil-
ity to TA in this study.
Methods. The study group is made up 
of TA patients (n=229) fulfilling the 
1990 ACR classification criteria and 
compared to 193 healthy controls (HC). 
PD-1.3, PD-1.5 and PD-1.6 single nu-
cleotide polymorphisms of PDCD1 
gene are genotyped by polymerase 
chain reaction and restriction analysis 
(PCR-RFLP). 
Results. The distribution of PD-1.5 
polymorphism in TA patients and HC 
revealed a similar presence of TT geno-
type in patients and controls (13.3% vs. 
11.4%). PD-1.3 and PD-1.6 were less 
polymorphic and did not differ between 
the groups. Rare AA genotype of PD-
1.3 (1.4% vs. 1.0%) and AG genotype 
of PD-1.6 was again similarly (22.4% 
vs. 19.2%) present in TA and HC. 
Conclusion. PD-1.3, 1.5 and 1.6 poly-
morphisms of PDCD1 gene, which 
were shown to be associated with vari-
ous autoimmune disorders and vascu-
litides, are not associated with a sus-
ceptibility to TA in Turkish population. 

Introduction
Programmed cell-death 1 (PD-1) mol-
ecule is a member of B7/CD28 super-
family receptors that contain an immu-
noreceptor tyrosine-based inhibitory 
motif in its cytoplasmic tail and is ex-
pressed in activated T and B cells (1, 2). 
PD-1, after binding to its ligands PD-L1 

or PD-L2, inhibits cytokine production 
and proliferation of pre-activated lym-
phocytes and is thought to be a negative 
regulator of autoimmunity (3).    
A single-nucleotide polymorphism 
(SNP) in PDCD1 gene, named PD-1.3 
and located in intron 4 (rs11568821), 
was first described by Prokunina et al. 
to be associated with susceptibility to 
systemic lupus erythematosus (SLE) 
(4). An allele of SNP PD-1.3 is shown 
to alter a binding site for the runt-related 
transcription factor 1 (RUNX1) located 
in an intronic enhancer and is suggested 
to increase susceptibility to autoim-
munity. The same group also reported 
the first association of PD-1.3A allele 
with rheumatoid arthritis (RA), even 
though only in patients negative for 
both rheumatoid factor (RF) and shared 
epitope (SE) alleles (5). Another SNP in 
PD-1.5C/T in exon 5 (rs2227981) was 
later shown to be associated with RA 
in Chinese patients from Taiwan (6). 
Further associations of PDCD1 SNPs 
with RA and ankylosing spondylitis are 
also reported, but not confirmed in all 
populations (7-11). Similarly, previous 
associations of PDCD1 with various 
vasculitides is also reported (12-14), 
but not always confirmed (15) .   
Studies of PDCD1 SNP frequencies are 
limited by a large variation among dif-
ferent ethnic groups (16). PD-1.3A is 
more common among Europeans, but 
non-polymorphic in Chinese, whereas 
PD-1.5C is significantly higher in Chi-
nese and Korean populations (7, 17). 
Similarly, we previously demonstrated 
that PTPN22, while it is a second a ma-
jor risk factor after “shared epitope” in 
Caucasian RA patients, is found to be 
unassociated with RA in Turkey, pos-
sibly due to its low presence in healthy 
population (18).
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Takayasu’s arteritis (TA), also known 
as pulseless disease, is a chronic granu-
lomatous panarteritis characterised by 
the involvement of large vessels, espe-
cially the aorta and its major branches 
(19). Evidences of genetic susceptibili-
ty to TA were previously  demonstrated 
for HLA-B alleles, B52, B39, and also 
for various cytokine polymorphisms 
(20, 21). Tissue specimens from the 
aorta of TA patients are infiltrated with 
T cells which have a restricted T cell 
repertory, typical of antigen-induced 
proliferation (22, 23). However, a low 
production of IL-2 by the peripheral 
blood CD3+ T cells suggests that T cell 
activation may be defective in TA (24). 
PD-1, as a negative regulator of T cells, 
might be associated with this defect. 
With this background, we aimed to in-
vestigate 3 common SNPs of PDCD1 
in TA, in patients from Turkey. 

Materials and methods
Patients and controls
The study was designed as a case-con-
trol study enrolling 229 patients with 
TA (female/male: 208/21, mean age: 
38.5 years). Patients, followed in the 
tertiary centres of Universities and 
State Hospital Rheumatology Clinics, 
were included according to the 1990 
American College of Rheumatology 
criteria for the classification of TA (25), 
and were part of a clinical series pub-
lished before (26). According to the 
angiographic classification defined at 
the International Conference on Taka-
yasu’s Arteritis in Tokyo in 1994, 38% 
(n=89) of the patients have type 1 ves-
sel involvement, 8.3% type 2a (n=19), 
2.2% type 2b (n=5), 3.9% type 3 (n=9), 
3.9% type 4 (n=9) and 42.8% type 5 
(n=98) (27). As controls, 193 healthy 
blood donors (HC, female/male; 98/95 
mean age: 42.4 years) were recruited. 
All patients and controls were enrolled 
with Local Ethics Committee approval 
and provided their informed consent.
Among the previously described SNPs 
of PDCD1 gene, PD-1.3 (rs11568821, 
G/A at intron 4), PD-1.5 (rs2227981, 
C/T, exon 5) and PD-1.6 (rs10204525, 
G/A, 3’-UTR) (GenBank accession 
no: AF363458) were selected to screen 
in both groups on the basis of the hap-
lotypes of these SNPs (Table I). For 

genotyping, 60 ng of each DNA was 
amplified with the primer pairs listed in 
Table I with a programme of 2’ at 96ºC, 
35 cycles 20” at 96ºC, 20” at 56–58ºC 
and 30” at 72ºC, and an additional 2’ at 
72ºC. The products are digested with 
the respective restriction enzymes as 
described by the producers (Fermentas, 
Lithuania). Genotype and allele frequen-
cies were compared between the patient 
and control groups by chi-square test.

Results
The distribution of PD-1.5 polymor-
phism in TA patients and HC revealed 
a similar presence of TT (13.3% vs. 
11.4%) and CT (43.8% vs. 51.8%) geno-
types in both groups (Table II). PD-1.3 
and PD-1.6 were less polymorphic and 
did not differ between the groups. Rare 
AA genotype of PD-1.3 (1.4% vs. 1.0%) 
and AG genotype of PD-1.6 were again 
similarly (22.4% vs. 19.2%) present in 
TA and HC. No association with angio-
graphic type, prognosis or other clinical 
features and PDCD1 polymorphisms 
was observed. 

Discussion
As a granulomatous, chronic large-vessel 

vasculitides, adaptive immune response 
with a predominance of CD4+ T cell 
infiltrations is possibly involved in the 
pathogenesis of TA. Polymorphism of 
PD-1, a crucial molecule of T cell ac-
tivation, was, in this respect, a natural 
candidate for immunogenetic associa-
tions with TA. In a recent study investi-
gating the role of PD-1.3A, patients ho-
mozygous for PD-1.3, but not the het-
erozygous ones, had reduced basal and 
induced PD-1 expression on activated 
CD4+ T cells. In autologous mixed lym-
phocyte reactions, SLE patients had 
defective PD-1 induction on activated 
CD4+ cells and abnormalities were 
more pronounced among homozygotes. 
PD-1 crosslinking suppressed prolif-
eration and cytokine production in both 
normal and lupus T cells and addition 
of serum from patients with active SLE 
significantly ameliorated this effect on 
proliferation (28). 
However, we did not observe any as-
sociation with PDCD1 polymorphisms 
with TA in the Turkish population in 
our study. Among the various PDCD1 
polymorphisms studied, PD-1.5 seems 
more polymorphic in Turkey with a very 
high C allele presence (63%), similar 

Table I. Screened PDCD1 gene polymorphisms, used primer sequences, lengths of PCR 
products (base pairs, used restriction enzymes and the digestion product lengths).

PD-1.3 5’-GCAGCAACCTCAAATCCCTAA-3’ 330 bp Pst I G: 330 bp 
  (G/A) 5’-CATTGGAGACAGGAGAGCTTG-3’   A: 50 bp + 280bp

PD-1.5 5’-GCTTTGGGCTTCTTGATGAG-3’ 213 bp Pvu II C: 213 bp
  (C/T) 5’-GTGAGCTTCTTGAGGCAAA-3’   T: 54bp + 159bp

PD-1.6 5’- CCTCACACCACTCGGGAGA-3’5’- 301 bp Nla III  A: 301bp 
(G/A)  AGTGGGGGTGCAGTGTGT-3’   G: 137bp +164bp

Table II. PD-1.3 (G/A at intron 4), PD-1.5 (C/T, exon 5) and PD-1.6 (rs10204525, G/A, 
3’-UTR) gene polymorphisms in TA and controls.
 
 TA  HC 
      
 n. % n. %

PD-1.3   rs11568821 219  193 
AA 3 1.4  2 1.0
AG 43 19.6 38 19.7
GG 173 79.0 153 79.3

PD-1.5   rs2227981 226  193 
CC 97 42.9 71 36.8
CT 99 43.8 100 51.8
TT 30 13.3 22 11.4

PD-1.6    rs10204525 219  193 
AA 0                              0 0                            0
AG 49 22.4 37 19.2
GG 170 77.6 156 80.8
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to Korean, Spanish and Mexican popu-
lations (53–63%) (17). PD-1.3 and -1.6 
polymorphisms were less polymorphic 
compared to other populations.  
Three studies investigated PDCD1 
poymorphisms in vasculitides before. 
In one study, T allele of rs41386349, 
a SNP which we have not studied, is 
found to be associated with Kawasaki 
disease, whereas no association is ob-
served with PD-1.5 (12). In Wegener’s 
Granulomatosis (WG), co-occurrence 
of the PD-1.5T allele with an adhe-
sion molecule polymorphism CTLA4 
+49 AA homozygosity was less often 
present in patients compared to controls, 
which may lead to a hyperreactivity of 
T cells (13). However, in another study, 
no association was observed with WG 
and PDCD1 polymorphisms (15). Inter-
estingly, a lower PD-1.5 presence is re-
ported to be associated with Vogt-Koy-
anagi-Harada disease, a granulomatous 
vasculitis with unknown etiology (14). 
Our study has some limitations. All pa-
tients are followed in tertiary centres 
and may reflect a more severe disease 
spectrum. However, as TA is a rare 
disease, we think most patients sus-
pected or diagnosed as TA are referred 
to specialised rheumatology centres in 
Turkey. Our gender ratio is not well-
matched among TA and controls; how-
ever, no previous data suggest a gender 
bias in PDCD1 studies. Finally, up to 
130 SNPs are reported in PDCD1 gene, 
we only studied 3 commom SNPs.
In conclusion, although some role of 
PDCD1 polymorphisms is reported 
for various vasculitides especially in 
Caucasian populations, we observed 
no association of any PDCD1 poly-
morphism with Takayasu’s Arteritis in 
Turkey, similarly to PTPN22 polymor-
phism, previously studied (29). These 
results possibly reflect the ethnical dif-
ferences among various populations 
for auto-immunity related genes.  
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