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To investigate the role of programmed cell death-1 (PD-1) gene
polymorphisms in the development of systemic lupus erythe-
matosus (SLE) in Taiwan, 109 patients with SLE and 100 healthy
controls were enrolled in this study. The PD-1 gene polymor-
phisms were determined by the method of polymerase chain
reaction/restriction fragment length polymorphism. This study
showed that the genotype distributions of PD-1 7209 C/T poly-
morphisms were significantly different between the patients with
SLE and controls (P = 0.002, Pc = 0.018). The frequencies of
the PD-1 7209 C/C genotype and PD-1 7209 C allele were sig-
nificantly higher in the patients with SLE than those of the con-
trols (P = 0.001, OR = 2.6, 95% CI = 1.5–4.6, and P = 0.002,
OR = 2.1, 95% CI = 1.3–3.4, Pc = 0.018, respectively). More-
over, the association of PD-1 7209 C with susceptibility to SLE
was independent of the PD-1 ligand. This study also showed
that the PD-1-536 A 7146 G 7209 C 7499 G haplotype was
associated with the development of SLE in Taiwan.

KEY WORDS: PD-1; systemic lupus erythematosus; polymorphism;
haplotype.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a systemic au-
toimmune disease involving multiple organs and systems.
Although the detailed etiology is still obscure, many genes
are involved in the pathogenesis of this disease (1–4).

1Department of Laboratory Medicine, Kaohsiung Medical University
Hospital, Kaohsiung, Taiwan.

2College of Medicine, Kaohsiung Medical University, Kaohsiung,
Taiwan.

3Department of Internal Medicine, Kaohsiung Medical University Hos-
pital, Division of Rheumatology, 100 Zihyou 1st Road, Kaohsiung City,
807, Taiwan.

4Graduate Institute of Medicine, College of Medicine, Kaohsiung Med-
ical University, Kaohsiung, Taiwan.

5Both Authors Contributed equally to this work.
6To whom correspondence should be addressed at e-mail: jehsye@
kmu.edu.tw.

Programmed cell death-1 (PD-1) was isolated from a
thymic T-cell line by apoptotic stimuli (5). PD-1 is a
55-kDa transmembrane protein with one extra-cellular
IgV-like domain and a 97-amino acid cytoplasmic tail
containing one immunotyrosine inhibitory motif (ITIM)
and one immunotyrosine switch motif (6). PD-1 can be
expressed on activated T-cells, B-cells, and myeloid cells
(7). PD-1 conducts negative signals to T-cells during in-
teraction with its ligands, programmed death-1 ligands
(PD-L). PD-1–PD-L interactions lead to cell cycle arrest
in G0/G1 but do not increase cell death (8). PD-1 is a
new member of the CD28 family and shared 23% amino-
acid sequence homology with CTLA-4 (7). Mice deficient
in PD-1 gene exhibit a breakdown of peripheral toler-
ance and develop autoimmune diseases. Disruption of the
PD-1 gene in C57BL/6 mice resulted in a late onset of
SLE (9). NOD mice with deficient PD-1 gene would de-
velop type 1 diabetes (10, 11). BALB/c mice deficient
in the PD-1 gene developed an early onset autoimmune
dilated cardiomyopathy associated with an auto-antibody
against heart tissue (12, 13). In 2C-PD−/− H-2b/d mice,
2 C+ T-cells were activated, and the mice died of a graft-
versus-host-like disease (9).

The PD-1 gene is located on chromosome 2q37, which
is a SLE susceptible locus in whole genome-wide link-
age studies (14, 15). Several polymorphisms have been
demonstrated in the PD-1 gene. A polymorphism in intron
4 affected the binding of transcription factor RUNX1 and
then decreased the expression of PD-1 (16). Many studies
showed that the PD-1 gene polymorphisms were associ-
ated with the development of SLE (17, 18), rheumatoid
arthritis (19–21), type 1 diabetes (22), and disease pro-
gression of multiple sclerosis (23). However, these asso-
ciations have been proved to be controversial. The purpose
of the present study is to investigate the associations of
PD-1 gene polymorphisms with susceptibility to SLE in
Taiwan.

506
0271-9142/06/1100-0506/0 C© 2006 Springer Science+Business Media, LLC



PD-1 IN SLE 507

MATERIALS AND METHODS

Study Subjects

One hundred and nine patients with SLE (100 females
and 9 males, mean age ± SD = 39.1 ± 10.9 years) and
100 healthy controls (84 females and 16 males, mean
age ± SD = 37.2 ± 7.4 years) were enrolled in this study.
Healthy controls consisted of the volunteer of the lo-
cal residents. All of the patients and controls are Tai-
wanese. The diagnosis of SLE was in accordance with the
American College of Rheumatology 1997 revised criteria
for the classification of SLE. This study was approved
by the Institutional Review Board of Kaohsiung Medical
University Hospital.

Genotyping

Nine single nucleotide polymorphisms of the PD-1
gene, which were obtained from nucleotide sequence AF
363458 (NCBI web resource), were determined in this
study, including PD-1-536 G/A (promoter), 5708 C/T
(intron 1), 6438 G/A (intron 2), 7146 G/A (intron 4),
7209 C/T (intron 4), 7499 G/A (intron 4), 7625 C/T
(exon 5, amino acid 215, Ala → Val), 7785 C/T (exon
5, amino acid 268, Ala → Ala, synonymous), and 8737
A/G (3’-UTR). The methods of polymerase chain re-
action (PCR)/restriction fragment length polymorphism
were used to determine these polymorphisms. The se-
quences of primers (Mission Biotech Co. Ltd., Taiwan)
and restriction enzymes are shown in (Table I). All of
the restriction enzymes used in this study were purchased
from New England BioLab Inc., USA. Besides primers

and DNA templates, Taq DNA polymerase (Bertec enter-
prise Co. Ltd., Taiwan) and dNTP (Promega Co., USA)
were used during PCR amplification. To determine the
polymorphisms of PD-1-536 A/G and 5708 T/C, the am-
plification conditions consisted of initial denaturation at
96◦C for 3 min, followed by 5 cycles of denaturation at
95◦C for 1 min, annealing at 60◦C for 1 min, and exten-
sion at 72◦C for 1 min, and 30 cycles of denaturation at
95◦C for 1 min, annealing at 58◦C for 1 min, and exten-
sion at 72◦C for 1 min, and then a final extension phase
at 72◦C for 7 min. The restriction enzymes, Nci I and
Hha I, were used to determine PD-1-536 A/G and 5708
T/C polymorphisms, respectively. The amplification con-
ditions for determining PD-1 6438 G/A polymorphisms
were initial denaturation at 96◦C for 3 min and 30 cycles
of denaturation at 95◦C for 1 min, annealing at 63◦C for
1 min, and extension at 72◦C for 1 min, and then a final
extension phase at 72◦C for 7 min. The PCR product was
digested with MsP I. To determine the polymorphisms of
PD-1 7146 G/A and 7209 C/T, PCR was carried out under
the following conditions: initial denaturation at 96◦C for
3 min and 30 cycles of denaturation at 95◦C for 1 min,
annealing at 56◦C for 1 min, and extension at 72◦C for
1 min. A final extension phase was also performed at 72◦C
for 7 min. Then the PCR product was digested with Bsa I
and BstU I, respectively. To determine the polymorphisms
of PD-1 7499 G/A, the amplification conditions consisted
of initial denaturation at 96◦C for 3 min, followed by 5
cycles of denaturation at 95◦C for 1 min, annealing at 58◦C
for 1 min, and extension at 72◦C for 1 min, and 30 cycles
of denaturation at 95◦C for 1 min, annealing at 56◦C for
1 min, and extension at 72◦C for 1 min, and then a final

Table I. Sequences of Primers and Restriction Enzymes in Determining PD-1 Gene Polymor-
phisms

PD-1 polymorphisms Primers Restriction enzymes

−536 G/A 5′-CCGATTAGCCATGGACAG-3′ Nci I
5′-TTCCTGGGCTGCAGTGAG-3′

5708 C/T 5′-CCAGAGCAGTGCAGACAG-3′ Hha I
5′-TCATTGAGAAGTCTCTGCTG-3′

6438 G/A 5′-TGCACAGGATCAGGAGCTC-3′ Msp I
5′-CCCAGACTAGCAGCACCAG-3′

7146 G/A 5′-ACGGCCTGCAGGACTCAC-3′ Bsa I
5′-AGGCAGGCACATATGTG-3′

7209 C/T 5′-ACGGCCTGCAGGACTCAC-3′ BstU I
5′-AGGCAGGCACATATGTG-3′

7499 C/T 5′-AGCTCAGGGTAAGCAGCAC-3′ BsaA I
5′-TAGTCCACAGAGAACACAGG-3′

7625 C/T C/T 5′-GATCACACAGAGGGCAGTG-3′ Msp I
5′-CACAGAGAACACAGGCCCG-3′

7785 C/T 5′-CGGAGTATGCCACCATTGTC-3′ Alu I
5′-GGTCTGCAGAACACTGGTG-3′

8737 A/G 5′-AGGCCCCTCCCAGCTGTG-3′ Nde I
5’-CCACTCAGGTGCCTGCTG-3’
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Table II. Genotype Frequencies of PD-1 Gene Polymorphisms in the
Patients with SLE and Controls

PD-1 SLE Controls
polymorphisms (n = 109, %) (n = 100, %) P Pc

−536 A/A 43 (39.4) 35 (35.0) NS
A/G 45 (41.3) 40 (40.0)
G/G 21 (19.3) 25 (25.0)

5708 T/T 75 (68.8) 70 (70.0) NS
T/C 31 (28.4) 23 (23.0)
C/C 3 (2.8) 7 (7.0)

6438 A/A 25 (22.9) 19 (19.0) NS
A/G 67 (61.5) 63 (63.0)
G/G 17 (15.6) 18 (18.0)

7146 G/G 103 (94.5) 92 (92.0) NS
G/A 5 (4.6) 7 (7.0)
A/A 1 (0.9) 1 (1.0)

7209 C/C 76 (69.7)a 47 (47.0) 0.002 0.018
C/T 32 (29.4) 50 (50.0)
T/T 1 (0.9) 3 (3.0)

7499 G/G 62 (56.9) 45 (45.0) NS
G/A 45 (41.3) 49 (49.0)
A/A 2 (1.8) 6 (6.0)

7625 C/C 33 (30.3) 29 (29.0) NS
C/T 53 (48.6) 59 (59.0)
T/T 23 (21.1) 12 (12.0)

7785 C/C 62 (56.9) 47 (47.0) NS
C/T 42 (38.5) 47 (47.0)
T/T 5 (4.6) 6 (6.0)

8737 A/A 42 (38.5) 42 (42.0) NS
G/A 60 (55.0) 53 (53.0)
G/G 7 (6.4) 5 (5.0)

Note. NS: not sihnificant; Pc: corrected P-value.
aSLE vs. controls: P = 0.001, OR = 2.6, 95% CI = 1.5–4.6

extension phase at 72◦C for 7 min. The PCR product was
digested with BsaA I. The PCR conditions for determining
PD-1 7625 C/T polymorphisms were initial denaturation
at 96◦C for 3 min and 30 cycles of denaturation at 95◦C
for 1 min, annealing at 58◦C for 1 min, and extension
at 72◦C for 1 min, and then a final extension phase at
72◦C for 7 min. Then the PCR product was subjected to
digestion with Msp I. The PCR conditions for determining
PD-1 7785 C/T polymorphisms were initial denaturation
at 96◦C for 3 min and 30 cycles of denaturation at 95◦C
for 1 min, annealing at 62◦C for 1 min, and extension at
72◦C for 1 min, and then a final extension phase at 72◦C
for 7 min. Then the PCR product was digested with Alu I.
To determine the polymorphisms of PD-1 8737 A/G, the
amplification conditions consisted of initial denaturation
at 96◦C for 3 min, followed by 5 cycles of denaturation at
95◦C for 1 min, annealing at 66◦C for 1 min, and exten-
sion at 72◦C for 1 min, and 30 cycles of denaturation at
95◦C for 1 min, annealing at 64◦C for 1 min, and exten-
sion at 72◦C for 1 min, and then a final extension phase
at 72◦C for 7 min. The PCR product was digested with
Nde I.

Statistics

The chi-square test or Fisher’s exact test was used for
statistical analysis. Odds ratio (OR) and its 95% confi-
dence interval (CI) were calculated by using the SPSS
statistic program. The P-value was corrected by multi-
plying the number of comparisons (Pc). The Mantel–
Haenszel test was used in a statistic with stratification.
The EH program was used for calculating estimated hap-
lotype frequencies (Web Resources of Genetic Linkage
Analysis).

RESULTS

The genotype distributions of PD-1 7209 C/T polymor-
phisms were significantly different between the patients
with SLE and controls (Table II, P = 0.002, Pc = 0.018).
Furthermore, the patients with SLE have a significantly
higher genotype frequency of PD-1 7209 C/C than the
controls (Table II, P = 0.001, OR = 2.6, 95% CI = 1.5–
4.6).

The allele frequency of PD-1 7209 C was also signifi-
cantly increased in the patients with SLE compared with
that of the controls (Table III, P = 0.002, OR = 2.1, 95%
CI = 1.3–3.4, Pc = 0.018).

In our previous study, PD-L2 47103 T was associated
with the development of SLE (submitted for publication).
To clarify the association between PD-1 7209 C/C and
SLE, the genotype frequencies of PD-1 7209 C/C in the
patients with SLE and controls were stratified with PD-
L2 47103 T (Table IV). The Mantel–Hanszel test was
used for statistical analysis. This study revealed that the
association of PD-1 7209 C/C with SLE was independent
of PD-L2 47103 T (P = 0.001, adjusted OR = 2.57, 95%
CI = 1.5–4.6).

This study also demonstrated that the estimated haplo-
type frequency of PD-1-536A 7146G 7209C 7499G was
significantly increased in the patients with SLE in com-
parison with that of the controls (Table V, P < 0.0001,
OR = 2.06, 95% CI = 1.38–3.08, Pc < 0.0014).

DISCUSSION

Based on the results of this study, it is evident that PD-1
7209 C is associated with susceptibility to SLE in Taiwan.
The haplotype PD-1-536 A, 7146 G, 7209 C, 7499 G is
also involved as a susceptible gene for SLE in Taiwan.

PD-1, containing an ITIM, inhibits autoimmune re-
sponse and preserves self-tolerance. PD-1 defect may
lead to the breakdown of peripheral tolerance and the
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Table III. Allele Frequencies of PD-1 Gene in the Patients with SLE and Controls

PD-1
SLE

(2n = 218, %)
Controls

(2n = 200, %) P OR (95% CI) Pc

−536 A 131 (60.1) 110 (55.0) NS
G 87 (39.9) 90 (45.0)

5708 T 181 (83.0) 163 (81.5) NS
C 37 (17.0) 37 (18.5)

6438 A 117 (53.7) 101 (50.5) NS
G 101 (46.3) 99 (49.5)

7146 G 211 (96.8) 191 (95.5) NS
A 7 (3.2) 9 (4.5)

7209 C 184 (84.4) 144 (72.0) 0.002 2.1(1.3–3.4) 0.018
T 34 (15.6) 56 (28.0)

7499 G 169 (77.5) 139 (69.5) NS
A 49 (22.5) 61 (30.5)

7625 C 119 (54.6) 117 (58.5) NS
T 99 (45.4) 83 (41.5)

7785 C 166 (76.1) 141 (70.5) NS
T 52 (23.9) 59 (29.5)

8737 A 144 (66.1) 137 (68.5) NS
G 74 (33.9) 63 (31.5)

Note. NS: not significant; Pc: corrected P-value.

development of autoimmune disorders (7). There are
several polymorphisms in the PD-1 gene. These poly-
morphisms may result in dysfunction of the PD-1 gene.
The PD-1 7146 G/A polymorphisms are located in an
enhancer-like structure of PD-1. The transcription factor
RUNX1 binds to the wild type PD-1 gene enhancer (PD-1
7146 G) to modulate the PD-1 gene transcription. A G →
A nucleotide substitution at PD-1 7146 will abolish the
binding of transcription factor RUNX1 to this site, lead-
ing to decreased expression of PD-1 and the breakdown
of self-tolerance. The PD-1 7209 C/T polymorphisms are
also in the intronic enhancer, and near the binding sites
of transcription factors NFkB and RUNX1 (16). These
polymorphisms may also affect the binding affinity and
transcription activity of NFkB. Therefore, the associations
of PD-1 7209 C with susceptibility to SLE in Taiwan may
be due to lower binding affinity of NFkB and RUNX1 and
decreased expression of PD-1.

Prokunina et al. have showed that PD-1 7146 A con-
tributes to the development of SLE in Europeans and
Mexicans (16). However, a similar finding could not be
found in our study. The associations of PD-1 7146 G/A
polymorphisms with SLE are still controversial (18). Our

study, which is compatible with the study of Johnson et
al. (18), revealed that there was no significant difference
in the genotype distribution of PD-1 7146 between SLE
patients and controls. Johansson et al. demonstrated that
PD-1 7146 A was not associated with susceptibility to
SLE in northern Sweden. On the other hand, Ferreiros-
Vidal et al. showed that the PD-1 7146 A allele was sig-
nificantly less frequent in Spanish female SLE patients
than in female controls (17). The discrepancies may be
due to ethnic differences. A previous study conducted by
Lin showed there was no association of PD-1 C + 872T
(the same as PD-1 7785 C/T in this study) with SLE
(21). Only one polymorphic site was studied by Lin et al.;
however, more polymorphisms were investigated in this
study.

An association between PD-1 7146 A and lupus nephri-
tis was demonstrated by Prokunina and Johansson (18,
24). Nonetheless, the association of PD-1 7146 G/A or
7209 C/T polymorphisms with lupus nephritis could not
be found in the present study. There were no associations
between PD-1 gene polymorphisms and other clinical
manifestations of SLE in Taiwan (data not shown). Our
previous study also demonstrated that the PD-L2 47103

Table IV. Genotype Frequencies of PD-1 7209 C/C in the Patients with SLE and Controls Stratified with PD-L2 47103 T

PD-L2 47103 T( + ) PD-L2 47103 T(-)

SLE (n = 52, %) Controls (n = 30, %) SLE (n = 57, %) Controls (n = 70, %) P Adjusted OR (95% CI)

PD-1 7209 C/C( + ) 36 (69.2) 15 (50.0) 40 (70.2) 32 (45.7) 0.001 2.57 (1.5–4.6)
(−) 16 (30.8) 15 (50.0) 17 (29.8) 38 (54.3)

Note. The Mantel–Hanszel test was used for statistic analysis.
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Table V. Estimated Haplotype Frequencies of PD-1 Gene in the Patients with SLE and Controls

Haplotype of PD-1

− 536 7146 7209 7499 SLE Controls P OR (95% CI) Pc

A G C G 0.519658 0.341496 < 0.0001 2.06 (1.38–3.08) < 0.0014
A G C A 0.028559 0.025988 NS
A G T G 0.000000 0.023100 0.036 2.12 (1.91–2.35) NS
A G T A 0.042252 0.085607 NS
A A C G 0.000007 0.011595 NS
A A C A 0.009523 0.001874 NS
A A T A 0.000000 0.010340 NS
G G C G 0.215622 0.341496 0.004 0.52 (0.33–0.81) NS
G G C A 0.064732 0.025988 NS
G G T G 0.040910 0.023100 NS
G G T A 0.073981 0.085607 NS
G A C G 0.004755 0.011595 NS
G A C A 0.000000 0.001874 NS
G A T A 0.000000 0.010340 NS

Note. NS: not significant; Pc: corrected P-value.

T was associated with the development of SLE in Taiwan
(submitted for publication). PD-L2 47103 C/T are non-
synonymous polymorphisms. PD-L2 47103 C encodes
an amino acid serine in the transmembrane region. How-
ever, PD-L2 47103 T encodes amino acid phenylalanine,
which contains an aromatic ring. The expression of pro-
tein molecule on the cell surface may be regulated by its
trans-membrane domain (25). Trans-membrane domain
also plays a role in dimerization or oligomerization for
surface molecules (26, 27). The amino acid substitution
of PD-L2 in the transmembrane domain may affect the
expression and oligomerization of PD-L2 molecules, and
then influences the inhibiting effect of PD-1-PD-L path-
way on autoimmunity. In this study, we found that the
association of PD-1 7209 C/C with SLE was independent
of PD-L2 47103 T.

In summary, the PD-1 7209 C and estimated haplotype
PD-1-536 A, 7146 G, 7209 C, 7499 G are associated with
susceptibility to SLE in Taiwan.
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