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Abstract Although the exact pathogenesis of subacute
sclerosing panencephalitis (SSPE) remains to be deter-
mined, our previous data suggested a genetic contribution
to the host susceptibility to SSPE. During chronic viral
infection, virus-specific cytotoxic T lymphocytes display
poor effector functions. Since co-inhibitory molecules are
involved in the suppression of T lymphocytes, we inves-
tigated whether single nucleotide polymorphisms (SNPs)
of genes encoding co-inhibitory molecules contributed to a
susceptibility to SSPE. Association studies on a total of 20
SNPs in 8 genes (CTLA4, CDS80, CD86, PDI, PDLI,
PDL2, BTLA and HVEM) and subsequent haplotype ana-
lysis of 4 SNPs in the PDI genes were performed in
Japanese and Filipino SSPE patients and controls. Then, we
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investigated a functional difference in promoter activity of
two haplotypes and compared the expression levels of PD]
between SSPE and controls. The frequency of GCG(C)
haplotype of PDI containing —606G allele was signifi-
cantly higher in SSPE patients than in controls both in
Japanese and in Filipinos. The promoter activity was sig-
nificantly higher in the construct with —606G allele than in
that with —606A allele. The expression levels of PD1 were
significantly higher in SSPE patients than in the controls.
Our results suggested that the PDI gene contributed to a
genetic susceptibility to SSPE.

Introduction

Subacute sclerosing panencephalitis (SSPE) is a fatal
degenerative neuronal disease caused by persistent infec-
tion with a measles virus (MV), the nature of which is quite
different from that of common wild types. The viruses
isolated from SSPE brains, called SSPE viruses, are
defective, and have extensive mutations within the enve-
lope-associated genes, especially the M gene. While com-
parison of gene sequence between SSPE virus and clinical
isolate of MV prevailing at roughly the same time and
places as the primary infection in each patient indicated
that they had a common origin (Rima et al. 1997; Ayata
et al. 1998), there are specific mutations among SSPE
viruses (Rima and Duprex 2005), which are considered to
occur during the viral persistence in the brain. Their exact
role in the pathogenesis of SSPE remains to be elucidated.

In addition to viral factors, host factors seem to con-
tribute to the development of SSPE (Gascon 1996;
Schneider-Schaulies et al. 1999). Epidemiologic studies
have shown that contraction of measles before 2 years of
age increases the risk of SSPE, suggesting that immaturity

@ Springer



412

Hum Genet (2010) 127:411-419

of the host immune system and central nervous system
(CNS) plays an important role in host susceptibility for the
development of SSPE. In previous studies, we demon-
strated that the genotype combination of interleukin-4 gene
promoter —589 TT and an allele of interferon regulatory
factor 1 gene GT repeat polymorphism, and the homo-
zygotes of —88 T allele of MxA gene encoding an anti-
virally active protein, MxA, were more frequent in SSPE
patients than in controls (Inoue et al. 2002; Torisu et al.
2004), but these findings were not replicated in Filipinos
probably due to a greater contribution of environmental
factors (Pipo-Deveza et al. 2006).

Chronic infections are often characterized by varying
degrees of functional impairment of virus-specific T cells,
which is a principal reason for the inability of the host to
eliminate the persisting pathogen. SSPE patients showed an
impairment of MV-specific cytotoxic T cells (Dhib-Jalbut
et al. 1988) and a defect in MV-specific interferon (IFN)-y
production (Hara et al. 2000). The ultimate fate of cellular
immune responses is determined by the balance between
positive and negative signals delivered by co-stimulatory
and co-inhibitory molecules to T cells (Nurieva et al.
2006). The co-inhibitory pathways include cytotoxic T
lymphocyte antigen 4 (CTLA-4)-CD80/CD86, as well as
programmed cell death 1 (PD-1)-programmed cell death-
ligand 1 (PD-L1)/PD-L2, and B and T lymphocyte atten-
uator (BTLA)-herpes virus entry mediator (HVEM) (Chen
2004). CTLA-4 functions as a master switch on T-cell
activation/inactivation (Waterhouse et al. 1995). Recent
reports indicate that PD-1 is markedly upregulated on
surface of exhausted virus-specific CD8" T cells in mice
with lymphocytic choriomeningitis virus infection (Barber
et al. 2006) and in humans with human immunodeficiency
virus (HIV) infection (Day et al. 2006; Petrovas et al. 2006)
and hepatitis C virus (HCV) infection (Golden-Mason et al.
2007; Penna et al. 2007).

It has been reported that common mutations of genes
encoding co-inhibitory molecules influence susceptibility
to chronic viral infections. CTLA4 genotypes were associ-
ated with the resolution of chronic hepatitis C virus
infection (Yee et al. 2003) and progression of HIV-1 dis-
ease (Shao et al. 2006). CD80 genotypes were associated
with cytotoxic immune responses in HCV infection (Saito
et al. 2004). To determine the role of CTLA4, CD80, CD86,
PDI, PDLI, PDL2, BTLA and HVEM genes as a host
genetic factor for the development of SSPE, we have
performed an association study on SNPs of these genes in
the Japanese and Filipino SSPE patients and controls. Since
a haplotype of the PDI gene containing —606G allele
showed a significant association with SSPE in both popu-
lations, we further investigated functional differences
between PDI promoter regions having —606G and
—606A, and compared the gene expression levels of PDI
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in peripheral blood mononuclear cells (PBMCs) between
SSPE patients and controls.

Materials and methods
Subjects

The study population comprised 40 unrelated SSPE patients
(27 males and 13 females) and 50 unrelated normal school
children in Japan, and 60 (41 males and 19 females) SSPE
patients and 120 unrelated children in Philippines. All the
SSPE patients fulfilled the diagnostic criteria, that is, clinical
features, increased MV antibody titer in the CSF, and typical
EEG showing periodic slow wave complexes early in the
disease. The mean age at onset of SSPE was 8.0 years (£3.1
SD) in Japanese and 9.7 years (£4.1 SD) in Filipino. Thirty-
five (87.5%) Japanese patients had contracted natural
measles occurring between ages 0.4 and 4 years
(1.3 & 0.9 years). The history of natural measles was
unknown in the other five Japanese patients, including one
with a history of live attenuated measles vaccination. Fifty
(83.3%) Filipino patients had contracted measles between
age 0.4 and 8 years of age, of which 36 (60%) contracted
measles before age 2. Twenty patients (33%) received vac-
cination during infancy. The age of SSPE patients, when
studied, ranged between 5 and 26 years (median 11 years,
mean + SD 12.4 &£ 5.1 years) in Japanese and between 3
and 24 years (median 12 years, mean + SD
11.5 £ 4.9 years) in Filipino. The Japanese controls were
randomly selected from among normal school children
around 10 years of age and were not matched for age. The
Filipino controls were age- and sex-matched with SSPE
cases. Informed consent was obtained from their parents.
The current study was approved by the Ethics Committee of
Kyushu University, Japan and the Research Implementation
and Development Office of the University of the Philippines
College of Medicine. For a quantitative RT-PCR, 28 Japa-
nese SSPE patients (19 males, 9 females; 12.4 + 5.1 years)
whose cDNAs were available, and 16 age-matched controls
(7 males, 9 females, 15.5 £ 9.0 years), were enrolled.

SNPs selection

We used data on common SNPs from HapMap (Japanese
samples, October 2005 release) to identify tag SNPs except
for those of PDI gene. As genotype data of SNPs of PDI
gene were not available in HapMap database, we utilized
those from our previous study and selected 4 SNPs (Ni
et al.,, 2007). Tag SNPs were selected using the pairwise
method with the program Tagger (de Bakker et al. 2005),
an implement of HapMap website. The minimum allele
frequency was set at 0.05 and #* threshold was set at 0.8.
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To include regulatory or possible promoter region, a mar-
gin of ~2,000 bp was taken around the transcribed region
of each gene. We identified 4 tag SNPs of CTLA4, 17 of
CD80, 7 of CD86, 10 of PDLI1, 16 of PDL2, 3 of BTLA and
3 of HVEM. For CTLA4, we added CT60 (rs3087233)
using the force includes option in the Tagger program
because of their clinical interest (Ueda et al. 2003). We
analyzed all tag SNPs of CTLA4, BTLA and HVEM.
Among the tag SNPs of CD80 and CD86 genes, we
selected one tag SNP located in the coding region of each
gene based on the previous study (Matsushita et al. 2000).
For PDLI and PDL2 gene, we selected two tag SNPs each
based on our previous data (Ni et al. 2007).

Genotype analysis of SNPs

Genomic DNA for SNP analysis was extracted from
peripheral blood using a QIAmp DNA Blood Kit (Qiagen,
Tokyo, Japan). Genotyping of each subject was performed
by TagMan method. TagMan SNP Genotyping assay
(Applied Biosystems, Foster City, CA, USA) was per-
formed following the manufacturer’s instructions. PCR
was carried out with mixes consisting of 8 ng of genomic
DNA, 5 pl of TagMan master mix, 0.5 pl of 20x assay
mix and double distilled H,O up to 10 pl of final volume.
The following amplification protocol was used: denatur-
ation at 95°C for 10 min, followed by 40 cycles of dena-
turation at 92°C for 15 s, annealing, and extension at 60°C
for 1 min. After PCR, the genotype of each sample was
submitted automatically to the measurement of allelic
specific fluorescence on the ABI PRISM 7700 Sequence
Detection Systems using the SDS 2.2.2 software for allelic
discrimination (Applied Biosystems).

Haplotype analysis of SNPs in the PD] gene

We performed haplotype analysis using four SNPs in the
PDI gene. Haplotype frequencies were estimated using the
Estimating Haplotype Frequencies (EH) software program
(ftp://linkage.rockefeller.edu/software/rh). Linkage dis-
equilibrium (LD) coefficients D’ values, Odd’s ratio and
95% confidence interval were calculated using data in the
EH software program.

Functional analysis of PDI gene promoter —606G/A

A fragment of the PDI gene promoter (—1,225 to —65)
having either —606G or —606A was amplified by PCR,
using the following primers: 5-GGAGTGGCCCTTGTT
CATA-3" (forward) and 5-AACTGTCCCAGGTCA
GGTTG-3' (reverse). Each amplified fragment was inserted
into the Sacl and Xhol sites of a firefly luciferase-
expressing plasmid, pGL4-luc2 vector (Promega, Madison,

WI, USA). These plasmid constructs were verified by
sequencing. Plasmids were purified using the EndoFree
Plasmid Maxi Kit (Qiagen, Tokyo, Japan). HEK293 Cells
were plated at 2 x 10 cells per well in 24-well plates. One
day later, 200 ng of each plasmid construct and 20 ng of
the Renilla luciferase control vector (pRL-TK) were
transfected to the cells with Effectene (Qiagen, Crawley,
UK). Luciferase activities in the transfected cells were
measured using the Dual-Glo Luciferase Reporter Assay
System (Promega) following the given protocol. Assays for
the firefly and Renilla luciferase activities were performed
sequentially using the MicroLumat Plus LB96V (Berthold,
Bad Wildbad, Germany) as previously described (Sasaki
et al. 2004). The values from three separate assays were
compared between constructs.

The putative promoter region of PDI gene was predi-
cated using the TSSG (http://www.softberry.com/berry.
phtml?topic=tssg&group=programs&subgroup=promoter).
The nucleotide sequence of the PDI gene promoter has
been deposited in GenBank database under the accession
number NT _005416.

Quantitative real-time PCR

Total RNA from peripheral blood mononuclear cells
(PBMCs) was extracted using Isogen (Nippon Gene,
Osaka, Japan) and first-strand cDNA was synthesized using
a first-strand cDNA synthesis kit (Amersham Biosciences).
We quantified mRNA by the TagMan real-time RT-PCR
method (Applied Biosystems, Foster City, CA, USA) using
a Sequence Detector 7700 (Applied Biosystems). Each
specimen was run in duplicate. A pre-developed TagMan
Assay kit was used for the PCR primers and a target probe
for the PDI gene (Assay ID; Hs00169472, Applied Bio-
systems) and GAPDH gene (Applied Biosystems).

Sequence analysis of the PDI gene

We performed sequencing of the PDI gene in 40 Japanese
and 60 Filipino SSPE patients in order to seek mutations.
The promoter region (about 1,000 bp), all exons and their
flanking intronic areas (about 200-500 bps from the junc-
tions) were amplified by PCR and analyzed by direct-
sequencing with an ABI PRISM 3100 Genetic Analyzer
(Perkin-Elmer, Foster City, CA, USA).

Statistical analyses

For SNP analysis, the Hardy—Weinberg equilibrium of
alleles in controls was assessed by means of 2 x 2
statistics. Differences in the allele frequencies between two
groups were evaluated by means of the y* analysis with a
2 x 2 contingency table. A P value of 0.05/4 (=0.0125),
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0.05/3 (=0.017), 0.05/2 (=0.025) and 0.05 was considered
to be significant, taking Bonferroni’s multiple adjustments
into consideration of number of polymorphisms tested per
gene. For comparison of promoter activities and relative
gene expression levels, we applied Mann—Whitney U test.

Results

Association study of SNPs of genes encoding
co-inhibitory molecules and haplotype analysis
of PDI gene in Japanese

The information of the analyzed SNPs are summarized in
Table 1. The frequencies of each allele of the SNPs in
Japanese SSPE patients and controls are shown in Table 2.
The distributions of the genotypes in the controls were in
Hardy—Weinberg equilibrium. The frequencies of G allele
of rs36084323 and rs34819629 of the PDI gene in SSPE
patients were significantly higher than those in controls
(P =0.017 and P = 0.007, respectively). There were no
significant differences in allele frequencies of SNPs of the
other genes between SSPE patients and controls.

A significant LD was observed among four SNPs
spanning 9.6 kb of PDI gene in Japanese (D' = 0.91-
1.00). To investigate if a particular haplotype constituted

by the four SNPs was associated with SSPE, haplotype
frequencies were estimated and association analysis was
done (Table 3). The LD block contained two major esti-
mated haplotypes, GCGC and ATAT, accounting for about
95 and 92% of all haplotypes in the patients and the con-
trols, respectively. We observed the frequency of GCGC
haplotype was significantly higher in SSPE patients than in
controls (P = 0.022, odds ratio: 1.5, confidence interval:
1.1-2.5) and ATAT haplotype was significantly lower in
SSPE patients than in controls (P = 0.009, odds ratio: 2.1,
confidence interval: 1.3-3.9).

Association study and haplotype analysis of PD/ gene
in Filipinos

Since we observed a significant association between PD]
gene and SSPE in Japanese, we undertook SNP association
study and haplotype analysis of PDI gene in Filipino. The
frequencies of each allele of the four SNPs of PDI gene in
Filipino SSPE patients and controls are shown in Table 4.
There were no significant differences in allele frequencies
of the four SNPs of PDI genes between Filipino SSPE
patients and controls. A significant LD (D' = 0.86-0.96)
was observed among three SNPs (rs36084323, rs35933396
and rs34819629) of PDI in Filipinos. The block contained
three major estimated haplotypes, GCG, ATA, and ATG,

Table 1 Summary of polymorphisms in the CTLA4, CD80, CD86, PDI, PDLI, PDL2, BTLA and HVEM genes

Gene (Contig) SNP ID Conting  Position in Location in Polymorphic site
Position  the gene the gene
CTLA4 (NT_005403.16) 15733618 54940361 -1,722 Promoter CAGTGGCAGGGACAG[A/G]CAGCTAAACCCATG
1231775 54942131 449 exon 1 (T17A) CAGCTGAACCTGGCT[A/G]JCCAGGACCTGGCCCT
rs231779 54943904 41,822 intron 1 TTGAGTTGATGCAAGI[C/T]ICTCTCTGTATGGAGA
rs3087243 54948336 46,254 3’UTR (CT60) TATTTGGGATATAAC[A/G]ITGGGTTAACACAGAC
CD80 (NT_005612.15)  rs2228017 25758826 412,895  exon 2 (V45V)  ACAGGACAGCGTTGC[C/TJACTTCTTTCACTTCC
CD86 (NT_005612.15)  rsl129055 28333465 +27,868  exon 7 (A304T) GAAAGATCTGATGAA[A/G]CCCAGCGTGTTTTTA
PD1 (NT_005416.12) rs36084323 1976200 606 Promoter GAAGGGGGATGGGCC[G/A]IGGAAGGCAGAGGCCA
rs35933396 1975504 491 intron 1 GGTAGGTGGGGTCGG[C/TIGGTCAGGTGTCCCAG
rs34819629 1969224 46,371 intron 2 TGGGGAATGGTGACC[|G/A]GCATCTCTGTCCTCT
rs2227982 1968037 47,558 exon 5 (V215A) AGGAGGACCCCTCAGI[C/TICGTGCCTGTGTTCTC
PDLI (NT_008413.17)  rs822342 5443973 2,141 intron 1 GTGAGAGTGATGAAA[T/CJAGTAGGGGATTTTCC
rs2297137 5455732 49,619 intron 5 TTCCACTGTTCAACA[G/A]JCAATTATATTGAAGC
PDL2 (NT_008413.17)  rs35460115 5499849  -12,698 Promoter CCCTAGGAAATGAGT[C/AJAATTTCCTGGC AC A
116923189 5500644 -11,916 exon 1 (5'UTR) TTGTTACCCATCCTC[A/G]ITATGTCCCAGCTAGA
BTLA (NT_005612.15)  rs2705534 18703531 +9,820 intron 1 TTGCAACCATTCAAA[G/TIAAATGAATGACTGTAA
rs9288953 18698398 +14,953  intron 1 TTTCAAATGCTAACA[C/TIATTGAGCGAATTTGA
rs2171513 18680073 +33,278  exon 5 (3’ UTR) CTCCAACAGGGACCA[C/TITGAATGATCAGCATG
HVEM (NT_004350.18) rs1886730 1974579  +505 intron 1 ATGAGCATGGAGAGT[G/A]TCCCCACCCCACCA
rs2234161 1971982  +3,102 intron 3 GATGCTGTCCTGGCC[C/TIGTGGATGGTGTCCCG
1s2234167 1968857 46,227 exon 7 (G241A) AAGGTGATCGTCTCC[A/G]TCCAGGTATTGATCC

The nucleotide positions were calculated from the ATG-translation initiation codon, i.e., the first A of initiation codon ATG is +1
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Table 2 Allele frequencies in Japanese SSPE patients and control subjects
Polymorphism Allele frequency (%) Polymorphism Allele frequency (%)
SSPE patients ~ Control subjects P Value SSPE patients  Control subjects P value
CTLA4 PDL1
15733618 A/G 475 42.0 0.47 1822342 T/C 438 432 0.93
1231775 G/A 388 32.0 0.37 1s2297137 A/G 525 50.0 0.74
1s231779 T/C 463 42.0 0.58
rs3087243 A/G 364 30.0 0.4 PDL2
rs35460115 A/G 138 6.9 0.12
CD80 rs16923189 G/A 238 27.0 0.62
2228017 T/C  25.0 29.0 0.51
BTLA
CD86 152705534 G/T 238 21.0 0.61
rs1129055 G/A 313 37.0 0.4 1s9288953 C/T 538 45.0 0.26
rs2171513 T/C 313 29.0 0.98
PD1
136084323  G/A  53.8 36.0 0.017 HVEM
135933396  C/T 488 35.0 0.06 rs1886730 A/G 463 46.0 0.98
rs34819629  G/A  55.0 35.0 0.007 152234161 T/C  50.0 51.0 0.98
152227982 C/T 538 35.0 0.012 152234167 A/G 5.0 0.98

The frequencies of the underlined-alleles are shown

P values were calculated using 2 x 2 chi-square test or Fisher’s exact test

Bonferroni’s multiple adjustments were made from consideration of number of polymorphism per genes

Table 3 Estimated haplotype frequencies of PDI gene in Japanese
SSPE patients and control subjects

Table 4 Allele frequencies of PDI/ gene in Filipino SSPE patients
and control subjects

Control SSPE P value OR (95%CI)
subjects patients
Japanese
GCGC 33.0 48.7 0.022 1.5 (1.1-2.5)
ATAT 62.0 425 0.009 2.1(1.3-3.9)
Filipino
GCG 52.8 66.7 0.011 1.8 (1.1-2.9)
ATG 19.0 11.7 0.070 0.5 (0.3-1.0)
ATA 15.0 18.3 0.180 1.5 (0.8-2.7)

OR 0Odd’s ratio, CI confidence interval
The frequencies were estimated using the EH software program
Haplotype with frequency >5 were shown

accounting for about 87 and 97% of all haplotypes in the
patients and the controls, respectively (Table 3). We
observed the frequency of GCG haplotype was signifi-
cantly higher in Filipino SSPE patients than in controls
(P = 0.01, odds ratio: 1.8, confidence interval: 1.1-3.9).

Transcription activity of the PDI promoter
Since the frequencies of GCG(C) haplotype of the PDI

gene containing —606G allele were significantly different
between the patients and the controls both in Japanese and

Ploymorphism Allele frequecncy (%) P value
SSPE patients ~ Control subjects
rs36084323  G/A  69.2 64.5 0.37
rs35933396 C/T  67.5 62.9 0.38
rs34819629  G/A  79.2 75.4 0.42
1s2227982 cT o 717 71.4 0.91

Filipino, we investigated functional differences between
PD1 promoter regions having —606G and —606A using a
dual luciferase reporter assay. The promoter activities of the
two constructs are shown in Fig. 1. The level of expression
from the construct with the —606G allele was significantly
higher than that from the construct with the —606A allele.
These results indicated that —606G had higher PDI pro-
moter activity than —606A. According to TSSG, —606G/A
SNP resides in the putative binding site for UCE.2 tran-
scription regulators (GGCCG at position —610 to —606).

Expression levels of the PDI gene in PBMCs

The relative expression level of PDI to GAPDH was sig-
nificantly higher in the PBMCs from the SSPE patients
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Relative luciferase assay activity

-606G -606A empty vector
B UCE.2
....GGGGATGGGCC[G/A]JGGAAGGCAG...
-606G/A

Fig. 1 a Promoter activity differences between the PDI —606 G and
—606 A alleles. The —606 G allele was associated with higher
promoter activity than the —606 A allele (*P < 0.001). Data are
corrected for transfection efficiency, and represent the mean + SD of
three independent experiments with similar results. P values were
from Mann—Whitney U test. b Sequence alignment of the promoter
region of the PD1 gene. Putative transcription factor (UCE.2) binding
site is underlined

than in those from the controls (P < 0.001; Mann—Whitney
U test, Fig. 2).

Sequence analysis of the PDI gene

No mutation was observed in the promoter region, exon-
intron junctions and translated region of exons 1-5 of the
PDI gene in all SSPE patients, as compared with the
registered genomic DNA sequence (GenBank accession
number NT_005416.12).

Discussion

In the current study, we first demonstrated an association
between the GCG(C) haplotype of the PDI gene with high
promoter activity and SSPE both in Japanese and Filipinos.
We found that PDI expression level in PBMCs was sig-
nificantly increased in SSPE patients. These results support
that PD-1 may be involved in the pathogenesis of SSPE.
The inhibitory receptor PD-1 (also called PDCD1 or
CD279) is a member of the CD28 family and is inducibly
expressed on T cells, natural killer T cells (NKT), B cells,
monocytes and dendritic cells (DCs) (Chen 2004; Okazaki
et al. 2002). PD-1 interacts with its ligands PD-L1 (CD274
or B7-H1) and PD-L2 (CD273 or B7-DC). PD-L1 is con-
stitutively expressed on hematopoietic and nonhematopoi-
etic cells, and in immunoprivileged sites (eye, placenta),
and is highly expressed in inflammatory environments.
Upon general activation of the immune response,
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Fig. 2 Expression levels of PDI in PBMCs from SSPE patients
(n = 28) and normal controls (n = 16). Box and whisker plots show
the 10th, 25th, 50th (median), 75th, and 90th percentile values. Log-
transformed values of the relative expression level of PDI to GAPDH
are shown. The values in parentheses indicate the number of the
samples. The relative expression levels of PD/ were significantly
higher in SSPE patients than in controls (*P < 0.001). P values were
from Mann—Whitney U test

professional antigen-presenting cells (APCs) and T cells
further augment their PD-L1 expressions (Okazaki and
Honjo 2006; Sharpe et al. 2007). By contrast, PD-L2 is
inducibly expressed only on macrophages, DCs and bone
marrow derived cultured mast cells (Ueda et al. 2003;
Waterhouse et al. 1995). PD-1 is the only inhibitory
receptor of the co-inhibitory molecules whose ligands are
expressed both in lymphoid and nonlymphoid organs. This
might explain why the PD1-PDL1 pathway has been pos-
tulated to regulate immune responses both in lymphoid and
non-lymphoid organs including brain (Okazaki and Honjo
2006).

Polymorphisms in PDI gene have been associated with
several autoimmune diseases, including systemic lupus
erythematosis (SLE), type 1 diabetes, rheumatoid arthritis
and multiple sclerosis, suggesting a key function of PD-1
signaling in the pathogenesis of human autoimmune dis-
eases (Ferreiros-Vidal et al. 2004; Kong et al. 2005; Kroner
et al. 2005; Lin et al. 2004; Nielsen et al. 2003; Prokunina
et al. 2002). An intronic SNP (PD-1.5, G7146A,
rs11568821) in PDI is located in a binding site for the
transcription factor Runx1 and may regulate the amount or
stability of PD-1 mRNA (Prokunina et al. 2002). This
polymorphism, however, did not exist in Japanese popula-
tion as well as Chinese population (Kong et al. 2005; Ni
et al. 2007). Previous reports demonstrated that —606G/A
(previously called PD-1.1 at —531G/A from the transcrip-
tional start site) was associated with rheumatoid arthritis in
Chinese (Kong et al. 2005). In this study, we demonstrated
that a haplotype having —606G allele with high promoter
activity was associated with the development of SSPE. We
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also performed sequence analysis of PDI gene in Japanese
and Filipino SSPE patients, but no mutations were identified
in the promoter region, exons, and their flanking intronic
sequences.

A line of evidence suggest that the PD-1-PD-L pathway
plays a central role for the T cell dysfunction and lack of
viral control in established chronic infection (Sharpe et al.
2007). PD-1-knockout mice exhibit better control of ade-
novirus infection (Iwai et al. 2003). PD-1 expression is up-
regulated on exhausted virus-specific T cells causing
reversible immune dysfunction and disease progression
both in chronic lymphocytic choriomeningitis virus
(LCMYV) infection in mice (Barber et al. 2006) and HIV
and chronic HCV infections in humans (Day et al. 2006;
Golden-Mason et al. 2007; Penna et al. 2007; Petrovas
et al. 2006). In the present study, relative PDI expression
in PBMCs was higher in SSPE patients than in controls,
which was consistent with the higher frequency of GCG(C)
haplotype with high promoter activity in SSPE patients.
Although we did not examine the PD] expression of MV-
specific CD8+ T cells, the data suggest that PD/ may
cause an impairment of the MV-specific immune response
in SSPE patients.

MYV seems to gain access to the CNS at the time of
primary infection, as the MV genome was detected on
reverse transcription PCR in CSF samples not only from
patients with measles encephalitis and SSPE but also from
those with acute measles (Nakayama et al. 1995). In SSPE
brains, neurons, oligodendrocytes, astrocytes, and micro-
vascular endothelial cells have been found to be infected
(Allen et al. 1996). Impaired T cell response to MV might
facilitate viral entry to and persistent replication in the
CNS, which are the initial step and the chronic phase of
persistent MV infection in the CNS, respectively. Persistent
infection of LCMYV clone 13 in mice caused immunosup-
pression and promoted the establishment of persistent MV
infection in the CNS after subsequent MV challenge
(Oldstone et al. 2005). LCMV has been shown to cause
exhaustion of CD8+ T cells through up-regulation of PD-1
(Barber et al. 2006). Accordingly, individuals with
GCG(C) haplotype with high promoter activity might be
more susceptible to MV persistence in the CNS because
MV-specific T cell response is likely to be precluded by
excessive inhibitory signals from PD-1.

The limitation in this study includes the small sample
sizes due to the rarity of SSPE whose incidence is esti-
mated to be 0.1-6 cases per million population per year
(Editorials 1990). Since the association detected between
PD1 gene and SSPE in this study is significant but not
strong enough to exclude the possibility of false-positive
results due to the limitation of statistical power, studies
with other larger samples would be needed to validate it.

In summary, among SNPs of the genes encoding co-
inhibitory molecules, frequencies of GCG(C) haplotype of
PD1 gene associated with high promoter activity were
significantly higher in SSPE patients in Japanese and Fil-
ipinos. The expression levels of PDI gene in PBMCs were
significantly increased in Japanese SSPE patients. These
findings indicated that PDI might confer host genetic
susceptibility to SSPE in both populations.
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