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Abstract Aims/hypothesis: We analysed the contribution
of the lymphoid protein tyrosine phosphatase (LYP)
Arg620Trp variant (which corresponds to the PTPN22
C1858T polymorphism) to the emergence of beta-cell-
specific humoral autoimmunity and progression to type 1
diabetes in man. We also explored the heterogeneity in the
disease-predisposing effect of this polymorphism in rela-
tion to known disease loci, sex and age at disease onset.
Subjects and methods: A population-derived Finnish birth
cohort with increased disease susceptibility conferred by
HLA-DQB1 was monitored for the appearance of islet cell

autoantibodies, and individuals found to be positive were
tested for autoantibodies against insulin (IAA), glutamic
acid decarboxylase and islet antigen-2 (n=574; mean
follow-up time 4.9 years). Gene interaction effects on
disease susceptibility were analysed in case–control and
family series (546 patients, 538 controls, 245 nuclear
families). All subjects were typed for HLA DR-DQ,
insulin gene (INS), CTLA4 and PTPN22 C1858T poly-
morphisms. Results: The PTPN22 1858TT genotype was
associated with the appearance of IAA (adjusted hazard
ratio=4.6, 95% CI 2.4–9.0; p=0.000013). PTPN22, INS
and HLA-DRB1 had an additive effect on the emergence of
IAA. The 1858TT and CT genotypes conferred an
increased risk of developing additional autoantibodies
or clinical disease (hazard ratio=4.1, 95% CI 1.5–11.6;
and 1.6, 95%CI 1.1–2.4, respectively; p=0.003). The strong
effect of PTPN22 on disease susceptibility (p=2.1×10−8)
was more pronounced in males (p=0.021) and in subjects
with non-DR4-DQ8/low-risk HLA genotypes (p=0.0004).
Conclusions/interpretation: In the pathogenesis of type 1
diabetes the underlying mechanism of the PTPN22
C1858T polymorphism appears to involve regulation of
insulin-specific autoimmunity. Importantly, it strongly
affects progression from prediabetes to clinical disease.
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Introduction

Genetic susceptibility to type 1 diabetes is defined by at
least four gene loci. The HLA region is the major disease
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locus and the primary determinant is HLA-DQB1, a class II
gene, the effect of which is profoundly modified by the
adjacent HLA-DQA1 and HLA-DRB1 genes and several
other loci in the class I and class III regions [1–5]. In
addition to the HLA region, the insulin gene (INS; IDDM2
locus), the CTLA4 region (cytotoxic T-lymphocyte-asso-
ciated protein 4; IDDM12 locus) and the gene PTPN22
(lymphoid tyrosine phosphatase; 1p13, OMIM 600716)
are confirmed to be associated with disease susceptibility
[6–10].

The recent finding of association between the lymphoid
protein tyrosine phosphatase (LYP) Arg620Trp variant
(which corresponds to the PTPN22 C1858T polymor-
phism) and type 1 diabetes has been reproduced in several
white populations [10–17]. In addition, this variant appears
to be a common predisposing factor for other autoimmune
diseases, such as rheumatoid arthritis, systemic lupus
erythematosus, Graves’ disease, Hashimoto thyroiditis and
autoimmune Addison’s disease [11, 14, 18–20]. LYP is
expressed in lymphocytes and acts by binding intracellular
kinases such as C-terminal Src tyrosine kinase (Csk). LYP
seems to be directly involved in setting thresholds for T cell
receptor signalling [21, 22]. The Arg620Trp functional
polymorphism may be the causative disease variant, as
Bottini et al. [10] showed that this amino acid substitution
disrupts interaction with the tyrosine kinase, which could
lead to pathogenic T cell responses and may be the defect
that underlies the development of autoimmunity.

In type 1 diabetes, the initiation of the beta-cell-specific
immune process often occurs early in life, and several years
later it results in clinical disease in most individuals. Early
histological and functional studies indicate that the disease
is caused by T lymphocytes infiltrating the pancreatic islets
[23, 24]. The disease-specific immune events are, however,
reflected in the appearance of beta-cell-specific autoanti-
bodies, which are useful tools for the prediction of
progression to clinical disease [25–27]. To understand the
disease pathomechanism, it is crucial to explore the role of
genetic factors in the emergence of beta cell autoimmunity.
Previously, it has been shown that the DR4-DQ8 haplotype
is associated with the appearance of insulin autoantibodies
(IAA) and islet antigen-2 autoantibodies (IA-2A), whereas
glutamic acid decarboxylase autoantibodies (GADA)
develop more frequently in individuals carrying the DR3-
DQ2 haplotype [28–31]. Recently, in a large Finnish birth
cohort we observed a differential contribution of the
DRB1*04 alleles to the development of beta cell autoim-
munity. Importantly, we also found that the INS locus plays
a central role in the emergence of IAA and that the
subsequent appearance of multiple autoantibodies is linked
to IAA [32]. Our findings suggested that, in children who
develop IAA, insulin autoimmunity may represent the
primary event that is controlled, at least in part, by the INS
locus.

In this study we examined the role of PTPN22 in the
development of type 1 diabetes-associated autoimmunity
and its contribution to the genetic control of progression to
clinical disease. For this purpose we employed a large
population-based cohort of infants who are prospectively

followed from birth in the framework of the Type I
Diabetes Prediction and Prevention Project (DIPP). This
study population carries risk HLA genotypes and is well
characterised in terms of clinical data and for genetic and
immunological disease markers [33].

In addition, we explored the heterogeneity of the
disease-predisposing effect of PTPN22 in relation to
HLA genes, INS and CTLA4 genotypes, sex and age.

Subjects and methods

Study design

Firstly, the effect of the LYPArg620Trp (PTPN22 C1858T;
rs2476601) polymorphism on humoral beta cell autoim-
munity and disease progression was evaluated in a pop-
ulation-based prospective follow-up cohort of young
children with increased type 1 diabetes susceptibility—
the DIPP cohort. In the framework of the DIPP, screening
for risk-associated HLA genotypes is performed in all
infants born at three university hospitals in Finland:
Turku, Tampere and Oulu [33]. Infants (about 7500 by
May 2004) with risk HLA-DQB1 genotypes (DR3-DQ2/
DR4-DQ8, DR4-DQ8/X, DR3-DQ2/Y, where X≠DR3-
DQ2, DQB1*0301, DQB1*0602 and Y≠DR7-DQ2,
DQB1*0301, *0302, *0602 or *0603), were followed
and sampled at intervals of 3–12 months, as described
[33]. Islet cell antibodies (ICA) were analysed from all
serum samples; if positive, IAA, GADA and IA-2Awere
tested in all samples available from that ICA-positive
subject (Fig. 1).

Fig. 1 Population screening and follow-up scheme in the Type I
Diabetes Prediction and Prevention (DIPP) project (status in May,
2004). For the definition of the at-risk individuals, see Methods
section in Subjects and methods
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Secondly, we explored the heterogeneity of the disease-
predisposing effect of PTPN22 in relation to HLA, the
insulin gene, CTLA4 genotypes, sex and age at disease
onset. To avoid population stratification effects we used
both case–control and family-based designs.

The gene–gene interactions between PTPN22, HLA
class II, INS and CTLA4 were explored first in stratified
data sets and then tested for significance using regression
analyses.

The WHO criteria were used for the diagnosis of type 1
diabetes [34].

The local ethics committees approved the study and
informed consent was obtained from the parents of the
participating subjects. The study was conducted according
to the principles of the Declaration of Helsinki.

Study populations

Antibody-positive children (DIPP cohort)

All children who had developed ICA byMay 2004 (n=574,
180 with the DR3-DQ2/DR4-DQ8 high-risk, 368 with the
DR4-DQ8/X and 26 with the DR3-DQ2/Y moderate-risk
genotypes; 53.5% boys) were tested for autoantibodies
(IAA, GADA and IA-2A) and for genetic markers
(PTPN22 C1858T, HLA-DRB1-DQA1-DQB1, INS −23
HphI and CTLA4 CT60 polymorphisms). Two hundred and
sixty-two infants developed biochemical autoantibodies, in
addition to ICA, among whom 190 had multiple (≥2)
autoantibodies. At the time of this analysis the mean (±SD)
follow-up time in the DR3-DQ2/DR4-DQ8 and DR4-DQ8/
X groups was 4.9±2.2 years (range 0.5–9.3 years), and
somewhat shorter in those carrying the DR3-DQ2/Y
combination (mean 3.9±1.4 years, range 0.5–6.1 years).
By May 2004, 74 of these children (12.9%) had progressed
to clinical type 1 diabetes.

Case–control series

Samples from cases were collected from the Departments
of Pediatrics at the Universities of Turku and Oulu (n=546,
55.7% boys; mean age at diagnosis 8.2±4.1 years). The
control group comprised consecutive healthy infants born
in the University Hospitals of Turku and Oulu (n=538,
51.2% boys).

Nuclear family series

Families with one affected child were recruited mainly
from the Departments of Pediatrics at the Universities of
Turku and Oulu (n=245, 52.9% boys; mean age at
diagnosis 8.6±4.4 years).

Methods

Genotyping

The PTPN22 C1858T (LYP Arg620Trp; rs2476601) poly-
morphism was genotyped with a homogeneous genotyping
method [35]. The oligonucleotide sequences and reaction
conditions are available upon request. Genotyping accura-
cy was evaluated by DNA sequencing 140 samples
(MegaBace1000; GE Healthcare, Chalfont St Giles, UK).
The genotypes obtained with the two methods were 100%
identical. The methods for the HLA-DQB1 ‘full house’ and
for DQA1 and DRB1*04 typing have been described
[36–38]. For the gene–gene interaction analysis in the
case–control material, HLA genotypes were grouped
among cases according to the presence or absence of the
two major HLA risk haplotypes, as follows: HLA DR3-
DQ2/DR4-DQ8, DR4-DQ8/non-DR3-DQ2, DR3-DQ2/
non-DR4-DQ8, non-DR4-DQ8/non-DR3-DQ2. In the
ICA-positive DIPP cohort, the heterogeneity of PTPN22
effects was tested between HLA genotype groups defined
according to the screening classification criteria: DR3-
DQ2/DR4-DQ8, DR4-DQ8/X and DR3-DQ2/Y. The INS
−23 HphI polymorphism was typed as described pre-
viously [32, 36, 39]. The CTLA4 CT60 polymorphism was
genotyped using minisequencing (SnuPe Kit, Mega-
Bace1000; GE Healthcare).

Autoantibody assays

The antibody assay parameters used have been described in
detail [40]. The detection limit for ICA was 2.5 Juvenile
Diabetes Foundation units (JDFU; sensitivity 100%,
specificity 98%). IAA levels were quantified with a
microassay [41, 42]. GADA and IA-2A were measured
using specific radioligand assays [43, 44]. The cut-off
values for IAA, GADA and IA-2A positivity were 1.56,
5.36 and 0.43 RU (relative units), respectively, being the
99th percentiles in a series comprising more than 370 non-
diabetic Finnish children and adolescents. The disease
sensitivities of the IAA, GADA and IA-2A assays were 44,
82 and 62%, respectively, and the specificities were 98, 98
and 100%, respectively, based on the 2002 Diabetes
Autoantibody Standardization Program Workshop.

Statistical analysis

Kaplan–Meier survival analysis was applied to evaluate
genetic effects on the appearance of various autoantibodies.
Differences between the survival curves were tested with
the log rank test. Cox regression was employed to analyse
the effects of various factors (antibody status, genotypes)
on autoantibody-free survival. Disease associations of gene
variants were evaluated by forward stepwise logistic re-
gression analysis and, in some comparisons, using the χ2
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statistic with Yates’ correction. All statistical analyses were
performed using SPSS for Windows (version 11.0.1; SPSS,
Chicago, IL, USA). The transmission disequilibrium test
was performed using Unphased software [45]. Values of
p lower than 0.05 were considered statistically significant.

Results

The effect of the PTPN22 C1858T variant
on the emergence of beta-cell-specific autoimmunity
and progression to clinical type 1 diabetes in the DIPP
cohort

Figure 2 shows the Kaplan–Meier survival analysis of
progression to type 1 diabetes in the ICA-positive DIPP
follow-up cohort. Clinical disease appeared at a higher rate
in children with the TT and TC genotypes than in those
carrying the CC variant (hazard ratio [HR]=5.5, 95% CI
2.3–13.2 and HR=1.6, 95% CI 1.0–2.7, respectively;
p=0.0001). Using logistic regression analysis, we observed
that the PTPN22 C1858T variant showed association
with progression of autoimmunity reflected by the number
of autoantibodies appearing during follow-up. Children
carrying the TT and CT genotypes had an increased risk of
developing additional autoantibodies (HRs for developing

an additional antibody were 4.1 [95% CI 1.5–11.6] and
1.64 [95% CI 1.1–2.4], respectively; p=0.003).

ICA

The effect of the PTPN22 variant on the emergence of ICA
was estimated by comparing the genotype frequencies of
the children with ICA only (TT 1.3%, CT 24.1%, CC
74.6%) with those seen in healthy controls (see data in
Table 3). No difference was observed.

IAA, GADA and IA-2A

Genetic effects on the appearance of these autoantibodies
were estimated by survival analysis. The cumulative
frequencies of IAAwere higher and antibody-free survival
was shorter among children with the TT genotype (76.0%,
3.0 years, 95% CI 1.3–4.6 years) compared with those with
the genotypes CT (46.5%, 5.9 years, 95% CI 5.3–6.6 years)
and CC (42.0%, 6.5 years, 95% CI 6.2–6.9; p=0.00007).
The hazard ratio for the emergence of IAA in subjects with
the TT combination was 3.7 (95% CI 2.0–6.9) and was 1.3
(95% CI 1.0–1.8) in those with the CT genotype. The effect
of the T allele on the emergence of IAA was strongly
significant also when the study group was stratified
according to the presence of IA-2A and GADA (adjusted
p=0.0001; Table 1). Accordingly, in Cox regression the
effect of the PTPN22 TT variant was significant after
adjusting for GADA and IA-2A carrier status (adjusted HR
for the appearance of IAA in the C1858T TT group was
3.2, 95% CI 1.7–5.9; reference genotype, CC, p=0.001).

When the effect of the PTPN22 on the appearance of
GADA was analysed, the TT variant appeared to be
associated with a higher cumulative frequency of GADA;
however, when adjusted for IAA status, the effect was not
significant (Table 1; p=0.073). Similarly, the emergence of
IA-2A was not significantly influenced by the PTPN22
genotype after adjusting for IAA status (adjusted p=0.17).

The effect of the PTPN22 was also analysed in relation
to which autoantibody reactivity appeared first during the
follow-up (Fig. 3). The 1858TT genotype was associated
with higher cumulative IAA frequency and shorter IAA-
free survival than the CC variant (median IAA-free
survival with TT genotype was 3.2 years, 95% CI 1.5–
5.0 versus 7.0 years, 95% CI 6.7–7.4 years in the group
with CC combination; log rank 21.4, p=0.00008, df=2;
Fig. 3a). However, no effect of PTPN22 was seen on the
emergence of GADA (p=0.27; Fig. 3b) or IA-2A (p=0.57;
Fig. 3c).

We also evaluated how PTPN22 influenced the transient
appearance of autoantibodies (ICA n=84, 14.6%; IAA
n=77, 13.4%; GADA n=37, 6.4%; IA-2A n=7, 1.2%). No
significant effects were found, although, an increase in the
cumulative frequency of transient IAA was suspected in
subjects with the 1858TT genotype (p=0.11).

Fig. 2 The effect of PTPN22 on progression to clinical type 1
diabetes in children with risk HLA genotypes. Cumulative disease
frequencies are shown for different PTPN22 C1858T genotypes.
Median disease-free survival was shorter in individuals carrying the
TT genotype (5.6 years; 95% CI 3.9–7.3 years; n=16) than in those
with the TC or CC variant (8.0 years, 95% CI 7.6–8.6; n=151 and
8.4 years, 95% CI 8.2–8.7; n=384, respectively, p=0.0001). All
children carried the HLA DR3-DQ2/DR4-DQ8 or DR4-DQ8/X
combination, in which X ≠ DR3-DQ2, DQB1*0301 or DQB1*0602.
Solid line subjects with the TT genotype; dotted line subjects
carrying the CT combination; dashed line subjects with the CC
variant
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Heterogeneity in the effect of PTPN22
on the emergence of IAA according to HLA class II,
INS, CTLA4, age and sex

The appearance of IAA in the three PTPN22 genotype
groups stratified according to HLA class II, INS and
CTLA4 genotypes is shown in Table 2. IAA appeared at a
higher rate in children carrying the TT genotype both in the
DR3-DQ2/DR4-DQ8 and in the DR4-DQ8/X risk category
(adjusted p=0.0003). In addition, Cox regression revealed a
higher risk of developing IAA in the DR3-DQ2/DR4-DQ8
category in all PTPN22 genotype groups compared with
the DR4-DQ8/X group (HR=1.5, 95% CI 1.1–2.1;
p=0.015). The emergence of IAA could not be estimated
reliably among boys with the DR3-DQ2/Y genotype
because of the small numbers.

We analysed the effect of PTPN22 on the development
of IAA in data sets stratified according to the DRB1
subtype on the DR4-DQ8 haplotypes. We observed that the
effect of PTPN22 was present both in the DRB1*0401 and
*0404 groups (adjusted p=0.0002), with a higher cumula-
tive IAA frequency in all PTPN22 categories in the
DRB1*0401 group (p=0.00004). Only one child developed
IAA in the DRB1*0403 group.

The strong effect of PTPN22 on the emergence of
IAA was present both in the INS (−23) HphI AA and AT/

TT INS genotype groups. In addition, IAA appeared at a
higher rate in the INS (−23) HphI AA group (HR=2.1, 95%
CI 1.5–3.0; p=0.00007).

The PTPN22 C1858T polymorphism affected the appear-
ance of IAA in all three CTLA4 CT60 genotype groups in a
similarway (p=0.0005), andwedid not observe any interaction
between PTPN22 and CTLA4 in this respect (p=0.53).

Interestingly, sex influenced the appearance of IAA,
as boys carrying the PTPN22 1858TT genotype had a
higher risk of developing IAA than girls (HR=1.4, 95%
CI 1.1–1.8; p=0.033).

Additionally, we observed that at the time of IAA sero-
conversion children with the TT genotype were younger
(2.4±0.7 years) than those with CT or CC genotype
(3.8±0.2 and 4.1±0.1 years, respectively; p=0.016). No
age-dependent heterogeneity in the PTPN22 genotype
distribution was detected in the DIPP cohort (p=0.37).

Using Cox regression analysis, we estimated the effect
of the PTPN22 variant on the emergence of IAA adjusted
for the effects of HLA, INS, CTLA4 and sex. Individuals
with the TT and CT genotypes had a strongly increased
probability of developing IAA (adjusted HR=4.6, 95%
CI 2.4–9.0; and HR=1.5, 95% CI 1.5–3.0, respectively;
p=0.000013).

Table 1 Survival analysis of the effect of the PTPN22 C1858T polymorphism on the appearance of autoantibodies in the ICA-positive
DIPP cohort

Autoantibody
analysed

Study subjects PTPN22 C1858T
genotype (n)

Cumulative frequencies
of autoantibodies (%)

Antibody-free survival
(years): meana (95% CI)

PTPN22 effect:
adjusted p valueb

IAA GADA/IA-2A-positive TT (9) 100.0 1.2 (1.0–1.4) 0.0001
TC (72) 83.5 3.2 (2.6–4.0)
CC (131) 78.2 3.5 (2.9–3.8)

GADA/IA-2A-negative TT (6) 37.5 5.8 (2.9–8.7)
TC (80) 16.6 8.2 (7.7–8.8)
CC (254) 10.1 8.3 (8.0–9.0)

GADA IAA-positive TT (11) 84.4 2.0 (1.4–2.7) 0.073
TC (64) 89.0 3.0 (2.4–3.6)
CC (132) 76.0 4.1 (3.5–4.7)

IAA-negative TT (4) 0 –
TC (87) 27.4 7.9 (7.4–8.5)
CC (253) 14.2 8.6 (8.3–8.8)

IA-2A IAA positives TT (11) 87.5 2.2 (1.6–2.7) 0.17
TC (64) 86.1 3.4 (2.7–4.1)
CC (132) 80.0 4.3 (3.7–4.8)

IAA negatives TT (4) 0 –
TC (87) 21.4 8.5 (8.2–8.9)
CC (253) 13.9 8.8 (8.5–9.0)

The number of children in each genotype category is shown in parentheses
aMedian values for antibody-free survival could not be calculated in some cases because the cumulative antibody frequencies were lower
than 50%; therefore, the mean values are reported
bLog rank test; df=2 for all p values
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Heterogeneity of the effect of PTPN22 on type 1
diabetes susceptibility

In the case–control series, the disease association of
PTPN22 and its interaction with HLA DR-DQ, CTLA4,
INS, sex and age at disease onset were analysed using
forward stepwise logistic regression analysis (Table 3). As
expected, the PTPN22 C1858T polymorphism showed a
strong disease association (p=2.1×10−8). The odds ratios
(OR) for the TT and CT genotypes were 3.1 (95% CI 1.4–
5.2) and 2.9 (95% CI 2.0–4.2), respectively. The frequency
of the T allele was 23.9% in cases and 13.9% in controls
(p=8×10−6). In the cases, the exploratory analysis of the
distribution of PTPN22 C1858T genotypes stratified
according to HLA-DQB1, CTLA4 CT60 and INS (−23
HphI) genotypes, age at disease presentation and sex
indicated heterogeneity for HLA, INS and sex. The
significance of these interactions was estimated using a
case-only regression model (Table 3). A significant effect
of sex on PTPN22-encoded disease susceptibility was
observed, as affected boys with the TT genotype had higher
disease risk than girls (OR 1.5, 95% CI 1.1–2.2; p=0.021).
We found no significant effect of the age at diagnosis,
although the TT genotype appeared to be more prevalent
among patients at a young age. However, we detected
heterogeneity in the disease-predisposing effect of PTPN22
among different HLA class II genotypes, as the 1858TT
and CT genotypes were found at higher frequencies in
patients carrying the HLA DR3-DQ2/non-DR4-DQ8 and
non-DR3-DQ2/non-DR4-DQ8 combinations compared
with those with the DR3-DQ2/DR4-DQ8 or DR4-DQ8/
non-DR3-DQ2 variants (p=0.0004). The data also sug-
gested that the effect of PTPN22 is stronger in children
who carry INS (−23) HphI ATor TT compared with the AA
group (p=0.04). No significant heterogeneity in the effect
of PTPN22 was observed in relation to CTLA4.

In the controls, no heterogeneity was observed in the
distribution of PTPN22 genotypes, when stratified accord-
ing to factors listed in Table 3.

In the nuclear family series, the T allele was preferen-
tially transmitted to affected offspring (transmission dis-
equilibrium test; 109 transmitted, 61.6%; p=0.001). The
transmission rate to affected boys was higher (67.1%;
p=0.0004) than that to girls (55.3%; p=0.317). This
difference was valid both for paternal and maternal trans-
mission (to boys, 70.2 and 65.3%; to girls, 50.83 and
55.6%, respectively). In the nuclear family series, the
parental T allele frequency was 17.6%. There was no

3Fig. 3 The effect of PTPN22 on the appearance of IAA, GADA and
IA-2A as first autoantibody during follow-up. a Appearance of IAA
as the first autoantibody during follow-up in children carrying
different PTPN22 C1858T genotypes. Cumulative frequency of IAA
was higher in the TT and CT groups than in children with the CC
genotype (73.6 and 38.7 vs 33.5%; log rank 21.4, df=2, p=0.00008;
n=168). b Emergence of GADA as the first autoantibody in subjects
carrying different PTPN22 C1858T genotypes (p=0.27; n=96).
c Development of IA-2A as the first autoantibody in different
PTPN22 C1858T genotype groups (p=0.57; n=42). Solid lines
subjects with the TT genotype; dotted lines subjects carrying the CT
combination; dashed lines subjects with the CC variant
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difference in parental T allele frequency between families
with affected boys and girls.

Discussion

This study revealed several important novel findings on the
effect of the PTPN22 C1858T (LYPArg620Trp) polymor-
phism on the development of humoral beta cell autoim-
munity and disease progression.

Firstly, we observed that the PTPN22 C1858T variant
was strongly associated with progression of beta-cell-
specific autoimmunity, as ICA-positive children carrying
the TT genotype had a four-fold higher risk of developing
an additional molecular autoantibody than those with the
CC genotype. This implies that the PTPN22 1858TT
genotype defines a more homogeneous high-risk popula-
tion within the given HLA risk group, which is more
suitable for future prevention trials than those identified by
the genetic screening criteria used so far.

Table 2 Survival analysis of the effect of the PTPN22 C1858T polymorphism on the appearance of insulin autoantibodies in ICA-positive
children carrying various HLA-DQB1, INS and CTLA4 genotypes

PTPN22 C1858T
genotype (n)

Cumulative IAA
frequency (%)

IAA-free survival in
years: meana (95% CI)

PTPN22 effect:
adjusted p valueb

DR3-DQ2/DR4-DQ8c TT (5) 100.0 1.3 (0.8–1.7) 0.0003
TC (49) 52.9 5.3 (4.2–6.4)
CC (120) 52.5 5.9 (5.3–6.6)

DR4-DQ8/Xd TT (10) 62.5 3.9 (1.6–6.2)
TC (95) 45.2 6.0 (5.2–6.7)
CC (250) 36.9 6.8 (6.3–7.3)

DRB1*0401e TT (9) 100 1.3 (0.9–1.52) 0.0002
CT (96) 60.9 4.7 (4.0–5.5)
CC (241) 46.1 6.1 (5.6–6.6)

DRB1*0403 TT (0) – –
CT (9) 0 –
CC (13) 11.1 7.9 (6.8–9.0)

DRB1*0404 TT (4) 0 –
CT (36) 29.5 7.3 (6.2–8.3)
CC (106) 41.6 6.9 (6.2–7.5)

INS (−23) HphI AAf TT (9) 77.8 2.9 (0.9–4.8) 0.0002
TC (92) 51.7 5.4 (4.6–6.2)
CC (258) 47.7 6.1 (5.7–6.6)

INS (−23) HphI AT and TT TT (4) 75.0 1.2 (1.0–1.4)
TC (49) 34.8 6.8 (5.8–7.9)
CC (108) 24.4 7.6 (7.1–8.2)

CTLA4 CT60 AAg TT (6) 50.0 4.8 (1.8–7.7) 0.0005
TC (28) 59.1 5.4 (4.0–6.7)
CC (83) 41.3 6.7 (5.9–7.4)

CTLA4 CT60 AG TT (4) 75.0 2.8 (0.4–5.3)
TC (81) 45.0 5.7 (4.9–6.6)
CC (182) 44.8 6.2 (5.7–6.8)

CTLA4 CT60 GG TT (5) 100.0 1.2 (0.9–1.4)
TC (43) 40.6 5.7 (4.7–6.6)
CC (121) 40.0 6.6 (6.0–7.3)

The number of children in each genotype category is shown in parentheses
aMedian values for the antibody-free survival could not be calculated in some cases because the cumulative antibody frequencies were lower
than 50%; therefore, the mean values are reported
bLog rank test; df=2 for all p values
cp=0.015 vs DR4-DQ8/X (df=1)
dX≠DR3-DQ2, DQB1*0301, DQB1*0602
ep=0.00004 vs DRB1*0403 and DRB1*0404 (df=2)
All DRB1*04 subtypes carry DQ8
fp=0.00007 vs INS (−23) HphI AT and TT (df=1)
gp=0.53 vs CTLA4 CT60 AG and GG (df=2)
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Importantly, the emergence of IAA showed a strong
association with the PTPN22 TT genotype, which under-
lines the significance of this variant in the regulation of
beta-cell-specific autoimmunity. In contrast, the develop-
ment of GADA and IA-2Awas not significantly influenced
by this polymorphism. It should be noted that the analysis
of genetic effects on various autoantibodies was compli-
cated by the fact that most (81.7%) of the IA-2A- and
GADA-positive children also tested positive for IAA.
However, the Cox regression that enabled us to adjust for
the presence of other autoantibodies, and also the analysis
of the autoantibody reactivity that appeared first during
follow-up, indicated that the PTPN22 TT variant was
primarily associated with the emergence of IAA (Fig. 3).
Notably, individuals with the TT genotype had a
considerably higher probability of developing IAA or
other additional autoantibodies than those with the CT
heterozygous genotype, which is consistent with a possible
gene dose effect.

The effect of PTPN22 on the appearance of IAA was
more pronounced in the high-risk HLA DR3-DQ2/DR4-
DQ8 genotype group than in the medium-risk DR4-DQ8/X
category, which could be explained by the higher number
of disease-predisposing HLA heterodimer molecules,
which promotes the autoimmune process in the former
individuals. We also observed another HLA class II effect
on PTPN22-encoded beta-cell-specific autoimmunity. The

DRB1*04 allele present in the DR4-DQ8 HLA haplotype
influenced the emergence of IAA in children with the TT
and CT PTPN22 genotypes, as those carrying the
DRB1*0401 variant had a higher probability of developing
this autoantibody compared with subjects with the
DRB1*0404 and *0403 alleles. This effect could be caused
by differences in the peptide binding specificity of the
encoded DR molecule. The differential effect of DRB1*04
alleles on the emergence of IAA is probably related to the
different degrees of type 1 diabetes risk they confer [2, 46].

We have reported previously an association of IAAwith
the INS locus in the same cohort [32], and similar
observations were made in two other studies on patients
with newly diagnosed type 1 diabetes and on first-degree
relatives [30, 47]. Therefore, we stratified the data set
according to the INS genotype and observed that the effect
of PTPN22 was present in both INS risk categories. In
addition, the appearance of IAA was more frequent in
children in the INS (−23) HphI AA risk group in all
PTPN22 genotype categories, which implicates an additive
effect of these two loci on the emergence of IAA. Our data
also suggest not only that PTPN22 is associated with the
emergence of IAA, but also that it seems to accelerate
insulin-specific autoimmunity, as children with the 1858TT
genotype developed IAA at an earlier age than others.

We found no evidence of heterogeneity in the effect of
PTPN22 on the appearance of IAA in relation to the CTLA4

Table 3 Analysis of heterogeneity in the type 1 diabetes predisposing effect of PTPN22 in the Finnish population

Subjects PTPN22 C1858T genotype n (%) p value

TT CT CC

All cases 30 (5.5) 200 (36.6) 316 (57.9) 0.000000021
Male 17 (5.9) 118 (40.8) 154 (53.3) 0.021
Female 13 (5.1) 82 (31.9) 162 (63.0)

Age at diagnosis
0–4.99 years 9 (7.6) 48 (40.3) 62 (52.1) 0.305
5–9.99 years 11 (6.3) 64 (36.8) 99 (56.9)
10–14.99 years 9 (4.0) 82 (36.8) 132 (59.2)

HLA DR3-DQ2/DR4-DQ8 3 (3.1) 33 (33.7) 62 (63.3) 0.0004
HLA DR4-DQ8/non-DR3-DQ2 16 (5.4) 97 (33.0) 181 (61.6)
HLA DR3-DQ2/non-DR4-DQ8 7 (7.3) 45 (46.9) 44 (45.8)
HLA non-DR3-DQ2/non-DR4-DQ8 4 (6.9) 25 (43.1) 29 (50.0)

INS (−23) HphI AA 21 (5.3) 142 (36.1) 230 (58.5) 0.040
INS (−23) HphI AT and TT 8 (7.4) 45 (41.7) 55 (50.9)

CTLA4 CT60 AA 6 (13.3) 16 (35.6) 23 (51.1) 0.095
CTLA4 CT60 AG 7 (3.5) 76 (38.4) 115 (58.1)
CTLA4 CT60 GG 15 (5.6) 94 (35.1) 159 (59.3)

Controls 14 (2.6) 122 (22.7) 402 (74.7)

The global effect of PTPN22 was estimated using a logistic regression model comprising both cases and controls
Effects of sex, age at diagnosis, HLA, INS and CTLA4 were estimated with a case-only regression model
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genotype. This is in accordance with previous observations
from us and from other groups indicating a lack of
association of CTLA4 with the emergence of diabetes-
specific autoantibodies [30, 48].

Previously, we proposed the existence of two different
pathways that lead to the emergence of beta cell autoim-
munity [32]. In the INS-dependent pathway, insulin
autoimmunity seems to play a central role in the initiation
of the disease process, whereas in IAA-negative individ-
uals the initiation of beta cell autoimmunity and the
development of GADA and IA-2A are probably controlled
by factors other than the INS locus. Data from the present
study indicate that the PTPN22 C1858T polymorphism,
which corresponds to the LYP Arg620Trp variant, may be
primarily involved in the INS-dependent pathway by
modulating insulin-specific humoral autoimmunity. Since
PTPN22 is associated with other autoimmune diseases in
addition to type 1 diabetes, such as Graves’ disease and
rheumatoid arthritis [11, 14, 19], it is likely that the LYP
protein is involved in antigen-driven, disease-specific
immune phenomena. Accordingly, our data suggest that
insulin could be a target antigen for the action of PTPN22
in type 1 diabetes.

We also observed in this study that the appearance of
ICA alone was not associated with PTPN22. Most of the
children who developed ICA had an antibody titre below
20 JDFU (median 5.0 JDFU; interquartile range 4.0–8.0
JDFU), which is much lower than the ICA titre in those
who had additional autoantibodies (44 JDFU, 8.0–219.0
JDFU; p<10−6). This observation is in accordance with our
recent findings implicating that the emergence of low-titre
ICA alone is not related to the diabetes-specific autoim-
mune process [32].

The analysis of the heterogeneity of the effect of
PTPN22 on type 1 diabetes susceptibility corroborated
previous observations that the PTPN22 1858T allele is
associated with type 1 diabetes [10–12, 14–16]. However,
unlike in other studies, in both the case–control and the
family series we observed that boys carrying the T allele
were at higher risk of disease than girls. This sex-specific
bias in the action of PTPN22 was underlined by the
findings in the antibody-positive cohort, which indicated
that males carrying the TT genotype had a higher risk of
developing IAA than females. In addition, the effect of
PTPN22 appeared to be stronger in individuals carrying
non-DR4-DQ8 genotypes. Such findings have not been
reported before and suggest a particular molecular mech-
anism that may play a more important role in males, and
involves PTPN22 and HLA DR3-DQ2 or neutral HLA
haplotypes. A similar sex-specific HLA effect was
implicated by our data in Finns [37, 49] and also by
Cucca et al. [50], indicating that males with the DR3-DQ2
haplotype have a higher disease risk than girls. The
regression analysis also suggested heterogeneity in the
effect of PTPN22 on type 1 diabetes susceptibility in
children with different INS genotypes, while no interaction
between PTPN22 and CTLA4 was detected. Since the

regression analysis in the case–control series had limited
statistical power to detect gene–gene interaction phenom-
ena between loci with such weak (OR<2) disease associ-
ation, these findings require replication in larger series.

In conclusion, the present study provides strong evi-
dence that the PTPN22 C1858T polymorphism regulates
diabetes-specific autoimmunity and is a marker of disease
progression. In addition, it appears to be primarily
associated with insulin-specific humoral autoimmunity,
indicating an underlying mechanism for the LYP 620Trp
variant protein. Importantly, this polymorphism seems to
have an additive effect with the INS locus on the emergence
of IAA. We also observed a complex interaction pattern of
PTPN22 with certain HLA class II genotype combinations
and with sex. It should be noted that in the present analysis
all children in the autoantibody positive cohort were ICA-
positive; therefore, the role of the PTPN22 C1858T variant
on the emergence of humoral beta cell autoimmunity in
ICA-negative subjects needs further investigation. Further
functional studies are also required to refine our knowledge
on the multifaceted molecular mechanisms by which
PTPN22 contributes to the development of type 1 diabetes.

Acknowledgements This study was supported by the Juvenile
Diabetes Research Foundation (JDRF grants 4-1998-274 and 4-
1999-731), the JDRF/European Foundation for the Study of
Diabetes/Novo Nordisk Focused Research Grant for Type 1 Diabe-
tes, Novo Nordisk Foundation, Turku, Oulu and Tampere University
Hospitals and the Academy of Finland. We thank all the personnel of
the DIPP, particularly E. Nirhamo, P. Nurmi, J. Mantere, M. Karlson,
R. Suominen, T. Laakso, S. Anttila, S. Heikkilä, R. Päkkilä and P.
Salmijärvi for their skilful technical assistance. We wish to thank T.
Vahlberg for valuable help with the statistics. We are most grateful to
all the children who participated in the DIPP and their families for
their contribution.

References

1. Pociot F, McDermott MF (2002) Genetics of type 1 diabetes
mellitus. Genes Immun 3:235–249

2. Hermann R, Turpeinen H, Laine AP et al (2003) HLA DR-DQ-
encoded genetic determinants of childhood-onset type 1
diabetes in Finland: an analysis of 622 nuclear families. Tissue
Antigens 62:162–169

3. Nejentsev S, Gombos Z, Laine AP et al (2000) Non-class II
HLA gene associated with type 1 diabetes maps to the 240-kb
region near HLA-B. Diabetes 49:2217–2221

4. Noble JA, Valdes AM, Bugawan TL, Apple RJ, Thomson G,
Erlich HA (2002) The HLA class I A locus affects suscepti-
bility to type 1 diabetes. Hum Immunol 63:657–664

5. Zavattari P, Lampis R, Motzo C et al (2001) Conditional
linkage disequilibrium analysis of a complex disease super-
locus, IDDM1 in the HLA region, reveals the presence of
independent modifying gene effects influencing the type 1
diabetes risk encoded by the major HLA-DQB1, -DRB1
disease loci. Hum Mol Genet 10:881–889

6. Bell GI, Horita S, Karam JH (1984) A polymorphic locus near
the human insulin gene is associated with insulin-dependent
diabetes mellitus. Diabetes 33:176–183

7. Barratt BJ, Payne F, Lowe CE et al (2004) Remapping the
insulin gene/IDDM2 locus in type 1 diabetes. Diabetes 53:
1884–1889

1206



8. Nistico L, Buzzetti R, Pritchard LE et al (1996) The CTLA-4
gene region of chromosome 2q33 is linked to, and associated
with, type 1 diabetes. Hum Mol Genet 5:1075–1080

9. Ueda H, Howson JM, Esposito L et al (2003) Association of the
T-cell regulatory gene CTLA4 with susceptibility to autoim-
mune disease. Nature 423:506–511

10. Bottini N, Musumeci L, Alonso A et al (2004) A functional
variant of lymphoid tyrosine phosphatase is associated with
type I diabetes. Nat Genet 36:337–338

11. Smyth D, Cooper JD, Collins JE et al (2004) Replication of an
association between the lymphoid tyrosine phosphatase locus
(LYP/PTPN22) with type 1 diabetes, and evidence for its role
as a general autoimmunity locus. Diabetes 53:3020–3023

12. Qu H, Tessier MC, Hudson TJ, Polychronakos C (2005)
Confirmation of the association of the R620W polymorphism
in the protein tyrosine phosphatase PTPN22 with type 1
diabetes in a family based study. J Med Genet 42:266–270

13. Onengut-Gumuscu S, Ewens KG, Spielman RS, Concannon P
(2004) A functional polymorphism (1858C/T) in the PTPN22
gene is linked and associated with type I diabetes in multiplex
families. Genes Immun 5:678–680

14. Criswell LA, Pfeiffer KA, Lum RF et al (2005) Analysis of
families in the multiple autoimmune disease genetics con-
sortium (MADGC) collection: the PTPN22 620W allele
associates with multiple autoimmune phenotypes. Am J Hum
Genet 76:561–571

15. Ladner MB, Bottini N, Valdes AM, Noble JA (2005) Associ-
ation of the single nucleotide polymorphism C1858T of the
PTPN22 gene with type 1 diabetes. Hum Immunol 66:60–64

16. Zheng W, She JX (2005) Genetic association between a
lymphoid tyrosine phosphatase (PTPN22) and type 1 diabetes.
Diabetes 54:906–908

17. Zhernakova A, Eerligh P, Wijmenga C, Barrera P, Roep BO,
Koeleman BP (2005) Differential association of the PTPN22
coding variant with autoimmune diseases in a Dutch popula-
tion. Genes Immun 6:459–461

18. Kyogoku C, Langefeld CD, Ortmann WA et al (2004) Genetic
association of the R620W polymorphism of protein tyrosine
phosphatase PTPN22 with human SLE. Am J Hum Genet 75:
504–507

19. Begovich AB, Carlton VE, Honigberg LA et al (2004) A
missense single-nucleotide polymorphism in a gene encoding a
protein tyrosine phosphatase (PTPN22) is associated with
rheumatoid arthritis. Am J Hum Genet 75:330–337

20. Velaga MR, Wilson V, Jennings CE et al (2004) The codon 620
tryptophan allele of the lymphoid tyrosine phosphatase (LYP)
gene is a major determinant of Graves’ disease. J Clin
Endocrinol Metab 89:5862–5865

21. Gjorloff-Wingren A, Saxena M, Williams S, Hammi D,
Mustelin T (1999) Characterization of TCR-induced receptor-
proximal signaling events negatively regulated by the protein
tyrosine phosphatase PEP. Eur J Immunol 29:3845–3854

22. Cloutier JF, Veillette A (1999) Cooperative inhibition of T-cell
antigen receptor signaling by a complex between a kinase and a
phosphatase. J Exp Med 189:111–121

23. Gepts W (1965) Pathologic anatomy of the pancreas in juvenile
diabetes mellitus. Diabetes 14:619–633

24. Roep BO, Arden SD, de Vries RR, Hutton JC (1990) T-cell
clones from a type-1 diabetes patient respond to insulin
secretory granule proteins. Nature 345:632–634

25. Ziegler AG, Hummel M, Schenker M, Bonifacio E (1999)
Autoantibody appearance and risk for development of child-
hood diabetes in offspring of parents with type 1 diabetes: the
2-year analysis of the German BABYDIAB Study. Diabetes
48:460–468

26. Kukko M, Kimpimaki T, Korhonen S et al (2005) Dynamics of
diabetes-associated autoantibodies in young children with
human leukocyte antigen-conferred risk of type 1 diabetes
recruited from the general population. J Clin Endocrinol Metab
90:2712–2717

27. LaGasse JM, Brantley MS, Leech NJ et al (2002) Successful
prospective prediction of type 1 diabetes in schoolchildren
through multiple defined autoantibodies: an 8-year follow-up of
the Washington State Diabetes Prediction Study. Diabetes Care
25:505–511

28. Vandewalle CL, Falorni A, Lernmark A et al (1997)
Associations of GAD65- and IA-2- autoantibodies with genetic
risk markers in new-onset IDDM patients and their siblings.
The Belgian Diabetes Registry. Diabetes Care 20:1547–1552

29. Sabbah E, Savola K, Kulmala P et al (1999) Disease-associated
autoantibodies and HLA-DQB1 genotypes in children with
newly diagnosed insulin-dependent diabetes mellitus (IDDM).
The Childhood Diabetes in Finland Study Group. Clin Exp
Immunol 116:78–83

30. Graham J, Hagopian WA, Kockum I et al (2002) Genetic
effects on age-dependent onset and islet cell autoantibody
markers in type 1 diabetes. Diabetes 51:1346–1355

31. Genovese S, Bonfanti R, Bazzigaluppi E et al (1996) Associ-
ation of IA-2 autoantibodies with HLA DR4 phenotypes in
IDDM. Diabetologia 39:1223–1226

32. Hermann R, Laine AP, Veijola R et al (2005) The effect of HLA
class II, insulin and CTLA4 gene regions on the development
of humoral beta cell autoimmunity. Diabetologia 48:1766–1775

33. Kupila A, Muona P, Simell T et al (2001) Feasibility of genetic
and immunological prediction of type I diabetes in a popula-
tion-based birth cohort. Diabetologia 44:290–297

34. Alberti KG, Zimmet PZ (1998) Definition, diagnosis and
classification of diabetes mellitus and its complications. Part 1:
diagnosis and classification of diabetes mellitus provisional
report of a WHO consultation. Diabet Med 15:539–553

35. Kiviniemi M, Nurmi J, Turpeinen H, Lovgren T, Ilonen J
(2003) A homogeneous high-throughput genotyping method
based on competitive hybridization. Clin Biochem 36:633–640

36. Sjoroos M, Iitia A, Ilonen J, Reijonen H, Lovgren T (1995)
Triple-label hybridization assay for type-1 diabetes-related
HLA alleles. Biotechniques 18:870–877

37. Nejentsev S, Sjoroos M, Soukka T et al (1999) Population-
based genetic screening for the estimation of type 1 diabetes
mellitus risk in Finland: selective genotyping of markers in the
HLA-DQB1, HLA-DQA1 and HLA-DRB1 loci. Diabet Med
16:985–992

38. Laaksonen M, Pastinen T, Sjoroos M et al (2002) HLA class II
associated risk and protection against multiple sclerosis—a
Finnish family study. J Neuroimmunol 122:140–145

39. Haller K, Kisand K, Nemvalts V, Laine AP, Ilonen J, Uibo R
(2004) Type 1 diabetes is insulin −2221 MspI and CTLA−4
+49 A/G polymorphism dependent. Eur J Clin Invest 34:
543–548

40. Kimpimaki T, Kulmala P, Savola K et al (2002) Natural history
of beta-cell autoimmunity in young children with increased
genetic susceptibility to type 1 diabetes recruited from the
general population. J Clin Endocrinol Metab 87:4572–4579

41. Ronkainen MS, Hamalainen AM, Koskela P, Akerblom HK,
Knip M (2001) Pregnancy induces nonimmunoglobulin insulin-
binding activity in both maternal and cord blood serum. Clin
Exp Immunol 124:190–196

42. Williams AJ, Bingley PJ, Bonifacio E, Palmer JP, Gale EA
(1997) A novel micro-assay for insulin autoantibodies. J
Autoimmun 10:473–478

43. Savola K, Sabbah E, Kulmala P, Vahasalo P, Ilonen J, Knip M
(1998) Autoantibodies associated with type I diabetes mellitus
persist after diagnosis in children. Diabetologia 41:1293–1297

44. Savola K, Bonifacio E, Sabbah E et al (1998) IA-2 antibodies—
a sensitive marker of IDDM with clinical onset in childhood
and adolescence. Childhood Diabetes in Finland Study Group.
Diabetologia 41:424–429

45. Dudbridge F (2003) Pedigree disequilibrium tests for multi-
locus haplotypes. Genet Epidemiol 25:115–121

46. Undlien DE, Friede T, Rammensee HG et al (1997) HLA-
encoded genetic predisposition in IDDM: DR4 subtypes may
be associated with different degrees of protection. Diabetes
46:143–149

1207



47. Walter M, Albert E, Conrad M et al (2003) IDDM2/insulin
VNTR modifies risk conferred by IDDM1/HLA for development
of type 1 diabetes and associated autoimmunity. Diabetologia
46:712–720

48. Van der Auwera BJ, Vandewalle CL, Schuit FC et al (1997)
CTLA-4 gene polymorphism confers susceptibility to insulin-
dependent diabetes mellitus (IDDM) independently from age
and from other genetic or immune disease markers. The
Belgian Diabetes Registry. Clin Exp Immunol 110:98–103

49. Hermann R, Bartsocas CS, Soltesz G et al (2004) Genetic
screening for individuals at high risk for type 1 diabetes in the
general population using HLA Class II alleles as disease
markers. A comparison between three European populations
with variable rates of disease incidence. Diabetes Metab Res
Rev 20:322–329

50. Cucca F, Goy JV, Kawaguchi Y et al (1998) A male-female bias
in type 1 diabetes and linkage to chromosome Xp in MHC
HLA-DR3-positive patients. Nat Genet 19:301–302

1208


	Lymphoid tyrosine phosphatase (LYP/PTPN22) Arg620Trp variant regulates insulin autoimmunity and progression to type 1 diabetes
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Subjects and methods
	Study design
	Study populations
	Antibody-positive children (DIPP cohort)
	Case–control series
	Nuclear family series

	Methods
	Genotyping
	Autoantibody assays
	Statistical analysis


	Results
	The effect of the PTPN22 C1858T variant on the emergence of beta-cell-specific autoimmunity and progression to clinical type 1 diabetes in the DIPP cohort
	ICA
	IAA, GADA and IA-2A
	Heterogeneity in the effect of PTPN22 on the emergence of IAA according to HLA class II, INS, CTLA4, age and sex
	Heterogeneity of the effect of PTPN22 on type 1 diabetes susceptibility

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


