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Abstract
Aims/hypothesis Peroxisome proliferator activated receptor-γ
coactivator-1β (PGC-1β, also known as PPARGC1B) ex-
pression is reduced in skeletal muscle from patients with
type 2 diabetes mellitus and in elderly subjects. Ala203Pro, a
common variant in the PGC-1β gene is associated with
obesity. The aim of this study was to investigate whether the
PGC-1β Ala203Pro polymorphism influences the age-related
decline in skeletal muscle PGC-1β expression, in vivo
metabolism and markers for muscle fibre type composition.
Materials and methods The PGC-1β Ala203Pro polymor-
phism was genotyped in 110 young (age 28.0±1.9 years)
and 86 elderly (age 62.4±2.0 years) twins and related to
muscle PGC-1β expression, in vivo metabolism and
markers for fibre type composition.
Results Insulin-stimulated non-oxidative glucose metabo-
lism (NOGM; p=0.025) and glycolytic flux rate (GF;
p=0.026) were reduced in young Ala/Ala carriers compared

with carriers of a 203Pro allele. In addition, a regression
analysis, correcting for covariates, showed that the PGC-1β
203Pro allele was positively related to insulin-stimulated
NOGM and GF in the young twins. While muscle expression
of PGC-1β was reduced in elderly compared with young
carriers of the Ala/Ala genotype (p≤0.001), there was no
significant age-related decline in PGC-1β expression in
carriers of the 203Pro allele (p≥0.4). However, a regression
analysis, correcting for covariates, showed that only age was
significantly related to muscle PGC-1β expression. Finally,
PGC-1β expression correlated positively with markers for
oxidative fibres in human muscle.
Conclusions/interpretation This study suggests that young
carriers of a PGC-1β 203Pro allele have enhanced insulin-
stimulated glucose metabolism and may be protected against
an age-related decline in PGC-1β expression in muscle.
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Abbreviations
DZ dizygotic
ERR oestrogen receptor-related receptor
GEE generalised estimating equations
GF glycolytic flux
LBM lean body mass
MZ monozygotic
NOGM non-oxidative glucose metabolism
PGC-1β peroxisome proliferator activated receptor-γ

coactivator-1β
PPAR peroxisome proliferator activated receptor
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Introduction

Peroxisome proliferator activated receptor (PPAR)-γ coacti-
vator-1β (PGC-1β) is part of a small family of transcriptional
co-activators that also includes PPAR-γ coactivator-1α
(PGC-1α) and PGC-1 related coactivator (PRC). These co-
activators influence metabolic pathways in muscle, liver,
adipose tissue, pancreas and heart by co-activating a number
of transcription factors including PPARγ, PPARα, hepatocyte
nuclear factor 4 alpha (HNF4α), nuclear respiratory factor 1
(NRF-1), myocyte enhancer factor 2 (MEF2), oestrogen
receptor-related receptor (ERR)α and forkhead box O1
(FOXO1) [1].

Compared with healthy control subjects, patients with
type 2 diabetes mellitus have reduced expression of
PGC-1α (also known as PPARGC1A) and PGC-1β (also
known as PPARGC1B), as well as of a set of genes in-
volved in oxidative phosphorylation in skeletal muscle
[2, 3]. We originally showed that a common variant in the
PGC-1α gene, Gly482Ser, is associated with increased risk
of type 2 diabetes mellitus as well as with altered lipid and
glucose metabolism [4]. Furthermore, we demonstrated that
combinations of genetic and environmental factors influ-
ence the PGC-1α and PGC-1β expression in human muscle
[5]. Interestingly, the PGC-1α Gly482Ser polymorphism
was found to accelerate an age-related decline in the ex-
pression of both PGC-1α and PGC-1β in muscle [5]. In a
recent study, we identified a polymorphism in the PGC-1β
gene, Ala203Pro, where the common allele Ala203 con-
ferred an increased risk of obesity [6]. In addition, recent
studies in rodents suggest that PGC-1β influences the
composition of fibre types in skeletal muscle [7–9].

The present study aimed to investigate whether this
common polymorphism in PGC-1β, Ala203Pro, influences
in vivo glucose and fat metabolism as well as PGC-1β
expression in muscle of young (n=110, age 28.0±1.9 years)
and elderly (n=86, age 62.4±2.0 years) twins without
known diabetes. We also investigated whether PGC-1β
relates to markers for fibre type composition in skeletal
muscle of twins.

Materials and methods

Participants Participants were identified through the Danish
Twin Register. Ninety-eight twin pairs (33 younger mono-
zygotic [MZ]; 22 younger dizygotic [DZ]; 21 elderly MZ;
22 elderly DZ) without known diabetes were enrolled in the
clinical examination. The clinical examination and character-
istics of these twins have been described previously [5].
Informed consent was obtained from all subjects. The
present study was approved by the regional ethical commit-
tees and conducted according to the Helsinki Declaration.

Analysis of PGC-1β, myosin heavy chain (MHC)7, MHCIIa
and MHCIIx/d mRNA levels in muscle Gene expression
was analysed in 156 muscle biopsies of the vastus lateralis
muscle taken in both the fasting state and after a 2 h
hyperinsulinaemic–euglycaemic clamp (40 mU m−2 min−1)
from 78 twin pairs (26 younger MZ; 18 younger DZ; 15
elderly MZ; 19 elderly DZ) using TaqMan Real-Time PCR
with an ABI 7900 system (Applied Biosystems, Foster City,
CA, USA) and assays-on-demand (all Applied Biosystems)
for PGC-1β (Hs00370186_m1), myosin heavy chain (MHC,
also known as MYH)7 (Hs00165276_m1), MHCIIa
(Hs00430042_m1) and MHCIIx/d (Hs00428600_m1). The
transcript quantity was normalised to that of cyclophilin A
mRNA (4326316E; Applied Biosystems).

Genotyping The PGC-1β Ala203Pro variant was geno-
typed using PCR restriction fragment length polymorphism
analysis with the primers 5′-GTG GGG CTT TGT CAG
TGA AT-3′ and 5′-GGA CTC CTG GAG GCATGG TG-3′
and digestion with NlaIV. The restriction enzyme digests
were separated on 4% agarose gels and visualised by
ethidium bromide staining.

Statistical methods Because of the strong intrapair correla-
tion of twin data, conventional tests of differences between
variable (y) means are not valid. To correct for this
dependence we used generalised estimating equations
(GEE) methodology (y=α+βx) to provide valid standard
errors for the β coefficients [10, 11]. The β coefficient was
estimated from all observations, whereas for calculation of
the variance of β, each family was considered as one cluster.

To identify factors which were independently associated
with the response variable, we used backwards regression
analysis with a p>0.05 as the defining criteria for exclusion.
In this analysis, too, we used generalised estimation
equations (GEE) methodology to obtain valid tests.

Results

Clinical characteristics As presented previously, elderly
twins were more obese and had reduced glucose disposal
rate, storage and oxidation than younger twins [5].

Influence of the PGC-1β Ala203Pro polymorphism on the
age-related decline in muscle gene expression We have
previously demonstrated that elderly twins have signifi-
cantly lower mRNA levels of PGC-1β in muscle than
younger twins [5]. We demonstrate here that this age-
related decline in muscle PGC-1β expression might be
influenced by the PGC-1β Ala203Pro polymorphism
(Fig. 1a,b). Both in the basal state (young 1.37±0.09 vs
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elderly 0.93±0.07; p=0.0007) and in the insulin-stimulated
state (young 2.51±0.17 vs elderly 1.58±0.12; p=0.00004),
the elderly twins carrying the PGC-1β Ala203Ala genotype
had lower PGC-1β gene expression than young Ala203Ala
carriers. There was, however, no significant influence of
age on muscle PGC-1β expression in carriers of a PGC-1β
203Pro allele, either in the basal (young 1.24±0.16 vs
elderly 1.21±0.21; p=0.9) or in the insulin-stimulated state
(young 2.41±0.43 vs elderly 1.92±0.24; p=0.4; Fig. 1a,b).
We performed a regression analysis to test whether any of

the following factors influence skeletal muscle PGC-1β
mRNA expression: age, sex, percentage body fat, birth-
weight, zygosity, the PGC-1β Ala203Pro polymorphism
and the interaction between age and the PGC-1β
Ala203Pro polymorphism,. When correcting for these var-
iables in a regression analysis, only age was significantly
related to skeletal muscle PGC-1β expression (basal ex-
pression, regression coefficient = −0.01; p=0.003; insulin-
stimulated expression, regression coefficient = −0.02;
p<0.0005).

Impact of the PGC-1β Ala203Pro polymorphism on in vivo
glucose and fat metabolism Young carriers of a PGC-1β
203Pro allele had increased glucose storage or non-
oxidative glucose metabolism (NOGM; 48.8±5.4 vs 38.0±
1.6 μmol kg lean body mass [LBM]−1 min−1 [8.78±0.97
vs 6.83±0.28 mg kg LBM−1 min−1]; p=0.025) and
glycolytic flux (GF; 30.9±3.2 vs 24.1±1.0 μmol kg
LBM−1 min−1 [5.56±0.57 vs 4.34±0.19 mg kg LBM−1

min−1]; p=0.026) during insulin stimulation compared with
the Ala/Ala group (Table 1). However, no significant
influence of this polymorphism on glucose disposal,
glucose and fat oxidation was detected in the young twins
(Table 1). Furthermore, this polymorphism did not influ-
ence glucose or fat metabolism in the elderly twins (data
not shown).

We then performed a regression analysis to test whether
any of the following variables influenced insulin-stimulated
glucose disposal and storage, glucose and fat oxidation, and
GF: sex, percentage body fat, birth-weight, zygosity, the
PGC-1β Ala203Pro polymorphism and both basal and
insulin-stimulated muscle PGC-1β mRNA expression
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Fig. 1 The effect of the PGC-1β Ala203Pro polymorphism on the
age-related decline in skeletal muscle gene expression in twins. The
mRNA level of PGC-1β was measured in skeletal muscle of young
(open bars) and elderly (closed bars) twins a before and b after a
hyperinsulinaemic clamp and related to the PGC-1β Ala203Pro
polymorphism. Results are expressed as the mean±SEM for Ala/Ala
carriers (n=80 and n=50 for young and elderly, respectively) and
carriers of a 203Pro allele, Ala/Pro + Pro/Pro (n=8 and n=18 for young
and elderly, respectively). To correct for the lack of independence of
twin data, all comparisons of mean differences between groups were
performed using generalised estimation equations (GEE) methodology.
**, p<0.001; #, p=0.9; †, p<0.0001; ‡, p=0.4

Table 1 The influence of the PGC-1β Ala203Pro polymorphism on insulin-stimulated metabolic variables in young twins

Variable Ala/Ala Ala/Pro+Pro/Pro p value

n=94 n=12

Glucose disposal rate
μmol kg LBM−1 min−1 62.6±2.0 73.6±5.3
mg kg LBM−1 min−1 11.52±0.33 13.26±0.96 0.09

NOGM
μmol kg LBM−1 min−1 38.0±1.6 48.8±5.4
mg kg LBM−1 min−1 6.83±0.28 8.78±0.97 0.025

Glucose oxidation
μmol kg LBM−1 min−1 26±0.81 24.8±1.5
mg kg LBM−1 min−1 4.68±0.15 4.47±0.27 0.8

GF
μmol kg LBM−1 min−1 24.1±1.0 30.9±3.2
mg kg LBM−1 min−1 4.34±0.19 5.56±0.57 0.026

Fat oxidation (mg kg LBM−1 min−1) 0.33±0.05 0.38±0.09 0.76

Data are expressed as means±SEM
To adjust for the lack of independence between MZ and DZ twins, all comparisons of mean differences between groups were performed using
generalised estimation equations (GEE) methodology
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(Table 2). The regression analysis was performed separately
in young and elderly twins, since the analysis above
(Table 1) only demonstrated effects of the PGC-1β
Ala203Pro polymorphism in young twins. After correction
for covariates, the PGC-1β 203Pro allele was consistently
positively related to insulin-stimulated NOGM (p=0.03)
and GF (p=0.001) in the young twins (Table 2). Further-
more, in agreement with our previous study [5], basal PGC-
1β mRNA expression was positively related to NOGM
(p=0.005) and fat oxidation (p=0.006) and negatively
related to glucose oxidation (p=0.02; Table 2). Finally,
when performing regression analysis in the elderly twins,
the PGC-1β Ala203Pro polymorphism was found to be not
significantly related to any of the metabolic variables
studied (data not shown).

PGC-1β mRNA expression correlates with markers for
oxidative fibre types in human skeletal muscle We investi-
gated whether basal PGC-1β expression correlates with
basal mRNA expression of markers for three different fibre
types, namely MHC7 (type I fibres, slow-twitch oxidative),
MHCIIa (type IIA fibres, fast-twitch oxidative) and
MHCIIx/d (type IIB fibres, fast-twitch glycolytic), in
human skeletal muscle (n=156, young and elderly twins).

While both MHC7 and MHCIIa correlated positively with
PGC-1β expression (r=0.28; p=0.0005 and r=0.31;
p=0.00008, respectively), there was no correlation between
MHCIIx/d and PGC-1β (r=−0.03; p=0.6). Moreover,
elderly twins had 25% lower mRNA expression of MHCIIa
than young twins (p=0.0005). However, the mRNA
expression of MHC7 and MHCIIx/d did not change with
age (p=0.5 and p=0.9, respectively). Finally, because
PGC-1β correlated with MHC7 and MHCIIa expression,
we tested whether the PGC-1β Ala203Pro polymorphism
influenced the basal expression of these two fibre type
markers in young and elderly twins. Indeed, elderly carriers
of a PGC-1β 203Pro allele (n=18) had increased MHC7
expression (2.1±0.3 vs 1.6±0.1; p<0.05) compared with
the Ala/Ala group (n=62). However, there was no
significant influence of this polymorphism on basal
MHCIIa expression in elderly twins or on MHC7 and
MHCIIa expression in young twins (data not shown).

Discussion

PGC-1β expression is reduced in muscle of healthy elderly
individuals and in patients with type 2 diabetes mellitus [3,
5]. In addition, PGC-1β was previously found to increase
the expression of mitochondrial genes and the formation of
oxidative fibres in rodent muscle [1, 7–9]. We have also
shown that this co-activator is positively related to NOGM
and lipid oxidation in human muscle in vivo [5]. In the
present study we found that in vivo measures of NOGM
and GF were significantly increased in young carriers of the
PGC-1β 203Pro allele. Our data also suggest that PGC-1β
influences the formation of oxidative fibres in human
skeletal muscle.

The risk of developing obesity and metabolic disease
including insulin resistance, dyslipidaemia and type 2
diabetes mellitus increases with high-fat/high-energy diets
and reduced physical activity. However, there is a large
inter-individual variation in the metabolic response to diet
and exercise and not all individuals exposed to a sedentary
lifestyle and poor diets actually develop obesity or
metabolic disease. A likely reason is that inherited factors
influence the susceptibility to obesity; indeed, we recently
identified such a genetic factor, the common PGC-1β
Ala203 allele, which we found to be associated with
increased risk of obesity [6]. The present study demon-
strates further how this polymorphism influences glucose
metabolism in an age-dependent manner. PGC-1β was
previously suggested to influence metabolism in rodents by
co-activating the ERR, resulting in elevated energy expen-
diture and resistance to obesity [12]. The PGC-1β
Ala203Pro polymorphism changes an amino acid from
alanine to proline, which might influence the ability of

Table 2 Factors influencing insulin-stimulated glucose disposal rate,
glucose storage (NOGM), glucose oxidation, glycolytic flux and fat
oxidation in skeletal muscle of 110 young twins

Variable Regression
coefficient

p value

Glucose disposal rate
Sex (male vs female) 2.4 0.02
Percentage body fat −0.17 0.01
Zygosity (MZ vs DZ) −2.1 0.007

NOGM
Percentage body fat −0.09 0.025
Zygosity (MZ vs DZ) −1.8 0.003
PGC-1β Ala203Pro polymorphism 2.2 0.03
PGC-1β gene expression, basal 0.83 0.005

Glucose oxidation
Sex (male vs female) 1.1 0.0001
PGC-1β gene expression, basal −0.35 0.02

GF
PGC-1β Ala203Pro polymorphism 2.1 0.001

Fat oxidation
PGC-1β gene expression, basal 0.15 0.006

By regression analysis we tested whether the following factors
influence insulin-stimulated glucose disposal, glucose storage
(NOGM), glucose oxidation, glycolytic flux and fat oxidation: sex
(men coded 0, women coded 1), percentage body fat, birth-weight,
zygosity, the PGC-1β Ala203Pro polymorphism and both basal and
insulin-stimulated skeletal muscle PGC-1β gene expression
p<0.05 for all final models

1618 Diabetologia (2007) 50:1615–1620



PGC-1β to co-activate transcription factors, e.g. ERR. This
may explain, or at least contribute to, the positive effects of
the PGC-1β 203Pro allele on peripheral (i.e. muscle)
glucose metabolism in the young. The fact that elderly
203Pro carriers did not show an age-related reduction in
muscle PGC-1β expression could be interpreted as an
attempt to protect these subjects against reductions in
glucose metabolism as they age. Despite this, we found
no positive influence of the PGC-1β 203Pro allele on
glucose metabolism in the elderly, suggesting that these
subjects cannot compensate for the impact of other
degenerative factors influencing the decline in metabolism
during ageing.

In the present study we were unable to identify an
influence of the PGC-1β Ala203Pro polymorphism on
measures of obesity such as percentage body fat, BMI and
WHR (data not shown). The most plausible reason for this
is lack of statistical power, as this study included 196 twins
compared with 7,790 middle-aged subjects in our previous
case–control study [6].

Our detailed metabolic studies allowed us to gain insight
into distinct effects of the PGC-1β Ala203Pro polymor-
phism on in vivo glucose metabolism and cellular glucose
partitioning. Indeed, this polymorphism influenced NOGM
(glycogen synthesis) as well as ‘exogenous’ (i.e. extracel-
lular-derived glucose uptake) GF rates, as determined by
the appearance rate of 3H-labelled water. This is in contrast
to the glucose oxidation rate as determined from indirect
calorimetry, which measures the oxidation of glucose from
both intra- and extracellular components. We have previ-
ously reported apparently divergent results regarding
glucose oxidation and GF rates [13], which are likely to
be explained in particular by the unknown contribution of
glucose oxidation from endogenous glycogen pools. In this
study, the PGC-1β Ala203Pro polymorphism influenced
insulin-stimulated GF but not glucose oxidation in the
young twins. The explanation for this may be that the
influence is exerted at the level of membrane glucose
transport and that the intracellular response to that may be a
compensatory elevated rate of glycogenolysis, resulting in
near-normal total (endogeous and exogenous) glucose
oxidation.

Recent studies of over-production of PGC-1β in rodent
muscle suggest that PGC-1β plays a positive role in the
formation of oxidative fibres in skeletal muscle [7, 8].
Moreover, soleus muscle from mice lacking PGC-1β
showed impaired ATP-production and reduced expression
of genes from the respiratory chain [9]. The present study
suggests that PGC-1β also influences the formation of
oxidative fibres in human muscle, since the expression of
PGC-1β correlated positively with markers for both slow-
and fast-twitch oxidative fibres. In contrast, Krämer et al.
[14] did not find any correlation between the expression

level of PGC-1β and fibre type composition in human
muscle, which could be explained by the small number of
subjects (n=20).

In summary, our data provide evidence that carriers of a
PGC-1β 203Pro allele have enhanced rates of insulin-
stimulated glucose metabolism when young and may be
protected against an age-related decline in skeletal muscle
gene expression of this key co-activator of energy metab-
olism. This study also proposes a role for PGC-1β in
determining fibre type composition in human skeletal
muscle.

Acknowledgements This investigation was supported by grants
from Region Skåne, the Swedish Research Council, Novo Nordisk,
the Danish Medical Researh Council, the Danish Diabetes Associa-
tion, the European Union (EUGENE2, LSHM-CT-2004-512013),
Malmö University Hospital, Swegene, the Diabetes Programme at
Lund University, Hedlund, Bergvall, Wiberg, Påhlsson, Lundberg and
Exgenesis (grant 005272). We thank M. Svensson, E. Nilsson and
M. Modest for excellent technical assistance.

Duality of interest The authors declare that there is no duality of
interest associated with this manuscript.

References

1. Puigserver P, Spiegelman BM (2003) Peroxisome proliferator-
activated receptor-gamma coactivator 1alpha (PGC-1alpha): tran-
scriptional coactivator and metabolic regulator. Endocr Rev
24:78–90

2. Mootha VK, Lindgren CM, Eriksson KF et al (2003) PGC-
1alpha-responsive genes involved in oxidative phosphorylation
are coordinately downregulated in human diabetes. Nat Genet
34:267–273

3. Patti ME, Butte AJ, Crunkhorn S et al (2003) Coordinated
reduction of genes of oxidative metabolism in humans with
insulin resistance and diabetes: potential role of PGC1 and NRF1.
Proc Natl Acad Sci USA 100:8466–8471

4. Ek J, Andersen G, Urhammer SA et al (2001) Mutation analysis
of peroxisome proliferator-activated receptor-gamma coactivator-1
(PGC-1) and relationships of identified amino acid polymor-
phisms to Type II diabetes mellitus. Diabetologia 44:2220–2226

5. Ling C, Poulsen P, Carlsson E et al (2004) Multiple environmental
and genetic factors influence skeletal muscle PGC-1alpha and
PGC-1beta gene expression in twins. J Clin Invest 114:1518–1526

6. Andersen G, Wegner L, Yanagisawa K et al (2005) Evidence of an
association between genetic variation of the coactivator PGC-
1beta and obesity. J Med Genet 42:402–407

7. Arany Z, Lebrasseur N, Morris C et al (2007) The transcriptional
coactivator PGC-1beta drives the formation of oxidative type IIX
fibers in skeletal muscle. Cell Metab 5:35–46

8. Mortensen OH, Frandsen L, Schjerling P, Nishimura E, Grunnet N
(2006) PGC-1alpha and PGC-1beta have both similar and distinct
effects on myofiber switching toward an oxidative phenotype. Am
J Physiol Endocrinol Metab 291:E807–E816

9. Lelliott CJ, Medina-Gomez G, Petrovic N et al (2006) Ablation of
PGC-1beta results in defective mitochondrial activity, thermogene-
sis, hepatic function, and cardiac performance. PLoS Biol 4:e369

Diabetologia (2007) 50:1615–1620 1619



10. Zeger SL, Liang KY (1986) Longitudinal data analysis for
discrete and continuous outcomes. Biometrics 42:121–130

11. Liang KY, Zeger SL (1993) Regression analysis for correlated
data. Annu Rev Public Health 14:43–68

12. Kamei Y, Ohizumi H, Fujitani Y et al (2003) PPARγ coactivator
1β/ERR ligand 1 is an ERR protein ligand, whose expression
induces a high-energy expenditure and antagonizes obesity. Proc
Natl Acad Sci USA 100:12378–12383

13. Jensen CB, Storgaard H, Dela F, Holst JJ, Madsbad S, Vaag AA
(2002) Early differential defects of insulin secretion and action in
19-year-old Caucasian men who had low birth weight. Diabetes
51:1271–1280

14. Kramer DK, Ahlsen M, Norrbom J et al (2006) Human skeletal
muscle fibre type variations correlate with PPAR alpha, PPAR
delta and PGC-1 alpha mRNA. Acta Physiol (Oxford) 188:207–
216

1620 Diabetologia (2007) 50:1615–1620


	Impact...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


