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Abstract Recent landmark molecular genetic

studies have identified an evolutionarily con-

served insulin/IGF-1 signal transduction pathway

that regulates lifespan. In C. elegans, Drosophila,

and rodents, attenuated insulin/IGF-1 signaling

appears to regulate lifespan and enhance resis-

tance to environmental stress. The Ames

(Prop1df/df) and Snell (Pit1dw/dw) hypopituitary

dwarf mice with growth hormone (GH), thyroid-

stimulating hormone (TSH), and prolactin defi-

ciencies live 40–60% longer than control mice.

Both mutants are resistant to multiple forms of

environmental stress in vitro. Taken collectively,

these genetic models indicate that diminished

insulin/IGF-l signaling may play a central role in

the determination of mammalian lifespan by

conferring resistance to exogenous and endoge-

nous stressors. These pleiotropic endocrine path-

ways control diverse programs of gene expression

that appear to orchestrate the development of a

biological phenotype that promotes longevity.

With the ability to investigate thousands of genes

simultaneously, several microarray surveys have

identified potential longevity assurance genes and

provided information on the mechanism(s) by

which the dwarf genotypes (dw/dw) and (df/df),

and caloric restriction may lead to longevity. We

propose that a comparison of specific changes in

gene expression shared between Snell and Ames

dwarf mice may provide a deeper understanding

of the transcriptional mechanisms of longevity

determination. Furthermore, we propose that a

comparison of the physiological consequences of

the Pit1dw and Prop1df mutations may reveal

transcriptional profiles similar to those reported

for the C. elegans and Drosophila mutants. In this

study we have identified classes of genes whose

expression is similarly affected in both Snell and

Ames dwarf mice. Our comparative microarray

data suggest that specific detoxification enzymes

of the P450 (CYP) family as well as oxidative and

steroid metabolism may play a key role in

longevity assurance of the Snell and Ames dwarf

mouse mutants. We propose that the altered

expression of these genes defines a biochemical

phenotype which may promote longevity in Snell

and Ames dwarf mice.
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Introduction

Recent discoveries using long-lived model organ-

isms have rapidly advanced our current under-

standing of the biology of aging. These landmark

molecular genetic studies have identified an evo-

lutionarily conserved insulin/IGF-1 signal trans-

duction pathway that regulates lifespan (Kimura

et al. 1997; Tissenbaum and Ruvkun 1998; Kenyon

2005; Hekimi and Guarente 2003; Tatar et al.

2003). Mutations in single genes linked to this

conserved endocrine pathway not only increase

longevity but also appear to enhance resistance to

stress (Lithgow and Walker 2002; Sampayo et al.

2003; Kenyon 2001; Lin et al. 1998).

In the worm C. elegans, hypomorphic mutation

of an insulin/IGF-1 receptor-like gene, daf-2,

more than doubles invertebrate lifespan and

also imparts resistance to multiple forms of envi-

ronmental stress (Gems and McElwee 2005;

Guarente and Kenyon 2000; Murakami and

Johnson 1996; Larsen 1993). In the fly Drosoph-

ila, mutation of the insulin-like receptor, InR,

results in a dwarf adult phenotype and extends

lifespan in female flies by greater than 80%

(Tatar et al. 2001). Further, mutation of the gene

chico, an ortholog of the mammalian insulin

receptor substrate proteins (IRS), can extend

Drosophila lifespan nearly 50% via a suspected

increase in anti-oxidant defense (Tatar et al.

2003; Clancy et al. 2001).

In mammalian systems, attenuated insulin/IGF-

1 signaling also appears to regulate lifespan and

enhance resistance to environmental stress (Bartke

2005; Bartke and Brown-Borg 2004; Holzenberger

2004; Holzenberger et al. 2003; Hsieh et al. 2002a,b;

Richardson et al. 2004; Brown-Borg 2003). Ames

(Prop1df/df ) and Snell (Pit1dw/dw) mice are hypopi-

tuitary dwarf mice with multiple anterior pituitary

hormone deficiencies including growth hormone

(GH), thyroid-stimulating hormone (TSH), and

prolactin (Flurkey et al. 2001, 2002; Bartke and

Brown-Borg 2004). These dwarf mice exhibit

severely reduced serum insulin and IGF-1 levels,

insulin hypersensitivity and live 40–60% longer

than control mice (Dominici et al. 2002; Brown-

Borg et al. 1996; Flurkey et al. 2001). Ames dwarf

mice have enhanced antioxidant defenses in skele-

tal muscle, and fibroblasts isolated from both Ames

and Snell dwarf mice are resistant to multiple forms

of environmental stress in vitro, including UV light,

heat, paraquat, H2O2 and heavy metal toxicity

(Salmon et al. 2005; Romanick et al. 2004; Mur-

akami et al. 2003). Similarly, GH receptor knock-

out (GHRKO) mice exhibit significant reductions

in serum insulin and IGF-1 levels and live 30% to

40% longer than their wild-type litter mates (Liu et

al. 2004; Coshigano et al. 2000). Tissue-specific

deletion of the insulin receptor gene in adipoctyes

(FIRKO mice) lowers plasma insulin levels by

more than 30% and increases lifespan by 15% to

18% in male and female mice, respectively (Bluher

et al. 2003). Disruption of an intracellular substrate

of the IGF-1 receptor, p66Shc, provides a 30%

increase in lifespan and increased resistance to

hydrogen peroxide, UV-irradiation, and paraquat

toxicity (Migliaccio et al. 1999).

Further demonstrating the role of IGF-1 in

regulating mammalian lifespan, female mice

heterozygous for the IGF-1 receptor (Igf1r+/j)

exhibit a significant 33% increase in longevity

and are also resistant to oxidative stress induced

by paraquat toxicity (Holzenberger et al. 2003).

Interestingly, male Igf1r+/j mice are not resis-

tant to paraquat, nor do they exhibit a significant

increase in lifespan when compared with male

wild-type mice. Finally, disrupted expression of

the klotho gene, which encodes a circulating

hormone that inhibits intracellular insulin and

IGF-1 signaling, was most recently demonstrated

to extend lifespan and reduce age-related pathol-

ogies (Kurosu et al. 2005).

Taken collectively, these rodent and inverte-

brate genetic models strongly indicate that di-

minished insulin/IGF-l signaling may improve

resistance to exogenous and endogenous stressors

and plays a central role in the determination of

mammalian lifespan. These pleiotropic endocrine

pathways control diverse programs of gene ex-

pression that appear collectively to orchestrate

the development of a biological phenotype that

promotes longevity.

The multiplicity of endocrine deficiencies of

Pit1 and Prop1 dwarf mutants impedes the
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discovery of the molecular mechanisms associat-

ed with extended lifespan in these mice. With the

ability to investigate thousands of genes simulta-

neously, microarray technology has been instru-

mental in the identification of the molecular

genetic characteristics of specific tissues in mam-

malian longevity. Several microarray surveys

have been used to identify longevity assurance

genes and to provide information on the mecha-

nism(s) by which the dwarf genotypes (dw/dw)

and (df/df), and caloric restriction (CR) may lead

to longevity (Dozmorov et al. 2001, 2002; Gems

et al. 2002; Dhahbi et al. 2004, 2005; Amador-

Noguez et al. 2005). We propose that a compar-

ison of specific differences in gene expression

shared between Snell and Ames dwarf mice may

provide a deeper understanding of the transcrip-

tional mechanisms of longevity determination.

Since the insulin and IGF-1 signaling pathways

appear to be an experimentally proven determi-

nant of aging and longevity across species, we set

out to identify classes of genes whose expressions

are similarly affected in both Snell and Ames

dwarf mice. We propose that a comparison of the

physiological consequences of the Pit1dw and

Prop1df mutations may reveal transcriptional

profiles similar to those reported for the C.

elegans and Drosophila mutants. Our compara-

tive microarray data suggest that specific detox-

ification enzymes of the P450 (CYP) family, as well

as those of oxidative and steroid metabolism, may

play key roles in longevity assurance of the Snell

and Ames dwarf mouse mutants.

The argument has been presented that in-

creased longevity assurance shown by the reduc-

tion-of-function of the insulin-IGF-1 pathway

activity is linked to: (a) detoxification and excre-

tion of molecular toxins; (b) resistance to oxida-

tive stress; and (c) conservation of existing

proteins via chaperones (Gems and McElwee

2005). In mammals the four specific phases of

biochemical detoxification reactions are coordi-

nated metabolic processes that occur mainly in

the liver and eliminate endogenous and exogenous

toxic substances. These phases of detoxification

are: (a) phase 0, organic anion trans-porting; (b)

phase I, the sequential chemical modification and

inactivation of xenobiotics by cytochromes P450,

and flavin containing monooxygenases; (c) phase

II, glutathione-S-transferases, methyltransferases

and sulfotransferases; (d) phase III, ABC trans-

porters that involve the uptake and export,

respectively, of xenobiotics (Amador-Noguez et

al. 2005; Gems and McElwee 2005; Francis et al.

2003). Using high-density oligonucleotide micro-

arrays, we have identified gene families whose

activities involve detoxification reactions, oxida-

tive metabolism and steroid metabolism. We

propose that the altered expression of these genes

defines a biochemical phenotype that may pro-

mote longevity in Snell and Ames dwarf mice.

Materials and methods

RNA isolation: The Pit1dw/dwj mice were main-

tained as described by Boylston et al. (2004); the

Prop1 df/df mice were purchased from the Jackson

Laboratory and maintained as a colony at the

University of Texas Medical Branch, Galveston,

Tex., USA. The animals were housed as de-

scribed by Amador-Noguez et al. (2005). Total

RNA was isolated from frozen livers of Pit1dw/dw

and Prop1df/df mice and age-matched (litter mate)

control animals using the RNAqueous-4PCR

column-purification method according to the

manufacturer’s protocol (Ambion, Austin, Tex.,

USA). DNase-treated RNA samples (Turbo

DNase, Ambion) were quantified by UV-absor-

bance spectrophotometry, and RNA quality

assessed by capillary electrophoresis using an

Agilent 2100 Bioanalyzer (Agilent Technologies,

Palo Alto, Calif., USA). Samples used for array

hybridizations had RNA integrity numbers (RIN)

greater than 8.7 (scale = 10 maximum) as

computed using default assignment parameters

of the Expert 2100 Bioanalyzer software package

(v2.02).

Microarray analysis: For gene expression profil-

ing, total hepatic RNA from male Pit1dw/dwJ

dwarf and age-matched control mice was ana-

lyzed by hybridization to individual Affymetrix

MG U74Av2 oligonucleotide arrays (>11,000

murine genes) using the following four experi-

mental groups based on genotype and age: young

Pit1dw/dw dwarf mice (4–6 months, n=4); young
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Pit1+/? control mice (4–6 months, n=4); aged

Pit1dw/dw dwarf mice (24–26 months, n=3); and

aged Pit1+/? control mice (24–26 months, n=3).

For Prop1df/df mice, genome-scale MG 430 2.0

oligonucleotide arrays (Affymetrix, Santa Clara,

Calif., USA) representing >34,000 murine genes

were used to survey hepatic transcripts; addition-

ally, the experimental groups were enlarged, and

a middle-aged group was also included. Total

RNA isolated from 31 male Prop1df/df and age-

matched control livers was analyzed by hybrid-

ization to separate MG 430 2.0 arrays and divided

into the following six experimental groups: young

Prop1df/df dwarf mice (4–6 months, n=5); young

Prop1+/+ control mice (4–6 months, n=5); middle-

aged Prop1df/df dwarf mice (12–14 months, n=5);

middle-aged Prop1+/+ control mice (12–14

months, n=5); aged Prop1df/df dwarf mice (24–27

months, n=6); and aged Prop1+/+ control mice

(24–27 months, n=5). Preparation of target RNA,

array hybridization, washing and scanning was

performed by standard Affymetrix protocols at

the UTMB Genomics Core Facility using 10 mg

input RNA and 20 mg labeled cRNA. Arrays were

scanned using an Affymetrix GeneChip Scanner

3000, and the image files were converted to probe-

level data using Microarray Suite Expression

Analysis (MAS 5.0) software (Affymetrix).
Preprocessing of array data, including quality

assessment, background adjustment and normal-

ization, was performed using the open-source

statistical computing environment R (v2.1.1)

and microarray analysis packages developed by

the Bioconductor project (Irizarry et al. 2005;

Gentleman and Carey 2005). Using diagnostic

plots to assess array quality and visualize arti-

facts, we examined raw intensity data for spatial

(pseudo-images) and distributional homogeneity

(inter-quartile range boxplots and MA scatter

plots) of probe set populations. Probe level data

within each array type, i.e., U47Av2 (N=14) or

MG 430 2.0 (N=31), were converted to log2-

transformed expression measures using the ro-

bust multi-array average (RMA) algorithm for

background correction, quantile normalization

and linear model fitting of perfect match (PM)

signals (Smyth 2005; Wu and Irizarry 2004). Age-

and genotype-matched contrasts between dwarf

and control gene expression were performed

using the affylmGUI and limma (v1.8.14) statisti-

cal packages for R from Bioconductor with fitting

to a general linear model and a false discovery rate

(FDR) adjustment of 5% (a=0.05) (Smyth 2004).

A significance threshold of FDR-adjusted P<0.05

was used to define differential gene expression

between Pit1dw/dw and age-matched control, and

between Prop1df/df and age-matched control

mice. Annotation of differentially expressed

probe sets was provided by Bioconductor down-

load packages and the NetAffx bioinformatics

center (Liu et al. 2003). Functional classification

of genes was performed using the gene ontogeny

(GO) consortium categories of biological process,

cellular component, and biochemical function. To

visualize distinct patterns of gene expression, the

normalized data sets were subjected to hierarchi-

cal and k-means cluster analysis and arranged by

self-organizing maps (SOMs) using Cluster and

TreeView free-access software (http://rana.lbl.

gov/EisenSoftware.htm). Over-represented func-

tional classes among the differentially expressed

genes were identified and displayed using the

EASE statistical software package (david.niaid.

nih.gov/david/ease.htm) and the GenMapp and

MAPPFinder (www.genMAPP.org) open-access

bioinformatics tools (Doniger et al. 2003).

Results and discussion

Genetic mutation of either Pit1 or Prop1 impairs

pituitary development and results in similar

hypopituitary phenotypes characterized by severe

deficiencies in the somatotrophic, lactotrophic

and thyrotrophic axes, but it also provides a

significant increase in longevity. Characterization

of particular transcriptional differences shared

between Pit1 and Prop1 dwarf mice is essential

for the identification of candidate genes and

biochemical pathways which may be involved in

the determination of mammalian lifespan. Given

the potent effects of GH on this target tissue, one

would expect to find similar patterns in hepatic

gene expression in both dwarf mutants resulting

from the combined GH- and TSH- and PRL-

deficiencies of these mice. To profile transcrip-

tional differences, two separate microarray
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experiments were performed, which compared

either Pit1dw/dw or Prop1df/df dwarf mice with age-

matched control mice, using different Affymetrix

gene chips: Pit1dw (Snell) by U47Av2 arrays

(n=14), and Prop1df (Ames) by MG 430 2.0

arrays (n=31). Following background correction

and normalization, separate age-matched con-

trasts between dwarf and control expression were

performed using an empirical, Bayes-moderated,

two-sample t-test assuming unequal variance and

adjusted using a FDR of 5% to control for the

type I error rate. A significance filter of P<0.05

was used to define differential expression, and

separate gene lists were generated for each age-

matched comparison of dwarf and control mice.

Life-long changes in hepatic gene expression

were considered those which met statistical

significance for all age-group comparisons.

Depicted in Figure 1, of greater than 45,000

probe sets on the MG 430 2.0 gene chips, 785

met statistical significance for all three age-

groups of Prop1df/df and control mice examined,

and 205 were found to be altered significantly in

both young and aged Pit1dw/dw dwarf mice. A

total of 49 unique genes was found to be

differentially expressed in both Pit1 and Prop1

livers at all ages, relative to age-matched control

animals (Table 1). These expression studies of

long-lived Snell and Ames dwarf mouse

mutants identify genes involved in detoxifica-

tion, oxidative metabolism and steroid metabo-

lism whose differential expression is not only

characteristic of these dwarf mice but may also

play an important role in the determination of

mammalian longevity.

Detoxification, oxidative metabolism and steroid

metabolism: the cytochrome P450 signature

Our working hypothesis is based on the concept

that the physiological processes of metabolic

detoxification, oxidative metabolism and mito-

chondrial dysfunction play a major role in

mammalian aging and longevity determination

(Gems and McElwee 2005; Amador-Noguez

et al. 2005; Boylston et al. 2004). The cytochrome

P450 enzymes that fall into phase I of xenobiotic

metabolism (detoxification) are composed of a

super-family of proteins and are classified into

different families in accordance with the degree

of amino acid sequence similarity in their protein

structures (Rendic 2002). These enzymes are

responsible for metabolic detoxification reactions

involving oxidative, peroxidative and reductive

metabolic transformation of drugs, environmen-

tal chemicals and natural products.

The data in Table 1 show that there are six

cytochrome P450 xenobiotic metabolizing genes

that show significant changes in mRNA levels in

both Snell and Ames dwarf mouse livers. Five of

these genes were upregulated in young mice of

both Snell and Ames dwarf mutants, and were

maintained at this elevated level of expression in

aged mice. Those genes upregulated in Snell and

Ames dwarf mutants are Cyp2b10, Cyp2b9,

Cyp2b13, Cyb4a10 and Cyp4a14. One of the six

genes, Cyp7b1, was strongly downregulated in

both mutants. Interestingly, these are genes that

Figure 1 Venn diagrams of significant differences in gene
expression in Pit1dw and Propdf microarray studies.
Separate age-matched contrasts between dwarf and con-
trol expression measures were performed. Using a signif-
icance filter of FDR-adjusted P<0.05 to define differential
expression, we generated gene lists for each age-matched
comparison. Represented by the intersections, 785 met
statistical significance for all three age groups of Prop1df/df

and control mice, and 205 were found to be altered
significantly in both young and aged Pit1dw/dw dwarf mice

AGE (2006) 28:125–144 129
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encode proteins involved in detoxification

(Cyp2b) and fatty acid metabolism (Cyp4a fam-

ily). In all cases the levels of expression of these

genes were established in the livers of young

mutants and maintained in the middle aged (Ames)

and aged mutants. These data suggest that the

metabolic patterns of certain detoxification pro-

cesses, and fatty acid and steroid metabolism in the

long-lived mutants are established by young adult-

hood and are stabilized throughout their life cycle.

The phenobarbital<inducible P450s-Cyp 2b9, Cyp

2b10 and Cyp 2b13 genes are upregulated
in both Snell and Ames dwarf mutants

Phenobarbital (PB) has long been known to

induce drug-metabolizing enzymes in the liver

(Damon et al. 1996). The microarray analyses

indicate that Cyp2b9, Cyp2b10 and Cy2b13, three

of four known phenobarbital-inducible P450

genes, are upregulated specifically in young and

aged dwarfs. Others have shown that Cyp2b13 is

also upregulated by PB, although this gene is not

upregulated in the dwarfs (Nemoto and Sakurai

1995; Stupans et al. 1984). Thus, the increased,

stabilized level of expression of P450 detoxifica-

tion processes provide increased protective mech-

anisms against xenobiotic toxins. These phase I

xenobiotic detoxifiers are excellent candidates for

longevity assurance genes.

The life-long increase in hepatic expression of

phase I xenobiotic detoxifiers in these mutants

indicates that these protective metabolic process-

es are established and stabilized in the young

dwarfs and further supports the hypothesis that

enhanced capacity for detoxification may serve as

a contributing factor in the longevity of the dwarf

mutants. We propose that the early and sustained

metabolic detoxification processes of phase I

genes play an important and basic role in

longevity determination in both Snell and Ames

dwarf mice.

Mechanisms of regulation of P450Cyp2b Phase I

detoxification genes

The Cyp2b-9 and -10 responses to PB are

regulated by multiple factors. Ca2+ via the Ca2+-

calmodulin-dependent kinase and PKC are posi-

tive regulators, while the cAMP/PKA pathway,

cytokines (IL-1b) and GH are negative regulators

(Marc et al. 2000; Galisteo et al. 2000; Shapiro

et al. 1994; Abdel-Razzak et al. 1995). Although

little is known about the activity of these factors

in the dwarfs, the GH deficiency may play a role

in the upregulation of these genes. In fact, both

male and female sex hormones and glucocor-

ticoid activate Cyp2b-9 and -10 in C57BL/6

mouse livers, suggesting that endogenous hor-

mone levels regulate the constitutive level of

expression of these genes (Nemoto and Sakurai

1995). Thus, since both Cyp2b-9 and -10 are iso-

zymes of testosterone 16a-hydroxylase, enzymes

that play a key role in testosterone biosythesis,

their increased activity may delay the age-asso-

ciated decrease in testosterone levels. Further-

more, the absence of negative regulation by GH

deficiency in the dwarfs may be responsible for

the upregulation of the basal level of expression

of Cyp2b9 and Cyp2b10. Changes in 3b-hydrox-

ysteroid metabolism have been shown to occur

in the dwarfs that support a role of altered testos-

terone metabolism as a potential factor in longev-

ity determination in the dwarf (see below).

The CYP 4a Family

P450CYP4a10 and Cyp4a14—fatty acid metabo-

lism The Cyp4a enzymes are fatty acid hydrox-

ylases that play an important role in the

metabolism of various endogenous lipid sub-

strates, such as fatty acids and arachidonic acid

(Leclerq et al. 2000). The genes of this family are

inducible by peroxisome proliferators, suggesting

that the enzymes could catalyze the production

of reactive oxygen and lipid peroxides during

peroxisome proliferation. Moreover, Cyp4a genes

are co-regulated with other genes that encode

proteins involved in b- and w-oxidation of fatty

acids (e.g., acetyl CoA-oxidase and ketothiolase),

transport (liver fatty acid-binding proteins and

acetyl-CoA-binding protein) and stress response

(chaperonin, T-complex proteins 1a). The func-

tions(s) of these genes, therefore, may include

activities associated with longevity determination.
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This suggests that CYP4A proteins are key

intermediaries in an adaptive response to pertur-

bation of hepatic lipid metabolism (Kroetz et al.

1998; Leone et al. 1999) and that the upregulation

of CYP4A enzymes may be a physiological re-

sponse that prevents aberrant lipid accumulation.

With respect to their stress response activities,

oxidative stress and lipid peroxidation levels in

liver result in lipid peroxidation end-products that

are strong chemoattractants for inflammatory

cells. The data in Table 1 show significant and

specific increases in the levels of Cyp4a10 and

Cyp4a14 in both mutants. Notably, the physio-

logical functions of these enzymes fall into the

category of oxidative metabolism that prevents

aberrant lipid accumulation and production of

inflammatory cell chemoattractants. The in-

creased activity of these genes in the Snell and

Ames mutants establishes a physiological status

that favors longevity.
The global regulatory activity of PGC-1a on

PPAR targets occurs in response to food depri-

vation. This suggests that PGC-1a and its down-

stream targets may play a key role in establishing

longevity characteristics. In addition to P450s,

PGC-1a regulates both ligand-dependent and

-independent activation of many nuclear recep-

tors that play a role in energy and drug metab-

olism. PPARa, a target of PGC-1a, regulates

responses to fasting, including fatty acid b- and w-

oxidation, gluconeogenesis and ketogenesis.

Thus, the targeted regulation by PGC-1a estab-

lishes some of the physiological responses to CR

and suggests that both PGC-1a and PPARa genes

may be longevity assurance gene candidates.
The possible significance of these genes in

longevity determination is indicated by the fact

that the Cyp4a10 and Cyp4a14 genes are also

targeted in the livers of CR mice and have been

shown to serve as beneficial factors in CR (in

mouse liver) (Corton et al. 2004), because of their

physiological regulation of lipid metabolism,

inflammation and cell growth. The activities of

both Cyp4a10 and Cyp4a14 genes are dependent

on PPARa. Their beneficial functions involve the

activation of fatty acid w-hydroxylases by xeno-

biotics, fasting and diabetes in wild-type mice

(Simpson 1997). CR increases the expression of

Cyp4a10 and Cyp4a14, which are w-oxidation

genes. These data suggest an increased depen-

dence on fatty acids as an energy source and are

consistent with metabolic effects of fasting on

fatty acid metabolism regulated by PGC-1a
(Puigserver and Spiegleman 2003). The data in

Table 1 show that both Cyp4a10 and Cyp4a14

mRNA levels are increased in the Ames and

Snell dwarf mutants and that the increase is

established in the young long-lived mutants.
The direct relationship of PPARa regulatory

functions to longevity determination is exempli-

fied by its role in prevention of liver damage by

the hepatotoxicant, thioacetamide. The mecha-

nism of CR protection is believed to be due to

enhanced liver repair due to increased cell

proliferation. In general PPARa is required for

energy metabolism production that is needed for

tissue repair (Anderson et al. 2002; Shankar et al.

2003). Thus, it is proposed that the increased

expression of PGC-1a in CR-induced hepatopro-

tection contributes to longevity via its activation

of PPARa (Corton et al. 2000). We also propose

that an important metabolic pathway characteris-

tic of longevity may involve global PGC-1a regula-

tory functions that mediate coordinated responses

by the targeted protective genes such as the P450s

and other genes that mediate protective processes.
The upregulation of these phase 1 Cyp2 and

Cyp4 family genes suggests that the mechanisms

that regulate the transcription levels may be

altered in the dwarf mutants. Studies on the

transcription factors that regulate the induction

of Cyp4a genes have shown that the nuclear

orphan constitutive active receptor (CAR) serves

as a transcription blocker that prevents Cyp4a10

and Cyp4a14 induction by PB (Ueda et al. 2002).

These studies showed that Cyp4a10 and Cyp4a14

are induced only in CAR-null mice, indicating

that CAR is a negative regulator of these genes.

Thus, the constitutive increase of these genes in

the long-lived dwarf livers suggests that the

blocking ability of CAR may be attenuated in

these mutants. The inducibility of these genes by

PB, and the fate of CAR in these mutants have

not been studied. Analysis of the status of CAR

activity and PB inducibility should provide basic

information on understanding the role and mech-

anism of Cyp4 genes in the longevity determina-

tion in these mice.
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Although studies indicate that PPARa regu-

lates Cyp4a10 and Cyp4a14, PPARg also appears

to be an important regulator of P450 Cyps. The

Cyp4a14 gene is highly inducible after treatment

with peroxisome proliferator MCP while the

Cyp4a12 gene, whose activity is not altered in

the dwarfs, is strongly repressed by MCP (Heng

et al. 1997). In fact, the upregulation of Cyp4a14

and downregulation of Cyp4a12 is typical of the

wild-type response to MCP. The peroxisome-

proliferation type characteristics exhibited by

the unstimulated dwarf are consistent with our

observation that PPARg is upregulated and that a

major characteristic of the dwarf involves regula-

tion of fatty acid and steroid synthesis (Boylston

et al. 2004).

The P450Cyp7b1 enzyme The data in Table 1

show that the mRNA level of Cyp7b1 is down-

regulated in the dwarfs. CYP7B is solely respon-

sible for the conversion of DHEA to its

metabolite 7a-OH-DHEA (Dulos et al. 2005a,b),

both in vivo and in vitro. In vitro studies suggest

that 7a-OH-DHEA has immunostimulatory ac-

tivity (Morfin 2002), e.g., it prevents the immu-

nosuppressive effects of glucocorticoids. This

suggests that an imbalance between immunosti-

mulating activity of 7a-OH-DHEA and immuno-

suppressive endogenous glucocorticoids may

contribute to a sustained inflammation. On the

other hand, strong downregulation of Cyp7b1 in

the dwarfs suggests a decrease in immunostimu-

latory activity and may play a role in the delay of

the aging of the immune response processes

(Flurkey et al. 2001, 2002).
Proinflammatory cytokines TNFa, IL-1a, IL-

1b and IL-17 increase CYP7B activity. Since the

enhanced CYP7B activity and formation of 7a-

OH-DHEA contribute to a chronic inflammatory

response, the decreased mRNA levels of Cyp7b1

in the dwarfs may result in a lower level of

chronic inflammation and reduced state of chron-

ic stress. These are characteristics that correlate

well with our molecular–metabolic model of

longevity.

The DHEA-sulfotransferase 2A enzyme The data

in Figure 2 and Table 1 show that sulfotransferase

2A, a DHEA-preferring enzyme, exhibits the

highest level of upregulation, i.e., õ7-fold in both

Snell and Ames dwarfs. DHEA-sulfotransferase

2A1 is a phase II metabolizing and detoxifying

enzyme, with substrate preference for physiolog-

ical hydroxysteroids, diverse drugs and other

xenobiotics. Recent studies have shown that

transcription of DHEA-sulfotransferase 2A1 is

markedly enhanced in senescent male rat liver,

and that caloric restriction retards this increase

(Echchgadda et al. 2004). This upregulation has

been attributed to the age-associated loss of

expression of the liver androgen receptor, a

negative regulator of this gene. Interestingly, the

Sult2A1 gene is induced by the pregnane X

receptor (PXR), which is a xeno-sensing nuclear

receptor that is activated by endobiotic and

xenobiotic chemicals. Thus, it is argued that

repression of androgen receptor and induction

of PXR act in coordination to mediate the

senescence-associated and xenobiotic-mediated

stimulation of Sult2A1. Increased expression of

this gene is both age and longevity associated and

may be a factor in an adaptive response that

ensures optimal metabolism of xenobiotic sub-

strates in aged tissue. A major difference, how-

ever, between the normal aging process and

dwarf longevity is the fact that sulfotransferase

activity is strongly upregulated in the young

Ames dwarf and remains at its elevated level

throughout the life cycle. This suggests that the

protective function of this phase II detoxifying

enzyme(s) occurs in the young dwarfs and is

consistent with the role of phase II proteins in

establishing the physiological factors that favor

longevity.

The 3b-hydroxysteroid dehydrogenase/D5-D4

isomerase gene family

The 3b-hydroxysteroid dehydrogenase/D5-D4

isomerase (3b-HSD) isoenzymes are responsible

for the oxidation and isomerization of D5-3b-

hydroxysteroid dehydrogenase precursors into

D4-ketosteroids, thus catalyzing an essential step

for the formation of all classes of active steroid

hormones: the adrenal steroid hormones, cortisol,

corticosterone and aldosterone; and the gonadal
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steroid hormones, progesterone, testosterone and

estradiol (Couet et al. 1992). The 3b-HSD

enzymes exist in multiple isoforms in rodents

and humans, each a product of a distinct gene.

The 3b-HSD gene family exhibits differential

patterns of tissue- and cell-specific expression

and regulation involving multiple signal transduc-

tion pathways that are activated by several

growth factors, steroids and cytokines (Herrmann

et al. 2002). There are six isoforms in this family

that fall into two functionally distinct groups.

Group 1 is comprised of 3b-HSD I, III and VI

(and most likely II), which function as NAD+-

dependent dehydrogenase/isomerases and are

therefore essential for the biosynthesis of active

steroid hormones. Group II, composed of 3b-

HSD IV and V function as NADPH-dependent

3-ketosteroid reductases and are involved in the

inactivation of steroid hormones such as dihydro-

testosterone (DHT).

Affymetrix microarray analyses of liver

mRNAs from Snell and Ames dwarf mice have

clearly shown that the ketosteroid reductase, 3b-

HSD-V, is dramatically downregulated in both

dwarf mutants at all ages (Table 1 and Figure 2).

In fact, both Snell and Ames mice show that 3b-

HSD-V is the only member of this family that is

dramatically downregulated (Boylston et al. 2004;

Amador-Noguez et al. 2005). These data suggest

that the inactivation of testosterone, which

increases with age in the wild-type mouse livers,

may be significantly slowed in both of these long-

lived dwarf mice and serves as an example of

delayed aging.

It is interesting that 3b-HSD-V is exclusively

expressed in the male liver, with expression first

detected at 30–40 days post-natally, i.e., during

pubertal development (Abbaszade et al. 1995;

Payne et al. 1997). The downregulation of this

gene in males, to the very low level of expression

Figure 2 Shared hepatic transcriptional profile for homozygous Pit1dw and Prop1df dwarf mice. To visually summarize
patterns of gene expression across all arrays, we subjected log2-transformed expression measures for the 49 genes to cluster
analysis. Using 100,000 iterations and 50 nodes, we constructed a self-organizing map (SOM) of these differentially
expressed genes. Relative level of gene expression: blue low, black intermediate, red high expression level
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detected in female livers, is an example of the

sexual dimorphism and tendency for the adult

male dwarf to exhibit female genetic character-

istics (Amador-Noguez et al. 2005).

The recent report of the clustered downregu-

lation of 3b-HSD-II, III and VI suggests that this

regulatory event may be mediated by a specific

transcription factor(s), shared by all of these

genes. Both STAT5 and STAT6 play a regulatory

role in activation of 3b-HSD-II, and both IL-4

and IL-13 induce 3b-HSD-I gene expression,

through STAT6 activation; 3b-HSD-II gene reg-

ulation also involves the interaction with the

orphan nuclear receptors steroidogenic factor-1

and DAC-1 (X-chromosome gene). The com-

plexity of these regulatory processes is indicated

by the speculation that the mechanisms involving

the functional cooperation between STATs and

nuclear receptors may involve their potential

interaction with other pathways such as GATA

proteins (Herrmann et al. 2002).

The 3b-HSD isoenzymes are membrane-bound

proteins located in ER and mitochondria,

depending on the tissue (Sauer et al. 1994; Simard

et al. 2005; Berchtold 1977). The fact that these

enzymes are present in the inner mitochondrial

membrane (Chapman and Sauer 1979) raises the

question of whether their coordinated downregu-

lation is a part of an overall downregulation of

mitochondrial activity in the long-lived mutants.

Co-precipitation studies have shown that 3b-HSD

is in a functional steroidogenic complex with P450

side-chain cleavage enzyme (P450 ssc) in the inner

mitochondrial membrane. This complex provides

the enzyme with immediate substrate metabo-

lized from cholesterol transported across the

mitochondrial membrane (Cherradi et al. 1995).

Our previous studies have indicated that the

cholesterol pathway is downregulated in the Snell

dwarf (Boylston et al. 2004). Thus, the coordinat-

ed downregulation of 3b-HSD and cholesterol

biosynthesis strongly suggests a downregulation

of some clustered mitochondrial functions involv-

ing steroid metabolism. Interestingly, mitochon-

drial vs ER localization is tissue-specific, e.g., the

3b-HSD is restricted to mitochondria in the testis

and, possibly, in the mouse liver mitochondria.

Hepatic 3b-HSD expression is important for

the biosynthesis and inactivation of steroids. The

adult mouse liver expresses 3b-HSD types II, III

and V, with type III predominating. Mouse type I

3b-HSD is the predominant form in fetal liver

until post-natal day 1, when type III is induced.

On day 40 the male-specific type V is detected.

Thus, the mouse liver plays a key role in the fetal

and adult development of the isomerase biosyn-

thetic activities (I and II) and ketosteroid activ-

ities (V). The fact that 3b-HSD-V is detected on

post-natal day 40 and is male-specific suggests

that the liver plays a key role in the inactivation

of 3b-HSD-V. Furthermore, the delay of testos-

terone inactivation by 3b-HSD-V in the dwarfs

suggests that the maintenance of hormonal level

plays a role in longevity.

Studies have shown that both GH and prolac-

tin (Prl) downregulate the 3-ketoreductase activ-

ity of 3b-HSD-V in mouse liver (Naville et al.

1991; Keeney et al. 1993). Thus, since Snell and

Ames dwarfs have GH and Prl deficiencies, the

dramatic downregulation of 3b-HSDs in these

mutants does not correlate with the regulatory

role of these hormones on the expression of these

genes. These data suggest that there are other

factors that mediate the downregulation of these

genes in the absence of GH and Prl.

The flavoenzymes

The flavin-containing monooxygenases The fla-

voenzymes are flavin adenine dinucleotide

(FAD)-dependent and flavin mononucleotide

(FMN)-dependent proteins. These enzymes have

the unique ability to catalyze a wide range of

biochemical reactions that involve the dehydro-

genation of metabolites in one- and two-electron

transfers from and to redox centers in the

activation for oxidation and hydroxylation reac-

tions (Fraaije and Mattevi 2000). Flavin-contain-

ing monooxygenases (FMOs) are a family of

NADPH- and FAD-dependent enzymes that

catalyze the oxygenation of a wide variety of

compounds containing nucleophilic nitrogen, sul-

fur and phosphorus heteroatoms (Zhang and

Cashman 2005; Cashman 1995, 2005; Ziegler

1988; Henerson et al. 2004). The functional diver-

sity of this phase I family is determined by the
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expression of five genes, FMO1 to FMO5, and

their variants. The data in Figure 2 and Table 1

show that FMO3 is the only member of this

family that is strongly upregulated in male Snell

and Ames dwarf livers. Furthermore, the in-

creased abundance of FMO3 mRNA is estab-

lished in the young dwarfs and persists

throughout their life cycle. It has been proposed

that the upregulation of Fmo1, 3 and 5 in the

wild-type male mouse liver during puberty, and

their downregulation in adulthood, are presum-

ably due to hormonal influences (Janmohamed et

al. 2004; Latter et al. 2002). The male dwarfs,

however, show that Fmo3 is strongly upregulated

in young adult livers and remains upregulated

throughout their life-cycle. Thus, their longevity

is associated with the maintenance of Fmo3

expression and the failure of adult factors or

processes to downregulate the gene. This is

indicative of the maintenance of pre-adult or

puberty level characteristics, thus suggesting that

aging characteristics are delayed in the dwarfs.

Interestingly, the increase in FMO3 in male

dwarf livers is another example of the trend

toward female patterns of expression in the

dwarfs and an example of sexual dimorphism

(Amador-Noguez et al. 2005).
The majority of drug and exogenous chemical

metabolism by the FMOs occurs in the liver and

kidney. A comparison of FMO1 to FMO5

mRNA levels in humans has shown that FMO3

mRNA is mainly detected in the adult liver in

significantly larger amounts than in other tissues

such as fetal and adult brain and small intestine

(Zhang and Cashman 2005).
Mammalian FMOs are hepatic microsomal

enzymes that utilize oxygen and NADPH to

oxygenate a wide range of sulfur- and nitrogen-

containing xenobiotics, and, in general, any

chemical containing a soft nucleophile that gains

access to the peroxyflavin intermediate

(FADOOH) is a potential substrate (Krueger

and Williams 2005; Massey 1994). In the first step

of the catalytic cycle, FAD undergoes 2-electron

reduction by NADPH. The reduced flavin reacts

rapidly with molecular oxygen to form a stable

peroxyflavin intermediate that is poised to react

with a suitable nucleophile. This nucleophilic

attack on FADOOH results in one atom of

molecular oxygen being transferred to the sub-

strate and one atom to form water. The rate-

limiting steps in the catalytic cycle are thought to

be the breakdown of the FADOH pseudo-base or

the release of NADP+.
The structural features of the FAD pocket

minimizes uncoupling/leakage of ROS from the

breakdown of FADOOH. As FMO is present at

high concentrations in the hepatic endoplasmic

reticulum, a significant production of super-oxide

anion radical or hydrogen peroxide from the

decomposition of the FADOOH would be detri-

mental. Thus, it is speculated that the FMO must

have evolved a mechanism to protect nucleophil-

ic sites (e.g., methionine, cysteine) from oxidative

attack by the peroxyflavin. This decreased ten-

dency to generate ROS by the FMOs supports

the hypothesis that the FMO-mediated detoxifi-

cations, because of their minimal ROS produc-

tion, are excellent longevity assurance gene

candidates. Furthermore, the increased activity

of FMO3 in Snell and Ames dwarfs suggests that

the physiological functions of FMO3 are an

important factor in longevity—possibly through

its ability to minimize uncoupled leakage of ROS

from the breakdown of FADOOH.
The developmental regulation of expression of

longevity assurance genes may be an important

factor in lifespan because of the potential to es-

tablish protective characteristics in early life. For

example, in wild-type mice, FMO3 expression is

switched on in the liver after birth (Cherrington

et al. 1998). This important developmental pro-

cess has the potential to protect the liver from

environmental hazards during early, crucial, post-

natal development. This concept is consistent

with the hypothesis that activation of detoxifica-

tion processes during early post-natal develop-

ment plays a major role in longevity development

because of their protective functions.
With respect to its potential protective prop-

erties, the hepatic distribution of mRNAs encod-

ing FMOs 1–5 is similar to that of other phase I

enzymes such as the cytochrome P450 (CYPs).

Most of these enzymes are more highly expressed

in the perivenous region of the liver (Lindros

1997). This location of FMO3 may serve to

protect the liver acinus from xenotoxic damage

(Janmohamed et al. 2004).
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Table 2 Functional classes of genes comprising the shared hepatic expression profile between homozygous Pit1dw and
Prop1df dwarf mice.

Gene ontology category Gene classification List

hits

Array

hits

EASE score

Biological process Steroid metabolism 8 104 1.8E-06

Lipid metabolism 12 375 5.9E-06

Electron transport 10 240 6.9E-06

Carboxylic acid metabolism 11 331 1.3E-05

Organic acid metabolism 11 332 1.4E-05

Complement activation 5 35 4.5E-05

Steroid biosynthesis 6 75 6.5E-05

Lipid biosynthesis 7 178 5.0E-04

Humoral defense mechanism 5 65 5.1E-04

Fatty acid metabolism 6 138 1.1E-03

Humoral immune response 5 94 2.0E-03

Xenobiotic metabolism 4 65 6.2E-03

Response to xenobiotic stimulus 4 66 6.4E-03

Complement activation, classical pathway 3 23 7.7E-03

Physiological process 39 5,720 2.4E-02

Hormone metabolism 3 42 2.4E-02

Response to external stimulus 11 898 2.9E-02

Response to pest/pathogen/parasite 6 302 2.9E-02

Cholesterol metabolism 3 47 3.0E-02

Sterol metabolism 3 51 3.5E-02

Coenzyme and prosthetic group metabolism 4 126 3.6E-02

Embryonic morphogenesis 3 58 4.4E-02

Steroid catabolism 2 8 4.6E-02

Estrogen metabolism 2 8 4.6E-02

Olfaction 3 60 4.7E-02

Complement activation , alternative pathway 2 9 5.1E-02

Chemosensory perception 3 68 5.9E-02

Perception of chemical substance 3 68 5.9E-02

Molecular function Monooxygenase activity 7 66 2.5E-06

Oxidoreductase activity 14 471 2.6E-06

Oxidoreductase activity, acting on paired donors ,

with incorporation or reduction of molecular oxygen

6 67 4.9E-05

Pheromone binding 3 7 7.5E-04

Odorant binding 3 11 1.9E-03

Protease inhibitor activity 5 92 2.3E-03

Endopeptidase inhibitor activity 5 92 2.3E-03

Enzyme inhibitor activity 6 156 2.4E-03

Catalytic activity 27 2,718 2.9E-03

Serine-type endopeptidase inhibitor activity 4 62 6.2E-03

Complement activity 3 22 7.8E-03

Oxidoreductase activity, acting on NADH or NADPH ,

NAD or NADP as acceptor

3 27 1.2E-02

Alkane 1-monooxygenase activity 2 2 1.2E-02

Oxidoreductase activity, reduced flavin or flavoprotein

as one donor, and incorporation of one atom of

oxygen

3 28 1.2E-02

Oxidoreductase activity, acting on CH-OH group of

donors

4 83 1.4E-02

Oxidoreductase activity , NAD or NADH as one donor,

and incorporation of one atom of oxygen

3 32 1.6E-02
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Expression of Fmo3 in adult mouse liver is also

gender-specific. Its expression increases in wild-

type male liver during the development of sexual

maturity, while in females its expression is high

and is neither induced nor affected by age. For

example since Fmo3 is not inducible in the

females, its high level of protective function is

constitutive and may be an important factor in

longevity determination of wild-type mice as well

as in the increased longevity in female dwarf

mutants. Interestingly, it is specifically down-

regulated in the liver of normal adult male mice

only (Cherrington et al. 1998; Janmohamed et al.

2004). The fact that the female liver contains

about 80-times as much FMO3 mRNA as male

liver may be a characteristic that contributes to

the longer lifespan in females.
Since both Snell and Ames dwarf mice have

GH, Prl and TSH deficiencies, hormonal regula-

tion may be a key factor in the regulation of FMO3

expression. For example, FMO3 is downregulated

in adult male liver by testosterone (Falls et al.

1997). Thus, if the downregulation of 3b-HSD-V

does result in slowing of the inactivation of

testosterone, the upregulation of Fmo3 must

overcome the negative regulatory effect by tes-

tosterone. On the other hand, studies have shown

that 17-b-estradiol (Coecke et al. 1998b) and

thyroid hormones (Coecke et al. 1998a) down-

regulate the expression of FMOs. This negative

regulation favors the increase in Fmo3 activity.

Because of the potential importance of Fmo3 in

longevity determination, the roles of these hor-

mones in the dwarfs must be clarified.
In addition, the generation of hydrogen perox-

ide by FMO could also play an important

physiological role in control of the overall redox

state of the cell and in expression of genes

controlled by hydrogen peroxide or the cellular

redox potential. Importantly, although active

toward many of the same substrates, CYP and

FMO often produce distinct metabolites. In

general FMO oxygenation results in metabolites

with decreased pharmacological and toxicological

properties. This is a unique characteristic of the

FMO3 that strongly supports its potential role in

decreased oxidative stress associated with lon-

gevity determination, and as a longevity assur-

ance gene candidate.

FMN dependent glyoxylate oxidase The data in

Table 1 show that glycolate oxidase 3 is upregu-

lated by õ4.5-fold in the Ames and Snell dwarf

livers. Glycolate oxidases, also known as hydroxyl

acid oxidases, are tissue-specific peroxisomal

FMN-dependent enzymes that oxidize glycolate

to glyoxylate (fatty acid a-oxidation) with con-

comitant production of H2O2 (Recalcati et al.

Table 2 continued.

Gene ontology

category

Gene classification List

hits

Array

hits

EASE

score

Oxidoreductase activity , reduced iron-sulfur protein as

one donor , and incorporation of one atom of oxygen

2 3 1.8E-02

Defense/immunity protein activity 4 108 2.8E-02

Cellular component Extracellular 25 1,888 2.1E-06

Microsome 8 116 2.2E-06

Vesicular fraction 8 117 2.3E-06

Extracellular space 23 1,689 6.3E-06

Membrane fraction 9 315 2.1E-04

Cell fraction 10 407 2.3E-04

Endoplasmic reticulum 8 341 2.0E-03

Peroxisome 3 66 4.9E-02

Microbody 3 66 4.9E-02

The 49 genes found to be differentially expressed in both Pit1 and Prop1 dwarf livers (5% FDR-adjusted P<0.05) were
subjected to statistical analysis for over-represented functional classes provided by the GO and KEGG databases using the
open-access package EASE (david.niaid.nih.gov/david/ease.htm). List hits refers to the number of genes from the list of 49
genes, and array hits denotes the total number of genes on the array mapping to that category. The statistical analysis was
performed using the genes represented on the MG U74Av2 array.
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2003). There are three human 2-hydroxy fatty

acid oxidases that are involved in the oxidation of

2-hydroxy fatty acids and may also contribute to

the general pathway of fatty acid a-oxidation

(Jones et al. 2000). It has been reported that

oxidative stress, induced by either glutathione

depletion or post-ischemic reperfusion in rat

liver, causes a decrease in Hao1 rate of transcrip-

tion and mRNA pool levels. This oxidative stress-

linked downregulation suggests a mechanism that

may prevent H2O2 formation in liver peroxi-

somes and furthermore represents a physiological

mechanism and function of this family that

regulates the activity of ROS-producing and/or

ROS-targeted proteins. Thus, the regulation of

glycolate oxidase activity by ROS may play a key

role in the regulation of constitutive levels of

ROS production, which suggests an important

function involving the physiological role for the

balanced activity of ROS signaling. The upregu-

lation of glycolate oxidase in the dwarf mutants

may, therefore, be due to the decreased level of

oxidative stress in the mutants. This may play a

key role in the regulation of balanced signaling

activity of ROS-targeted genes and contribute to

the regulation of the overall redox state of the cell.

Conclusions

The microarray analyses of various models of

aging and longevity have provided compelling

evidence that the physiological processes of

oxidative metabolism, oxidative and inflammato-

ry stress, and metabolic detoxification play a

basic role in aging and longevity determination.

A comprehensive listing of the biological pro-

cesses associated specifically with both Snell and

Ames dwarf mice is shown in Table 2. These data

strongly indicate the need for understanding the

molecular and physiological mechanisms affected

by oxidative stress (ROS) that determine the

development of such physiological characteristics

as resistance to oxidative stress and inflamma-

tion, and increased levels of detoxification. It is

important to have a comprehensive understand-

ing of the mechanisms that regulate and stabilize

the activities of clusters of genes that are

implicated by the microarray analyses, as these

should provide some understanding of the role of

transcription, translation, protein turnover and

post-translational modifications that contribute to

longevity. In particular, oxidative stress caused by

ROS production by organellar dysfunction (mi-

tochondrial/peroxisomal/endoplasmic reticulum)

is a powerful factor that affects each of these

biochemical processes. The identification of phys-

iological functions (i.e., families of genes whose

activities are targeted and regulated by ROS and

whose activities affect aging and longevity) also

raises the question of the mechanisms of these

physiological functions.

Although genetic mutants have served as

important models for studies on aging and

longevity, the significance of tissue-specific aging

in complex organisms and the role of epigenetic

mechanisms and micro-environmental changes,

especially on stem cell programming, is an

important area of future research. The micro-

array and proteomics high-throughput technolo-

gies provide the opportunities to understand the

global physiological environment of aging and

longevity. They provide the information and

resources for future investigations in understand-

ing specific biological processes that define the

molecular mechanisms of aging and longevity.

Acknowledgments This project was supported by United
States Public Health Service Grant AG16622 awarded by
the Longevity Assurance Genes Program of the National
Institute on Aging, by Institutional Training Grant
AG021890-03 awarded by the National Institute on Aging,
by United States Public Health Service Grant 1P01
AG021830 and by the Clayton Foundation for Research.
We wish to thank Diane Strain for clerical support.

References

Abbaszade IG, Clarke TR, Park CH, Payne AH (1995)
The mouse 3 beta-hydroxysteroid dehydrogenase
multigene family includes two functionally distinct
groups of proteins. Mol Endocrinol 9:1214–1222

Abdel-Razzak Z, Corcos L, Fantrel A, Guillouzo A (1995)
Interleukin-1 beta antagonizes phenobarbital induc-
tion of several major cytochromes P450 in adult rat
hepatocytes in primary culture. FEBS Lett 366:159–
164

Amador-Noguez D, Zimmerman J, Venable S, Darlington
G (2005) Gender-specific alterations in gene expres-
sion and loss of liver sexual dimorphism in the long-

140 AGE (2006) 28:125–144



lived Ames dwarf mice. Biochem Biophys Res
Commun 332:1086–2000

Anderson SP, Yoon L, Richard EB, Dunn CS, Cattley
RC, Corton JC (2002) Delayed liver regeneration in
peroxisomes proliferators-activated receptor-alpha-
null mice. Hepatology 36:544–554

Bartke A (2005) Minireview: role of the growth hormone/
insulin-like growth factor system in mammalian aging.
Endocrinology 146:3718–3723

Bartke A, Brown-Borg HM (2004) Life span extension in
the dwarf mouse. Curr Top Dev Biol 63:189–225

Berchtold JP (1977) Ultracytochemical demonstration and
probable localization of 3b-hydroxysteroid dehydro-
genase activity with a ferricyanide technique. Histo-
chemistry 50:175–190

Bluher M, Kahn BB, Kahn CR (2003) Extended longevity
in mice lacking the insulin receptor in adipose tissue.
Science 299:572–574

Boylston WH, Gerstner A, DeFord JH, Madsen M,
Flurkey K, Harrison DE, Papaconstantinou J (2004)
Altered cholesterologenic and lipogenic transcription-
al profile in livers of aging Snell dwarf (Pit1dw/dwJ)
mice. Aging Cell 3:283–296

Brown-Borg HM (2003) Hormonal regulation of aging
and lifespan. Trends Endocrinol Metab 14:151–153

Brown-Borg HM, Borg KE, Meliska CJ, Bartke A (1996)
Dwarf mice and the aging process. Nature 384:33

Cashman JR (1995) Structural and catalytic properties of
the mammalian flavin-containing monooxygenases.
Chem Res Toxicol 8:166–181

Cashman JR (2005) Quantitative analysis of FMO gene
mRNA levels in human tissue. Drug Metab Dispos,
doi: 10.1124/dmd.105.006171, DMD #6171

Chapman JC, Sauer LA (1979) Intracellular localization
and properties of 3 beta-hydroxysteroid dehydroge-
nase/isomerase in the adrenal cortex. J Biol Chem
254:6624–6630

Cherradi N, Chambaz EM, Defaye G (1995) Organization
of 3b-hydroxysteroid dehydrogenase/D5-D4 isomerase
and cytochrome P450 scc into a catalytically active
molecular complex in bovine adrenocortical mito-
chondria. J Steroid Biochem Mol Biol 55:507–514

Cherrington NJ, Cao Y, Cherrington JW, Rose RL,
Hodgson E (1998) Physiological factors affecting
protein expression of flavin-containing monooxyge-
nases 1, 3 and 5. Xenobiotica 28:673–682

Clancy DJ, Gems D, Harshman LG, Oldham S, Stocker
H, Hafen E, Leevers SJ, Partridge L (2001) Extension
of lifespan by loss of CHICO, a Drosophila insulin
receptor substrate protein. Science 292:41–43

Coecke S, Callaerts A, Phillips IR, Vercruysse A,
Shephard EA, Rogiers V (1998a) Effect of thyroid
hormones on flavin-containing monooxygenase activ-
ity in co-cultured adult rat hepatocytes. Toxicol In
Vitro 12:335–341

Coecke S, Debast G, Philips IR, Vercurysse A, Shepard
EA, Rogiers V (1998b) Hormonal regulation of
microsomal flavin-containing monooxygenase activity
by sex steroids and growth hormone in co-cultured
adult male rat hepatocytes. Biochem Pharmacol
56:1047–1051

Corton JC, Anderson SP, Stauber A (2000) Central role of
peroxisome proliferators—activated receptors in the
actions of peroxisome proliferators. Annu Rev Phar-
macol Toxicol 40:491–518

Corton JC, Apte U, Anderson SP, Limaye P, Yoon L,
Latendresse J, Dunn C, Everitt JI, Voss KA,
Swanson C, Kimbrough C, Wong JS, Gill SS,
Chandraratna AR, Kwak MK, Kensler TW, Stulnig
TM, Steffensen KR, Gustafsson JA, Mehendale HM
(2004) Mimetics of caloric restriction include agonists
of lipid-activated nuclear receptors. J Biol Chem
279:46204–46212

Coshigano KT, Clemmons D, Bellush LL, Kopchick JJ
(2000) Assessment of growth parameters and lifespan
of GHR/BP gene-disrupted mice. Endocrinology
141:2608–2613

Couet J, Simard, J, Martel C, Trudel C, Labrie Y, Labrie F
(1992) Regulation of 3-ketosteroid reductase messen-
ger ribonucleic acid levels and 3 beta-hydroxysteroid
dehydrogenase/delta 5-delta 4-isomerase activity in
rat liver by sex steroids and pituitary hormones.
Endocrinology 131:3034–3044

Damon M, Fautrel A, Guillouzo A, Corcos L (1996)
Genetic analysis of the phenobarbital regulations of
the cytochrome P450 2b-9 and aldehyde dehydroge-
nase type 2 mRNAs in mouse liver. Biochem J
317:481–486

Dhahbi JM, Kim HJ, Mote PL, Beaver RJ, Spindler SR
(2004) Temporal linkage between the phenotypic and
genomic responses to caloric restriction. Proc Natl
Acad Sci USA 101:5524–5529

Dhahbi JM, Mote PL, Fahy GM, Spindler SR (2005)
Identification of potential caloric restriction mimetics
by microarray. Physiol Genomics 23:343–350

Dominici FP, Hauck S, Argentino DP, Bartke A, Turyn D
(2002) Increased insulin sensitivity and up regulation
of insulin receptor, insulin receptor substrate (IRS)-1
and IRS-2 in liver of Ames dwarf mice. J Endocrinol
173:81–94

Doniger SW, Salomonis N, Dahlquist KD, Vranizan K,
Lawlor SC, Conklin BR (2003) MAPPFinder: using
gene ontology and GenMAPP to create a global
gene-expression profile from microarray data.
Genome Biol 4:R7

Dozmorov I, Bartke A, Miller RA (2001) Array-based
expression analysis of mouse liver genes: effect of age
and of the longevity mutant Prop1df. J Gerontol A
Biol Sci Med Sci 56:B72–B80

Dozmorov I, Galecki A, Chang Y, Krzesiecki R, Vergara
M, Miller RA (2002) Gene expression profile of long-
lived Snell dwarf mice. J Gerontol A Biol Sci Med Sci
57:B99–B108

Dulos J, Kaptein A, Kavelaars A, Heijnen C, Boots A
(2005a) Tumour necrosis factor-alpha stimulates
dehydroepiandrosterone metabolism in human fibro-
blast-like synoviocytes: a role for nuclear factor-
kappaB and activator protein-1 in the regulation of
expression of cytochrome p450 enzyme 7b. Arthritis
Res Ther 7:R1271–R1280

Dulos J, van der Vleuten MA, Kavelaars A, Heijnen
CJ, Boots AM (2005b) CYP7B expression and

AGE (2006) 28:125–144 141



activity in fibroblast-like synoviocytes from
patients with rheumatoid arthritis: regulation by
proinflammatory cytokines. Arthritis Rheum
52:770–778

Echchgadda I, Song CS, Oh TS, Cho SH, Rivera OJ,
Chatterjee B (2004) Gene regulation for the senes-
cence marker DHEA-sulfotransferase (SULT2A) by
the xenobiotic activated pregnane X receptor (PXR).
Mech Ageing Dev 125:733–745

Falls JG, Ryu DY, Cao Y, Levi PE, Hodgson E (1997)
Regulation of mouse liver flavin-containing monoox-
ygenases 1 and 3 by sex steroids. Arch Biochem
Biophys 342:212–223

Flurkey K, Papaconstantinou J, Miller RA, Harrison DE
(2001) Lifespan extension and delayed immune and
collagen aging in mutant mice with defects in growth
hormone production. Proc Natl Acad Sci USA
98:6736–6741

Flurkey K, Papaconstantinou J, Harrison DE (2002) The
Snell dwarf mutation Pit dw can increase lifespan in
mice. Mech Ageing Dev 123:121–130

Fraaije MW, Mattevi A (2000) Flavoenzymes: diverse
catalysts with recurrent features. Trends Biochem Sci
25:126–132

Francis GA, Fayard E, Picard F, Auwerx J (2003) Nuclear
receptors and control of metabolism. Annu Rev
Physiol 65:261–311

Galisteo MN, Lagadic-Gossmann D, Fautrel A, Joannard
F, Guillouzo A, Corcos L (2000) Regulation of
phenobarbital induction of the cytochrome P450
2b9/10 genes in primary mouse hepatocyte culture.
Involvement of calcium and cAMP-dependent path-
ways. Eur J Biochem 267:963–970

Gems D, McElwee JJ (2005) Broad spectrum detoxifica-
tion: the major longevity assurance process regulated
by insulin/IGF-1 signaling. Mech Ageing Dev 126:
381–387

Gems D, Pletcher S, Partridge L (2002) Interpreting
interactions between treatments that slow aging.
Aging Cell 1:1–9

Gentleman R, Carey V (2005) Biobase: base functions for
Bioconductor. R package version 1.5.12

Guarente L, Kenyon C (2000) Genetic pathways that reg-
ulate ageing in model organisms. Nature 408:255–262

Hekimi S, Guarente L (2003) Genetics and the specificity
of the aging process. Science 299:1351–1354

Henerson MC, Krueger SK, Siddens LK, Stevens JF,
Williams DE (2004) S-oxygenation of the thioether
organophosphate insecticides phorate and disulfoton
by human lung flavin-containing monooxygenase 2.
Biochem Pharmacol 68:959–967

Heng YM, Kuo C-WS, Jones PS, Savory R, Schulz RM,
Tomlinson SR, Gray TJB, Bell DR (1997) A novel
murine P-450 gene Cyp4a14, is part of a cluster of
Cyp4a and Cyp4b, but not of CYP4F genes in mouse
and humans. Biochem J 325:741–749

Herrmann M, Scholmerich J, Straub RH (2002) Influence
of cytokines and growth factors on distinct steroido-
genic enzymes in vitro. Ann N Y Acad Sci 966:166–186

Holzenberger M (2004) The GH/IGF-1 axis and longevity.
Eur J Endocrinol 151 [Suppl 1]:S23–S27

Holzenberger M, Dupon J, Ducos B, Leneuve P, Gelden
A, Even PC, Cerfvera P, Le Bouc Y (2003) IGF-1
receptor regulates lifespan and resistance to oxidative
stress in mice. Nature 421:182–186

Hsieh C-C, DeFord JH, Flurkey K, Harrison DE,
Papaconstantinou J (2002a) Implications of the insu-
lin signaling pathway in Snell dwarf mouse longevity:
a similarity with C. elegans longevity paradigm. Mech
Age Dev 123:1229–1244

Hsieh C-C, DeFord JH, Flurkey K, Harrison DE,
Papaconstantinou J (2002b) Effects of the Pit1
mutation on the insulin signaling pathway: implica-
tions on the longevity of the long-lived Snell dwarf
mouse. Mech Age Dev 123:1245–1255

Irizarry RA, Gautier L, Bolstad BM, Miller C, with con-
tributions from Astrand M, Cope LM, Gentleman R,
Gentry H, Huber W, MacDonald J, Rubinstein RIP,
Workman C, Zhang J (2005) Affy: methods for Affyme-
trix oligonucleotide arrays. R package, version 1.6.7

Janmohamed A, Hernandez D, Phillips IR, Shephard EA
(2004) Cell-, tissue-, sex-, and developmental stage-
specific expression of mouse flavin-containing mono-
oxygenases (FMOs). Biochem Pharmacol 68:73–83

Jones FM, Morrell JC, Gould SJ (2000) Identification and
characterization of HAOX1, HAOX2, and HAOX3,
three human peroxisomal 2-hydroxy acid oxidases. J
Biol Chem 275:12590–12597

Keeney DS, Murry BA, Bartke A, Wagner TE, Mason JI
(1993) Growth hormone transgenes regulate the
expression of sex-specific isoforms of 3b-hydroxyste-
roid dehydrogenase/D5-D4 isomerase in mouse liver
and gonads. Endocrinology 133:1131–1138

Kenyon C (2001) A conserved regulatory system for aging.
Cell 105:165–168

Kenyon C (2005) The plasticity of aging: insights from
long-lived mutants. Cell 120:449–460

Kimura KD, Tissenbaum HG, Liu Y, Ruvkin G (1997)
daf-2, an insulin receptor-like gene that regulates
longevity and diapause in Caenorhabditis elegans.
Science 277:942–946

Kroetz DL, Yook P, Costet P, Bianchi P, Pineau T (1998)
Peroxisome proliferator-activated receptor a controls
the hepatic Cyp4A induction adaptive response to
starvation and diabetes. J Biol Chem 273:31581–31589

Krueger SK, Williams DE (2005) Mammalian flavin-
containing monooxygenases: structure/function, ge-
netic polymorphisms and role in drug metabolism.
Pharmacol Ther 106:357–387

Kurosu H, Yamamoto M, Clark JD, Pastor JV, Nandi A,
Gurnani P, McGuinness OP, Chikuda H, Yamaguchi
M, Kawaguchi H, Shimomura I, Takayama Y, Herz J,
Kahn CR, Rosenblatt KP, Kuro-o M (2005) Suppres-
sion of aging in mice by the hormone klotho. Science
309:1829–1833

Larsen PL (1993) Aging and resistance to oxidative
damage in Caenorhabditis elegans. Proc Natl Acad
Sci USA 90:8905–8909

Latter V, Lachner J, Buronfosse T, Garnier F, Benoit E
(2002) Physiological factors affecting the expression
of FMO1 and FMO3 in the rat liver and kidney.
Biochem Pharmacol 63:1453–1464

142 AGE (2006) 28:125–144



Leclerq IA, Farrell GC, Field J, Bell DR, Gonzalez FJ,
Robertson GR (2000) CYP2E1 and CYP4A as micro-
somal catalysts of lipid peroxides in murine nonalco-
holic steatohepatitis. J Clin Invest 105:1067–1075

Leone TC, Weinheimer CJ, Kelly DP (1999) A critical
role for peroxisome proliferator-activated receptor a
(PPARa) in the cellular fasting response: the
PPARa-null mouse as a model of fatty acid oxidation
disorders. Proc Natl Acad Sci U S A 96:7473–7478

Lin YJ, Seroude L, Benzer S (1998) Extended lifespan and
stress resistance in the Drosophila mutant Methuse-
lah. Science 282:943–946

Lindros KO (1997) Zonation of cytochrome P450 expres-
sion, drug metabolism and toxicity in the liver. Gen
Pharmacol 28:191–196

Lithgow GJ, Walker GA (2002) Stress resistance as a
determinate of C. elegans lifespan. Mech Ageing Dev
123:765–771

Liu G, Loraine AE, Shigeta R, Cline M, Cheng J,
Valmeekam V, Sun S, Kulp D, Siani-Rose MA (2003)
NetAffx: Affymetrix probesets and annotations.
Nucleic Acids Res 31:82–86

Liu JL, Coschigano KT, Robertson K, Lipsett M, Guo Y,
Kopchick JJ, Kuma U, Liu YL (2004) Disruption of
growth hormone receptor gene causes diminished
pancreatic islet size and increased insulin sensitivity in
mice. Am J Physiol Endocrinol Metab 287:E405–E413

Marc N, Galisteo M, Lagadic-Gossmann D, Fautrel A,
Joannard F, Guillouzo A, Corcos L (2000) Regulation
of phenobarbital induction of the cytochrome P450
2b9/10 genes in primary mouse hepatocyte culture.
Involvement of calcium and cAMP-dependent path-
ways. Eur J Biochem 267:963–970

Massey V (1994) Activation of molecular oxygen by flavins
and flavoproteins. J Biol Chem 269:22459–22462

Migliaccio E, Giorgio M, Mele S, Pelicci G, Reboldi P,
Pandolfi PP, Lanfrancone L, Pelicci PG (1999) The
p66shc adaptor protein controls oxidative stress re-
sponse and life span in mammals. Nature 402:309–313

Morfin R (2002) Involvement of steroids and cytochrome
P450 species in triggering of immune defenses. J Ste-
roid Biochem Mol Biol 80:273–290

Murakami S, Johnson TE (1996) A genetic pathway
conferring life extension and resistance to UV stress
in Caenorhabditis elegans. Genetics 143:1207–1218

Murakami S, Salmon A, Miller RA (2003) Multiplex stress
resistance in cells from long-lived dwarf mice. FASEB
J 17:1565–1566

Naville D, Keeney DS, Jenkin G, Murry BA, Head JR,
Mason JI (1991) Regulation of expression of male-
specific rat liver microsomal 3b-hydroxysteroid dehy-
drogenase. Mol Endocrinol 5:1090–1100

Nemoto N, Sakurai J (1995) Glucocorticoid and sex
hormones as activating or modulating factors for
expression of Cyp2b-9 and Cyp2b-10 in mouse liver
and hepatocytes. Arch Biochem Biophys 319:286–292

Payne AH, Abbaszade IG, Clarke TR, Bain PA, Park CH
(1997) The multiple murine 3b-hydroxysteroid dehy-
drogenase isoforms: structure function, and tissue-
and developmentally specific expression. Steroids
62:169–175

Puigserver P, Spiegleman BM (2003) Peroxisome prolif-
erator-activated receptor-gamma coactivator 1 alpha
(PGC-1 alpha): transcriptional coactivator and meta-
bolic regulator. Endocr Rev 24:79–90

Recalcati S, Tacchiani L, Alberghini A, Conte D, Cairo G
(2003) Oxidative stress-mediated downregulation of
rat hydorxysteroid oxidase 1, a liver-specific peroxi-
somal enzyme. Hepatology 38:1159–1166

Rendic S (2002) Summary of information on human CYP
enzymes: human P450 metabolism data. Drug Metab
Rev 29:83–448

Richardson A, Liu F, Adamo ML, Van Remmen H,
Nelson JF (2004) The role of insulin and insulin-like
growth factor-I in mammalian ageing. Best Pract Res
Clin Endocrinol Metab 18:393–406

Romanick MA, Rakoczy SG, Brown-Borg HM (2004)
Long-lived Ames dwarf mouse exhibits increased
antioxidant defense in skeletal muscle. Mech Ageing
Dev 125:269–281

Salmon AB, Murakami S, Bartke A, Kopchick J, Yasumura
K, Miller RA (2005) Fibroblast cell lines from young
adult mice of long-lived mutant strains are resistant to
multiple forms of stress. Am J Physiol Endocrinol
Metab 289:E23–E29

Sampayo JN, Olsen A, Lithgow GJ (2003) Oxidative stress
in Caenorhabditis elegans: protective effects of su-
peroxide dismutase/catalase mimetics. Aging Cell
2:319–326

Sauer LA, Chapman JC, Dauchy RT (1994) Topology of
3b-hydroxysteroid dehydrogenase/D5-D4 isomerase in
adrenal cortex mitochondria and microsomes. Endo-
crinology 134:751–759

Shankar K, Vaidya VS, Wang T, Bucci TJ, Mehendale
HM (2003) Streptozotocin-induced diabetic mice are
resistant to lethal effects of thioacetamide hepatotox-
icity. Toxicol Appl Pharmacol 188:122–134

Shapiro BH, Pampori NA, Lapensen DP, Waxman DJ
(1994) Growth hormone-dependent and -independent
sexually dimorphic regulation of phenobarbital-in-
duced hepatic cytochromes P450 2B1 and 2B2. Arch
Biochem Biophys 312:234–239

Simard J, Ricketts ML, Gringoas S, Soucy P, Feltus FA,
Melner MH (2005) Molecular biology of the 3beta-
hydroxysteroid dehydrogenase/delta5-delta4 isomer-
ase gene family. Endocr Rev 26:525–582

Simpson AE (1997) The cytochrome P450 4 (CYP4)
family. Gen Pharmacol 28:351–359

Smyth GK (2004) Linear models and empirical Bayes
methods for assessing differential expression in
microarray experiments. Statistical applications in
genetics and molecular biology 3(1), article 3

Smyth GK (2005) Limma: linear models for microarray
data. In: Gentleman R, Carey V, Dudoit S, Irizarry R,
Huber W (eds) Bioinformatics and computational
biology solutions using R and Bioconductor. Springer,
New York, pp 397– 420

Stupans I, Ikeda T, Kessler DJ, Nebert DW (1984)
Characterization of a cDNA clone for mouse pheno-
barbital inducible cytochrome P450b. DNA 3:129–137

Tatar M, Kipelman A, Epstein D, Tu MP, Yin CM,
Garofolo RS (2001) A mutant Drosophila insulin

AGE (2006) 28:125–144 143



receptor homolog that extends lifespan and impairs
neuroendocrine function. Science 292:107–110

Tatar M, Bartke A, Antebi A (2003) The endocrine regula-
tion of aging by insulin-like signals. Science 299:1346–
1351

Tissenbaum HA, Ruvkun G (1998) An insulin-like signal-
ing pathway affects both longevity and reproduction
in Caenorhabditis elegans. Genetics 148:703–717

Ueda A, Kakizaki S, Negishi M, Sueyoshi T (2002)
Residue threonine 350 confers steroid hormone

responsiveness to the mouse nuclear orphan receptor
CAR. Mol Pharmacol 61:1284–1288

Wu Z, Irizarry RA (2004) Preprocessing of oligonucleo-
tide array data. Nat Biotechnol 22:656–658

Zhang J, Cashman R (2005) Quantitative analysis of FMO
gene mRNA levels in human tissues. Drug Metab
Dispos 34:19–26

Ziegler DM (1988) Flavin-containing monooxygenases:
catalytic mechanism and substrate specificities. Drug
Metab Rev 19:1–32

144 AGE (2006) 28:125–144


	Identification of longevity-associated genes in long-lived Snell and Ames dwarf mice
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Detoxification, oxidative metabolism and steroid metabolism: the cytochrome P450 signature
	The phenobarbital&hyphen;inducible P450s-Cyp 2b9, Cyp 2b10 and Cyp 2b13 genes are upregulated �in both Snell and Ames dwarf mutants
	Mechanisms of regulation of P450Cyp2b Phase I detoxification genes
	The CYP 4a Family
	The 3&bgr;-hydroxysteroid dehydrogenase/&Dgr;5-&Dgr;4 isomerase gene family
	The flavoenzymes
	Conclusions
	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 1.4
  /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


