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Double-Face of Vasohibin-1 for the Maintenance of Vascular
Homeostasis and Healthy Longevity

Yasufumi Sato
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The structural and functional integrity of endothelium is essential for the maintenance of vascular
health. Vasohibin-1 (VASH1), originally isolated as an endothelium-derived angiogenesis inhibitor,
has another function to promote stress tolerance of endothelial cells (ECs), and these functions are
critical for the maintenance of vascular homeostasis preventing both pathological angiogenesis and
stress-induced vascular diseases. The expression of VASH1 is downregulated during replicative senes-
cence of ECs by the alteration of microRNA expression, and this age-associated downregulation of
VASH1 might be a risk of deterioration of vascular homeostasis and age-related vascular diseases.
Contrary to this expectation, the lack of Vashl gene in mice exhibited healthy longevity. Thus,
VASH]1 has double-face for the maintenance of vascular homeostasis and healthy longevity. This fea-
ture of VASH1 and its mechanism will be described in this mini review.
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Introduction

Cardiovascular diseases (CVDs) are the major
cause of death in industrialized countries. Aging is the
critical risk factor of CVDs, as the prevalence of
CVDs is significantly increased in the older popula-
tion". Aging is associated with the progressive deterio-
ration of the structure and function of all cell types,
including vascular endothelial cells (ECs). Aging is
influenced both by replicative senescence and by envi-
ronmental factors. When various cellular stresses cause
DNA damage, cells arrest their cell cycle for the repair
of DNA damage, which leads to premature cell senes-
cence. Replicative senescence is the result of telomere
shortening, whereas premature cell senescence does not
require such an event. Nonetheless, replicative senes-
cent cells are more prone to DNA damage and the
resultant premature cell senescence?.

ECs on the vascular wall receive cumulative dam-
ages during aging, and this causes the age-dependent
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impairment of the vascular endothelium?. In order to
maintain the integrity of vascular structure and func-
tion, the vascular endothelium possess a self-defense
system. Vasohibin-1 (VASH1) is initially isolated as an
endothelium-derived angiogenesis inhibitor, and is
further revealed to promote stress tolerance of ECs for
the maintenance of vascular homeostasis* .

Isolation of Vasohibins

To search for angiogenesis regulators expressed in
ECs, we stimulated ECs in culture with VEGF and
then performed DNA microarray analysis to charac-
terize VEGF-inducible genes in these cells. We focused
our attention on genes whose functions were unde-
fined at that time. Recombinant proteins of such genes
were made and applied to functional bioassays of angio-
genesis. This attempt led to the isolation of a gene
having anti-angiogenic activity, which we designated
as vasohibin (VASH). By examining in a database, we
found a gene homologous to VASH, and designated
the homolog as vasohibin-2 (VASH2) and we rename
VASH as VASHI. The overall homology between
human VASH1 and human VASH2 is 52.5% at the
level of the amino-acid sequence. Moreover, it is now
revealed that lower organisms possess one ancestral
vasohibin gene, whereas vertebrates have VASH1 and

461



Yasufumi Sato

VASH2. The common ancestral vasohibin gene is
divided into VASH1 gene and VASH2 gene during
the evolution. The conserved amino-acid sequence
across species indicates the importance of the biologi-
cal role of the vasohibin family®.

VASH1 for Angiogenesis Inhibition and
Stress Tolerance of ECs

VASHLI is preferentially expressed in ECs of newly
formed blood vessels behind the sprouting front where
angiogenesis terminates”. When angiogenesis was
induced in VashI KO mice, angiogenesis was main-
tained in the area where angiogenesis should be termi-
nated. Moreover, when the adenoviral vector encoding
human VASH1 (AdhVASH1) was injected from tail
vein of Vashl KO mice, this sustained angiogenesis
was abrogated”.

Besides its emergence there on the vascular wall
for the termination of angiogenesis, the VASH1 pro-
tein is immunohistochemically detectable in certain
ECs unrelated to angiogenesis®. The additional role of
VASH1 was subsequently revealed by the knockdown
of VASHI in cultured HUVECs, which treatment sig-
nificantly increased the number of premature senes-
cent cells. Alternatively, when VASH1 was overexpressed
in HUVECGs, such cells became resistant to stress-
induced premature cell senescence”. This protective
function of VASH1 was confirmed under 7z vivo con-
ditions by the treatment of mice with paraquat, which
generates superoxide and causes acute organ damage
including lungs. When compared with wild-type mice,
Vash1 KO mice died in greater numbers due to acute
lung injury caused by paraquat. Alternatively, when
VASHI1 was overexpressed in the lungs of Vashl KO
mice by the intra-tracheal administration of Adh-
VASHI, the paraquat-induced acute lung injury was
almost completely prevented”. The protective role of
VASHI1 from vascular diseases was further clarified by
comparing the development of STZ-induced diabetic
nephropathy, or the development of intimal thicken-
ing of femoral artery in cuff-injury model in Vashl
KO mice with that in their wild-type mice. The results
indicated that diabetic nephropathy or intimal thick-
ening of femoral artery was significantly exacerbated
in Vashl KO mice” '”. The protective activity of
VASH1 was further documented in murine diabetes
models, as human VASH1 protein delivered from the
liver infected with AdhVASH]1 prevented diabetic neph-
ropathy'" ' or intimal thickening of femoral artery'?.

Thus, these loss-of-function and gain-of-function
studies have clearly demonstrated the role of VASH1
is to maintain vascular homeostasis by both angiogen-
esis inhibition and stress tolerance of ECs.
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Dual Regulation of VASH1 Expression for
the Maintenance of Vascular Homeostasis

Gene expression begins with the transcription of
DNA for the generation of mRNA and ends with its
translation to protein. When ECs are exposed to pro-
angiogenic stimuli such as VEGE ECs increase their
expression of VASH1 mRNA and VASHI1 protein syn-
thesis over a 24-hour period®. This VEGF-mediated
increase of VASH1 mRNA is not influenced by the
actinomycin D treatment'?, indicating that this incr-
ease of VASH1 mRNA is mediated by the transcrip-
tional activation.

Post-transcriptional regulation controls the fate
of mRNAs at the steps of splicing, export, stabiliza-
tion, and translation; and these processes are regulated
by the interaction of ¢is-regulatory elements on mRNA
and frans-acting factors such as RNA binding proteins
(RBPs) and microRNAs that bind to these elements!.
When HUVEC: are exposed to cellular stresses such
as H2O:2 treatment or serum starvation, HUVECs
promptly increase the VASH1 protein level, and this is
not accompanied by the increase of VASH1 mRNA.
This prompt increase in VASHI1 protein synthesis
without transcription is mediated by an RBP, namely,
HuR”. HuR belongs to the embryonic lethal abnor-
mal vision (ELAV) family of RBPs that bind to U-rich
and/or AU-rich elements in the 3"UTRs of their tar-
get mRNAs, and it prevents their degradation and
enhances translation'”. There are four members of the
ELAV protein family, i.e., HuB, HuC, HuD, and
HuR. HuB, HuC, and HuD are selectively expressed
in the nervous system and play roles in neuronal dif-
ferentiation and plasticity, whereas HuR is ubiqui-
tously expressed and involved in numerous cellular
responses'”. HuR is present predominantly in the
nucleus under normal conditions. When cells are
exposed to cellular stresses, HuR is translocated to the
cytoplasm, where it interacts with mRNAs and elicits
cellular stress responses'®.

Thus, VASH1 protein synthesis is induced tran-
scriptionally for angiogenesis inhibition or post-tran-
scriptionally for stress tolerance of ECs, and these
functions are critical for the maintenance of vascular
homeostasis (Fig. 1).

Age-Associated Downregulation of VASH1

It is well documented that a variety of functional
classes of genes are downregulated with age, often in a
tissue specific manner'”. We found that the expres-
sion of VASH1 was decreased with replicative senes-
cence of ECs'”. To explore the mechanism of this
downregulation of VASH1, the expressions of micro-
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Fig.1. Regulation of VASHI expression in EC

VASHI1 is induced transcriptionally by angiogenic stimuli for angiogenesis inhibition or post-transcriptionally by RNA binding
protein HuR for stress tolerance of ECs, and these functions are critical for the maintenance of vascular homeostasis. VASH1 is
downregulated with replicative senescence of ECs by the increase of miR-22, and this age-associated downregulation of VASH1

might be a risk of deterioration of vascular homeostasis and age-related vascular diseases.

RNAs in old HUVECs (49 population doublings) and
young HUVEC: (5 population doublings) were com-
pared by performing microarray analysis'?.
MicroRNAs are small non-coding RNAs, which
regulate gene expression at the post-transcriptional level
via target mRNA degradation and/or translational
suppression via binding to the 3’-untranslated region
(3’-UTR)'®. It is estimated that approximately one-
third of all animal genes are controlled by microR-
NAs, and thus microRNAs exhibit a wide range of
biological processes including aging'”. Indeed, incr-
easing evidences suggest that changes in the expression
profile of microRNAs contribute to cellular senescence,
aging and aging-related diseases, and several studies
were directed to examine the relationship between cer-
tain microRNAs and cardiovascular aging? 2". Our
analysis revealed that among the top 20 microRNAs
that were expressed at a higher level in old HUVEC:,
the third highest microRNA, namely, miR-22-3p, had

its binding site on the 3’-UTR of VASH1 mRNA.
Experiments with microRNA mimic and anti-miR
revealed that miR-22-3p was involved in the down-
regulation of VASH1 in ECs during replicative senes-
cence'”. MiR-22 is previously reported to promote
senescence of endothelial progenitor cells by targeting
AKT3??. We added VASHLI to the list of miR-22 tar-
gets that were downregulated with replicative senes-
cence of ECs, and that might be responsive to aging-
associated vascular diseases (Fig. 1).

The Decrease of Vash1 Gene for
Healthy Longevity

Since VASH1 has a characteristic of promoting
stress tolerance in ECs, we speculated that the lack of
the Vashl gene should result in a short lifespan. How-
ever, to our surprise, Vash1 KO mice lived significantly
longer with a milder senescence phenotype than wild-
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Fig.2. The decrease of Vashl gene for healthy longevity

A: Reduced insulin signaling can increase longevity, but its profound reduction can result in diabetes and short life. The lack of VashI gene
caused mild insulin resistance without the outbreak of overt diabetes and that might contribute to healthy longevity (asterisks). B: Skeletal
muscle, liver, and adipose tissue are three major target organs of insulin for glucose homeostasis. The expression of Vashl dominated in the
vasculature distributed to WAT among three major target organs of insulin, and the expression of Vash1 is involved in the regulation of the

expression of Inst, IRS1, and IRS2.

type mice®.

Numerous studies have being focusing on the
mechanism of aging, and so far they have revealed cer-
tain genes and signaling pathways that contribute to
the regulation of the lifespan”. Among them, insulin
signaling plays a crucial and evolutionally conserved
role in longevity®). Decreased insulin signaling for lon-
gevity was first demonstrated in Caenorbabditis ele-
gans, next Drosophila, and further confirmed in mam-
mals?*?¥. However, as insulin signaling is essential for
glucose homeostasis, this decreased insulin signaling
should cause diabetes mellitus. So-called insulin para-
dox has raised a challenging question as to how the
preserved insulin signaling for glucose homeostasis and
the reduced insulin signaling for longevity can be bal-
anced®.

Skeletal muscle, liver, and adipose tissue are three
major target organs of insulin for glucose homeostasis.
We sought the cause of healthy longevity of Vashl KO
mice and found that Vash1 KO mice exhibited mild
insulin resistance along with reduced expression of the
insulin receptor (Insr), insulin receptor substrate 1
(Irs1), and insulin receptor substrate 2 (Irs2) in their
white adipose tissue (WAT) but not in their liver or
skeletal muscle. The expression of Vash1 dominated in
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the WAT among those three organs of WT mice, and
its expression was selective in ECs. Importantly, VashI
KO mice never developed diabetes when fed a high-
fat diet*?. This is the first demonstration that endo-
thelial cell-expression of Vash1 in adipose tissue is req-
uired for the normal expression of Insr, Irs1, and Irs2,
and insulin sensitivity of the WAT (Fig.2). Although
the decrease of Vash1 may be responsive to aging-asso-
ciated vascular diseases, which also causes mild insulin
resistance without the outbreak of overt diabetes and
that may contribute to healthy longevity.

Concluding Remarks

This mini review summarized a molecular basis
for vascular homeostasis and healthy longevity regu-
lated by VASH1. VASH1 is a negative-feedback regu-
lator of angiogenesis synthesized by ECs, which also
increases stress tolerance of ECs. Besides its transcrip-
tional induction by angiogenic stimuli, the synthesis
of VASHL receives post-transcriptional regulation. Cel-
lular stresses increase the synthesis of VASHI1 via
HuR, whereas replicative senescence of ECs decreases
the synthesis of VASH1 via an increase of senescence-
associated microRNA, namely miR-22. As a decrease
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Fig.3. Double-face of VASHI for the maintenance of vascular homeostasis and healthy longevity

The expression of VASH1 is maintained in reproductive period but downregulated during aging, and this age-associ-
ated downregulation of VASH1 might be a risk of deterioration of vascular homeostasis and age-related vascular dis-
eases. VASH1 has an additional role that influences the insulin signaling, and another face of age-associated downregu-

lation of VASH1 might be for healthy longevity.

in VASH1 expression makes the vasculature vulnera-
ble to cellular stresses, we were puzzled and wondered
why nature would allow a decrease in the expression
of such a valuable protein with aging. We then found
that the lack of VashI gene resulted in health longevity
in mice. In accordance with this observation, we now
propose the novel role of VASHI that influences the
insulin signaling, and that one purpose of age-associ-
ated downregulation of VASH1 might be to afford
healthy longevity (Fig. 3).

COl

Nothing to declare.

References

1) Hazzard WR. Atherosclerosis and aging: a scenario in flux.
Am J Cardiol, 1989; 63; 20H-24H

2) Sikora E, Bielak-Zmijewska A, Mosieniak G. Cellular senes-
cence in ageing, age-related disease and longevity. Curr
Vasc Pharmacol, 2014; 12: 698-706

3) Costantino S, Paneni F, Cosentino F. Ageing, metabolism
and cardiovascular disease. ] Physiol, 2016; 594: 2061-
2073

4) Watanabe K, Hasegawa Y, Yamashita H, Shimizu K, Ding
Y, Abe M, Ohta H, Imagawa K, Hojo K, Maki H, Sonoda
H, and Sato Y. Vasohibin as an endothelium-derived neg-
ative feedback regulator of angiogenesis. ] Clin Invest,
2004; 114: 898-907

5) Miyashita H, Watanabe T, Hayashi H, Suzuki Y, Naka-
mura T, Ito S, Ono M, Hoshikawa Y, Okada Y, Kondo T,
and Sato Y. Angiogenesis inhibitor vasohibin-1 enhances
stress resistance of endothelial cells via induction of SOD2
and SIRT1. PLoS One, 2012; 7, e46459

6) Sato Y. A novel link between inhibition of angiogenesis
and tolerance to vascular stress. ] Atheroscler Thromb,
2015; 22, 327-334

7) Kimura H, Miyashita H, Suzuki Y, Kobayashi M, Wata-
nabe K, Sonoda H, Ohta H, Fujiwara T, Shimosegawa T
and Sato Y. Distinctive localization and opposed roles of
vasohibin-1 and vasohibin-2 in the regulation of angio-
genesis. Blood, 2009; 113: 4810-4818

8) Shibuya T, Watanabe K, Yamashita H, Shimizu K, Miyas-
hita H, Abe M, Moriya T, Ohta H, Sonoda H, Shi-
mosegawa T, Tabayashi K, and Sato Y. Isolation and char-
acterization of vasohibin-2 as a homologue of VEGF-
inducible endothelium-derived angiogenesis inhibitor vaso-
hibin. Arterioscler Thromb Vasc Biol, 2006; 26: 1051-
1057

9) Hinamoto N, Maeshima Y, Tanabe K, Nasu T, Saito D,
Yamasaki H, Watatani H, Ujike H, Kinomura M, Sugi-
yama H, Sato Y, and Makino H. Exacerbation of diabetic
renal alterations in mice lacking vasohibin-1. PLoS One,
2014; 9: 107934

10) Takeda E, Suzuki Y, and Sato Y. Age-associated down-
regulation of vasohibin-1 in vascular endothelial cells.
Aging Cell, 2016; 15: 885-892

11) Nasu T, Maeshima Y, Kinomura M, Hirokoshi-Kawahara
K, Tanabe K, Sugiyama H, Sonoda H, Sato Y, and Makino
H. Vasohibin-1, a negative feedback regulator of angio-
genesis, ameliorates renal alterations in a mouse model of

diabetic nephropathy. Diabetes, 2009; 58: 2365-2375

465



Yasufumi Sato

12) Saito D, Maeshima Y, Nasu T, Yamasaki H, Tanabe K,
Sugiyama H, Sonoda H, Sato Y, and Makino H. Amelio-
ration of renal alterations in obese type 2 diabetic mice by
vasohibin-1, a negative feedback regulator of angiogenesis.
Am. J. Phys - Renal Physiol, 2011; 300: F873-886

13) Yamashita H, Abe M, Watanabe K, Shimizu K, Moriya T,
Sato A, Satomi S, Ohta H, Sonoda H, and Sato Y. Vaso-
hibin prevents arterial neointimal formation through angio-
genesis inhibition. Biochem Biophys Res Commun, 2006;
345:919-925

14) Shimizu K, Watanabe K, Yamashita H, Abe M, Yoshi-
matsu H, Ohta H, Sonoda H, and Sato Y. Gene regula-
tion of a novel angiogenesis inhibitor, vasohibin, in endo-
thelial cells. Biochem Biophys Res Commun, 2005; 327:
700-706

15) Hinman MN, and Lou H. Diverse molecular functions of
Hu proteins. Cell Mol Life Sci, 2008; 65: 3168-3181

16) Abdelmohsen K, Lal A, Kim HH, and Gorospe M. Post-
transcriptional orchestration of an anti-apoptotic program
by HuR. Cell Cycle, 2007; 6: 1288-1292

17) Stegeman R, Weake VM. Transcriptional Signatures of
Aging. ] Mol Biol, 2017; 429: 2427-2437

18) Bartel DP. MicroRNAs: target recognition and regulatory
functions. Cell, 2009; 136: 215-233

19) Breving K, Esquela-Kerscher A. The complexities of micro-
RNA regulation: mirandering around the rules. Int J Bio-
chem Cell Biol, 2010; 42: 1316-1329

20) Lee S, Choi E, Cha M], Park AJ, Yoon C, Hwang KC.
Impact of miRNAs on cardiovascular aging. Mediators
Inflamm, 2015; 2015: 254871

21) He XM, Zheng YQ, Liu SZ, Liu Y, He YZ, Zhou XY.

466

Altered Plasma MicroRNAs as Novel Biomarkers for
Arteriosclerosis Obliterans. ] Atheroscler Thromb. 2016;
23, 196-206

22) Zheng Y, and Xu Z . MicroRNA-22 induces endothelial
progenitor cell senescence by targeting AKT3. Cell Physiol
Biochem, 2014; 34, 1547-1555

23) Takeda E, Suzuki Y, Yamada T, Takagiri H, Sato Y.
Knockout of vasohibin-1 gene in mice results in healthy
longevity with reduced expression of insulin receptor,
insulin receptor substrate 1, and insulin receptor substrate
2 in their white adipose tissue. ] Aging Res, 2017; 2017:
9851380

24) Kenyon CJ. The genetics of ageing. Nature, 2010; 464:
504-512

25) Riera CE, Dillin A. Tipping the metabolic scales towards
increased longevity in mammals. Nat Cell Biol, 2015; 17:
196-203

26) Kenyon C, Chang J, Gensch E, Rudner A, Tabtiang R. A
C. elegans mutant that lives twice as long as wild type.
Nature, 1993; 366: 461-464

27) Tatar M, Kopelman A, Epstein D, Tu MP, Yin CM, Garo-
falo RS. A mutant Drosophila insulin receptor homolog
that extends life-span and impairs neuroendocrine func-
tion. Science, 20013 292: 107-110

28) Blither M, Kahn BB, Kahn CR. Extended longevity in
mice lacking the insulin receptor in adipose tissue. Sci-
ence, 2003; 299: 572-574

29) Cohen E, Dillin A. The insulin paradox: aging, proteo-
toxicity and neurodegeneration. Nat Rev Neurosci, 2008;

9:759-767




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


