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Hormetic Dose Response of NaAsO2

on Cell Proliferation of Prostate Cells
in Vitro: Implications for Prostate
Cancer Initiation and Therapy
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Abstract
Sodium meta-arsenite (NaAsO2) has been suggested to play a role both in initiation/progression of prostate cancer and as a future
antiprostate cancer drug. We have studied the effects of NaAsO2 on cell proliferation of prostate cancer and noncancer cells,
breast cancer cells, and adrenocortical carcinoma cells in vitro. Further, we have investigated the effect of NaAsO2 on the
androgen receptor. We report that NaAsO2 alters the cell proliferation of prostate cells, in a hormetic manner, by increasing cell
proliferation at low concentrations and decreasing the cell proliferation at high concentrations. No activation of the androgen
receptor was detected. We conclude that NaAsO2 is able to increase cell proliferation of prostate cells in vitro at low con-
centrations, while it decreases cell viability at high concentrations. This novel finding has to be further addressed if NaAsO2 should
be developed into an antiprostate cancer drug.
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Introduction

Prostate cancer is among the most common forms of cancer

with 1.3 million new cases worldwide during the year of 2018,

accounting for approximately 14% of all cancers diagnosed in

men. Prostate cancer is expected to cause more than 350 000

deaths year 2018.1 Growth of prostate cancer is dependent on

androgens acting on the androgen receptor. The main treatment

of prostate cancer is androgen depravation therapy either by

chemical or surgical castration.

The association between inorganic arsenic exposure from

drinking water and prostate cancer is well documented from epi-

demiological studies.2-5 The role of inorganic arsenic in the devel-

opment of prostate cancer and possible mechanisms behind the

effect has been reviewed by Benbrahim-Tallaa and Waalkes.6

Due to the high incidence and mortality in prostate cancer, a

number of new treatment strategies and drugs are under develop-

ment. Sodium meta-arsenite (NaAsO2) has been proposed as a

new antiprostate cancer drug.7-10 Sodium meta-arsenite has suc-

cessfully been used in the treatment of acute promyelocytic leu-

kemia (APL) and has also been used in clinical trials for treatment

of solid tumors of various origin,11 including patients with

metastatic prostate cancer (European Clinical Trials Database

number 2006-005607-33). Zhang et al10 have reported that com-

binations of NaAsO2 and taxane drugs have synergistic antipro-

liferative effects on prostate cancer cells in vitro. Phatak et al9

found that NaAsO2 exerted antiproliferative effects on a wide

range of cancer cells in vitro, including prostate cancer cells.

Further, they concluded that NaAsO2 is a telomere-targeting

agent and that this could be the mechanism for the antiprolifera-

tive effect. Kim et al7 reported that NaAsO2 reduced cell viability

of both androgen-sensitive and androgen-insensitive prostate

cancer cells in vitro. The authors also reported that NaAsO2
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induces apoptosis, necrosis, and autophagy in the studied prostate

cancer cell lines and suggest that this effect could be via a reactive

oxygen species (ROS)-dependent mechanism. Recently, Kim

et al8 demonstrated reduced levels and stability as well as trans-

location to the nucleus of androgen receptors and reduced levels

of prostate-specific antigens (PSAs) after treatment of prostate

cancer cells with NaAsO2.

In the present study, we have investigated the effects of

NaAsO2 on cell proliferation of cancer and normal cells

derived from the prostate, adrenal cortex, and breast. Adreno-

cortical and breast cells were included in the study to enable a

comparison between cell types and to investigate whether

observed effects were specific to prostate cells. We report that

NaAsO2 exerts a hormetic effect on cell proliferation of both

normal and cancer prostate cells, with a stimulated prolifera-

tion at low concentrations of NaAsO2.

Materials and Methods

Chemicals and Cell Culture

Sodium meta-arsenite was purchased from Sigma-Aldrich

(Stockholm, Sweden). Human breast cancer MCF-7 cells were

cultured in Dulbecco Modified Eagles Medium (DMEM)/F:12

medium (Sigma-Aldrich, Stockholm, Sweden) supplemented

with 10% fetal bovine serum (Gibco, Stockholm, Sweden),

2 mM L-glutamine (Gibco, Stockholm, Sweden), 6 ng/mL insulin

(Gibco, Stockholm, Sweden), and 100 U/mL penicillin/

100 mg/mL streptomycin (Gibco, Stockholm, Sweden). Human

adrenocortical NCI-H295R cells were cultured in DMEM/F:12

medium (Sigma-Aldrich, Stockholm, Sweden) supplemented

with 1% ITS Plus premix (BD Biosciences, Gothenburg,

Sweden), 2.5% NuSerum (VWR, Stockholm, Sweden), 2 mM

L-glutamine (Gibco, Stockholm, Sweden), and 100 U/mL penicil-

lin/100mg/mL streptomycin (Gibco, Stockholm, Sweden). Human

prostate RWPE cells were cultured in Keratinocyte Serum Free

Medium (Gibco, Stockholm, Sweden) supplemented with

0.05 mg/mL bovine pituitary extract and 5 ng/mL human recom-

binant epidermal growth factor. Human prostate LNCaP cells were

cultured in RPMI 1640 medium (Gibco, Stockholm, Sweden) sup-

plemented with 2 mM L-glutamine (Gibco, Stockholm, Sweden),

10% fetal bovine serum (Gibco, Stockholm, Sweden), 1 mM

sodium pyruvate (Gibco, Stockholm, Sweden), and 100 U/mL

penicillin/100 mg/mL streptomycin (Gibco, Stockholm, Sweden).

Human prostate VCaP cells were cultured in DMEM/F:12 medium

(Sigma-Aldrich, Stockholm, Sweden) supplemented with 2 mM L-

glutamine (Gibco, Stockholm, Sweden), 10% fetal bovine serum

(Gibco, Stockholm, Sweden), and 100 U/mL penicillin/100mg/mL

streptomycin (Gibco, Stockholm, Sweden). All cells were cultured

as monolayers in a humidified environment at 37�C with 5% CO2

and subcultured weekly.

Cell Proliferation Assay

To assay the effect of NaAsO2 on the cell proliferation in

LNCaP, RWPE, VCaP, MCF-7, and NCI-H295R cells, the

capacity of the cells to reduce a tetrazolium compound (MTS)

to the colored product formazan was analyzed. The reaction is

dependent on mitochondrial function, and the amount of for-

mazan formed is directly proportional to the number of living

cells in culture. Cells were seeded in 96-well plates with a

density of 1 � 104 cells per well and incubated for 48 hours.

The cells were then treated with NaAsO2 dissolved in water.

Cells were treated with NaAsO2 in concentrations ranging from

0.01 to 300 mM. Cell proliferation was analyzed after 24 hours

of exposure, using the CellTiter 96 AQueos One Solution

Proliferation Assay System (Promega, Stockholm, Sweden)

in accordance with the manufacturer’s recommendations. The

absorbance was measured using a Wallac Victor2 1420 micro-

plate reader (PerkinElmer, Massachusetts, USA). Relative

effects on cell proliferation were compared to the vehicle

treated control.

Androgen Receptor Activation Assay

To investigate whether NaAsO2 could activate the androgen

receptor, LNCaP, VCaP, and RWPE cells were transfected

with a luciferase reporter plasmid, where the expression of

luciferase is under the control of a promoter containing andro-

gen receptor responsive elements.12 The cells were seeded in

96-well plates with a density of 1 � 104 cells per well and

incubated for 48 hours. The cells were then transfected with

0.4 mg luciferase plasmid per well. To standardize for transfec-

tion efficiency, the cells were cotransfected with a renilla luci-

ferase plasmid. The transfection was performed with 0.3 mL

Lipofectamine 2000 per well in accordance with the manufac-

turer’s recommendations. Following transfection, the cells

were incubated for 24 hours and then treated with various

concentrations of NaAsO2 for 24 hours. The luciferase activity

was assayed using the Dual-Luciferase Reporter Assay System

(Promega, Stockholm, Sweden). The luciferase activity is

expressed as percentage compared to the vehicle-treated con-

trol group. Testosterone was used as a positive control.

Statistical analysis

Statistical analysis was performed by Kruskal-Wallis test,

followed by a Mann-Whitney U test for individual compar-

isons against the control. The statistical analysis was

performed using Minitab 16. P < .05 was considered statis-

tically significant.

Results

Sodium Meta-Arsenite Alters the Cell Proliferation of
Prostate Cells in a Hormetic Manner

We found (Figure 1A-C) that NaAsO2 treatment altered the

proliferation of prostate LNCaP, VCaP, and RWPE cells in a

hormetic manner, resulting in stimulated cell proliferation with

up to approximately 40% in the concentration range 0.1 to

40 mM (depending on the cell line) and reduced cell viability

at higher concentrations.
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Effects of NaAsO2 on the Cell Proliferation of Cancer Cell
Lines Derived From Breast and Adrenal Cortex

The proliferation of breast cancer MCF-7 cells was increased

by treatment with NaAsO2 in the concentration 3 and 10 mM,

although the stimulatory effect was only 5% to 7% (Figure 2A).

At the concentration 30 mM and above, NaAsO2 was found to

significantly decrease the cell viability. The proliferation of

adrenocortical carcinoma NCI-H295R cells was found to be

altered by NaAsO2 treatment in a monotonic manner, where

increased levels of NaAsO2 resulted in decreased cell prolif-

eration (Figure 2B).

Sodium Meta-Arsenite Does Not Activate the Androgen
Receptor

The effect of NaAsO2 on androgen receptor activation was

assayed at nontoxic concentrations in LNCaP, VCaP, and

RWPE cells. We found that NaAsO2 was unable to activate

the androgen receptor in LNCaP cells (Figure 3A) and VCaP

cells (Figure 3B). The transfected RWPE cells were not respon-

sive to the positive control testosterone (data not shown) and

excluded from further analysis of receptor activation.

Discussion

Arsenic exposure via drinking water affects millions of people

worldwide, and an association with increased incidence of

prostate cancer has been reported.2-5 Prostate cancer is a dis-

ease with high incidence and mortality. The possibility that

arsenite may play a role in the initiation and progression of

prostate cancer as well as being a promising candidate com-

pound as an antiprostate cancer drug is intriguing. The mole-

cular events by which arsenite initiates cancer in normal

prostate cells at low concentrations are probably different from

the molecular events causing cell deterioration in prostate can-

cer cells at high concentrations. NaAsO2, a water soluble and

orally bioavailable arsenic compound, has been reported

to significantly decrease the proliferation of prostate cancer

cells 7-10 with suggested mechanisms at multiple levels, includ-

ing that NaAsO2 could act as a telomere-targeting agent, that it

could induce apoptosis and necrosis via a ROS-dependent

mechanism, or that it could reduce androgen receptor levels,

stability, and translocation into the nucleus.

In this article, we report that the effect of NaAsO2 on the

proliferation of both cancer and normal prostate cells is in fact

hormetic with stimulated cell proliferation in the low- to

medium-concentration range and reduced cell proliferation at

high concentrations. We have only observed this clear hormetic

effect in prostate cells. In cells derived from other organs,

NaAsO2 exhibited either a clear monotonic response on the

cell proliferation with increasing concentrations of NaAsO2

causing a decrease in cell proliferation or a more unclear

dose–response relationship. The hormetic response of NaAsO2

on the proliferation of prostate cells is a novel finding and

should be of high relevance to address further whether NaAsO2

is to be developed into an antiprostate cancer drug, as the

induced proliferation of prostate cancer cells following low-

dose exposure to NaAsO2 could counteract the desired result of

the drug therapy (ie, decreased proliferation of prostate cancer

cells). We have also investigated whether the stimulated cell

proliferation caused by low doses of NaAsO2 could be via an
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Figure 1. Cell proliferation of prostate LNCaP (A), VCaP (B), and
RWPE (C) cells cultured and treated as described in the Materials
and Methods section. The cell proliferation is expressed as percent-
age of the vehicle-treated control. Each bar represents the mean
value, and the error bars represent the standard deviation (n ¼ 24
for the control group and n¼ 8 for the treated groups). P values <.05
were considered statistically significant. *Statistically significant
increase in cell proliferation; �Statistically significant decrease in cell
proliferation.
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androgen receptor-dependent mechanism but found that

NaAsO2 is unable to activate the androgen receptor. While

androgen receptor signaling is an important regulator of pro-

liferation of prostate cells in many cases, this signaling path-

way is not the only mechanism by which proliferation is

regulated. Our finding that NaAsO2 is affecting the prolifera-

tion of prostate cells, but is unable to activate the androgen

receptor, indicates that NaAsO2 acts via one of the other

proliferation-regulating pathways in prostate cells. The human

ether-a-go-go-related gene potassium channel (hERG) has been

identified as a novel regulator of growth and death in tumor

cells.13 Zhang et al14 recently reported dual effects of arsenic

trioxide on tumor cells. They reported stimulated proliferation at

low doses, associated with increased expression of hERG and

accelerated hERG channel activation, and inhibited proliferation

at high doses, associated with reduced expression of hERG.

Further research is needed to clarify the mechanism for the effect

of NaAsO2 on prostate cell proliferation.

The effects of arsenite on prostate cells can be compared

with the effects of isoflavons, especially genistein and daid-

zein, on mammary cells. In estrogen-dependent human breast

cancer MCF-7 cells, genistein enhances cell proliferation at

low concentrations (0.01 to 10 mM), while higher cell concen-

trations inhibit cell growth.15,16 A dose-dependent stimulation

of tumor growth has been reported in experimental animals

after treatment with isoflavons via the feed.17

Dose–response relationships between arsenic exposure and

health effects are debated, and whether there is a dose threshold

below which exposure is not harmful.18 Exposure to arsenic in

drinking water is associated with increased mortality in various
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Figure 2. Cell proliferation of breast cancer MCF-7 (A) cells and adrenocortical carcinoma NCI-H295R (B) cells cultured and treated as
described in the Materials and Methods section. The cell proliferation is expressed as percentage of the vehicle-treated control. Each bar
represents the mean value, and the error bars represent the standard deviation (n¼ 24 for the control group and n¼ 8 for the treated groups).
P values <.05 were considered statistically significant. *Statistically significant increase in cell proliferation; �Statistically significant decrease in cell
proliferation.
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forms of cancer, including prostate cancer.2,3,6 Epidemiologi-

cal studies with low exposures are sparse. However, a US pro-

spective cohort study reported an association between low to

moderate exposure to arsenic (measured as urinary levels) and

increased mortality in prostate cancer (hazard ratio 3.30; 95%
confidence interval 1.28-8.48).4 A dose-dependent association

between arsenic in drinking water and prostate cancer was also

reported in an ecologic study from Iowa, United states.5

In conclusion, we report that the suggested antiprostate can-

cer drug NaAsO2 in fact stimulates the proliferation of prostate

cancer cells in vitro at low concentrations and that this is an

androgen receptor-independent effect. This novel finding needs

to be further addressed if NaAsO2 should be developed as an

antiprostate cancer drug.
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Figure 3. Androgen receptor activity in prostate LNCaP (A) and VCaP (B) cells cultured, transfected, and treated as described in the Materials
and Methods section. The reporter activity is expressed as percentage of the reporter activity in the vehicle-treated control. Each bar
represents the mean value, and the error bars represent the standard deviation (n ¼ 16 for the control group and n ¼ 8 for the treated
groups). P values <.05 were considered statistically significant. *Statistically significant increase in androgen receptor activity.

Lundqvist et al 5



References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.

Global cancer statistics 2018: GLOBOCAN estimates of inci-

dence and mortality worldwide for 36 cancers in 185 countries.

CA Cancer J Clin. 2018;68(6):394-424.

2. Chen CJ, Kuo TL, Wu MM. Arsenic and cancers. Lancet. 1988;

331(8582):414-415.

3. Chen CJ, Wang CJ. Ecological correlation between arsenic level

in well water and age-adjusted mortality from malignant neo-

plasms. Cancer Research. 1990;50(17):5470-5474.

4. Garcı́a-Esquinas E, Pollán M, Umans JG, et al. Arsenic exposure

and cancer mortality in a US-based prospective cohort: the strong

heart study. Cancer Epidemiol Biomarkers Prev. 2013;22(11):

1944-1953.

5. Roh T, Lynch CF, Weyer P, Wang K, Kelly KM, Ludewig G.

Low-level arsenic exposure from drinking water is associated

with prostate cancer in Iowa. Environ Res. 2017;159:338-343.

6. Benbrahim-Tallaa L, Waalkes MP. Inorganic arsenic and

human prostate cancer. Environ Health Perspect. 2008;

116(2):158-164.

7. Kim Y, Jeong IG, You D, et al. Sodium meta-arsenite induces

reactive oxygen species-dependent apoptosis, necrosis, and

autophagy in both androgen-sensitive and androgen-insensitive

prostate cancer cells. Anticancer Drugs. 2014;25(1):53-63.

8. Kim Y, Park SE, Moon JW, et al. Downregulation of androgen

receptors by NaAsO2 via inhibition of AKT-NF-kB and HSP90 in

castration resistant prostate cancer. The Prostate. 2017;77(10):

1128-1136.

9. Phatak P, Dai F, Butler M, et al. KML001 cytotoxic activity is

associated with its binding to telomeric sequences and telomere

erosion in prostate cancer cells. Clin Cancer Res. 2008;14(14):

4593-4602.

10. Zhang B, Suer S, Livak F, et al. Telomere and microtubule

targeting in treatment-sensitive and treatment-resistant

human prostate cancer cells. Mol Pharmacol. 2012;82(2):

310-321.

11. Subbarayan PR, Ardalen B. In the war against tumors arsenic

trioxide need partners. J Gastrointest Cancer. 2014;45(3):

363-371.

12. Rogers JM, Denison MS. Recombinant cell bioassays for

endocrine disruptors: development of a stably transfected human

ovarian cell line for the detection of estrogenic and anti-

estrogenic chemicals. In Vitr Mol Toxicol. 2000;13(1):67-82.

13. Jehle J, Schweizer PA, Katus HA, Thomas D. Novel roles for

hERG Kþ channels in cell proliferation and apoptosis. Cell Death

& Disease. 2011;2:e193.

14. Zhang X, Yu D, Geng H, et al. Dual effects of arsenic trioxide on

tumor cells and the potential underlying mechanisms. Oncol Lett.

2018;16(3):3812-3820.

15. Martin PM, Horwitz KB, Ryan DS, McGuire WL. Phytoestrogen

interaction with estrogen receptors in human breast cancer cells.

Endocrinology. 1978;103(5):1860-1867.

16. Hsieh CY, Santell RC, Haslam SZ, Helferich WG. Estrogenic

effects of genistein on the growth of estrogen receptor-positive

human breast cancer (MCF-7) cells in vitro and in vivo. Cancer

Research. 1998;58(17):3833-3838.

17. Ju YH, Allred CD, Allred KF, Karko KL, Doerge DR, Helferich

WG. Physiological concentrations of dietary genistein dose-

dependently stimulate growth of estrogen-dependent human

breast cancer (MCF-7) tumors implanted in athymic nude mice.

J Nutr. 2001;131(11):2957-2962.

18. Schmidt CW. Low-dose arsenic: In search of a risk threshold.

Environ Health Perspect. 2014;122(5):A131-A134.

6 Dose-Response: An International Journal



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


