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The coronavirus disease 2019 (COVID-19) pandemic represents a public health emergency of international
proportions, which is having catastrophic consequences throughout the world [1]. To date, around 6 million
confirmed cases have been diagnosed worldwide and over 370,000 people perished because of COVID-19 [2]. The
clinical disease called COVID-19 is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
a novel betacoronavirus sharing 79% sequence identity with SARS-CoV, the agent which provoked the 2003 SARS
outbreak [1].

Recent evidence suggested that SARS-CoV-2 uses the ACE2 receptor for cell entry, in synergy with the host’s
TMPRSS2 [1]. More specifically, the viral S glycoprotein is cleaved by TMPRSS2, thus facilitating viral activation
and representing one of the essential host factors for SARS-CoV-2 pathogenicity (Figure 1) [3]. This process is
similar to viral activation and cell entry of other coronaviruses, including SARS-CoV, as well as influenza virus such
as influenza H1N1 [4]. Despite several studies reported that in vitro activation of viral spikes could be mediated
by other proteases such as TMPRSS4, TMPRSS11A, TMPRSS11D and TMPRSS11E1, TMPRSS2 activity is
currently considered the sole crucial for cell entry and viral pathogenesis [3].

From the early days of coronavirus outbreak in China, significant differences in terms of severe cases and deaths
have been reported between adult males and females (around 58 and 42%, respectively) [1]. Moreover, this pattern
seems to be largely repeating itself, albeit with slightly different proportions, as indicated by recent epidemiological
data across distinct continents and countries [4]. The international scientific community is investigating the reasons
behind these gender differences, with biological and behavioral features (e.g., cigarette smoking) which have been
called into question, including TMPRSS2 [3].

Interestingly, TMPRSS2 gene has a pivotal role also in prostate cancer development and progression. TMPRSS2
is expressed on the luminal side of the normal prostatic epithelium and it is increased in malignant prostatic tissue.
In particular, the TMPRSS2:v-ets avian erythroblastosis virus E26 oncogene homolog (ERG) gene fusion is present
in about 50% of prostate tumors in Caucasian men and is frequently an early event in prostate carcinogenesis [5,6].
TMPRS22 and ERG genes are located tandemly on chromosome 21q22 and expression of TMPRSS2 is androgen-
regulated and prostate-specific [7]. The fusion results from intrachromosomal deletion of ∼3-Mb of the interstitial
region between the TMPRSS2 and ERG loci or from an insertion of the interstitial region causing a chromosomal
rearrangement [7]. The role of this gene fusion is crucial in the development of prostate cancer because it leads to
the activation of ERG transcription factor. In fact, in the presence of this gene fusion androgen-responsive elements
within the TMPRSS2 promoter drive the overexpression of ERG. ERG is a member of the E-twenty-six family
members (ETS), master transcription factors that have a key role in differentiation, apoptosis, cell proliferation
and inflammation. TMPRSS2:ERG fusion can cause cancer progression by disrupting the androgen receptor (AR)
lineage-specific differentiation program of the prostate and favoring EZH2-mediated cellular de-differentiation [8].
The gene fusion can produce a repression of the AR signaling, thus creating a selective pressure that leads to the
development of recurrent tumors with AR amplification and resistance to hormone deprivation therapies. ERG can
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Figure 1. Regulation of TMPRSS2 gene transcription and process of severe acute respiratory syndrome coronavirus
2 entry into target cells. Androgen receptor gene and ACE2 gene are located on Xq12 and Xp22.2, respectively.
Testosterone and dihydrotestosterone stimulate androgen receptor activity. Activated androgen receptor regulates
transcription of TMPRSS2 gene. TMPRSS2:ERG gene fusion is associated with prostate cancer
development. SARS-CoV-2 engages ACE2 as the entry receptor and uses TMPRSS2 for spike protein priming. Serine
protease inhibitors, like camostat mesylate, can inhibit TMPRSS2 and partially block SARS-CoV-2 spike protein-driven
entry.
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.
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directly induce epigenetic silencing of developmental regulators and tumor suppressor genes via direct activation of
the polycomb group protein EZH2, thus favoring EZH2-mediated stem cell-like de-differentiation [8]. Moreover,
this gene fusion often coexists with phosphatase tensin homolog (PTEN) loss, thus promoting the development of
invasive carcinoma [5]. TMPRSS2:ERG fusion positive prostate tumors have also been associated with activation
of the NOTCH pathway that promotes proliferation and maintenance of progenitor cells in the developing
prostate. This finding could have therapeutic implication since NOTCH1 inhibition can reduce cell growth and
invasion [5]. The prognostic and predictive role of TMPRSS2:ERG fusion has been widely investigated. The presence
of this fusion has been associated with poor survival outcomes, aggressive disease and biochemical recurrence [9].
Furthermore, TMPRSS2:ERG fusion was not found to be predictive of response to abiraterone acetate in metastatic
castration resistant prostate cancer patients [10].

It is recognized that SARS-CoV-2 infection, similarly to SARS-CoV, is transmitted through respiratory droplets
which penetrate in the upper respiratory tract [11]. As stated above, TMPRSS2 seems to play a crucial role in
SARS-CoV and SARS-CoV-2 pathogenesis; moreover, despite TMPRSS2 expression is several times higher in
prostate epithelium compared with any other tissue, TMPRSS2 has been found also in the aerodigestive tract [12].
Interestingly, differences in TMPRSS2 expression in lung cells may vary across different populations, an element
which could be implied in susceptibility to coronavirus and influenza virus infections. Thus, revealing how the
expression of TMPRSS2 protein in the lung could vary between men and women has been indicated as an important
element in understanding differential susceptibility to SARS-CoV-2 infection. Nonetheless, several studies have
reported controversial results, most of them suggesting that constitutive expression of TMPRSS2 in lung cells do
not seem to differ according to gender [13,14].

Here, we investigate ACE2 and TMPRSS2 expression levels and their distribution across cell types in lung
tissue (12 donors, 39,778 cells) and in cells derived from subsegmental bronchi al branches (four donors, 17,521
cells) by single nuclei and single cell RNA sequencing, respectively. While TMPRSS2 is strongly expressed in
both tissues, in the subsegmental bronchial branches ACE2 is predominantly expressed in a transient secretory cell
type. Interestingly, these transiently differentiating cells show an enrichment for pathways related to RHO GTPase
function and viral processes suggesting increased vulnerability for SARS-CoV-2 infection. Our data provide a rich
resource for future investigations of COVID-19 infection and pathogenesis

A report by Bertram et al. suggested that TMPRSS2 is less expressed in Type II alveolar cells and alveolar
macrophages than in bronchial epithelial cells [15]; moreover, this study found no expression of TMPRSS2 protein
in Type I alveolar cells of the respiratory surface. In this context, another key element to consider could lie in
the modifications of lung TMPRSS2 expression caused by viral infections, as suggested by previous findings on
SARS-CoV and ACE2 receptor [16]. Moreover, single nucleotide polymorphisms (SNPs) have been linked to higher
expression of TMPRSS2 protein, something which has been associated with an increased susceptibility to influenza
virus infection [17].

A recent study by Song et al. analyzed gene co-expression of ACE2 and TMPRSS2 in 24,519 human prostate
cells, finding that the 0.61% of club cells and the 0.40% of hillock cells co-expressed TMPRSS2 and ACE2 [18].
The authors conducted the same analysis in human lung club cells, human lung secretory cells and murine lung
club cells; the report found that higher TMPRSS2 and ACE2 co-expression was detected in males pneumocytes
I/II compared with female cells, representing an interesting evidence which could play a role in gender ‘pattern’ of
COVID-19.

Another recent study by Lukassen et al. investigated ACE2 and TMPRSS2 expression levels across 39,778
lung cells and in 17,521 cells derived from subsegmental bronchial branches [19]. Although TMPRSS2 expression
resulted high in both tissues, subsegmental bronchial branches cells showed higher ACE2 expression, especially in
transient secretory cells; more specifically, transient secretory cell types presented an enrichment of RHO GTPases
with their relative pathways. Most notably, RHO GTPases have been associated, according to previous studies,
with membrane remodeling and viral cycle, especially in terms of entry, replication and viral spread [20,21]; thus,
transient secretory pulmonary cells could be particularly vulnerable to SARS-CoV-2 infection.

Since COVID-19 is a disease previously unknown to human beings, no proven treatments exist at present
and the most important public health solution would be an effective vaccine [1]. However, the male preference
of SARS-CoV-2 and the androgen-dependent expression of TMPRSS2 indicate that targeting TMPRSS2 could
emerge as a novel option to treat COVID-19, as in the case of SARS-CoV and influenza virus [4].

A recent study by Montopoli et al. analyzed data on 9280 SARS-CoV-2 positive patients, of which 4532 (44%)
males and 118 (1.3%) with prostate cancer [22]. Males developed more severe complications, were more frequently
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hospitalized (men 60% and women 40%), and accounted for more deaths (men 62% and women 38%). Prostate
cancer patients receiving androgen deprivation therapy (ADT) had a significantly lower risk of SARS-CoV-2
infection compared with patients who did not receive ADT (odds ratio: 4.05; 95% CI: 1.55–10.59). This study
sets the scenario for further studies assessing the role of antiandrogens commonly used for prostate cancer patients
to prevent or treat COVID-19.

Another recent study in 19 high-volume medical oncology departments in Italy examined the frequency of
COVID-19 in prostate cancer patients undergoing ADT, either alone or in combination with another agent [23].
A concomitant confirmed diagnosis of SARS-CoV-2 infection was found in 1.8% (36 out of 1949 total patients)
of the examined population. ADT did not seem to have a protective effect considering the higher lethality of
SARS-CoV-2 in patients <70 years (25% in prostate cancer patients compared with 13% in infected Italian males).
The findings of these two analyses on prostate cancer patients seem conflicting [22,23], supporting the need for
further retrospective or prospective evidence on the role of antiandrogen agents in patients with COVID-19.

Expression levels and variants in ACE2 and TMPRSS2 genes have been investigated for their possible role in
affecting COVID-19 severity in a large Italian cohort [24]. Italians resulted to have a significant decrease in the
burden of deleterious variants compared with Europeans. One the four SNPs with significant different frequency in
Italians compared with East Asians and Europeans is the missense substitution p.Val160Met, that is associated with
genomic rearrangements involving TMPRSS2 associated with higher risk of prostate cancer [25]. Moreover, in the
analysis by Asselta et al. two haplotypes (the first composed at least of SNPs rs463727, rs34624090, rs55964536,
rs734056, rs4290734, rs34783969, rs11702475, rs35899679 and rs35041537; the second composed of three
SNPs, rs2070788, rs9974589 and rs7364083) associated with upregulation of TMPRSS2 gene expression resulted
to be more frequent in Italians than in the East Asian population [24].

These findings are of particular interest considering the putative role of TMPRSS2 in SARS-CoV-2 infection.
Considering that the expression of TMPRSS2 gene is modulated by estrogens and androgens, hormone receptors
signaling antagonists could be explored as treatments strategies against COVID-19 for their role in downregulating
TMPRSS2. In this line, men with prostate cancer presenting TMPRSS2:ERG fusion and receiving androgens
receptor signaling inhibitors could represent a subset of patients with reduced risk of SARS-CoV-2 infection or
severity [26].

Regarding treatment implications, further data are needed to assess androgen targeting agents in the management
of COVID-19. Evaluating TMPRSS2 gene expression in lung tissue in patients with prostate cancer undergoing
antiandrogen agents could provide preliminary data to elaborate clinical trials assessing these agents in COVID-19
patients.

In a recent in vitro study by Hoffmann et al., the TMPRSS2 inhibitor camostat mesylate blocked the SARS-
CoV-2 entry into primary lung cells, suggesting that TMPRSS2 could represent a potential target in SARS-CoV-2
treatment [3]. Nonetheless, previous studies have suggested no gender differences in TMPRSS2 mRNA expression
levels in pulmonary tissue [4]; moreover, some authors reported that normal female androgen levels could be able
to regulate TMPRSS2 transcription, and similarly, TMPRSS2 also seems to respond to estrogenic stimulation [3].

Since serine proteases inhibitors such as camostat mesylate and nafamostat are able to block TMPRSS2, these
antiandrogens could help in developing novel measures to inhibit viral entry and pathogenesis in an in vivo setting [4].
Studies are required with the aim to investigate the association between the severity of COVID-19 disease and
androgenic activity, a connection which could represent the source of novel potential treatments for COVID-19
infection.

Financial & competing interests disclosure

The authors have no relevant affiliations or financial involvement with any organization or entity with a financial interest in or finan-

cial conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies, honoraria,

stock ownership or options, expert testimony, grants or patents received or pending, or royalties.

No writing assistance was utilized in the production of this manuscript.

References
1. Kupferschmidt K, Cohen J. Race to find COVID-19 treatments accelerates. Science 367(6485), 1412–1413 (2020).

2. WHO. Novel coronavirus(2019-nCoV) situation report 92 (2020).
www.who.int/docs/def ault-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf ?sfvrsn=38e6b06d 6

10.2217/fon-2020-0571 Future Oncol. (Epub ahead of print) future science group

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200421-sitrep-92-covid-19.pdf?sfvrsn=38e6b06d_6


The pivotal role of TMPRSS2 in coronavirus disease 2019 & prostate cancer Editorial

3. Hoffmann M, Kleine-Weber H, Schroeder S et al. SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and is blocked by a
clinically proven protease inhibitor. Cell. 181(2), 271–280 (2020).

4. Stopsack KH, Mucci LA, Antonarakis ES et al. TMPRSS2 and COVID-19: serendipity or opportunity for intervention? Cancer
Discov.10(6), 779–782 (2020).

5. Kron KJ, Murison A, Zhou S et al. TMPRSS2-ERG fusion co-opts master transcription factors and activates NOTCH signaling in
primary prostate cancer. Nat. Genet. 49(9), 1336–1345 (2017).

6. Tomlins SA, Rhodes DR, Perner S et al. Recurrent fusion of TMPRSS2 and ETS transcription factor genes in prostate cancer.
Science 310(5748), 644–648 (2005).

7. Hermans KG, van Marion R, van Dekken H et al. TMPRSS2:ERG fusion by translocation or interstitial deletion is highly relevant in
androgen-dependent prostate cancer, but is bypassed in late-stage androgen receptor-negative prostate cancer. Cancer Res. 66(22),
10658–10663 (2006).

8. Yu J, Yu J, Mani RS et al. An integrated network of androgen receptor, polycomb, and TMPRSS2-ERG gene fusions in prostate cancer
progression. Cancer Cell 17(5), 443–454 (2010).

9. St John J, Powell K, Conley-Lacomb MK et al. TMPRSS2–ERG fusion gene expression in prostate tumor cells and its clinical and
biological significance in prostate cancer progression. J. Cancer Sci. Ther. 4(4), 94–101 (2012).

10. Danila DC, Anand A, Sung CC et al. TMPRSS2–ERG status in circulating tumor cells as a predictive biomarker of sensitivity in
castration-resistant prostate cancer patients treated with abiraterone acetate. Eur. Urol. 60(5), 897–904 (2011).

11. Wang D, Hu B, Hu C et al. Clinical characteristics of 138 hospitalized patients with 2019 novel coronavirus-infected pneumonia in
Wuhan, China. JAMA 323(11), 1061–1069 (2020).

12. Xu H, Zhong L, Deng J et al. High expression of ACE2 receptor of 2019-nCoV on the epithelial cells of oral mucosa. Int. J. Oral
Sci. 12(1), 8 (2020).

13. Perrotta F, Matera MG, Cazzola M, Bianco A. Severe respiratory SARS-CoV2 infection: does ACE2 receptor matter? Respir. Med. 168,
105996 (2020).

14. Tamas F, Tibor S, Anita C, Boris H, Peter N. COVID-19 research: promising tracks leading to uro-oncology. Int. Urol. Nephrol. 52(6),
995–997 (2020).

15. Bertram S, Heurich A, Lavender H et al. Influenza and SARS-coronavirus activating proteases TMPRSS2 and HAT are expressed at
multiple sites in human respiratory and gastrointestinal tracts. PLoS ONE 7, e35876 (2012).

16. Kuba K, Imai Y, Rao S et al. A crucial role of angiotensin converting enzyme 2 (ACE2) in SARS coronavirus-induced lung injury. Nat.
Med. 11, 875–879 (2005).

17. Cheng Z, Zhou J, To KK et al. Identification of TMPRSS2 as a susceptibility gene for severe 2009 pandemic A(H1N1) influenza and
A(H7N9) influenza. J. Infect. Dis. 212, 1214–1221 (2015).

18. Song H, Seddighzadeh B, Cooperberg MR, Huang FW. Expression of ACE2 and TMPRSS2, the SARS-CoV-2 receptor and
co-receptor, in prostate epithelial cells. Eur. Urol. S0302-2838(20)30333-X (2020) (Epub ahead of print).

19. Lukassen S, Chua RL, Trefzer T et al. SARS-CoV-2 receptor ACE2 and TMPRSS2 are primarily expressed in bronchial transient
secretory cells. EMBO J. 39(10), e105114 (2020).

20. Van den Broeke C, Jacob T, Favoreel HW. Rho’ing in and out of cells: viral interactions with Rho GTPase signaling. Small GTPases 5,
e28318 (2014).

21. Van den Broeke C, Favoreel HW. Actin’ up: herpesvirus interactions with Rho GTPase signaling. Viruses 3(4), 278–292 (2011).

22. Montopoli M, Zumerle S, Vettor R et al. Androgen-deprivation therapies for prostate cancer and risk of infection by SARS-CoV-2: a
population-based study (n=4532). Ann. Oncol. S0923-7534(20)39797-0 (2020) (Epub ahead of print). [Published online ahead of print,
2020 May 4].

23. Caffo O, Zagonel V, Baldessarri C et al. On the relationship between androgen-deprivation therapy for prostate cancer and risk of
infection by SARS-CoV-2. Ann. Oncol. 10.1016/j.annonc.2020.06.005 (2020) (Epub ahead of print).

24. Asselta R, Paraboschi EM, Mantovani A, Duga S. ACE2 and TMPRSS2 variants and expression as candidates to sex and country
differences in COVID-19 severity in Italy. Aging 12( 11), 10087 10098 (2020).

25. FitzGerald LM, Agalliu I, Johnson K et al. Association of TMPRSS2–ERG gene fusion with clinical characteristics and outcomes: results
from a population-based study of prostate cancer. BMC Cancer 8, 230 (2008).

26. Bhowmick NA, Oft J, Dorff T et al. COVID-19 and androgen targeted therapy for prostate cancer patients. Endocr. Relat.
Cancer ERC-20-0165.R1 doi:10.1530/ERC-20-0165 (2020).

future science group 10.2217/fon-2020-0571



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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 [612.000 792.000]
>> setpagedevice


