
Introduction

Herpes simplex viruses (HSV) are linear double-stranded 
DNA viruses that are highly disseminated in nature and 
characterized by lifetime latency in their host;1 they are 
also a leading cause of infectious corneal blindness in the 
United States2 and a major cause of corneal opacity world-
wide. One example is HSV-1, which causes herpes stromal 
keratitis (HSK), an infection of the corneal stroma that, if 
not appropriately treated, may result in vascularization and 
scarring that may eventually lead to blindness.3

Herpesviruses may also cause visually devastating dis-
eases in noncorneal sites, such as in acute retinal necrosis 
(ARN).4,5 While the clinical features of herpes ocular dis-
eases have been described extensively, the pathogenesis of 
herpesvirus infection in humans is still poorly understood. 
For example, it is not known why patients with HSK who 
have HSV-1 in the anterior segment do not develop retinitis 
in the posterior segment, despite the absence of an anatomi-
cal barrier between the anterior and posterior segments. A 
similar phenomenon has been observed in a mouse model 
of ARN.6 Following inoculation of HSV-1 (KOS strain) into 
the anterior chamber (AC) of one eye of a BALB/c mouse, 
the virus replicates in the anterior segment of the injected 
eye and then spreads via synaptically connected neurons 
through the central nervous system (CNS) to the optic 
nerve and retina of the uninoculated contralateral eye. Par-
adoxically, the retina of the injected eye is spared from 
destructive retinitis. Sequentially, the route and timing of 
the virus spread are as follows: anterior segment of the 

injected eye (day 0), ipsilateral ciliary ganglion (day 2), 
ipsilateral Edinger-Westphal nucleus (day 3), ipsilateral 
suprachiasmatic nucleus (day 5), and contralateral optic 
nerve and retina (day 7).6–8

In an effort to discern the mechanisms involved in pro-
tection of the retina of the injected eye, previous studies 
have examined the roles of T cells, natural killer (NK) cells, 
and polymorphonuclear cells in preventing direct anterior-
to-posterior transfer of virus in the mouse model of ARN. 
Although in T-cell-depleted mice, the virus infects the CNS 
and both optic nerves and bilateral infection of the retina 
is observed, there is no evidence of direct anterior-to-
posterior spread of the virus in the injected eye of these 
mice.9–13 Neutrophils and NK cells have been implicated in 
protecting the ipsilateral retina from direct anterior-to-
posterior spread of HSV-1 after uniocular AC injection; 
however, the number of these cells peaks in the injected eye 
on postinjection (p.i.) day 4 or later. Additionally, the mech-
anisms by which these innate immune cells control virus 
spread in the injected eye have not been elucidated.14–17 The 
goal of the studies described herein was to identify cells and 
cytokines involved in early protection (i.e., before day 4) of 
the injected eye in the mouse model of ARN.

Studies of the Pathogenesis of 
Herpesvirus Infection

We fi rst studied infi ltrating cells in injected eyes of HSV-1 
(KOS)-infected BALB/c mice. Single-cell suspensions were 
prepared from six pooled whole eyes of normal control 
mice, mock-injected mice at 24 h p.i., and HSV-1-injected 
mice at 24, 48, 72, and 120 h p.i. Cell suspensions were 
blocked with 10% mouse serum, and then antibodies against 
the cellular markers Mac-1, F4/80, CD4, CD8, CD49b, and 
CD11c were used to quantify microglia, macrophages, T 
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cells, NK cells, and dendritic cells.16 Statistical signifi cance 
was calculated as the average percentage of cell types from 
two independent experiments using one-way analysis of 
variance.

The percentage of Mac-1+ cells in the eyes of normal 
control mice (0.94%) and of mock-injected mice (0.60%) 
was low. In contrast, in the injected eyes of HSV-1-infected 
mice, the percentage of Mac-1+ cells had increased to 2.26% 
at 24 h p.i. and peaked at 16.12% at 72 h p.i. As shown in 
Table 1, the overall difference in the percentages of Mac-1+ 
cells among normal control, mock-injected, and virus-
injected groups was signifi cant (P = 0.01). The percentage 
of F4/80+ cells observed in both normal eyes and mock-
injected eyes was low (0.17% and 0%, respectively), whereas 
a small, but signifi cant percentage of the cells was F4/80+ at 
120 h p.i. (1.87%). The overall difference in the percentage 
of F4/80+ cells among normal control, mock-injected, and 
virus-injected groups was signifi cant (P = 0.001; Table 1). 
The percentage of CD49b+ cells in virus-injected eyes was 
higher than that of both normal control and mock-injected 
(0.51% and 1.23%) eyes only at 120 h p.i. (2.76%), and this 
increase was not statistically signifi cant (P = 0.148). There 
were also no signifi cant differences in the percentages of 
CD4+, CD8+, or CD11c+ cells among normal controls, 
mock-injected mice, and virus-injected mice at any time 
point (P = 0.719, 0.307, and 0.664, respectively).

Immunohistochemistry was used to detect and quantify 
interferon (IFN) γ-positive cells in HSV-1-infected and 
uninfected mouse eyes. Frozen sections were prepared from 
eyes of normal control and mock-injected mice at 24 h p.i. 
and from HSV-1-infected mice at 12, 24, 36, 48, and 72 h p.i. 
Sections were stained for IFNγ as previously described.16 
The area of the ciliary body was examined, and fl uorescent 
images were captured from four noncontiguous representa-
tive sections from each animal in each group. Images were 
captured using 200 × magnifi cation with SPOT Advanced 
imaging system (Diagnostic Instruments, Sterling Heights, 
MI, USA). The number of IFNγ+ cells was determined by 
counting IFNγ+ cells in each image of the ciliary body and 

averaging the number of positive cells in each group. Cell 
counts were transformed using the square root transforma-
tion [y = sqrt(x + 1)], and transformed data were used in all 
analyses. Pairwise comparisons were made using the Tukey 
Kramer test (SAS 9.1).

The average number of IFNγ+ cells in the ciliary body in 
virus-injected mice was signifi cantly increased at 48 h p.i. 
(15 cells) when compared with normal control and mock-
injected mice (0 cells; P = 0.01; Fig. 1A). Results were also 
signifi cant when the average number of IFNγ+ cells in the 
ciliary body of virus-injected mice was compared between 
12 h (0 cells) and 48 h p.i. (15 cells; P < 0.0001; Fig. 1A) and 
also between 24 h p.i. (1 cell) and 48 h p.i. (15 cells; P = 
0.0005).

Immunofl uorescence was also used to identify Mac-1+ 
cells producing IFNγ and to determine their location in the 
injected eye following uniocular AC inoculation of HSV-1 
(KOS). Frozen sections were prepared from eyes of normal 
control and mock-injected mice at 24 h p.i. and from virus-
infected mice at 24, 48, and 72 h p.i.; sections were double-
stained for Mac-1 and IFNγ as previously described.16

An occasional Mac-1+ cell was observed in both the eyes 
of normal controls (not shown) and those of mock-injected 
animals (Fig. 1C). Single-stained IFNγ+ cells or cells double-
stained for IFNγ and Mac-1 were rarely observed in control 
animals (Fig. 1B–E). Mac-1+ IFNγ+ cells were observed in 
the anterior segment of the injected eye before 24 h p.i. (not 
shown). As shown in Fig. 1F–M, some but not all Mac-1+ 
cells were also IFNγ+, and IFNγ+ Mac-1+ cells were 
observed in the limbus, ciliary body, iris, and cornea through 
day 3 p.i.16

To determine whether the absence of IFNγ affected 
either the pattern of HSV-1 spread or the area infected 
in the injected eye, IFNγ−/− [C.129S7(B6)-Ifngtm1Ts/J; 
Jackson Laboratory, Bar Harbor, ME, USA] and IFNγ+/+ 
(BALB/cJ; Jackson Laboratory) mice were injected in the 
AC with HSV-1 (KOS). For detection of HSV-1+ cells in 
normal control and in virus-injected whole eyes of IFNγ+/+ 
and IFNγ−/− mice at 48, 72, and 120 h p.i., frozen sections 

Table 1. Types of infi ltrating cells after uniocular anterior chamber inoculation of HSV-1

Group MAC1+(%)a F4/80+(%) CD4+(%) CD8+(%) CD49b+(%) CD11c+(%)

Normal control 0.94 0.17 0.42 0.09 0.51 0.05
Mock injected 0.60 0.00 0.41 0.63 1.23 0.00
 24 h
HSV-1 injected 2.26 0.00 0.03 0.02 0.80 0.02
 24 h
HSV-1 injected 8.22 0.30 0.12 0.21 0.45 0.00
 48 h
HSV-1 injected 16.12 0.38 0.00 0.00 1.69 0.17
 72 h
HSV-1 injected 12.91 1.87 0.52 0.33 2.76 0.21
 120 h
P *0.010 *0.001 NS NS NS NS

Data are the averages of two independent experiments.
HSV, herpes simplex virus; NS, no signifi cant differences among normal control, mock-injected, and virus-injected groups at any time.
*Signifi cant difference among normal control, mock-injected, and virus-injected groups at various time points (one-way analysis of 

variance).
aPercentages are % of isotype-matched control staining subtracted from % of cell marker staining.
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Figure 2A–H. Representative 
photomicrographs of the ciliary 
body of the injected eye showing 
herpes simplex virus 1 (HSV-1)
+ staining in IFNγ+/+ (A–D) 
or IFNγ−/− (E–H) uninfected 
control (A, E) and virus-infected 
mice at 48 (B, F), 72 (C, G), and 
120 (D, H) h p.i.

Figure 1. A Average number of 
interferon (IFN) γ+ cells in the 
ciliary body of normal control, 
mock-injected animals at 24 h 
postinjection (p.i.), and virus-
injected animals at 12, 24, 36, 48, 
and 72 h p.i. (normal control, n = 
3; mock injected, n = 3; virus 
injected, 12 h, n = 9; 24 h, n = 11; 
36 h, n = 9; 48 h, n = 9; and 72 h, n 
= 7): averages of two independent 
experiments. Error bars represent 
95% confi dence intervals (*P = 
0.01). B–M, f–m Representative 
photomicrographs of the ciliary 
body of the injected eye showing 
the locations (arrowheads) of 
IFNγ+ and Mac-1+ cells in mock-
injected animals at 24 h p.i. and in 
virus-injected animals at 48 and 
72 h p.i. Original magnifi cation 
(B–M) × 200; (f–m) × 400.
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were prepared and fi xed as described.16 Sections were 
blocked with 10% normal goat serum and incubated with 
unconjugated rabbit anti-HSV-1 (Accurate Chemical and 
Scientifi c Corporation, Westbury, NY, USA), washed in 
phosphate-buffered saline (PBS), incubated with fl uores-
cein isothiocyanate-conjugated goat anti-rabbit (Jackson 
ImmunoResearch; West Grove, PA, USA), washed in PBS 
again, and mounted with VectorShield containing DAPI 
(Vector Laboratories, Burlingame, CA, USA). Slides were 
examined using a fl uorescence microscope, and images 
were captured using AxioVision 4.6 (Carl Zeiss, Jena, 
Germany).

HSV-1+ staining was observed in the anterior segment 
(ciliary body, iris, and cornea) in 100% of both IFNγ−/− 
mice (4/4, 8/8, and 8/8) and IFNγ+/+ mice (3/3, 9/9, and 9/9) 
at 48, 72, and 120 h p.i. The pattern of HSV-1 staining in the 
ciliary body of IFNγ−/− mice was similar to that seen in 
IFNγ+/+ mice; however, more of the ciliary body was 
HSV-1+ in IFNγ−/− mice (Fig. 2). HSV-1+ staining was 
observed in the central retina in 25% (1/4), 38% (3/8), and 
50% (4/8) of IFNγ−/− mice at 48, 72, and 120 h p.i. (not 
shown). HSV-1 staining was observed in the central retina 
in 0% (0/3), 22% (2/9), and 22% (2/9) of IFNγ+/+ mice at 
48, 72, and 120 h p.i (not shown). The amount of HSV-1 
staining in the central retina appeared to be similar between 
IFNγ−/− mice and IFNγ+/+ mice. Although destructive reti-
nitis was rarely observed, the retinal pigment epithelial cells 
and ganglion cells of the central retina were HSV-1+ more 
often in IFNγ−/− mice than in IFNγ+/+ mice.

Following uniocular AC inoculation, HSV-1 does not 
spread directly from the anterior segment to the posterior 
segment in the injected eye of BALB/c mice.6–8 The front 
line of immune defense in vertebrates is the innate 
response, during which macrophages and neutrophils rec-
ognize, ingest, and kill invading pathogens. Macrophages 
secrete cytokines, which activate NK cells and dendritic 
cells that are then recruited to the site of infection, result-
ing in activation of an adaptive immune response, including 
T and B cells. In the absence of T cells, mice infected with 
HSV-1 in the AC develop bilateral retinitis. However, in 
these mice the virus gains access to the ipsilateral retina 
via connections of the contralateral suprachiasmatic 
nucleus to the ipsilateral optic nerve and retina and not 
via direct spread of virus from the infected anterior 
segment.9–13 Naïve T cells are continuously migrating 
between the circulating blood and lymphoid tissue awaiting 
activation by antigen-presenting cells and are therefore 
more likely to contribute to protection of the ipsilateral 
retina after day 5.9,11,16 Neutrophils and NK cells also appear 
to be critical to the protection of the ipsilateral retina; 
however, these cell types are detected only later in infec-
tion (on and after day 4 p.i.), while the number of Mac-1+ 
(i.e., activated microglia) in the injected eye peaks before 
day 4 p.i.14–16

Interferons are important cytokines that induce produc-
tion of proteins that inhibit translation and cell growth, 
induce apoptosis, and promote downregulation of mRNA in 
virus-infected cells via intracellular signaling mechanisms.18 

IFNγ, produced by cells of the innate and adaptive immune 
system (NK cells, macrophages, neutrophils, and T cells), 
is appropriately known as the “immune interferon.”19–22 
Studies of overexpression of IFNγ and infection of IFNγ-
defi cient mice have shown that IFNγ plays an important role 
in viral pathogenesis.23–27 We have shown that the absence of 
IFNγ does not dramatically affect the spread of HSV-1 from 
the anterior segment to the posterior segment and retina in 
the injected eye following uniocular AC inoculation of virus. 
IFNγ is produced by immune cell types that are located in 
the anterior segment and are in position to mediate protec-
tion of the ipsilateral retina;15–17,20,22 however, depletion of 
single cell types or cytokines does not result in panretinal 
HSV-1 infection.11,14,15 Taken together, these fi ndings support 
the idea that in the mouse, the timing and appearance of 
different cell types and cytokines is critical to the protection 
of the retina from infection due to direct spread of virus. The 
roles of macrophages, microglia, and cytokines (i.e., IFNγ) 
in preventing intraocular virus spread in human patients 
remains to be elucidated, but it is likely that, similar to what 
has been observed in the mouse, in humans there are mul-
tiple factors that contribute to protection against virus 
spread in the eye and the timing of appearance of these 
factors is important.

Acknowledgments. We are grateful to Drs. Mei Zheng and Brendan 
Marshall for their advice and assistance with fl ow cytometry and to Dr. 
Robert Podolsky for statistical analysis. These studies were supported 
by National Institutes of Health Grant EY006012 (SSA).

References

 1. Pellet P, Roizman B. The family herpesviridae: a brief introduction. 
In: Knipe D, Howley P, editors. Fields’ virology. Philadelphia: 
Lippincott, Williams and Wilkins; 2007. p. 3137–3166.

 2. Roizman B, Knipe D, Whitley R. Herpes simplex viruses. In: Knipe 
D, Howley P, editors. Fields’ virology. Philadelphia: Lippincott, 
Williams, and Wilkins; 2007. p. 3167–3299.

 3. Kaye S, Choudhary A. Herpes simplex keratitis. Prog Retin Eye 
Res 2006;25:355–380.

 4. Lau C, Missotten T, Salzmann J, Lightman S. Acute retinal necrosis: 
features, management, and outcomes. Am Acad Ophthalmol 2007;
1114:756–762.

 5. Ganatra JB, Chandler D, Santos C, Kuppermann B, Margolis TP. 
Viral causes of the acute retinal necrosis syndrome. Am J Ophthal-
mol 2000;129:166–172.

 6. Whittum J, McCulley J, Niederkorn JY, Streilein J. Ocular disease 
induced in mice by anterior chamber inoculation of herpes simplex 
virus. Invest Ophthalmol Vis Sci 1984;25:1065–1073.

 7. Vann VR, Atherton SS. Neural spread of herpes simplex virus after 
anterior chamber inoculation. Invest Ophthalmol Vis Sci 1991;32:
2462–2472.

 8. Bosem ME, Harris R, Atherton SS. Optic nerve involvement in 
viral spread in herpes simplex virus type 1 retinitis. Invest Ophthal-
mol Vis Sci 1990;31:1683–1689.

 9. Matsubara S, Atherton SS. Spread of HSV-1 to the suprachiasmatic 
nuclei and retina in T cell depleted BALB/c mice. J Neuroimmunol 
1997;80:165–171.

10. Atherton S, Vann V. Immunologic control of neural spread of 
herpes simplex virus type 1 (HSV-1) following anterior chamber 
inoculation. Proc Third Int Symp Uveitis. Brussels, Belgium; 1992. 
p. 23–28.



186 Jpn J Ophthalmol
 Vol 54: 182–186, 2010

11. Azumi A, Atherton SS. Sparing of the ipsilateral retina after ante-
rior chamber inoculation of HSV-1: requirement for either CD4+ 
or CD8+ T cells. Invest Ophthalmol Vis Sci 1994;35:3251–3259.

12. Atherton S, Altman N, Streilein J. Histopathologic study of herpes 
virus-induced retinitis in athymic BALB/c mice: evidence for an 
immunopathogenic process. Curr Eye Res 1989;8:1179–1191.

13. Whittum-Hudson J, Farazdaghi M, Prendergast R. A role for T 
lymphocytes in preventing experimental herpes simplex virus type 
1-induced retinitis. Invest Ophthalmol Vis Sci 1985;26:1524–1532.

14. Tanigawa M, Bigger JE, Kanter MY, Atherton SS. Natural killer cells 
prevent direct anterior to posterior spread of herpes simplex virus 
type I in the eye. Invest Ophthalmol Vis Sci 2000;41:132–137.

15. Zheng M, Fields MA, Liu Y, Cathcart H, Richter E, Atherton SS. 
Neutrophils protect the retina from infection after anterior 
chamber inoculation of HSV-1 in BALB/c mice. Invest Ophthalmol 
Vis Sc 2008;9:4018–4025.

16. Cathcart HM, Fields MA, Zheng M, Marshall B, Atherton SS. Infi l-
trating cells and IFN gamma production in the injected eye after 
uniocular anterior chamber inoculation of HSV-1. Invest Ophthal-
mol Vis Sci 2009;50:2269–2275.

17. Young LH, Foster CS, Young JD. In vivo expression of perforin by 
natural killer cells during a viral infection. Studies on uveitis 
produced by herpes simplex virus type I. Am J Pathol 1990;136:
1021–1030.

18. Biron CA, Sen GC. Interferons and other cytokines. In: Knipe DM, 
Howley PM, editors. Fields’ virology. Philadelphia: Lippincott 
Williams and Wilkins; 2001. p. 321–351.

19. Munder M, Mallo M, Eichmann K, Modolell M. Murine macro-
phages secrete interferon gamma upon combined stimulation with 

interleukin (IL)-12 and IL-18: a novel pathway of autocrine 
macrophage activation. J Exp Med 1998;12:2103–2108.

20. Zheng M, Atherton SS. Cytokine profi les and infl ammatory cells 
during HSV-1 induced acute retinal necrosis. Invest Ophthalmol 
Vis Sci 2005;46:1356–1363.

21. Ethuin F, Gerard B, Benna JE, et al. Human neutrophils produce 
interferon gamma upon stimulation by interleukin-12. Lab Invest 
2004;84:1363–1371.

22. Kawanokuchi J, Mizuno T, Takeuchi H, et al. Production of 
interferon-gamma by microglia. Mult Scler 2006;12:558–564.

23. Geiger K, Howes E, Sarvetnick N. Ectopic expression of gamma 
interferon in the eyes protects transgenic mice from intraocular 
herpes simplex virus type I infections. J Virol 1994;68:5556–5567.

24. Bouley D, Kanangat S, Wire W, Rouse B. Characterization of herpes 
simplex virus type-1 infection and herpetic stromal keratitis 
development in IFN-gamma knockout mice. J Immunol 1995;155:
3964–3971.

25. Geiger K, Nash T, Sawyer S, et al. Interferon-gamma protects 
against herpes simplex virus type 1-mediated neuronal death. 
Virology 1997;238:189–197.

26. Hooks J, Wang Y, Detrick B. The critical role of IFN-gamma in 
experimental coronavirus retinopathy. Invest Ophthalmol Vis Sc 
2003;44:3402–3408.

27. Ghiasi H, Osorio Y, Hedvat Y, Perng G, Nesburn A, Wechsler S. 
Infection of BALB/c mice with a herpes simplex virus type 1 
recombinant virus expressing IFN-gamma driven by the LAT 
promoter. Virology 2002;302:144–154.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


