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Objective: The purpose of this study is to investigate the effect of cumulus cells on matu-
ration, fertilization and subsequent development of mouse germinal vesicle oocytes.
Materials and Methods: A total of 470 germinal vesicle (GV) oocytes were obtained from
26 ovaries of 3- 4 week old ICR female mice 48 hours after injection of 5 IU pregnant mare
serum gonadotropin (PMSG). Collected oocytes were divided into two groups; group |: GV
oocytes without cumulus cells (denuded oocyte), group Il: GV oocytes with cumulus cells
(cumulus-oocyte complex). The oocytes in both groups were cultured in TCM-199 medium
supplemented with 10% fetal bovine serum (FBS) for 22- 24 hours in a humidified atmos-
phere of 5% CO, in air at 37°C. Oocyte maturation was scored under inverted microscope.
To do in vitro fertilization, matured oocytes from each group were placed in T6 medium
and capacitated spermatozoa were added. Then the fertilized oocytes were cultured and
assessed for cleavage to the 2-cell stage 24 hours and production of blastocyst 120 hours
after fertilization. Data was analyzed by chi-square test and differences in the values were
considerable significant when p<0.05.

Results: Maturation, fertilization, cleavage and blastocyst rates in denuded oocytes were:
76.32%, 57.49%, 51.15% and 19.14% respectively. In the cumulus-oocyte complex rates
were: 89.41%, 80.76%, 75.58% and 45.62% respectively; all in the cumulus-oocyte com-
plex were significantly higher than those of denuded oocytes (p<0.05).

Conclusion: The present study indicates that cumulus cells have important role during
maturation, fertilization and subsequent embryo development to the blastocyst stage.
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Introduction

In vitro maturation (IVM) of germinal vesicle (GV)
stage oocytes could potentially provide increased
numbers of oocytes for in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI), reducing the
need for exogenous gonadotrophin treatment and of-
fering an alternative to superovulation. Pregnancies
and live births have been achieved following matura-
tion and fertilization in vitro of oocytes retrieved from
antral follicles (1-3), but clinical pregnancy rates are
generally lower than those achieved using standard
assisted reproductive techniques (ART).

During the growth and accomplishment of meiotic
competence of oocytes (before initiation of meiosis),

cumulus cells are responsible for maintenance of
nuclear arrest at the germinal vesicle (GV) stage via
elevating intercellular cAMP level in the oocytes by
transferring an inhibitor signal through gap junctions
(4-6). Initiation of meiosis is also related to cumulus
function, there are evidences that cumulus cells se-
crete a meiosis-inducing factor (4, 7). It is generally
accepted that the relationship between cumulus cells
and oocytes is important not only in the process of
oocyte maturation to the metaphase Il stage, but also
in the cytoplasmic maturation, needed for develop-
ment of oocytes after fertilization (8-10). The effect
of cumulus cells may be due to the local production
of glyosaminoglycans, steroid hormones and other
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factors that support cytoplasmic maturation; which
are responsible for male pronucleus formation, mon-
ospermic fertilization and embryonic development
(11, 12). Moreover, cumulus cells stabilize the dis-
ruption of cortical granules (13). Physical contact be-
tween oocyte and cumulus cells has been considered
necessary for the transfer of nutrients and essential
factors for oocyte development (10, 17).

It has been shown that cumulus denuded oocytes can
complete meiotic maturation in rats. In porcine, bovine,
pigs, rabbits and humans significantly more cumulus-
enclosed oocytes were fertilized with spermatozoa and
developed to the blastocyst stage in vitro when com-
pared with cumulus-denuded oocytes (14-21).

The present study was conducted to examine whether
the presence or absence of cumulus cells during the
process of maturation and fertilization affect mouse
oocyte nuclear maturation, fertilization, cleavage
rates and subsequent development to the blastocyst
stage in mouse germinal vesicle oocytes.

Materials and Methods

All chemicals were purchased from Sigma Chemi-
cal Co. except for the ones specifically described.
All animal experiments were approved by the Insti-
tutional Animal Care and Use Committee at Tehran
University of Medical Sciences.

Collection of GV oocytes

A total of 470 GV oocytes were obtained from
26 ovaries of 3-4 week old ICR female mice. The
animals were kept under controlled conditions (12
hours light:12 hours dark) and fed water and pel-
lets ad libitum. Mice were stimulated by injection
of 5 IU pregnant mare serum gonadotropin (PMSG:
Teikokuzouki, Tokyo, Japan) intraperitonealy. The

animals were killed by cervical dislocation 48
hours later and the ovaries removed and placed in
TCM-199 supplemented with 10% fetal bovin se-
rum (FBS). The GV stage oocytes were released by
puncturing ovarian follicles with a 28G needle un-
der a stereomicroscope.

wM

Only those oocytes containing a clearly visible
nucleus germinal vesicle were used. The collected
GV oocytes were divided into two groups; group
I: denuded oocytes (DO), cumulus cells removed
by pipeting, (Fig 1A). Group II: cumulus oocyte
complexes (COC) (Fig 1B).

Each group was placed in 50 pl microdrops of
TCM-199 supplemented with 10% fetal bovine
serum (FBS), 0.23 mM sodium pyruvate, 75
mU/ml of follicle-stimulating hormone (FSH),
50 mg/1 streptomycin, 60 mg/l penicillin and 1pg/l
epidermal growth factor (EGF) over laid with em-
bryo-tested light mineral oil for 22-24 hours in a
humidified atmosphere of 5% CO, at 37°C (22).
At various intervals from the onset of incubation,
oocytes were observed by inverted microscopy and
morphological changes in the nucleus (GVBD) or
the extrusion of the first polar body (MII) were
used as the criterion for nuclear maturation of GV-
stage oocytes. The matured oocytes were collected
for IVF.

IVF

Sperm was collected from the epididymides of ICR
male mice aged 12 weeks. The sperm suspension (1
x10° motile spermatozoa/ml) was capacitated for
1.5-2 hours in 400 pl of T6 media supplemented
with 16 mg/ml BSA.

Fig 1: A. DO = Denuded GV oocyte, B. COC = Cumulus oocyte complex, C. 2-cell stage embryos, D. Mouse blastocyst.
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In vitro matured (MII stage) oocytes from each treat-
ment group were placed in 0.9 ml T6 and 0.1 ml ca-
pacitated spermatozoa was added. After 4-6 hours
incubation, the oocytes were washed through three
droplets of T6 medium. The oocytes were then cul-
tured in a droplet of T6 (100 pl) under mineral oil.
They were assessed for cleavage to the 2-cell stage
24 hours and production of blastocysts 120 hours af-
ter fertilization.

Statistical analysis

Collected data were analyzed by chi-square test. In
vitro maturation, fertilization and embryo develop-
ment to blastocyst differences were considered sig-
nificant when (p<0.05).

Results

Actotal of 470 GV oocytes with and without cumulus
cells were obtained from 36 ovaries that were used
for the DO and COC groups.

In vitro maturation of mouse oocytes

The number of oocytes that arrived to the MII stage, the
proportion of oocytes which remained arrested at the
GV stage and germinal vesicle breakdown (GVBD)
stage in the DO group were significantly greater than
the COC group at the 24 hours culture, (Fig 2).

Also as shown in Fig 2, the maturation rate of COC was
significantly higher than that of the DO group (p<0.05).
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Fig 2: Maturation, GVBD and degeneration rate of mouse GV
oocytes after 24 hours culture.

DO= Denuded oocyte, COC = Cumulus oocyte complex, GV=
Germinal vesicle oocyte. GVBD= Germinal vesicle breakdown,
MII=metaphase II.

Significant differences between DO and COC are indicated by
an asterisk (p<0.05).

In vitro fertilization and development to blastocyst stage
The number of fertilized oocytes, 2-cell stage after
24 hour culture (Figl C) and blastocysts after 120
hours culture (Figl D) are shown in Fig.3. As shown
in this figure, fertilization and cleavage rates, and
the subsequent development to blastocyst stage was
significantly higher in the COC group than that of
the DO group (p<0.05).
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Fig 3: Fertilization, cleavage and balastocyst rate of mouse
GV stage oocytes after in vitro maturation. Significant dif-
ferences between DO and COC are indicated by an asterisk
(p<0.05).

Discussion

The results of this study showed that mouse GV
oocytes with cumulus cells had a significantly high-
er maturation, fertilization, cleavage and blastocyst
rate than oocytes without cumulus cells. The benefi-
cial effects of cumulus cells on oocyte maturation
and development were reported in different species
(18-28). In the company of our results, Warriach et
al. (18) reported that buffalo oocytes with cumu-
lus cells had a significantly higher maturation rate
than oocytes without cumulus cells. Also, Chauhan
et al. (24) have found a significantly different [IVM
rate (85%, 54% and 26%) for gradel (>5 layers of
cumulus cell), grade 2 (<4 layers of cumulus cells)
and grade 3 (without cumulus cells) buffalo oocytes.
The subsequent fertilization and cleavage rates in
oocytes with cumulus cells were better than buffalo
oocytes without cumulus cells.

In contrast to these studies, Asada et al. (25) reported
that the presence of cumulus cells in mink whales
did not affect the maturation rate of oocytes. In por-
cine, it is unclear whether the presence or absence
of cumulus cell during IVF are suitable for fertiliza-
tion and subsequent development of oocytes. Also
Marchal et al. have not found any differences in the
rates of total and normal fertilization between por-
cine oocytes denuded before and after IVF (29). Gil
et al. reported that the efficiency of fertilization and
embryonic development was lower in oocytes with
cumulus cells than in oocytes without cumulus cells
(30). It has been suggested that the attachment of cu-
mulus cells to oocytes during IVF enhances oocyte
penetrability by secreting substances that promote
penetration (10, 26) and acrosome reaction of sperm
by favoring sperm capacitation (27). However, de-
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nuded mouse oocytes are still widely used for IVF in
many research laboratories. The results of our study
confirm the positive effects of cumulus cells on IVM,
fertilization and subsequent developmental capacity
of mouse germinal vesicle oocytes.

Conclusion

This study indicates that the presence of cumulus
cells during culture are responsible for oocyte nucle-
ar maturation, fertilization, cleavage and subsequent
development to blastocytes.

Acknowledgments

This project was financially supported by the research
deputy of Tehran University of Medical Sciences.
So, we would like to thank them for their assistance.
There is no conflict of interest in this article.

References

1. Trounson A, Anderiesz C, Jones G. Maturation of hu-
man oocytes in vitro and their developmental competence.
Reproduction. 2001; 121: 51-75.

2. Hardy K, Wright CS, Franks S, Winston RM. In vitro
maturation of oocytes. Br Med Bull. 2000; 56: 588-602.

3. Chian RC, Lim JH, Tan SL. State of the art in in-vitro cocyte
maturation. Curr Opin Obstet Gynecol. 2004; 16: 211-219.
4. Downs SM. A gap-junction-mediated signal, rather than
an external paracrine factor, predominates during meiotic in-
duction in isolated mouse oocytes. Zygote. 2001; 9: 71-82.
5. Shimada M, Terada T. FSH and LH induce progesterone
production and progesterone receptor synthesis in cumu-
lus cells, a requirement for meiotic resumption in porcine
oocytes. Mol Hum Reprod. 2002; 8: 612-618.

6. Tanghe S, Van Soom A, Nauwynck H, Coryn M, Kruif A.
Functions of the cumulus oophorus during oocyte matura-
tion, ovulation, and fertilization. Mol Reprod Dev. 2002; 61:
414-424.

7. Xia GL, Kikuchi K, Noguchi J, Izaike Y. Short time prim-
ing of pig cumulus-oocyte complexes with FSH and for-
skolin in the presence of hypoxanthine stimulates cumulus
cells to secrete a meiosis-activating substance. Theriog-
enology. 2000; 53: 1807-1815.

8. Moor RM, Mattioli M, Ding J, Nagai T. Maturation of pig
oocytes in vivo and In vitro. J Reprod Fertil. 1990; 40: 197-210.
9. Ka HH, Sawai K, Wang WH, Im K, Niwa K. Amino acid
in maturation medium and presence of cumulus cells at
fertilization promote male pronuclear formation in porcine
oocytes matured and penetrated in vitro. Biol Reprod.
1997; 57: 1478-1483.

10. Wongsrikeao P, Kaneshige Y, Ooki R, Taniguchi M,
Agung B, Nii M, et al. Effect of the removal of cumulus cell
on the nuclear maturation, fertilization and development of
porcine oocytes. Reprod Dom Amin. 2005; 40: 166-170.
11. Yamauchi N, Nagai T. Male pronuclear formation in de-
nuded porcine oocytes after in vitro maturation in the pres-
ence of cysteamine. Biol Reprod. 1999; 61: 828-833.

12. Dode MA, Graves C. Involvement of steroid hormones
on in vitro maturation of pig oocytes. Theriogennology.
2002; 57: 811-821.

13. Galeati G, Modina S, Lauria A, Mattioli M. Follicle so-

Yakhteh Medical Journal, Vol 11, No 3, Autumn 2009 302

matic cells influence pig oocyte penetrability and cortical
granule distribution. Mol Reprod Dve. 1991; 29: 40-46.
14. Magnusson C. Role of cumulus cells for rat oocyte mat-
uration and metabolism. Gamate Res. 1980; 3:133-140.
15. Somfai T, Kikuchi K, Onishi A, lwamoto M, Fuchimoto
D, Papp AB, et al. Relationship between the morphologi-
cal changes of somatic compartment and the kinetics of
nuclear and cytoplasmic maturation of oocytes during in
vitro maturation of porcine follicular oocytes. Mol Reprod
Dev. 2004; 68: 484-491.

16. Nagai T. The improvement of in vitro maturation sys-
tems for bovine and porcine oocytes. Theriogenology.
2001; 55: 1291-1301.

17. Albertini DF, Combelles CM, Benecchi E, Carabatsos
MJ. Cellular basis for paracrine regulation of ovarian fol-
licle development. Reproduction. 2001; 121: 647-653.
18. Warriach HM, Chohan KR. Thickness of cumulus cell
layer is a significant factor in meiotic competence of buf-
falo oocytes. J Vet Sci. 2004; 5: 247-251.

19. Janssenswillen C, Nagy ZP, Van Steirteghem A. Mat-
uration of human cumulus-free germinal vesicle-stage
oocytes to metaphase Il by co culture with monolayer
Vero cells. Hum Reprod. 1995; 10: 375-376.

20. Motlik J, Nagai T, Kikuchi K. Resumption of meiosis in
pig oocytes cultured with cumulus and parietal granulosa
cells: The effect of protein synthesis inhibition. J Exp Zool.
1991; 259: 386-391.

21.Tao Y, Zhang C, Fang F, Liu Y, Zhang Y, Ding J, et al.
Effects of cumulus cells on rabbit oocyte in vitro matura-
tion. J Anim Physiol Anim Nurt. 2008; 92(4): 438-447.

22. Martoriati A, Duchamp G, Gérard N. In vivo effect of
epidermal growth factor, interleukin-1beta, and interleukin-
1RA on equine preovulatory follicles. Biol Reprod. 2003;
68(5): 1748-1754.

23. Motta PM, Makabe S, Naguro T, Correr S. Oocyte
follicular cells association during development of human
ovarian follicle. A study by high resolution scanning and
transmission electron microscopy. Arch Histol Cytol. 1994;
57: 369-394.

24. Chauhan MS, Singla SK, Palta P, Manilk RS, Tomer
OS. Development of in vitro produced buffalo (Bubalis bu-
balis) ovaries by different methods. Buffalo J. 1998; 14:
277-282.

25. Asada M, Horii M, Mogoe T, Fukui Y, Ishikawa H, Ohsu-
mi S. In vitro maturation and ultrastructural observation of
cryopreserved minke whale. (Balaenoptera acutorostrata)
follicular oocytes. Biol Reprod. 2000; 62(2): 253-259.

26. Saeki K, Nagao Y, Hoshi M, Kaimuna K. Effect of cu-
mulus cell on sperm penetration of bovine oocytes in pro-
tein-free medium. Theriogenology. 1994; 42: 1115-1123.
27. Sullivan R, Duchesne C, Fahmy N, Morin N, Dionne P.
Protein synthesis and acrosome reaction —inducing activity
of human cumulus cells. Hum reprod. 1990; 5: 830-834.
28. Wang WH, Abeydeera LR, Okuda K, Niwa K. Penetra-
tion of bovine oocytes during maturation in vitro by cryop-
reserved ejaculated spermatozoa. Biol reprod. 1994; 50:
510-515.

29. Funahashi H, Nagai T. Regulation of in vitro penetra-
tion of frozen-thawed boar spermatozoa by caffeine and
adenosine. Mol reprod Dev. 2001; 58: 424-431.

30. Gil MA, Ruiz M, Cuello C, Vazquez JM, Roca J, Mar-
tinez EA. Influence of sperm: oocyte ration during in vitro
fertilization of in vitro matured cumulus-intact pig oocytes
on fertilization parameters and embryo development.
Theriogenology. 2004; 61: 551-560.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 true
  /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

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUS <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (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 false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


