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Abstract
Purpose AZFc deletions are associated with variable
testicular histology ranging from the Sertoli cell only to
spermatogenic arrest and hypospermatogenesis. Such vari-
able phenotypes may be explained by progressive germ cell
regression over time. Increased apoptosis is likely respon-
sible for progressive regression of spermatogenic potential.
This study evaluated germ cell apoptosis as a cause of the
progressive decrease in the number of germ cells in patients
with AZFc deletions.
Methods This study evaluated germ cell apoptosis in patients
with AZFc deletions. A total of 151 patients who were
diagnosed with either severe oligozoospermia or non-
obstructive azoospermia were screened for Y chromosome
microdeletions. Germ cell apoptosis was examined using
terminal deoxy-nucleotidyl transferase-mediated digoxigenin-
dUTP nick-end labeling (TUNEL) on formalin-fixed 5-µm
sections of testicular specimens.
Results Seven out of 117 (6.0%) patients with azoospermia
and 4 of 34 (11.8%) patients with severe oligozoospermia
had Y chromosome microdeletions. The percentage of
apoptotic germ cells in the testes of patients with AZFc
deletions were significantly increased compared to those of
patients without AZFc deletions.

Conclusions These results suggest that increased apoptosis
of germ cells is responsible for the progressive decline of
spermatogenic potential in patients with AZFc deletions.
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Introduction

AZFc deletions are the most frequent genetic cause of male
infertility, observed with a prevalence of 10–15% in
patients with severe oligozoospermia and azoospermia [1].
The DAZ gene family is thought to be the major candidate
responsible for the AZFc phenotype. The DAZ gene
encodes a protein with an RNA-binding domain that is
expressed exclusively in germ cells [2]. The natural RNA
substrates of DAZ proteins remain undefined, and the
biological function of DAZ has not yet been elucidated.

AZFc deletions are associated with variable testicular
histology, ranging from the Sertoli cell only to spermato-
genic arrest and hypospermatogenesis. A possible explana-
tion for such variable phenotypes is the progressive germ
cell regression over time, which has been reported in
patients with AZFc deletions [3–8].

The control of germ cell apoptosis plays an important
role during normal spermatogenesis [9–12]. Increased
apoptosis can induce a progressive decrease in the number
of germ cells. No studies have thus far assessed the
apoptosis of germ cells in patients with AZFc deletions.
Therefore, the current study evaluated germ cell apoptosis
as one of the causes of the progressive decrease in the
number of germ cells in patients with AZFc deletions.

Capsule Males carrying AZFc deletions exhibit diminished sperm cell
numbers due to an enhanced incidence of apoptosis.
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Materials and methods

Patients

A total of 151 patients who were diagnosed with severe
oligozoospermia (sperm concentration of less than 1×106

per ml) or non-obstructive azoospermia were screened for
Y chromosome microdeletions. Among these, 117 were
azoospermics and 34 were oligzoospermics. Patients with
iatrogenic azoospermia, varicocele or cryptochidism were
excluded from this study. As controls, testicular samples
were obtained from five patients with obstructive azoosper-
mia who had normal spermatogenesis.

Specimens of bilateral testicular tissue were obtained by
open biopsy. The biopsies were classified according to
McLachlan et al. [13] as follows: hypospermatogenesis, all
stages of spermatogenesis are present but reduced to a
varying degree; germ cell arrest, the total arrest at a
particular stage; Sertoli cell-only, no tubules containing
germ cells. This study was approved by the hospital’s
Institutional Review Board and informed consent was
obtained from all patients.

Y chromosome microdeletion assay

Genomic DNA was isolated from peripheral blood lympho-
cytes using standard procedures. Y chromosome micro-
deletions were evaluated using polymerase chain reaction of
Y chromosome-specific STS markers. The STS markers
used were as follows: AZFa: sY83, sY95, sY105; AZFb:
sY118, sY126, sY136; AZFc: sY152, sY254, sY255, sY283.

In situ end labeling of testicular tissue sections

In order to detect apoptosis, terminal deoxy-nucleotidyl
transferase-mediated digoxigenin-dUTP nick-end labeling
(TUNEL) was performed on formalin-fixed 5-µm tissue
sections of specimens using an In Situ Apoptosis Detection
Kit (Takara Bio Inc., Shiga, Japan). In brief, each section
was deparaffinized and rehydrated. After incubation with
20 µg/ml Proteinase K (Boeheringer Mannheim, Man-
nheim, Germany), endogenous peroxidase were blocked
with 2% H2O2 in methanol for 30 min. TdT enzyme was
dropped on the sections and incubated at 37°C for 60 min.
Then antifluorescein isothiocyanate horseradish peroxidase
conjugate was placed on the sections and incubated at 37°C
for 30 min. Slides were washed three times in PBS,
developed with 0.05% diaminobenzidine (DAB), and
stained for 10–15 min at room temperature. The specimens
were then washed three times in distilled water, dehydrated
and mounted. For quantitative evaluation, the percentage of
labeled cells per total 200 cells of germ cells was evaluated
for each patient.

Hormone assays

Semen samples were centrifuged (3000× g; 5 min) and the
seminal plasma was stored at –20°C within one hr after
ejaculation. Inhibin B was measured by two-site enzyme-
linked immunoassay (Serotec Ltd., Oxford, UK).

Statistical analysis

The Mann-Whitney U test was used for statistical analyses
using the StatView 5.0 statistical analysis program (Abacus
Concepts, Berkeley, CA, USA). Statistically significant
differences were confirmed for p values less than 0.05.

Results

Seven out of 117 (6.0%) patients with azoospermia and
4 of 34 (11.8%) patients with severe oligozoospermia
had Y chromosome microdeletions (Table 1). AZFa, AZFb
and AZFc were deleted in two azoospermic patients.
AZFb and AZFc were deleted in one azoospermic patient.
AZFc was deleted in four azoospermic patients and in
four severe oligozoospermic patients. All patients with
AZFa+b+c and AZFb+c deletions had a complete absence
of spermatozoa upon testicular biopsy. Of the 8 patients
with AZFc deletions, 6 had spermatozoa within the testis or
ejaculate.

Serum and seminal plasma Inhibin B were undetectable
in patients who lacked testicular spermatozoa. The seminal
plasma Inhibin B level was greater than 15 pg/ml in all
patients who had spermatozoa in testes or ejaculate
(Table 2). Sequential seminological data was available in
two patients with AZFc deletions. Patient 4 showed a

Table 1 Summary of DNA analysis of the twelve patients with Yq
microdeletions

Markers Patients

1 2 3 4 5 6 7 8 9 10 11

sY83 + + + + + + + + + + +

sY95 – + + + + + + + + + +

sY105 – + + + + + + + + + +

sY118 – – + + + + + + + + +

sY126 – – – + + + + + + + +

sY136 – – – + + + + + + + +

sY152 – – – – – – – – – – –

sY254 – – – – – – – – – – –

sY255 – – – – – – – – – – –

sY283 – – – – – – – – – – –

sY166 + + + + + + + + + + +
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decline in the total sperm concentration from an average of
0.7 x 106 per ml to 0.02 x 106 per ml over 25 months. The
serum and seminal plasma Inhibin B levels decreased from
195 pg/ml and 107 pg/ml to 35 pg/ml and 32 pg/ml,
respectively. Patient 5 showed a decline in total sperm
concentration from 0.06×106 per ml to azoospermia over
34 months. Serum and seminal plasma Inhibin B levels
decreased from 42 pg/ml and 30 pg/ml to 18 pg/ml and
15 pg/ml, respectively.

Apoptosis was evaluated in the testes of 5 patients with
AZFc deletions (patient 4, 5, 6, 9 and 11). Fifteen patients
without AZFc deletions whose testicular histology were
hypospermatogensis (3patients) or germ cell maturation
arrest (12 patients) were also evaluated for apoptosis in
testes. There was no significant difference in the testicular
histology between these two groups.

The percentage of apoptotic germ cells in the testes of
patients with AZFc deletions were significantly increased
compared to those of patients without AZFc deletions and
patients with obstructive azoospermia (5.2% vs. 2.1%, p<
0.01; 5.2% vs. 1.0%, p=0.01; Table 3).

Discussion

In this study, seven out of 117 (6.0%) patients with
azoospermia and 4 out of 34 (11.8%) patients with severe
oligozoospermia had Y chromosome microdeletions. These
findings were consistent with previous reports of micro-
deletion frequencies between 6.2 and 25.9% in Japanese
males [14, 15]. In the present study population, the
frequency of Y chromosome microdeletions was lower in
azoospermic patients than in oligozoospermic patients.
Other Japanese studies [14] also reported a low frequency
of Y chromosome microdeletions in azoospermic patients
(4.2%) in comparison to oligozoospermic patients (15.9%).
Nagata et al. [16] reported that the sperm retrieval rate by
testicular sperm extraction in Japanese azoospermic patients
was low in comparison to other studies. Other common
genetic causes may exist in Japanese azoospermic patients.
Eight out of 11 patients with Y chromosome microdeletions
had complete AZFc deletions (b2/b4 deletion). The seminal
phenotype of patients with complete AZFc deletions varied
from azoospermia to severe oligozoospermia. Progressive
regression of the germinal epithelium over a period of time
has been reported which may be an explanation for such
variable phenotypes [5]. However, Oates et al. [17]
reported that 4 patients with AZFc deletions had stable
sperm production over time. The discrepancies between the
studies may have been due to the small number of patients.

In this study, 2 patients with AZFc deletions were
followed over 2 years. Both patients exhibited a decline in
total sperm concentration over 2 to 3 years, associated with
a decrease in serum and seminal plasma Inhibin B levels.
This finding supports a hypothesis of progressive depletion
of the seminiferous epithelium. There is an association
between serum Inhibin B levels and testicular pathology in

Table 2 Hormone values and clinical details of the ten patients with Yq microdeletions

Patients

1 2 3 4 5 6 7 8 9 10 11

Age (years) 45 44 43 42 35 36 36 55 46 34 48

Testicular volume (ml) right/left 5/8 8/10 4/3 17/15 7/7 17/16 14/13 18/11 10/9 8/7 5/5

Sperm count (X106/ml) 0 0 0 0.7 0.06 0 0.2 1.9 0 0 0

Deleted AZF regions a,b,c b,c b,c c c c c c c c c

Inhibin B (pg/ml)

Serum <15 <15 <15 195 42 300 100 90 <15 <15 <15

Seminal plasma <15 <15 <15 107 30 108 28 660 110 <15 <15

FSH (mIU/ml) 40.3 12.6 60.1 4.2 28.8 5.7 16.3 8.7 21.5 10.3 31.9

Histology SCO SCO GA GA GA HYPO GA GA GA

Sperm recovery – – – + + + + + + – –

Percentage of apoptotic cells (%) 2.5 5.0 4.0 7.5 7.0

SCO Sertoli cell-only, GA germ cell arrest, HYPO hypospermatogenesis

Table 3 Analysis of apoptosis in germ cells of testes

Percentages of apoptotic
cells (mean±SD)

Patients with AZFc deletions (n=5) 5.2±2.0a,b

Patients without AZFc deletions (n=15) 2.1±0.9

Obstructive asoospermic patients (n=5) 1.0±0.7

a Significantly different from patients without AZFc deletions (P<0.01)
b Significantly different from obstructive asoospermic patients (P=0.01)

J Assist Reprod Genet (2010) 27:293–297 295



patients with AZFc deletions [18]. The current study also
suggested that Inhibin B is a good marker for spermato-
genic potential in patients with AZFc deletions. However,
further studies with a greater number of study patients will
be required to confirm the progressive decline of spermato-
genic potential in patients with AZFc deletions and the
utility of Inhibin B as a marker of spermatogenesis.

Mammalian spermatogenesis is a highly regulated process,
and apoptosis appears to play an essential role in maintaining
an appropriate number of germ cells that can be adequately
supported and matured by the Sertoli cells [19]. Several
authors have reported accelerated apoptosis of germ cells in
infertile men with impaired spermatogenesis [9–12]. In the
present study, the percentages of apoptotic germ cells were
comparable to those reported in other studies. Only Tesarik
et al. [9] reported much higher percentages of apoptotic germ
cells in patients with incomplete spermatogenesis. The
discrepancy between the studies might have been due to
the method of apoptosis detection. Tesarik et al. examined
the germ cell apoptosis by analyzing cell smears from
mechanically disintegrated testicular tissues and used a
FITC-labeled nucleotide to detect DNA fragmentation.

The mechanisms of the germ cell apoptotic process
underling spermatogenesis impairment are poorly understood.
In the current study, increased germ cell apoptosis was
observed in patients with AZFc deletions in comparison to
patients without AZFc deletions and patients with obstructive
azoospermia. This increase in apoptosis may be responsible
for the progressive loss in spermatogenic potential. Rajpurkar
et al. [20] demonstrated that chronic cigarette smoke induced
apoptosis in rat testis. They concluded that increased
apoptosis might be one of the pathogenic mechanisms
responsible for defective spermatogenesis in the rat follow-
ing chronic cigarette smoking. A varicocele has a progres-
sively toxic effect on the testes that may ultimately result in
irreversible infertitity [21]. Hassan et al. [22] reported that
the percentage of apoptotic cells in seminiferous tubules of
infertile patients with varicocele was significantly higher
than in patients with obstructive azoospermia (6.29% vs.
2.71%). These percentages of apoptotic germ cells were
comparable to those reported herein.

AZFc contains five protein-coding gene families (BPY2,
CDY, DAZ, CSPG4LY and GOLGA2LY), which are all
transcribed in testicular tissue [23]. These genes are thought
to be associated with spermatogenesis, but their function is
unknown. The best-characterized gene family in the AZFc
region is the DAZ gene. The DAZ gene family encodes a
protein with an RNA-binding motif, suggesting a functional
role in mRNA stability or in the translational regulation of
its target RNA. The CDC25 family has been recognized as
the downstream target of DAZL, which is the autosomal
DAZ family gene [24, 25]. CDC25 phosphatases play a key
role in cell cycle progression by controlling the activation

of cyclin-dependent kinases [26]. Of the CDC25 family,
CDC25A is expressed at a high level in the testis,
suggesting that CDC25A plays a crucial role in the mitotic
or meiotic regulation of spermatogenesis [27, 28]. Inacti-
vation of CDC25 induces cell cycle arrest and apoptosis of
hepatocellular carcinoma cells [29]. The inhibition of the
CDC25 function, owing to a loss of DAZ genes, may
contribute to the accelerated germ cell apoptosis observed
in patients with AZFc deletions.

This is the first paper reporting increased apoptosis of
germ cells in patients with AZFc deletions. Further studies
with a larger population are needed to confirm these results.

Acknowledgements We appreciate the excellent technical assistance
of Miss Ai Ikarasi and Mrs. Hiroimi Ihana.

References

1. Ferlin A, Arredi B, Foresta C. Genetic causes of male infertility.
Reprod Toxicol. 2006;22:133–41.

2. Huang WJ, Lin Y, Hsiao KN, Eilber KS, Salido EC. Restricted
expression of the human DAZ protein in premeiotic germ cells.
Hum Reprod. 2008;23:1280–9.

3. Girardi SK,Mielnik A, Schlegel PN. Submicrocsopic deletions in the
Y chromosome of infertile men. Hum Reprod. 1997;12:1635–41.

4. Simoni M, Carani C, Gromoll J, Meschede D, Dworniczak B, et al.
Screening for deletions of the Y chromosome involving the DAZ
gene in azoospermia and severe oligozoospermia. Fertil Steril.
1997;67:542–7.

5. Calogero AE, Garofalo MR, Barone N, Palma AD, Vicari E, et al.
Spontaneous regression over time of the germinal epithelium in a Y
chromosome-microdeleted patient. Hum Reprod. 2001;16:1845–8.

6. Dada R, Gupa NP, Kucheria K. Molecular screening for Yq
microdeletion in men with idiopathic oligozoospermia and azoosper-
mia. J Biosci. 2003;28:163–8.

7. Dada R, Gupta NP, Kucheria K. Yq microdeletions—Azoospermia
factor candidate genes and spermatogenic arrest. J Biomol Tech.
2004;15:176–83.

8. Ferilin A, Arredi B, Speltra E, Cazzadore C, Selice R, et al.
Molecular and clinical characterization of Y chromosome micro-
deletions in infertile men. A 10-year experience in Italy. J Clin
Endocrinol Metab. 2007;92:762–70.

9. Tesarik J, Greco E, Cohen-Bacrie P, Mendoza C. Germ cell
apoptosis in men with complete and incomplete spermiogenesis
failure. Mol, Hum Reprod. 1998;4:757–62.

10. Lin WW, Lipshultz LI, Lamb DJ, Kim ED, Wheeler TM. In situ
end-labeling of human testicular tissue demonstrates increased
apoptosis in conditions of abnormal spermatogenesis. Fertil Steril.
1997;68:1065–9.

11. Takagi S, Itoh N, Kimura M, Sasao T, Tsukamoto T. Spermatogonial
proliferation and apoptosis in hypospermatogenesis associated with
nonobstructive azoospermia. Fertil Steril. 2001;76:901–7.

12. Kim S, Yoon Y, Park Y, Seo JT, Kim JH. Involvement of the Fas-
Fas ligand system and active caspase-3 in abnormal apoptosis in
human testis with maturation arrest and Seltoli cell-only syn-
drome. Fertil Steril. 2007;87:547–53.

13. McLachlan RI, Meyts ER, Hoei-Hansen CE, Kretser DM,
Skakkebaek NS. Histological evaluation of the human testis—
approaches to optimizing the clinical value of the assessment.
Hum Reprod. 2007;22:2–16.

296 J Assist Reprod Genet (2010) 27:293–297



14. Sawai H, Komori S, Koyama K. Molecular analysis of the Y
chromosome AZFc region in Japanese infertile males with
spermatogenic defects. J Reprod Immunol. 2002;53:37–44.

15. Carvalho CMB, Fujisawa M, Shirakawa T, Gotoh A, Kamidono S, et
al. Lack of association betweenY chromosome haplogroups andmale
infertility in Japanese men. Am J Med Genet A. 2003;116:152–8.

16. Nagata Y, Fujita K, Banzai J, Kojima Y, Kashima K, et al.
Seminal plasma inhibin B level is a useful predictor of the success
of conventional testicular sperm extraction in patients with non-
obstructive azoospermia. J Obstet Gynaecol Res. 2005;31:384–8.

17. Oates RD, Silber S, Brown LG, Page DC. Clinical characteriza-
tion of 42 oligospermic or azoospermic men with microdeletion of
the AZFc region of the Y chromosome, and of 18 children
conceived via ICSI. Hum Reprod. 2002;17:2813–24.

18. Frydelund-Larsen L, Krausz C, Leffers H, Andersson AM,
Carlsen E, et al. Inhibin B: A marker for the functional state of
the seminiferous epithelium in patients with asoospermia factor c
microdeletions. J Clin Endocrinol Metab. 2002;87:5618–24.

19. Dunkel L, Hirvonen V, Erkkila K. Clinical aspects of male germ
cell apoptosis during testis development and spermatogenesis.
Cell Death Differ. 1997;4:171–9.

20. Rajpurkar A, Jiang Y, Dhabuwala CB, Dunbar JC, Li H. Cigarette
smoking induces apoptosis in rat testis. J Environ Pathol Toxicol
Oncol. 2002;21:243–8.

21. Cozzolino DJ, Lipshultz LI. Varicocele as a progressive lesion:
positive effect of varicocele repair. Hum Reprod Update.
2001;7:55–8.

22. Hassan A, EL-Nashar EM, Mostafa T. Programmed cell death in
varicocele-bearing testes. Androlagia. 2009;41:39–45.

23. Skaletsky H, Kuroda-Kawaguchi T, Minx PJ, Cordum HS, Hillier
L, et al. The male-specific region of the human Y chromosome is
a mosaic of discrete sequence classes. Nature. 2003;423:825–37.

24. Maines JZ, Wasserman SA. Post-transcriptional regulation of the
meiotic Cdc25 protein Twine by the Dazl orthologue Boule. Nat
Cell Biol. 1999;1:171–4.

25. Venables JP, Ruggiu M, Cooke HJ. The RNA-binding specificity
of the mouse Dazl protein. Nucleic Acids Res. 2001;29:2479–
83.

26. Morgan DO. Prnciples of CDK regulation. Nature. 1995;374:131–4.
27. Wickramasinghe D, Becker S, Ernst MK, Resnick JL, Centanni

JM, et al. Two CDC25 homologues are differentially expressed
during mouse development. Development. 1995;121:2047–56.

28. Mizoguchi S, Kim KH. Expression of cdc25 phosphatases in germ
cells of the rat testis. Biol Reprod. 1997;56:1474–81.

29. Kar S, Wang M, Carr BI. 2-methoxyestradiol inhibits hepatocel-
lular carcinoma cell growth by inhibiting Cdc25 and inducing cell
cycle arrest and apoptosis. Cancer Chemother Pharmacol.
2008;62:831–40.

J Assist Reprod Genet (2010) 27:293–297 297


	Increased apoptosis of germ cells in patients with AZFc deletions
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Patients
	Y chromosome microdeletion assay
	In situ end labeling of testicular tissue sections
	Hormone assays
	Statistical analysis

	Results
	Discussion
	References



<<
  /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


