
J. Cell. Mol. Med. Vol 9, No 3, 2005 pp. 655-661

Angiogenesis, sprouting new blood vessels from
preexisting capillaries, is essential for tumor growth
and progression [1, 2], either by up-regulation of

angiogenic stimulators such as vascular endothelial
growth factor (VEGF) and basic fibroblast growth
factor (bFGF), or by down-regulating endogenous
angiogenesis inhibitors (e. g. thrombospondin-1,
angiostatin and endostatin) [3]. 

The majority of bladder transitional cell carcino-
mas (TCC) are of the superficial type (70%), and
usually do not metastasize. The rest are highly inva-
sive tumors with strong metastatic potential [4, 5].
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Abstract

Angiogenesis is essential for tumor growth and progression and is mediated by positive and negative regulators of
vessel growth. Since angiogenic mediators found in patient serum have been postulated to reflect the angiogenic
potential of a malignant tumor, we investigated the angiogenic activity in the serum of patients with transitional cell
carcinoma (TCC). The data were correlated to tumor characteristics and the clinical course of the patients. Eightyone
patients with transitional cell carcinoma and 53 control persons were included in the study. Preoperative serum sam-
ples were collected and both vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF)
were quantified by ELISA. Additionally, the serum evoked proliferative activity on human umbilical vein endothe-
lial cells (HUVEC) was evaluated. Data were compared to the clinical course of the patients. Serum of tumor patients
significantly enhanced the proliferative capacity of HUVEC, compared to cells grown in standard culture medium (p
= 0.0032), but not when compared to serum from control persons. Serum from patients with superficial TCC and well
differentiated tumors induced a significantly higher angiogenic response (ANGhi) than serum from patients with
poorly differentiated and invasive carcinomas (ANGlo; p = 0.037). VEGF level of ANGhi serum was 384.22 ± 247.76
pg/ml (n=37) which significantly differed from mean VEGF level detected in ANGlo serum (247.72 ± 211.93 pg/ml,
n=42; p=0.019). Similarly, mean bFGF levels were 9.58 ± 5.91 pg/ml in ANGhi serum versus 5.74 + 3.52 pg/ml) in
ANGlo serum (p=0.0043). A negative correlation was established between VEGF/bFGF serum concentration and
patient prognosis. The experiments demonstrate a positive correlation between VEGF and bFGF serum level and
endothelial proliferation in vitro. The inverse relationship between angiogenic activity and tumor stage might dis-
close information about angiogenesis and tumor progression in TCC. 
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Introduction



Though angiogenesis-dependent growth has been
documented for several tumor types, conflicting
data are available with respect to bladder TCC. 

Dickinson et al. have reported a positive cor-
relation between tumor stage, TCC progression
and tumor microvascular density [6]. Significant
differences in VEGF serum level were observed
in healthy controls and patients with bladder can-
cer, which was closely associated with tumor
stage, grade, vascular invasion and carcinoma in
situ [7]. Another study has demonstrated the asso-
ciation of pre-operative urinary VEGF levels with
a risk of recurrence in patients with superficial
bladder TCC, although there was no statistical
correlation between VEGF levels and tumor stage
(Ta or T1), tumor size or tumor grade [8].
Furthermore, Inoue et al. have proposed that
VEGF and bFGF might serve as significant pre-
dictors of disease recurrence in bladder cancer
patients [9, 10], contrary to analyses of others
who have found no correlation between VEGF
and bFGF content in tumor tissue and the ability
of this tissue to induce angiogenesis [11].

In the present study the serum levels of VEGF
and bFGF in 81 patients with transitional cell carci-
noma and 53 control patients were determined.
Since these mediators reflect only a limited seg-
ment of the angiogenic process we also established
an in vitro activity assay to investigate the effect of
patient serum on endothelial cell proliferation.

Methods

Patient samples

Serum of 81 patients diagnosed with transitional cell car-
cinoma (mean age 67.4 years, male to female ratio 3:1)
and of 53 control persons (healthy volunteers and
patients with kidney stones; mean age 42.2 years, male
to female ratio 3:1) were collected. Serum from cancer
patients was collected before any surgical procedures
were undertaken. Within one hour after collection, blood
samples were centrifuged at 3000 rpm for 10 min at 4°C.
The serum samples were aliquoted and frozen at -20°C
until use. 

Isolation and cultivation of human umbilical vein
endothelial cells (HUVEC). Fresh umbilical cords were
obtained from the Department of Obstetrics, University

of Frankfurt am Main. The umbilical vein was rinsed
with 50ml of PBS without Ca2+ and Mg2+ (Life
Technologies GibcoBRL, Karlsruhe, Germany).
Hereafter, the vein was incubated with 2 ml α-chymo-
trase (Stathmann AG, Hamburg, Germany) for 20 min at
room temperature. Subsequently, the vein was flushed
with 50ml Medium 199 (Sigma, München, Germany)
and the endothelial cells were collected in a 50ml Falcon
tube (Becton Dickinson, Heidelberg, Germany). The sus-
pension was centrifuged at 1200 rpm at room tempera-
ture for 10 min. and the pellet was resuspended in 5ml
Medium 199 containing 2% Hepes buffer, 500IU heparin
/ 500ml, 0.2% antibiotics, 10% fetal calf serum (Life
Technologies), 10% human serum (Deutscher
Blutspendedienst, Frankfurt, Germany) and 2ml
endothelial cell growth factor (final concentration 20
µl/ml, Life Technologies). The suspension was pipetted
into a 10ml Falcon tissue culture flask and allowed to
settle for 24h in an incubator at 37°C and 5% CO2. Fresh
medium was added on the next day. 

HUVEC cell growth 

HUVEC cultures were trypsinized (Trypsin/EDTA, Pan
Systems, Aidenbach, Germany) and resuspended in
endothelial cell medium. 4000 viable cells, identified by
the Trypan-blue test, were transferred into each well of a
96-well plate. The cells were allowed to attach for 24 h
in a humidified atmosphere at 37°C and 5% CO2.
Subsequently, the wells were washed with PBS (Sigma)
and then incubated for 72h with culture medium
enriched with serum samples (tumor versus control
patients) at a final concentration of 10%. Cell culture
medium enriched with 10% bovine calf serum (BCS,
Life Technologies) was used as the standard control.

Proliferative activity of tumor cells and HUVEC
were estimated by the PicoGreen assay [12]. Cells were
washed and dried after 72h. Cells were then digested
with papain (0.125 mg protein/ml) for 20h at 60°C.
Fluorescent dye PicoGreen (MoBiTec, Goettingen,
Germany), which shows high specificity for dsDNA,
was then added (1:200 dilution) for 10 min at 20°C.
Fluorescence intensity was determined using a comput-
er-controlled fluorescence reader (Cytofluor 2300 plate
scanner; Millipore, Eschborn, Germany) at λex = 485 nm
and λem = 530 nm.

Serum concentrations for bFGF and VEGF: Serum
bFGF and VEGF concentrations of patients with tran-
sitional cell carcinoma and of control persons were

656



determined using standard 96-well ELISA plates
(R&D Systems, Abingdon, UK) according to the man-
ufacturer's guidelines.

Statistics 

Data are presented as median and ranges. All calcula-
tions were performed using the double-sided Student's t-
test. Results were considered to be significantly different
at p < 0.05.

Results

Cancer patients characteristics

All tumors were histologically evaluated after
removal, and both tumor stage and tumor grading
were determined according to the TNM classifica-
tion (UICC, 1987) (Table 1). 

Endothelial cell proliferation assays

Addition of TCC serum to HUVEC led to enhanced
HUVEC proliferation (mean: 225.07 ± 66.12%
(min 111.27%, max. 435.64%), compared to the
standard control which was set to 100%. Serum
from control persons evoked a mean HUVEC stim-
ulation of 204.86 ± 30.82% (min 101.66%, max
263.56%), compared to the standard control (100%)
(Fig. 1). No difference was observed between vol-
unteers and patients with kidney stones.

The mean endothelial cell stimulatory activity of
serum taken from patients with superficial pTa
tumors (n = 24) was 270.30 ± 72.32%, compared to
the standard control (100%, p=0.0008).
Interestingly, the pTa evoked stimulatory activity
on HUVEC was significantly higher than HUVEC
stimulation triggered by serum of invasive pT2-4
tumors (mean: 197.95 ± 52.43%; p = 0.0032; n =
40). Serum angiogenic activity of early invasive
tumors (pT1, n = 12) ranged between serum activi-
ty of superficial and invasive pT2-4 tumors (mean:
202.64 ± 38.67%) (Fig. 2). 
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Fig. 1 Angiogenic activity of serum from control per-
sons versus tumor patients. Y-axis shows endothelial
cell growth, given as difference compared to the 100%
standard control. Both angiogenic activity of control
and tumor patient serum was significantly elevated with
respect to the standard control (p < 0.05).

Fig. 2 Angiogenic activity of serum taken from
patients with pTa, pT1 and pT2–4 tumors. Activity of
pTa serum was significantly higher than activity of
pT1–4 serum. Y-axis indicates endothelial cell growth,
given as difference compared to the 100% standard
control.



According to tumor grading, well differentiat-
ed tumors (G1, n = 11) demonstrated a signifi-
cantly higher angiogenic activity compared to
moderately and poorly differentiated (G2-4, n =
63) tumors (median: 285.19%; range 181.18 –
435.64; versus 213.19%, range 111.27 - 377.24; p
= 0.035) (Fig. 3). 

Serum of patients mith metastatic disease did
not demonstrate significant differences in
endothelial cell stimulation, compared to serum
from patients with localized tumors. 

Serum bFGF and VEGF concentration

Patient samples were divided into those with high
angiogenic activity (ANGhi; defined by HUVEC
growth > mean value of all TCC samples) and low
angiogenic activity (ANGlo; defined by HUVEC

growth < mean value of all TCC samples), and
VEGF and bFGF serum concentrations were
determined in both subgroups. The mean VEGF
level of ANGhi serum was 384.22 ± 247.76 pg/ml
(n = 37), which significantly differed from the
mean VEGF level detected in ANGlo serum
(247.72 ± 211.93 pg/ml, n=42; p=0.019) (Fig. 4).
The mean bFGF levels was 9.58 ± 5.91 pg/ml in
ANGhi serum versus 5.74 ± 3.52 pg/ml in ANGlo

serum (p=0.0043) (Fig. 5). 

Follow-up studies

A follow-up investigation after 2 years was per-
formed in tumor patients who had the highest
(352.3 ± 26.5% HUVEC-growth; n = 10) and the
lowest (135 + 10.1% HUVEC-growth; n = 10)
serum angiogenic activity (p < 0.01). Mean VEGF
in high and low growth groups were 428.1 ±
305.3 and 265.2 ± 168.9 pg/ml, respectively  (p >
0.05). Mean bFGF levels in high and low growth
groups were 12.3 ± 5.6 and 4.8 ± 1.7 pg/ml,
respectively (p < 0.05). 
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Fig. 3 Comparative analysis of angiogenic activity of
patients with G1 versus G2–4 tumors. Activity of G1
serum was significantly higher than activity of G2–4
serum. Y-axis indicates endothelial cell growth, given
as difference compared to the 100% standard control.

Tumor characteristic n %

pTa 24 29,6

pT1 12 14,3

pT2 10 12,3

pT3 23 28,4

pT4 7 8,6

Tis 3 3,7

Tx 2 2,5

G1 11 13,6

G2 31 38,3

G3 29 25,8

G4 3 3,7

Gx 7 8,6

N1-2 / M1 12 14,8

Table 1 Documentation of tumor characteris-
tics of the 81 patients included in the study. Tumor clas-
sification was performed according to the TNM classi-
fication (UICC, 1987). N = number of cases, % = per-
cent of the total of 81 tumor patients, N1-2 / M1 =
metastasis to lymph nodes, liver, lungs and bones. 



Of the ten patients with high angiogenic activity
one had metastases at the time of surgery and none
developed metastases within the two year follow-
up. Two of the patients died within two years after
surgery, one of them due to metastatic progression
of the carcinoma. Of the ten patients with low
angiogenic activity none had metastases at the time
of surgery but three developed metastases within
two years. All three patients died within two years
after surgery. The remaining patients were free of
recurrence and progression at the end of the obser-
vation period.

Discussion

Angiogenesis is the process by which tumours provide
their blood supply, crucial for growth and progression.
Increased expression of angiogenic factors, such as
VEGF, bFGF and microvessel density, might identifiy
patients who are at high risk of developing metastases.
However, the relationship of angiogenesis and disease
progression in patients with TCC is not yet clear.

In this study we investigated the diagnostic value
of the serum angiogenic activity in patients with tran-
sitional cell carcinoma. The results of this method
seem to be a functional and useful approach in the
clarification of angiogenic profiles.

Interestingly, serum from patients with superficial
(pTa) and well differentiated tumors displayed a sig-
nificantly higher angiogenic activity than patients
with invasive and poorly differentiated tumors. These
results were unexpected and do not correspond to the
leading academic opinion concerning angiogenesis in
connection with tumor aggressiveness and progres-
sion. In agreement with our findings, Quentin and
coworkers reported that low-stage superficial TCC
expressed VEGF mRNA at a significantly higher
level than high-stage muscle invasive carcinomas,
and low-grade TCC at a higher level than high-grade
tumors [13]. 

Oliveira-Ferrer et al. observed silencing of the car-
cinoembryonic antigen-related cell adhesion
molecule 1 (CEACAM1) in superficial bladder can-
cer (pTa) and transitional cell carcinoma in situ (pTis)
which was coupled to induced angiogenesis via
increased expression of VEGF [14]. 
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Fig. 4 Quantification of VEGF in high (ang-high;
HUVEC growth > mean value of HUVEC growth induced
by all TCC samples) versus low angiogenic activity serum
(ang-low; HUVEC growth < mean value of HUVEC
growth induced by all TCC samples). VEGF level was sig-
nificantly enhanced in ang-high serum samples.

Fig. 5 Quantification of bFGF in high (ang-high;
HUVEC growth > mean value of HUVEC growth induced
by all TCC samples) versus low angiogenic activity serum
(ang-low; HUVEC growth < mean value of HUVEC
growth induced by all TCC samples). bFGF level was sig-
nificantly enhanced in ang-high serum samples.



Based on our in vitro assay, the results indicate
that serum angiogenic activity might be a prognostic
factor in superficial TCC. Furthermore, the drop of
angiogenic activity in the group of pT2–4/G2–4 TCC
may represent a crucial event during urothelial car-
cinogenesis, and possibly indicates an important step
in promoting the conversion of bladder cancer from
low to high malignancy. Therefore, the detection of
angiogenic activity might be a useful "marker" for the
diagnosis of the early stages of bladder cancer and for
the assessment of tumor progression from a preinva-
sive to an invasive phenotype.

Angiogenic activity of patient serum significantly
correlated with serum levels of VEGF and bFGF in
our study. This finding highlights the relevance of
pro-angiogenic cytokines in the process of endothe-
lial stimulation and cell growth. Nevertheless,
immunohistochemical evaluation of tumor tissue
revealed a reduced vascular destabilization and
decreased formation of new blood vessels in
advanced TCC, suggesting a balance between vessel
regression and vascular growth, with a less pro-
nounced vascular remodeling during late phases of
urothelial carcinogenesis [14]. Therefore, anti-angio-
genic factors should also be considered important
regulatory elements in TCC. 

In observing the clinical course of patients, we
found that 30% of patients with low serum angio-
genic activity, free of metastases at surgery, devel-
oped distant metastases and died within the follow-up
period. None of the patients with high angiogenic
activity, free of metastases at surgery, showed pro-
gression to metastatic disease. This is in line with the
hypothesis presented by Oliveira-Ferrer et al. who
supposed that VEGF down-regulation preceeds TCC
progression from a non-invasive to an invasive phe-
notype [15]. Larger patient studies should further
evaluate whether there is indeed a higher risk of dis-
ease progression for patients showing low serum
angiogenic activity. 

More than 20 years ago, Prout and colleagues
observed progressive tumors and distant metastases
in a significant number of TCC patients after radical
cystectomy [15]. It was argued that tumor dissemina-
tion was caused by single tumor cells distributed into
the vasculature during the surgical procedure. Growth
inhibiting factors, released by the primary tumor,
were also speculated to play a role in metastatic pro-
gression. In this context, removal of the primary
tumor, paralleled by a loss of growth inhibiting

cytokines, might trigger the development of sec-
ondary tumors. Indeed, the angiogenesis inhibitor
angiostatin, produced by the primary tumor, led to the
inhibition of metastatic growth, whereas rapid pro-
gression became evident after resection of the prima-
ry tumor [16]. This model should also be taken into
consideration when interpreting our patient data.
Possibly, low serum angiogenic activity might be
caused by the systemic release of an angiogenesis
inhibitor by the primary TCC. After resection of the
primary tumor the antiangiogenic activity is lost and
metastatic progression begins. Still, this assumption is
speculative and needs further investigation.

In summary, our in vitro analysis of serum trig-
gered endothelial cell growth might be a valuable tool
to reflect tumor progression in TCC patients. Patients
characterized by a low serum angiogenic activity
seem to be at high risk of developing aggressive and
invasive tumors. Therefore, these patients need close
follow-up. An enlarged prospective study will further
elucidate the prognostic relevance of low serum
angiogenic activity in TCC patients.

References

1. Folkman J, and Shing Y. Angiogenesis. J Biol Chem.
1999; 267: 10931–4.

2. Folkman J. Tumor angiogenesis. In Wells SA Jr, and
Sharp PA (Eds): Accomplishments in Cancer Research
1997. Philadelphia, Lippincott, Williams & Wilkins; 1998.
pp. 32–44.

3. Hanahan D, Folkman J. Patterns and emerging mecha-
nisms of the angiogenic switch during tumorigenesis. Cell
1996; 86: 353–64.

4. Stein JP, Grossfeld GD, Ginsberg DA, Esrig D,
Freeman JA, Figueroa AJ, Skinner DG, Cote RJ.
Prognostic markers in bladder cancer: A contemporary
review of the literature. J Urol. 1998; 160: 645–59.

5. Messing EW, Catalona W. Urothelial tumors in the uri-
nary tract, In  P.C. Walsh PC, Retik AB, Vaughan ED Jr.,
and  Wein AJ (Eds): Campbell's Urology. Seventh Edition.
Philadelphia, W.B. Saunders Co; 1998. pp. 2327–410. 

6. Dickinson AJ, Fox SB, Persad RA, Persad RA, Hollyer
J, Sibley GN, Harris AL. Quantification of angiogenesis
as a independent predictor of prognosis in invasive blad-
der carcinomas. Br J Urol. 1994; 74: 762–6.

7. Bernardini S, Fauconnet S, Chabannes E, Henry PC,
Adessi G, Bittard H. Serum levels of vascular endothelial
growth factor as a prognostic factor in bladder cancer. J
Urol. 2001; 166: 1275–9.

660



8. Jeon SH, Lee SJ, Chang SG. Clinical significance of uri-
nary vascular endothelial growth factor in patients with
superficial bladder tumors. Oncol Rep. 2001; 8: 1265–7.

9. Inoue K, Chikazawa M, Fukata S, Yoshikawa C, Shuin
T. Frequent administration of angiogenesis inhibitor TNP-
470 (AGM-1470) at an optimal biological dose inhibits
tumor growth and metastasis of metastatic human transi-
tional cell carcinoma in the urinary bladder. Clin Cancer
Res. 2002; 8: 2389–98.

10. Inoue K, Slaton JW, Karashima T, Yoshikawa C, Shuin
T, Sweeney P, Millikan R, Dinney CP. The prognostic
value of angiogenesis factor expression for predicting
recurrence and metastasis of bladder cancer after neoadju-
vant chemotherapy and radical cystectomy. Clin Cancer
Res. 2000; 6: 4866–73.

11. Rogala E, Skopinska-Rozewska E, Sommer E,
Pastewka K, Chorostowska-Wynimko J, Sokolnicka I,
Kazon M. Assessment of the VEGF, bFGF, aFGF and IL8
angiogenic activity in urinary bladder carcinoma, using
the mice cutaneous angiogenesis test. Anticancer Res.
2001; 21: 4259–63.

12. Blaheta RA, Kronenberger B, Woitaschek D, Weber S,
Scholz M, Schuldes H, Encke A, Markus BH.

Development of an ultrasensitive in vitro assay to
monitor growth of primary cell cultures with reduced
mitotic activity. J Immunol Methods 1998; 211:
159–69.

13. Quentin T, Schlott T, Korabiowska M, Kathei N,
Zoller G., Glaser F, Kunze E. Alteration of the vas-
cular endothelial growth factor and angiopoietins-1
and -2 pathways in transitional cell carcinomas of the
urinary bladder associated with tumor progression.
Anticancer Res. 2004; 5: 2745–56.

14. Oliveira-Ferrer L, Tilki D, Ziegeler G, Hauschild J,
Loges S, Irmak S, Kilic E, Huland H, Friedrich M,
Ergun S. Dual role of carcinoembryonic antigen-relat-
ed cell adhesion molecule 1 in angiogenesis and inva-
sion of human urinary bladder cancer. Cancer Res.
2004; 64: 8932–8.

15. Prout GR, Griffin PP, Shipley WU. Bladder carcino-
ma as a systemic disease. Cancer 1979; 43: 2532–9.

16. O'Reilly MS, Holmgren L, Shing Y, Chen C,
Rosenthal RA, Moses M, Lane WS, Cao Y, Sage
EH, Folkman J. Angiostatin: a novel angiogenesis
inhibitor that mediates the suppression of metastases
by a Lewis lung carcinoma. Cell 1994; 79: 315–28.

661

J. Cell. Mol. Med. Vol 9, No 3, 2005



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


