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Abstract 
Introduction: The growth of solid tumors requires the development of microvessels, therefore tumor expansion depends on angiogenesis. 
Microvessels provide nutrients and oxygen and remove catabolytic substances, while endothelial cells produce growth factors for tumor 
cells in a paracrine fashion. The microvascular component of a tumor also plays a role in the metastatic capacity of the tumor, enabling the 
tumor cells to spread to distant locations by providing a large endothelial surface. Aim: The purpose of this study was to review the 
literature about angiogenesis regarding malignant lymphomas and to perform basic measurements by means of digital morphometric 
methods in large B-cell lymphomas and follicular lymphomas. Materials and Methods: After thorough analyzing currently available 
assessment methods, we performed angiogenesis assessment on 19 randomly selected cases, from paraffin-embedded specimens using 
digital morphometry. We used immunohistochemistry and the CD34 antigen to mark microvessels. We measured average vascular 
diameter and a previously successfully applied digital morphometric method to quantify the extent of endothelial area. Results: According 
to literature data, our knowledge and understanding of angiogenesis grew rapidly from early studies such as Folkman’s classic paper. 
Many studies showed that angiogenesis plays a key role in the biology of tumors and therefore the study of angiogenesis might open new 
therapeutic possibilities. There have been many studies of angiogenesis in malignant lymphomas, however not as many articles as in other 
tumor types. Our morphometric studies showed there are statistically significant differences between diffuse large cell lymphoma (DLBCL) 
and follicular lymphoma (FL) regarding average vascular diameter and that high grade lymphomas tend to have a greater CD34+ 
endothelial area. 
Keywords: angiogenesis, malignant lymphomas, digital morphometry. 

 Introduction 

The growth of solid tumors requires the development 
of microvessels, therefore tumor expansion correlates 
with the extent of angiogenesis [1]. Microvessels provide 
nutrients and oxygen and remove catabolytic substances, 
while endothelial cells produce growth factors for tumor 
cells in a paracrine fashion [2]. A well-developed 
microvascular system also facilitates local expansion of 
the tumor since endothelial cells secrete cellular matrix-
degrading enzymes [3]. The microvascular component 
of a tumor also plays a role in the metastatic capacity of 
the tumor, enabling the tumor cells to spread to distant 
locations by providing a large endothelial surface that 
increase the opportunity of the cancerous cells to enter 
the circulation. Once recognized, the sequential nature 
of tumor vascularisation has been extensively studied. 
The histological quantification of human tumor 
angiogenesis was introduced by Weidner N et al. in 1991 
[4]. He and his colleagues used immunohistochemical 
techniques to highlight tumor blood vessels with 
antibodies to FVIII-related antigen. Since then other 
markers have been employed, including CD31, CD34 
and CD105, among others [5, 6]. Highlighting the 
vascular wall made it possible to numerically count 

microvessels, announcing the emerging of a new 
parameter that might be used in the characterization of 
solid tumors. 

Ever since, the quantification of tumor angiogenesis 
in order to predict tumor behavior, has always been in 
the attention of pathologists. In this regard, the works of 
Folkman J et al. can be considered very important in 
establishing those parameters that are usually need to be 
measured in order to describe angiogenesis [1]. These 
parameters include: vessel number, endothelial cell 
hyperplasia and cytology, introducing for the first time 
the term intratumoral microvascular density (MVD). 
The reason why these parameters should be studied is to 
yield important information on the relationship to other 
clinicopathological tumor characteristics and help testing 
of antiangiogenic therapies. 

Aim 
Although many evidence suggests that increased 

MVD in many carcinoma types correlates with the 
increased risk of metastatic spread and subsequently a 
poor prognosis, there is much less information available 
regarding the significance of MVD in malignant 
lymphomas. There are relatively few quantitative results 
published [7, 8]. The interpretation of the results in 
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many cases is made difficult by the various study 
methods and lymphoma terminology. Our aim was  
to measure angiogenesis in selected cases of B-cell 
lymphomas, using anti-CD34 as an endothelial cell 
marker and a semi-automated image analysis. We 
included in the study one normal lymph node. 

 Materials and Methods 

The study material consisted of surgical biopsies of 
lymph nodes from 19 patients with suspected diagnosis 
of neoplastic disease. Specimens included: 12 cases of 
diffuse large cell lymphoma (DLBCL), seven cases of 
follicular lymphoma (FL), with nodular (FLn) and 
diffuse (FLd) growth pattern and one normal lymph 
node. 

Immunohistochemistry 

Immunohistochemical study was performed on 
paraffin-embedded tissues using EnVision Plus detection 
system (Dako, Denmark) and monoclonal (mouse) 
primary antigen against CD34 (Class II, clone QBEnd 
10, Dako, Denmark) to highlight vascularity. Heat-
induced antigen retrieval was utilized with a microwave 
oven; the staining process was achieved using a Dako 
Immunostainer. Other markers used for primary 
diagnosis: CD3 (clone MS401, LabVision, USA), CD20 
(clone L26, Dako, Denmark), CD5 (clone 54F6, Dako, 
Denmark) and Ki-67 (Dako, Denmark). DAB (diamino-
benzidine) was used as chromogen, counterstained with 
Hematoxylin dye. Normal vasculature of interfollicular 
areas was considered as positive control, in the lymph 
node without any lesion. 

Digital morphometry 

From each case, ten randomly chosen microscopic 
fields were captured (Figure 1). We defined the CD34+/ 
tumor area ratio as the ratio of microvessels per tissue 
unit area (Figure 2). We used a Nikon Coolscope digital 
image acquisition system for image capturing. 

We measured the following parameters: 
(a) average diameter of vascular structures (ob. 20×) 

[VascDiam]; 
(b) endothelial area (CD34+)/tumor area ratio (ob. 

4×) [EA/tumor]. 

 
Figure 1 – The method of choosing the optimal field 
for measuring extent of microvascularity (continuous 
line – correct spot, dashed line – incorrect spot). 

 
Figure 2 – Color image of a typical field, that was 
later used for microvascular density analysis. 

For the digital analysis, ImageJ software (Rasband W, 
National Institutes of Health, USA) [18] and a macro 
code were used. This method differs from other similar 
digital morphometry methods in that it can be tailored to 
specific needs, using HSB (hue, saturation, brightness) 
color filtering [14]. The measurement of vascular 
diameters was performed using Lucia software and its 
“Measure area” function. 

The morphometric analysis that was aimed to 
measure the EA/tumor area ratio consisted of two main 
phases. The first phase is the colorimetric segmentation, 
which results in a color image (Figure 3) that contains 
only the desired tissue structures (in our case the CD34+ 
areas). 

 
Figure 3 – The previous field (Figure 2), after 
colorimetric segmentation, based on the CD34+ 
areas, this image is now ready for fully automated 
analysis. 

Using immunohistochemical staining greatly 
enhances the potentials of colorimetric segmentation, 
since the DAB stain most of the time stands out clearly 
from the rest of the tissue. Performing this step has to be 
done manually, since there are notable differences 
between staining intensity, mostly due to fixation related 
issues or section thickness. The second phase is the 
measurement of the CD34+ areas. This has to be 
proceeded by the conversion of the image from 24-bit 
RGB format to 8-bit B&W format (Figure 4). 
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Figure 4 – 8-Bit B&W image as the final step of the 
automated analysis. 

This latter format is ready for analysis, done with 
ImageJ’s “Particle analysis” function with the proper 
settings. This phase can be fully automated so that the 
software automatically records the CD34+ areas in a 
spreadsheet next to the file name. In this way, the 200 
images can be analyzed in less than 5 minutes and the 
results are readily introduced in a table. 

As for statistical calculus, we used the Kolmogorov–
Smirnov normality test and the Student’s t-test. For both 
parameters, the average of the gathered data was used. 

 Results 

A number of 10 digital pictures were taken from 
each case, represented by a digital slide, after immuno-
histochemical staining was performed for CD34. This 
resulted a total of 200 digital images, including the 
normal lymph node (19+1 cases). 

The immunohistochemical reactions showed variable 
intensity of staining among the studied cases. However, 
the contrast of the staining of the vascular elements was 
strong enough to perform color-based segmentation and 
then digital morphometry. We performed HSB-based 
color segmentation. After this, we acquired two data 
sets for each type of lymphoma (DLBCL and FL) for 
each studied parameter. We performed the statistical 
analyses on these data. Taken separately the descriptive 
statistics of the two data sets are presented in Table 1 
and the box plot graphics of the data sets are presented 
in Figures 5 and 6. On these images, can be noted that 
the FL group shows a much higher variability in terms 
of distribution regarding both parameters. 

Table 1 – Descriptive statistics of the studied 
parameters in the two disease groups 

Average vascular diameter 
[pixels] 

EA area 
[%]  

DLBCL FL DLBCL FL 
No. of values 12 7 12 7 

Minimum 31 39 1.8 1.1 
25% Percentile 36 40 2.8 3 

Median 38 45 3.4 6.5 
75% Percentile 45 64 4.7 10 

Maximum 50 74 9.8 11 

Average vascular diameter 
[pixels] 

EA area 
[%]  

DLBCL FL DLBCL FL 
Mean 40 50 4 6.4 

Std. Deviation 5.9 14 2.2 3.8 
Std. Error 1.7 5.1 0.64 1.4 

DLBCL – diffuse large B-cell lymphoma; FL – follicular lymphoma; 
EA – endothelial area; 1 pixel = 0.338 µm. 

 
Figure 5 – Box plot diagram of the average vascular 
diameters (DLBCL – diffuse large B-cell lymphoma, 
FL – follicular lymphoma, 1 pixel = 0.338 µm). 

 
Figure 6 – Box plot diagram of the EA/tumor area 
ratio (DLBCL – diffuse large B-cell lymphoma, FL – 
follicular lymphoma). 

We compared the two data sets for the two disease 
types using unpaired Student’s t-test, assuming Gaussian 
distribution. Interestingly, the mean average diameter  
of vascular structures showed significant differences 
between the two groups (p=0.0402); however, the EA/ 
tumor area ratio did not show statistically significant 
difference (p=0.103). We speculated that this is because 
some of the cases from the FL group showed a partial 
diffuse histological aspect, cases nominated FLd, while 
others had nodular pattern (noted FLn). Upon dividing 
the FL group into the two distinct groups based on 
morphology alone (FLn and FLd) we found that there is 
statistically significant difference regarding the EA/ 
tumor area ratio (p=0.02). According to large clinico-
pathological studies FLd correlates with a more 
aggressive clinical course and has worse prognosis, 
therefore, it is of no surprise that angiogenesis in these 
types of FL differs significantly from those that have a 
clear-cut follicular pattern. In this regard those cases of 
follicular lymphoma that show a diffuse transformation 
might share angiogenetic characteristics with diffuse 
large B-cell lymphomas. 
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Furthermore, we noted that there are differences in 
vasculature patterns, without noticing significant bias 
towards any of the lymphoma types or subgroups. Since 
our morphometry method does not take into account the 
architecture of the microvasculature, only the areas that 
stain CD34 positive and the diameters of vessels, we 
consider this as yet an open question. 

 Discussion 

Over the last few years a plethora of methods were 
developed and described to quantitatively assess micro-
vascular density. These included the planimetric point-
count method [9] modified to restrict counting to 
transversally cut microvessels occupying the reticulum 
intersection points [10] and the Chalkley method. 
Briefly, there are two major parameters that can be 
assessed to describe the vascularity of a given tumor: 
intratumoral microvascular density (MVD) and total 
microvascular density (TVA). They have slightly 
different techniques and both have been proven to have 
prognostic significance in various tumor types. Besides 
these parameters, there are other commonly used size- 
and shape-related parameters that include major axis 
length, minor axis length, perimeter, compactness, 
shape factor and Feret diameter. We used a previously 
successfully applied method [11, 12]. 

Although previous papers suggest taking images 
from the so-called „hot spots” from tumors [13, 15–17], 
we considered that taking more pictures from different 
areas of the tumor best describes the tumor’s average 
microvascular density. In this case taking only from 
areas with high vascularity would give us an erroneous 
end-result of the microvascular density. In this regard, 
our method resembles to the TVA method, the only 
difference being that we took the images from the total 
area of the tumor. The tissue area marked by the CD34 
corresponds to the endothelial area (EA). 

A study shows that increased microvascular density 
in the bone marrow plays a significant role in  
the pathogenesis of hematological malignancies [19]. 
Microvascular density proved to have prognostic 
importance since it may alter the outcome of patients 
with lymphoma, in some studies higher microvascular 
density correlates with shorter survival [20, 21]. 
Farinha P et al. demonstrated that increased micro-
vascular density in FL patients means high risk of 
transformation into DLBCL [22]. Angiogenesis is 
promoted by chemical mediators, such as angiogenic 
mediators and cytokines, both acting in paracrine or 
autocrine manner [23–25]. Understanding angiogenic 
mechanisms is important in the development of 
therapeutic targets in various types of non-Hodgkin 
lymphomas [26–28]. 

 Conclusions 

When performing the digital morphometry, we 
observed that taking more pictures from different areas 
of the tumor best describes the tumor’s average 
microvascular density. This is particularly valid for 

lymphomas since we took pictures only from within the 
neoplastic areas. Therefore, we conclude that care must 
be taken in choosing the optimal areas one chooses to 
analyze. 

Our study showed that there is no difference between 
DLBCL and FL (including all grades) regarding vascular 
density; however, vascular diameters are significantly 
different, being higher in FLs. This observation raises 
the need to further stratify these lymphomas and 
compare the different subgroups vascular parameters. 

Nevertheless, increased microvascular density might 
play a significant role in the pathogenesis of hemato-
logical malignancies. Moreover, digital morphometry is 
an adequate and objective method in performing such 
studies. 

Acknowledgments 
This paper is partially supported by the Sectoral 

Operational Programme Human Resources Development, 
financed from the European Social Fund and by the 
Romanian Government under the contract number 
POSDRU/89/1.5/S/60782. 

References 
[1] Folkman J, Tumor angiogenesis, Adv Cancer Res, 1985, 

43:175–203. 
[2] Hamada J, Cavanaugh PG, Miki K, Nicolson GL, paracrine 

migration-stimulating factor for metastatic tumor cells 
secreted by mouse hepatic sinusoidal endothelial cells: 
identification as complement component C3b, Cancer Res, 
1993, 53(18):4418–4423. 

[3] Foss HD, Araujo I, Demel G, Klotzbach H, Hummel M,  
Stein H, Expression of vascular endothelial growth factor  
in lymphomas and Castleman’s disease, J Pathol, 1997, 
183(1):44–50. 

[4] Weidner N, Folkman J, Pozza F, Bevilacqua P, Allred EN, 
Moore DH, Meli S, Gasparini G, Tumor angiogenesis:  
a new significant and independent prognostic indicator in 
early-stage breast carcinoma, J Natl Cancer Inst, 1992, 
84(24):1875–1887. 

[5] Ridell B, Norrby K, Intratumoral microvascular density  
in malignant lymphomas of B-cell origin, APMIS, 2001, 
109(1):66–72. 

[6] Norrby K, Ridell B, Tumour-type-specific capillary endothelial 
cell stainability in malignant B-cell lymphomas using 
antibodies against CD31, CD34 and Factor VIII, APMIS, 
2003, 111(4):483–489. 

[7] Vacca A, Ribatti D, Ruco L, Giacchetta F, Nico B, 
Quondamatteo F, Ria R, Iurlaro M, Dammacco F, 
Angiogenesis extent and macrophage density increase 
simultaneously with pathological progression in B-cell non-
Hodgkin’s lymphomas, Br J Cancer, 1999, 79(5–6):965–
970. 

[8] Fox SB, Harris AL, Histological quantitation of tumour 
angiogenesis, APMIS, 2004, 112(7–8):413–430. 

[9] Elias H, Hyde DM, An elementary introduction to stereology 
(quantitative microscopy), Am J Anat, 1980, 159(4):412–446. 

[10] Ribatti D, Vacca A, De Falco G, Roccaro A, Roncali L, 
Dammacco F, Angiogenesis, angiogenic factor expression 
and hematological malignancies, Anticancer Res, 2011, 
21(6B):4333–4339. 

[11] Mezei T, Gurzu S, Horváth E, Pávai Z, Jung J, p53-at és 
Ki67-et expresszáló daganatsejtek számlálása manuális és 
morfometriai módszerekkel. Összehasonlító tanulmány, 
Orvostudományi Értesítő, 2007, 80(1):38–42. 

[12] Gurzu S, Jung J, Azamfirei L, Mezei T, Cîmpean AM, The 
aspects of angiogenesis in anal canal carcinomas 
compared with that in colorectal carcinomas, Rom J 
Morphol Embryol, 2007, 48(4):349–353. 

[13] Kvasnicka HM, Thiele J, Quantification and morphometric 
analysis of vascular structures in the bone marrow. A critical 
review, Pathologe, 2002, 23(6):472–479. 



Microvascular density in non-Hodgkin B-cell lymphomas measured using digital morphometry 

 

71
[14] Vermeulen PB, Gasparini G, Fox SB, Toi M, Martin L, 

McCulloch P, Pezzella F, Viale G, Weidner N, Harris AL, 
Dirix LY, Quantification of angiogenesis in solid human 
tumours: an international consensus on the methodology 
and criteria of evaluation, Eur J Cancer, 1996, 32A(14): 
2474–2484. 

[15] Kvasnicka HM, Thiele J, Bone marrow angiogenesis: 
methods of quantification and changes evolving in chronic 
myeloproliferative disorders, Histol Histopathol, 2004, 
19(4):1245–1260. 

[16] Martin L, Green B, Renshaw C, Lowe D, Rudland P, 
Leinster SJ, Winstanley J, Examining the technique of 
angiogenesis assessment in invasive breast cancer, Br J 
Cancer, 1997, 76(8):1046–1054. 

[17] Vermeulen PB, Gasparini G, Fox SB, Colpaert C,  
Marson LP, Gion M, Beliën JA, de Waal RM, Van Marck E, 
Magnani E, Weidner N, Harris AL, Dirix LY, Second 
international consensus on the methodology and criteria of 
evaluation of angiogenesis quantification in solid human 
tumours, Eur J Cancer, 2002, 38(12):1564–1579. 

[18] Rasband W, ImageJ. Image processing and analysis in 
Java, National Institutes of Health, http://rsb.info.nih.gov/ij. 

[19] Negaard HF, Iversen N, Bowitz-Lothe IM, Sandset PM, 
Steinsvik B, Ostenstad B, Iversen PO, Increased bone 
marrow microvascular density in haematological 
malignancies is associated with differential regulation of 
angiogenic factors, Leukemia, 2009, 23(1):162–169. 

[20] Ganjoo KN, Moore AM, Orazi A, Sen JA, Johnson CS,  
An CS, The importance of angiogenesis markers in the 
outcome of patients with diffuse large B cell lymphoma:  
a retrospective study of 97 patients, J Cancer Res Clin 
Oncol, 2008, 134(3):381–387. 

[21] Passam FH, Sfiridaki A, Pappa C, Kyriakou D, Petreli E, 
Roussou PA, Alexandrakis MG, Angiogenesis-related 
growth factors and cytokines in the serum of patients with B 
non-Hodgkin lymphoma; relation to clinical features and 
response to treatment, Int J Lab Hematol, 2008, 30(1):17–
25. 

[22] Farinha P, Kyle AH, Minchinton AI, Connors JM, Karsan A, 
Gascoyne RD, Vascularization predicts overall survival and 
risk of transformation in follicular lymphoma, Haematologica, 
2010, 95(12):2157–2160. 

[23] Gratzinger D, Zhao S, Tibshirani RJ, Hsi ED, Hans CP, 
Pohlman B, Bast M, Avigdor A, Schiby G, Nagler A,  
Byrne GE Jr, Lossos IS, Natkunam Y, Prognostic 
significance of VEGF, VEGF receptors, and microvessel 
density in diffuse large B cell lymphoma treated with 
anthracycline-based chemotherapy, Lab Invest, 2008, 
88(1):38–47. 

[24] Jørgensen JM, Sørensen FB, Bendix K, Nielsen JL, Funder 
A, Karkkainen MJ, Tainola T, Sørensen AB, Pedersen FS, 
D'Amore F, Expression level, tissue distribution pattern, and 
prognostic impact of vascular endothelial growth factors 
VEGF and VEGF-C and their receptors Flt-1, KDR, and Flt-
4 in different subtypes of non-Hodgkin lymphomas, Leuk 
Lymphoma, 2009, 50(10):1647–1660. 

[25] Medinger M, Fischer N, Tzankov A, Vascular endothelial 
growth factor-related pathways in hemato-lymphoid 
malignancies, J Oncol, 2010, 2010:729725. 

[26] Tzankov A, Heiss S, Ebner S, Sterlacci W, Schaefer G, 
Augustin F, Fiegl M, Dirnhofer S, Angiogenesis in nodal B 
cell lymphomas: a high throughput study, J Clin Pathol, 
2007, 60(5):476–482. 

[27] Gratzinger D, Zhao S, Marinelli RJ, Kapp AV, Tibshirani RJ, 
Hammer AS, Hamilton-Dutoit S, Natkunam Y, Microvessel 
density and expression of vascular endothelial growth factor 
and its receptors in diffuse large B-cell lymphoma subtypes, 
Am J Pathol, 2007, 170(4):1362–1369. 

[28] Ruan J, Hajjar K, Rafii S, Leonard JP, Angiogenesis and 
antiangiogenic therapy in non-Hodgkin's lymphoma, Ann 
Oncol, 2009, 20(3):413–424. 
 
 
 
 

 
 
 
 
 
 
Corresponding author 
Tibor Mezei, Teaching Assistant, MD, PhD, Department of Pathology, University of Medicine and Pharmacy of 
Târgu Mureş, 38 Gheorghe Marinescu Street, 540000 Târgu Mureş, Romania; Phone +40744–429 295, e-mail: 
tmezei@pathologia.ro 
 
 
 
 
 
 
Received: January 10th, 2011 

Accepted: January 15th, 2012 
 
 



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


