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SUMMARY 
 

The naturally occurring polyamines, spermine, spermidine and the diamine 
putrescine are widespread in nature. They have been implicated in growth and di-
fferentiation processes. In 1967, we reported that cancer cells are rich in polya-
mines. Subsequently, it has been shown that polyamines are released from cancer 
cells and may be detected in body fluids such as urine, blood and cerebrospinal flu-
ids. It has also been demonstrated that the increase in cellular polyamine levels is 
an early and an obligatory event in the process of malignant transformation. This in-
crease in cellular polyamine concentration is due to the activation of ornithine 
decarboxylase (ODC), which catalyses the rate limiting step in polyamine synthesis 
by converting ornithine to putrescine. Assays of urinary and blood polyamines have 
been used to detect cancer and to determine the success of therapy. A sensitive, 
rapid, chemiluminescence-based method for the determination of diamines and 
polyamines was developed and 2.000 urine samples were tested. An interesting 
"gene therapy" system for injecting amine oxidases into normal and transformed 
cells was developed as follows: serum amine oxidase and porcine kidney damine 
oxidase were trapped within reconstituted Sendai virus envelopes. Chick or rat fi-
broblasts, transformed by Rous sarcoma virus, were more susceptible to the inje-
cted enzymes, compared to the normal culture, when macromolecular synthesis was 
tested. An in vitro chemosensitivity assay for the testing of the sensitivity of cancer 
cells from individual patients ("tailored treatment") was also developed. All these 
studies stress the importance of polyamines in carcinogenesis. 

 
Key words: polyamines, transformation, carcinogenesis, tumor viruses, urine analy-
ses 

Corresponding author:  

Uriel Bachrach •  

e-mail: urielb@ekmd.huji.ac.il • 
 

 

DOI: 10.2478/v10283-012-0023-5 



ACTA FACULTATIS MEDICAE NAISSENSIS,  2012, Vol 29, No 4   
 

 166

INTRODUCTION 
 

Naturally occurring polyamines are ubiquitous 
organic compounds (Figure 1), found in all eukaryotic 
and prokaryotic cells studied so far (1-6). 

Polyamines have attracted considerable attention 
and during the past 20 years over 45,000 scientific pa-
pers have been written on this subject (7). Ornithine de-
carboxylase (ODC), which catalyzes the rate-limiting step 
in polyamine biosynthesis, has a short half-life (8, 9). Ge-
nerally, polyamine biosynthesis is enhanced in prolifera-
ting systems such as embryonic tissues and in regene-
rating liver (4, 10).    

Likewise, ODC may be regarded as a marker of 
proliferation, its activity is high during growth and decli-
nes when growth is arrested (11). Indeed, inhibiting po-
lyamine biosynthesis by blocking ODC can be used for 
arresting the growth of parasites and for the chemopre-
vention of cancer (12). As cancer cells multiply rapidly, 
it has been expected that these cells will also be rich in 
polyamines. 

 
A re  po lyamine levels  h igher  in  
cancer  ce l ls?  

 
In the course of investigations dealing with the in-

fluence of local biochemical conditions on the fate of 
tubercle bacilli in vivo, it was demonstrated that a pow-
erful antimycobacterial action was exerted by the natu-
rally occurring base spermine (13). Subsequently, it has 
been shown that spermine and spermidine inhibit bac-
terial growth, only if another tissue substance was pre-
sent in the culture medium. Bovine serum amine oxi-
dase was the activating factor (14). The purification of 
diamine oxidase, which catalyzes the oxidation of the 
diamine putrescine, was improved by Mondovi  et al. (15, 
16). The oxidation products of polyamines are highly 
toxic and they have been identified as aminoaldehydes 
and hydrogen peroxide (17). As these oxidation pro-
ducts inhibit the growth of bacteria (18, 19), we specu-
lated that they would also interfere with the growth of 
cancer cells, which were known to proliferate rapidly. 
Ehrlich ascites cells were treated with purified serum 
amine oxidase in the presence of catalase (to rule out 
any effect exerted by hydrogen peroxide). These treated 
cells were then injected into mice and after 7 days tu-
mor cells were collected from peritoneal cavities and 
their packed volumes were determined. A significant de-
crease in tumor cells was observed when amine oxidase 
was incubated with various amines. A control experi-
ment, in which Ehrlich ascites cells were incubated with 
serum amine oxidases, gave surprising results: the grow-
th of the treated cells in mice was also reduced by 20-
50% even in the absence of added polyamines (20). 
This led to the hypothesis that Ehrlich ascites cancer 

cells contain polyamine which can be oxidized to toxic 
product by serum amine oxidase. This hypothesis was 
confirmed experimentally and substantial amounts of 
polyamines were extracted from Ehrich ascites cells and 
identified (21). This was the first evidence that cancer 
cells are rich in polyamines. 

 
Is  the  increase in  po lyamine 
leve ls  an  ear ly  and an ob l igatory  
event?  

 
The correlation between polyamine synthesis and 

neoplastic growth has been studied in tumor-bearing 
animals or in tissue cultures of cells derived from tu-
mors. Such experimental models lack appropriate con-
trols. In animals, tumor cells generally have a higher 
metabolic rate than normal tissues and in vitro, tumor 
cell lines differ physiologically from normal primary cultu-
res. Thus, these experiments do not provide conclusive 
evidence as to the specific role which polyamines play in 
neoplastic growth. In an attempt to clarify this point, cul-
tured cells were transformed by a temperature-sensitive 
tumor virus. In such a system, cancer can be induced at 
will and under optimal growth conditions, normal cells 
propagate at practically the same rate as transformed 
cells. Chick embryo fibroblasts were infected with wild-
type or temperature-sensitive mutants of Rous sarcoma 
viruses at permissive and nonpermisive temperatures 
(22). Infection of the chick embryo fibroblasts with a 
wild-type Rous sarcoma virus resulted in a twentyfold 
increase in ODC activity. When cells were infected with 
the temperature sensitive mutant of the oncogenic vi-
rus, the activity of ODC was stimulated at the permissive 
(370) but not at the nonpermissive temperature (420). 
The activity of ODC increased within two hours when the 
temperature of the infected cells was shifted from 420 
to 370 (Figure  2).    

Shifting of temperatures of incubation caused 
comparable alterations in cellular putrescine levels. The-
se studies demonstrated that those changes in cellular 
putrescine levels were early and obligatory events in the 
transformation process (23). 

Another viral system, by which malignant trans-
formation can be induced at will, was based on the use 
of a construct in which the oncogene Ha-ras was under 
the transcriptional control of mouse mammary tumor vi-
rus long terminal repeat promoter. In the presence of 
dexamethasone (Dex), the oncogene ras was expressed 
(Figure 3). The expression of ras, led to the activation of 
ODC and to the accumulation of polyamines in the 
transformed cells. 

As expected, activation of c-Ha-ras by Dex and 
the accumulation of polyamines resulted in morpholo-
gical changes (Figure 4).   
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Figure 1. Biosynthesis of polyamines 

 

 

 
 

 
 
 

 

 
 
 

 
 

 

 

 

 

 

 

Figure 2. Effect of temperature shift on  ornithine decarboxylase activity in uninfected and infected chick 
embryo fibroblasts. RSV-SR174- wild type Rous sarcoma Virus; RSV-T5- temperature sensitive mutant. Cells 

were grown at 370 or 420 and after 7 days of incubation, temperature was shifted to the alternative one 
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Figure 3. Construct used to detect transformation NIH 3T3 fibroblasts, transfected with a construct, in which      
c-Ha-ras is under the transcriptional control of mouse mammary tumor virus long terminal repeat  (MMTV-LTR) 

promoter 
 
 
 

Without DEXWithout DEX

DEXDEX

 
Figure 4. Effect of dexamethasone on the morphology of MMTV - infected cells  
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Analy t ica l  too ls  and c l in ica l  
appl icat ions   

 
Based on the report by Russell (24), numerous 

attempts were made to detect urinary polyamines for 
cancer diagnosis and therapy (25). It soon turned out 
that polyamines are excreted from tissues and cells as 
acetyl derivatives and therefore urine samples should 
be hydrolyzed, chemically or enzymatically, to yield free 
polyamines. The methods used to determine polyami-
nes and diamines included: chromatographic methods 
(gas, ion-exchange and high-pressure chromatograp-
hic methods). The sensitivities and the specificity of 
the methods varied considerably (25). A specific met-
hod to determine polyamines and diamines was based 
on the use of specific enzymes. Polyamines can be oxi-
dized by serum amine oxidase (15, 17) and putrescine 
by hog kidney diamine oxidase (16). Hydrogen perox-
ide which is the product of polyamine and diamine oxi-
dation can be assayed by sensitive chemiluminescence 
methods, based on the emission of light in the pre-
sence of luminol (26). 

The activity of polyamine oxidases can be inhibi-
ted by interfering compounds present in urine. To over-
come this difficulty a "clean up" step was recommended 
before treating the samples with the enzymes. P-81 
phosphocellulose paper strips were used for purification 
(26). The assay of urinary polyamines is illustrated in 
Figure 5. The first step was hydrolysis of urine samples 
by acid. Next, hydrolyzed sample were applied on pho-
sphocellulose paper strips. After drying, paper strips we-
re washed by dilute ammonium hydroxide solution to 
remove inhibitors which are not positively charged. Poly-
amines and diamines are then eluted from the paper by 
sodium chloride solutions. Eluates are then treated with 
specific oxidases and the amount of hydrogen peroxide 
formed is determined by chemilumscenceine (Figure 5). 

Recovery of the patients as a result of therapy is 
reflected by the decrease in urinary polyamines which 
ranged from 30 to 20 nmoles per mg of creatinine (Fi-
gure 6). Similar values are observed when polyamines 
were assayed in the urine of normal individuals. The in-
crease of urinary excreted compounds is related to the 
progress of the disease (Figure 7) and values are much 
higher than in the urine of normal controls. Urinary poly-
amine values are comparable to the results obtained by 
other cancer markers (Figure 7), such as C.E.A. (car-
cinoembryonic antigen) and CT (computed tomography).  

 
NO EVIDENCE OF THE DISEASE 

 
Follow-up studies can predict the recurrence of 

the disease even before the appearance of clinical 
symptoms. Urinary polyamine analyses also permit the 
evaluation of the stage of the tumor and can help in 
the early detection of cancer. 

 

Cancer detection and therapy can also be based on the 
assay of polyamines extracted from erythrocytes of can-
cer patients (27). 

 
In  v i t ro  chemosens i t i v i ty  test ing  

 
Oncology is currently an empirical discipline in 

which all patients with a particular type of cancer are 
treated as though they were the same. Tumors of the 
same type show heterogeneity of chemosensitivity, and 
patients with apparently identical tumor histologies do 
not always respond identically to the same drug regi-
men. As in the treatment of infectious diseases, an in 
vitro chemosensitivity test for cancer could increase 
the chance of recovery, reduce undesired side effects 
and minimize the emerge of multi-drug resistance 
(MDR) variants. Therefore, a "tailored" cancer therapy, 
optimized to individual patients, is very desirable. An 
ideal in vitro chemosensitivity test should be based on 
a marker for proliferation. Such a marker should be 
universal, found in almost all cells, should have a short 
half-life, so that it would decay rapidly when cell proli-
feration is arrested. Ornithine decarboxylase meets the-
se requirements and therefore can be used as a mar-
ker for proliferation to test the in vitro chemosensitivity 
of individual cancer patients (28). 

The presence of ODC protein in individual cells 
was quantitatively detected by an immunofluorrescen-
ce assay, using an ACAS 570 computerized fluorescen-
ce microscope (29). It may be seen (Figure 8) that ODC 
protein, detected in the human epithelial carcinoma KB-
3-1 cells, was grown in the absence of any drug. Vin-
blastie, which inhibits cell growth, caused the disappea-
rance of ODC. On the other hand, ODC protein was de-
tected in multidrug-resistant cells grown in the absence 
or presence of vinblastine. NIH 3T3 fibroblasts transfor-
med by c-Ha-ras oncogene also contained ODC, which 
disappeared when cells were treated with cycloheximide  
(Figure 8). 

A new method for the in vitro chemosensitivityy 
testing of human lymphoma and leukemia patients has 
been described (30). Ornithine decarboxylase - a marker 
for proliferation was detected in individual cancer cells 
by a quantitative immunohistochemical analysis using 
ODC antibody and a FITC-linked second antibody. A 
good correlation was found between the predicted che-
mosensitivity and the outcome of therapy. This appro-
ach of in vitro chemosensitivity testing opens new possi-
bilities for the detection of multidrug resistant cells and 
could improve the treatment of cancer patients. 
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Figure 5. Enzymatic assay of urinary polyamines and diamines 
Using this method, more than 2.000 urine samples were analyzed 

 It has been shown that 80-90% of cancer patients excrete polyamines and diamines in their urine 
 
 
 

 
Figure 6. Polyamines and diamines in the urine of patients who are recovering from the disease  

and are classified as N.E.D. (no evidence of the disease) 
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Figure 7.  Polyamines and diamines in the urine of cancer progressive disease patients 

 

 
Figure 8. Immunofluorescence image of ornithine decarboxylase in cultured cells. 

(a) Wild-type of untreated human epithelial carcinoma KB-3-1 cells, grown for 48 h at 370  
(b) KB-3-1 cells, treated with 0.5 mg/ml vinblastine for 24h  

(c) Untreated  human multidrug-resistant epithelial carcinoma KB-V-1 cells, grown for 48 h at 370  
(d) KB-V-1 cells, treated with 0.5 mg/ml vinblastine for 24h  

(e) Untreated c-Ha-ras-transformed NIH 3T3 fibroblasts  
(f) c-Ha-ras-transformed NIH 3T3 fibroblasts, treated  with 10 mg/ml cycloheximide for 3h
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Gene therapy  -  induced by  
po lyamines 

 
Cancer cells are rich in polyamines and these po-

lycations can be oxidized by bovine serum amine oxida-
se to yield cytotoxic products. Based on these conside-
rations, it is conceivable that cancer cells could be ina-
ctivated preferentially, as they contain polyamines which 
are the substrate of amine oxidases. Normal cells, whi-
ch contain only small amounts of polyamines, should not 
be affected by the injected enzyme. 

Sendai virus particles can be solubilized by deter-
gents such as Triton X-100. Removal of the detergent 
leads to the formation of empty reconstituted virus en-
velopes. When soluble macromolecules are present in 
the detergent-solubilized fraction, they are trapped with-
in resealed envelopes, reconstituted after the removal of 
the detergent. 

Bovine serum amine oxides and hog kidney dia-
mine oxidase were trapped within reconstituted Sendai 
envelopes and they retained their activity. It was predi-
cted that cells rich in polyamines and diamines would 
be more susceptible to the injected oxidases, than ot-
hers that contain polyamines and diamines at lower 
concentrations. When serum amine oxidase and/or dia-
mine oxidase were microinjected into cultured fibrobla-
sts of chick or rat embryos, a slight temporary inhibition 
in DNA and protein synthesis was observed. When these 
fibroblasts were transformed by Rous sarcoma virus, they 
were more susceptible to the injected enzymes than the 
normal cultures. 

It may be seen (Figure 9) that normal chick em-
bryos were not affected by the injected oxidases, unlike 
the transformed fibroblasts, in which macromolecular 
biosynthesis was significantly arrested (31). 

Reconstituted  virus envelopes were attached to 
the eukaryotic cells. No significant changes in the mor-
phology of normal chick embryo fibroblasts were noted. 
On the other hand, chick embryo fibroblasts transformed 
by Rous sarcoma virus (Figure 10) were affected by the 
injected enzymes and holes were detected in the trea-
ted cancer cells (32).  

Immobilized amine oxidase or immobilized diami-
ne oxidase were injected into tumor-bearing animals 
(33, 34). A significant inhibition of the growth of the 
cancer cells was reported.  

Averill-Bates et al. (35), immobilized bovine serum 
amine oxidase into poly(polyethylene glycol) particles. 
These were injected into mice carrying B16 tumor cells. 
Again, a remarkable decrease of tumor growth resulted. 

It appears that immobilized amine oxidases have 
a potential therapeutic value. The inert liposomes used 
for trapping of the enzymes have an advantage by not 
being antigenic and do not trigger the production of 
immunological reactions. On the other hand, the recon-
stituted viral envelopes can be targeted and therefore 
may be more potent and specific. 

It can be concluded that polyamines accumula-
te in cancer cells and that their identification in human 
body fluids can help to predict the course of cancer 
development and predict the relapse of the disease. 
Polyamines, or their biosynthetic enzymes can be used 
for a "tailored" individual chemosensitivity determinati-
on. Moreover, intracellular elevated polyamines in can-
cer cells can be used to preferentially inactivating tho-
se cells by injecting amine oxidases. 

All these findings stress the importance of poly-
amines in understanding the process of carcinogenes, 
help cancer diagnosis and perhaps also provide new 
avenues for the treatment of cancer patients. 

 

 

Figure 9. Effect of microinjected amine and diamine 
oxidases on the synthesis of DNA and proteins by chick 

embryo fibroblasts 

 

 

 

 

 

 

 

 
 
 
 
 
 

Figure 10. Scanning electron micrograph of 
transformed chick embryo fibroblasts treated with 

reconstituted envelopes containing amine and diamine 
oxidases 
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POLIAMINI I KARCINOGENEZA 
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Saže tak  
 

Poliamini, spermin, spermidin i diamin putrescin su jako rasprostranjeni u prirodnom obliku i uklju-
čeni su u procese rasta i diferencijacije. Da su ćelije kancera bogate poliaminima opisali smo 1967. 
godine. Ubrzo je prikazano da ćelije kancera ispuštaju poliamine i da se oni mogu detektovati u telesnim 
tečnostima poput urina, krvi i cerebrospinalne tečnosti. Takođe je prikazano da je porast ćelijskog nivoa 
poliamina rani i obavezni događaj u procesu maligne transformacije. Ovaj porast u ćelijskoj koncentraciji 
poliamina dešava se zbog aktivacije ornitin dekarboksilaze (ODC), koja katališe nivo limitirajuće stope u 
sintezi poliamina konvertovanjem ornitina u putrescin. Testiranje poliamina iz urina i krvi je rađeno u cilju 
otkrivanja kancera i određivanja uspešnosti terapije. Razvijena je senzitivna i brza metoda hemilumin-
iscencije za određivanje diamina i poliamina i testirano je 2000 uzoraka urina. Interesantan sistem 
‘’genetske terapije’’ za ubacivanje amin oksidaze u normalne i transformisane ćelije razvijen je na sledeći 
način: serum amin oksidaze i diamin oksidaza dobijena iz svinjskog bubrega su zadržani u rekonstituisanim 
omotačima Sendai virusa. Fibroblasti embriona pileta ili pacova, izmenjeni virusom Rausovog sarcoma, bili 
su mnogo podložniji na ubačene enzime u poređenju sa normalnom podlogom, kada je testirana makro-
molekularna sinteza. Takođe je razvijen i in vitro test hemosenzitivnosti (‘’prilagođeni tretman’’) ćelija kan-
cera kod različitih bolesnika. Sve ove studije naglašavaju značaj poliamina u karcinogenezi. 

 
Ključne reči: poliamini, transformacija, karcinogeneza, tumorski virusi, analiza urina 

 
 

 
 

 
 
 

 



<<
  /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>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


