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Abstract:    Objective: Iron deficiency is a common complication in patients with polycythemia vera (PV). Hepcidin is a principal 
regulator of iron homeostasis. The aim of our study was to assess prohepcidin, a hepcidin precursor, and other iron status pa-
rameters in the serum of PV patients. Methods: The study was performed in 60 patients (F/M 26/34) aged 38~84 (66±10) years. 
The control group consisted of 20 healthy volunteers, age and sex matched. The following parameters were determined in blood 
serum samples: prohepcidin concentration, iron content, unsaturated iron binding capacity (UIBC), total iron binding capacity 
(TIBC), transferrin saturation (TfS), and concentrations of ferritin and soluble transferrin receptor (sTfR). Results: All PV patients 
showed significantly lower levels of prohepcidin, higher levels of sTfR and TIBC compared to the control group. 40% of the 
patients from the study group showed concentrations of ferritin below the normal range and significantly lower levels of serum 
iron and TfS, and significantly higher levels of sTfR, UIBC and TIBC in comparison with the rest of the study group. In this group 
of patients, prohepcidin concentrations were significantly lower than those in other patients. Conclusion: The results indicate that 
PV patients suffer from iron metabolism disorders. The decreased serum level of prohepcidin in PV patients may be a result of iron 
deficiency. 
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INTRODUCTION 
 

Polycythemia vera (PV) is currently classified as 
one of the myeloproliferative neoplasms (MPNs) and 
is characterized by marrow hyperplasia with an in-
creased number of erythrocytes as well as leukocytes 
and platelets in peripheral blood (Tefferi and Vardi-
man, 2008). Several studies have shown that iron 
deficiency is common in PV patients and can sig-
nificantly influence the quality of their life (Hutton, 
1979; Pearson et al., 1981; Rector et al., 1982; 
Birgegard et al., 1984). These complications are a 
result of expansive erythropoiesis, in addition to 

phlebotomy and/or bleedings (Hutton, 1979; Pearson 
et al., 1981; Spivak, 2002). There was no data in the 
last decade documenting iron disorders in PV despite 
progress in the understanding of iron metabolism and 
new laboratory techniques measuring iron parameters. 
For example, prohepcidin (hepcidin prohormone) 
expression in PV has not been evaluated yet. Hep-
cidin is a peptide shown to be a key regulator of iron 
metabolism. It acts by binding and down-regulating 
the expression of the iron transporter ferroportin. In 
consequence, hepcidin decreases iron absorption in 
the intestine and blocks iron release from its stores 
(Ganz and Nemeth, 2006; Nemeth and Ganz, 2006). 
Numerous studies have consistently shown that pro-
duction of hepcidin is down-regulated by anemia and 
hypoxia (Benedict et al., 2007; Ganz et al., 2008), 
which in turn allows an increase in iron store mobi-
lization and an increased absorption from diet, mak-
ing it bioavailable for erythropoiesis and other 
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physiological processes. In the present study, we 
analyzed prohepcidin and other iron metabolism pa-
rameters in PV patients.  

 
 

MATERIALS AND METHODS 
 
Patients 

The study group comprised 60 PV patients (34 
males, 26 females). The patients ranged in age from 
38 to 84 years old [(66±10) years old]. The diagnosis 
of PV was based on the Polycythemia Vera Study 
Group Diagnostic Criteria for Polycythemia Vera and 
confirmed by trepanobiopsy. All patients were fol-
lowed in the hematology outpatient clinic. Physical 
and diagnostic examinations consisting of complete 
blood cell count, uric acid concentration, and lactate 
dehydrogenase concentration were performed at 
regular intervals. The maximum patient follow-up 
period was 27 years, and the mean observation period 
was 7.5 years. Every patient from the study group was 
treated with hydroxyurea (HU) alone or HU with 
supplemental phlebotomy. The control group was age 
[(63±11) years old] and sex (10 males, 10 females) 
matched and consisted of 20 healthy volunteers. The 
biochemical analyses were performed with blood 
serum samples. All procedures in the study were 
approved by the local ethics committee. Informed 
written consent was obtained after the purpose, nature, 
and potential risks were explained to the subjects. 

 
Analytical methods 

Levels of prohepcidin were determined by a 
stable enzyme-linked immunosorbent assay (ELISA) 
(Hepcidin Prohormone ELISA, DRG Instruments 
GmbH, Germany). 

Serum iron concentrations and values of un-
saturated iron capacity (UIBC), total iron capacity 
(TIBC) and transferrin saturation (TfS) were meas-
ured on the Architect c800 System (Abbott Labora-
tories, USA).  

Serum ferritin was quantified using the DRG 
Ferritin kit (EIA-1872, DRG International Inc., USA). 
Serum soluble transferrin receptor (sTfR) concentra-
tions were examined by an ELISA (the Human sTfR 
ELISA, BioVendor Laboratory Medicine Inc., Czech 
Republic). 

 

Data analysis 
All statistical analyses were performed using the 

software Statistica 6.0 (Stat-Soft, Cracow, Poland). 
Results are presented as mean±standard deviation 
(SD) when the data demonstrated a normal distribu-
tion, or as medians [Q1 (lower quartile) to Q3 (upper 
quartile)] due to their being abnormally skew of the 
data. An independent sample t test for parametric 
continuous variables and the Mann Whitney U test for 
nonparametric continuous variables were used to 
compare the difference between the two subject 
groups. The relationships between the examined pa-
rameters were determined by Spearman’s rank-order 
correlation. A P value of <0.05 was considered sta-
tistically significant. 

 
 

RESULTS 
 
In this work, we demonstrated that prohepcidin 

concentrations were decreased in PV patients in com-
parison with the control subjects (P<0.05) (Table 1). 

The group of PV patients revealed significantly 
higher levels of two iron status parameters in com-
parison with the control group: TIBC (P<0.05) and 
sTfR (P<0.05) (Table 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Iron metabolism parameters in polycythemia 
vera patients and the control group 

 PV patients Control group P 

No. patients 60 20  

Age (year) 65.63±10.46 63.3±11.05  

Sex, M/F 34/26 10/10  

Parameter*    
Prohepcidin 
(ng/ml) 

93.61 
(80.64~105.67)

293.67 
(172.81~353.25) 

<0.0000001
 

Serum iron 
(μg/dl) 

85.00 
(37.00~116.00)

84.20 
(69.70~94.00) 

0.811 
 

UIBC  
(μg/dl) 

251.23±113.36
 

200.35±60.42 
 

0.060 
 

TIBC  
(μg/dl) 

338.65±75.79
 

285.94±60.61 
 

0.006 
 

TfS  
(%) 

26.90  
(8.98~41.37)

28.46  
(24.19~38.79) 

0.267 
 

Ferritin  
(ng/ml) 

27.99  
(5.81~64.62)

35.79  
(23.43~73.21) 

0.243 
 

sTfR  
(μg/ml) 

2.27 
(1.48~4.66) 

1.48  
(1.07~2.01) 

0.008 
 

* Results are presented as mean±SD or medians (Q1~Q3) 
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PV patients and the control group did not differ 
significantly regarding serum iron, UIBC, TfS and 
ferritin (Table 1). 

In our study we have also observed that 40% of 
the 60 PV patients showed concentrations of ferritin 
below the normal range (male: <20 ng/ml, female: 
<10 ng/ml) concomitant with lower levels of serum 
iron (P<0.05) and TfS (P<0.05), and significantly 
higher levels of sTfR (P<0.05), UIBC (P<0.05), and 
TIBC (P<0.05) in comparison with the rest of the 
study group. In this group of patients prohepcidin 
concentrations (P<0.05) were significantly lower 
than those in other patients (Table 2).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 

In the present work, the concentrations of pro-
hepcidin and other iron status parameters were deter-
mined in the serum of PV patients. Our data show that 
serum prohepcidin concentrations in PV patients were 
significantly lower than those in the control group. 
Moreover, prohepcidin concentrations were signifi-
cantly lower in patients with ferritin concentrations 
below the normal range in comparison with patients 
with normal ferritin levels. In our opinion, reduced 

prohepcidin concentration in PV patients probably 
represents an adaptive change secondary to iron de-
ficiency and, eventually, to expansion of erythropoi-
esis. It may be the result of organism compensation, 
which increases iron absorption in the intestine. This 
idea has been confirmed in experiments on mice, 
which demonstrated that anemia induced by phenyl-
hydrazine or phlebotomies triggered a considerable 
decrease in hepcidin mRNA (Nicolas et al., 2002). In 
addition, some authors claimed that in response to 
low serum iron level, a soluble form of hemojuvelin 
(s-HJV) binds to bone morphogenetic proteins (BMPs) 
and inhibits BMP/SMAD signaling pathway that 
normally exists as a positive regulator of hepcidin 
expression (Piperno et al., 2009; Fleming, 2008).  

Since the discovery of hepcidin in 2000, its role 
in pathomechanisms of many diseases was studied. 
For example, Kulaksiz et al.(2004) reported signifi-
cantly lower serum prohepcidin concentrations in 
hemochromatosis patients than in hemodialysis pa-
tients with renal anemia or in healthy volunteers. 
Shinzato et al.(2008) examined hemodialysis patients 
and showed that patients with iron deficiency anemia 
had significantly lower prohepcidin levels than pa-
tients with erythropoietin (EPO)-resistant anemia, as 
well as patients who had no iron deficiency and 
anemia, and healthy volunteers. These findings are in 
agreement with our data and support the theory con-
cerning a potential diagnostic and therapeutic utility 
of inappropriately raised or lowered prohepcidin 
concentrations in many diseases. Accordingly, re-
duced prohepcidin levels may explain some inherited 
forms of iron loading (hemochromatosis) or help to 
identify iron deficient states. On the contrary, it is also 
well known that serum prohepcidin concentration 
might not reflect changes in iron metabolism as well 
as hepcidin determinations. It has been confirmed that 
prohepcidin levels do not correlate with urinary and 
serum hepcidin, nor do they respond to relevant 
physiological stimuli (Frazer and Anderson, 2009; 
Kemna et al., 2008; Roe et al., 2007; Kemna et al., 
2005; Brookes et al., 2005). Thus, further studies are 
required to examine serum hepcidin levels and their 
mutual relationships with prohepcidin in PV and 
other diseases. 

All the parameters of the iron status in the group 
of PV patients with low ferritin in our study and ear-
lier published data (Hutton, 1979; Pearson et al., 1981; 

Table 2  Iron metabolism parameters in polycythemia 
vera patients with ferritin concentration within the nor-
mal range, in comparison with polycythemia vera pa-
tients with ferritin concentration below the normal range

 PV patients 1 PV patients 2 P 
No. patients 36 24  
Age (year) 64.64±10.73 67.92±9.44  
Sex, M/F 23/13 13/11  
Parameter*    
Prohepcidin 
(ng/ml) 

99.26  
(85.85~113.05) 

88.09  
(80.21~97.80) 

0.03 
 

Serum iron  
(μg/dl) 

100.50  
(68.50~121.50) 

33.00 
(23.00~82.00) 

0.000008
 

UIBC 
(μg/dl) 

177.36±65.92 
 

362.04±70.69 
 

<0.0000001
 

TIBC 
(μg/dl) 

288.39±42.88 
 

414.04±45.29 
 

<0.0000001
 

TfS  
(%) 

34.04  
(25.74~47.59) 

8.19  
(5.14~20.68) 

<0.0000001
 

sTfR 
(μg/ml) 

1.77  
(1.04~2.27) 

5.15  
(2.86~7.52) 

0.000002
 

Group: PV patients 1, PV patients with ferritin concentration within 
the normal range; PV patients 2, PV patients with ferritin concentra-
tion below the normal range. * Results are presented as mean±SD or 
medians (Q1~Q3) 
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Rector et al., 1982; Birgegard et al., 1984) confirm 
that many PV patients suffer from iron disorders. The 
question arises: what are the reasons for iron defi-
ciency in PV patients? We are convinced that iron 
deficiency in examined PV patients is not a conse-
quence of phlebotomy treatment. In our study, most 
patients were on maintenance therapy with hydroxy-
urea, only some of them had been previously treated 
by phlebotomy. We assume that, in this case, iron 
deficiency not only originates from massive 
erythropoiesis, but could also be caused by high-dose 
long-term hydroxyurea treatment. Some side effects 
of hydroxyurea on the digestive system were de-
scribed in patients taking HU, e.g., nausea, vomiting, 
diarrhea, stomatitis, loss of appetite, flatulence and 
constipation (Mleczko, 2004). These complications 
may negatively influence the iron absorption from 
food and finally cause iron depletion.  

The role of JAK2V617F in pathogenesis of iron 
deficiency in PV is also very intriguing. Kinase JAK2 
is involved in signal transduction via the erythropoi-
etin receptor, and as we know, EPO is one of the 
hepcidin synthesis regulators (Spivak, 2002; Pinto et 
al., 2008). Some of the data has confirmed that JAK2 
mutation may be involved in the regulation of the iron 
status in myeloproliferative disorders. In murine 
transplant models, JAK2 mutation induced PV-like 
phenotype, which includes low serum EPO level and 
anemia (Tefferi, 2008). What is interesting is that 
patients who were essential thrombocythemia 
JAK2V617F-positive had lower serum ferritin and se-
rum EPO levels than those who were mutation- 
negative (Agarwal, 2007). 
 
 
CONCLUSION 
 

Summing up, the results of studies on the serum 
concentration values of prohepcidin and other iron 
metabolism parameters in PV patients indicate that 
many PV patients suffer from iron deficiency. In 
conclusion, this preliminary study is the first clinical 
report relating to serum prohepcidin concentrations in 
PV patients. Further studies are required to precisely 
define the role of prohepcidin and hepcidin in iron 
deficiency appearing in PV. 
 
 

References 
Agarwal, M.B., 2007. Clinical applications of molecular 

haematology: JAK2 in myeloproliferative disorders. J. 
Assoc. Physicians India, 55:507-510.  

Benedict, C., Ghio, A.J., Gehring, H., Schultes, B., Peters, A., 
Oltmanns, K.M., 2007. Transient hypoxia and down-
regulation of circulating prohepcidin concentrations in 
healthy young men. Haematologica, 92(1):125-126.  
[doi:10.3324/haematol.10637] 

Birgegard, G., Carlsson, M., Sandhagen, B., Mannting, F., 
1984. Does iron deficiency in treated polycythemia vera 
affect whole blood viscosity? Acta Med. Scand., 
216(2):165-169. 

Brookes, M.J., Sharma, N.K., Tselepis, C., Iqbal, T.H., 2005. 
Serum pro-hepcidin: measuring active hepcidin or 
non-functional precursor? Gut, 54(1):169-170.  [doi:10. 
1136/gut.2004.047639] 

Fleming, M.D., 2008. The regulation of hepcidin and its effects 
on systemic and cellular iron metabolism. Hematology- 
Am. Soc. Hematol. Educ. Program, 2008:151-158.  
[doi:10.1182/asheducation-2008.1.151] 

Frazer, D.M., Anderson, G.J., 2009. Hepcidin compared with 
prohepcidin: an absorbing story. Am. J. Clin. Nutr., 
89(2):475-476.  [doi:10.3945/ajcn.2008.27232] 

Ganz, T., Nemeth, E., 2006. Iron imports. IV. Hepcidin and 
regulation of body iron metabolism. Am. J. Physiol. 
Gastrointest. Liver Physiol., 290(2):199-203.  [doi:10. 
1152/ajpgi.00412.2005] 

Ganz, T., Olbina, G., Girelli, D., Nemeth, E., Westerman, M., 
2008. Immunoassay for human serum hepcidin. Blood, 
112(10):4292-4297.  [doi:10.1182/blood-2008-02-139915] 

Hutton, R.D., 1979. The effect of iron deficiency on whole 
blood viscosity in polycythaemic patients. Br. J. 
Haematol., 43(2):191-199.  [doi:10.1111/j.1365-2141. 
1979.tb03741.x] 

Kemna, E., Pickkers, P., Nemeth, E., van der Hoeven, H., 
Swinkels, D., 2005. Time-course analysis of hepcidin, 
serum iron, and plasma cytokine levels in humans in-
jected with LPS. Blood, 106(5):1864-1866.  [doi:10.1182/ 
blood-2005-03-1159] 

Kemna, E.H., Kartikasari, A.E., van Tits, L.J., Pickkers, P., 
Tjalsma, H., Swinkels, D.W., 2008. Regulation of hep-
cidin: insights from biochemical analyses on human se-
rum samples. Blood Cells Mol. Dis., 40(3):339-346.  
[doi:10.1016/j.bcmd.2007.10.002] 

Kulaksiz, H., Gehrke, S.G., Janetzko, A., Rost, D., Bruckner, 
T., Kallinowski, B., Stremmel, W., 2004. Pro-hepcidin: 
expression and cell specific localisation in the liver and its 
regulation in hereditary haemochromatosis, chronic renal 
insufficiency, and renal anaemia. Gut, 53(5):735-743.  
[doi:10.1136/gut.2003.022863] 

Mleczko, A., 2004. Owrzodzenie podudzi jako powikłanie 
stosowania hydroksymocznika u pacjentów leczonych z 
powodu chorób mieloproliferacyjnych. PDiA, 21(5): 
255-259 (in Polish). 

 
 



Kwapisz et al. / J Zhejiang Univ Sci B   2009 10(11):791-795 795

Nemeth, E., Ganz, T., 2006. Hepcidin and iron-loading ane-
mias. Haematologica, 91(6):727-732. 

Nicolas, G., Chauvet, C., Viatte, L., Danan, J.L., Bigard, X., 
Devaux, I., Beaumont, C., Kahn, A., Vaulont, S., 2002. 
The gene encoding the iron regulatory peptide hepcidin is 
regulated by anemia, hypoxia, and inflammation. J. Clin. 
Invest., 110(7):1037-1044.  [doi:10.1172/JCI15686] 

Pearson, T.C., Grimes, A.J., Slater, N.G., Wetherley-Mein, G., 
1981. Viscosity and iron deficiency in treated poly-
cythaemia. Br. J. Haematol., 49(1):123-127.  [doi:10. 
1111/j.1365-2141.1981.tb07205.x] 

Pinto, J.P., Ribeiro, S., Pontes, H., Thowfeegu, S., Tosh, D., 
Carvalho, F., Porto, G., 2008. Erythropoietin mediates 
hepcidin expression in hepatocytes through EPOR sig-
naling and regulation of C/EBPalpha. Blood, 111(12): 
5727-5733.  [doi:10.1182/blood-2007-08-106195] 

Piperno, A., Mariani, R., Trombini, P., Girelli, D., 2009. 
Hepcidin modulation in human diseases: from research to 
clinic. World J. Gastroenterol., 15(5):538-551.  [doi:10. 
3748/wjg.15.538] 

Rector, W.G., Fortuin, N.J., Conley, C.L., 1982. 
Non-hematologic effects of chronic iron deficiency: a 
study of patients with polycythemia vera treated solely 
with venesections. Medicine, 61(6):382-389.  [doi:10. 
1097/00005792-198211000-00004] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Roe, M.A., Spinks, C., Heath, A.L., Harvey, L.J., Foxall, R., 
Wimperis, J., Wolf, C., Fairweather-Tait, S.J., 2007. Se-
rum prohepcidin concentration: no association with iron 
absorption in healthy men; and no relationship with iron 
status in men carrying HFE mutations, hereditary 
haemochromatosis patients undergoing phlebotomy 
treatment, or pregnant women. Br. J. Nutr., 97(3): 
544-549.  [doi:10.1017/S0007114507336829] 

Shinzato, T., Abe, K., Furusu, A., Harada, T., Shinzato, K., 
Miyazaki, M., Kohno, S., 2008. Serum pro-hepcidin level 
and iron homeostasis in Japanese dialysis patients with 
erythropoietin (EPO)-resistant anemia. Med. Sci. Monit., 
14(9):CR431-CR437. 

Spivak, J.L., 2002. Polycythemia vera: myths, mechanisms, 
and management. Blood, 100(13):4272-4290.  [doi:10. 
1182/blood-2001-12-0349] 

Tefferi, A., 2008. JAK and MPL mutations in myeloid ma-
lignancies. Leuk. Lymphoma, 49(3):388-397.  [doi:10. 
1080/10428190801895360] 

Tefferi, A., Vardiman, J.W., 2008. Classification and diagnosis 
of myeloproliferative neoplasms: the 2008 World Health 
Organization criteria and poin-of-care diagnostic algo-
rithms. Leukemia, 22(1):14-22.  [doi:10.1038/sj.leu.2404 
955] 



<<
  /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 0.1000
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


